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MMIICCRROOCCLLIIMMAATTIICC  CCOONNDDIITTIIOONNSS  OOFF  HHOOUUSSIINNGG  EESSTTAATTEE  CCHHRREENNOOVVAA  11   IINN  NNIITTRRAA  CCIITTYY  

  

KKAATTAARR^̂NNAA  BBAAHHNNOOVV<<¹¹ ,,  ZZDDEENNKKAA  RRssZZOOVV<<²²   

 

1) Department of Ecology and Environmental Sciences, Faculty of Natural Sciences, 

Constantine The Philosopher University in Nitra,  

2) Department of Ecology and Environmental Sciences, Faculty of Natural Sciences, 

Constantine The Philosopher University in Nitra 

AABBSSTTRRAACCTT  

Observation of microclimate in urban environment is nowadays current topic which links 

up several fields of science. Measurements, analysis and proposals are the tools for effective 

solutions of negative impact of climate changes. The aim of this study was to evaluate the 

interaction between vegetation structure and microclimatic conditions of Housing estate 

/ƘǊŜƴƻǾł м ƛƴ bƛǘǊŀ ŎƛǘȅΦ IƻǳǎƛƴƎ ŎƻƳǇƭŜȄŜǎ !Σ .Σ / ŀǊŜ ǇŀǊǘ ƻŦ ǘƘŜ ŦƛǊǎǘ ŎƻƴǎǘǊǳŎǘƛƻƴ ƻƴ 

/ƘǊŜƴƻǾł мΦ ¢ƘŜǊŜ ŀǊŜ ƘƻǳǎƛƴƎ ŎƻƳǇƭŜȄŜǎ ǿƛǘƘ ƳŜŀƴŘŜǊ structure and 4 floors. This layout 

allowed the allocation of block areas with vegetation area near the building (Jarabica, 2011). 

The legwork was accomplished during the spring season, in months (April, May). Vegetation 

areas in urban environment pursue several functions. Significant impact on the wind direction 

has vegetation with structure and type of canopy. Vegetation areas in urban environment work 

as a thermal stabilizer. Crowns of trees in dense canopy keep the air temperature in the spring 

period. Significant microclimatic function of vegetation is to provide partially obscuration. 

 

Key words: vegetation area, hard surface, measurment, function 

IINNTTRROODDUUCCTTIIOONN  

According to Wardoyo (2011); (Wardoyo, 2011) is urban environment specific to hard 

surface, typical urban geometry, vegetation areas and variability of surface materials. These 

factors form and influence microclimate. For every active surface is typical, that there is 

a transformation of the energy of the short wave radiation to the thermal energy. The part of 
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this energy goes to sub base of active surface and vice versa. The active surface is the main 

ŎƭƛƳŀǘƛŎ ŦŀŎǘƻǊ ό{ǘǌŜŘƻǾłΣ ŜǘΦ ŀƭΦΣ нлммύΦ ±ŜƎŜǘŀǘƛƻƴ Ǉƭŀȅǎ ǘƘŜ ǎƛƎƴƛŦƛŎŀƴǘ ǊƻƭŜ ƛƴ ǘƘŜ ŦƻǊƳƛƴƎ ƻŦ 

microclimate and thermal comfort. Surface temperature of vegetation influence the thermal 

balance through the blazing change (Scudo et. al., 2002). Tree vegetation uses 2% of solar 

energy on photosynthesis, 60-80% absorbs by leafs and 5-15 % reflects back to space. The rest 

of solar energy goes trough leaves. The certain amount of radiation is being used for warming 

up the particular parts of the tree. Trees with thin crowns can receive 60-80% of solar radiation. 

Through the trees with compact crowns penetrates 2-о҈ ƻŦ ǎƻƭŀǊ ǊŀŘƛŀǘƛƻƴ όtŀǳŘƛǘǑƻǾłΣ 

wŜƘłőƪƻǾł нллсύΦ ±ŜƎŜǘŀǘƛƻƴ ŀǊŜŀǎ Řƻƴǘ ŀŎŎǳƳǳƭŀǘŜ ƘŜŀǘΦ !ŦǘŜǊ ǘƘŜ ƻǇŜƴƛƴƎ ƻŦ ǎǘƻƳŀǘŀ ŀƴŘ 

during the assimilation the temperature of stomata matches with the air temperature or drops 

Řƻǿƴ ǳƴŘŜǊ ǘƘƛǎ ǘŜƳǇŜǊŀǘǳǊŜ ό{ƭƻǾłƪƻǾłΣ aƛǎǘǊƝƪΣ нллтύΦ !ŎŎƻǊŘƛƴƎ ǘƻ {Ƴŀƭƭ ŀƴŘ ailler (2010); 

(Small, Miller, 2010) vegetation influences the city conditions of  the environment. Vegetation 

areas have the impact on  energetic demand and on formation of thermal heats Island. In 

certain conditions plants are on direct sun overheating too, but this is just short-term 

overheating, Leaves close the stomata to prevent excessive evaporation which cause seven 

more overheating of leaves. It is important to mention that overheated dry soil, asphalt, 

concrete, walls of the buildings, tin roofs, or body shells of cars radiate the heat even though 

ǎǳƴ ƛǎ ƴƻǘ ǎƘƛƴƛƴƎ ό2ŀōƻǳƴΣ нллуύΦVegetation decreases UHI effect, the air temperature on areas 

ǿƛǘƘ ǾŜƎŜǘŀǘƛƻƴ Ŏŀƴ ōŜ ƭƻǿŜǊ ōȅ нΣрϲ/ όŎƻƳǇŀǊƛƴƎ ǘƻ ƳŀȄƛƳǳƳ ǘŜƳǇŜǊŀǘǳǊŜ ƛƴ ǘƘŜ Ŏƛǘȅύ 

(Gomez, Gaja&Reig, 1998). Vegetation improves environmental variables such as solar radiation, 

surface temperature, air temperature, relative air humidity, velocity of air. These variables are 

important for thermal comfort (Akbari, Pomerantz&Taha, 2001). Mode of surface temperatures 

in urban and suburban land can be defined with surface thermal monitoring.  

 

The aim of this study was to evaluate the interaction between vegetation structure and 

ƳƛŎǊƻŎƭƛƳŀǘƛŎ ŎƻƴŘƛǘƛƻƴǎ ƻŦ IƻǳǎƛƴƎ ŜǎǘŀǘŜ /ƘǊŜƴƻǾł м ƛƴ bƛǘǊŀ ŎƛǘȅΦ 

MMAATTEERRIIAALLSS  AANNDD  MMEETTHHOODDSS  

Lƴ IƻǳǎƛƴƎ ŜǎǘŀǘŜ /ƘǊŜƴƻǾł м ƘŀǾŜ ōŜŜƴ ǎŜƭŜŎǘŜŘ ǊŜǎŜŀǊŎƘ ŀǊŜŀǎ !мΣ !нΣ .мΣ .нΣ /мΣ /н 

(Fig. 1), depending on vegetation structure. 
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We accomplished the analysis of characteristic of selected model of vegetation 

ŀŎŎƻǊŘƛƴƎ ǘƻ wƽȊƻǾłΣ aƛƪǳƭƻǾł όнлммύΣ όwƽȊƻǾłΣ aƛƪǳƭƻǾłΣ нлммύΦ 

 

 

Fig. 1: Research areas A1, A2, B1, B2, C1, C2 in Housing estate Chrenova 1 
 

Foliation 

Three-foliation ς trees-shrubs-herbs 

Bilayer-foliation ς trees-shrubs, trees-herbs, shrubs-herbs 

Single-foliation ς trees, shrubs, herbs 

Species diversity - the number of species in the area 

Involvement - overlapping of vegetation parts 

 

²Ŝ ŀŎŎƻƳǇƭƛǎƘŜŘ ŀƴŀƭȅǎƛǎ ƻŦ ǊŜƭŀǘƛƻƴǎ ǿƛǘƘ ǎǳǊǊƻǳƴŘƛƴƎ όwƽȊƻǾłΣ aƛƪǳƭƻǾłΣ нлммύΦ Lǘ ƛǎ 

relations on surrounding, connection of vegetation in site and in surrounding landscape. 

Measurements on research areas were implemented during the spring season (in months April, 

May) in the noon (12:30). Using the method of surface thermal monitoring ς with Anemometer 
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TSI VelociCalc and Surface temperature Probe, following microclimatic factors were observed : 

air flow, air temperature, relative air humidity and surface temperature in two type of active 

surface ς ǾŜƎŜǘŀǘƛƻƴ ŀǊŜŀ ŀƴŘ ƘŀǊŘ ǎǳǊŦŀŎŜΦ Lƴ ǘƘǊŜŜ ǎŜŎƻƴŘΩǎ ƛƴǘŜǊǾŀƭ ŦƻǊ ƳŜŀǎǳǊŜƳŜƴǘ Ǉƻƛƴǘǎ 

were accomplished 20 samples. 

Places of measuring: 

1. In vegetation area 

2. On hard surface 

Measurement points were chosen on the basis of assumed differences of measured values 

depending on type of surface. 

Vegetation area- in summer time vegetation carries function of heat stabilizer. Vegetation areas 

also do not accumulate heat and during assimilation their temperature equalizes with air-

temperature, or more precisely decreases under this temperature. As a result is reduction of 

maximum of day temperature in vegetation comparing to surrounding landscape. 

Hard surface ς (road communication separating vegetation area from the housing area). 

Overheating of asphalt area and radiate heat exchange plays significant role in summer times. 

During the day, hard surface absorbs much more of thermal energy as plants (for example 

asphalt absorbs 75-90% of solar radiation). 

 

Statistically evaluation 

Measurement of microclimatic factors we evaluated by using the softwer Statistica 7. For 

comparing of microclimatic factors depending on specific areas we used the Tukey HSD test. 

Microclimatic factor of surface temperature between two type of active surface we evaluated 

using by Mann- Whitney test. 

RREESSUULLTTSS  

Analysis of vegetation structure on research areas 

Locality A1: Vegetation in the locality A1 is bilayer  with 50 trees. Monitoring point is located in 

dense and relative closed canopy of 26 trees with continuity on the  open lawn. The highest part 

has the type Acer pseudoplatanus ς 16%. 
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Locality A2: Vegetation in the locality A2 is three-layer with 33 trees, it is structured into 5 

formations with central lawn. Vegetation area is opened to the inside of residential area. 

Monitoring point is located in sparse vegetation with 7 trees. The highest percentage has Pinus 

sylvestris ς 38%. 

 

Locality B1: Vegetation in the locality B1 is three-layer with 46 trees. Trees are organized into 3 

small clusters on the left side. In the middle of the vegetation area is the lawn with solitaire 

tree. Monitoring point is located in vegetation with dense canopy of crowns with 9 trees. The 

highest percentage has Tilia cordata ς 34,9%. 

 

Locality B2: The vegetation in the vegetation area B2 is three-layer, it is organized into 2  cluster 

with dense canopy of crowns. Number of trees in vegetation area is 11. Monitoring point is 

located in central lawn near the children's playground. The highest percentage has Pseudotsuga 

menziesiς 35,8%. 

 

Locality C1: Vegetation in the locality C1 is three-layer with 68 trees. Tree vegetation is 

organized into 5 clusters. The lawn is open near the river Nitra. Monitoring point is located in 

the cluster of 3 trees with sparse canopy of crowns. The highest percentage has Juglas regia ς 

42,8% . 

 

Locality C2: The vegetation area in locality C2 is typical bounded area by inside of residential 

area. In vegetation area are 22 trees organized into 5 clusters with sparse canopy of crowns. 

Monitoring point is located in central lawn. The highest percentage has Taxus baccata, 

Pseudotsuga menziesii, Tilia cordata ς 25%. 

 

Results of measurements in research areas 

²Ŝ ŎƻƳǇŀǊŜŘ ŀƭƭ ƳƛŎǊƻŎƭƛƳŀǘƛŎ ŦŀŎǘƻǊǎ όŀƛǊ Ŧƭƻǿ ώƭκǎϐΣ ŀƛǊ ǘŜƳǇŜǊŀǘǳǊŜ ώϲ/ϐΣ ǊŜƭŀǘƛǾŜ ŀƛǊ ƘǳƳƛŘƛǘȅ 

ώ҈ϐΣ ǎǳǊŦŀŎŜ ǘŜƳǇŜǊŀǘǳǊŜ ώϲ/ϐ ύ ƻŦ ǾŜƎŜǘŀǘƛƻƴ ŀǊŜŀǎ ŘŜǇŜƴŘƛƴƎ on vegetation structure by using  

the softwer Statistica 7. 
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In the (Fig. 2) we compared the microclimatic factor of air flow [l/s] for all vegetation areas of 

localities A1, A2, B1, B2, C1, C2. The lowest value of median of factor air flow we recorded in the 

vegetation area A2 (4.05l/s). Vegetation in this locality is  structured into 5 formations with 

central lawn. This vegetation area is opened to the inside of residential area. Intensity of air 

flow influences urban geometry, density and type of buildings change the wind direction and in 

this case have an effect on barriers in urban environment. The highest value of median of air 

flow we recorded in the vegetation area B2 (5.56 l/s). Vegetation in this locality is organized  

into 2  cluster with dense canopy of crowns. This vegetation area has the heterogeneous 

organisation, number of trees is 11. Monitoring point is located in central lawn. In this 

vegetation area, we dont recorded an effect on barriers of build-up areas or trees vegetation, as 

a result is the big range between minimum and maximum of measurment values of air flow.  

 

 

Fig. 2: Comparing of microclimatic factor of air flow depending on vegetation area 
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Lƴ ǘƘŜ όCƛƎΦ оύ ǿŜ ŎƻƳǇŀǊŜŘ ǘƘŜ ƳƛŎǊƻŎƭƛƳŀǘƛŎ ŦŀŎǘƻǊ ƻŦ ŀƛǊ ǘŜƳǇŜǊŀǘǳǊŜ όϲ/ύ ŦƻǊ ŀƭƭ ǾŜƎetation 

areas of localities A1, A2, B1, B2, C1, C2. The lowest value of median of air temperature we 

ǊŜŎƻǊŘŜŘ ƛƴ ǘƘŜ ǾŜƎŜǘŀǘƛƻƴ ŀǊŜŀ !н όмуΦфϲ/ύΦ aƻƴƛǘƻǊƛƴƎ Ǉƻƛƴǘ ƛǎ ƭƻŎŀǘŜŘ ƛƴ ǘƘŜ ǎǇŀǊǎŜ ŎŀƴƻǇȅ ƻŦ 

7 trees. In the vegetation area A1 we recorded the highest value of median of air temperature 

ŘǳǊƛƴƎ ǘƘŜ ǎǇǊƛƴƎ ǇŜǊƛƻŘ όнлΦлсϲ/ύΦ aƻƴƛǘƻǊƛƴƎ Ǉƻƛƴǘ ƛǎ ƭƻŎŀǘŜŘ ƛƴ ŘŜƴǎŜ ŀƴŘ ǊŜƭŀǘƛǾŜ ŎƭƻǎŜŘ 

canopy of 26 trees with continuity on the  open lawn. Closed canopy of vegetation in this area is 

the factor, which influences the values of air temperature. Crowns of trees in dense canopy 

keep the air temperature in the spring period. 

 

 

Fig.3: Comparing of factor of air temperature depending on vegetation area 
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Fig. 4: Comparing of factor of relative air humidity depending on vegetation area 
 

In the (Fig. 4) we recorded the highest value of median of relative air humidity in the vegetation 

area C1 (49.57 %). Vegetation in the locality C1 is three-layer with 68 trees. According to 

2ŀōƻǳƴΣ όнллуύΣ ό2ŀōƻǳƴΣ нллуύ ǾŜƎŜǘŀǘƛƻƴ ƛƴŎǊŜases the relative air humidity on average 18%.  

Monitoring point is located in the cluster of 3 trees with sparse canopy of crowns, which 

continue on open lawn. The significant role in factor of relative air humidity plays too vicinity of 

river Nitra. 50% of values of relative air humidity were in range ς minimum-maximum (28-79%) 

during the spring season. 
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Fig. 5: Comparing of factor of surface temperature depending on vegetation area 
 

In the (Fig. 5) we compared the values of median of surface temperature for all vegetation areas 

depending on vegetation structure. Geometry of active surfaces and its structure in urban 

environment influences intensity of falling on and reflecting solar radiation. The highest value of 

median of surface temperature we recorded in the vegetation area C2 (мфΦфуϲ/ύΦ IŜǊŜ ƛǎ 

monitoring point located in central lawn with sparse cover without trees. The lowest value of 

median of surface temperature we registered in vegetation area C1 (мтΦтп ϲ/ύΦ Lƴ ǘƘƛǎ ǾŜƎŜǘŀǘƛƻƴ 

area was the highest value of relative air humidity between localities. Between measuring 

microclimatic factors of relative air humidity and surface temperature we recorded the negative 

corelation (Fig. 6) during the spring season (R= -0.105772, in p level=0.042013).  
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Fig. 6 : Negative correlations between microclimatic factors ς surface temperature and relative 

air humidity in research areas during the spring period 
 

Vegetation carries the function of thermal heat stabilizer. Active surfaces limit the area with 

direct light from source of radiation. This effect we recorded in the (Fig. 7) in microclimatic 

factor of surface temperature between measuring points vegetation area and hard surface in 

locality A1. Trees in dense canopy provide partial shading on hard surface in time of positive 

energy balance (12:30). As a result is minimal difference in factor of surface temperature 

between hard surface and vegetation area. 

 

The highest statistically significant difference in microclimatic factor of surface temperature 

between active surfaces ς hard surface and vegetation area we recorded in the locality B2 

(Mann-Whitney test, p=0.000932, p<0,001) (Fig. 8). Value of median of surface temperature in 

measuring point hard surface durinƎ ǎǇǊƛƴƎ ǎŜŀǎƻƴ ǿŀǎ όнпΦунϲ/ύΦ Lƴ ƳŜŀǎǳǊƛƴƎ Ǉƻƛƴǘ ǾŜƎŜǘŀǘƛƻƴ 

ŀǊŜŀ ǿŀǎ ǘƘŜ ƳŜŘƛŀƴ ƻŦ ǾŀƭǳŜ ƻŦ ǎǳǊŦŀŎŜ ǘŜƳǇŜǊŀǘǳǊŜ όмфΦфмϲ/ύΦ Lƴ ǾŜƎŜǘŀǘƛƻƴ ŀǊŜŀ .н ƛǎ 

monitoring point located in central lawn. Variance of surface temperature between two types of 

active surfaces ς ƭŀǿƴ ŀƴŘ ŀǎǇƘŀƭǘ ǇǊŜǎŜƴǘŜŘ όпΣфмϲ/ύΦ 
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Fig. 7: Minimal difference in the surface temperature between two measuring points ς hard 
surface and vegetation area in the locality A1 

DDIISSCCUUSSSSIIOONN  

In this study we dedicated evaluation of the interaction between vegetation structure and 

microclimatic conditions of Housing estate Chrenova 1 in Nitra. The legwork was accomplished 

during the spring season, in months (April, May) after the beginning of phenology phase. 

Measurements by method of surface thermal monitoring were accomplished in two types of 

active surfaces ς vegetation area and hard surface. According to Voogt, Oke, (2003), (Voogt, 

Oke, 2013) during the day, hard surface absorbs much more of thermal energy as plants. On the 

other side vegetation areas do not accumulate heat and during assimilation their temperature 

equalizes with air-temperature. According to Wardoyo, (2011), (Wardoyo, 2011) intensity of air 

flow influences urban geometry; density and type of buildings change the wind direction and 

have an effect on barriers in urban environment (Fig. 2). Significant impact on the wind 

direction has vegetation with structure and type of canopy. The big range between minimum 

and maximum value in factor of air flow was recorded in locality B2. Vegetation in this area has 
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heterogeneous structure, trees in sparse canopy have not the windbreak function. Vegetation 

areas in urban environment work as a thermal stabilizer. In the vegetation area A1 crowns of 

trees in dense canopy keep the air temperature in the spring period. This function influences 

the highest value of median of air temperature. According to 2ŀōƻǳƴΣ όнллуύΣ ό2ŀōƻǳƴΣ нллуύ 

vegetation increases the relative air humidity on average 18%. The highest value of median of 

relative air humidity was recorded in the vegetation area C1. Structure of vegetation area and 

vicinity of river Nitra influence the microclimatic factor of relative air humidity. Significant 

microclimatic function of vegetation is to provide partially obscuration. This effect was recorded 

in the (Fig. 7), where the value of median of surface temperature between measuring points 

vegetation area and hard surface in locality A1 was the lowest. These points represent the 

different type of active surface in urban environment.  

 

 

Fig. 8: The highest statisticaly difference in factor of surface temperature between two 
measuring points- hard surface and vegetation area in the locality B2 
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CCOONNCCLLUUSSIIOONN  

The increasing of variability of active surfaces in the cities is very typical nowadays. It leads to 

rising of air temperature and surface temperature in urban zones. The extreme conditions of 

weather are more often. Superheat of hard surfaces in time of positive energy balance lead to 

change of atmosphere and to change of temperature conditions. The tool for regulation of 

negative changes is the vegetation care and effective new planting. Up-to-date urban proposals 

and solutions should be based on functionality of vegetation areas and their positive impact on 

urban climate. Research in this field of science confirms that vegetation areas in urban 

environment are effective tool of how to eliminate negative impact of urban climate. 
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povrchu. JŜŘƴƻǘƭƛǾŞ ƳţǌŜƴƝ ƧǎƳŜ ǾȅƘƻŘƴƻǘƛƭƛ Ǿ ǎƻŦǘǿŀǊǳ {ǘŀǘƛǎǘƛŎŀ тΣ ǇǊƻ ǇƻǊƻǾƴłƴƝ 

ƳƛƪǊƻƪƭƛƳŀǘƛŎƪȇŎƘ ŦŀƪǘƻǊǻ Ǿ ȊłǾƛǎƭƻǎǘƛ ƻŘ ƭƻƪŀƭƛǘȅ ƧǎƳŜ ǇƻǳȌƛƭƛ ¢ǳƪŜȅ I{5 ǘŜǎǘΦ ½Ƨƛǎǘƛƭƛ ƧǎƳŜΣ ȌŜ 

ŦǳƴƪőƴƝ ǾŜƎŜǘŀőƴƝ ǇƭƻŎƘȅ ǎǾƻƧƝ ǎǘǊǳƪǘǳǊƻǳ ǇƻȊƛǘƛǾƴŠ ƻǾƭƛǾƶǳƧƝ ƳƛƪǊƻƪƭƛƳŀǘƛŎƪŞ ǇƻŘƳƝƴƪy 

v ǳǊōŀƴƛȊƻǾŀƴŞƳ ǇǊƻǎǘǌŜŘƝΦ ±ŜƎŜǘŀőƴƝ ǇƭƻŎƘȅ ǇǻǎƻōƝ Ƨŀƪƻ ǘŜǇŜƭƴȇ ǎǘŀōƛƭƛȊłǘƻǊΦ YƻƳǇŀƪǘƴƝ ǇƭƻŎƘȅ 

ǾŜƎŜǘŀŎŜ ȊƳƝǊƶǳƧƝ ǾȊŘǳǑƴŞ ǇǊƻǳŘŠƴƝ ŀ ǇƭƴƝ ŦǳƴƪŎƛ ǾţǘǊƻƭŀƳǳ ƴŀ ǊƻȊŘƝƭ ƻŘ ǇƭƻŎƘ ǎ ƘŜǘŜǊƻƎŜƴƴƝ 
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strukturou. Vegetace v ƘǳǎǘŞƳ ǳȊŀǾǌŜƴŞƳ ȊłǇƻƧƛ ǳŘǊȌǳƧŜ ǘŜǇƭƻǘǳ ǾȊŘǳchu v ǇƻǊƻǎǘǳ ŀ ȊǾȅǑǳƧŜ 

ǊŜƭŀǘƛǾƴƝ ǾƭƘƪƻǎǘ ǾȊŘǳŎƘǳΦ ¢ȅǘƻ ǇƭƻŎƘȅ ȊŀƧƛǑǙǳƧƝ ǎǘƝƴ ŀ ǘƝƳ ǊŜƎǳƭǳƧƝ ǘŜǇƭƻǘƴƝ ǊƻȊŘƝƭȅ Ǿ ǊǻȊƴȇŎƘ ǘȅǇŜŎƘ 

ŀƪǘƛǾƴƝŎƘ ǇƻǾǊŎƘǻ όǾŜƎŜǘŀőƴƝ ǇƭƻŎƘŀ ς ȊǇŜǾƴţƴł ǇƭƻŎƘŀύΦ ± ǳǊōŀƴƛȊƻǾŀƴŞƳ ǇǊƻǎǘǌŜŘƝ ƧŜ ǇǊłǾţ 

ŦǳƴƪőƴƝ ǾŜƎŜǘŀŎŜ ƧŜŘƴƝƳ Ȋ ƴłǎǘǊƻƧǻ ƴŀ ŜƭƛƳƛƴŀŎƛ ƴŜƎŀǘƛǾƴƝŎƘ ŘƻǇŀŘǻ ȊƳţƴȅ ƪƭƛƳŀǘǳΦ ¦Ȍ ǇƭƻŎƘȅ 

ǊŜƭŀǘƛǾƴţ ƳŀƭȇŎƘ ǊƻȊƳţǊǻ Ǿ ƧŜŘƴƻǘƭƛǾȇŎƘ ƳţǎǘƪȇŎƘ őǘǾǊǘƝŎƘ ƻǾƭƛǾƶǳƧƝ ƳƛƪǊƻƪƭƛƳŀǘƛŎƪŞ ǇƻŘƳƝƴƪȅ 

a ǘƝƳ ƪǾŀƭƛǘǳ ȌƛǾƻǘŀ ǾŜ ƳţǎǘŜŎƘΦ 
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CCOOMMPPAARRIISSOONN  OOFF  MMAANNUUAALL  AANNDD  AAUUTTOOMMAATTIICC  MMEEAASSUURREEMMEENNTTSS  OOFF  AAIIRR  AANNDD  SSOOIILL  

TTEEMMPPEERRAATTUURREE  IINN  TTHHEE  CCZZEECCHH  RREEPPUUBBLLIICC  

  

DDAANNIIEELL  BBAARREE££11,,  MMAARRTTIINN  MMOO¼¼NN¸̧11,,  22  
 

1) Czech Hydrometeorological Institute, Doksany Observatory, 41182 Doksany 

2) aŜƴŘŜƭ ¦ƴƛǾŜǊǎƛǘȅ ƛƴ .ǊƴƻΣ ½ŜƳŠŘŠƭǎƪł мΣ смолл .Ǌƴƻ 

AABBSSTTRRAACCTT  

Differences between manual and automatic measurements of air temperature and soil 

temperature should not be neglected. The average difference between the manual and the 

automatic mŜŀǎǳǊŜƳŜƴǘǎ ƻŦ ŀƛǊ ǘŜƳǇŜǊŀǘǳǊŜ ǾŀǊƛŜŘ ōŜǘǿŜŜƴ лΦо ŀƴŘ нΦу / ŘǳǊƛƴƎ ǎǳƛǘŀōƭŜ 

weather conditions (wind speed less than 3 m/s, bright and sunny day) throughout the year, 

during both daytime and nighttime hours. Comparative measurements showed that average 

monthly differences of air temperature between manual and automatic measurements varied 

between -лΦр ŀƴŘ лΦнф /Τ ŘƛŦŦŜǊŜƴŎŜǎ ƻŦ ǎƻƛƭ ǘŜƳǇŜǊŀǘǳǊŜǎ at a depth of 5, 10 and 20 cm 

ōŜǘǿŜŜƴ лΦо ŀƴŘ лΦуо /Σ ǊŜǎǇŜŎǘƛǾŜƭȅ at a depth 50 and 100 cm between -0.13 and 0.28 /Φ 

 

Key words: Measurements; air and soil temperature; comparison; climatology 

IINNTTRROODDUUCCTTIIOONN  

Many short-term comparative measurements in wind tunnels and field experiments have been 

performed in connection with the transition to automated measurements. The studies have 

ǊŜǾŜŀƭŜŘ ǊŜƭŀǘƛǾŜƭȅ ƭŀǊƎŜ ŘƛŦŦŜǊŜƴŎŜǎ ƛƴ ƳŜŀǎǳǊŜƳŜƴǘǎ ŘǳŜ ǘƻ ǾŀǊƛŀǘƛƻƴǎ ƛƴ ƛƴǎǘǊǳƳŜƴǘǎΩ 

protection from radiation. Differences have been greatest under particular weather conditions 

(e.g., calm, bright and sunny days with snow cover). Most experiments have investigated 

differences over monthly and seasonal time scales (Brock et al., 1995; Barnett et al., 1998; Lin et 

al., 2001; Van der Meulen and Brandsma, 2008). Comparisons among thermometer screens 

have been reviewed by seveǊŀƭ ŀǳǘƘƻǊǎ όtŜǘŅƧŅ Σ нллпΤ bŀƎȅΣ нллсΤ [ŀŎƻƳōŜ Ŝǘ ŀƭΦΣ нлммύΦ  
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MMAATTEERRIIAALLSS  AANNDD  MMEETTHHOODDSS  

Comparative measurements were conducted in the observatory of the Czech 

IȅŘǊƻƳŜǘŜƻǊƻƭƻƎƛŎŀƭ LƴǎǘƛǘǳǘŜ ό/IaLύ ƛƴ 5ƻƪǎŀƴȅ όрл  нтΩ омΩ bΣ мп  млΩ мпΩ 9Σ 

158 m a.s.l.) between April 2000 and December 2013 (comparative period). The observatory is 

one of four reference climatological stations of the CHMI. It is situated in a warm and dry area; 

long-term climatological norms for the years 1961ς1990 include an average annual air 

ǘŜƳǇŜǊŀǘǳǊŜ ƻŦ уΦр / ŀƴŘ ŀƴ ŀǾŜǊŀƎŜ ŀƴƴǳŀƭ ǘƻǘŀƭ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ƻŦ прс ƳƳΦ !ƭƭ ƳŜŀǎǳǊŜƳŜƴǘǎ 

of air temperature were conducted at a height of 2 m above a flat, open terrain with short-cut 

grass cover. The instrument was placed in the middle of a 0.75-hectare plot with no nearby 

obstacles that may have affected measurement. 

Manual measurement of the air temperature was conducted by a station thermometer in a 

standard Czech-Slovak thermometer screen; the soil temperatures using thermometers placed 

within the natural soil profile under a closely-cropped grass cover at climatological observation 

times of 7 a.m., 2 p.m. and 9 p.m. of local mean solar time. For the automated measurements 

of temperature, platinum resistance temperature sensors Pt100 (four wires, class A) were used. 

The automated measurements of air temperature were conducted in the naturally ventilated 

multi-plate shield Met-Cover3.  

RREESSUULLTTSS  AANNDD  DDIISSCCUUSSSSIIOONN  

The median air temperature difference between the automat and manual measurements for 

the ŎƻƳǇŀǊŀǘƛǾŜ ǇŜǊƛƻŘ ǿŀǎ ǇƻǎƛǘƛǾŜ ŦƻǊ ǘƘŜ ŀǾŜǊŀƎŜ Řŀƛƭȅ ŀƛǊ ǘŜƳǇŜǊŀǘǳǊŜ όa Ґ лΦмм /Σ 

ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǘƛƻƴ {5 Ґ лΦп /ύ ŀƴŘ ǘƘŜ Řŀƛƭȅ ƳƛƴƛƳǳƳ ŀƛǊ ǘŜƳǇŜǊŀǘǳǊŜ όa Ґ лΦнс /Σ {5 Ґ лΦуп 

/ύ ŀƴŘ ƴŜƎŀǘƛǾŜ ŦƻǊ ǘƘŜ Řŀƛƭȅ ƳŀȄƛƳǳƳ ŀƛǊ ǘŜƳǇŜǊŀǘǳǊŜ όa Ґ ҍлΦсо /Σ {5 Ґ лΦфн /ύΦ ¢ƘŜ 

differences between the automat and manual measurements for the average, maximum and 

minimum temperatures were statistically significant at the 5% significance 

level.  

Average monthly differences between the automat and manual measurements for the 

comparative period fluctuated between ςлΦр / ŀƴŘ лΦнф / όCƛƎǳǊŜ мύΦ 5ŜǾƛŀǘƛƻƴǎ ǿŜǊŜ ƴŜƎŀǘƛǾŜ 

in the winter half-year (October to March), indicating that temperatures measured under the 

automat were lower than those measured by the manual; the opposite pattern was found in 
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the summer half-year (April to September). A similar distribution was found for the average 

monthly differences in daily minimum air temperatures, for which the mean differences 

fluctuated between ςлΦпр / ŀƴŘ лΦфс /Φ Lƴ ŎƻƴǘǊŀǎǘΣ ǘƘe average monthly differences in daily 

maximum air temperatures were consistently negative; the mean differences fluctuated 

between ςмΦнн / ŀƴŘ ςлΦнм /Φ ¢ƘŜ ŀǾŜǊŀƎŜ ŘƛŦŦŜǊŜƴŎŜ ƛƴ ǘƘŜ ǿƛƴǘŜǊ ƘŀƭŦ-year period was ς0.19 

/ ŦƻǊ ŀǾŜǊŀƎŜ ŀƛǊ ǘŜƳǇŜǊŀǘǳǊŜǎΣ ς0.4п / ŦƻǊ ƳŀȄƛƳǳƳ ŀƛǊ ǘŜƳǇŜǊŀǘǳǊŜǎ ŀƴŘ ς0.25 C for 

ƳƛƴƛƳǳƳ ŀƛǊ ǘŜƳǇŜǊŀǘǳǊŜǎΦ ¢ƘŜ ŀǾŜǊŀƎŜ ŘƛŦŦŜǊŜƴŎŜ ŘǳǊƛƴƎ ǘƘŜ ǎǳƳƳŜǊ ǿŀǎ лΦнм / ŦƻǊ ŀǾŜǊŀƎŜ 

air temperatures, ςмΦмо / ŦƻǊ ƳŀȄƛƳǳƳ ŀƛǊ ǘŜƳǇŜǊŀǘǳǊŜǎ ŀƴŘ лΦто / ŦƻǊ ƳƛƴƛƳǳƳ ŀƛǊ 

temperatures. The average difference between the automat and manual measurements was 

лΦлм / ŦƻǊ ǘƘŜ ŀǾŜǊŀƎŜ ŀƴƴǳŀƭ ǘŜƳǇŜǊŀǘǳǊŜΣ лΦнп / ŦƻǊ ǘƘŜ ŀǾŜǊŀƎŜ ŀƴƴǳŀƭ ƳƛƴƛƳǳƳ 

temperature and ςлΦту / ŦƻǊ ǘƘŜ ŀǾŜǊŀƎŜ ŀƴƴǳŀƭ ƳŀȄƛƳǳƳ ŀƛǊ ǘŜƳǇŜǊŀǘǳǊŜΦ aƻzny et al. 

(2012) showed that the differences between automatic and manual measurements of air 

temperature were caused by the transition measurements from the Czech-Slovak thermometer 

screen at the multi-plate shield. Size difference depends on meteorological conditions (wind 

speed, amount of cloudiness and the surface-reflected radiation). 

 

 

Figure 1 The average monthly differences in average, minimum and maximum air temperature 
between the automat and manual measurements from April 2000 to December 2013. 
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The median temperature difference between the automat and manual measurements for the 

comparative period was positive for the average daily soil temperature at a depth of 5, 10 and 

20 cm όa Ґ лΦс /Σ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǘƛƻƴ {5 Ґ лΦп /ύ ŀƴŘ ŀǘ a depth of 50 and 100 cm (M = 0.12 

/Σ {5 Ґ лΦо /ύΦ ¢ƘŜ Řƛfferences between the automat and manual measurements for the all 

depth were statistically significant at the 5% significance level.  

Average monthly differences between the automat and manual measurements for the 

comparative period fluctuated between ς0.3м / ŀƴŘ лΦуо / at the depth of 5, 10 and 20 cm 

(Figure 2). Deviations were positive in the all months, indicating that temperatures measured 

under the automat were higher than those measured by the manual. In contrast, the average 

monthly differences at the depth of 50 and 100 cm were negative in March and April; the mean 

differences fluctuated between ςлΦмо / ŀƴŘ лΦну /Φ ±ƻƭǳƳŜ ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ ǎƻƛƭ ƛƴ aŀǊŎƘ ŀƴŘ 

April were affected the differences. 

 

 

Figure 2 The average monthly differences in soil temperatures between the automat and 
manual measurements at the depth of 5, 10, 20, 50 and 100 cm from April 2000 to December 

2013. 



Mendel and Bioclimatology 

27 
 

CCOONNCCLLUUSSIIOONN  

The average air temperature difference between the automat and the manual varied between 

лΦо / ŀƴŘ нΦу /Φ ¢ƘŜ ŜǊǊƻǊ increased during bright days with wind speed less than 3 m/s, and 

ǘŜƳǇŜǊŀǘǳǊŜ ŘŜǾƛŀǘƛƻƴǎ ǳǇ ǘƻ пΦм / ƻŎŎǳǊǊŜŘ 

in the presence of snow cover. Differences between the automat and the manual average air 

ǘŜƳǇŜǊŀǘǳǊŜ ǿŜǊŜ ƭŜǎǎ ǘƘŀƴ лΦн / ŘǳǊƛƴƎ ƻǾŜǊŎŀǎǘ ŎƻƴŘitions when the wind speed exceeded 3 

m/s.  

The median temperature difference between the automat and manual measurements for the 

comparative period was positive for the average daily soil temperature at the all depth. 
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SSUUMMMMAARRYY  

PǌŜŘǇƻƪƭŀŘŜƳ ǎǘǳŘƛŀ ȊƳŠƴ ƪƭƛƳŀǘǳ ƧŜ ǾȅƘƻŘƴƻŎŜƴƝ ǎƻǳōŠȌƴȇŎƘ ƳŠǌŜƴƝ ǇǊƻǾłŘŠƴȇŎƘ 

ŀǳǘƻƳŀǘƛŎƪȇƳ ŀ ƳŀƴǳłƭƴƝƳ ȊǇǻǎƻōŜƳΦ ± ǊłƳŎƛ 2ŜǎƪŞ ǊŜǇǳōƭƛƪȅ ŘƻǑƭƻ ǳ ƳŠǌŜƴƝ ǘŜǇƭƻǘȅ ǾȊŘǳŎƘǳ 

v ǊłƳŎƛ ŀǳǘƻƳŀǘƛȊŀŎŜ ƪ ȊłǎŀŘƴƝ ȊƳŠƴŠ ς k ǇǌŜŎƘƻŘǳ ƻŘ ƳŠǌŜƴƝ Ǿ ƳŜǘŜƻǊƻƭƻƎƛŎƪŞ ōǳŘŎŜ 

k ƳŠǌŜƴƝ ǇƻŘ ǊŀŘƛŀőƴƝƳ ǑǘƝǘŜƳΦ ¢ŀǘƻ ȊƳŠƴŀ ǎǘŀǘƛǎǘƛŎƪȅ ǾȇȊƴŀƳƴȇƳ ȊǇǻǎƻōŜƳ ƻǾƭƛǾƴƛƭŀ ƳŠǌŜƴƝ 

ǘŜǇƭƻǘȅ ǾȊŘǳŎƘǳΦ ±ƭƛǾŜƳ ŀǳǘƻƳŀǘƛȊŀŎŜ ŘƻǑƭƻ ƪ ƳƝǊƴŞƳǳ αȊǾȇǑŜƴƝά ƳƛƴƛƳłƭƴƝŎƘ ǘŜǇƭƻǘ ŀ ƴŀƻǇŀƪ 

αǎƴƝȌŜƴƝά ƳŀȄƛƳłƭƴƝŎƘ ǘŜǇƭƻǘΦ 5ƛŦŜǊŜƴŎŜ ǘŜǇƭƻǘ ƳŜȊƛ ōǳŘƪƻǳ ŀ ǑǘƝǘŜƳ ȊłǾƛǎƝ ƴŀ ƳŜǘŜƻǊƻƭƻƎƛŎƪȇŎƘ 

ǇƻŘƳƝƴƪłŎƘ όǊȅŎƘƭƻǎǘƛ ǾŠǘǊǳΣ ƻōƭŀőƴƻǎǘƛ ŀ ƻŘǊŀȌŜƴŞƳ ȊłǌŜƴƝ ƻŘ ǇƻǾǊŎƘǳύΦ 

!ǳǘƻƳŀǘƛŎƪŞ ƳŠǌŜƴƝ ǘŜǇƭƻǘȅ ǇǻŘȅ Ǿ ƘƭƻǳōŎŜ рΣ мл ŀ нл ŎƳ ǇƻŘ ǘǊŀǾƴŀǘȇƳ ǇƻǾǊŎƘŜƳ ǾȅƪŀȊǳƧŜ 

ƳƝǊƴȇ αƴłǊǻǎǘά ǘŜǇƭƻǘȅ ǾŜ ǾǑŜŎƘ ƳŠǎƝŎƝŎƘ ƻǇǊƻǘƛ ƳŀƴǳłƭƴƝƳǳ ƳŠǌŜƴƝΦ 
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AABBSSTTRRAACCTT    

In our work we processed monthly precipitation amounts from 28 precipitation-gage stations of 

SHMU (The Slovak Hydro-meteorological Institute) and from one station of UH SAV (The 

Institute of Hydrology of The Slovak Academy of Sciences). All of these are located in Western 

Tatras and close surroundings. We used these data for analysing precipitation sufficiency of 

Norway spruce during years 1994-2013. Secondly, we compared an average annual precipitation 

during the last two decades with an average from the period of years 1961-1990. Finally, the 

extremes were analysed; the driest year 2003 and the most humid year 2010. The results show 

an evident increase of the rainfall in the research area and also strong rain shadow in Liptov-

foothills of Western Tatras. 

 

Key words: Rain shadow, annual precipitation, precipitation sufficiency 

IINNTTRROODDUUCCTTIIOONN  

A regular and barrier-free water cycle in a natural environment is a necessity not only for forest 

ecosystems but for the global one as well. Water is an integral part of all forest ecosystems and 

can be found in every one of its components: in the air, trees, bushes, plants, mosses and 

lichens, in soils and deadwoods. The trees and the plants slow down the fall of rain drops on the 

soil surface and retain water for a gradual relŜŀǎŜ ŘǳǊƛƴƎ ŀ ǿƘƻƭŜ ȅŜŀǊ όaƛƴřłǑΣ YƻƴƾǇƪŀΣ 

bƻǾƻǘƴȇ нллсΣ Iƻƭƪƻ Ŝǘ ŀƭΦ нлммύΦ ¢ƘŜ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ƛǎ ƛƴŘƛǎǇǳǘŀōƭȅ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ 

factors determining a landscape character. The basic characteristics of precipitation are the 

amount, the duration and ǘƘŜ ƛƴǘŜƴǎƛǘȅ ƻŦ ǘƘŜ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ό¢ǳȌƛƴǎƪȇ нллнύΦ ¦ƴŘŜǊ ǘƘŜ ǘŜǊƳ 
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άǇǊŜŎƛǇƛǘŀǘƛƻƴ ǎǳŦŦƛŎƛŜƴŎȅ ŦƻǊ ŀ Ǉƭŀƴǘέ ǿŜ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ƴŜŎŜǎǎŀǊȅ ŦƻǊ 

avoiding suffering from a lack of water and the water supplies are high enough for a successful 

growing of the plant within a specific period of time. We could observe a large-scale decline of 

spruce stands in Slovakia in recent years. The reasons for this are still not sufficiently clarified. A 

crucial phase of the spruce stand decline has been influenced by a bark beetle infestation 

(Grodzki et alΦ нллсΤ WŀƪǳǑ et al. 2008). The climate change could be one of the possible factors, 

too. In regard of the expected precipitation deficit increase is Norway spruce considered as one 

of the most endangered wood species, mainly in an area outside of its native extensions 

ό~ƪǾŀǊŜƴƛƴŀΣ {ǘǌŜƭŎƻǾłΣ YŀƳŜƴǎƪȇ мффрύΦ  

MMAATTEERRIIAALLSS  AANNDD  MMEETTHHOODDSS  

Characteristic of Western Tatras  

Western Tatras cover area of 29 177 ha and are the second highest mountain in Slovakia 

όYƶŀȊƻǾƛŎƪȇ мфтлύΦ ¢ƘŜȅ ōŜƭƻƴƎ ŦǊƻƳ ŀƴ ƎŜƻƭƻƎƛŎŀƭ ŀǎǇŜŎǘ ƛƴǘƻ ǘƘŜ ƻǳǘǿŀǊŘ ŀǊŎ ƻŦ ²ŜǎǘŜǊƴ 

Carpathians. We distinguish two type of base rock here: the acid extrusive granite and 

metamorphic bedrocks and the alkaline limestone-ŘƻƭƻƳƛǘŜ aŜǎƻȊƻƛŎ ǎŜŘƛƳŜƴǘǎ ό{ƛǾȇ ǾǊŎh, 

hǎƻōƛǘłΣ 2ŜǊǾŜƴŞ ǾǊŎƘȅύ ό¢ŀƧōƻǑ нллпύΦ ²ŜǎǘŜǊƴ ¢ŀǘǊŀǎ ōŜƭƻƴƎ ǘƻ ŀ ŎƻƭŘ ŎƭƛƳŀǘƛŎ ǊŜƎƛƻƴΣ ŀƴŘ ƛƴǘƻ 

a moderate cool and cool mountainous subregion (Lapin et al. 2002).  

 

Metrological stations 

The table 1 below shows list of used meteorological stations and their altitudes. 28 stations are 

owned by SHMU and one by UH SAV. For our calculation were used stations located not only in 

Western Tatras; for better interpolation we used also stations from outside of the Western 

Tatras area. The graphical outputs were ǇǊŜǇŀǊŜŘ ƛƴ !ǊŎaŀǇ млΦм ŀƴŘ ŀ άbŜŀǊŜǎǘ bŜƛƎƘōƻǳǊέ 

method was used for an interpolation between stations.  

Tab.1 List of station 

Station Altitude [m a. s. l.]  

2ŜǊǾŜƴŜŎ  1420 

¢ŀǘǊŀƴǎƪł tƻƭƛŀƴƪŀ  975 

{ƪŀƭƴŀǘŞ tƭŜǎƻ  1778 

~ǘǊōǎƪŞ tƭŜǎƻ  1322 

tƻŘōŀƴǎƪŞ  972 
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Pribylina  753 

[ƛǇǘƻǾǎƪȇ IǊłŘƻƪ  640 

Yƻƴǎƪł  749 

¿ƛŀǊ  747 

Chopok  2005 

[ǳƪƻǾł ǇƻŘ /ƘƻǇƪƻƳ  1661 

5ŜƳŅƴƻǾǎƪł Řƻƭƛƴŀ-Wŀǎƴł  1196 

Bobrovec  632 

[ƛǇǘƻǾǎƪł hƴŘǊŀǑƻǾł  569 

Lazisko  680 

Huty  808 

YǾŀőŀƴȅ  620 

[ǵőƪȅ  616 

[ƛǇǘƻǾǎƪł ¢ŜǇƭł  509 

¢ǾǊŘƻǑƝƴ-Medvedzie  625 

±ƛǘŀƴƻǾł-Oravice  853 

±ƛǘŀƴƻǾł  690 

Liesek  692 

¢ǊǎǘŜƴł  608 

Zuberec-Zverovka  1030 

Zuberec  763 

hǊŀǾǎƪȇ .Φ tƻǘƻƪ  646 

5ƭƘł ƴŀŘ hǊŀǾƻǳ  530 

hǊŀǾǎƪȇ tƻŘȊłƳƻƪ  532 

 

 

Precipitation sufficiency for Norway spruce (Picea abies (L.) Karst)  

We calculated an average rainfall amount for every year of the recent decades at all stations 

based on monthly totals during the vegetation period (May-August). All stations are located in a 

native extension areal of spruce. The amount of 300mm was set up as a minimum for successful 

ǎǇǊǳŎŜ ƎǊƻǿƛƴƎΦ ¢Ƙƛǎ ǾŀƭǳŜ ƛǎ ŀŎŎŜǇǘŀōƭŜ ŦƻǊ ǘƘŜ Ƴƻǎǘ ƻŦ ŀǳǘƘƻǊǎ ό~ƪǾŀǊŜƴƛƴŀΣ {ǘǌŜƭŎƻǾłΣ 

YŀƳŜƴǎƪȇ мффрύΦ  

RREESSUULLTTSS    

Precipitation distribution in research area in period 1961-1990 

The figures 1 and 2 show precipitation distribution and also precipitation increase in relation to 

altitude and exposition in the research area. We can see that at an altitude of 1000 m a. s. l. is 
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the difference of annual average in bŜǘǿŜŜƴ ǘƘŜ {9 ŀƴŘ b² ŜȄǇƻǎƛǘƛƻƴ ŎƛǊŎŀΦ оллƳƳΦ  YƻƴőŜƪ 

et al (1974) in an analysis of data from stations in Tatras stated a difference of circa 450 mm at 

the same altitude.  

 

 

Fig.  1 Average annual precipitation in relation to altitude and exposition 
 

Precipitation sufficiency of Norway spruce (Picea abies (L.) Karst.) during the period 1994-

2013 

Figure 3 shows number of years, when the limit of 300mm of precipitation was not achieved. 

Although all the stations are located in a native extension areal of spruce, we can see that this 

limit was not achieved at several of them. The highest number of years with the rainfall amount 

ōŜƭƻǿ ǘƘŜ ƭƛƳƛǘ ǿŀǎ ǊŜŎƻǊŘŜŘ ƛƴ tǊƛōƛƭƛƴŀΣ [ƛǇǘƻǾǎƪȇ IǊłŘƻƪΣ YƻƴǎƪłΣ .ƻōǊƻǾŜŎΣ ŀƴŘ [ƛǇǘƻǾǎƪł 

hƴŘǊŀǑƻǾłΦ !ƭƭ ǘƘŜǎŜ ǎǘŀǘƛƻƴǎ ŀǊŜ ƭƻŎŀǘŜŘ ƻƴ ǘƘŜ ƭŜŜǿŀǊŘ ǎƛŘŜ ƻŦ ²ŜǎǘŜǊƴ ¢ŀǘǊŀǎΣ ǿƛǘƘ ŀ ǎǘǊƻƴƎ 

rainfall shadow effect. At other stations, mainly at higher altitude and on a windward side we 

can see a sufficient level of precipitation for spruce during vegetation period. There are very 

good conditions for spruce growth in this area. On the other hand, at the stations where the 

y = 0.4336x + 464.91 
RĮ = 0.8619 

y = 0.9751x + 229.41 
RĮ = 0.9166 
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precipitatiƻƴ ǎǳŦŦƛŎƛŜƴŎȅ ǿŀǎƴΩǘ ŀŎƘƛŜǾŜŘ ǘƘŜ ƎǊƻǿǘƘ ŎƻǳƭŘ ƘŀǾŜ ōŜŜƴ ǎƭƻǿŜŘ Řƻǿƴ ƻǊ ǘƘŜ 

spruce could have become weaker due to stress.   

 

Fig.  2 Precipitation distribution 
 

Changes in average annual precipitation between 1961-1990 and 1994-2013 

Figures 4 and 5 show how an average annual precipitation changed in between 1961-1990 and 

1994-2013. We can see slightly increased average annual precipitation in years 1994-2013 in 

compare with a period of years 1961-1990 at all stations.  The only exceptions are the rainfall-

ƎŀǳƎŜ ǎǘŀǘƛƻƴ Yƻƴǎƪŀ ǿƛǘƘ ŀ с ҈ ŘŜŎǊŜŀǎŜ ŀƴŘ ¿ƛŀǊ όǿƛǘƘƻǳǘ ŘƛŦŦŜǊŜƴŎŜύΦ !ǘ ǘƘƛǎ Ǉƻƛƴǘ ǎǘŀǘƛƻƴǎ 

2ŜǊǾŜƴŜŎΣ ¢ŀǘǊŀƴǎƪł tƻƭƛŀƴƪŀΣ .ƻōǊƻǾŜŎΣ [ƛǇǘƻǾǎƪł hƴŘǊŀǑƻǾłΣ [ƛŜǎŜƪ ŀƴŘ ½ǳōŜǊŜŎ ǿŜǊŜ 

disregarded due to a lack of figures from years 1961-1990. 
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Fig.  3 Number of years, when precipitation sufficiency was not achieved 
  

Extreme years in precipitation during last two decades 

In last two decades the driest year was the year 2003 and the most humid one was the year 

2010. We used annual precipitation sums from the years (2003 and 2010) and calculated 

differences in between them and the average annual precipitation in 1961-1990.  In the year 

2003 (Fig.6) the decrease went up to -пл҈ όYƻƴǎƪł -39,2 %) of the average annual precipitation 

in 1961-мффлΦ Lƴ ǘƘŜ ȅŜŀǊ нлмл ŀƴ ƛƴŎǊŜŀǎŜ ƻŦ ŀƭƳƻǎǘ тл҈ ό[ǳƪƻǾł суΣ п҈ύ ƻŦ ǘƘŜ ŀǾŜǊŀƎŜ ǿŀǎ 

recorded (Fig. 7). 
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Fig.  4 Comparison of average annual precipitation 1961-1990 with 1994-2003 
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Rainfall-gauge stations 

Differences between average annual precipitation 1961-
1990 and 1994-2013 
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Fig.  5 Graphical result of comparison 

 

Fig.  6 Comparison of annual precipitation in the driest year 2003 and average annual 
precipitation 1961-1990 

 

CCOONNCCLLUUSSIIOONN  

This work was aimed on an evaluation of the annual and seasonal precipitation regime in 

Western Tatras and the surroundings. Our target was also to analyse what impact this mountain 

range has on the rainfall distribution on the windward (Orava) and on the leeward (Liptov) side 

of it. The results can be summarized into the following points: 

¶ The leeward side of Western Tatras is located in a strong rainfall shadow. The average 

annual precipitation difference at an altitude of 1000 m a. s. l. is about 300mm in 

compare with the windward side.  

¶ In several years the precipitation sufficiency of Norway spruce was not achieved. The 

rainfall totals in a vegetation period (May-August) were lower than 300mm; more often 
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ŀǘ ƭŜŜǿŀǊŘ ŦƻƻǘƘƛƭƭǎ ƻŦ ²ŜǎǘŜǊƴ ¢ŀǘǊŀǎ ό.ƻōǊƻǾŜŎΣ [ƛǇǘƻǾǎƪł hƴŘǊłǑƻǾłΣ [ƛǇǘƻǾǎƪȇ IǊłdok, 

and Pribilina). At several stations the sufficiency was not achieved in 7 year during the 

last two decades. 

¶ By comparing the average annual precipitation in year 1994-2013 and during 1961-1990 

we recorded an increase of precipitation in the research area (in average by 7 %, 63 mm)  

¶ The driest year in the last two decades was the year 2003 when annual precipitation 

sum was 77% of an average annual precipitation in 1961-1990. 

¶ The most humid year was the year 2010 when annual precipitation was higher by 46% 

than the average annual precipitation in 1961-1990. 

 

 

Fig.  7 Comparison of annual precipitation in the most humid year 2010 and average annual 
precipitation 1961-1990 
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MƛƴřłǑΣ WΦΣ YƻƴƾǇƪŀΦ WΦΣ bƻǾƻǘƴȇΣ WΦ нллсΦ [Ŝǎȅ {ƭƻǾŜƴǎƪŀΦ ½ǾƻƭŜƴΥ błǊƻŘƴŞ ƭŜǎƴƝŎƪŜ ŎŜƴǘǊǳƳΣ 
2006. ISBN 80-8093-001-5. 222 p. 
 
~ƪǾŀǊŜƴƛƴŀΣ WΦΣ {ǘǌŜƭŎƻǾłΦ YΦΣ YŀƳŜƴǎƪȇΣ [Φ мффсΦ ½ǊłȌƪƻǾł ȊŀōŜȊǇŜőŜƴƻǎǙ ǎƳǊŜƪŀ ƻōȅőŀƧƴŞƘƻ ƴŀ 
ǾȅōǊŀƴȇŎƘ ƭƻƪŀƭƛǘłŎƘ ǎǘǊŜŘƴŞƘƻ {ƭƻǾŜƴǎƪŀΦ Lƴ [ŜǎƴŞ ŜƪƻǎȅǎǘŞƳȅ ŀ ƎƭƻōłƭƴŜ ƪƭƛƳŀǘƛŎƪŞ ȊƳŜƴȅΣ 
½ōƻǊƴƝƪ ǊŜŦŜǊłǘƻǾ Ȋ ǇǊŀŎƻǾƴŞƘƻ ǎŜƳƛƴłǊŀΣ ~ƪǾŀǊŜƴƛƴŀΣ WΦΣ aƛƴřłǑΣ WΦΣ 2ŀōƻǳƴΣ ±Φ όŜŘǎΦύΣ ½ǾƻƭŜƴΥ 
[ŜǎƴƝŎƪȅ ǾȇǎƪǳƳƴȇ ǵǎǘŀǾΦ ǇǇΦ сф-97. 
 
{ǘǌŜƭŎƻǾłΣ YΦΣ ~ƪǾŀǊŜƴƛƴŀΣ WΦ нллпΦ .ƛƻƪƭƛƳŀǘƻƭƽƎƛŀ ŀ ƳŜǘŜƻǊƻƭƽƎƛŀΥ błǾƻŘȅ ƴŀ ŎǾƛőŜƴƛŀΦ ½ǾƻƭŜƴΥ 
¢ŜŎƘƴƛŎƪł ǳƴƛǾŜǊȊƛǘŀΣ нллпΦ мму ǇΦ 
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¢ŀƧōƻǑΣ WΦ нллпΦ ~ǘǊǳƪǘǵǊŀ ǇƻǊŀǎǘƻǾ ŀ ƎŜƻƳƻǊŦƻƭƻƎƛŎƪŞ ǇƻƳŜǊȅ ½łǇŀŘƴȇŎƘ ¢ŀǘƛŜǊ - őŀǎǙ [ƛǇǘƻǾǎƪŞ 
¢ŀǘǊȅΦ Lƴ [ŜǎƴƝŎƪȅ őŀǎƻǇƛǎ ώ ƻƴƭƛƴŜ ϐΦ нллпΣ ǊƻőΦ рлΣ őΦ н ώŎƛǘΦ нлмп-05-лрϐΦ 5ƻǎǘǳǇƴŞ ƴŀ ƛƴǘŜǊƴŜǘŜΥ 
ƘǘǘǇΥκκǿǿǿΦƴƭŎǎƪΦǎƪκŦƛƭŜǎκонплΦǇŘŦ Φ L{{b лоно-1046 

 
¢ǳȌƛƴǎƪȇΣ [Φ нллнΦ .ƛƻƪƭƛƳŀǘƻƭƽƎƛŀΦ ½ǾƻƭŜƴΥ ¢ŜŎƘƴƛŎƪł ǳƴƛǾŜǊȊƛǘŀΣ нллнΦ мпл ǇΦ L{.b ул-228-1150-
5. 
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ŦƻǊ ǘƘŜ ǎǳǇǇƻǊǘΦ !ƭǎƻ ŀǳǘƘƻǊǎ ǘƘŀƴƪ ǘƘŜ ¦I {!± ƛƴ [ƛǇǘƻǾǎƪł hƴŘǊŀǑƻǾł ŦƻǊ ǇǊŜŎƛǇƛǘŀǘƛƻƴ Řŀǘŀ 

from rainfall-ƎŀǳƎŜ ǎǘŀǘƛƻƴ 2ŜǊǾŜƴŜŎΦ 

SSUUMMMMAARRYY  

tǊƝǎǇŜǾƻƪ ǎŀ ǾŜƴǳƧŜƳŜ ǇǊƻōƭŜƳŀǘƛƪŜ ǊƻȊƭƻȌŜƴƛŀ ŀ ƳŜŘȊƛǊƻőƴŜƧ ǾŀǊƛŀōƛƭƛǘȅ ȊǊłȌƻƪ Ǿ ½łǇŀŘƴȇŎƘ 

¢ŀǘǊłŎƘ ŀ ƛŎƘ ƻƪƻƭƝΦ tǊŜŘƳŜǘƻƳ ǾȇǎƪǳƳǳ ōƻƭŀ ȊƘƻŘƴƻǘŜƴƛŜ ȊǊłȌƪƻǾŜƧ ȊŀōŜȊǇŜőŜƴƻǎǘƛ ǎƳǊŜƪŀ 

ƻōȅőŀƧƴŞƘƻ όtƛŎŜŀ ŀōƛŜǎ όYΦύ YŀǊǎǘύ Ǉƻőŀǎ ǇƻǎƭŜŘƴȇŎƘ ŘǾƻŎƘ ŘŜƪłŘΦ ± ǇǊłŎƛ ǎƳŜ ǘŀƪǘƛŜȌ 

ǇƻǊƻǾƴłǾŀƭƛ ŘƭƘƻŘƻōȇ ƴƻǊƳłƭ Ȋ ǊƻƪƻǾ мффп-нлмо ǎƻ ȊǊłȌƪƻǾȇƳ ƴƻǊƳłƭƻƳ мфсм-мффлΦ 6ŀƭŜƧ ǎƳŜ 

ǎŀ ȊŀƳŜǊŀƭƛ ƴŀ ǾƛȊǳŀƭƛȊłŎƛǳ ŀ ȊƘƻŘƴƻǘŜƴƛŜ ȊǊłȌƪƻǾƻ ŜȄǘǊŞƳƴȅŎƘ ǊƻƪƻǾ όнлло ŀ нлмлύ Ǿ ŘŀƴŜƧ 

oblasti. 

 ½ ǾȇǎƭŜŘƪƻǾ ƧŜ ȊǊŜƧƳȇ ȊǊłȌƪƻǾȇ ǘƛŜƶ ƴŀ ƭƛǇǘƻǾǎƪƻƳ ǇǊŜŘƘƻǊƝ ½łǇŀŘƴȇŎƘ ¢ŀǘƛŜǊΣ ǇǊƛőƻƳ Ǿ 

nadmƻǊǎƪŜƧ ǾȇǑƪŜ мллл Ƴ ƴΦ ƳΦ ȊŀȊƴŀƳŜƴłǾŀƳŜ ǊƻȊŘƛŜƭ Ǿ ȊǊłȌƪƻǾƻƳ ƴƻǊƳłƭȅ мфсм-1990 cca 

олл ƳƳΦ !Ƨ ƪŜř ǾǑŜǘƪȅ ǎƭŜŘƻǾŀƴŞ ǎǘŀƴƛŎŜ όну ǎǘŀƴƝŎ {Ia¦Σ м ǎǘŀƴƛŎŀ ¦I {!±ύ ƭŜȌƛŀ Ǿ ŀǊŜłƭȅ 

ǇǊƛǊƻŘȊŜƴŞƘƻ Ǿȇǎƪȅǘǳ ǎƳǊŜƪŀΣ ƴŀ ƴƛŜƪǘƻǊȇŎƘ ƴŜōƻƭŀ ƴŀǇƭƴŜƴł ƧŜƘƻ ȊǊłȌƪƻǾł ȊŀōŜȊǇŜőŜƴƻǎǙ 

Ǉƻőŀǎ т ǊƻƪƻǾ Ȋ ǇƻǎƭŜŘƴȇŎƘ ŘǾƻŎƘ ŘŜƪłŘΦ ±ŅőǑƛƴŀ ǎǘŀƴƝŎΣ ƪŘŜ ƪ ǘƻƳǳ ŘƻŎƘłŘȊŀƭƻΣ ƧŜ ƭƻƪŀƭƛȊƻǾŀƴł 

ƴŀ ƭƛǇǘƻǾǎƪƻƳ ǇǊŜŘƘƻǊƝ ½łǇŀŘƴȇŎƘ ¢ŀǘƛŜǊΦ tǊƛ ȊƘƻŘƴƻǘŜƴƝ ƳƴƻȌǎǘǾŀ ȊǊłȌƻƪ Ǉƻőŀǎ ƻōŘƻōƛŀ мффп-

нлмо ǎƻ ȊǊłȌƪƻǾȇƳ ƴƻǊƳłƭƻƳ мфсм-мффл ǇƻȊƻǊǳƧŜƳŜ ǘŀƪƳŜǊ ƴŀ ǾǑŜǘƪȇŎƘ ǎǘŀƴƛŎƛŀŎƘ ƛŎƘ ƴłǊŀǎǘΦ 

±ȇƴƛƳƪƻǳ ƧŜ ƭŜƴ ǎǘŀƴƛŎŀ Yƻƴǎƪł όс҈ ǇƻƪƭŜǎύ ŀ ¿ƛŀǊ όōŜȊ ȊƳŜƴȅύΦ tǊƛŜƳŜǊƴŜ ƳƴƻȌǎǘǾƻ ȊǊłȌƻƪ Ȋŀ 

Ǌƻƪ ǎŀ ȊǾȇǑƛƭƻ ƻ со ƳƳ όт҈ύΦ tƻőŀǎ ƴŀƧǎǳŎƘǑƛŜƘƻ Ǌƻƪǳ ǇƻǎƭŜŘƴȇŎƘ ŘǾƻŎƘ ŘŜƪłŘΣ Ǌƻƪǳ нлло Ǌƻőƴȇ 
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ǵƘǊƴ ƴŀ ǇƻȊƻǊƻǾŀƴȇŎƘ ǎǘŀƴƛŎƛŀŎƘ ǇǊŜŘǎǘŀǾƻǾŀƭ тт҈ ȊǊłȌƪƻǾŞƘƻ ƴƻǊƳłƭǳΦ tƻőŀǎ ƴŀ ȊǊłȌƪȅ 

ƴŀƧōƻƘŀǘǑƛŜƘƻ Ǌƻƪǳ нлмл ǎƳŜ ȊŀȊƴŀƳŜƴŀƭƛ пс ҈ ƴłǊŀǎǘ ȊǊłȌƻƪΦ 
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IINNDDIICCEESS  OOFF  CCLLIIMMAATTEE  EEXXTTRREEMMEESS  FFOORR  TTHHEE  GGRROOWWIINNGG  SSEEAASSOONN  LLEENNGGTTHH    AATT  FFOOOOTTHHIILLLL  

SSTTAATTIIOONN  SSTTAARR<<  LLEESSNN<<  ((11998888--22001133))   
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1) DŜƻǇƘȅǎƛŎŀƭ LƴǎǘƛǘǳǘŜ ƻŦ ǘƘŜ {ƭƻǾŀƪ !ŎŀŘŜƳȅ ƻŦ {ŎƛŜƴŎŜǎ όDtL {!{ύΣ  ǿƻǊƪǇƭŀŎŜ {ǘŀǊł 

[Ŝǎƴł  

2) Geophysical Institute of the Slovak Academy of Sciences (GPI SAS),  workplace Bratislava 

 

AABBSSTTRRAACCTT    

This paper presents evaluation of classical climatic measurements at Meteorological 

hōǎŜǊǾŀǘƻǊȅ DtL {!{ ƛƴ {ǘŀǊł [Ŝǎƴł ŎŀǊǊƛŜŘ ƻǳǘ ƛƴ ǘƘŜ ȅŜŀǊǎ мфуу-2013. Selected indices of 

extremes were calculated according to the European project ECA&D (European Climate 

Assessment & Dataset project) for the growing season length (GSL) period. Duration of GSL on 

average 195 days, usually from April to October, proves appropriate climatic conditions for the 

growth of forest vegetation. Interannual variation of GSL indicates no significant changes during 

considered period. On the other hand, indices derived from daily temperature extremes such as 

maximum of daily temperature or numbers of summer days show a slight warming at foothill of 

the High Tatras. Precipitation GSL amount fluctuated around mean value of 539 mm. The 

longest dry period covering 22 consecutive days without precipitation occurred in 1999, 2009, 

and during extraordinary dry event in 2011.  

 

Key words: ECA&D indices, submontane climate, growing season, bioclimatology 

IINNTTRROODDUUCCTTIIOONN  

aŜǘŜƻǊƻƭƻƎƛŎŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ŀǘ ƭƻŎŀǘƛƻƴ {ǘŀǊł [Ŝǎƴł ŀǊŜ ǇǊƻǾƛŘŜŘ ōȅ ǘƘŜ DŜƻǇƘȅǎƛŎŀƭ LƴǎǘƛǘǳǘŜ 

of the Slovak Academy of Sciences (GPI SAS) since 1987. Research activities are focused on the 

study of physical and chemical processes in the atmospheric boundary layer, and regional 

ŎƭƛƳŀǘŜ ƻŦ  ǘƘŜ IƛƎƘ ¢ŀǘǊŀ aǘǎΦ ό{ƳƻƭŜƴ ŀƴŘ hǎǘǊƻȌƭƝƪΣ мффуΤ .ƛƭőƝƪ ŀƴŘ aƛǑŀƎŀΣ мффуΤ aŀǘŜƧƪŀ Ŝǘ 
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ŀƭΦΣ нллуΤ Iƻƭƪƻ Ŝǘ ŀƭΦΣ нлмнΤ .ƛőłǊƻǾł Ŝǘ ŀƭΦΣ нлмоύΦ ¦ƴǘƛƭ нлмоΣ ŜȄǇŜǊƛƳŜƴǘŀƭ ǇǊƻƎǊŀƳƳŜ ƻŦ DtL 

SAS included classical climatological observations realised in cooperation with Slovak 

IȅŘǊƻƳŜǘŜƻǊƻƭƻƎƛŎŀƭ LƴǎǘƛǘǳǘŜΦ /ƭƛƳŀǘƻƭƻƎƛŎŀƭ ǿŜŀǘƘŜǊ ƻōǎŜǊǾŀǘƛƻƴǎ ŀǘ {ǘŀǊł [Ŝǎƴł ŦƻǊ ǘƘŜ ȅŜŀǊǎ 

1988-2013 represents the enclosed  period of measurement using classical methods. Since 

2014, automatic weather station provides continuous, homogenous and high quality 

measurement data needed for sophisticated models and interdisciplinary research. The purpose 

of this paper is to evaluate classical climatic observations (1988-2013) and to provide complex 

characteristic related to key bioclimatological factor such as growing season length (GSL) period 

ŦƻǊ ŦƻƻǘƘƛƭƭ ȊƻƴŜ ƻŦ ǘƘŜ IƛƎƘ ¢ŀǘǊŀ aǘǎΦ ǿƘŜǊŜ ǘƘŜ ǎǘŀǘƛƻƴ {ǘŀǊł [Ŝǎƴł ƛǎ ƭƻŎŀǘŜŘΦ 

MMAATTEERRIIAALLSS  AANNDD  MMEETTHHOODDSS  

Daily data of basic climatic elements obtŀƛƴŜŘ ŀǘ ǎǘŀǘƛƻƴ {ǘŀǊł [Ŝǎƴł ŘǳǊƛƴƎ ǇŜǊƛƻŘ мфуу-2013 

were used for investigation of climate characteristics typical for growing season of foothill zone 

in the High Tatras. Standard daily observations covered three different times measurements (7 

a.m., 2 p.m. and 9 p.m. of local time) recorded by the observer. Air temperature and air 

humidity were measured by glass thermometers (dry temperature, wet temperature, minimal 

ŀƴŘ ƳŀȄƛƳŀƭ ǘŜƳǇŜǊŀǘǳǊŜ ƛƴ ϲ/ύΦ 5ŀƛƭȅ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ǘƻǘŀƭ όƳƳύ ǿŀǎ ƳŜŀǎǳǊŜŘ ōȅ ǎǘŀƴŘŀǊŘ Ǌain 

gauge with collecting area of 500 cm2. The amount of cloudiness was determined visually, in this 

work we used the data of cloud coverage (in tenths). The Campbell-Stokes recorder equipped 

with paper tape was used for continuous registration of sunshine duration (hours) as sunlight 

intensity climatic element. Meteorological instruments were serviced and calibrated in 

ŎƻƻǇŜǊŀǘƛƻƴ ǿƛǘƘ ǘƘŜ {ƭƻǾŀƪ IȅŘǊƻƳŜǘŜƻǊƻƭƻƎƛŎŀƭ LƴǎǘƛǘǳǘŜ ό{IaLύΦ {ǘŀǊł [Ŝǎƴł ƛǎ ǇŀǊǘ ƻŦ 

national climatological station network of SlovaƪƛŀΦ  hōǎŜǊǾŀǘƛƻƴ ŀǊŜŀ {ǘŀǊł [Ŝǎƴł ƛǎ ǎƛǘǳŀǘŜŘ ƛƴ 

ǎǳōƳƻƴǘŀƴŜ ȊƻƴŜ ƻŦ ǘƘŜ IƛƎƘ ¢ŀǘǊŀ aǘǎΦ όпфϲлфȰbΣ нлϲмтȰ9Σ умл Ƴ ŀΦǎΦƭΦύΦ CƻǊŜǎǘ ƛǎ ŘƻƳƛƴŀƴǘ 

ǾŜƎŜǘŀǘƛƻƴ ǘȅǇŜ ƛƴ ǘƘŜ ƭƻǿŜǊ όǎǳǇǊŀƳƻƴǘŀƴŜύ ǇŀǊǘ ƻŦ {ƪŀƭƴŀǘł Řƻƭƛƴŀ όǳǇ ǘƻ мрлл Ƴ ŀΦǎΦƭύΦ 

Absolutely dominant tree species is Spruce (Picea abies), high percentage reaches also 

European larch (Larix deciduas) ό~ƪǾŀǊŜƴƛƴŀ ŀƴŘ CƭŜƛǎŎƘŜǊΣ нлмоύΦ /ƭƛƳŀǘƛŎ Řŀǘŀ ƻōǘŀƛƴŜŘ ŀǘ 

ǎǘŀǘƛƻƴ {ǘŀǊł [Ŝǎƴł ǿŀǎ ǇǊƻŎŜǎǎŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴ ƻŦ ǘƘŜ 9ǳǊƻǇŜŀƴ /ƭƛƳŀǘŜ 

Assessment & Dataset project (ECA&D). This project (eca.knmi.nl) presents information on 

changes in weather and climate extremes, as well as the daily dataset needed to monitor and 
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analyse these extremes (Klein Tank, 2002). Descriptions of selected ECA&D climatic 

charactŜǊƛǎǘƛŎǎ ŀƴŘ ƛƴŘƛŎŜǎ ǳǎŜŘ ŦƻǊ ŜǾŀƭǳŀǘƛƻƴ ƻŦ {ǘŀǊł [Ŝǎƴł ŘŀǘŀǎŜǘ ŀǊŜ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ƘŜŀŘ ƻŦ 

result tables.   

RREESSUULLTTSS  AANN  DDIISSCCUUSSSSIIOONN  

a) ECA&D groups of selected climatic indices: temperature, heat, cold, sunshine, cloudiness  

Air temperature is basic climatic element that reflects heat conditions in the atmosphere and 

controls vegetation phenological patterns in dependency of latitude and altitude. In much of 

Europe, daily mean temperature of at least 5 ϲ/ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ōŜ ŦŀǾƻǳǊŀōƭŜ ŦƻǊ ƎǊƻǿƛƴƎ ƻŦ 

indigenous vegetations. The growing season length (GSL), according to ECA&D  is expressed as 

number of days between the first occurrence of at least 6 consecutive days with mean daily 

temperature (TG) Ҕ рϲ/ ŀƴŘ ǘƘŜ ŦƛǊǎǘ ƻŎŎǳǊǊŜƴŎŜ ŀŦǘŜǊ м Wǳƭȅ ƻŦ ŀǘ ƭŜŀǎǘ с ŎƻƴǎŜŎǳtive days with 

TG < 5 ϲ/Φ !ǘ ƭƻŎŀǘƛƻƴ {ǘŀǊł [ŜǎƴłΣ ŦƻǊ ǘƘŜ ǇŜǊƛƻŘ мфуу ǘƻ нлмо ǘƘŜ ŀǾŜǊŀƎŜ D{[ ǿŀǎ мфп Řŀȅǎ 

(6.4 months) and ranged from 166 (min) to 229 (max) days (Tab. 1). Comparison of mean annual 

GSL courses for different ECA&D climatic stations in SlƻǾŀƪƛŀ ŀƴŘ ǘƘŀǘ ŦƻǊ ƭƻŎŀǘƛƻƴ {ǘŀǊł [Ŝǎƴł 

όCƛƎΦ мύ ǎƘƻǿǎ ǎƛƳƛƭŀǊ ǎƘŀǇŜǎ ŦƻǊ ŎƻƭŘŜǊ ŎƭƛƳŀǘŜ ƭƻŎŀǘƛƻƴǎ ǎǳŎƘ ŀǎ {ǘŀǊł [ŜǎƴłΣ hǊŀǾǎƪł [Ŝǎƴł ŀƴŘ 

Poprad until year 2004. During last years larger differences were identified. GSL values for 

warmer climatic lowland regions represented by stations such as Bratislava, Hurbanovo, 

tƛŜǑǙŀƴȅΣ YƻǑƛŎŜ ǿŜǊŜ ǎǳōǎǘŀƴǘƛŀƭƭȅ ƘƛƎƘŜǊΣ ƛƴ ǎŀƳŜ ŎŀǎŜǎ ŜȄŎŜŜŘŜŘ олл Řŀȅǎ ƛƴ ȅŜŀǊ όмл ƳƻƴǘƘǎύΦ 

Typical GSL lasting from April until October or November. Mean air temperature TGg related to 

GS[ ǇŜǊƛƻŘ ǿŀǎ мнΦо ҕлΦу ϲ/Φ .ƻǘƘ D{[ ŀƴŘ ¢DƎ ƛƴŘƛŎŜǎ ǎƘƻǿ ƴƻ ǎƛƎƴƛŦƛŎŀƴǘ ŎƘŀƴƎŜǎ ŘǳǊƛƴƎ 

considered period 1988-2013. On the other hand, indices derived from daily air temperature 

extremes indicate moderate warming of growing season due to increasing tendency of daily 

maximal temperature (TXg, TXx) as well as daily minimal temperature (TNg, TNx). Significant 

correlation for increase of summer days (SU) was also identified (Fig. 2). Annual sum of sunshine 

duration (SS) was on average 1193 hours per GSL. Annual maximum and minimum SS ranged 

between 1436 hours  in 2000 and 911 hours in 2010, respectively. High cloudiness (CCg) about 

7/10 cloud cover suggests rarely occurrence of mostly sunny days and abundance of cloudy 

days. Interannual variability of SS and CCg is relative stable with no significant changes.  

b) ECA&D groups of selected climatic indices: rain, humidity, drought  
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Climatic indices derived from measurement of daily precipitation amount (RR) show that sum of 

precipitation aggregated over GSL fluctuated around mean value of 539 mm. The highest 

precipitation deficit was in 2003. In this year extraordinary heat wave occurred during summer 

season. It was the hottest summer on record in Europe over centuries. On the other hand, 

unusual precipitation abundance was in 2010 with the maximum value of 744 mm. Rare 

abundant rainfall events during May and June 2010 caused devastative floods across several 

Central European countries. For the last 26 years (1988-2013) no significant trends in GSL 

precipitation as well as for other climate precipitation characteristics were found (Tab. 2). Wet 

days  (RR1) were almost 1/3 of GSL period. On average 6.7 mm/wet day was calculated as 

simple daily intensity index (SDII). Average number of heavy precipitation days (RR10) and very 

heavy precipitation days (RR20) were 17 and 6 days, respectively. Extreme rainfall amounts 88.1 

mm for the highest 1-day precipitation (RX1) and 138.7 mm for the highest 5-day precipitation 

in July 2002 were recorded. Wet periods of consecutive wet days (CWD) were shorter than 

periods of consecutive dry days (CDD). Maximum with 22 of consecutive dry days (CDD) was 

recorded during extraordinary dry event in Europe at the end of autumn in 2011 and, in 

addition, in years 1999 and 2009. Maxima of consecutive wet days (CWD) varied between 5 and 

13 days during GSL. Observed RHg values at about 75.2 % with moderate changes from 69.5 to 

79.9 1%  document high degree of water vapour saturation in air. It corresponds with high 

cloudiness about 7/10 cloud cover.  

CCOONNCCLLUUSSIIOONNSS  

Mountain climate is characterised by a larger variability, both spatial and temporal compared 

with lowlands at the same latitude. Colder and more humid conditions influence growth of 

forest vegetation including Spruce-fir-beech, Spruce, Mountain pine and Alpine a typical 

/ŀǊǇŀǘƘƛŀƴ ǾŜƎŜǘŀǘƛƻƴ ǎǘŀƎŜǎ ό~ƪǾŀǊŜƴƛƴŀ ŀƴŘ CƭŜƛǎŎƘŜǊΣ нлмоύΦ [ƻŎŀǘƛƻƴ {ǘŀǊł [Ŝǎƴł ƛǎ ǎƛǘǳŀǘŜŘ 

at the foothills of the High Tatra Mts. and represents submontane climate zone favourable for 

temperate coniferous and mixed forest vegetation. 9Ǿŀƭǳŀǘƛƻƴ ƻŦ ƳŜŀǎǳǊŜƳŜƴǘǎ ŀǘ {ǘŀǊł [Ŝǎƴł 

(1988-2013) presented in this paper provides information about climate of submontane 

ƭƻŎŀǘƛƻƴ ǳǎŜŦǳƭ ŦƻǊ ƛƴǘŜǊŘƛǎŎƛǇƭƛƴŀǊȅ ǊŜǎŜŀǊŎƘΦ .ŀǎŜŘ ƻƴ ǘƘƛǎ ŘŀǘŀΣ ƭƻŎŀǘƛƻƴ {ǘŀǊł [Ŝǎƴł ƛǎ 

characterised by length of ƎǊƻǿ ǎŜŀǎƻƴ ƻƴ ŀǾŜǊŀƎŜ мфр ҕмт Řŀȅǎ ǇŜǊ ȅŜŀǊΦ aŜŀƴ ŀƛǊ 
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ǘŜƳǇŜǊŀǘǳǊŜ мнΦо ҕлΦу ϲ/ ŀƴŘ ƳŜŀƴ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ŀƳƻǳƴǘ роф ҕфу ƳƳ ǿŜǊŜ ŎŀƭŎǳƭŀǘŜŘ ŦƻǊ D{[ 

period. ECA&D indices derived from air temperature extremes show increasing tendency of 

daily air temperature maxima as well as number of summer days. Average sunshine duration 

was 1193 ҕмор ƘƻǳǊǎ per GSL. Most days were cloudy with average cloudiness about 7/10. 

Relative air humidity 75.2 ҕнΦс ҈ corresponds with high number of cloudy days. Maximal wet 

periods lasted from 3 to 13 consecutive wet days (CWD), substantially longer were dry periods 

from 8 to 22 days (CDD). The higher air temperature and the sufficient amounts of precipitation 

can increase the wood production of the tree species growing there. The next negative factors 

(windstorms and other meteorological extremes, harmful insects, fungi pathogens, acid 

ǇƻƭƭǳǘŀƴǘǎΣ ǇƘƻǘƻƻȄƛŘŀƴǘǎ ŜǘŎΦύ Ŏŀƴ ŎƘŀƴƎŜ ǘƘŜ ŀǎǎǳƳŜŘ ŘŜǾŜƭƻǇƳŜƴǘ ό~ƪǾŀǊŜƴƛƴŀ Ŝǘ ŀƭΦΣ нллпύΦ   
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SSUUMMMMAARRYY  

IƻǊǎƪł ƪƭƝƳŀ ǎŀ ǾȅȊƴŀőǳƧŜ ǾŅőǑƻǳ ǇǊƛŜǎǘƻǊƻǾƻǳ ŀ ǾȇǑƪƻǾƻǳ ǾŀǊƛŀōƛƭƛǘƻǳ Ǿ ǇƻǊƻǾƴŀƴƝ ǎ ƴƝȌƛƴƴȇƳƛ 

ƻōƭŀǎǙŀƳƛΦ [Ŝǎƴł ǾŜƎŜǘłŎƛŀ ǊŜŀƎǳƧŜ ƴŀ ǊŀǎǘǵŎǳ ƴŀŘƳƻǊǎƪǵ ǾȇǑƪǳ ȊƳŜƴƻǳ ȊŀǎǘǵǇŜƴƛŀ 

ŘƻƳƛƴŀƴǘȇŎƘ ŘǊŜǾƝƴΦ bŀ ȊłƪƭŀŘŜ ƭŜǎƴƝŎƪŜƧ ǘȅǇƻƭƽƎƛŜ ǎŀ ƭŜǎƴŞ ǇƻǊŀǎǘȅ Ǿ ƻōƭŀǎǘƛ ±ȅǎƻƪȇŎƘ ¢ŀǘƛŜǊ 

ȊŀǊŀřǳƧǵ Řƻ ǘȇŎƘǘƻ όƭŜǎƴȇŎƘύ ǾŜƎŜǘŀőƴȇŎƘ ǎǘǳǇƶƻǾ όƻŘ ƴŀƧƴƛȌǑƝŎƘ ǇƻƭƾƘύΥ ǎƳǊŜƪƻǾȇΣ 

ƪƻǎƻŘǊŜǾƛƴƻǾȇΦ ± ŀƭǇƝƴǎƪƻƳ ǾŜƎŜǘŀőƴƻƳ ǎǘǳǇƴƛ ǳȌ ǎǘǊƻƳƻǾł ǾŜƎŜǘłŎƛŀ ƴŜǊŀǎǘƛŜ ό~ƪǾŀǊŜƴƛƴŀ ŀ 

FleischeǊΣ нлмоύΦ [ƻƪŀƭƛǘŀ {ǘŀǊł [Ŝǎƴł ǎŀ ƴŀŎƘłŘȊŀ ƴŀ ǵǇŅǘƝ ±ȅǎƻƪȇŎƘ ¢ŀǘƛŜǊ ƘƾǊ ŀ ǊŜǇǊŜȊŜƴǘǳƧŜ 

ǇƻŘƘƻǊǎƪŞ ƪƭƛƳŀǘƛŎƪŞ ǇłǎƳƻ ǎ ǇǊƛŀȊƴƛǾȇƳƛ ǇƻŘƳƛŜƴƪŀƳƛ ǇǊŜ Ǌŀǎǘ ƛƘƭƛőƴŀǘȇŎƘ ŀ ȊƳƛŜǑŀƴȇŎƘ 

ƭŜǎƴȇŎƘ ǇƻǊŀǎǘƻǾΦ ½ ǾȅƘƻŘƴƻǘŜƴƛŀ ƪƭŀǎƛŎƪȇŎƘ ƳŜǊŀƴƝ ƴŀ ǎǘŀƴƛŎƛ DC¨ {!± Ǿ Starej Lesnej (1988-

нлмоύ ǾȅǇƭȇǾŀΣ ȌŜ Ǿ ǇƻŘƘƻǊǎƪŜƧ ƻōƭŀǎǘƛ ±ȅǎƻƪȇŎƘ ¢ŀǘƛŜǊ ǾŜƎŜǘŀőƴŞ ƻōŘƻōƛŜ ǘǊǾł Ǿ ǇǊƛŜƳŜǊŜ мфр ҕ 

мт ŘƴƝ Ǿ ǊƻƪǳΦ tƻőŀǎ ǾŜƎŜǘŀőƴŞƘƻ ƻōŘƻōƛŀ ƧŜ ǇǊƛŜƳŜǊƴł ǘŜǇƭƻǘŀ ǾȊŘǳŎƘǳ мнΣо ҕ лΣу ϲ / ŀ 

ǇǊƛŜƳŜǊƴȇ ǵƘǊƴ ȊǊłȌƻƪ роф ҕ фу ƳƳΦ LƴŘŜȄȅ 9/!ϧ5 ƻŘǾƻŘŜƴŞ Ȋ meranƝ ǘŜǇƭƻǘƴȇŎƘ ŜȄǘǊŞƳƻǾ 

ǇƻǳƪŀȊǳƧǵ ƴŀ ƳƛŜǊƴŜ ƻǘŜǇƯƻǾŀƴƛŜ Ǿ ŘƾǎƭŜŘƪǳ ǘŜƴŘŜƴŎƛŜ ƴłǊŀǎǘǳ ŘŜƴƴȇŎƘ ǘŜǇƭƻǘƴȇŎƘ ƳŀȄƝƳ ŀƪƻ 

ŀƧ Ǉƻőǘǳ ƭŜǘƴȇŎƘ ŘƴƝΦ ±ƻ ǾŜƎŜǘŀőƴƻƳ ƻōŘƻōƝ ƧŜ ǇǊƛŜƳŜǊƴł ŘƮȌƪŀ ǎƭƴŜőƴŞƘƻ ǎǾƛǘǳ ммфо ҕ мор 

ƘƻŘƝƴΦ ±ŅőǑƛƴǳ ŘƴƝ ƧŜ ǾǑŀƪ ȊŀƳǊŀőŜƴŞ ǎ ǇǊƛŜƳŜǊƴƻǳ ƻōƭŀőƴƻǎǙƻǳ ŀǎƛ тκмлΦ wŜƭŀǘƝǾƴŀ ǾƭƘƪƻǎǙ 

ǾȊŘǳŎƘǳ трΣн ҕ нΣс҈ ȊƻŘǇƻǾŜŘł ǾȅǎƻƪŞƳǳ Ǉƻőǘǳ ƻōƭŀőƴȇŎƘ ŘƴƝΦ bŀƧŘƭƘǑƛŜ ƴŜǇǊŜǊǳǑƻǾŀƴŞ 

ȊǊłȌƪƻǾŞ ƻōŘƻōƛŀ ǘǊǾŀƧǵ о ŀȌ мо ŘƴƝΣ ǇƻŘǎǘŀǘƴŜ ŘƭƘǑƛŜ ǎǵ ǇŜǊƛƽŘȅ ōŜȊ ȊǊłȌƻƪ ŀ ǘƻ ƻŘ у Řƻ нн ŘƴƝΦ 

½ǾȅǑǳƧǵŎŀ ǎŀ ǘŜǇƭƻǘŀ ǾȊŘǳŎƘǳ ǇǊƛ ŘƻǎǘŀǘƻőƴƻƳ ƳƴƻȌǎǘǾŜ ȊǊłȌƻƪ ƳƾȌŜ ǇǊƛŀȊƴƛǾƻ ǇƾǎƻōƛǙ ƴŀ Ǌŀǎǘ ŀ 

ǇǊƻŘǳƪŎƛǳ ƭŜǎƴȇŎƘ ŘǊŜǾƝƴΦ ± ƻōƭŀǎǘƛ ±ȅǎƻƪȇŎƘ ¢ŀǘƛŜǊ ǎǵ ǇǊŜ ƭŜǎƴŞ ǇƻǊŀǎǘȅ ǊƛȊƛƪƻǾŜƧǑƛŜ ǾƝŎƘǊƛŎŜ ŀ 
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řŀƭǑƛŜ ƪƭƛƳŀǘƛŎƪȅ ǇƻŘƳƛŜƴŜƴŞ ŦŀƪǘƻǊȅ ŀƪƻ ǑƪƻŘƭƛǾȇ ƘƳȅȊΣ ƘǳōƻǾŞ ǇŀǘƻƎŞƴȅ ŀƪƻ ŀƧ ŦƻǘƻŎƘŜƳƛŎƪȅ 

ŀƪǘƝǾƴŜ Ǉƻƭǳǘŀƴǘȅ ό~ƪǾŀǊŜƴƛƴŀ Ŝǘ ŀƭΦΣ нллпύΦ  

CCOONNTTAACCTT  

LƴƎΦ {ǾŜǘƭŀƴŀ .ƛőłǊƻǾłΣ tƘ5Φ 

DŜƻŦȅȊƛƪłƭƴȅ ǵǎǘŀǾ {!±Σ ǇǊŀŎƻǾƛǎƪƻ {ǘŀǊł [Ŝǎƴł  

лрф сл ¢ŀǘǊŀƴǎƪł [ƻƳƴƛŎŀΣ {ƭƻǾŜƴǎƪƻ 

bicarova@ta3.sk 
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Tab. 1. Selected ECA&D climate indices for the growing season length (GSL) at foothill location 
{ǘŀǊł [Ŝǎƴł όмфуу-2013) 

ECA&D climate indices Abbr. Unit 

Growing season length                                                        (6 
ŎƻƴǎŜŎǳǘƛǾŜ Řŀȅǎ рϲ/ > TG < 5ϲ/ύ GSL days 

Mean of daily mean temperature TGg ϲ/ 

Mean of daily maximum temperature  TXg ϲ/ 

Maximum value of daily maximum temperature TXx ϲ/ 

Summer days (criterion: TX >25ϲ/ύ SU days 

Mean of daily minimum temperature  TNg ϲ/ 

Maximum value od daily minimum temperature TNx ϲ/ 

Sunshine duration SS hours 

Mean of daily cloud cover CCg tenths 

Year GSL TGg TXg TXx SU TNg TNx SS CCg 

1988 181 12.4 18.1 30.1 14 6.8 15.4 1106 6.0 
1989 218 11.3 16.9 28.4 12 6.2 16.6 1150 6.8 
1990 207 10.7 16.6 27.7 16 5.0 13.3 1212 6.5 
1991 191 11.5 16.8 28.2 11 6.2 17.3 1025 6.9 
1992 178 13.2 19.4 31.7 28 7.2 16.5 1252 5.9 
1993 187 12.4 18.3 29.2 14 6.5 15.7 1205 6.4 
1994 166 14.1 20.1 31.5 29 8.0 14.7 1113 6.4 
1995 186 12.1 17.9 28.2 11 6.6 14.0 1125 6.9 
1996 186 11.8 17.2 27.8 8 6.4 14.0 1017 7.2 
1997 172 12.3 18.3 28.4 5 6.7 14.5 1024 6.8 
1998 213 11.2 16.9 31.3 21 6.2 18.7 1138 7.1 
1999 198 12.3 18.4 28.6 13 7.1 16.9 1135 7.1 
2000 229 11.7 18.1 31.2 20 6.3 15.8 1436 6.3 
2001 184 12.7 18.8 28.2 21 7.6 15.5 1125 6.7 
2002 179 13.1 19.5 29.4 19 7.8 17.2 1113 6.8 
2003 182 13.5 20.3 29.8 40 7.3 16.0 1323 6.5 
2004 205 11.1 17.3 28.0 9 6.1 14.5 1162 7.1 
2005 208 11.8 18.3 30.6 17 6.6 19.6 1314 6.8 
2006 197 12.8 19.8 29.4 34 7.3 17.0 1369 6.8 
2007 184 13.2 20.2 34.2 31 7.4 16.5 1376 6.2 
2008 197 12.3 18.7 29.3 21 7.1 16.8 1193 6.8 
2009 195 12.9 20.1 30.7 26 7.0 18.5 1408 6.0 
2010 167 13.3 19.4 30.4 32 8.5 18.3 911 6.8 
2011 215 12.0 19.0 29.5 26 6.8 19.5 1362 6.5 
2012 200 13.2 19.7 32.2 44 7.6 16.3 1123 6.3 
2013 226 11.7 18.5 33.1 30 6.5 18.0 1291 6.5 

Summary statistics 

Avg 195 12.3 18.6 29.9 21 6.8 16.4 1193 6.6 
SDev 17 0.8 1.1 1.7 10 0.7 1.7 135 0.4 
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Min 166 10.7 16.6 27.7 5 5.0 13.3 911 5.9 
Max 229 14.1 20.3 34.2 44 8.5 19.6 1436 7.2 

Statistically significant correlations between variables:Year and TGg elements 

Corr. 
Coef.  : : 0.543 0.439 0.597 0.426 0.542 : : 
P-val : : 0.004 0.024 0.001 0.030 0.004 : : 

 

CƛƎΦ мΦ DǊƻǿƛƴƎ ǎŜŀǎƻƴ ƭŜƴƎǘƘ όD{[ύ ŀǘ ŦƻƻǘƘƛƭƭ ƭƻŎŀǘƛƻƴ {ǘŀǊł [Ŝǎƴł ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ D{[ ŀǘ 
Slovak stations including in ECA&D database.  

 

 

Fig. 2. Statistically significant increase of air temperature extremes (TXg, TNx) and number of 
summer days (SU) fƻǊ D{[ ǇŜǊƛƻŘ ŀǘ ŦƻƻǘƘƛƭƭ ƭƻŎŀǘƛƻƴ {ǘŀǊł [Ŝǎƴł ŘǳǊƛƴƎ ǘƘŜ ȅŜŀǊǎ ŦǊƻƳ мфуу ǘƻ 

2013. 
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Tab. 2. Selected ECA&D climate indices aggregated over the growing season length (GSL) at 
ŦƻƻǘƘƛƭƭ ƭƻŎŀǘƛƻƴ {ǘŀǊł [Ŝǎƴł όмфуу-2013) 

ECA&D climate indices Abbr. Unit 

Precipitation of daily amount  RR mm 

Wet days (criterion RR җмƳƳ) RR1 days 

Simple daily intensity index                                                         (mean 
precipitation amount at wet days) 

SDII mm/wet day 

Heavy precipitation days (criterion RR җмлƳƳ) R10 days 

Very heavy precipitation days (criterion RR җнлƳƳ) R20 days 

Highest 1-day precipitation amount RX1 mm 

Highest 5-day precipitation amount RX5 mm 

Maximum no of consecutive wet days (criterion RR җмƳƳ) CWD days 

Maximum no of consecutive dry days (criterion RR <1mm) CDD days 

Mean of daily relative humidity RHg % 

Year RR RR1 SDII RR10 RR20 RX1 RX 5 CWD CDD RHg 

1988 461 58 8.0 15 5 37.8 64.3 5 19 74.9 
1989 562 76 7.4 20 5 38.9 74.4 9 14 74.2 
1990 576 72 8.0 21 4 45.4 95.0 6 12 75.0 
1991 500 60 8.3 12 5 47.0 80.6 5 9 74.5 
1992 366 47 7.8 9 4 50.5 56.6 3 15 70.3 
1993 392 61 6.4 12 4 29.7 60.9 5 11 70.7 
1994 338 53 6.4 12 1 24.5 33.9 3 13 69.5 
1995 583 53 11.0 20 11 51.5 73.0 4 19 75.7 
1996 658 80 8.2 21 7 66.1 126.8 5 10 76.7 
1997 548 67 8.2 13 8 68.4 97.3 6 10 76.3 
1998 590 88 6.7 19 5 30.1 47.1 10 10 78.3 
1999 545 65 8.4 16 6 59.6 80.7 8 22 76.0 
2000 560 73 7.7 17 8 39.2 71.6 4 13 76.0 
2001 639 67 9.5 21 7 60.8 110.7 13 14 77.7 
2002 634 67 9.5 18 7 88.1 138.7 8 18 78.2 
2003 388 54 7.2 11 3 34.5 75.6 6 13 73.5 
2004 652 79 8.3 24 3 62.6 77.6 7 14 79.9 
2005 596 71 8.4 19 5 45.0 71.0 6 21 74.9 
2006 476 74 6.4 13 4 30.1 70.2 8 19 73.7 
2007 517 61 8.5 21 5 33.4 69.4 5 15 72.9 
2008 529 61 8.7 17 8 35.4 84.4 6 8 76.8 
2009 548 58 9.4 17 8 43.6 85.1 11 22 74.1 
2010 744 75 9.9 25 8 44.8 90.7 11 10 79.6 
2011 639 69 9.3 18 8 52.5 86.6 5 22 74.1 
2012 477 70 6.8 15 4 23.9 53.8 7 9 75.3 
2013 507 62 8.2 18 8 31.6 69.5 8 18 76.0 

Summary statistics 

Avg 539 66 8.2 17 6 45.2 78.7 7 15 75.2 
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SDev 98.0 9.7 1.2 4 2 15.4 22.7 2.5 4.5 2.6 
Min 338 47 6.4 9 1 23.9 33.9 3 8 69.5 
Max 744 88 11.0 25 11 88.1 138.7 13 22 79.9 

No statistically significant correlations between variables: Year and selected indices 
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BBIIOOCCLLIIMMAATTOOLLOOGGIICCAALL  CCOONNDDIITTIIOONNSS  IINN  BBRRNNOO  CCIITTYY  AANNDD  BBRRNNOO  RREEGGIIOONN  IINN  TTHHRREEEE  DDIIFFFFEERREENNTT    

TTIIMMEE  ȵȵSSLLIICCEESSȰȰ  ɀɀ  FFRROOMM  MMEENNDDEELLȭȭSS  EERRAA  TTOO  PPRREESSEENNTT  DDAAYYSS  

  

MMAARRIIEE  DDOOLLEE¼¼EELLOOVV<<11  

 

1Czech Hydrometeorological Institute, regional Office Brno, Kroftova 43, 616 67 Brno, Czech 

Republic 

AABBSSTTRRAACCTT  

Bioclimatological conditions in urban areas tend to be very specific and they are of high interest 

thanks to the huge density of settlement in such areas. The paper focuses on the analysis of 

bioclimatological conditions in Brno region representing currently the second largest 

concentration of urban population in the Czech Republic. It depicts the situation in three 

ŘƛŦŦŜǊŜƴǘ ǘƛƳŜ αǎƭƛŎŜǎά ŦǊƻƳ aŜƴŘŜƭΩǎ ŜǊŀ όǎŜŎƻƴŘ ƘŀƭŦ ƻŦ ǘƘŜ мфǘƘ ŎŜƴǘǳǊȅύ ǿƘŜƴ .Ǌƴƻ ƘŀŘ 

about 100 000 inhabitants to presents days with its nearly 400 000 inhabitants. These time 

αǎƭƛŎŜǎά ŀǊŜ ǊŜǇǊŜǎŜƴǘŜŘ ōȅ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ мфǘƘ ŎŜƴǘǳǊȅ όŘŀǘŀ ƳŜŀǎǳǊŜŘ ŀǘ ǘƘŜ ǎǘŀǘƛƻƴ .Ǌƴƻ-

tƛǎłǊƪȅΣ ǿŀǘŜǊǿƻǊƪǎύΣ ǘƘŜ ²ah ƴƻǊƳŀƭ ǇŜǊƛƻŘ όмфсм мффлύ ŀƴŘ ŎǳǊǊŜƴǘ ǇŜǊƛƻŘ мфум нлмо 

(data measured at ǾŀǊƛƻǳǎ /IaLΨǎ ǎǘŀǘƛƻƴǎ ƛƴ .Ǌƴƻ Ŏƛǘȅ ŀƴŘ ƛǘǎ ǎǳǊǊƻǳƴŘƛƴƎǎύΦ /ƻƳǇŀǊŀǘƛǾŜ 

analysis of maximum temperatures, number of days with characteristic temperature and the 

occurrence and length of periods with low daily precipitation sums (dry periods) is performed. 

Key words: hot spells, cold spells, dry spells, days with characteristic temperature, trend 

IINNTTRROODDUUCCTTIIOONN  

Brno is the second largest city of the Czech Republic located in its southeastern part on the 

αōƻǳƴŘŀǊȅά ōŜǘǿŜŜƴ  Ƙƛƭƭȅ ƭŀƴŘǎŎŀǇŜ ƻŦ .ƻƘŜƳƛŀƴ-Moravian Highlands and rather flat sceneries 

of Southern Moravian lowlands. It has basin position with complex terrain characteristic by 

number of elevations and numerous partial basins. The landscape of Brno is very diverse. In the 

north and west part of Brno cadastral area we can experience hilly forested countryside in the 

proximity of Brno Dam Lake and nature reserve of the Moravian karst.  While in the south and 

east we can observe rather flat landscape with strong historic touch of the ancient battlefield 
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(Battle of the Three Emperors). Brno region provides many beautiful natural sights, amazing 

cultural heritage and even rich university life. The question is whether it also offers favorable 

conditions for life. Does it have fresh air and pure water? And what are the bioclimatological 

conditions like? 

Bioclimatological conditions are generally formed by several factors including air temperature 

and humidity, precipitation, wind speed or sunshine duration. All these together influence our 

feelings of warmth or chill, fatigue or vitality and so on. Sophisticated bioclimatological indices 

that make it possible to include numerous parameters and thus describe the real 

bioclimatological conditions in the most precise way were developped by the scientific 

community. However, with the regard to data availability, much more simple approach was used 

in this paper where bioclimatological conditions were evaluated with the help of extreme 

temperatures and precipitation only. Hot, cold and dry spells were studied as well. 

It is not as sophisticated as using some other indices like Heat Index, Humidex, Wind Chill 

¢ŜƳǇŜǊŀǘǳǊŜ ƻǊ !ǇǇŀǊŜƴǘ ¢ŜƳǇŜǊŀǘǳǊŜ όŦƻǊ ƳƻǊŜ ŘŜǘŀƛƭǎ ǎŜŜ ŜΦƎΦ bƻǾłƪΣ нллт ƻǊ .ƱŀȍŜƧŎȊȅƪ Ŝǘ 

al., 2012 that describe human feelings in better way), but it can be perceived as a first 

approximation of Brno bioclimatological conditions and their development in time. The usage of 

precipitation is motivated by the fact that :heat waves: combined with dry weather can lead to 

severe air pollution that can have negative influence on sensitive persons suffering from 

cardiovascular or respiratory diseases while the most problematic is pollution by particulate 

ƳŀǘǘŜǊ  όǎŜŜ ŜΦƎΦ ¦ǊōŀƴΣ YȅǎŜƭȇΣ нлмпύΦ  

MMAATTEERRIIAALLSS  AANNDD  MMEETTHHOODDSS  

Daily maximum (Tmax) and minimum temperatures (Tmin) measured at several meteorological 

sites in the cadastral area of Brno were used to compute total number of summer days and 

ǘǊƻǇƛŎŀƭ Řŀȅǎ ό¢ƳŀȄ җ нр ϲ/ ƻǊ ол ϲ/ύ ŀǎ ǿŜƭƭ ŀǎ ƛŎŜ ŘŀȅǎΣ ŀǊŎǘƛŎ Řŀȅǎ ό¢ƳŀȄ ғ л ϲ/ ƻǊ -10 ϲ/ύ ŀƴŘ 

ŦǊƻǎǘ Řŀȅǎ ό¢Ƴƛƴ ғ л ϲ/ύΦ .ŀǎƛŎ ǎǘŀǘƛǎǘƛc characteristics (including trend) of number of all type of 

days with characteristic temperatures were computed. Cold spells were defined as the periods 

ƻŦ ŎƻƴǎŜŎǳǘƛǾŜ Řŀȅǎ ǿƛǘƘ ¢ƳŀȄ ғ л ϲ/Σ ǿƘƛƭŜ Ƙƻǘ ǎǇŜƭƭǎ ǿŜǊŜ ŘŜŦƛƴŜŘ ƛƴ ǘƘŜ ǎŀƳŜ ǿŀȅ ōǳǘ ǿƛǘƘ 

two diffeǊŜƴǘ ƭƛƳƛǘ ǾŀƭǳŜǎ ƻŦ ¢ƳŀȄ ό¢ƳŀȄ җ ол ϲ/ ƻǊ нр ϲ/ύΦ aŀȄƛƳǳƳ ƭŜƴƎǘƘ ƻŦ ōƻǘƘ ŎƻƭŘ ŀƴŘ Ƙƻǘ 

spells was found for every year and analysed for trend. Due to its non-normal distribution non-
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parametric method was used for the trend analysis of these characteristics (Mann-Kendall trend 

ǘŜǎǘΣ {ŜƴΩǎ ƳŜǘƘƻŘύ aŀƴƴΣ мфпрΤ YŜƴŘŀƭƭΣ мфтсΤ {ŜƴΣ мфсуύΦ !ǎ ǿŜ ƪƴƻǿΣ ŘǊȅ ǿŜŀǘƘŜǊ Ŏŀƴ ƳŀƪŜ 

the effect of extreme temperatures on bioclimatological conditions and human health even 

worse (via air pollution). For this reason dry spells were studied as well. They were defined with 

the help of daily precipitation amounts as periods of consecutive days not reaching certain 

value (three different limits were used: 0,1 mm; 1,0 mm and 3,0 mm). The analysis of their 

annual maximum length was performed in the same way as for hot and cold spells.  

 

 

Fig. 1 Location of meteorological stations used in this study 
 

!ƭƭ ǘƘŜ ŀƴŀƭȅǎƛǎ ŎƻǾŜǊŜŘ ǘƘǊŜŜ ŘƛŦŦŜǊŜƴǘ ǘƛƳŜ ǇŜǊƛƻŘǎΥ муфмҍмфнм όǊŜǇǊŜǎŜƴǘƛƴƎ ǘƘŜ ŎƭƛƳŀǘŜ ƛƴ 

.Ǌƴƻ Ƨǳǎǘ ŀŦǘŜǊ ǘƘŜ aŜƴŘŜƭΩǎ ŜǊŀύΣ мфсмҍмффл όǊŜǇǊŜǎŜƴǘƛƴƎ αƴƻǊƳŀƭ ǇŜǊƛƻŘά ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ 

²ahύ ŀƴŘ мфумҍнлмо όǊŜǇǊŜǎŜƴǘƛƴƎ ŎǳǊǊŜƴǘ ŎƭƛƳŀǘŜύΦ CƻǊ ǘƘŜ ŦƛǊǎǘ ǇŜǊƛƻŘ όмуфмҍмфнмύ ƻƴƭȅ ƻƴŜ 

meteorological station was available. This station was located in Brno-tƛǎłǊƪȅ όǘƘŜ Ŏƛǘȅ 

waterworks) and operated by waterworks employees. The measurements at this station 
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ǊŜǇǊŜǎŜƴǘ ǘƘŜ Ŏƻƴǘƛƴǳŀǘƛƻƴ ƻŦ ŦŀƳƻǳǎ aŜƴŘŜƭΩǎ ƳŜŀǎǳǊŜƳŜƴǘǎ ŀǘ Austin abbey conducted in 

ǘƘŜ ǇŜǊƛƻŘ мутуҍмууо όǘƘŜ ŀōōŜȅ ƛǎ ǎƛǘǳŀǘŜŘ ŀōƻǳǘ н ƪƳ ŦŀǊ ŦǊƻƳ ǘƘŜ ǿŀǘŜǊǿƻǊƪǎύΦ ¢ƘŜ ǎŜŎƻƴŘ 

ǇŜǊƛƻŘ όмфсмҍмффлύ ƛǎ ǊŜǇǊŜǎŜƴǘŜŘ ōȅ ǘƘŜ ǎǘŀǘƛƻƴ ƛƴ .Ǌƴƻ-¢ǳǌŀƴȅ ǎƛǘǳŀǘŜŘ ŀǘ Ŏƛǘȅ ŀƛǊǇƻǊǘΦ !ǎ ŦŀǊ 

as daily precipitation amounts are concerned, data from three other meteorological stations are 

available: Brno-YƴƝƴƛőƪȅ όb² ǇŀǊǘ ƻŦ .Ǌƴƻ ŎŀŘŀǎǘǊŀƭ ŀǊŜŀΣ ƭƻŎŀǘŜŘ ƴŜŀǊ .Ǌƴƻ ǊŜǎŜǊǾƻƛǊύΣ .Ǌƴƻ-

[Ŝǎƴł όb9 ǇŀǊǘ ƻŦ .Ǌƴƻ ŎŀŘŀǎǘǊŀƭ ŀǊŜŀύ ŀƴŘ YǳǌƛƳ όǊǳǊŀƭ ŀǊŜŀΣ b² ŘƛǊŜŎǘƛƻƴ ŦǊƻƳ .Ǌƴƻ ŎƛǘȅύΦ 

Current period όмфумҍнлмоύ ƛǎ ǊŜǇǊŜǎŜƴǘŜŘ ōȅ ǘƘŜ Řŀǘŀ ŦǊƻƳ .Ǌƴƻ-¢ǳǌŀƴȅΣ .Ǌƴƻ-¿ŀōƻǾǌŜǎƪȅ ŀƴŘ 

¢Ǌƻǳōǎƪƻ όǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ ǇǊŜŎƛǇƛǘŀǘƛƻƴύ ŀƴŘ YǳǌƛƳ όƻƴƭȅ ǇǊŜŎƛǇƛǘŀǘƛƻƴύΦ .Ǌƴƻ-¿ŀōƻǾǌŜǎƪȅ 

ǎǘŀǘƛƻƴ ƛǎ ǎƛǘǳŀǘŜŘ ōȅ /IaLΩǎ ǊŜƎƛƻƴŀƭ ƻŦŦƛŎŜ ƛƴ ǘƘŜ ǳǊōŀƴƛȊŜŘ ŀǊŜŀ ƻŦ b² ǇŀǊǘ ƻŦ .ǊƴƻΦ ¢Ǌoubsko 

station is located outside of Brno cadastral area in SW direction. The position of all stations used 

in this study is shown in the figure 1.  

RREESSUULLTTSS  

Regarding the low temperatures, no significant differences can be seen between particular 

periods. The number of frost days is always higher compared to the ice days.  Frost days occur 

from September to May and they are the most frequent in January (about 25 days on average). 

Average annual number ranges from 93 to 108. Ice days can be experienced from November to 

aŀǊŎƘΦ ¢ƘŜȅ ƻŎŎǳǊ ǘƘŜ Ƴƻǎǘ ƻŦǘŜƴ ƛƴ WŀƴǳŀǊȅ όŀōƻǳǘ мнҍмо Řŀȅǎ ƻƴ ŀǾŜǊŀƎŜύΣ ǿƛǘƘ ǘƘŜ ŀǾŜǊŀƎŜ 

annual number ranging from 26 to 33. Being defined by the lowest limit value, the arctic days 

are the less abundant with the shortest period of occurrence (from December to February). 

Maximum in their annual course is in January just like in the case of frost and ice days. 

Difference can be seen in their annual average number that reaches the values varying in the 

order of tenth (see Tab. 1). The trend in number of days with characteristic temperature is 

rather insignificant with some exceptions including winter and annual values for ice and frost 

Řŀȅǎ ƛƴ ǘƘŜ ǇŜǊƛƻŘ муфмҍмфнлΦ wŜŎŜƴǘ ǇŜǊƛƻŘ όмфумҍнлмоύ ƛǎ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎ ōȅ ǎƛƎƴƛŦƛŎŀƴǘ 

negative trend of April values for frost days. According to the number of days with characteristic 

temperatures the coldest periods were the first half of the 1890s and 1960s and also the mid-

1980s (1985, 1986) and mid-1990s (1996). This corresponds with the results for cold spells that 

shows the maximum lengths in the above mentioned periods (see Tab. 2). 
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The conditions with high temperatures can be described by the occurrence of summer and 

tropical days. In contrast to the low temperature conditions, the differences between particular 

periods are obvious. Regarding the summer days, we can see that their average annual number 

ƎŜǘǎ ƘƛƎƘŜǊ ǿƘŜƴ ǿŜ Ǝƻ ŦǊƻƳ ǘƘŜ Ƴƻǎǘ ŀƴŎƛŜƴǘ όмуфмҍмфнлύ ǘƻ ǘƘŜ ǊŜŎŜƴǘ όмфумҍнлмоύ ǇŜǊƛƻŘ 

with the values increasing from about 35 to 69 days per year. According to these average annual 

values, the highest number or summer days in the recent period shows urban station Brno-

¿ŀōƻǾǌŜǎƪȅΦ ¢ƘŜ ƻŎŎǳǊǊŜƴŎŜ ŀǘ ƻǘƘŜǊ ǎǘŀǘƛƻƴǎ ǘƘŀǘ ǊŜǇǊŜǎŜƴǘǎ ǊŀǘƘŜǊ ǊǳǊŀƭ ŜƴǾƛǊƻƴƳŜƴǘ όƳŀǊƎƛƴǎ 

of urban area) is slightly lower but still higher than in the previous periods (see Tab. 3). Summer 

days normally occur from April to October being the most frequent in July.  Moreover, the latest 

period differs from both previous by significant positive trend of annual and summer values. 

Statistically significant trend appears at all stations also in June.  

Nearly the same is true for tropical days that are logically less frequent compared to the 

summer days. Their average annual number more than quadrupled from 4 in the period 

муфмҍмфнл ŀǘ .Ǌƴƻ-tƛǎłǊƪȅ ǘƻ мф ƛƴ ǘƘŜ ǇŜǊƛƻŘ мфумҍнлмо ŀǘ ǘƘŜ ǳǊōŀƴ ǎǘŀǘƛƻƴ ŀǘ .Ǌƴƻ-

¿ŀōƻǾǌŜǎƪȅΦ ¢ƘŜ ƻŎŎǳǊǊŜƴŎŜ ƻŦ ǘǊƻǇƛŎŀƭ Řŀȅǎ ƛƴ ǘƘŜ ŀƴƴǳŀƭ ŎƻǳǊǎŜ ƛǎ ŀōƻǳǘ м-2 months shorter 

than for summer days and is restricted to the period from April (May) to September with the 

maxiƳǳƳ ŦǊŜǉǳŜƴŎȅ ƛƴ ǘƘŜ ƳƻƴǘƘ ƻŦ WǳƭȅΦ wŜŎŜƴǘ ǇŜǊƛƻŘ мфумҍнлмо ƛǎ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎ ōȅ 

statistically significant positive trend in number of tropical days for June, July, summer season 

and year as a whole. As a result of this positive trend, we can see statistically significant 

ǇǊƻƭƻƴƎŀǘƛƻƴ ƻŦ Ƙƻǘ ǎǇŜƭƭǎ ŘŜŦƛƴŜŘ ŜƛǘƘŜǊ ōȅ ǘƘŜ ƭƛƳƛǘ ǾŀƭǳŜ ƻŦ ¢ƳŀȄ җ нр ϲ/ ƻǊ ¢ƳŀȄ җ ол ϲ/ όǎŜŜ 

Tab. 4). According to the number of days with characteristic temperatures and to the maximum 

length of hot spells, the hottest periods were the very beginning of the 1890s, 1970s and 1980s. 

In the latest period, the longest hot spell appeared in most cases from the-mid July to mid-

August 1994 (see Tab. 4). However, the overall number of summer or tropical days was highest 

in 2003 when urban station in Brno-¿ŀōƻǾǌŜǎƪȅ ŜȄǇŜǊƛŜƴŎŜŘ млм ǎǳƳƳŜǊ Řŀȅǎ ŀƴŘ пн ǘǊƻǇƛŎŀƭ 

days.  

Regarding the dry spells, we can observe that the average of their maximum annual length 

decreases as we increase the limit value of daily precipitation amount. Average maximum 

length of periods completely without precipitation (the limit value of daily precipitation amount 



Mendel and Bioclimatology 

57 
 

is 0,1 mm) is about 17-18 days. When we set the limit value to 1,0 mm, it increases to 25-27 

days. The duration of longest dry periods defined by the limit of 3,0 mm ranges from 38 to 47 

days while the highest values were reached in the last studied period (see Tab. 5-7). According 

to the absolute maximum length of dry spells, dry period lasting from the early 1970s to the 

beginning of second half of 1970s can clearly be seen during the WMO normal period. Dry spell 

at various stations occurred in winter 1972/1973 lasting from early December to mid-January, in 

winter/spring 1974 (from the end of February to the first decade of May) and in winter/spring 

1976 (from mid-February to mid-April). Two stations show the occurrence of the longest dry 

spell defined by limit value 1,0 mm at the turn of the year 1989 and 1990 (from last decade of 

December to first decade of February). In other cases dry period in these days appeared as well, 

but it was not as long as was the dry spell during the 1970s. During the last studied period 

όмфумҍнлмоύ ǘƘŜ ŘǊƛŜǎǘ ǇŀǊǘ ŀǇǇŜŀǊŜŘ Ƨǳǎǘ ŎƭƻǎŜ ǘƻ ƛǘǎ ŜƴŘΣ ƛƴ ǘƘŜ ȅŜŀǊǎ нлмл ŀƴŘ нлммΦ ¢ƘŜ 

period with daily precipitation amount below 3 mm lasted from mid-December 2010 to mid-

March 2011. Apparently dry was the autumn 2011. Between the end of October and the 

beginning of December no precipitation was detected. The period completely without 

precipitation lasted from 28 days (Troubsko) to 37 days (Brno-¢ǳǌŀƴȅύΦ IƻǿŜǾŜǊΣ ǘƘŜ ǘǊŜƴŘ ƛƴ ǘƘŜ 

length of dry spells is rather insignificant. Significant trend can be observed in the last studied 

period in winter and especially in December reaching values from 1,8 day per 10 years in Brno-

¢ǳǌŀƴȅ ǘƻ оΣо Řŀȅǎ ǇŜǊ мл years in Troubsko (see Tab. 7).  

CCOONNCCLLUUSSIIOONNSS  

Bioclimatological conditions in Brno, the second largest city of the Czech Republic, were studied. 

They were described with the help of temperature and precipitaiton characteristics including 

number of days with characteristic low and high temperatures (arctic, ice, frost, summer and 

tropical days), the length of cold and hot spells as well as the length of dry spells.  To be able to 

detect the changes in the bioclimatological conditions in time, three different ǘƛƳŜ αǎƭƛŎŜǎά ŦǊƻƳ 

ŀŦǘŜǊ aŜƴŘŜƭΩǎ ŜǊŀ ǘƻ ǇǊŜǎŜƴǘ Řŀȅǎ  ǿŜǊŜ ǳǎŜŘΦ  

It comes from the obtained results, that the biggest changes are experienced in case of high 

ǘŜƳǇŜǊŀǘǳǊŜǎ ŀƴŘ Ƙƻǘ ǎǇŜƭƭǎΦ Lƴ ǘƘŜ ǊŜŎŜƴǘ ǇŜǊƛƻŘ όмфумҍнлмоύ ƴǳƳōŜǊ ƻŦ ǎǳƳƳŜǊ ŀƴŘ ǘǊƻǇƛŎŀƭ 

days was slightly higher and the hot spells were longer compared to the preceding periods. 
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Statistically significant positive trend in number of summer and tropical days was found at all 

stations. This significant trend applied for year as a whole, as well as for summer season, the 

month of June (both types of days) and the month of July (only tropical days). The same positive 

ǘŜƴŘŜƴŎȅ Ŏŀƴ ōŜ ǎŜŜƴ ŦƻǊ ǘƘŜ ƳŀȄƛƳǳƳ ƭŜƴƎǘƘ ƻŦ Ƙƻǘ ǎǇŜƭƭǎΦ Lƴ ǘƘŜ ǇŜǊƛƻŘ мфумҍнлмо Ƙƻǘ ǎǇŜƭƭǎ 

defined by the limit value 25 ϲ/ ƛƴ ǘƘŜ Ƴƻnth of June prolonged from 2,1 days per decade in 

Brno-¢ǳǌŀƴȅ ǘƻ нΣф days per decade in Brno-¿ŀōƻǾǌŜǎƪȅΦ Iƻǘ ǎǇŜƭƭǎ ŘŜŦƛƴŜŘ ōȅ ǘƘŜ ƭƛƳƛǘ ǾŀƭǳŜ 

30 ϲ/ ǇǊƻƭƻƴƎŜŘ ŦǊƻƳ мΣп days per decade in Brno-¢ǳǌŀƴȅ ǘƻ мΣу Řŀȅǎ ǇŜǊ ŘŜŎŀŘŜ ƛƴ ¢Ǌƻǳōǎƪƻ ƛƴ 

the summer season.  The trends in both preceding periods were in the majority of cases 

statistically insignificant. It should be noted that the highest average number of both summer 

and tropical days and the biggest average and maximum length of hot spells showed urban 

station Brno-¿ŀōƻǾǌŜǎƪȅΦ  

In the last years, hot spells tend to occur together with the dry periods. Examples of this 

phenomenon can be seen in spring 2011, autumn 2011 or summer 2013. However, the trend of 

the maximum length of dry spells does not show systematic statistical significance even in the 

ǇŜǊƛƻŘ мфумҍнлмоΦ ¢ƘŜƛǊ ƳŀȄƛƳǳƳ ŀƴƴǳŀƭ ƭŜƴƎǘƘ ƛǎ ƻƴ ŀǾŜǊŀƎŜ ǎƭƛƎƘǘƭȅ ǎƳŀƭƭŜǊ ƛƴ ǘƘŜ ǇŜǊƛƻŘ 

мфсмҍмффл ǿƘƛƭŜ ƻǘƘŜǊ ǘǿƻ ǇŜǊƛƻŘǎ ŀǊŜ ŎƻƳǇŀǊŀōƭŜΦ !ōǎƻƭǳǘŜ ƳŀȄƛƳǳƳ ƭŜƴƎǘƘ ƻŦ ŘǊȅ ǎǇŜƭƭǎ ƛǎ 

for particular definition of the dry spells comparable between all studied periods. 

Low temperature conditions and their extremes can have significant influence on mortality 

of elderly persons or people suffering from some chronic diseases. Regarding the parameters 

describing such conditions, not many differences between particular studied periods 

or statistically significant tendencies can be seen. The only exception is the occurrence 

of significant negative trend in the number of frost days in April reaching values around 1 day 

per decadŜ ƛƴ ǘƘŜ ǊŜŎŜƴǘ ǇŜǊƛƻŘ ǿƘƛŎƘ ŎƻǊǊŜǎǇƻƴŘǎ ǿƛǘƘ ǘƘŜ ǘŜƴŘŜƴŎȅ ŦƻǊ άŜŀǊƭƛŜǊέ ōŜƎƛƴƴƛƴƎ ƻŦ 

spring in the last years.  

Generally, we can say that in the region of Southern Moravia that represents one of the 

warmest parts of the Czech Republic cold weather is not such a big problem as the warm 

weather. Last three decades are typical by the prolongation of hot spells and increasing number 

of characteristic days with high temperature. Hot spells are often accompanied by the shortage 

of precipitation that is evident in warm and cold part of the year, as well. However, the 
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prolongation of maximum length of dry spells did not reach the statistical significance yet. This 

may result from changing character of precipitation in the urban environment. They occur more 

frequently in the form of torrential rains. Despite their short duration, such episodes interrupt 

long periods without precipitation.   
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SSUUMMMMAARRYY  

2ƭłƴŜƪ ǎŜ ȊŀōȇǾł ƘƻŘƴƻŎŜƴƝƳ ōƛƻƪƭƛƳŀǘƻƭƻƎƛŎƪȇŎƘ ǇƻŘƳƝƴŜƪ ƴŀ ǵȊŜƳƝ ƳŠǎǘŀ .ǊƴŀΣ ƪǘŜǊŞ 

ǇǌŜŘǎǘŀǾǳƧŜ ŘǊǳƘƻǳ ƴŜƧǊƻȊǎłƘƭŜƧǑƝ ǳǊōłƴƴƝ ƻōƭŀǎǘ Ǿ 2ŜǎƪŞ ǊŜǇǳōƭƛŎŜ ό2wύΦ ± katastru Brna se 

ƴŀŎƘłȊŜƧƝ ȊŀƧƝƳŀǾł ǵȊŜƳƝ ŎƘǊłƴŠƴŞ ǇǌƝǊƻŘȅΣ ƳŠǎǘƻ ƧŜ ǾȇȊƴŀƳȇƳ ŎŜƴǘǊŜƳ ƪǳƭǘǳǊƴƝƘƻ ƛ 

ǳƴƛǾŜǊȊƛǘƴƝƘƻ ȌƛǾƻǘŀΦ hǘłȊƪƻǳ ƧŜΣ ȊŘŀ ǎǾȇƳ ƻōȅǾŀǘŜƭǻƳ ƴŀōƝȊƝ ƪǾŀƭƛǘƴƝ ǇƻŘƳƝƴƪȅ ǇǊƻ ȌƛǾƻǘ ƛ Ǉƻ 

ƧƛƴȇŎƘ ǎǘǊłƴƪłŎƘ ȊŀƘǊƴǳƧƝŎƝŎƘ ƴŀǇǌΦ őƛǎǘƻǘǳ ȌƛǾƻǘƴƝƘƻ ǇǊƻǎǘǌŜŘƝ őƛ ōƛƻƪƭƛƳŀǘƻƭƻƎƛŎƪŞ ǇƻƳŠǊȅΦ  

.ƛƻƪƭƛƳŀǘƻƭƻƎƛŎƪŞ ǇƻŘƳƝƴƪȅ ƭȊŜ ƘƻŘƴƻǘƛǘ ǎ ǇƻƳƻŎƝ ǎǇŜŎƛłƭƴƝŎƘ ƛƴŘŜȄǻ ȊƻƘƭŜŘƶǳƧƝŎƝŎƘ ǾƭƛǾȅ 

ǊǻȊƴȇŎƘ ƳŜǘŜƻǊƻƭƻƎƛŎƪȇŎƘ ǇǊǾƪǻΦ YǊƻƳŠ ǘŜǇƭƻǘȅ ǾȊŘǳŎƘǳΣ ǇƻǾŀȌƻǾŀƴŞ őŀǎǘƻ Ȋŀ ƴŜƧŘǻƭŜȌƛǘŠƧǑƝ 

ǳƪŀȊŀǘŜƭΣ ǎŜ ƧŜŘƴł ƻ ŎƘŀǊŀƪǘŜǊƛǎǘƛƪȅ ǾƭƘƪƻǎǘƛ ǾȊŘǳŎƘǳ ŀ ǊȅŎƘƭƻǎǘ ǾŠǘǊǳΣ ƪǘŜǊŞ ƳŀƧƝ Ȋƴŀőƴȇ ǾƭƛǾ ƴŀ 

ǘŜǇƭƻǘǳ ǇƻŎƛǘƻǾƻǳΣ őƛ ƻ ŎƘŀǊŀƪǘŜǊƛǎǘƛƪȅ ǎƭǳƴŜőƴƝƘƻ ȊłǌŜƴƝΣ ƪǘŜǊŞ ƻǾƭƛǾƶǳƧŜ ǘǾƻǊōǳ ǎŜƪǳƴŘłǊƴƝŎƘ 

ȊƴŜőƛǑǘŠƴƛƴ Ǿ ƻǾȊŘǳǑƝΦ   
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±ȊƘƭŜŘŜƳ ƪ ŘƻǎǘǳǇƴƻǎǘƛ Řŀǘ ǾǑŀƪ ōȅƭȅ ǳȌƛǘȅ ǇƻǳȊŜ ŎƘŀǊŀƪǘŜǊƛǎǘƛƪȅ ȊŀƭƻȌŜƴŞ ƴŀ ƳŀȄƛƳłƭƴƝ ŀ 

ƳƛƴƛƳłƭƴƝ ǘŜǇƭƻǘŠ ǾȊŘǳŎƘǳ ŀ ŘŜƴƴƝŎƘ ǵƘǊƴŜŎƘ ǎǊłȌŜƪΦ !ƴŀƭȇȊȅ ōȅƭȅ ǇǊƻǾŜŘŜƴȅ ǾŜ ǘǌŜŎƘ ǊǻȊƴȇŎƘ 

őŀǎƻǾȇŎƘ άǌŜȊŜŎƘέ ȊŀƘǊƴǳƧƝŎƝŎƘ ǇǌŜƭƻƳ мфΦ ŀ нлΦ ǎǘƻƭŜǘƝ όмуфмҍмфнлύΣ ƴƻǊƳłƭƻǾŞ ƻōŘƻōƝ {ǾŠǘƻǾŞ 

ƳŜǘŜƻǊƻƭƻƎƛŎƪŞ ƻǊƎŀƴƛȊŀŎŜ όмфсмҍмффлύ ŀ ǎƻǳőŀǎƴŞ ƻōŘƻōƝ ǊŜǇǊŜȊŜƴǘƻǾŀƴŞ ŜǘŀǇƻǳ мфумҍнлмоΦ 

tǊƻ ǾǑŜŎƘƴŀ ƻōŘƻōƝ ōȅƭȅ ǎǘŀƴƻǾŜƴȅ Ǉƻőǘȅ ŘƴƝ ǎ ŎƘŀǊŀƪǘŜǊƛǎǘƛŎƪƻǳ ǘŜǇƭƻǘƻǳ ǾȊŘǳŎƘǳ όƭŜǘƴƝΣ 

ǘǊƻǇƛŎƪŞΣ ƳǊŀȊƻǾŞΣ ƭŜŘƻǾŞ ŀ ŀǊƪǘƛŎƪŞ ŘƴȅύΣ Ǿȇǎƪȅǘ ǘȊǾΦ ƘƻǊƪȇŎƘ ǾƭƴΣ ǎǘǳŘŜƴȇŎƘ Ǿƭƴ ŀ ǎǳŎƘȇŎƘ 

ǇŜǊƛƻŘΦ IƻǊƪł Ǿƭƴŀ ōȅƭŀ ŘŜŦƛƴƻǾłƴŀ Ƨŀƪƻ ƻōŘƻōƝ Ǉƻ ǎƻōŠ ƴłǎƭŜŘǳƧƝŎƝŎƘ όƳƛƴƛƳłƭƴŠ ŘǾƻǳύ ŘƴƝ ǎ 

ƳŀȄƛƳłƭƴƝ ǘŜǇƭƻǘƻǳ ǾȊŘǳŎƘǳ ǾŠǘǑƝ ƴŜōƻ ǊƻǾƴƻǳ ол ϲ/Σ ǇǌƝǇŀŘƴŠ нр ϲ/ όǳȌƛǘȅ н ǊǻȊƴŞ ŘŜŦƛƴƛŎŜύ. 

{ǘǳŘŜƴł Ǿƭƴŀ ƧŜ ƻōŘƻōƝƳ Ǉƻ ǎƻōŠ ƧŘƻǳŎƝŎƘ ŘƴƝ ǎ ƳŀȄƛƳłƭƴƝ ǘŜǇƭƻǘƻǳ ǾȊŘǳŎƘǳ ǇƻŘ л ϲ/Φ Wŀƪƻ 

άǎǳŎƘł ǇŜǊƛƻŘŀέ ōȅƭƻ ƻȊƴŀőŜƴƻ ƻōŘƻōƝΣ ƪŘȅ ŘŜƴƴƝ ǎǊłȌƪƻǾȇ ǵƘǊƴ ƴŜŘƻǎłƘƭ ƘƻŘƴƻǘȅ лΣм ƳƳΣ 

ǊŜǎǇΦ мΣл ƳƳ őƛ оΣл ƳƳ όо ǊǻȊƴŞ ƭƛƳƛǘƴƝ ƘƻŘƴƻǘȅύΦ  

.ȅƭȅ ǎǘŀƴƻǾŜƴȅ Ǉƻőǘȅ ŘƴƝ ǎ ŎƘŀǊŀƪǘŜǊƛǎǘƛŎƪƻǳ ǘŜǇƭƻǘƻǳ ǾȊŘǳŎƘǳΣ ƧŜƧƛŎƘ ǊƻőƴƝ ŎƘƻŘ ŀ trend a trend 

ƳŀȄƛƳłƭƴƝŎƘ ǊƻőƴƝŎƘ ŘŞƭŜƪ ƘƻǊƪȇŎƘ ŀ ǎǘǳŘŜƴȇŎƘ Ǿƭƴ ŀ ǎǳŎƘȇŎƘ ǇŜǊƛƻŘΦ ±ȊƘƭŜŘŜƳ ƪ charakteru 

ŀƴŀƭȅȊƻǾŀƴȇŎƘ őŀǎƻǾȇŎƘ ǌŀŘ ōȅƭȅ ǇǊƻ ǳǊőŜƴƝ ǾŜƭƛƪƻǎǘƛ ǘǊŜƴŘǳ ŀ ƘƻŘƴƻŎŜƴƝ ƧŜƘƻ ǎǘŀǘƛǎǘƛŎƪŞ 

ǾȇȊƴŀƳƴƻǎǘƛ ŀǇƭƛƪƻǾłƴȅ ƴŜǇŀǊŀƳŜǘǊƛŎƪŞ ƳŜǘƻŘȅ ό{ŜƴƻǾŀ ƳŜǘƻŘŀΣ aŀƴƴ-YŜƴŘŀƭƭǻǾ ǘŜǎǘύΦ tǊƻ 

ƪŀȌŘŞ ȊŜ ǎǘǳŘƻǾŀƴȇŎƘ ƻōŘƻōƝ ōȅƭ ƪ ŘƛǎǇƻȊƛŎƛ Ƨƛƴȇ ǇƻőŜǘ ǎǘŀƴƛŎ όмуфмҍмфнлΥ м ƪƭƛƳŀǘƻƭƻƎƛŎƪł 

ǎǘŀƴƛŎŜΣ мфсмҍмффлΥ м ƪƭƛƳŀǘƻƭƻƎƛŎƪł ŀ 3 ǎǊłȌƪƻƳŠǊƴŞ ǎǘŀƴƛŎŜΣ мфумҍнлмоΥ о ƪƭƛƳŀǘƻƭƻƎƛŎƪŞ 

a 1 ǎǊłȌƪƻƳŠǊƴł ǎǘŀƴƛŎŜύΦ  

½ ŘƻǎŀȌŜƴȇŎƘ ǾȇǎƭŜŘƪǻ ǾȅǇƭȇǾłΣ ȌŜ ƴŜƧǾŠǘǑƝ ȊƳŠƴȅ Ǿ őŀǎŜ ǎŜ ǘȇƪŀƧƝ ǇƻŘƳƝƴŜƪ ǎ vysokou teplotou 

ǾȊŘǳŎƘǳΦ ± ǇƻǎƭŜŘƴƝƳ ǎǘǳŘƻǾŀƴŞƳ ƻōŘƻōƝ ŘƻǑƭƻ ƪŜ ȊǾȇǑŜƴƝ Ǉƻőǘǳ ƭŜǘƴƝŎƘ ƛ ǘǊƻǇƛŎƪȇŎƘ ŘƴƝ ŀ ōȅƭ 

ŘŜǘŜƪƻǾłƴ ǎǘŀǘƛǎǘƛŎƪȅ ǾȇȊƴŀƳƴȇ ǘǊŜƴŘ pro ǊƻƪΣ ƭŜǘƴƝ ǎŜȊƻƴǳΣ őŜǊǾŜƴ ŀ őŜǊǾŜƴŜŎΦ 5łƭŜ ǎŜ ǇǊƻƧŜǾƛƭƻ 

ǎǘŀǘƛǎǘƛŎƪȅ ǾȇȊƴŀƳƴŞ ǇǊƻŘƭƻǳȌŜƴƝ ƳŀȄƛƳłƭƴƝ ŘŞƭƪȅ ƘƻǊƪȇŎƘ ǾƭƴΦ  

± ǇƻǎƭŜŘƴƝŎƘ ƭŜǘŜŎƘ ōȅƭƻ ƴŀ ƧƛȌƴƝ aƻǊŀǾŠ ŜȄǘǊŞƳƴŠ ǘŜǇƭŞ ǇƻőŀǎƝ őŀǎǘƻ ŘƻǇǊƻǾłȊŜƴƻ ǾȇǎƪȅǘŜƳ 

ƴƝȊƪȇŎƘ ǎǊłȌƪƻǾȇŎƘ ǵƘǊƴǻ όƴŀǇǌΦ Ǌƻƪȅ нлмм ŀ нлмоύΣ ŎƻȌ ƳǻȌŜ ōȇǘ Ȋ ōƛƻƪƭƛƳŀǘƻƭƻƎƛŎƪŞƘƻ ƘƭŜŘƛǎƪŀ 

ƴŜōŜȊǇŜőƴŞ ƪǾǻƭƛ ŀƪǳƳǳƭŀŎƛ ȊƴŜőƛǑǘŠƴƛƴΦ {ǘŀǘƛǎǘƛŎƪł ǾȇȊƴŀƳƴƻǎǘ ǘǊŜƴŘǳ ƳŀȄƛƳłƭƴƝ ŘŞƭƪȅ 

ǎǳŎƘȇŎƘ ǇŜǊƛƻŘ ǾǑŀƪ ǇƻǘǾǊȊŜƴŀ ƴŜōȅƭŀΦ  

/ƘŀǊŀƪǘŜǊƛǎǘƛƪȅ ȊŀƭƻȌŜƴŞ ƴŀ ƴƝȊƪŞ ǘŜǇƭƻǘŠ ǾȊŘǳŎƘǳ ƴŜǾȅƪŀȊǳƧƝ ǾȇȊƴŀƳƴȇ ǘǊŜƴŘ ŀƴƛ ǾȇǊŀȊƴŞ ȊƳŠƴȅ 

ƳŜȊƛ ƧŜŘƴƻǘƭƛǾȇƳƛ ƻōŘƻōƝƳƛΦ ±ȇƧƛƳƪǳ ǇǌŜŘǎǘŀǾǳƧŜ ǇƻǳȊŜ ǇƻőŜǘ ƳǊŀȊƻǾȇŎƘ ŘƴƝΣ ǳ ƴŜƘƻȌ ōȅƭ Ǿ 

ǇƻǎƭŜŘƴƝƳ ǎǘǳŘƻǾŀƴŞƳ ƻōŘƻōƝ ŘŜǘŜƪƻǾłƴ ǾȇȊƴŀƳƴȇ ƪƭŜǎŀƧƝŎƝ ǘǊŜƴŘ ƴŀ ƧŀǌŜΦ WŜ ǇŀǘǊƴŞΣ ȌŜ Ȋ 
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ōƛƻƪƭƛƳŀǘƻƭƻƎƛŎƪŞƘƻ ƘƭŜŘƛǎƪŀ Ǿ ǊŜƎƛƻƴǳ ƧƛȌƴƝ aƻǊŀǾȅΣ ƪǘŜǊȇ ǇŀǘǌƝ ƪ ƴŜƧǘŜǇƭŜƧǑƝƳ ƻōƭŀǎǘŜƳ 2wΣ 

ƴŜǇǌŜŘǎǘŀǾǳƧŜ ŎƘƭŀŘƴŞ ǇƻőŀǎƝ őƛ Ǿȇǎƪȅǘ ǎǘǳŘŜƴȇŎƘ Ǿƭƴ ǘŀƪ ǾȇǊŀȊƴȇ ǇǊƻōƭŞƳ Ƨŀƪƻ ǇƻőŀǎƝ ŜȄǘǊŞƳƴŠ 

ǘŜǇƭŞΦ 
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Tab. 1 Basic statistics and trends of days with characteristic low temperatures in 3 different 
periods  

муфмҍмфнл 

Station / 
characteristic 

Occurrence Max.average 
monthly 
number, 
month of 
occurrence  

Average 
annual 
number 

Absolute 
annual 
max, year 
of 
occurrence 

Significant trend 
(days / year) 

BPIS- arctic days XII-I 0,37 (I) 0,47 3 (1893) ҍ 

BPIS- ice days XI-III 12,87 (I) 29,33 57 (1895) 
-0,30 (XII), -
0,81(year),  
-0,64 (DJF) 

BPIS- frost days IX-V 25,83 (I) 107,47 131 (1891) 
-0,19 (I), -0,17(II),  
-0,19 (XII), -0,80 
(year), -0,50 (DJF) 

мфсмҍмффл 

Station / 
characteristic 

Occurrence Max.average 
monthly 
number, 
month of 
occurrence 

Average 
annual 
number 

Absolute 
annual 
max, year 
of 
occurrence  

Significant trend 
(days / year) 

BTUR- arctic days XII-II 0,47 (I) 0,70 7 (1985) ҍ 

BTUR- ice days XI-III 13,53 (I) 32,60 70 (1963) ҍ 

BTUR- frost days IX-V 26,03 (I) 104,23 135 (1965) -0,29 (XII) 

мфумҍнлмо 

Station / 
characteristic 

Occurrence Max.average 
monthly 
number, 
month of 
occurrence 

Average 
annual 
number 

Absolute 
annual 
max, year 
of 
occurrence 

Significant trend 
(days / year) 

BTUR- arctic days XII-II 0,42 (I) 0,61 7 (1985) ҍ 

BTUR- ice days XI-III 12,15 (I) 31,06 58 (1996) ҍ 

BTUR- frost days X-V 24,18 (I) 99,49 129 (1996) -0,10 (IV) 

BZAB- arctic days XII-II 0,27 (I) 0,33 7 (1985) ҍ 

B ZAB- ice days XI-III 10,70 (I) 25,94 49 (1986) ҍ 

BZAB- frost days X-V 23,73 (I) 93,90 121 (1996) -0,11 (IV) 

TROU- arctic days XII-II 0,27 (I) 0,31 6 (1985) ҍ 

TROU - ice days XI-III 11,64 (I) 29,09 57 (1996) ҍ 

TROU - frost days X-V 25,00 (I) 107,94 126 (1986) -0,12 (IV) 
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Tab. 2 Basic statistics and trends of length of cold spells in 3 different periods 

муфмҍмфнл 

Station Average 
annual max 
(days) 

Absolute max 
(days) 

Significant trend 
(days / year) 

BPIS 10,83 33 (23.12. 1892 ς 24.1. 
1893) 

-0,09 (II), -0,18 (XII) 

мфсмҍмффл 

Station Average 
annual max 
(days) 

Absolute max 
(days) 

Significant trend 
(days / year) 

BTUR 11,93 33 (8.1.ς 9.2. 1963) ҍ 

мфумҍнлмо 

Station Average 
annual max 
(days) 

Absolute max 
(days) 

Significant trend 
(days / year) 

BTUR 11,00 
ом όнмΦмнΦ мффс ҍнлΦмΦ 
1997) 

ҍ 

BZAB 8,91 
29 (24.12.1984 ς 21.1. 
1985) 

ҍ 

TROU 9,79 
28 (25.12.1984 ς 21.1. 
1985) 

ҍ 
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Tab.3 Basic statistics and trends of days with characteristic high temperatures in 3 different 
periods  

муфмҍмфнл 

Station / characteristic Occurrence Max.average 
monthly 
number, 
month of 
occurrence 

Average 
annual 
number 

Absolute 
annual max, 
year of 
occurrence 

Significant trend 
(days / year) 

BPIS - summer days IV-X 11,47 (VII) 35,30 73 (1917) ҍ 

BPIS- tropical days V-IX 1,80 (VII) 4,17 15 (1892) ҍ 

мфсмҍмффл 

Station / characteristic Occurrence Max.average 
monthly 
number, 
month of 
occurrence 

Average 
annual 
number 

Absolute 
annual max, 
year of 
occurrence 

Significant trend 
(days / year) 

BTUR-summer days IV-X 14,97 (VII) 46,53 74 (1983) ҍ 

BTUR- tropical days VI-IX 6,20 (VII) 7,30 18 (1971) ҍ 

мфумҍнлмо 

Station / characteristic Occurrence Max.average 
monthly 
number, 
monthof 
occurrence 

Average 
annual 
number 

Absolute 
annual max, 
year of 
occurrence 

Significant trend 
(days / year) 

BTUR-summer days IV-X 17,76 (VIII) 55,12 81 (2003) 0,20 (VI), 0,49 (year), 
0,34 (JJA) 

BTUR- tropical days 
V-IX 5,42 (VII) 11,97 28 (1994) 0,15 (VI), 0,18 (VII), 

0,32 (year), 0,31 (JJA) 

BZAB- summer days IV-X 20,88 (VII) 69,15 101 (2003) 0,25 (VI), 0,16 (VIII), 
0,82 (year), 0,25 
(MAM), 0,50 (JJA) 

BZAB- tropical days 
IV-IX 7,85 (VII) 19,24 42 (2003) 0,16 (VI), 0,25 (VII), 

0,55 (year), 0,50 (JJA) 

TROU-summer days IV-X 18,39 (VII) 58,12 89 (2003) 0,17 (V), 0,25 (VI), 0,83 
(year), 0,17 (MAM), 
0,46 (JJA) 

TROU- tropical days 
IV-IX 5,85 (VII) 13,03 36 (2003) 0,08 (VI), 0,25 (VII), 

0,49 (year), 0,44 (JJA) 
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Tab. 4 Basic statistics and trends of length of hot spells in 3 different periods (hot spells are 
defined by 2 limit values of Tmax: 25 ϲ/ ŀƴŘ ол ϲ/ύ 

муфмҍмфнл 

Station Average 
annual max 
(days) 

Absolute max 
(days) 

Significant trend 
(days / year) 

.tL{ όнрϲ/ύ 7,90 14 (30.7. ς 12.8.1904, 
18.7. ς 31.7. 1911,  
2.8. ς 15.8. 1911) 

ҍ 

.tL{ όолϲ/ύ 2,03 11 (15.8. ς 25.8. 1892) ҍ 

мфсмҍмффл 

Station Average 
annual max 
(days) 

Absolute max 
(days) 

Significant trend 
(days / year) 

.¢¦w όнр ϲ/ύ 11,03 20 (23.7. ς 11.8. 1971) -0,11 (VI) 

.¢¦w όол ϲ/ύ 2,73 6 (16.7. ς 21.7. 1972) ҍ 

мфумҍнлмо 

Station Average 
annual max 
(days) 

Absolute max 
(days) 

Significant trend 
(days / year) 

.¢¦w όнр ϲ/ύ 13,58 32 (11.7. ς 11.8. 1994) 0,21 (VI) 

.¢¦w όол ϲ/ύ 
4,52 17 (22.7. ς 7.8. 1994) 

0,08 (VII), 0,14 (year),  
0,14 (JJA) 

.½!. όнрϲ/ύ 17,18 39 (6.7. ς 13.8. 1995) 0,29 (VI) 

.½!. όолϲ/ύ 5,88 19 (21.7. ς 8.8. 1994) 
0,13 (VI), 0,17 (year),  
0,17 (JJA) 

¢wh¦ όнр ϲ/ύ 13,42 32 (11.7. ς 11.8. 1994) 
0,25 (VI), 0,21 (year),  
0,21 (JJA) 

¢wh¦ όол ϲ/ύ 4,82 17 (22.7. ς 7.8. 1994) 
0,12 (VII), 0,18 (year),  
0,18 (JJA) 

 

Tab. 5 Basic statistics and trends of length of dry spells in the period 1891ς1920 (dry spells are 
defined by 3 limit values of daily precipitation amount: 0,1 mm; 1,0 mm a 3,0 mm) 

муфмҍмфнл 

Station Average 
annual max 
(days) 

Absolute max 
(days) 

Significant trend 
(days / year) 

BPIS (0,1 mm) 18,70 41 (18.10. ς 27.11. 1920) +0,08 (VI), -0,14 (IX) 

BPIS (1,0 mm) 28,63 50 (12.2. ς 2.4. 1899) ҍ 
BPIS (3,0 mm) 44,83 90 (24.8. ς 21.11. 1891) ҍ 
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Tab. 6 Basic statistics and trends of length of dry spells in the period 1961ς1990 (dry spells are 
defined by 3 limit values of daily precipitation amount: 0,1 mm; 1,0 mm a 3,0 mm) 

мфсмҍмффл 

Station Average 
annual max 
(days) 

Absolute max 
(days) 

Significant trend 
(days / year) 

BKNI (0,1 mm) 16,57 29 (17.2. ς 16.3. 1976) ҍ 

BKNI (1,0 mm) 
25,37 

44 (6.12. 1972 ς18.1. 
1973) 

ҍ 

BKNI (3,0 mm) 40,47 81 (20.2. ς 11.5. 1974) ҍ 

BLES (0,1 mm) 
18,00 34 (13.12. 1972 ς 15.1. 

1973) 
ҍ 

BLES (1,0 mm) 27,13 65 (16.2. ς20.4. 1976) ҍ 

BLES (3,0 mm) 41,43 
75 (28.11. 1963ς 10.2. 
1964) 

-0,44 (IX) 

BTUR (0,1 mm) 17,97 39 (8.12. 1972 ς 15.1. 
1973) 

0,14 (V); -0,11 (VI) 

BTUR (1,0 mm) 27,60 49 (24.12. 1989 ς 10.2. 
1990) 

ҍ 

BTUR (3,0 mm) 41,90 81 (20.2. ς 11.5. 1974) ҍ 

KURI (0,1 mm) 18,03 33 (19.3. ς 20. 4. 1974) 0,13 (V) 

KURI (1,0 mm) 
26,33 

50 (23.12. 1989 ς 10.2. 
1990) 

0,33 (X) 

KURI (3,0 mm) 38,47 69 (16.9. ς 23.11. 1969) ҍ 
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Tab. 7 Basic statistics and trends of length of dry spells in the period 1981ς2013 (dry spells are 
defined by 3 limit values of daily precipitation amount: 0,1 mm; 1,0 mm a 3,0 mm) 

мфумҍнлмо 

Station Average 
annual max 
(days) 

Absolute max 
(days) 

Significant trend 
(days / year) 

BTUR (0,1 mm) 18,00 37 (27.10. ς 2.12. 2011) ҍ 

BTUR (1,0 mm) 
28,30 

49 (24.12. 1989 ς 10.2. 
1990) 

0,18 (XII) ; -0,25 (year) 

BTUR (3,0 mm) 43,42 
86 (11.11. 1998 ς 4.2. 
1999; 21.12. 1997 ς 16.3. 
1998 ) 

ҍ 

BZAB (0,1 mm) 18,27 35 (27.10. ς 30.11. 2011) ҍ 

BZAB (1,0 mm) 
26,42 

50 (23.12. 1989 ς 10.2. 
1990) 

ҍ 

BZAB (3,0 mm) 44,06 
93 (13.12. 2010 ς 15.3. 
2011) 

ҍ 

KURI (0,1 mm) 18,15 36 (27.10. ς 1.12. 2011) 0,16 (III); -0,11 (XI) 
KURI (1,0 mm) 

27,55 
50 (23.12. 1989 ς 10.2. 
1990) 

-0,30 (II); -0,25 (III); 
0,14 (VI); -0,13 (VII); 
0,15 (XII) 

KURI (3,0 mm) 40,42 
85 (21.12. 2010 ς15.3. 
2011) 

-0,33 (X) 

TROU (0,1 mm) 17,94 28 (5.11. ς 2.12. 2011) 0,14 (XII); 0,18 (DJF) 

TROU (1,0 mm) 26,30 42 (6.4. ς 17.5. 2000) 0,33 (XII) 

TROU (3,0 mm) 46,49 
86 (11.11. 1998 ς 4.2. 
1999) 

ҍ 
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MMEETTHHOODDSS  OOFF  EERROOSSIIOONN  RREESSEEAARRCCHH  IINNDDUUCCEEDD  BBYY  OOCCCCUURRRREENNCCEE  OOFF  SSTTRROONNGG  WWIINNDD  

  

JJAANNAA  KKOOZZLLOOVVSSKKYY  DDUUFFKKOOVV<<11,,  LLEENNKKAA  LLAACCKKssOOVV<<22  

 

1) Mendel University in Brno 

2) Slovak University of Agriculture in Nitra 

 

AABBSSTTRRAACCTT  

Wind is the most important factor for progress of wind erosion. Generally erosion research is 

quite difficult process, because it is discontinuous and it is difficult to monitor directly the 

erosive process. Hence, even impacts of erosion are explored ς whether eroded soils or 

removed soil particles and substances fixed on them. Nowadays, wind erosion research is 

upgraded with new methods by which means it is possible to explore the wind erosion 

effectively. On the base of listing of deflametric methods of wind erosion research, a new-

developed method is described. 

 

Key words: deflameter, saltation, suspension 

 

IINNTTRROODDUUCCTTIIOONN  

Wind erosion research is focused on many factors influencing the formation and process of 

wind erosion. Atmospheric conditions (e.g. wind, precipitation and temperature), soil properties 

(e.g. soil texture, composition, and aggregation), land-surface characteristics (e.g. topography, 

moisture, aerodynamic roughness length, vegetation and non-erodible elements) or land-use 

practices (e.g. farming, grazing and mining) are studied. 

Soil erosion data are generated through field experiments or in simulated conditions in 

laboratory. In practice, the results of experiments are used in erosion control. Field experiments 

are also used for verification of efficiency of erosion control measures. 
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MMAATTEERRIIAALLSS  AANNDD  MMEETTHHOODDSS  

The success of measures taken against wind erosion of soil may be monitored by volumetric, 

pedological, morphometric, photogrammetric and historical, as well as by nivelation and 

vegetation growth methods. Besides these, wind erosion may be investigated using of number 

specific deflametric methods which focus mainly on the exact determination of the properties 

of deflates, i.e. particles carried by the wind. By analyzing eroded and blown soil with respect to 

granulation, structure, and nutrient content, the effect on wind erosion on the soil may be 

established. These methods may be divided more or less into field or laboratory methods. 

The most important data to be obtained on a terrain concerns the quantity and quality of 

particles carried by the wind under different conditions, and at different heights above ground. 

Quantitative data on removal are required for determining the intensity of wind erosion and its 

relationship with other factors and conditions. Qualitative data are required for assessing the 

selective effect on the soil. 

Accurate and reliable methods of measuring windblown sediment are needed to confirm, 

validate, and improve erosion models, assess the intensity of aeolian processes and related 

damage, determine the source of pollutants, and for other applications. The type of sampling 

apparatus and methods used in wind erosion field studies depend upon the specific objectives 

of the study (Zobeck et al., 2003). 

Deflametric methods are the common used research methods for determination of amount of 

soil blowing by wind. Many samplers have been developed for measuring the material 

transported by wind. Aeolian sand samplers fall into two broad groups, those with horizontal 

sampling orifices and those with vertical sampling orifices. Samplers can be classified as either 

passive or active according to the way in which the air inside the sampler is exhausted. Passive 

samplers are more popular because they are easy to use and relatively inexpensive. Aeolian 

sand samplers can be stationary or rotating ς the stationary samplers that are usually used in a 

wind tunnel are always oriented to a single direction, while the rotating samplers that are 

needed in field measurements are able to change their direction in response to the wind 

direction. Samplers can be designed as integrating samplers that collect aeolian sediment flux 

within a relatively greater layer or single-point samplers that collect sediment flux passing a 
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small area (point). The integrated samplers can be either single-slot samplers or segmented 

samplers. The segmented samplers can collect the sediment flux at different positions 

respectively and are useful in studying flux profiles. 

In later studies of wind erosion, Bagnold (1943) used a slotted collector with an opening 1,25 

cm wide and 76 cm high to measure saltating grains and a buried ground trap to measure 

surface creep (Fig. 1). 

 

 

Fig. 1 Bagnold collector (www.sensit.com) 
 

The Cox sand catcher is adjusted to a height of 15 cm and have an opening at the top 1,5 cm 

wide (Fig. 2). As wind driven sand enters the sand catcher, the wind becomes obstructed by the 
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vertical wall of the sand catcher, causing the sand particle to fall into the collection tube. This 

omni-directional catcher was designed by Bill Cox (www.sensit.com). 

 

 

Fig. 2 Cox sand catcher (www.sensit.com) 
 

Modified Wilson and Cook (MWAC ς Fig. 3, Wilson et Cooke, 1980) and Big Spring Number Eight 

(BSNE ς Fig. 4, Fryrear, 1986) samplers are used for sampling material at different heights in 

order to calculate the total mass transport associated to soil losses by wind erosion. The 

sampling efficiency of both traps depends on wind speed and particle sizes. Sampling efficiency 

of the MWAC remains constant but BSNE's efficiency decreases with wind speed, due to the 

higher stagnation pressure in the BSNE at higher wind speeds (Goossens, 2004). The stagnation 

pressure effect is higher for small particles, because they have lesser inertia and response time 

to changes in the air flow. 
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Fig. 3 Modified Wilson and Cook sampler (Toy et Foster, 2002) 
 

 

Fig. 4 Big Spring Number Eight sampler (Zobeck et al., 2003) 
 

Gillette et Stockton (1986) developed the Sensit (Fig. 5), which is a piezoelectric device that 

produces a signal upon impact of saltating soil particles. It has been used both in the open field 
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and in wind tunnels. The instrument has proven useful for the determination of the threshold 

friction velocity at which erosion by wind starts. 

 

 

Fig. 5 Sensit (www.sensit.com) 
 

The Surface Creep Saltation sampler (Fig. 6) is a wind aspirated isokinetic sampler that samples 

airborne dust at the soil surface. The sampler is buried with the vertical sampling slot, the air 

exhaust, and the tail exposed to wind. Surface Creep Saltation sampler collects a sample of dust 

moving over the soil surface at heights of 3 mm, from 3 to 10 mm, and from 10 to 20 mm. 

Samples are collected in a divided canister with separate compartments for each height. These 

samplers operate at peak performance on a flat smooth soil surface (Stout et Fryrear, 1989). 

http://www.sensit.com/
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Fig. 6 Surface Creep Saltation sampler (www.fryreardustsamplers.com) 
 

Saltiphon (Fig. 7) is a sensor for measuring the wind erosion according to the acoustic 

measuring principle. Dusted grains are counted and the digital output signal is registered by a 

datalogger (Goudie et al., 1999). 

 

 

Fig. 7 Saltiphon (www.eijkelkamp.com) 
The WITSEG sampler is a vertically integrating, passive type that follows an earlier design by 

Bagnold (1943) (Fig. 8). The WITSEG sampler is designed to measure the flux profile of blowing 
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sand The cross-sectional area of the ǿƻǊƪƛƴƎ ǎŜŎǘƛƻƴ ƻŦ ǘƘŜ ǿƛƴŘ ǘǳƴƴŜƭ ƛǎ мΣнҎмΣн Ƴ ό5ƻƴƎ Ŝǘ 

al., 2004). 

 

 

Fig. 8 WITSEG sampler (Dong et al., 2004) 
 

Deflameter with active trap soil particles and time recording (Fig. 9) allows monitor the 

qualitative and quantitative properties including time recording of macroscopic and microscopic 

soil particles, carried by the wind. The term of the particle transport can be designated by 

deflameter. Also the number of soil particles is possibly to quantify and determine the size of it 

ό{ǘǌŜŘƻǾł Ŝǘ ŀƭΦΣ 2012). 
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CƛƎΦ ф 5ŜŦƭŀƳŜǘŜǊ ǿƛǘƘ ŀŎǘƛǾŜ ǘǊŀǇ ǎƻƛƭ ǇŀǊǘƛŎƭŜǎ ŀƴŘ ǘƛƳŜ ǊŜŎƻǊŘƛƴƎ όYǊƳŜƭƻǾł Ŝǘ ŀƭΦΣ нлмнύ 

 

{ƻƛƭ ǇŀǊǘƛŎƭŜ ŎŀǘŎƘŜǊ ŘŜǾƛŎŜǎ ǿŜǊŜ ŘŜǾŜƭƻǇŜŘ ǘƻ ǘǊŀǇ ǎƻƛƭ ǇŀǊǘƛŎƭŜǎ ό[ŀŎƪƽƻǾł Ŝǘ ŀƭΦΣ нлмоύΦ ²ƛǘƘ 

these devices it is able to measure the intensity of wind erosion at six different heights above 

the soil surface in one location (Fig. 10) or at three different heights in two places. It is possible 

to use them for six different places at the same time as well. The entrance hole through which 

the moving particles are trapped in the device has a dimension of 5x5 cm. 
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CƛƎΦ мл {ƻƛƭ ǇŀǊǘƛŎƭŜ ŎŀǘŎƘŜǊ ŘŜǾƛŎŜǎ ό[ŀŎƪƽƻǾł Ŝǘ ŀƭΦΣ нлмоύ 
 

On the basis of comparison of different measuring methods of the material transported by 

wind, new soil particle samplers called DEF1 and DEF1 were developed. They are described in 

the next part of the paper. 

RREESSUULLTTSS  AANNDD  DDIISSCCUUSSSSIIOONN  

Deflameter DEF1 (Fig. 11) is intended for soil particles trapping at the heights of 0,5, 1,0 and 1,5 

m above the ground. Deflameter DEF2 (Fig. 12) catches soil particles at the height from 0,15 to 

0,30 m, depended on the depth of deflameter fitting in the ground. Plastic laboratory bottles 

with volume of 1 l are used for soil particles collecting. Bottles have an entrance opening in the 

front of their body and are placed at the supporting arms. Anti-blowing sloping sieve is installed 

into each bottle to prevent trapped soil particles blow out the bottle. Plastic wing fixed on the 

back of the bottle enables turning of the bottle with its entrance opening against prevailing 

wind direction. 
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Fig. 11 General view of DEF1 
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Fig. 12 General view of DEF2 
 

Both types of deflameters were tested on light soils of Southern Moravia, Czech Republic ς in 

WŜǾƛǑƻǾƪŀ όǎƛǘŜ !ύ ŀƴŘ IǳǎǘƻǇŜőŜ όǎƛǘŜ .ύΦ {ƻƛƭ ǇŀǊǘƛŎƭŜǎ ǘǊŀǇǇŜŘ in the bottles of the deflameters 

were subject of analysis. They were washed out of bottles on filter paper using distilled water 

and drying they were weighed. 

Comparison of the amount of deflates from four heights of sites A and B for the period March to 

June 2013 is shown in Fig. 13. Site A has considerably lesser amount of trapped deflates than 

site B has. The reason is probably thicker vegetative cover (winter wheat) near deflameter that 

protected soil surface against wind effect. 

 

New-developed deflameters have proven their efficiency. The most deflates were found in the 

lowest bottle, the least deflates in the highest one. Significant percentage of eroded soil 

particles (50ς80 % of loose soil in total) moves by saltation, i.e. jumps when blown by wind up 

to height of 30 cm above the surface (Tatarko, 2001). 

The question is how to evaluate the amount of trapped deflates per unit of area. Various 

research works suggest the same essentially ς arrange more deflameters in network structure at 

enclosed experimental site (e.g. Fryrear, 1986; van Donk et Skidmore, 2003; Zobeck et al., 2003; 

Funk et al., 2004; Sterk et Goossens, 2007; Stout, 2007). However, they do not solve the 

problem how to prove that trapped soil particles do not come in from another area. This could 

happened in case of very fine soil particles (< 50  ˃Ƴύ ǘƘŀǘ ƳƻǾŜ ōȅ ǎǳǎǇŜƴǎƛƻƴ ǿƘŜƴ ǘƘŜȅ ŀǊŜ 
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blown high into the air. Actually, these fine particles are blown out hundreds and thousands 

kilometres from source of erosion. For that reason, any demarcation of experimental site has no 

function (e.g. sand from Sahara desert blown to Southern Moravia). 

 

 

CƛƎΦ мо !Ƴƻǳƴǘ ƻŦ ŘŜŦƭŀǘŜǎ ǘǊŀǇǇŜŘ ōȅ ŘŜŦƭŀƳŜǘŜǊǎ ƛƴ ǾŀǊƛƻǳǎ ƘŜƛƎƘǘǎ ŦǊƻƳ ǎƛǘŜǎ WŜǾƛǑƻǾƪŀ ό!ύ 
ŀƴŘ IǳǎǘƻǇŜőŜ ό.ύ 

CCOONNCCLLUUSSIIOONN  

New types of deflameters were developed and they proved their efficiency. Deflameters are 

able to catch wind-blown soil particles, however it is not possible to make their quantification 

per unit of area, as they are trapped in the open (non-bordered) space. 

Field deflametric methods of wind erosion research are usually used for validation of wind 

erosion models or verification of wind erosion intensity calculation on the basis of equations. 

Others research works (e.g. van Donk et Skidmore, 2003; Funk et al., 2004; Skidmore et al., 

2006; Buschiazzo et Zobeck, 2008) describe this in detail. 
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SSUUMMMMAARRYY  
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őłǎǘƛŎŜ ǇǻŘȅ ǾƭƛǾŜƳ ǎƝƭȅ ǾȊŘǳǑƴŞƘƻ ǇǊƻǳŘǳΦ ±ȇȊƪǳƳ ŜǊƻȊŜ ƻōŜŎƴŠ ƧŜ ŘƻŎŜƭŀ ǎƭƻȌƛǘȇ ǇǊƻŎŜǎΣ ŜǊƻȊŜ 

ƧŜ ǘƻǘƛȌ ƧŜǾ ǇǌŜǊǳǑƻǾŀƴȇ ŀ ǘŠȌƪƻ ǎŜ ǇƻŘŀǌƝ ǎƭŜŘƻǾŀǘ ǇǌƝƳƻ ŜǊƻȊƴƝ ŘŠƧΦ ½ ǘƻƘƻǘƻ ŘǻǾƻŘǳ ǎŜ 

ȊƪƻǳƳŀƧƝ ŀȌ ƴłǎƭŜŘƪȅ ŜǊƻȊŜΣ ŀǙ ƧƛȌ ǎŀƳƻǘƴŞ ŜǊƻŘƻǾŀƴŞ ǇǻŘȅ ƴŜōƻ Ȋ ƴƛŎƘ ƻŘǎǘǊŀƴŠƴł ȊŜƳƛƴŀ ŀ ƴŀ 

ƴƛ ǎŜ ǾłȌƝŎƝ ƭłǘƪȅΦ ±ȇȊƪǳƳ ǾŠǘǊƴŞ ŜǊƻȊŜ ƧŜ Ǿ ŘƴŜǑƴƝ ŘƻōŠ ƻōƻƘŀŎƻǾłƴ ƻ ǎǘłƭŜ ƴƻǾŞ ƳŜǘƻŘȅΣ 

ǇƻƳƻŎƝ ƴƛŎƘȌ ƭȊŜ ǾŠǘǊƴƻǳ ŜǊƻȊƛ ȊƪƻǳƳŀǘ ŜŦŜƪǘƛǾƴŠƧƛΦ tǌƝǎǇŠǾŜƪ ǳǾłŘƝ ǾȇőŜǘ ŘŜŦƭŀƳŜǘǊƛŎƪȇŎƘ 

ƳŜǘƻŘ ǎƭƻǳȌƝŎƝŎƘ ƪ ǾȇȊƪǳƳǳ ǾŠǘǊƴŞ ŜǊƻȊŜΦ bŀ ƧŜƧƛŎƘ ȊłƪƭŀŘŠ ōȅƭ ǾȅǘǾƻǌŜƴ ƴƻǾȇ ǘȅǇ ŘŜŦƭŀƳŜǘǊǳΣ 

ƪǘŜǊȇ ōȅƭ ǘŜǎǘƻǾłƴ ƴŀ ƭŜƘƪȇŎƘ ǇǻŘłŎƘ ƭƻƪŀƭƛǘ IǳǎǘƻǇŜőŜ ŀ WŜǾƛǑƻǾƪŀΦ 5ŜŦƭŀƳŜǘǊ ǎŜ ǇǊƻƪłȊŀƭ Ƨŀƪƻ 

ŦǳƴƪőƴƝ ς ƧŜ ǎŎƘƻǇŜƴ ƻŘŎƘȅǘƛǘ ǾŠǘǊŜƳ ƻŘƴłǑŜƴŞ ǇǻŘƴƝ őłǎǘƛŎŜΣ ƴŜƭȊŜ ǾǑŀƪ ǇǊƻǾŞǎǘ ƧŜƧƛŎƘ 
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EENNDDAANNGGEERREEDD  PPLLAANNTT  SSPPEECCIIEESS  FFOOUUNNDD  DDUURRIINNGG  EEXXTTRREEMMEELLYY  MMOOIISSTT  YYEEAARR  22001100  
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AABBSSTTRRAACCTT    

The saline soils area covered by specific halophytic vegetation was radically decreased during 

last few decades. The temporary pools in arable fields may provide the environmental 

conditions favourable for some rare plant species. The year 2010 was defined as extremely 

moist; and rainy weather favoured the frequency and range of inundated field depressions 

ƻŎŎǳǊǊŜƴŎŜ ƛƴ tƻŘǳƴŀƧǎƪł ƴƝȌƛƴŀ [ƻǿƭŀƴŘΦ  5ǳǊƛƴƎ ŦƛŜƭŘ ƳŀǇǇƛƴƎ ŀƴŘ ǾŜƎŜǘŀǘƛƻƴ ƛƴǾŜƴǘƻǊȅΣ ǘƘŜ 

occurrence of one endangered species (EN) Cirsium brachycephalum, five critically endangered 

(CR) species (Heleochloa alopecuroides, H. schoenoides, Lindernia tribracteatum, 

Schoenoplectus supinus and Lythrum tribracteatum) and one potentially extinct species (EX?) 

Chenopodium chenopodioides were recorded. The conservation value of the temporary pools in 

agricultural field is discussed in terms of long-term survival of the species in cultural landscape.  

 

Key words: ŦƛŜƭŘ ŘŜǇǊŜǎǎƛƻƴǎΣ ƘŀƭƻǇƘȅǘŜΣ ŜƴŘŀƴƎŜǊŜŘ ǇƭŀƴǘǎΣ tƻŘǳƴŀƧǎƪł ƴƝȌƛƴŀ [ƻǿƭŀƴŘ 

IINNTTRROODDUUCCTTIIOONN  

Saline soils belong to hydromorphic soils which are strongly influenced by intensive water 

evaporation and the salt dynamics of ground water is the most important factor in their 

formation (Boros, 2003). In Slovakia saline soils covered by halophytic plant communities are 

distributed in warm and dry lowland regions; the largest area of saline soils area were 

ŎƻƴŎŜƴǘǊŀǘŜŘ ƛƴ tƻŘǳƴŀƧǎƪł ƴƝȌƛƴŀ [ƻǿƭŀƴŘΣ ƭŜǎǎŜǊ ƛƴ ±ȇŎƘƻŘƻǎƭƻǾŜƴǎƪł ƴƝȌƛƴŀ [ƻǿƭŀƴŘ όYǊƛǎǘΣ 
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мфплΤ YǊƛǇǇŜƭƻǾłΣ мфсрύΦ ¢ƘŜ ŀǊŜŀǎ ƻŦ ǎŀƭƛƴŜ ǎƻƛƭǎ ƘŀǾŜ ŀƭƭ ōŜŜƴ ƳŀǊƪŜŘƭȅ ǊŜŘǳŎŜŘ ŘǳǊƛƴƎ ƭŀǎǘ ŦŜǿ 

decades in Slovakia due to human activities. For instance, hǎǾŀőƛƭƻǾł ϧ {ǾƻōƻŘƻǾł όмфсмύ 

ƳŜƴǘƛƻƴŜŘ ŀǇǇǊƻȄƛƳŀǘŜƭȅ уолл Ƙŀ ƻŦ ǎƻƛƭ ǿƛǘƘ ǎŀƭƛƴŜ ǾŜƎŜǘŀǘƛƻƴ ƛƴ tƻŘǳƴŀƧǎƪł ƴƝȌƛƴŀ [ƻǿƭŀƴŘ 

but contemporary, only about 500 ha have been re-ŘƛǎŎƻǾŜǊŜŘ ǘƘŜǊŜ ό{łŘƻǾǎƪȇ Ŝǘ ŀƭΦΣ нллпύΦ !ǎ 

a consequence, the typical halophytic plant species belongs to the most threatened plant 

species in Slovakia now. Plant communities of periodically flooded saline habitats represent 

unique initial stages plant succession. Typical dominants of these habitats are annual saline 

grasses, as H. alopecuroides, H. schoenoides or S. supinus (Holub, Grulich, 1999b, c; Holub, 

1999b). The formation of these plant communities is closely associated with annual water level 

ŘŜŎǊŜŀǎŜ ŀƴŘ ǿŜ Ŏŀƴ ǳǎǳŀƭƭȅ ŦƛƴŘ ƛǘ ƛƴ ǘƘŜ ǎŜŎƻƴŘ ƘŀƭŦ ƻŦ ǘƘŜ ǾŜƎŜǘŀǘƛƻƴ ǇŜǊƛƻŘ ό{łŘƻǾǎƪȇ Ŝǘ ŀƭΦΣ 

2004). Vernally flooded depressions on arable fields can provide secondary habitats and thus 

ǎŜǊǾŜ ŀǎ ǘƘŜ ǊŜŦǳƎƛǳƳ ŦƻǊ ǘƘŜǎŜ ǎǇŜŎƛŦƛŎ Ǉƭŀƴǘ ŎƻƳƳǳƴƛǘƛŜǎ ƛƴ ŎǳƭǘǳǊŀƭ ƭŀƴŘǎŎŀǇŜ ό9ƭƛłǑ ƧǳƴΦ Ŝǘ ŀƭΦΣ 

нллуΤ [ǳƪłŎǎ Ŝǘ ŀƭΦΣ нлмоΤ ½ƭŀŎƪł Ŝǘ ŀƭΦΣ нллсύΦ 9Ȅǘremely rainy weather in 2010 has given rise to 

the inundated field depression on much larger area as during normally moist or dryer years. 

Therefore, we initiated the field survey devoted to the mapping of inundated field depressions 

ƛƴ tƻŘǳƴŀƧǎƪł ƴƝȌƛƴŀ [owland, and inventory of their flora.   

MMAATTEERRIIAALLSS  AANNDD  MMEETTHHOODDSS  

Field survey was carried out in 2010 since May to October in the territory of PƻŘǳƴŀƧǎƪł ƴƝȌƛƴŀ 

Lowland (southwestern Slovakia). The method of field mapping and inventory was used - when 

the inundated field depression was found, the locality was examined for rare plant species 

occurrence. At the locality the number of individuals and the approximate area (using GPS 

ŘŜǾƛŎŜύ ǿŀǎ ŜǎǘƛƳŀǘŜŘΦ tƘȅǘƻǎƻŎƛƻƭƻƎƛŎŀƭ ǊŜƭŜǾŞǎ ǿŜǊŜ ŀƭǎƻ ǎŀƳǇƭŜŘ ǳǎƛƴƎ ƳƻŘƛŦƛŜŘ .Ǌŀǳƴ-

Blanquet cover ς abundance scale (Barkman et al., 1964). The conservation status of the species 

ǿŀǎ ǎǘŀǘŜŘ ŀŎŎƻǊŘƛƴƎ CŜǊłƪƻǾł Ŝǘ ŀƭΦ όCŜǊłƪƻǾł Ŝǘ ŀƭΦΣ 2001). Geographical coordinates were 

derived through GPS device Garmin GPSMAP 60CS. 

Palmer Drought Severity Index (PDSI) is usually used for the evaluation of drought (PALMER, 

1965); here we used the calculation results to demonstrate the opposite extremity ς to define 

moist periods (Table 1.) The index is standardized for various regions and time periods and used 

for the evaluation of drought in various areas with various climates (DUNKEL, 2009). The 
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program was afforded by Slovak Hydrometeorological Institute. The input data consists of 

average monthly precipitation totals, average monthly air temperatures, and average 

temperatures during the evaluated period, latitude and available water capacity. We used the 

data from Hurbanovo climatological station. The climate data was provided by Slovak 

Hydrometeorological Institute. Available water capacity was provided by the Soil Science and 

Conservation Research Institute in Bratislava.  

 

Table 1.PDSI classification scale for the definition of moist and dry periods 
 

PDSI value Characteristics of the evaluated 
month 

җ пΦлл extremely moist 

3.00 to 3.99 very moist 

2.00 to 2.99 moderately moist 

1.00 to 1.99 slightly moist 

0.50 to 0.99 weakly moist 

0.49 to -0.49 neutral 

-0.50 to -0.99 weakly dry 

-1.00 to -1.99 slightly dry 

-2.00 to -2.99 moderately dry 

-3.00 to -3.99 severely dry 

Җ -4,00 extremely dry 

 

RREESSUULLTTSS  

!ƭǘƘƻǳƎƘ ǿŜ ƘŀǾŜ ŜȄŀƳƛƴŜŘ ŀ ǊŜƭŀǘƛǾŜƭȅ ƭŀǊƎŜ ŀǊŜŀ ƻŦ ǘƘŜ tƻŘǳƴŀƧǎƪł ƴƝȌƛƴŀ [ƻǿƭŀƴŘ ŀƴŘ 

numerous field depressions were examined, the most interesting findings were recorded mostly 

ƻƴ ǎŀƭƛƴƛȊŜŘ ǎƻƛƭǎ ŀǊƻǳƴŘ YƻƳłǊƴƻΣ IǳǊōŀƴƻǾƻ ŀƴŘ ~ǘǵǊƻǾƻ όǎƻǳǘƘ-western Slovakia). Seven 

endangered plant species were recorded: one endangered (EN) species Cirsium brachycephalum 

Jur.; five critically endangered (CR) species ς Heleochloa alopecuroides (Piller et Mitterp.) Host 

ex Roemer, Heleochloa schoenoides (L.)Host ex Roemer, Lindernia procumbens (Krocker) Philcox, 

Lythrum tribracteatum (L.) Holub, Schoenoplectus supinus (L.) Palla.; the species Chenopodium 

chenopodioides (L.) Aellen is considered as probably extinct (EX?) in Slovakia. 
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Two new localities of Cirsium brachycephalum were recorded. In addition to the locality near 

Hurbanovo (tab. 2), another locality situated south-ŜŀǎǘŜǊƴ ŦǊƻƳ ¢ǊłǾƴƛŎŀ ǾƛƭƭŀƎŜ όŘƛǎǘǊƛŎǘ 

YƻƳłǊƴo) was found. There, approximately a hundred individuals were growing at south-

eastern part of narrow field depression long about 500m. Heleochloa alopecuroides was found 

at one locality (tab.2); few individuals were also growing solitary in adjacent corn field. The 

discovery of field depression at this locality was interesting because three rare species were 

found growing at one place. More, it was the only locality with Lindernia procumbens 

ƻŎŎǳǊǊŜƴŎŜΣ ǘƘŜ ǎǇŜŎƛŜǎ ǾŜǊȅ ǊŀǊŜ ƛƴ ǘƘŜ tƻŘǳƴŀƧǎƪł ƴƝȌƛƴŀ ƭƻǿƭŀƴd. Another species rarely 

occurring at our survey area was Lythrum tribracteatum, hence, the records of two new 

ƭƻŎŀƭƛǘƛŜǎ ǿŜǊŜ ǾŀƭǳŀōƭŜΣ ŜǾŜƴ ǘƘƻǳƎƘ ƻƴƭȅ ƻƴŜ ƛƴŘƛǾƛŘǳŀƭ ǿŀǎ ŦƻǳƴŘ ŀǘ ǘƘŜ ƭƻŎŀƭƛǘȅ ½ƭŀǘƴł ƴŀ 

Ostrove (tab.2). In 2010, we recovered the occurrence of Heleochloa schoenoides at several 

recently or longer known localities. Two new localities were found (tab.2), the record at the 

ƭƻŎŀƭƛǘȅ ½ƭŀǘƴł ƴŀ hǎǘǊƻǾŜ ǿŀǎ ƻŦ ƘƛƎƘ ǾŀƭǳŜ ŀǎ ǿŜ ŦƻǳƴŘ ōƛƎ ǇƻǇǳƭŀǘƛƻƴ ǊŜŀŎƘƛƴƎ ǎŜǾŜǊŀƭ 

thousand individuals there. The species Chenopodium chenopodioides was found at one 

locality (tab. 2). There, the fields all around were completely flooded in spring and in beginning 

autumn denudated banks were covered with sparse vegetation of segetal or marsh species. 

Schoenoplectus supinus was recorded at five localities. The most valuable was the finding of the 

ŦƛŜƭŘ ŘŜǇǊŜǎǎƛƻƴ ŀǘ ǘƘŜ ƭƻŎŀƭƛǘȅ ½ŜƳƛŀƴǎƪŀ hƭőŀ όǎƻǳǘƘύΣ ǿƘŜǊŜ ǿŜ ǊŜŎƻǊŘŜŘ ǘƘƻǳǎŀƴŘ ƛƴŘƛǾƛŘǳŀƭǎ 

of S. supinus growing on rather large area (tab. 2)  

The PDSI values given in the Table 3 indicate that every month was defined as moist in 2010 at 

the surveyed area. The most interesting is the period from May to the end of year ς according 

PDSI these months were defined as extremely moist. This extremely moist year followed after 

three dry years (Tab. 3) 
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Table 2: The occurrence of selected endangered plant species recorded in field depressions at 
ǘƘŜ ƭƻŎŀƭƛǘƛŜǎ ƻŦ tƻŘǳƴŀƧǎƪł ƴƝȌƛƴŀ ƭƻǿƭŀƴŘ ƛƴ нлмлΦ ¢ƘŜ ǎƘƻǊǘ ŘŜǎŎǊƛǇǘƛƻƴ ƻŦ ǘƘŜ ƭƻŎŀƭƛǘƛŜǎΣ 
approximate area and number of individuals, the measure of abundance/cover according 

modified Braun-Blanquet cover-abundance scale is given. 
 

Name of 
the locality 

date 
Locality 
description 

Approx. 
area 

species 
Approx. 
number of 
individuals  

Braun-
Blanquet 
(abundance
/  
cover level)1 

Hurbanovo 5.10.2010 
field depression 
at the edge of 
corn field 

600 m2 
Cirsium 
brachycephalum  

20 + 

LȌŀΣ ǇŀǊǘ 
hon 
YƻƴƻǇƛǑǘŜ  

16.9.2010 
field depression 
at the edge of 
corn field 

400m2  

Heleochloa 
alopecuroides 

several 
tens 

+ 

Schoenoplectus 
supinus  

several 
tens 

2a 

Lindernia 
procumbens  

10 + 

½ƭŀǘƴł ƴŀ 
Ostrove, 
part Majer 
Pavol  

16.9.2010  

field 
depressions at 
the edge of 
wheat field 

1000m2  
Heleochloa 
schoenoides  

several 
thousand 

4 

salinized field 
depression in 
the wheat field 

not 
estimated 

Lythrum 
tribracteatum  

1 r 

Schoenoplectus 
supinus 

not 
estimated 

+ 

hƪłƴƛƪƻǾƻ  24.8.2010 
field depression 
at the edge of 
corn field 

500m2  

Lythrum 
tribracteatum  

several 
hundred 

2a 

Schoenoplectus 
supinus  

not 
estimated 

+ 

Zemianska 
hƭőŀΣ north 
of village  

24.8.2010 
field depression 
in the corn field 

100m2 

Heleochloa 
schoenoides  

into 50 
individuals 

1 

Chenopodium 
chenopodioides  

several 
tens 

1 

IƻǊƴł 
½ƭŀǘƴł 

21.6.2010 
field depression 
in the corn field 

100m2 
Schoenoplectus 
supinus  

several 
tens 

+ 

Zemianska 
hƭőŀΣ ǎƻǳǘƘ 
of village 

16.9.2010 
field depression 
in the corn field 

1200 m2 
Schoenoplectus 
supinus  

several 
thousand 

3 to 4 

1Modified Braun ς Blanquet 
cover-abundance scale       
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r   solitary, 1-3 individuals 
      +   few individuals 
      м  β п҈ όŎƻǾŜǊύ 
      2a  5-10% 
      2b   11-25% 
      3   25-50% 
      4   50-75% 
      5   75-100% 
       

Table 3: Monthly values of PDSI in the period 1990 - 2010. The data from climatological station 
ƛƴ IǳǊōŀƴƻǾƻ όtƻŘǳƴŀƧǎƪł ƴƝȌƛƴŀ [ƻǿƭŀƴŘύ ǿŜǊŜ ǳǎŜŘ ŦƻǊ ŎŀƭŎǳƭŀǘƛƻƴ  

 

year I. II. III. IV. V. VI. VII. VIII. IX. X. XI. XII. 

1990 -2.65 -3.02 -3.93 -3.16 -4.02 -4.08 -4.41 -5.12 -4.74 -3.79 -3.42 -3.12 

1991 -3.52 -3.39 -3.57 -3.33 -2.65 -2.74 -2.26 -2.65 -3.12 -2.98 1.27 1.19 

1992 -0.19 -0.5 -0.09 -0.25 -0.9 0.21 1.2 -1.22 -1.45 0.78 0.56 1.22 

1993 1.27 -0.11 0.13 -0.45 -1.24 -1.49 -1.82 -2.29 -2.24 1.42 1.99 2.73 

1994 3.09 2.72 2.19 2.51 3.07 2.63 1.7 1.89 1.91 2.95 2.41 1.72 

1995 1.47 1.33 2.01 2.74 2.64 3.38 2.75 2.83 3.29 2.28 2.38 2.75 

1996 3.36 3.5 3.13 3.76 4.67 4.1 4.13 3.65 4.1 -0.08 -0.67 -1.01 

1997 -1.27 -1.84 -2.18 -1.68 -1.51 -2.13 -1 -1.63 -1.94 -2.08 -0.92 -1.27 

1998 -1.16 -1.89 -2.34 -2.03 -2.41 0.37 0.69 0.24 1.91 2.67 2.7 2.35 

1999 1.92 2.47 2.13 1.88 1.5 2.65 4.28 4.23 3.05 2.89 3.1 3.39 

2000 3.2 2.71 3.48 0.02 -0.68 -1.96 -1.42 -2.15 -2.5 -2.92 -2.71 -2.56 

2001 -2.4 -2.46 -1.61 -1.75 -2.19 -2.62 -1.6 -2.18 -0.97 -1.42 -1.62 -2.01 

2002 -2.46 -2.87 -3.12 -2.64 -2.71 -3.34 -3.19 0.56 0.7 1.35 1.04 1.14 

2003 1.38 -0.19 -0.83 -1.25 -1.62 -2.39 -2.87 -3.33 -3.87 -3 -3.46 -4 

2004 -3.83 -0.03 0.27 -0.18 -0.38 0.93 0.36 1.34 -0.3 -0.38 -0.51 -0.74 

2005 -0.93 0.4 0.03 0.44 0.17 0.05 0.1 0.78 -0.07 -0.54 -0.75 1.67 

2006 2.59 2.92 3.1 2.69 3.49 3.24 2.54 2.92 -0.47 -0.91 -1.38 -2.33 

2007 -2.54 -2.63 -2.42 -3.24 -3.29 -3.62 -4.43 -3.58 -2.68 -2.03 -1.83 -2.06 

2008 -2.13 -2.69 -2.15 -1.93 -2.47 -2.2 -1.27 -1.63 -1.28 -1.79 -2.29 -2.14 

2009 0.04 0.9 1.17 -0.91 -1.22 -1.14 -1.44 -1.51 -1.77 0.06 -0.07 0.47 

2010 0.79 1.13 0.92 2.07 4.29 5.37 6.38 7.18 7.77 7.27 7.62 7.73 

 

DDIISSCCUUSSSSIIOONN  

The rareness of the species discussed in this article has several reasons ς most of them has the 

northern border of their distribution range in Slovakia; they are growing on specific stands - the 
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sites flooded in spring and deeply drying on summer, especially they represents the species of 

mudflat bottoms; they are halophytes or sub-halophytes; they are mostly minute, low-growing 

Ǉƭŀƴǘǎ ǿƛǘƘ ƭƻǿ ŎƻƴŎǳǊǊŜƴŎŜ ŀōƛƭƛǘȅ όCŜǊłƪƻǾłΣ DǊǳƭƛŎƘΣ мфффΤ IƻƭǳōΣ мфффŀΣōΤ IƻƭǳōΣ DǊǳƭƛŎƘΣ 

мфффŀΣōΣŎΤ tǊƻŎƘłȊƪŀ Ŝǘ ŀƭΦΣ мфффύΦ We could consider the radical decrease of specific habitats 

area caused by landscape use change and more frequent occurrence of dry years as two 

important key factors negatively influencing distribution and occurrence these species in 

Slovakia now. For this reason temporary pools on arable fields may have considerable 

importance in survival of these species in cultural landscape. The appearance of waterlogged 

arable fields is sporadic and irregular; it often happens that the fields are not covered by water 

ŦƻǊ ŘŜŎŀŘŜǎΣ ōǳǘ ƛƴ ǎƻƳŜ ȅŜŀǊǎ ŦƭƻƻŘǎ ŀǇǇŜŀǊ ōŜŎŀǳǎŜ ƻŦ ƘƛƎƘ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ό[ǳƪłŎǎ Ŝǘ ŀƭΦΣ нлмоύΦ 

And, this situation happened in the year 2010 in Slovakia. Similar conditions were also occurring 

in the year 2006 when the first eight months were defined as moderately to very moist; 

ŜǎǇŜŎƛŀƭƭȅ aŀȅ ŀƴŘ WǳƴŜ ǿŜǊŜ ŘŜŦƛƴŜŘ ŀǎ ǘƘŜ ƳƻƛǎǘŜǎǘ ƛƴ ǘƘŜ ȅŜŀǊ όǘŀōΦ оύΦ Lƴ ǘƘƛǎ ȅŜŀǊ {łŘƻǾǎƪȇ 

ό{łŘƻǾǎƪȇ нллс ƛƴŜŘύ ǊŜŎŜƴǘƭȅ ǊŜŎƻǊŘŜŘ мл ƭƻŎŀƭƛǘƛŜǎ ƻŦ Cirsium brachycephalum ŀǘ tƻŘǳƴŀƧǎƪł 

ƴƝȌƛƴŀ [ƻǿƭŀƴŘ ŀƴŘ ŀƭǎƻ Heleochloa alopecuroides was recovered at several localities in 2006 in 

tƻŘǳƴŀƧǎƪł ƴƝȌƛƴŀ [ƻǿƭŀƴŘ ό{łŘƻǾǎƪȇ нллс ƛƴŜŘΦΣ {łŘƻǾǎƪȇΣ 9ƭƛłǑ ƧǳƴΦ нллс ƛƴŜŘύΦ Lƴ нллр ŦƛǾŜ 

new localities of Schoenoplectus supinus ǿŜǊŜ ŦƻǳƴŘ ƛƴ ±ȇŎƘƻŘƻǎƭƻǾŜƴǎƪł ƴƝȌƛƴŀ [ƻǿƭŀƴŘ 

ό½ƭŀŎƪł Ŝǘ ŀƭΦΣ н006), thousands of individuals were recorded at some of the localities. According 

PDSI calculated using data from Milhostov climatological station (south-eastern Slovakia) every 

month was defined as moist, and namely May and June were defined as moderately moist 

ό½ǳȊǳƭƻǾłΣ нлмпύΦ {ƛƳƛƭŀǊ ǘƻ ƻǳǊ ǊŜŎƻǊŘǎΣ S. supinus occupied field depressions, edges of field 

ǇŀǘƘ ƻǊ ǘŜǊǊŀƛƴ ŘŜǇǊŜǎǎƛƻƴǎ ƛƴ ǇŀǎǘǳǊŜ ό½ƭŀŎƪł Ŝǘ ŀƭΦΣ нллсύΣ ǎƻ ǘƘŜ Ƙŀōƛǘŀǘǎ ŎƻƴǎƛŘŜǊŜŘ ŀǎ 

secondary for the species. The extreme conditions also influenced the population size of H. 

schoenoides ƛƴ aƻǎǘƻǾŞ bŀǘǳǊŜ wŜǎŜǊǾŜ όtƻŘǳƴŀƧǎƪł ƴƝȌƛƴŀ [ƻǿƭŀƴŘύ ƛƴ нллпΣ ƴƛƴŜ ƳƻƴǘƘǎ ǿŜǊŜ 

defined as dry (tab. 3), and population covered 5-10% of area, however in 2006 the population 

covered up to 50% at the same locality ό9ƭƛłǑ ƧǳƴΦ Ŝǘ ŀƭΦΣ нллуύΦ ±ŜƎŜǘŀǘƛƻƴ ƻŦ ŜǇƘŜƳŜǊŀƭ 

wetlands is growing in specific, highly dynamic habitats. The speed of plant development, short 

life cycles and long-term survival in dormant propagules is typical for these plants (DEIL, 2005). 

Large sections of the populations and/or communities of these particular species are at any 
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time hidden in the soil propagule bank (POSCHLOD, 1993). The extreme moist conditions enable 

the species to supplement or renew the seed bank and increase the probability of their long-

term survival.  

All the species discussed in this paper belong to the most threatened plant species in Slovakia. 

The question of conservation management is thus arising. The occurrence of temporary field 

pools in arable landscape is irregular, cƻƴǎƛŘŜǊƛƴƎ ōƻǘƘ ǘŜƳǇƻǊŀƭ ŀƴŘ ǎǇŀǘƛŀƭ ŀǎǇŜŎǘΦ [ǳƪłŎǎ Ŝǘ 

al., (2013) recommend many temporary pools in arable fields left alone (i.e. maintaining 

ǘǊŀŘƛǘƛƻƴŀƭ ŦŀǊƳƛƴƎύΤ ŀƴŘ b=a9/ ϧ ¿#Yh±# όнлмнύ ǇǊƻǇƻǎŜŘ ǘƻ ŜƭƛƳƛƴŀǘŜ ǘƘŜ ƘŜǊōƛŎƛŘŜǎ ǳǎŜ ƛƴ 

the surrounding area. At all events, the conservation of endangered species in agricultural 

landscape, i.e. out of protected area, requires specific approach; and when favourable 

conditions occur, the repeated observations are necessary to accurate records.   

CCOONNCCLLUUSSIIOONN  

During extreme moist years temporary pools in arable fields may appear more frequently and at 

ƭŀǊƎŜǊ ŀǊŜŀ ǘƘŀƴ ǳǎǳŀƭƭȅΦ ±ŜǊƴŀƭƭȅ ƛƴǳƴŘŀǘŜŘ ŦƛŜƭŘ ŘŜǇǊŜǎǎƛƻƴǎ ŀǘ ǎŀƭƛƴƛǎŜŘ ǎǘŀƴŘǎ ŀǘ tƻŘǳƴŀƧǎƪł 

ƴƝȌƛƴŀ ƭƻǿƭŀƴŘ Ƴŀȅ ǎŜǊǾŜ ŀǎ ǊŜŦǳƎƛǳƳ ŦƻǊ ǎŜǾŜǊŀƭ ǊŀǊŜ ƻǊ ŜƴŘŀƴƎŜǊŜŘ Ƙŀlophytous plant species 

in agricultural landscape, and thus these species are able survive outside of protected areas. 

The repeated observations of this type of ephemeral wetlands are necessary to clearly 

understand the long-term dynamics of this specific plant community for effective conservation 

management of the rare species populations.  
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9ƭƛłǑ tΦ ƧǳƴΦΣ 5ƝǘŠ 5ΦΣ DǊǳƭƛŎƘ ±Φ ϧ {łŘƻǾǎƪȇ aΦ όнллуύΥ 5ƛǎǘǊƛōǳǘƛƻƴ ŀƴŘ ŎƻƳƳǳƴƛǘƛŜǎ ƻŦ /ǊȅǇǎƛǎ 
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CŜǊłƪƻǾł ±ΦΣ Iƻƭǳō WΦ ϧ tǊƻŎƘłȊƪŀ CΦ ώŜŘǎΦϐΣ 2ŜǊǾŜƴł ƪƴƛƘŀ ƻƘǊƻȊŜƴȇŎƘ ŀ ǾȊłŎƴȅŎƘ ŘǊǳƘƻǾ ǊŀǎǘƭƝƴ 
ŀ ȌƛǾƻőƝŎƘƻǾ {w ŀ 2w рΣ ±ȅǑǑƛŜ ǊŀǎǘƭƛƴȅΣ ǇΦ нотΣ tǊƝǊƻŘŀΣ .ǊŀǘƛǎƭŀǾŀΦ 
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tƻǎŎƘƭƻŘΣ tΦ όмффоύΥ α¦ƴŘŜǊƎǊƻǳƴŘ Ŧƭ ƻǊƛǎǘƛŎǎά ς ƪŜƛƳŦŅƘƛƎŜ 5ƛŀǎǇƻǊŜƴ ƛƴ .ǀŘŜƴ als Beitrag zum fl 
oristischen Inventar einer Landschaft am Beispiel der Teichbodenfl ora. ς Nat. Landschaft 68: 
155ς159. 
 
tǊƻŎƘłȊƪŀ CΣ Iǳǎłƪ ~Φ ϧ hǙŀƘŜƯƻǾł IΦ όмфффύΥ [ƛƴŘŜǊƴƛŀ ǇǊƻŎǳƳōŜƴǎ Φ ς LƴΥ 2ŜǌƻǾǎƪȇ WΦΣ CŜǊłƪƻǾł 
±ΦΣ Iƻƭǳō WΦ ϧ tǊƻŎƘłȊƪŀ CΦ ώŜŘǎΦϐΣ 2ŜǊǾŜƴł ƪƴƛƘŀ ƻƘǊƻȊŜƴȇŎƘ ŀ ǾȊłŎƴȅŎƘ ŘǊǳƘƻǾ ǊŀǎǘƭƝƴ ŀ 
ȌƛǾƻőƝŎƘƻǾ {w ŀ 2w рΣ ±ȅǑǑƛŜ ǊŀǎǘƭƛƴȅΣ ǇΦ ннрΣ tǊƝǊƻŘŀΣ .ǊŀǘƛǎƭŀǾŀΦ  
 
{łŘƻǾǎƪȇΣ aΦΣ 9ƭƛłǑΣ tΦΣ ƳƭΦ ϧ 5ƝǘŠΣ 5Φ όнллпύΥ IƛǎǘƻǊƛŎƪŞ ŀ ǎǵőŀǎƴŞ ǊƻȊǑƝǊŜƴƛŜ ǎƭŀƴƛǎƪƻǾȇŎƘ 
ǎǇƻƭƻőŜƴǎǘƛŜǾ ƴŀ ƧǳƘƻȊłǇŀŘƴƻƳ {ƭƻǾŜƴǎƪǳΦ .ǳƭƭŜǘƛƴ ǎƭƻǾŜƴǎƪŜƧ ōƻǘŀƴƛŎƪŜƧ ǎǇƻƭƻőƴƻǎǘƛΣ 
Bratislava, Supl. 10: 127ς129. 
 
½ǳȊǳƭƻǾłΣ ±Φ όнлмпύΥ ±ǇƭȅǾ Ǿȇǎƪȅǘǳ ǎǳŎƘŀ ƴŀ ǾŀǊƛŀōƛƭƛǘǳ ǇǊƻŘǳƪŎƛŜ ōƛƻƳŀǎȅ ƻōƛƭƴƝƴ Ǿ ǇƻŘƳƛŜƴƪŀŎƘ 
ƳŜƴƛŀŎŜƧ ǎŀ ƪƭƝƳȅΦ 5ƛǇƭƻƳƻǾł ǇǊłŎŀΣ {ƭƻǾŜƴǎƪł ǇƻƯƴƻƘƻǎǇƻŘłǊǎƪŀ ǳƴƛǾŜǊȊƛǘŀ Ǿ bƛǘǊŜ όн014) 98s. 
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SSUUMMMMAARRYY  

.ƛƻǘƻǇȅ ǎƭŀƴȇŎƘ ǇƾŘ ǎŀ ƴŀ {ƭƻǾŜƴǎƪǳ ǾȅǎƪȅǘƻǾŀƭƛ Ǿ ǘŜǇƭȇŎƘ ŀ ǎǳŎƘȇŎƘ ƻōƭŀǎǘƛŀŎƘ tƻŘǳƴŀƧǎƪŜƧ ŀ 

±ȇŎƘƻŘƻǎƭƻǾŜƴǎƪŜƧ ƴƝȌƛƴȅΦ LŎƘ ǇƭƻŎƘŀ ǾǑŀƪ ōƻƭŀ ǾȇǊŀȊƴŜ ȊǊŜŘǳƪƻǾŀƴł Ǉƻőŀǎ ǇƻǎƭŜŘƴȇŎƘ 

ŘŜǎŀǙǊƻőƝΤ ȊłǎǘǳǇŎƻǾƛŀ ƘŀƭƻŦȅǘƴŜƧ ǾŜƎŜǘłŎƛŜ ǎŀ ǘȇƳǘƻ ǎǘŀƭƛ ƻƘǊƻȊŜƴȇƳƛ ŘǊǳƘƳƛ ǎƭƻǾŜƴǎƪŜƧ ŦƭƽǊȅΦ 

wŀǎǘƭƛƴƴŞ ǎǇƻƭƻőŜƴǎǘǾł ǇŜǊƛƻŘƛŎƪȅ ȊŀǇƭŀǾƻǾŀƴȇŎƘ ǎƭŀƴƝǎƪ ǇǊŜŘǎǘŀǾǳƧǵ ƧŜŘƛƴŜőƴŞ ƛƴƛŎƛłƭƴŜ ǑǘłŘƛł 

sukcesie a ƛŎƘ ǾȅǘǾłǊŀƴƛŜ ƧŜ ȊłǾƛǎƭŞ ƴŀ ǇƻƪƭŜǎŜ ƘƭŀŘƛƴȅ ǾƻŘȅ ŀ ȊǾȅőŀƧƴŜ ǎŀ ǾȅǘǾłǊŀƧǵ Ǿ druhej 

ǇƻƭƻǾƛŎƛ ǾŜƎŜǘŀőƴŜƧ ǎŜȊƽƴȅΦ tƻƯƴŞ ŘŜǇǊŜǎƛŜ ȊŀǇƭŀǾƻǾŀƴŞ Ǿ ƧŀǊƴȇŎƘ ƳŜǎƛŀŎƻŎƘ ƳƾȌǳ ǇƻǎƪȅǘƴǵǙ 

ǾƘƻŘƴŞ ǊŜŦǵƎƛǳƳ ǇǊŜ ǘƛŜǘƻ ǊŀǎǘƭƛƴƴŞ ǎǇƻƭƻőŜƴǎǘǾł Ǿ ǇƻƯƴƻƘƻǎǇƻŘłǊǎƪŜƧ ƪǊŀƧƛƴŜΦ tƻőŀǎ ŜȄǘǊŞƳƴŜ 

ǾƭƘƪŞƘƻ Ǉƻőŀǎƛŀ Ǿ Ǌƻƪǳ нлмл ōƻƭƛ ǾȅǘǾƻǊŜƴŞ ǾƘƻŘƴŞ ǇƻŘƳƛŜƴƪȅ ǇǊŜ Ǿȇǎƪȅǘ ǇƻƯƴȇŎƘ ŘŜǇǊŜǎƛƝ 

v ƻǾŜƯŀ ǾŅőǑŜƧ ƳƛŜǊŜ ŀƪƻ Ǉƻőŀǎ ƴƻǊƳłƭƴŜ ǾƭƘƪȇŎƘ ŀƭŜōƻ ǎǳŎƘǑƝŎƘ ǊƻƪƻŎƘΦ aŀǇƻǾŀƴƛŜ ǾŜƎŜǘłŎƛŜ 

ȊŀǇƭŀǾŜƴȇŎƘ ŘŜǇǊŜǎƛƝ ǇǊŜōƛŜƘŀƭƻ ƴŀ tƻŘǳƴŀƧǎƪŜƧ ƴƝȌƛƴŜ Ǉƻőŀǎ ƳŜǎƛŀŎƻǾ ƳłƧ ŀȌ ƻƪǘƽōŜǊ Ǿ roku 
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нлмлΦ bŀ ƭƻƪŀƭƛǘłŎƘ ǎ ǾȇǎƪȅǘƻƳ ȊǊƛŜŘƪŀǾȇŎƘ ŀ ǾȊłŎƴȅŎƘ ŘǊǳƘƻǾ ōƻƭ Ǿȅƪƻƴŀƴȇ ŦȅǘƻŎŜƴƻƭƻƎƛŎƪȇ 

ȊłǇƛǎΣ ǇƻƳƻŎƻǳ Dt{ ōƻƭŀ ƻŘƘŀŘƴǳǘł ǇƭƻŎƘŀ ƴŀ ƪǘƻǊŜƧ ǎŀ ǎǇƻƭƻőŜƴǎǘǾƻ ǾȅǎƪȅǘƻǾŀƭƻ ŀ ƻŘƘŀŘƴǳǘȇ 

ōƻƭ ŀƧ ǇƻőŜǘ ƧŜŘƛƴŎƻǾ ȊłǳƧƳƻǾȇŎƘ ŘǊǳƘƻǾΦ ½ŀǳƧƝƳŀǾŜƧǑƛŜ ƴłƭŜȊȅ ōƻƭƛ ȊŀȊƴŀƳŜƴŀƴŞ ƴŀ ȊŀǎƻƭŜƴȇŎƘ 

ǇƾŘŀŎƘ ǇƻƭƝ Ǿ ƻƪƻƭƝ YƻƳłǊƴŀΣ IǳǊōŀƴƻǾŀ ŀ ~ǘǵǊƻǾŀΦ ½ŀȊƴŀƳŜƴŀƭƛ ǎƳŜ ƴƻǾŞ ƭƻƪŀƭƛǘȅ ƻƘǊƻȊŜƴŞƘƻ 

ŘǊǳƘǳ ό9bύ ǇƛŎƘƭƛŀőŀ ǵȊƪƻƭƛǎǘŞƘƻ όCirsium brachycephalumύΣ ƴƻǾŞ ƭƻƪŀƭƛǘȅ ǇƛŀǘƛŎƘ ƪǊƛǘƛŎƪȅ 

ƻƘǊƻȊŜƴȇŎƘ ŘǊǳƘƻǾ ό/wύΥ ōŀƘƛŜƴƪŀ ǇǎƛŀǊƪƻǾƛǘł όHeleochloa alopecuroides)Σ ōŀƘƛŜƴƪŀ ǑŀǑƛƴƻǾƛǘł 

(H. schoenoidesύΣ ƭƛƴŘŜǊƴƛŀ ǇǳȊŘƛŜǊƪŀǘł όLindernia procumbens)Σ ǾǊōƛŎŀ ŘǊƻōƴł όLythrum 

tribracteatum) ŀ ǑƪǊƛǇƛƴŜŎ ƴƝȊƪȅ όSchoenoplectus supinusύΦ tǊŜ ƳǊƭƝƪ ǎƭŀƴƻƳƛƭƴȇ όChenopodium 

chenopodioidesύΣ ǇƻǾŀȌƻǾŀƴȇ Ȋŀ ǇǊŀǾŘŜǇƻŘƻōƴŜ ǾȅƘȅƴǳǘȇ ό9·Κύ ƴŀ {ƭƻǾŜƴǎƪǳΣ ǎƳŜ ȊŀȊƴŀƳŜƴŀƭƛ 

ƧŜŘƴǳ ƴƻǾǵ ƭƻƪŀƭƛǘǳΦ hŘƘŀŘƻǾŀƴł ǾŜƯƪƻǎǙ ǎƭŜŘƻǾŀƴȇŎƘ ǇƻƯƴȇŎƘ ŘŜǇǊŜǎƛƝ ōƻƭŀ ǊƾȊƴŀΣ ƻŘ млл Řƻ 

мнллƳнΣ ǇǊƛőƻƳ ƴŀ ƴƛŜƪǘƻǊȇŎƘ Ȋ ƭƻƪŀƭƝǘ ǎƳŜ ȊŀȊƴŀƳŜƴŀƭƛ Ǿȇǎƪȅǘ ŘǾƻŎƘ ŀƧ ǘǊƻŎƘ ŘǊǳƘƻǾ ǎǵőŀǎƴŜΦ 

hŘƘŀŘƻǾŀƴŞ Ǉƻőǘȅ ƧŜŘƛƴŎƻǾ ƧŜŘƴƻǘƭƛǾȇŎƘ ŘǊǳƘƻǾ ŀ ƛŎƘ ȊŀǎǘǵǇŜƴƛŜ ōƻƭƻ ǊƾȊƴŜ ƴŀ ƧŜŘƴƻǘƭƛǾȇŎƘ 

ƭƻƪŀƭƛǘłŎƘΣ ǾŅőǑƛƴƻǳ ǎŀ ǇƻƘȅōƻǾŀƭƛ ƻƪƻƭƻ ƴƛŜƪƻƯƪƻ ŘŜǎƛŀǘƻƪ ƧŜŘƛƴŎƻǾΦ bŀ ŘǾƻŎƘ ƴŀƧǾŅőǑƝŎƘ 

ǇƻƯƴȇŎƘ ŘŜǇǊŜǎƛłŎƘ όмлллΣ мнллƳнύ ǎƳŜ ȊŀȊƴŀƳŜƴŀƭƛ ŀȌ ǘƛǎƝŎŜ ƧŜŘƛƴŎƻǾ ōŀƘƛŜƴƪȅ ǑŀǑƛƴƻǾƛǘŜƧ ŀ 

ǑƪǊƛǇƛƴŎŀ ƴƝȊƪŜƘƻΣ ŘǊǳƘȅ ōƻƭƛ ȊłǊƻǾŜƶ ŀƧ ŘƻƳƛƴŀƴǘŀƳƛ ƴŀ ǘȇŎƘǘƻ ƭƻƪŀƭƛǘłŎƘΦ tƻŘƯŀ t5{L ōƻƭƛ 

ǾǑŜǘƪȅ ƳŜǎƛŀŎŜ Ǿ Ǌƻƪǳ нлмл ŘŜŦƛƴƻǾŀƴŞ ŀƪƻ ǾƭƘƪŞ Ǿ ǎƭŜŘƻǾŀƴƻƳ ǵȊŜƳƝΣ ƻŘ ƳłƧŀ Řƻ ƪƻƴŎŀ Ǌƻƪŀ 

ōƻƭƛ ƳŜǎƛŀŎŜ ŘŜŦƛƴƻǾŀƴŞ ŀƪƻ ŜȄǘǊŞƳƴŜ ǾƭƘƪŞ ǇƻŘƯŀ ǘŜƧǘƻ ƪƭŀǎƛŦƛƪłŎƛŜΦ ½ǊƛŜŘƪŀǾƻǎǙ ǎƭŜŘƻǾŀƴȇŎƘ 

ŘǊǳƘƻǾ ƧŜ ǎǇƾǎƻōŜƴł ǾƛŀŎŜǊȇƳƛ ŀǎǇŜƪǘƳƛΥ ŘǊǳƘȅ ƳŀƧǵ ƴŀ {ƭƻǾŜƴǎƪǳ ǎŜǾŜǊƴǵ ƘǊŀƴƛŎǳ ǎǾƻƧƘƻ 

ŀǊŜłƭǳΣ Ǌŀǎǘǵ ƴŀ ǾŜƯƳƛ ǑǇŜŎƛŦƛŎƪȇŎƘ ǎǘŀƴƻǾƛǑǘƛŀŎƘ όƻōƴŀȌŜƴŞ ŘƴłΣ ȊŀǎƻƭŜƴŞ ǎǘŀƴƻǾƛǑǘƛŀύΣ ǾŅőǑƛƴŀ 

z ƴƛŎƘ ǎǵ ƴƝȊƪŜƘƻ ǾȊǊŀǎǘu s Ƴŀƭƻǳ ƪƻƴƪǳǊŜƴőƴƻǳ ǎŎƘƻǇƴƻǎǙƻǳΦ tƻƪƭŜǎ Ǉƻőǘǳ ƭƻƪŀƭƝǘ ŀ ǇƭƻŎƘȅ ǎƻ 

ǑǇŜŎƛŦƛŎƪȇƳƛ ǎǘŀƴƻǾƛǑǘƴȇƳƛ ǇƻŘƳƛŜƴƪŀƳƛ ŀ őƻǊŀȊ őŀǎǘŜƧǑƝ Ǿȇǎƪȅǘ ǎǳŎƘȇŎƘ ǊƻƪƻǾ ǇƻǾŀȌǳƧŜƳŜ Ȋŀ 

ƪƯǵőƻǾŞ ƴŜƎŀǘƝǾƴŜ ŦŀƪǘƻǊȅΦ ½ ǘƻƘǘƻ ŘƾǾƻŘǳ ǎǵ ȊŀǇƭŀǾƻǾŀƴŞ ŘŜǇǊŜǎƛŜ  ƴŀ ȊŀǎƻƭŜƴȇŎƘ ǇƾŘŀŎƘ 

ŎŜƴƴȇƳƛ ƭƻƪŀƭƛǘŀƳƛΣ ƪŘŜ ƳƾȌǳ ǘŀƪŞǘƻ ŘǊǳƘȅ ǇǊŜȌƝǾŀǙ ŀƧ ƳƛƳƻ ŎƘǊłƴŜƴȇŎƘ ǵȊŜƳƝΦ LŎƘ Ǿȇǎƪȅǘ 

v ƪǊŀƧƛƴŜ ƧŜ ǾǑŀƪ ƴŜǇǊŀǾƛŘŜƭƴȇ ǘŀƪ Ȋ őŀǎƻǾŞƘƻ ŀƪƻ ŀƧ ǇǊƛŜǎǘƻǊƻǾŞƘƻ ƘƯŀŘƛǎƪŀΦ ±ȊƘƯŀŘƻƳ ƴŀ ǘǵǘƻ 

ǎƪǳǘƻőƴƻǎǙ ŀƪƻ ŀƧ ǘƻΣ ȌŜ ǘƛŜǘƻ ǎǇƻƭƻőŜƴǎǘǾł ƳŀƧǵ ǾŜƯƳƛ ǑǇŜŎƛŦƛŎƪǵ Ǌƻőƴǵ ŀƪƻ ŀƧ ŘƭƘƻǊƻőƴǵ 

ŘȅƴŀƳƛƪǳ ǎǵ ƻǇŀƪƻǾŀƴŞ ǎƭŜŘƻǾŀƴƛŀ ǇƻǘǊŜōƴŞ ǇǊŜ ǇƻŎƘƻǇŜƴƛŜ ŘƭƘƻŘƻōŜƧ ŘȅƴŀƳƛƪȅ 

a ȊŀōŜȊǇŜőŜƴƛŜ ŜŦŜƪǘƝǾƴŜƘƻ ƳŀƴŀȌƳŜƴǘǳ ŀ ȊŀŎƘƻǾŀƴƛŀ ǘȇŎƘǘƻ ǾȊłŎƴȅŎƘ ǊŀǎǘƭƛƴƴȇŎƘ 

ǎǇƻƭƻőŜƴǎǘƛŜǾ ŀ druhov.  
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CCAARRBBOONN  DDIIOOXXIIDDEE  FFLLUUXXEESS  AANNDD  CCAARRBBOONN  BBAALLAANNCCEE  AAFFTTEERR  TTHHEE  22000044   SSTTAANNDD  RREEPPLLAACCIINNGG  

WWIINNDD  TTHHRROOWW  IINN  TTHHEE  TTAATTRRAA  NNAATTIIOONNAALL  PPAARRKK    

  

PPEETTEERR  FFLLEEIISSCCHHEERR  JJRR..11,,  PPEETTEERR  FFLLEEIISSCCHHEERR22,,  KKAATTAARRIINNAA  SSTTRREELLCCOOVVAA11  

1) Forestry Faculty TU Zvolen,  

2) Research station of TANAP, Tatranska Lomnica 

 

AABBSSTTRRAACCTT  

Since 2007 CO2 soil fluxes have been measured by chamber method in the larch-spruce 

ecosystem heavily disturbed by the 2004 windstorm. In 2012 measurement of photosynthesis 

started and allowed calculation of carbon balance.  The instant CO2 fluxes were measured 

during growing on 14 day cycle on fixed points and the values were extrapolated both spatially 

and temporally according to the microhabitat types, soil moisture and temperature, PAR and 

LAI. Carbon balance in 2012 was negative. The affected ecosystem emitted 1.8 t C ha-1 y-1.   

 

Key words: CO2 sequestration, carbon balance, forest disturbances, Tatra National Park, spruce 

forest 

IINNTTRROODDUUCCTTIIOONN  

Carbon dioxide (CO2) is an important greenhouse gas and its increasing concentration in the 

atmosphere is often interpreted as a main reason for global climate change. Accumulation of 

carbon (C ) in plant biomass is one of the most effective ways to reduce CO2 in the atmosphere. 

Forest ecosystems play an important role in global carbon sequestration. Without forest current 

global CO2 concentration would be roughly 510 ppm. Almost 46 % of terrestrial C is stored in 

forest biomass and forest soils. In recent years forest potential sequestration has been reduced 

due to increasing disturbances. According to the projected changes destructive storms, floods, 

drought and insect outbreaks probably would cause even more significant changes of carbon 

fluxes in both, ecosystem and global cycles (Hasenauer et al., 2012). 
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Forest of Tatra National Park was strongly affected by an extreme wind throw in November 

2004.  Wind reaching 230 km/h laid down more than 12 000 ha (2.3 mil m3) of natural and 

seminatural larch-spruce forest. This event has initiated international ecological research with 

special emphasis on energy, water and nutrient fluxes (Fleischer, 2008). In this paper we present 

data on C efflux (soil and ecosystem respiration) which has been monitored since 2007. We also 

present amount of C assimilated by vegetation in 2012 and calculate C balance as difference 

between these two major C fluxes.    

MMAATTEERRIIAALLSS  AANNDD  MMEETTHHOODDSS  

Research site 

Our study was conducted on research sites established for long-term monitoring of ecological 

processes after the 2004 windfall in the Tatra National Park To understand the impact of 

different disturbance levels and different management on larch-spruce ecosystems the research 

sites were established on almost identical site conditions (granit moraines, dystric cambisoils, 

slope 10-25%, altitude 1100/1200 m a.s.l., south oriented, acidophilus vegetation, etc.); EXT ς 

windtrow site, timber removed, FIR ς windhrow and fire site, timber remowed, NEX ς 

windthrow site, no management. The fourth site REF represented reference, undisturbed stands 

(Fleischer, 2008). 

 

Sampling design 

CO2 fluxes were measures on fixed points established along transects shaped in 6-arm starr. 

Meteorological tower formed the cross points of transects on each site. Distance between 

measuring points along transects was 10 m. Number of measuring points on each site ranged 

from 8 up to 22 according to the site specific variability. Average frequency of measuring each 

point was 14 days during growing season (May-September), and monthly during autumn ς early 

spring.  

 

Microsite conditions   

The 2004 windthrow, but also previous wind disturbances, formed very dynamic soil surface 

represented by pit and mound micro topography. Early stage succession vegetation differs 
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according to the soil physical properties (moisture, depth, particle size) and humus content. 

According to presence of dominant vegetation so far four key rmicrosites with distinct 

vegetation were identified: 1. Deeper, loamy and moist soil (cambisoil) in terrain depressions 

with Rubus ideaus and Salix caprea; 2. Shalow, sandy/rocky soil (ranker) on elevations with 

Calluna vulgaris and Vaccinium vitis ideae; 3. Sites with fast decomposing organic material and 

dominated by Chamerion angustifolium, 4. Sites dominated by Calamagrostis villosa mostly on 

Podsolic cambisoils. Site conditions and vegetation types were mapped in the field using fine 

scale IR aerial photographs and GIS tools. Species specific and seasonal changes of leaf area 

index (LAI) were estimated by destructive opto-ƎǊŀǾƛƳŜǘǊƛŎ ƳŜǘƘƻŘ ǳǎƛƴƎ LƳŀƎŜWϭ ǎƻŦǘǿŀǊŜ  

and by non-destructive optical method (Licor 2200, Licor, USA).  

 

Soil/ecosystem respiration 

Soil/ecosystem efflux of CO2 was detected by infra-red gas analyzers (Vaisala GMP 343, Vaisala 

Finland and EGM4, PP Systems USA) applying closed chamber methods. Vaisala sensors were 

installed inside custom built non- transparent PVC chamber (16 dm3) equipped with small fan 

for mixing sampling air. Before each measurement the CO2 probe was adjusted to instant air 

humidity, temperature and pressure. The CPY4 chamber (2.2 dm3) was used with the EGM4 

instrument. For respiration measurement non transparent cap was placed on the chamber. The 

chambers were firmly but carefully placed on fixed collars (diameter 30 cm, 10 cm tall and 2-3 

cm inserted into the soil) to avoid gas leaking. Measuring interval was 120 s for PP Systems 

(small chamber), 300 s for Vaisala and sampling frequency 5 s in both instruments. Vegetation 

from some collars was systematically clipped out, efflux data represented soil respiration (Rs). 

The other collars and EGM readings represented ecosystem (Re) respiration.   

 

Photosynthesis (GPP) 

Both of the instruments have been used also for estimation of photosynthesis. Measured CO2 

concentration indicated net ecosystem exchange (NEE), which resulted from instant difference 

between photosynthesis (or gross primary productivity, GPP) and total (or ecosystem) 

respiration: 
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                                                           NEE= GPP-Re                                                  (1) 

Applied Plexiglas transparent chambers had different size (from 16 up to 80 dm3) according to 

the type and height of measured vegetation. Photosyntetically active radiation (PAR) and air 

temperature were measured during CO2 sampling. On each point the NEE measurements 

repeated consequently under modified light conditions. Intensity of solar light entering the 

chamber was modified by shading the chamber with plastic nets with different transparency. 

 

Microclimate measurement 

During CO2 measurement instant microclimate data near the sampling point were recorded. Soil 

temperature was measured in 2 and 10 cm by soil thermometer (Ahlborn, Germany) and soil 

moisture in 0-6 cm by ML2x (Delta theta, UK). Air humidity was measured by Ahlborn 

(Germany), PAR by Skye Quantum (Ireland), wind speed by Met (Germany). On each research 

site fixed automatic meteorological stations (AMS) recorded microclimate data (profile soil 

temperature and moisture, profile air temperature and humidity, wind speed and direction, 

global and PAR radiation, soil heat flux, precipitation) in 60 min intervals.  The CPY4 chamber 

was equipped with the PAR, air temperature and humidity sensors.  

 

Calculation of fluxes 

Data recorded by the Vaisala instruments represented temporal (5 s ) CO2 concentration 

changes. Values of each measurement were plotted and linear trend was tested (MS Office 

Excell). Only data showing R2>0.96 were used for flux calculation confirming proper 

measurement (well sample mixing, no leaking, etc.). According to Drewit et al. (2002) we 

applied ideal gas law to calculate CO2 flux (umol.m-2.s-1): 

 

                                   FCO2= (P*V* ɲCO2 )/(R*T*A)                                            (2) 

P-air pressure (Pa) 

V ς chamber volume  

A ς chamber surface 

 ɲCO2 -  concentration increment (ppm/min) 
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T ς air temperature in chamber (o K) 

R ς gas constant 

 

Data recorded by the EGM4 were calculated by the instrument software and presented in g 

CO2.m-2.h-1 . The CO2 fluxes measured in the chambers represented the difference between 

assimilation (GPP) and respiration (Re) (1). Under dark conditions GPP=0, so NEE=Re (Tagesson, 

2006).    

Temporal extrapolation of CO2 fluxes from snap to seasonal scale was based on the regression 

models (Tuomi et al., 2008; Chen et al., 2010; DelGrosso et al., 2005; Byrne et al., 2005). Soil 

respiration was extrapolated for the entire year according to the soil temperature and humidity. 

Photosynthesis was extrapolated across the growing season according to the PAR and LAI using 

the Michaelis-Menten regression. Nonlinear regression parameters were estimated by Satistica 

7. For comparison of different models we used MSE, AIC and ME criteria as proposed by Bauer 

(2009).  

Annual C balance (NEE) was calculated as difference between annual Re and seasonal 

photosynthesis (GPP). Positive NEE (GPP>Re) means that ecosystem is C sink. Negative balance 

(GPP<Re) indicates ecosystem as C source.  

RREESSUULLTTSS  

During field work we interpreted IR ortophotomap from the windthrown area using GIS 

instruments. Fine scale (20 cm per pixel) allowed reasonable classification of dominant 

vegetation (Erdas Imagineϭ).  Fig. 1 shows part of the classified area where distinct colors 

represent different vegetation and land use types. Verification was done on sites 20x20 m (red 

squares).    
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Fig. 1 Vegetation and land use map and detail (20x20m), study site FIR 
Soil respiration  

Between 2010 and 2012 we did more than 1100 soil/ecosystem respiration measurements on 

the FIR and EXT sites. Less intensive was measurement on the NEX site due to repeated damage 

on sampling sites by game. So far we did not find any significant difference among sites with soil 

versus ecosystem respiration. Basic statistics of measured data are presented in Tab.1 

In 2012 we noted strong reduction in difference between the FIR and EXT sites. Statistical 

analysis (Two Sample t test) confirmed no difference between the sites on 0.05 sig level. In 

previous years soil respiration on the FIR site was much higher than on the EXT.  

As in previous years we have observed close relation between microsite conditions (represented 

by specific vegetation) and soil efflux. For each microsite/vegetation type (Rubus  ideus, 

Calamagrostis villosa, Chamerion angustifolium, Calluna vulgaris) we applied available models 

(Tab. 2). 

  

ƴ  Calluna vulgaris, V. vitis idea    
ƴ  Calamagrostis villosa     
ƴ  Calamagrostis villosa,+Deschampsia   
     flexuosa     
ƴ  Chamaerion angustifolium   
ƴ  Rubus ideaus, Salix caprea   
ƴ  shadows   
ƴ  not identified  
ƴ  rocks, roads 
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Tab.1 Basic characteristic of the soil respiration on EXT and FIR sites (CO2 in umol m-2 s-1) 
 

Year Site  No 
Of measurement 

Average 
Soil respiration  

Standard  
Deviation  

Coeficient 
Of variation (%) 

2012 EXT 263 5,50 2,94 53,53 

 FIR 124 6,23 3,09 49,63 

 sum 387 5,74 3,01 52,45 

2011 EXT 138 4,36 2,22 50,97 

 FIR 129 5,39 3,05 56,52 

 sum 267 4,86 2,70 55,53 

2010 EXT 198 5,08 2,40 47,37 

 FIR 231 6,86 3,55 51,70 

 sum 429 6,04 3,19 52,93 

 

Tab. 2 Overview of equitations  used to model soil respiration on EXT and FIR sites, Tς 
temperature, SM ς soil moisture, a-e ς parameters 

 

Model Equitation 

Linear  Y=a+bT 
Quadratic (T)  Y= aT2 
Kucera, Kirkham  Y=a(T+10)b 
Fang, Moncrief  Y=a(T-Tmin)

2 
Exponential  Y=aeb*T 

Arrhenius  Y= ὥÅ   
Quadratic (SM)  Y= a +b*sm + c*sm2 

Boltzman S courve  Y=  b +  

Empirical (T, SM) Y=ὥίάὩ  

Mielnick, Dugas 
 Y=(a*sm)ebTςȟρςὛὓ Ὓὓ Ὓὓ
Ὓὓ  

Combined Botzman . 
 Y= Â *Ὡ  

Del Grosso 

 ̧ ҐόŀϝόлΣрсҌόмΣпсϝόŀǊŎǘŀƴόˉϝлΣлолфύϝό¢-
мрΣтύύκ ˉύύϝόрϝόлΣнутҌόŀǊŎǘŀƴόˉϝлΣллфϝ{a-
мтΣтпύύύκ ˉύύ 

 

On the example of Rubus ideaus we present tested models, fitted parameters and calculated 

statistical criteria (MSE, AICc, ME). The results are presented in the Tab. 3 and Fig. 4. Red 
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numbers in Tab. 3 indicate statistical significance (<0.05). The order of parameters is the same 

as in the equitations in Tab. 2.   

 

Tab. 3 Models, parameters and criteria for estimation of soil respiration for  R. ideaus 
community 

 

Model MSE ME AICc parameters 

Linear 6.4 0.40 141.3 0.43;0.58 
Quadratic (T)    No significant 
Kucera, Kirkham 6.43 0.40 -8.67 0.04;1.55 
Fang, Moncrief    No significant 
Exponential 6.71 0.38 146.94 2.8;0.05 
Arrhenius 6.4 0.43 141.4 17.75;-13.24 
Quadratic (SM) 8.58 0.26 167.1 -14.26;1.02; -0.01 
Boltzman S 
courve 

8.64 
0.25 169.598 9.32;1.51;0.28;0.04 

Empirical (T, SM) 3.9 0.65 106.72 0.07;0.06 
Mielnick, Dugas    No significant 
Combined 
Botzman  3.63 0,67 107.48 4.64;.0.34;0.33;0.08;0.06 
Del Grosso 4.24 0.61 111.83 6.73 

        MSE ς mean squared error, AICc ς Akaike information criterion, ME ς Model effectivity 
 

To compare soil respiration in different microhabitat types we chose the best fit models. Annual 

course of CO2 efflux is presented in Fig. 4.  Annual respiration for distinct vegetation type was as 

follow: Rubus ideaus 13.2 t C ha-1, Calluna vulgaris 6.9, Chamerion angustifolium 10.1, and 

Calamagrostis villosa 8.9 t C ha-1.  
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Fig. 3 Annual courses of soil CO2 efflux in R. ideaus type calculated by the best fit models, soil 
temperature in 8 cm is also shown 

 

 

 

Fig. 4 Annual course of the soil CO2 efflux (umol m-2 s-1) for the most spread vegetation types 
 

Total annual respiration for the windthrow site was calculated as area weighted CO2 efflux for 

each micohabitat type. According to the proportion of vegetation types (Fleischer et al. 2013) 

the average CO2 efflux in 2012 was 8.7 t C ha-1. 

Photosynthesis  

Estimated instant GPP values were fitted with Michaelis-Menten type of regression: 

Ὃὖὖὥ                                                                                (3) 

CO2 (umol.m-2.s-1) 
 oC 

DOY 

DOY 

CO2 (umol.m-2.s-1) 
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Calculated parameters for selected species (Calamagrostis villosa, Calluna vulgaris) are 

presented in Tab. 6. The parameters for other key species were not significant.   

 

Tab. 6 Correlation, parameters and LAI for Michaelis-Menten regression (3), (sig of parameters 
<0.05) 

Vegetation R2 a1 a2 a3 LAI 

Calluna vulgaris 0,73 2,1 693,78 -0,46 0,9 

Callamagrostis vilosa 0,76 3,91 650,21 -0,54 1,1 

 

Continuously measured PAR values were used for extrapolation of instant GPP values across 

growing season. Diurnal GPP for C. villosa is shown in Fig. 5. GPP for Chamerion angustifolium 

and Rubus ideaus, which were difficult to measure directly due to their size, was calculated by 

biometric method (Marek et al., 2011). Total annual sum of GPP reached 6.9 t C ha-1.   

 

 

Fig. 5. Diurnal sum of GPP (g CO2  m
-2 d-1) for Calamagrostis villosa during growing season 

 

Carbon balance 

Measurement of the both fluxes in 2012 allowed us to calculate annual C balance on the 

windthrow site. Assording to the formula (1) carbon balance (NEE) as difference between GPP 

(6.9 t C ha y-1) and Re (8.7 t C ha y-1) was negative (-1.8 t C). It means that the windthrow site 

was C source.   

Discussion 

Based on sampling size (number of sampling points per site) and estimated variability of soil 

efflux we could calculate the accuracy of our sampling. According to the formula: 

DOY 

GPP (g CO2 .m
-2.d-1) 
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ὲ                                                                                     (4) 

s ς standard deviation, th ς critical value of Studeƴǘǎ ŘƛǎǘǊƛōǳǘƛƻƴ ƛŦ ʰҐлΦлрΣ ƴ ς number of 
sampling points 

 

¢ƘŜ ŀŎŎǳǊŀŎȅ ƻŦ / ŜŦŦƭǳȄ ŜǎǘƛƳŀǘƛƻƴ ǿŀǎ ҕ лΦтр ǳƳƻƭ Ƴ-2 s-1. In previous years the differences 

among the sites and individual years were much bigger. Recently, due to progressive 

homogenization of microclimate and vegetation, the differences are less pronounced.  Average 

soil temperature (in 8 cm) during growing season 2012 was 13.4 oC on EXT and 13.2 on FIR site. 

In 2011 the difference was 0.7 oC. Soil moisture in 2012 on both the sites was even identical (28 

%), a year before the difference was 7%. The source of CO2 efflux variability raised mostly from 

the heterogeneity of microhabitat structures. Variation was partly reduces by grouping sampling 

points into relatively homogenous types identified by dominant vegetation.  

We have applied vast range of soil respiration models for estimation of CO2 efflux. The best fit 

between modeled and measured values showed models based on both soil temperature and 

soil moisture, esp. model by DelGrosso and our own,named Empirical model.  The largest 

differences were found during non-growing season (modeled value 4 umol, real value 0.5 umol 

m-2 s-1).  

Photosynthetic production (GPP) derived from PAR and LAI yield comparable results than 

gravimetric method. The difference in C uptake between chamber and biomass methods ranged 

from 3 (for C. villosa) up to 13 % (for Ch. angustifolium) (Fleischer et al., 2013). GPP 

measurement was problematic under intensive PAR and thus elevated temperature in Plexiglass 

chambers. Measurement was often disturbed when vapour pressure deficit exceeded 2 kPa. At 

such a level stomata close and CO2 uptake stops (Marek et al., 2011). 

CCOONNCCLLUUSSIIOONN  

Carbon dioxide fluxes, respiration and photosynthesis, were measured by the chamber method 

on the site heavily disturbed in 2004 by an extreme windstorm. Large differences among sites 

representing different disturbance agents (wind, fire) gradually declined. Site CO2 efflux 

heterogeneity depended mostly on microhabitat variability. Repeated windfalls have formed pit 

and mound microtopography with contrast soil and hydric conditions reflected by specific 
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vegetation cover. Instant soil respiration values were extrapolated both spatially and temporally. 

Spatial extrapolation was based on the actual vegetation map derived from fine scale aerial 

ortophotomaps. Temporal extrapolation of CO2 fluxes was based on soil temperature, soil 

moisture, PAR and LAI. Difference between carbon efflux and uptake, net ecosystem exchange, 

showed that balance up to 2012 was negative (the windtrow in 2012 produced 1.8 t C per ha). It 

is expected that increasing vegetation cover, biomass and LAI under warm and moist conditions 

might increase carbon sequestration and change the balance to positive (carbon sink).  Further 

research needs to solve GPP measurement of oversized vegetation and overheating inside 

transparent chambers.  
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SSUUMMMMAARRYY  

± ǇƻǊŀǎǘƻŎƘ ǇƻǎǘƛƘƴǳǘȇŎƘ ǾŜǘǊƻǾƻǳ ƪŀƭŀƳƛǘƻǳ Ǿ ǊΦ нллп ǎƳŜ ƪƻƳƻǊƻǾƻǳ ƳŜǘƽŘƻǳ ƳŜǊŀƭƛ 

ƻƪŀƳȌƛǘŞ ǘƻƪȅ /h2 όǇƾŘƴǳΣ ǊŜǎǇΦ ŜƪƻǎȅǎǘŞƳƻǾǵ ǊŜǎǇƛǊłŎƛǳ ŀ ŀǎƛƳƛƭłŎƛǳύΦ !Ƨ Ǉƻ у ǊƻƪƻŎƘ ōƻƭƛ 

ǇƻǑƪƻŘŜƴŞ ŜƪƻǎȅǎǘŞƳȅ ȊŘǊƻƧƻƳ ǳƘƭƝƪŀΣ ƪŜř ǊƻőƴŜ ŜƳƛǘƻǾŀƭƛ мΦу ǘ / Ƙŀ-1Φ bŀǇǊƛŜƪ ǇƻƪǊŀőǳƧǵŎŜƧ 

ǊŜƎŜƴŜǊłŎƛƛ ǾŜƎŜǘŀőƴȇŎƘ ŀ ƘƻƳƻƎŜƴƛȊłŎƛƛ ƳƛƪǊƻƪƭƛƳŀǘƛŎƪȇŎƘ ǇƻŘƳƛŜƴƻƪΣ ǎǵ ǊƻȊŘƛŜƭȅ Ǿ ŜƳƛǎƛƛ CO2 

ƳŜŘȊƛ ƳƛƪǊƻǎǘŀƴƻǾƛǑǘƴȇƳƛ ǘȅǇƳƛ ƴŀ ǇƻǎǘƛƘƴǳǘƻƳ ǵȊŜƳƝ ǎǘŀƭŜ ǾȇǊŀȊƴŞΦ 
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CCLLIIMMAATTOOLLOOGGYY  AANNDD  GGEENNEETTIICCSS  ɀɀ  IISS  TTHHEERREE  AANNYY  IINNTTEERRFFAACCEE??  AANN  EEXXAAMMPPLLEE  OOFF  FFOORREESSTT  TTRREEEESS  

  

DDUU££AANN  GGvvMMvvRRYY  

 

Technical University in Zvolen, TG Masaryka 24, 96053 Zvolen, Slovakia 

AABBSSTTRRAACCTT  

In addition to the role of Gregor Mendel as a biologist and founder of genetics, he also devoted 

a part of this scientific life to weather observation and climatology. This study focuses on 

possible meeting points of these two roles. On the example of forest trees, it shows how climate 

information can be useful for population and evolutionary genetics and vice versa. Four studies 

are used to illustrate this relationship: Holocene migration of beech, genetic variation in Serbian 

spruce, assessment of adaptive variation in beech in a common-garden experiment, and 

epigenetic phenomena in Norway spruce.  

 

Key words: local adaptation, postglacial migration, genetic drift, forest trees 

IINNTTRROODDUUCCTTIIOONN  

²ƘŜƴ ǘƘŜ ŦƛǊǎǘ ŜŘƛǘƛƻƴ ƻŦ /ƘŀǊƭŜǎ 5ŀǊǿƛƴΩǎ Origin of Species (Darwin 1859) appeared in 

November 1859, it caused a true revolution in science as well as in society. It was not because 

5ŀǊǿƛƴ ΨƛƴǾŜƴǘŜŘΨ ŜǾƻƭǳǘƛƻƴ όŀǎ ƻŦǘŜƴ ǎǳƎƎŜǎǘed by laymen); actually, the idea of biological 

evolution has been present in naturalist thought long before, starting from Anaximandros, 

IŜǊŀƪƭŜƛǘƻǎ ŀƴŘ 9ƳǇŜŘƻƪƭŜǎ ƻǾŜǊ .ǳŦŦƻƴ ǘƻ [ŀƳŀǊŎƪ ό[ŀǊǎƻƴ нллсύΦ 5ŀǊǿƛƴΩǎ Ƴŀƛƴ ŎƻƴǘǊƛōǳǘƛƻƴ 

to biology was the population view of biological change: instead of looking on trait expression in 

a particular pair of parents and the set of their descendants, Darwin focused on variation in 

species and populations as large sets of individuals, integrating the available knowledge in 

geology, biogeography and descriptive biology (Dawkins 2009). Consequently, he was the first to 

suggest a mechanism underlying evolution, which was able to withstand not only ideological 

opposition, but also scientific proof, although many aspects and details of his ideas needed to 



Mendel and Bioclimatology 

110 
 

be corrected later. Maybe this was the reason why darwinism provoked vivid controversies 

lasting until today. 

DǊŜƎƻǊ aŜƴŘŜƭ ƻǿƴŜŘ ŀƴ ƻǳǘǇǊƛƴǘ ƻŦ 5ŀǊǿƛƴΩǎ ōƻƻƪ ŀƴŘ ƘŀƴŘ-written remarks on margins 

document that he studied it with attention and interest (Fairbanks and Rytting 2001). The 

ƻǇƛƴƛƻƴǎ ŀōƻǳǘ aŜƴŘŜƭΩǎ ŀǘǘƛǘǳŘŜ ǘƻǿŀǊŘǎ ǘƘŜ ŜǾƻƭǳǘƛƻƴŀǊȅ ǘƘŜƻǊȅ ŘƛǾŜǊƎŜΣ ǊŜŀŎƘƛƴƎ ŦǊƻƳ 

displaying Mendel as a categorical opponent of darwinism up to portraying him as a good 

Darwinian (Sapp 1990 and the citations therein). Therefore, today we can only speculate about 

his motivation for the experiments with plant hybridization, which laid the foundations of 

genetics (Mendel 1866). He might have intended to provide evidence for (Fisher 1936) as well 

as against evolution (Bishop 1996). Whatever is true, the fact that hereditary information is 

transmitted from parents to offspring in discrete units without alteration by the environment 

has long been used as an argument against evolution. Only the development of quantitative and 

ǇƻǇǳƭŀǘƛƻƴ ƎŜƴŜǘƛŎǎ ƛƴ ǘƘŜ мфнлǎ ŀƴŘ ǘƘŜ ΨƴŜǿ ŜǾƻƭǳǘƛƻƴŀǊȅ ǎȅƴǘƘŜǎƛǎΩ ƛƴ ǘƘŜ мфолǎς1940s 

showed that not only there is no contradiction between genetics and Darwinism, but Mendelian 

inheritance is a basic prerequisite for evolution by natural selection (Fisher 1930, Wright 1931).  

Mendel is thus known to everybody who passed secondary school anywhere in the world as the 

founding father of genetics. This conference is, however, devoted to Mendel as a meteorologist 

and climatologist (a less known role, but clearly documenting his prominence in natural 

sciences). So, is there any link between the study of climate and the study of heredity? 

¢ƘŜǊŜ ƛǎΦ wŜǘǳǊƴƛƴƎ ǘƻ ǘƘŜ ŦƛǊǎǘ ǇŀǊŀƎǊŀǇƘΥ ǘƘŜ ƪŜȅǿƻǊŘ ƛǎ ΨŜǾƻƭǳǘƛƻƴΩΦ aŜƴŘŜƭ ƘƛƳǎŜƭŦ ŘƛŘ ƴƻǘ 

integrate the mentioned two parts of his scientific career, but his successors did. The fact that 

climate is the main driver of natural selection and largely determines not only biogeographical 

patterns, but also distribution of genetic lineages and composition of gene pools within a 

species (especially in plants), has been generally recognized since the foundation of population 

genetics. On one hand, various components of climate act as factors of selection and provoke 

local adaptation; this process has broad practical implications in the light of the ongoing climate 

change. On the other hand, as climate sets limits for persistence of a species at a particular 

location, it determines population sizes, migration barriers and corridors, stepping stones for 

gene flow and other factors driving neutral processes in populations and thus shaping their 



Mendel and Bioclimatology 

111 
 

gene pools. Some components of climate even directly affect the hereditary material: 

polyploidy is correlated with temperature regime reflected in latitudinal or altitudinal gradients 

(Ramsey and Ramsey 2014), ultraviolet radiation causes non-homologous recombination in 

plants (Ries et al. 2000) etc. 

Forest trees represent an exemplary case of organisms where the interactions between genes 

and climate are of direct practical relevance. In contrast to agricultural plants, forest trees are 

practically undomesticated. Moreover, natural stability is expected from forest ecosystems, 

including commercial forests managed by man. Trees are long-lived organisms, which have to 

cope with environmental fluctuations, pathogen and pest occurrence and other stresses during 

their long life span. A sufficient genetic variation of tree populations, sufficient adaptedness to 

present environments and adaptability of their gene pools to future changes are basic 

prerequisites of resistance and resilience of forest ecosystems. Therefore, knowledge of genetic 

variation patterns and their historical as well as current relationships to climate are of essential 

importance for forestry. 

This contribution shortly summarizes four studies documenting the relationship between gene 

pool composition and climate. First two studies show how climate change in the past shaped 

ranges and genetic variation levels of tree species and how genetic tools can be applied to 

reconstruct these changes. Latter two studies document how climatic adaptation is reflected in 

fitness-related phenotypic traits and what may be the hereditary basis of this adaptation. 

MMAATTEERRIIAALLSS  AANNDD  MMEETTHHOODDSS  

The first study focuses on the colonization of the range of European beech (Fagus sylvatica L.) 

during the Holocene (Magri et al. 2006). It is based on the analysis of 608 populations 

represented by >50 trees each and genotyped at 7 allozyme loci. Spatial analysis of variance 

(SAMOVA) based on a simulated annealing procedure was applied to the genotype set to define 

groups of populations that are geographically homogeneous and maximally differentiated from 

each other. The outcomes were combined with the reconstruction of postglacial range 

expansion based on fossil pollen and macrofossils. 

The second study focuses on genetic consequences of range fragmentation caused by the 

Holocene warming in a Balkan endemic, Serbian spruce (Picea omorika Purk.). Levels of genetic 
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variation were assayed in 13 populations genotyped at 16 allozyme loci (Ballian et al. 2006) and 

a mitochondrial marker (nad1-2). 

In a study of adaptation we examined reactions of 87 beech populations on geographical and 

climatic transfer in a common-garden experiment. Populations of different origin (provenances) 

were planted in 24 trial plots over Europe in 1998. A coordinated assessment of growth and 

survival was accomplished in 2007. Height growth and survival rates of individual provenances 

were fitted against transfer rate (difference of geographical coordinates or climatic variables 

between the site of plantation and the site of origin) to estimate optimum site and optimum 

transfer rate, where fitness attains maximum. 

Finally, the effects of climate of the site of juvenile growth on later behaviour of conifer 

provenances were assessed in a nursery trial. Twelve provenances of Norway spruce (Picea 

abies Karst.) were sown in two climatically contrasting nurseries located at altitudes of 350 and 

1100 m a.s.l., respectively. After the first year, half of the material was reciprocally transferred 

between nurseries, and budburst phenology was assessed at the beginning of third year. 

RREESSUULLTTSS    

The study of genetic differentiation of beech in Europe revealed 9 lineages (SAMOVA groups), 

which are, however, not equally differentiated. A comparison of the distribution of lineages with 

paleobotanical evidence (dating of fossil pollen >2% of the pollen spectrum or macrofossils on 

14C-calibrated sites) revealed that they correspond to glacial refugia or refugial areas, which 

contributed to the recolonization of the continent enabled by climate improvement during the 

Holocene. The major part of the range was colonized from a single source population located at 

the eastern foothills of the Alps and in Istria (fig. 1; red lineage).  
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Fig. 1 Schematic drawing of the distribution of genetic lineages of common beech and their 
expansion during the Holocene  

 

This refugial population spread into all directions and succeeded to colonize northern Europe, 

most of the Alps, the Carpathians, the Atlantic coast, and even succeeded to invade the 

Pyrenees and overlay the local refugia. Another major refugial population survived the last 

glacial in southern Apennines, Calabria and Sicily (blue lineage). This population started to 

expand very early, but colonized only the Apennine peninsula. Several refugia were located in 

the Maritime Alps, Massif Central and eastern Pyrenees. Although differentiated, all they belong 

to the same clade and colonized the western Mediterranean area (green/yellow group). Finally, 

southern Balkans harbours three lineages also belonging to the same clade and representing 
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probably several refugial populations (brown group). Two lineages represented in the 

Cantabrian range and the Southern Carpathians (Apuseni Mts.) are indicative of local secondary 

refugia. 

The case study of Picea omorica was used to demonstrate the effect of range fragmentation. In 

spite of being a stenoendemite, Serbian spruce is highly polymorphic at the mitochondrial nad1 

gene, 7 haplotypes were found. Most populations were monotypic in the 295 bp allele. 

However, the largest population on Veliki Stolac lacks this haplotype completely. Similar 

contrasts were observed for frequencies of allozyme alleles; e.g. the allele Mdh-B/100 

ǊŜǇǊŜǎŜƴǘŜŘ ƛƴ ǘƘŜ ǇƻǇǳƭŀǘƛƻƴ DƻǑǘƛƭƧŀ ōȅ ут҈ ƛǎ ŎƻƳǇƭŜǘŜƭȅ ƭŀŎƪƛƴƎ мн ƪƳ ŀǇŀǊǘ ƛƴ ¢ƻǾŀǊƴƛŎŀ 

(Ballian et al. 2006). The coefficient of differentiation FST of 0.261 only illustrates a high overall 

differentiation level (commonly FSTҒлΦлр ƛƴ ǿƛŘŜǎǇǊŜŀŘ ŎƻƴƛŦŜǊǎύΦ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ǿƛǘƘƛƴ-

population variation is low, as shows the comparison to a Norway spruce population from the 

tƻƯŀƴŀ aǘǎΦ ό¢ŀōƭŜ мύΦ 9ǾŜƴ ǿƘŜƴ ŀƭƭ P. omorica populations are pooled together, allelic richness 

(A[20] and A[400]; number of alleles recalculated for common sample size of 20 and 400 gene 

copies, respectively, by rarefaction) is only a half compared to P. abies. The same applies to 

proportion of polymorphic loci (PP) and gene diversity measured by expected heterozygosity 

(HE). 

 

Table 1 Genetic variation in Picea omorica compared to P. abies 

Species N A[20] PP HE 

P. omorica     
   average 33.7 19.11 20.9 0.067 
   pooled 400 22.24* 43.8 0.088 
P. abies 200 42.00* 81.3 0.140 

*Rarefaction to g=400 gene copies  

 

Neutral processes such as genetic drift or gene flow affect also adaptive variation. Although the 

recent progress in functional genomics allowed identification of genes underlying phenotypic 

traits and polymorphisms within these genes causing allelic variation, mapping of adaptive 

genetic variation is still at the very beginning and for practical purposes, we have to rely on the 

assessment of the genetic component of fitness-related trait variation in common gardens such 
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as provenance experiments. In the case of the international beech experiment we assessed how 

provenances respond to transfer by height growth and survival. An illustration of the 

geographical distribution of optimum transfer rates of beech provenances as measured by their 

height-growth and survival responses is shown in Fig. 2.  

 

 

Fig. 2 Height growth responses of beech provenances to altitudinal transfer: a) optimum 
transfer rates (blue and red dots: provenances preferring transfer to higher and lower 

elevations, respectively), b) regression of optimum transfer rates on altitude of origin, c) 
regression of optimum altitude on altitude of origin  

 

The pattern is spatially continuous, i.e. spatially proximate populations mostly behave in a 

similar way: those from mountainous region (Alps and Carpathians) show different preferences 

compared to lowland populations distributed along the Atlantic coast. Naturally, there are 

outliers of these general trends, mainly provenances represented in few trial plots (i.e., for 

which the estimation of regression parameters is less reliable), extremely marginal or non-

indigenous. The correlations between transfer rates and the underlying ecological variables are 

mostly highly significant and negative, meaning that transfer towards the centre (in terms of 

geography) or towards moderate conditions (in terms of climate) is generally preferred by beech 

(Table 2). On the other hand, correlations for the optimum site are generally non-significant.  
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Table 2 Correlations between optimum transfer rates/optimal climates and underlying 
environmental variables for provenances 

 

Climatic/ 
geographic 
variable 

Height Survival 

Optimum 
transfer rate 

Optimum 
position 

Optimum 
transfer rate 

Optimum 
position 

Longitude  ς0.368 ns   0.316 ns ς0.329*   0.165 ns 
Latitude ς0.925***   0.326 ns ς0.374*   0.246 ns 
Altitude  ς0.668***   0.057 ns ς0.850***   0.082 ns 
MAT ς0.590*   0.573* ς0.675*** ς0.116 ns 
Precipitations ς0.762***   0.289 ns ς0.544***   0.166 ns 
EQ ς0.684*** ς0.100 ns ς0.108 ns   0.031 ns 

 

Although expression of a gene in a phenotypic trait may depend from the environmental 

context, the hereditary material as such should not be affected by the environment. To verify 

whether it is so we organized a transplant experiment where samples from a population with 

identical gene pools were initially exposed to different climates (warm/cold) and later their 

budburst dates were compared. Expectedly, Norway spruce provenances scored in the cold 

nursery flushed later than those in the warm nursery. However, budburst date was also strongly 

influenced by the climate of the nursery, in which the material spent the first year of life. 

Independent of scoring site, all  provenances germinating in a warm nursery flushed on average 

2 to 7 days later than those growing the first vegetation season in warm climate (Fig. 3)). 
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Fig. 3 Regressions between budburst date and altitude of origin for seedlings grown the first 
year in a warm (red) and cold (blue) nursery, scored after transplantation in the warm (left) and 

the cold (right) nursery 
 

DDIISSCCUUSSSSIIOONN  

The history of populations reflecting population sizes, migration paths and gene flow directions 

and levels largely determines their present gene pool. Holocene climate changes allowed 

expansion of tree populations from refugia, where temperate tree species were confined during 

the glacials, but not all refugial populations were able to profit from this opportunity. The study 

of European beech points to three facts. First, in contrast to previous paradigm of paleobotany, 

it demonstrated that effective refugia of temperate species in Europe could have been located 

farther to the north than on the three main southern peninsulas. Second, it showed that large 

mountain chains such as the Alps or the Carpathians need not act as migration barriers, as 

generally postulated (e.g., Taberlet et al. 1998); in the case of beech, it was rather main 

European rivers and their surrounding lowlands (the Po valley, the Hungarian and Wallachian 

plains along the Danube) which prevented expansion of the Apennine and Balkan lineages. 

Finally, it showed that refugial populations in the Cantabrians and Southern Carpathians were 

unable to expand, although climate improved also here, and were overlaid by newcomers from 

the main Slovenian refugium. The probable cause was a small population size, leading to gene 

pools depleted of adaptive alleles and high inbreeding levels, both factors decreasing fitness. 
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Genetic continuity in widespread tree species such as beech is in a sharp contrast with the 

endemics with fragmented range. Chaotic patterns of genetic differentiation and low diversity 

are signs of genetic drift in almost completely isolated small demes. On the other hand, the 

presence of several genetic lineages in an endemic indicates a larger range in the past. 

Moreover, Serbian spruce is a species untypical for its present range ς the growth habit (tall 

trees with short branches and slender crowns) indicates that the species developed in areas 

with a high snow cover. At present it grows in gorges and north-oriented slopes that receive 

almost no direct sunlight; the microclimate of these sites is characterized by very high air 

humidity, high precipitation regularly distributed over the year, high snow cover, and low winter 

ǘŜƳǇŜǊŀǘǳǊŜǎ ό±ƛŘŀƪƻǾƛŏ мффмύΦ wŜŦǳƎƛŀƭ ŀǊŜŀǎ ƛƴ ǘƘŜ Bosnian and Serbian mountains influenced 

by the Mediterranean climate with hot and dry summers may thus have become a trap. With 

the onset of the Holocene warming, the spread of Serbian spruce into climatically more friendly 

areas could have been hampered by a lack of migration corridors or stepping stones in the close 

vicinity of the refugia.  

Two criteria have been proposed as diagnostic of local adaptation in common garden 

ŜȄǇŜǊƛƳŜƴǘǎΥ ƭƻŎŀƭ ŘŜƳŜ ǎƘƻǳƭŘ ōŜ ǎǳǇŜǊƛƻǊ ǘƻ ŦƻǊŜƛƎƴ ŘŜƳŜǎ όάƭƻŎŀƭ ǾǎΦ ŦƻǊŜƛƎƴέύ, and a deme 

ǎƘƻǳƭŘ ǎƘƻǿ ƘƛƎƘŜǊ ŦƛǘƴŜǎǎ ƛƴ ƛǘǎ ƻǿƴ Ƙŀōƛǘŀǘ ŎƻƳǇŀǊŜŘ ǘƻ ƻǘƘŜǊ Ƙŀōƛǘŀǘǎ όάƘƻƳŜ ǾǎΦ ŀǿŀȅέύ 

(Kawecki and Ebert 2004). Provenance experiments allow assessing the response of tree 

populations to environmental changes simulated by the transfer to different ecological 

conditions. Response measured by any fitness-related trait is commonly non-linear; transfer 

exceeding the optimum rate commonly results in lower growth or survival. Under local 

adaptation, the optimum climate is identical (or positively correlated) with the climate of origin, 

meaning that optimum transfer rates are expected to be close to zero for each provenance. In 

contrast, if the optimum climate is the same for all provenances, optimum transfer rates are 

expected to be negatively correlated with the climate of origin. The presented variation patterns 

of fitness components (juvenile survival) or fitness-related traits (height growth) in a large-scale 

provenance experiment with common beech do not give clear indications for the local 

aŘŀǇǘŀǘƛƻƴΣ ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜ άƘƻƳŜ ǾǎΦ ŀǿŀȅέ ŎǊƛǘŜǊƛƻƴ sensu Kawecki and Ebert (2004). The lack 

of local adaptation may be caused by considerable phenotypic plasticity of beech, allowing it to 
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avoid selection pressures exerted by climate. Alternatively, the time (number of generations) 

elapsed since the colonization of most of the present range during the Holocene may have been 

insufficient to develop adaptive differentiation under extensive gene flow. 

There are, however, traits always giving indication for local adaptation in practically all 

provenance experiments, namely those associated with vegetative phenology. Timing of 

budburst, budset, leaf discoloration etc. generally shows smooth change along geographic and 

climatic gradients, which has typically been attributed to adaptation by natural selection 

(Wright 1976). However, both the empirical experience with transferring seed orchards 

southwards and experimental studies conducted during the last 20 years have demonstrated 

that climatic conditions during sexual reproduction affect vegetative phenology and frost 

hardiness (and consequently growth) in conifers (Johnsen et al. 2005): progenies possess a 

memory of temperature and photoperiod during the embryonal development and seed 

maturation, whereas the climate during prezygotic stages, i.e. micro- and macrosporogenesis 

and fertilization itself, does not affect phenological behaviour of the progenies. It has been 

shown that such memory effects very probably rely on changes of gene expression Yakovlev et 

al. 2010), although the underlying molecular mechanisms have not been clarified yet. The 

presented outcomes of the nursery experiment show that the modifying effect of environment 

need not be restricted to embryonal development, and carryover effects can be provoked by 

the climate during juvenile growth as well: ƘŜǊŜŘƛǘȅ ƎƻƛƴƎ ōŜȅƻƴŘ aŜƴŘŜƭΩǎ ǊǳƭŜǎΦ 

CCOONNCCLLUUSSIIOONN  

Mendel himself surely did not anticipate how big branch of science and business will once grow 

out of his discoveries. His crossing experiments focused on phenotypic traits (logically), but 

were indispensable for later explanation of cytological and molecular mechanisms of heredity. 

As mentioned in the Introduction, Mendelian genetics is regarded as indispensable for 

explaining, how plant population adapt to changes of climate, even without knowing exact 

details about the molecular basis of this process. This is, however, not all: molecular tools, 

currently widely used in ecology, biogeography and other fields to follow the interactions 

between biota and climate sensu latissimoΣ ŀƭƭ ƘŀǾŜ ǘƘŜƛǊ Ǌƻƻǘǎ ƛƴ aŜƴŘŜƭΩǎ ŜȄǇŜǊƛƳŜƴǘǎΦ 9ǾŜƴ ƛŦ 
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he had never made a single air-ǘŜƳǇŜǊŀǘǳǊŜ ƳŜŀǎǳǊŜƳŜƴǘΣ aŜƴŘŜƭΩǎ ŎƻƴǘǊƛōǳǘƛƻƴ ǘƻ 

understanding the climate and its effects on living world would be undisputable. 
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SSUUMMMMAARRYY  
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ƪƭƛƳŀǘƻƭƻƎƛƛ ǾŜǑƭŀ Řƻ ƻōŜŎƴŞƘƻ ǇƻǾŠŘƻƳƝ Ǿ ǇƻŘǎǘŀǘƴŠ ƳŜƴǑƝ ƳƝǌŜΦ ¢Ŝƴǘƻ ǇǌƝǎǇŠǾŜƪ ƧŜ ǾŠƴƻǾłƴ 
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ƧŜƘƻ ŘƻǇŀŘǻ ƴŀ ȌƛǾł ǎǇƻƭŜőŜƴǎǘǾƝΦ tǊƻ ƛƭǳǎǘǊŀŎƛ Ƨǎƻǳ ǇƻǳȌƛǘȅ ǎǘǳŘƛŜ ǇƻǎǘƎƭŀŎƛłƭƴƝ ǊŜƪƻƭƻƴƛȊŀŎŜ 

ŀǊŜłƭǳ ōǳƪǳ ƭŜǎƴƝƘƻ Ǿ 9ǾǊƻǇŠΣ ƎŜƴŜǘƛŎƪȇŎƘ ŘƻǇŀŘǻ ƪƭƛƳŀǘƛŎƪȅ ǇƻŘƳƝƴŠƴŞ ŦǊŀƎƳŜƴǘŀŎŜ ŀǊŜłƭǳ ǳ 

ǎƳǊƪǳ tŀƴőƛŏƻǾŀΣ ƘƻŘƴƻŎŜƴƝ ŀŘŀǇǘƛǾƴƝ ǾŀǊƛŀōƛƭƛǘȅ ōǳƪǳ ƭŜǎƴƝƘƻ Ǿ ǇǌŜǎŀȊƻǾŀŎƝƳ Ǉƻƪǳǎǳ ŀ 
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TTHHEE  CCOOMMPPAARRIISSOONN  OOFF  CCAALLCCUULLAATTEEDD  AANNDD  EEXXPPEERRIIMMEENNTTAALLLLYY  DDEETTEERRMMIINNEEDD  AAVVAAIILLAABBLLEE  WWAATTEERR  

SSUUPPPPLLYY  IINN  TTHHEE  RROOOOTT  ZZOONNEE  OOFF  SSEELLEECCTTEEDD  CCRROOPPSS  
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AABBSSTTRRAACCTT  

Determination of the water supply available in soils for crops is important for a calculation of 

the water balance, and the prediction of water shortages. Available water content, at several 

Czech Republic localities at the start of growth, were calculated with simple pedotransfer 

functions from the texture of soil layers, and compared to water contents to a depth of 130 cm, 

determined experimentally. Available water content in the root zone of selected crops was 

calculated from data on root density distribution and from the estimation of water depletion 

distribution.     

 

Keywords: water shortage, root system, depletion, texture 

 

IINNTTRROODDUUCCTTIIOONN  

Drought poses a serious problem for farmers in a large part of the world. Under the climatic 

conditions of the Czech Republic, fluctuations of precipitation often cause water shortages at 

critical stages of growth; especially, during yield formation, when the winter supply of water is 

exhausted and precipitation is not sufficient to cover the high evapotranspirative demands of a 

crop. 

Farmers have demanded innovations and tools from agricultural researchers to apply measures 

for reducing the negative impacts of drought. Improvements of water use effectiveness is an 

urgent task for applied crop research. It is evident that the approach for an effective solution 

must be complex and needs to include several measures: new stress tolerant and plastic 
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cultivars, innovative technologies of seeding, fertilizing or soil tillage, use of growth regulators 

and anti-stress compounds, as well as measures for sustaining and enhancing soil water 

capacity. Root system traits and effective utilization of the water supply from the root zone is 

recognized as some of key factors in the effort. 

Calculation of the available soil water supply for a crop is a need for predictions of the onset of 

water shortage, and decisions for the support of relevant agronomic measures on both the 

short- and long-term scales. Considering the water supply of a given field, the site, year, and 

cultivar-specific crop management demands reliable data on the availability of water from a soil 

profile. The distribution of roots in a soil profile is the basis for calculations of water and 

nutrient uptake from the different soil zones. Any description of root development, related to 

water and nutrient uptakes, includes many physiological, developmental, and morphological 

traits of greater and lesser importance. When calculating the uptake, the demand for water and 

nutrients is distributed according to root distribution and the availability of the source (e.g., 

Kuhlmann et al. 1989). Primarily, it is the root length distribution (root density) used; however, 

Himmelbauer et al. (2008) did not find significant differences between the water extraction 

functions (sink term) based on the root dry mass, length, or surface area density distribution of 

three crops. The maximum root penetration and rooting depth is important for determinations 

of the potential utilization of water reserves in the deep subsoil layers (e.g., Kirkegaard et al. 

2007). The root density of annual crops decreases with depth; in most cases exponentially or 

near linearly (Haberle & Svoboda 2014, Zuo et al. 2013). Annual crops reach their maximum 

root length and depth at about the time of flowering; during seed growth the root depth does 

not significantly increase. In cases of an exhaustion of available water and nutrients from the 

top soil zones, the deep subsoil layers may represent a significant reserve for overcoming 

periods of temporary shortage (Kong et al. 2013). 

Under farm conditions, simplified approaches for estimations of the available water supply for a 

given crop must be used. As the first step, the amount of water in the soil at the start of growth 

must be determined or estimated. It is often assumed in model calculations that soils reach 

their maximum available water content after winter, at the start of the regeneration of winter 

crops or at the start of the growth of spring crops. Further, the water available for root uptake 
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needs to be specified. The maximum possible physiological depletion of water from the root 

zone can only be observed when water in the top soil is exhausted and the demand has been 

shifted to deeper and less densely rooted soil layers. 

The aim of the study was to compare the calculated and observed available water contents in 

the soil, and to estimate the maximum possible depletion of the supply in relationship to the 

root distributions of several crops.    

MMAATTEERRIIAALLSS  AANNDD  MMEETTHHOODDSS  

At the start of spring growth of six crops, the soil gravimetric water content to a depth of 130 

cm was determined in nine sites with different soil-climate conditions: Praha-wǳȊȅƴŠΣ /ƘǊłǑǙŀƴȅ 

όƴŜŀǊ wŀƪƻǾƴƝƪύΣ 2łǎƭŀǾΣ [ǳƪŀǾŜŎ ŀǘ tŀŎƻǾΣ ±ŀƭŜőƻǾΣ LǾŀƴƻǾƛŎŜ ƴŀ IŀƴŞΣ 5ƭƻǳƘł ¢ǌŜōƻǾłΣ {ǳŘǎƭŀǾŀΣ 

ŀƴŘ IƻǊƴƝ 5ƻōǊƻǳő όǘƘŜ ƭŀǎǘ ǘƘǊŜŜ ŀǊŜ ƛƴ ǘƘŜ ¨ǎǘƝ ƴŀŘ hǊƭƛŎƝ ǊŜƎƛƻƴύΦ ²ƛƴǘŜǊ ǿƘŜŀǘΣ ƻƛƭǎŜŜŘ ǊŀǇŜΣ 

spring barley, potatoes, sunflower, and maize were observed both in field experiments and farm 

fields. Water content in the soil layers (0-10 cm, 10-30 cm, 30-50 cm, 50-70 cm, 70-90 cm, 90-

110 cm, and 110-130 cm) was calculated from the soil moisture and soil volume weight. The soil 

texture was determined in the laboratory of Research Institute for Soil and Water Conservation 

ό±¨ahtΣ LƴƎΦ IΦ aŀŎǳǊƻǾłύΦ¢ƘŜ ŀǾŀƛƭŀōƭŜ ǿŀǘŜǊ ŎŀǇŀŎƛǘȅ ό!²/ύ ƻŦ ǘƘŜ ǎƻƛƭ ƭŀȅŜǊǎ ǿŀǎ ŎŀƭŎǳƭŀǘŜŘ 

from the field capacity and wilting point (AWC=FC-WP), estimated with simple pedotransfer 

ŦǳƴŎǘƛƻƴǎ ό±łǑŀ мфруΣ ±łǑŀ мфслΣ {ŀȄǘƻƴ Ŝǘ ŀƭΦ мфусΣ bƻǾƻǘƴȇ Ŝǘ al. 1990). Average values of FC 

and of WP calculated according to the authors were used for the following analysis. The values 

of AWC were reduced according to the content of soil particles greater than 2 mm in the 

respective soil layers.  

The calculated AWC (to a depth of 100 cm or 130 cm), which represents the theoretical 

maximum water reserve for a crop, was compared with the experimentally determined 

available water content at the start of crop growth. For the latter, wilting points, calculated from 

soil texture were used (as also for the calculation of AWC), as no reliable data on the hydrolimit 

were available. Further, precipitation and potential evapotranspiration sums calculated 

(according to Allen et al. (1998) from the 1st of October to the term of sampling are presented 

for the experimental sites.  
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Finally, the theoretical available water contents of the soil layers, determined from soil texture 

(AWC) and with observations in the fields, was corrected according to observed distributions of 

root density of the crop (Haberle, Svoboda 2012, 2014, Svoboda, Haberle 2006, and others). 

The roots were sampled after flowering, during seed filling, and tuber growth; at the stage of  

the maximum rooting depth. The cases with the lowest and highest root depth observed during 

several years in two or more sites (not only the experimental ones described here) were used to 

obtain more generally applicable outputs (Fig. 1). For a calculation of available water for the 

roots, a simplified empirical approach was used, based on previous studies (Haberle, Svoboda, 

2012) and field observations of apparent depletion of soil water from the root zones of crops. 

The maximum utilization of water from the root zone is realized under conditions of well-

developed root systems and crop canopy; with great evaporative demand, exhaustion of the 

available water from the top soil, and gradual depletion of water from the subsoil layers. We 

assume that 90% of potentially available water (AWC) from the arable layer is available for all 

crops, as the level of the wilting point is hardly attainable in field conditions, even under severe 

drought. In the subsoil layers, the potential maximum depletion decreases in direct relationship 

to the root density (RD). The maximum depletion (90%) of the amount of potentially available 

water (AWC) is used for RD greater than 0.9 cm.cm-3. For the root density under 0.9 cm.cm-3, 

the potential water depletion is proportionally related to root density (e.g., a RD of 0.15 cm.cm-3 

enables a utilization of up to 15% of AWC). 

From the data, root available water contents in a soil profile for the cases of maximum (AWC), 

as well as for the range (minimum and maximum), of the observed spring water contents for 

the lowest and the highest root densities were calculated and compared. The results represent 

ranges of water supply attainable for six crops at nine sites. 
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Fig.1: The lowest (MIN) and the highest (MAX) root densities observed in selected crops. 
 

RREESSUULLTTSS  AANNDD  DDIISSCCUUSSSSIIOONN  

The lowest and the highest observed root depth and density in the field are shown in Fig. 1. The 

differences are more pronounced in maize and winter wheat than in the other crops; however, 

the data can not cover the diversity of soil conditions in agricultural regions of the country. Also, 

the numbers of our experimental data are not balanced; we have gained in past years more 
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results for cereals (especially winter wheat) than for sunflower or maize. Using the crop model 

CERES-Wheat, we showed that relatively small differences in root distribution had some impacts 

on simulated yield and water use but the effect seems small in comparison with other sources 

of uncertainty (Haberle, Svoboda 2014). Generally, the root depth of the crops corresponded to 

the published data and expected ranking of the crops: from shallow rooted potatoes, with less 

depth in spring cereals compared with winter one and maize, and a deep root system in the 

sunflower.  

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2: The texture of soil layers at experimental sites drawn upon a background of a soil texture 

triangle. 
 

The range of textures of the soil layers in the sites is shown on the basis of a soil triangle 

classification (Fig. 2). The textures ranged from sandy to clay soils; often but not always, the 

proportion of sand and gravel increased with depth. The calculated AWC in the 1 m soil layer 

ǊŀƴƎŜŘ ŦǊƻƳ мпп ƳƳ όмту ƳƳ ƛƴ ǘƘŜ мол ŎƳ ƭŀȅŜǊύ ƛƴ /ƘǊłǑǙŀƴȅ ǘƻ муу ƳƳ όнпм ƳƳύ ƛƴ 

Ivanovice (Fig. 3). When individual PTF were used, the range of AWC was wider - from 126 to 

227 mm (150 - 270 mm) (not shown), which shows onother source of uncertainty of the 

analysis. Comparison with data in the literature is difficult, as the approaches and calculations 
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differ greatly. Often, the classes of soil with ranges of AWC from less than 79 mm to greater 

than 200 mm, in one meter of soil, are used for Czech soils (e.g., 

http://sucho.vumop.cz/mapserv/sucho/uvodni.php) or in the AVISO agroclimatic model 

όwƛŎƘǘŜǊƻǾłΣ YƻƘǳǘΣ нлмоύΦ Lƴ ǘƘŜ ŎŀǎŜǎ ƎǊŀǾŜƭ ŀƴŘ ǎǘƻƴŜ ŎƻƴǘŜƴǘ ǿŀǎ ǇǊƻōŀōƭȅ ƴot considered. 

AWCs used in the current CGMS for the region of the Czech Republic are mostly in the range of 

75-175 mm (http://eusoils.jrc.ec.europa.eu/projects/sinfo/5_3_en.htm). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Comparison of the calculated available water capacity (AWC), in the 100 cm (top) and 130 
cm soil layers (bottom), with the observed available water content (Obs) in spring 2011-2013 at 
several sites. The sum of precipitation from 1st of October of the previous year to sampling term 

is indicated by white columns.    
 

The observed available water content in the 1 m layer at the experimental sites at the start of 

growth ranged from 62 to 188 mm (73 mm to 241 mm in 0 - 130 cm) in the experimental years 

(Fig. 4). Both minimum and maximum values were observed at Ivanovice. Maximum spring 

water content at 0 - 130 cm, observed during two or three years, was by  0% to 17% lower than 

the content calculated with PTF functions. This confirms the reasonable prediction of AWC, 

considering the short experimental period and water losses by evapotranspiration from the soil. 
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hƴƭȅ ƛƴ ǘǿƻ ŦƛŜƭŘǎ ƛƴ /ƘǊłǑǙŀƴȅ ǿŀǎ ǘƘŜ ƻōǎŜǊǾŜŘ !²/ όōȅ от҈ ŀƴŘ пм҈ύ ƭƻǿŜǊ ǘƘŀƴ ǘƘŜ !²/ 

calculated with PTF. These soils have a high content of gravel and stones, possibly enhancing 

water percolation and evaporation. Comparison of the observed AWC with the precipitation 

sums (from October 1st  of previous years) (Fig. 4) suggests that the soil traits strongly 

determine the filling of the soil water capacity. The relatively high precipitation in some sites 

ό±ŀƭŜőƻǾΣ ŀnd Lukavec) was not reflected in a significantly higher filing of soil water capacity. 

Calculated evapotranspiration from autumn to the sampling term is interesting for the 

comparison of sites with both a high water capacity and high evapotranspiration. 

 

 

Fig. 4: Comparison of calculated soil AWC in the 100 cm layer, precipitation, and potential 
evapotranspiration from (1st of October of the previous year to sampling term) in years 2011-

2013 at the experimental sites. 
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Fig. 5: Potential maximum depletion of water under combinations of root distributions, and 
ǿŀǘŜǊ ŎƻƴǘŜƴǘǎΣ ŀǘ ǎŜƭŜŎǘŜŘ ǎƛǘŜǎ ŀƴŘ ŎǊƻǇǎΦ CǊƻƳ ǘƻǇ ǘƻ ōƻǘǘƻƳΥ wǳȊȅƴŠΣ 2łǎƭŀǾΣ /ƘǊłǑǙŀƴȅ 

Introduction of an estimation of water depletion distribution, according to root density 
distribution, significantly modified the amount of available water for the evaluated crops. The 
combination of the observed low and high root densities, with the calculated and spring water 
contents, produced a wide range of potentially available amounts of water at the experimental 

sites.  

CCOONNCCLLUUSSIIOONN  

The calculations presented have a model characteristic, but they represent a range of possible 

water supply situations, considering distribution of the roots in sites with different soil 

conditions. The results contribute to a more realistic and reliable estimation of water available 

to crops, which is especially important under conditions of water shortage. 
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SSUUMMMMAARRYY  

¦ǊőŜƴƝ Ȋłǎƻōȅ ǾƻŘȅ Ǿ ǇǻŘŠ ŘƻǎǘǳǇƴŞ ǇǊƻ ǇƭƻŘƛƴȅ ƧŜ ȊłƪƭŀŘŜƳ ǇǊƻ ōƛƭŀƴŎƻǾłƴƝ  ǎǇƻǘǌŜōȅ ǾƻŘȅ ŀ 

ǇǊŜŘƛƪŎƛ ƴłǎǘǳǇǳ ƴŜŘƻǎǘŀǘƪǳ ǾƻŘȅΦ bŀ ƴŠƪƻƭƛƪŀ ƭƻƪŀƭƛǘłŎƘ Ǿ 2ŜǎƪŞ ǊŜǇǳōƭƛŎŜ ōȅƭŀ ǇƻǊƻǾƴłƴŀ 

ƳŀȄƛƳłƭƴƝ ŘƻǎǘǳǇƴł Ȋłǎƻōŀ ǾƻŘȅ Ǿ ǇǻŘŠ ǾȅǇƻőǘŜƴł ǇƻƳƻŎƝ ƧŜŘƴƻŘǳŎƘȇŎƘ ǇŜŘƻǘǊŀƴǎŦŜǊƻǾȇŎƘ 

ŦǳƴƪŎƝ ȊŜ ȊǊƴƛǘƻǎǘƴƝƘƻ ǎƭƻȌŜƴƝ ǾǊǎǘŜǾ ǇǻŘȅ ŀ ƻōǎŀƘ ǾƻŘȅ Řƻ Ƙƭƻǳōƪȅ мол ŎƳ ǳǊőŜƴȇ 

ŜȄǇŜǊƛƳŜƴǘłƭƴŠΦ bŀ ȊłƪƭŀŘŠ ǵŘŀƧǻ ƻ ƘƭƻǳōŎŜ ƪƻǌŜƴǻ ǇƭƻŘƛƴ ŀ ƻŘƘŀŘǳ ŘƛǎǘǊƛōǳŎŜ ǇǌƝƧƳǳ ǾƻŘȅ 

ōȅƭƻ ǾȅǇƻőǘŜƴƻ  ƳƴƻȌǎǘǾƝ ŘƻǎǘǳǇƴŞ ǾƻŘȅ Ǿ ƪƻǌŜƴƻǾŞ ȊƽƴŠ ǇƭƻŘƛƴΦ ±ȇǎƭŜŘƪȅ Ƨǎƻǳ ǇǌƝǎǇŠǾƪŜƳ ǇǊƻ 

ǎǇƻƭŜƘƭƛǾŠƧǑƝ ƻŘƘŀŘ ƴłǎǘǳǇǳ ǾƻŘƴƝƘƻ ǎǘǊŜǎǳ ƴŀ ȊłƪƭŀŘŠ ōƛƭŀƴŎŜ ǾƻŘȅΦ 
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AABBSSTTRRAACCTT  

Periodicity in the life of plants and animals is considered to be an indirect indicator for the 

periodicity in the climate. Global climate change impacts can already be tracked in many 

physical and biological systems; in particular, terrestrial ecosystems provide a consistent picture 

of observed changes. Therefore phenological observations are among the most sensitive data 

ŦƻǊ ŎƭƛƳŀǘŜ ƛƳǇŀŎǘ ǎǘǳŘƛŜǎ ƻƴ ǾŜƎŜǘŀǘƛƻƴ ŀǘ ƳƛŘƭŀǘƛǘǳŘŜǎ όIłƧƪƻǾłΣ YƻȌƴŀǊƻǾłΣ 2013). 

²ƛǘƘƛƴ ǘƘŜ ƭŀǎǘ ŘŜŎŀŘŜ ǘƘŜ ǎŎƛŜƴǘƛŦƛŎ ŎƻƳƳǳƴƛǘȅΩǎ ǾƛŜǿ ƻŦ ǇƘŜƴƻƭƻƎȅ ŀǎ ŀ ƘŀǊƳƭŜǎǎ ǇŀǎǘƛƳŜ ƻŦ 

natural historians has changed dramatically, because the value of phenological data in climate 

change research has been recognized (Menzel, 2002). The phenological observations recorded 

significant changes in recent years, except for subjective monitoring voluntary observers under 

the established methodology; the phenological records are also obtained through the calendar 

of nature (e.g. USA) and by special cameras designed for phenological monitoring. This paper 

summarizes the history and present of phenological observations in the Czech Republic; it also 

describes the cooperation within the phenology field with the aim to unify the analyses, and 

thus the possibility of further development of this scientific branch. 

First results from the records of phenological cameras show the possibility of using this method 

as a replacement for conventional phenological observations in the Czech Republic. 

 

Key words: phenology, climate change, USA NPN, PEP 725, phenological camera 
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IINNTTRROODDUUCCTTIIOONN  

Phenology, the description of the development stages of wild plants, agricultural fruit and crops, 

and other organism (for instance insects) has several well-defined applications, in addition to its 

use in simultaneous models. Commonly observed phenological events include the timing of 

sprouting and flowering of plants in the spring, colour changes of plants in the fall, bird 

migration, insect hatches, and animal hibernation. Certain agricultural activities often require 

advanced information on the dates of specific stages of crop development. Because the 

occurrences of such seasonal phenomena are generally initiated and driven by climate, 

phenological record is a sensitive proxy for investigating climate change and its influences on 

ŜŎƻǎȅǎǘŜƳǎ ƻǾŜǊ ǘƛƳŜ όIłƧƪƻǾł Ŝǘ al., 2013). Climate change has both direct and indirect 

impacts on crop growth and development. Higher ambient levels of carbon dioxide have an 

impact on C crops by increasing photosynthesis and decreasing water use. Indirect effects result 

from changes in weather and climate that are caused by higher levels of greenhouse gases. 

These changes may be within, or beyond, the current observed range of climate variability. 

Faced with the prospect of global warming, information has been needed about how natural 

systems may respond. Because of the volume of data, phenology has proved extremely useful in 

this respect (Menzel and Estrella, 2001). System of phenological observations has changed 

during the last decades, and the phenology plays more and more important role in the climate 

change research. The introduction is divided into 4 main parts to describe the history, present 

and future of phenological observations in the Czech Republic and in the world. Division: 1. 

History and present of phenological observations in the Czech Republic; 2. Pan European 

Phenology ς PEP 725; 3. USA National Phenology Network and 4. Phenological monitoring by 

cameras in the Czech Republic.  

 

1. The history of phenological observations in the Czech Republic 

Phenological observations have a long tradition in Czech Lands (Czech Republic later on). The 

first Czech meteorologists J. Stepling, A. Strnad and M. A. David, whose activities are known 

from the second half of the 18th ŎŜƴǘǳǊȅ ŀƴŘ 5ŀǾƛŘΩǎ ŦǊƻƳ ǘƘŜ мфth century as well, devoted 

themselves to studying the influence of weather on the life of plants and animals. A. Strnad 
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attached his remarks to regular measures, which he carried out at the Prague observatory from 

the 1st January, 1775 up to nearly the end of his life (23rd September, 1799). A number of these 

ǇƘŜƴƻƭƻƎƛŎŀƭ ƻōǎŜǊǾŀǘƛƻƴǎ ƛǎ ŀƭǎƻ ŀǘǘŀŎƘŜŘ ǘƻ Ƙƛǎ ǇŀǇŜǊ άaŜǘŜƻǊƻƭƻƎƛǎŎƘŜǊ .ŜȅǘǊŀƎ ŀǳŦ Řŀǎ WŀƘǊ 

мтфнέΦ ! ƭƻƴƎŜǊ ŀǊǘƛŎƭŜΣ ŎƻƴǘŀƛƴƛƴƎ ŀƴ ŜŎƻƴƻƳƛŎ ǎǳǊǾŜȅ of the year 1791, was published by 

{ǘǊƴŀŘ ƛƴ aŀƴƴƘŜƛƳ 9ŜŦŜƳŜǊƛŘŀǎ 9ŦŜƳŜǊƛŘŞǎ ǿƛǘƘ ǘƘŜ ƘŜŀŘƛƴƎ α/ƻƴŘƛǘƛƻ ŀƴƴƛ ƎŜƴŜǊŀƭƛǎάό{ŜȅŘƭΣ 

1954). The Mannheim or Falc meteorological society (Societas meteorologica Palatina), was 

assigned on the 15th September 1780 as ŀ άƳŜǘŜƻǊƻƭƻƎƛŎŀƭ Ŏƭŀǎǎέ ǘƻ ǘƘŜ !ŎŀŘŜƳȅ ƻŦ {ŎƛŜƴŎŜǎΣ 

which has been in existence in Mannheim since 1763, and worked till 1799. The first 

ǇƘŜƴƻƭƻƎƛŎŀƭ ŎŀƭŜƴŘŀǊ ƛƴ ƻǳǊ ƭƛǘŜǊŀǘǳǊŜ ǿŀǎ ǇǳōƭƛǎƘŜŘ ōȅ aŜŘΦ 5ǊΦ ¢ŀŘŜłǑ IŀŜƴƪŜ ƛƴ Ƙƛǎ ƭƻƴƎŜǊ 

ǇŀǇŜǊ α.ƭǳƳŜƴƪŀƭŜƴŘŀǊ ŦǼǊ bƻǳƳŜƴ ƛƴ WŀƘǊŜ мтусάΦ ¢ƘŜ ŀǳǘƘƻǊ ŎŀǊǊƛŜŘ ƻǳǘ ƛƴ ǘƘŜ ȅŜŀǊǎ мтуп 

and 1785 a detailed observation on the earlier and later beginning of spring, on its course and 

the changes of plants during this time (Seydl, 1954). 

The principles for regular and methodologically unified phenological observations in a station 

ƴŜǘ ǿŜǊŜ ƭŀƛŘ ōȅ ǘƘŜ {ǿŜŘƛǎƘ ōƻǘŀƴƛǎǘ /ŀǊƭ Ǿƻƴ [ƛƴƴŞΦ IŜ ŜǎǘŀōƭƛǎƘŜŘ ǘƘŜ ƴŜǘǿƻǊƪ ƻŦ му ǎǘŀǘƛƻƴǎ 

in Sweden in the years 1752ς1755. Regular phenological observations in the Czech countries 

were first introduced by the Patriotic ς economic company, the successor of K. k. Ackerbau-

Gesellschaft, based in 1769 as an order of the Empress Maria Teresia in Prague for the 

enhancement of agriculture. The following phenological elements were observed: the 

development of buds into leaves, the beginning of blossoming, and the end of blossoming, 

maturation of seeds. Further, some animals e.g. bats, hamsters, badgers, snakes and lizards, 

frogs, which do not leave our countries and hibernate in winter, mainly their awakening in 

spring and the beginning of hibernation were observed. The Prague lawyer Karl Fritsch as 

a significant part of his work in the field of phenology. His first work on phenology was devoted 

ǘƻ ǘƘŜ ƛƴŦƭǳŜƴŎŜ ƻŦ ǿŜŀǘƘŜǊ ƻƴ ǾŜƎŜǘŀǘƛƻƴΦ Lƴ ǘƘŜ ǇŀǇŜǊ α9ƭŜƳŜƴǘŜ Ȋǳ ŜƛƴŜǊ ¦ƴǘŜǊǎǳŎƘǳƴƎ ǼōŜǊ 

ŘŜƴ 9ƛƴŦƭǳǎǎ ŘŜǊ ²ƛǘǘŜǊǳƴƎ ŀǳŦ ŘƛŜ ±ŜƎŜǘŀǘƛƻƴάCǊƛǘǎŎƘ ŜȄǇƭŀƛƴŜŘ ǘƘŜ ƭƛƴƪ ōŜǘǿŜŜƴ ǘƘŜ ȅŜŀǊƭȅ 

amount of warmth and moisture to the most important phases of the development of a plant, 

he presents eight charts of meteorological data (e.g. gradual total of positive values of the air 

temperatures, the differences in gradual total of precipitation) (Seydl, 1954). 
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The state phenological service was organized in Moravia by the Department for soil science and 

agricultural meteorology oŦ ǘƘŜ wŜƎƛƻƴŀƭ ǊŜǎŜŀǊŎƘ ƻŦŦƛŎŜ ƻŦ ŀƎǊƛŎǳƭǘǳǊŜ ƛƴ .ǊƴƻΦ bƻǾłƪ ǎŜǘ ǳǇ ƛƴ 

1923 one of the first national phenological services in the world. The observation net was soon 

so extensive (with 650 observers involved in its activities), that it was unsustainable in the long 

term. The organization of phenological services was so sophisticated, several challenges in 

newspapers and professional press were published in order to acquire other observation sites, 

national schools and public corporations were asked for cooǇŜǊŀǘƛƻƴ όIłƧƪƻǾł et al., 2012). The 

results of these observations were gradually processed in a long-term average of phenological 

phases, the so-called phenography. Coming out of these observations, phenological yearbooks 

were published, with map enclosures for the years 1923 and 1924 ς and thus the principles of 

the beginning of the Czech phenography were laid. The phenological phases follow one after 

the other in a certain stable order; the first phenological calendar was published by the above 

mentioned T. Haenke. Arising from these long-term phenological observations, we can create 

ǘƘŜ ǎƻ ŎŀƭƭŜŘ ά/ŀƭŜƴŘŀǊǎ ƻŦ ƴŀǘǳǊŜέ ŦƻǊ ŀ ŎŜǊǘŀƛƴ ǇƭŀŎŜ ŀƴŘ ƛǘǎ ǎǳǊǊƻǳƴŘƛƴƎΦ ²Ŝ Ŏŀƴ ŀƭǎƻ ŀŘŘ ŀ 

border data of the beginnings of these phases (the earliest and the latest, their amplitudes, 

phenoanomaly, the curve of phenodynamics) (Brablec, 1952).  

In 1939, all meteorological services in the area of protectorate Bohemia and Moravia were 

brought together and the Central meteorological institute for Bohemia and Moravia was 

established, from the year 1940, phenological observations were overtaken by the Czech 

meteorological service with the whole net (about 1 000 places) and the archive of data since 

1923.  From that time up to the present, the phenology makes up a part of the meteorological 

ǎŜǊǾƛŎŜΣ ƛƴŎƭǳŘŜŘ ƛƴ мфрп ƛƴ ǘƘŜ IȅŘǊƻƳŜǘŜƻǊƻƭƻƎƛŎŀƭ LƴǎǘƛǘǳǘŜ όaƛƘłƭƛƪƻǾłΣ мфуоΤ YǊǑƪŀ 

& ±ƭŀǎłƪΣ нллуύΦ 

Phenological observations were conducted according to the principles included in the 

Handbook for phenological observers from the year 1956 όtƛŦŦƭƻǾł et al., 1956). It was 

determined for the observers of the institutes for general phenology, which served mainly the 

needs of agriculture production (Figure 1). 
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Figure 1. Handbook for phenological observers (1956) ς demonstration 
 

A constituent part of the handbook was also phenological observations of animals. The 

following phenomena were observed e.g. the date of arrival, mass arrival, the first singing, 

herding and departure of thrushes, martins, quails, cuckoos, swifts, larks, starlings and 

swallows. With bee melliferous, the first flight and the first congeries of pollen were observed. 

A significant change in phenological observations came in the year 1983; observation sites were 

divided into stations observing field crops and fruit trees. Separate instructions for both types of 

stations were issued for observers. The transformation was finished in the year 1987 by issuing 

methodological instructions for the activities of phenological stations observing forest plants 

(from January 1st 1987). From January 1st 2005, Phenological atlas (Coufal et al., 2004) became 

an aid for observers in the net of the CHMI. 

In the year 2004 a trial run of the database Oracle Phenodata started, for acquiring and storing 

phenological data (application pod Clidata in environment Oracle) and since 1st January 2005 

phenological data have been stored in this database up to the present. Older data were 

transferred to this database from environment Excel, where they had been stored till that time.  
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The phenological net (till the year 2012) in the area of the Czech Republic was consisting of the 

three types of stations (forest plants, fruit trees, field crops). Voluntary observers monitor the 

beginnings of phenophase according to the methodological instructions of the CHMI (art. 2, 3 

and 10 ς in the year 2009 new, updated instructions for observers were issued), data are 

recorded in the phenological notepad and then transferred to current reports. Part of results of 

phenological observations in period 1991ς2010 (Figure 8) were processed  in the Atlas of 

tƘŜƴƻƭƻƎƛŎŀƭ ŎƻƴŘƛǘƛƻƴǎ ƛƴ /ȊŜŎƘƛŀ όIłƧƪƻǾł et al., 2012). 

The latest change in the CHMI phenological observation network happened in the year 2013 

January 1st) ς the density of phenological stations has dramatically reduced ς from more than 

160 stations to 25 stations for the whole republic (Figure 2), only wild plants phenological  

stations have left.  

 

Figure 2. CHMI phenological stations 
 

2. The Pan European Phenological Database (PEP 725) 

Most European countries maintain networks that collect phenological data (Figure 3). For 

instance, the German Weather Service (Deustscher Wetterdienst, or DWD) currently runs 
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a phenological network comprising approximately 1 550 stations. The phenological observation 

programme of DWD has 167 stages of development.  

PEP725 (the successor of the COST Action 725) is a project funded by ZAMG, the Austrian 

ministry for science & research and EUMETNET (the network of European meteorological 

services) - with the goal to establish an open access database with plant phenology data sets for 

science, research and education. 

 

The main objective of PEP725 is to: promote and facilitate phenological research by delivering a 

pan European phenological database with an open, unrestricted data access for science, 

research and education (data policy). So far 17 European meteorological services and 5 partners 

from different phenological network operators have joined PEP725 (Figure 3). 

Currently the database implements: 

Å 9 003 075 observations, 

Å 20 375 locations, 

Å 254 different plants/cultivars. 

 

To supply the data in a good and uniform quality it is essential to establish and develop data 

quality control procedures, so that the collected, partly new digitized historical resp. updated 

datasets, can be tested in an appropriate way. One of the main tasks within PEP725 was and still 

is the conception of a MULTI-STAGE-QUALITY CONTROL. Currently some tests are running in 

operational mode, others are in test or conception phase. They are stepwise performed in 6 

various checks from A to F and FLAGGED in an appropriate way (0 default, 1 corrected, 2 

interpolated, 3 pests-phases starts earlier, 101 completeness check, 102 plausibility check, 103 

time consistency check, 104 spatial consistency check, 105 climatological check, and 106 inner 

consistency check). You can find more information at PEP 725 (www.pep725.eu).  
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Figure 3. PEP 725 ς station network. 
 

3. The USA National Phenology Network 

The USA National Phenology Network encourages people of all ages and backgrounds to 

observe and record phenology as a tool to discover and explore the nature and pace of our 

dynamic world. The Network makes phenology data, models, and related information freely 

available to empower scientists, resource managers and the public in decision-making and 

adaptation in response to variable and changing climates and environments. The National 

Coordinating Office (NCO) of the Network is a resource centre that facilitates and encourages 

widespread collection, integration, and sparing of phenology data and related information (for 



Mendel and Bioclimatology 

142 
 

example, meteorological and hydrological data). The NCO develops and promotes standardized 

methods for field data collection and maintains several online user interfaces for data upload 

and download, as well as data exploration, visualization, and analysis. The NCO also facilitates 

basic and applied research related to phenology, the development of decision-support tools for 

resource managers and planners, and the design of educational and outreach materials and 

programs. 

Changes in phenology affect human health by changing timing and patterns of allergy seasons. 

The Network is collaborating with many partners on a new project to predict the timing of 

human allergic reactions caused by juniper pollen. Researches intend to integrate data from 

citizen scientist observers of juniper phenology, satellite images of tree green-up, and data from 

health centre to better understand the dynamics of seasonal allergies. Better forecasting of 

environmental triggers can lead to more effective public health measures and, consequently, 

improved duality of life for seasonal allergy sufferers. The observations are made through 

bŀǘǳǊŜΩǎ bƻǘŜōƻƻƪ ŀƭƭ ƻǾŜǊ ǘƘŜ ŎƻǳƴǘǊȅ ƻƴ ǿǿǿΦǳǎŀƴǇƴΦƻǊƎΦ  

 

4. Phenological monitoring by cameras in the Czech Republic 

Phenological observations of forest plants are time demanding and labor-intensive, the 

automated monitoring with digital cameras can serve as an alternative to substitute traditional 

phenological observations by human observers. The first results of phenological observation by 

phenological camera were processed in this contribution.  

MMAATTEERRIIAALL  AANNDD  MMEETTHHOODDSS  

The sensing with fixed cameras allows to obtain continuous data with high resolution and to 

describe the dynamics of canopy development by using simple vegetation indices (proportion of 

each colour) in deciduous trees.  

Digital cameras (Figure 4) for long-term phenological observations of monitored tree are 

ǎƛǘǳŀǘŜŘ ŀǘ ǘƘŜ LƴǘŜǊƴŀǘƛƻƴŀƭ tƘŜƴƻƭƻƎƛŎŀƭ DŀǊŘŜƴ ƛƴ 5ƻƪǎŀƴȅ ό/ȊŜŎƘ wŜǇǳōƭƛŎΣрлϲнтϥомϦ bΣ 

мпϲмлϥмпϦ 9Σ ŀǘ мру Ƴ ŀǎƭΣ пр ƪƳ ƴƻǊǘƘǿŜǎǘ ƻŦ tǊŀƎǳŜύΦ  
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Figure 4. Digital cameras for phenological monitoring: a) Canon PowerShot S3 IS, b) Olympus E-

410. 
 

Canon Power Shot S3 IS and Olympus E-410 cameras made images in the automatic mode every 

hour (05 am ς 7 pm) during the whole vegetation period. This monitoring was supplemented by 

measurements of CO2 (LI-6252) and Normalized Difference Vegetation Index (sensor Skye SKR-

1800). Red-green-blue (RGB) colour channel information from digital images can be separately 

extracted in digital form (by using Sigma Scan Pro 5.0 software) and subsequently summarized 

through Green Index (GI = G/[R+G+B]). To reduce the effects of changes in scene illumination 

we used the method by Sonnentag et al., 2012. We used a moving window approach that 

assigns the 90th percentile of all daytime values within a three-day window to the centre day 

(per90), resulting in three-day gcc. First, we calculated gcc for each species, then the average 

value of gcc. Local polynomial regression fitting (Loess curve; Cleveland and Devlin, 1988) with a 

low degree of smoothing of gcc was used. 

RREESSUULLTTSS  AANNDD  DDIISSCCUUSSSSIIOONN  

The results demonstrate the possibility of using models as an appropriate tool for monitoring 

temporal changes in canopy development and phenological events. The relationship between 

Green Index and optimized Growing Season Index (iGSI) was found (R2 = 0.92, p < 0.01). 

Subsequently the relationship between iGSI and Normalized Difference Vegetation Index are 

represented by results R2 = 0.7, p < 0.01 and Net Ecosystem Exchange is characterized by R2 = 

0.81, p < 0.01. Comparison of the dynamics of NDVI is shown in Figure 5.  

ba
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Figure 5. Comparison of the dynamics of NDVI (Source: MODIS ς Terra satellite; resolution 250 
m) and the green chromatic coordinate (gcc).  

 

The daily gross primary productivity (GPP) in the interval (10 days) is shown in Fig. 6.  

 

Figure 6. Daily gross primary productivity (GPP) averaged over 10-day intervals and the green 
chromatic coordinate (gcc) derived from digital camera imagery as the average. 

 

The differences between the traditional manual phenological observations (TM) and the camera 

systems (CS) fluctuated between ς2 and 2 days. These results are shown in Figure 7. 
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Figure 7. The mean phenophase difference of a) Betula pubescens (birch), b) Populus tremula 
(aspen), c) Sorbus aucuparia (rowan) and d) Corylus avellana (hazel) between traditional 
manual monitoring  and camera system for the period of comparison 2007ς2012 at IPG 

Doksany. Blue area shows the range of values. 

CCOONNCCLLUUSSIIOONNSS  

The history of phenological observation in the Czech Republic is rather long, even though there 

were many changes in the recent years. It is really important to thicken the current phenological 

network in the Czech Republic by usage of the latest phenological methods used in the world. 

The CHMI is a member of the PEP 725 (phenological data are supplied continuously every year). 

The  PEP 725 outlook: development of more sophisticated QC routines, data import and 

exchange in operational mode, implementation of new / historical datasets, implementation of 

animal observations and definition of pseudo BBCH codes, redesign of table plant with uniform 

taxonomical descriptions and acquisition of new members/partners  

The continuous monitoring with digital cameras can serve as an alternative to traditional 

phenological observations, the gcc is an appropriate tool for monitoring temporal changes in 

canopy development and phenological events and the gcc provides data required for the 

calibration and direct validation of satellite observations and products. The high correlation 

between the iGSI and the net ecosystem carbon exchange proved that CO2 exchange processes 

depend significantly on the canopy development.  
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.ǊŀōƭŜŎΣ WΦ όмфрнύΦ ¢ǿƻ ǎǘǳŘƛŜǎ ŀōƻǳǘ ǇƘŜƴƻƭƻƎȅΦ aŜǘŜƻǊƻƭƻƎƛŎŀƭ .ǳƭƭŜǘƛƴ рΣ őΦ оΣ ǇǇΦ тп -75. 
Cleveland, W. S. and Devlin, S. J. (1988). Locally Weighted Regression: An Approach to 
Regression Analysis by Local Fitting. Journal of American Statistical Association, Volume 83, 
Issue 403, 1988, pp. 596ς610. 
 
Coufal, L. et al (2004). Phenology atlas. 1. edition. Praha: CHMI. 264 p. ISBN 80-86690-21-0. 
 
IłƧƪƻǾłΣ [ΦΣ YƻȌƴŀǊƻǾłΣ ±Φ όнлмоύΦ ±ŀǊƛŀōƛƭƛǘȅ ƻŦ  ǇƘŜƴƻƭƻƎƛŎŀƭ ǎǘŀƎŜǎ ƻŦ 5ŀŎǘȅƭƛǎ ƎƭƻƳŜǊŀǘŀ ƛƴ 
dependence on meteorological conditions in the Czech Republic. Allergo Journal, October 2013, 
Volume 22, Issue 7, pp. 488-489. 
 
IłƧƪƻǾłΣ [ΦΣ YƻȌƴŀǊƻǾłΣ ±ΦΣ .ŀŎƘŀƴƻǾłΣ {Φ bŜƪƻǾłǌΣ WΦ όнлмоύΦ tƘŜƴƻƭƻƎƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ 
selected forest plants in the Czech Republic. Praha: CHMI. 82 p. ISBN 978-80-87577-22-6. 
 



Mendel and Bioclimatology 

148 
 

IłƧƪƻǾłΣ [Φ Ŝǘ ŀƭΦ όнлмнύΥ !ǘƭŀǎ ŦŜƴƻƭƻƎƛŎƪȇŎƘ ǇƻƳŠǊǻ 2ŜǎƪŀΦ tǊŀƘŀΣ 2Ia¨Σ  L{.b фту-80-86690-
98-8, 312 s. 
 
IłƧƪƻǾłΣ [ΦΣ bŜƪƻǾłǌΣ WΦΣ wƛŎƘǘŜǊƻǾłΣ 5ΦΣ YƻȌƴŀǊƻǾłΣ ±ΦΣ {ǳƭƻǾǎƪłΣ {ΦΣ ±łǾǊŀΣ !ΦΣ ±ƻƴŘǊłƪƻǾłΣ !ΦΣ 
±ƻȌŜƴƝƭŜƪΣ ±Φ όнлмнύΦ /ƘŀǇǘŜǊ рΥ tƘŜƴƻƭƻƎƛŎŀƭ hōǎŜǊǾŀǘƛƻƴ ƛƴ ǘƘŜ /ȊŜŎƘ wŜǇǳōƭƛŎ - History and 
Present. In: Phenology and Climate Change, Dr. Xiaoyang Zhang (Ed.), ISBN: 978-953-51-0336-3, 
InTech, Available from: http://www.intechopen. com/books/phenology-and-climate-
change/phenological-observation-in-the-czechrepublic-history-and-present. 
 
YǊǑƪŀΣ YΦ ϧ ±ƭŀǎłƪΣ ±Φ όнллуύΦ IƛǎǘƻǊȅ ŀƴŘ ǇǊŜǎŜƴt of hydrometeorological service in South 
Moravia. Praha 2008, ISBN 978-80-86690-52-0. 
 
aŜƴȊŜƭΣ !ΦΣ 9ǎǘǊŜƭƭŀΣ bΦ όнллмύΦ tƭŀƴǘ ǇƘŜƴƻƭƻƎƛŎŀƭ ŎƘŀƴƎŜǎΦ Lƴ αCƛƴƎŜǊǇǊƛƴǘǎά ƻŦ /ƭƛƳŀǘŜ ŎƘŀƴƎŜ ς 
Adapted Behaviour and Shifting Species Ranges, Walter G-R, Burga CA, Edwards PJ (eds). Kluwer 
Academic/Plenum Publisher: New York; 123ς137. 
 
Menzel, A. (2002). Phenology, its importace to the global change community. Climatic Change   
54: 379ς385. 
 
aƛƘłƭƛƪƻǾłΣ LΦ όмфуоύΦ сл ȅŜŀǊǎ ƻŦ ǇƘŜƴƻƭƻƎƛŎŀƭ ƴŜǘǿƻǊƪΦ aŜǘŜƻǊƻƭƻƎƛŎŀƭ .ǳƭƭŜǘƛƴ осΣ őΦ сΣ ǇǇΦ 
187-188. 
 
tƛŦŦƭƻǾłΣ [Φ Ŝǘ ŀƭΦ όмфрсύΦ aŜǘƘƻŘƻƭƻƎȅ ƛƴǎǘǊǳŎǘƛƻƴ Ŧƻr phenological observers. 
Hydrometeorological Institute, Praha, D-571503, 152 p. 
 
Seydl, O. (1954a). Mannheim society of meteorology (1780ς1790). Meteorological Bulletin 7, 
No. 1, pp. 4ς11.  
 
Seydl, O. (1954b). Czech historical phenological studies. Meteorological Bulletin 7, No. 6, pp. 
153ς164. 
 
Sonnentag et al., (2012). Digital repeat photography for phenological research in forest 
ecosystems. Agricultural and Forest Meteorology, volume 152, January 2012, p. 159ς177. 
 

AACCKKNNOOWWLLEEDDGGEEMMEENNTT  

This work was supported by Institutional Support Program for Long Term Conceptual 

Development of Research Institution provided by Ministry of Education, Youth and Sports of the 

Czech Republic. 



Mendel and Bioclimatology 

149 
 

SSOOUUHHRRNN  

½ƳŠƴȅ ŀ ƪƻƭƝǎłƴƝ ƪƭƛƳŀǘƻƎŜƴƴƝŎƘ ŦŀƪǘƻǊǻ όǇǌƛǊƻȊŜƴȇŎƘ ƛ ŀƴǘǊƻǇƻƎŜƴƴƝŎƘύ Ƨǎƻǳ ǇǌƝőƛƴƻǳ őŀǎƻǾŞ 

ǾŀǊƛŀōƛƭƛǘȅ ƪƭƛƳŀǘǳ ƴŀ ½ŜƳƛΣ ƪǘŜǊł ǎŜ ǇǊƻƧŜǾǳƧŜ ƧŜƘƻ ȊƳŠƴŀƳƛ ŀ ƪƻƭƝǎłƴƝƳΦ CŜƴƻƭƻƎƛŎƪł 

ǇƻȊƻǊƻǾłƴƝΣ ƪǘŜǊł ǎŜ ȊŀōȇǾŀƧƝ ǎƭŜŘƻǾłƴƝƳ őŀǎƻǾŞƘƻ ƴłǎǘǳǇǳ ƪŀȌŘƻǊƻőƴŠ ǎŜ ƻǇŀƪǳƧƝŎƝŎƘ 

ǾȇǾƻƧƻǾȇŎƘ ŦłȊƝ ǊƻǎǘƭƛƴΣ Ƨǎƻǳ ǾŜƭƳƛ ǾƘƻŘƴȇƳ ǇǊƻǎǘǌŜŘƪŜƳ ƪŜ ǎƭŜŘƻǾłƴƝ ƪƭƛƳŀǘƛŎƪŞ ȊƳŠƴȅΦ 

CŜƴƻƭƻƎƛŎƪł ǇƻȊƻǊƻǾłƴƝ ƳŀƧƝ ǊǻȊƴŠ ŘƭƻǳƘƻǳ ƘƛǎǘƻǊƛƛΣ ƴŜƧŘŜƭǑƝ őŀǎƻǾŞ ǌŀŘȅ Ƨǎƻǳ Ǿ ŜǾǊƻǇǎƪȇŎƘ 

ǎǘłǘŜŎƘ ǾőŜǘƴŠ 2ŜǎƪŞ ǊŜǇǳōƭƛƪȅΦ {ȅǎǘŞƳ ŦŜƴƻƭƻƎƛŎƪȇŎƘ ǇƻȊƻǊƻǾłƴƝ ǎŜ Ǿ ǇƻǎƭŜŘƴƝŎƘ ƭŜǘŜŎƘ 

ǾȇȊƴŀƳƴŠ ƳŠƴƝΣ ƪǊƻƳŠ ǎǳōƧŜƪǘƛǾƴƝƘƻ ǎƭŜŘƻǾłƴƝ ŘƻōǊƻǾƻƭƴȇƳƛ ǇƻȊƻǊƻǾŀǘŜƭƛ ǇƻŘƭŜ ǎǘŀƴƻǾŜƴŞ 

ƳŜǘƻŘƛƪȅΣ Ƨǎƻǳ ŦŜƴƻƭƻƎƛŎƪŞ ȊłȊƴŀƳȅ ȊƝǎƪłǾłƴȅ ǇǊƻǎǘǌŜŘƴƛŎǘǾƝƳ ǘȊǾΦ ƪŀƭŜƴŘłǌŜ ǇǌƝǊƻŘȅ όƴŀǇǌΦ ¦{!ύ 

ŀ ǎǇŜŎƛłƭƴƝŎƘ ƪŀƳŜǊ ǳǊőŜƴȇŎƘ ǇǊƻ ŦŜƴƻƭƻƎƛŎƪȇ ƳƻƴƛǘƻǊƛƴƎΦ 

tǌŜŘƭƻȌŜƴȇ ǇǌƝǎǇŠǾŜƪ ǎƘǊƴǳƧŜ ƘƛǎǘƻǊƛƛ ŀ ǎƻǳőŀǎƴƻǎǘ ŦŜƴƻƭƻƎƛŎƪȇŎƘ ǇƻȊƻǊƻǾłƴƝ Ǿ 2ŜǎƪŞ ǊŜǇǳōƭƛŎŜ ŀ 

ǾŜ ǎǾŠǘŠΣ ǇƻǇƛǎǳƧŜ ǾȊłƧŜƳƴƻǳ ǎǇƻƭǳǇǊłŎƛ ŀ ǎŘƝƭŜƴƝ ǎǇƻƭŜőƴȇŎƘ ŘŀǘŀōłȊƝ ŦŜƴƻƭƻƎƛŎƪȇŎƘ ŀ 

ƳŜǘŜƻǊƻƭƻƎƛŎƪȇŎƘ ƛƴŦƻǊƳŀŎƝ ǎ ŎƝƭŜƳ ǳƴƛŦƛƪŀŎŜ ǇǊƻǾŜŘŜƴȇŎƘ ŀƴŀƭȇȊ ŀ ǘƝƳ ƛ ƳƻȌƴƻǎǘƛ ǇǊƻƎƴƽȊ 

ŘŀƭǑƝƘƻ ƳƻȌƴŞƘƻ ǾȇǾƻƧŜΦ 

tǊǾƴƝ ǾȇǎƭŜŘƪȅ ȊŜ ȊłȊƴŀƳǻ ŦŜƴƻƭƻƎƛŎƪȇŎƘ ƪŀƳŜǊ ǳƪŀȊǳƧƝ ƴŀ ƳƻȌƴƻǎǘ ǾȅǳȌƛǘƝ ǘŞǘƻ ƳŜǘƻŘȅ Ƨŀƪƻ 

ƴłƘǊŀŘǳ Ȋŀ ƪƭŀǎƛŎƪŞ ŦŜƴƻƭƻƎƛŎƪŞ ǇƻȊƻǊƻǾłƴƝΦ 
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AABBSSTTRRAACCTT  

Lƴ ǘƘƛǎ ǇŀǇŜǊ ǿŜǊŜ ŀƴŀƭȅȊŜŘ ŀƎǊƻŎƭƛƳŀǘƻƭƻƎƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ¢ǳǑƛƳƛŎŜ ƻōǎŜǊǾŀǘƻǊȅΦ ¢ƘŜ 

ƻōǎŜǊǾŀǘƻǊȅ ƛǎ ƭƻŎŀǘŜŘ ƛƴ ǘƘŜ ŎŀǘŎƘƳŜƴǘ ƻŦ ǘƘŜ hƘǌŜ wƛǾŜǊ όрлϲннϥосϥϥ bΣ моϲмфϥпмϥϥ 9Σ ŀƴŘ онн Ƴ 

ASL) and was established on 1st April 1967. Some agroclimatological characteristics 

ǊŜŎƻƳƳŜƴŘŜŘ ƛƴ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭ ōƭƻŎƪǎ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ²ah ƳŜǘƘƻŘƻƭƻƎȅ όYƻȌƴŀǊƻǾł ŀƴŘ 

Klabzuba, 2010) were chosen into the processing: heat waves occurrence, number of tropical 

days and drought occurrence. Data were processed within the period 1968ς2012. There were 

35 heat waves in total (June: 6; July: 17; August: 10) within the 45 years period. The longest 

heat wave in July has lasted 11 days and it was recorded from July 18th to July 28th. Tropical 

days occur 7.1 days per year on average with extreme values 29 days in 2003. The longest 

drought occurrence was registered from 31st July to 31st December 2003. 

 

Key words: ƘŜŀǘ ǿŀǾŜΣ ǘǊƻǇƛŎŀƭ ŘŀȅΣ ŘǊƻǳƎƘǘΣ ¢ǳǑƛƳƛŎŜ ǎǘŀǘƛƻƴΣ /ȊŜŎƘ wŜǇǳōƭƛŎ 

 

IINNTTRROODDUUCCTTIIOONN  

Weather and climate are important components of the environment that constantly surround 

humans. Weather extremes cause a loss of human lives and significant damage every year. The 
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question rises in connection with the observed global warming, whether there is an increase in 

the frequency and intensity of extremes, the increase of climate variability. 

Knowledge of available environmental resources and the interactions that occur in the area 

below the soil surface, the soilςair interface and the boundary layer of the atmosphere provides 

essential guidance for strategic agrometeorological decisions in long-range planning of 

agricultural systems. The aim of the study is the evaluation of selected agroclimatological 

characteristics (heat waves occurrence, number of tropical days and drought occurrence) of the 

¢ǳǑƛƳƛŎŜ ƻōǎŜǊǾŀǘƻǊȅ ƛƴ ǇŜǊƛƻŘ мфсуς2012 with a particular focus on the elaboration 

of particular elements of variability. 

 

 

CƛƎǳǊŜ мΦ ¢ǳǑƛƳƛŎŜ ƳŜǘŜƻǊƻƭƻƎƛŎŀƭ ƻōǎŜǊǾŀǘƻǊȅΤ ǎƻǳǊŎŜΥ ŎƘƳƛΦŎȊκƻōǎŜǊǾŀǘƻǊψǘǳǎƛƳƛŎŜ 

 

Figure 2. Map of the Czech Republic ǿƛǘƘ ¢ǳǑƛƳƛŎŜ ƭƻŎŀǘƛƻƴ 
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MMAATTEERRIIAALL  AANNDD  MMEETTHHOODDSS  

¢ƘŜ ¢ǳǑƛƳƛŎŜ ǎǘŀǘƛƻƴ όонн Ƴ !{[Σ моϲмфϥпмϦ9Σ рлϲннϥосϦbύ ǿŀǎ ŜǎǘŀōƭƛǎƘŜŘ ƻƴ !ǇǊƛƭ мst, 1967 and 

it was fully automated on November 30th, 2001 (Figure 1.). The station is located in the 

aƻǎǘŜŎƪł ƪƻǘƭƛƴŀ .ŀǎƛƴ ƛƴ ǘƘŜ ŎŀǘŎƘƳŜƴǘ ŀǊŜŀ ƻŦ ǘƘŜ hƘǌŜ wƛǾŜǊ όCƛƎǳǊŜ нΦύΦ !ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ 

Quitt classification the station belongs to  MW7 unit (slightly warm area), which is characterized 

by 30ς-40 summer days, 110ς130 frost days and 40ςрл ƛŎŜ Řŀȅǎ όYǾŠǘƻƶ ŀƴŘ  ±ƻȌŜƴƝƭŜƪΣ нлммύ. 

The meteorological data (daily, monthly, and annual) were exported from the CHMI 

climatological database CLIDATA. The agroclimatological characteristics were described by the 

following basic statistical variables: mean, absolute maximum and minimum values and years of 

occurrence, median, upper and lower quartile, the first and ninth deciles, standard deviation, 

quartile deviation, coefficient of asymmetry and the coefficient of kurtosis. Evaluation of 

changes in the trend of particular elements and phenological characteristics was carried out 

using polynomial equation: 

y = b + c1x + c2x
2 + c3x

3 + c4x
4 + c5x

5 + c6x
6. 

¢ƘŜ ƳŜǘƘƻŘ ƻŦ ŎǳƳǳƭŀǘƛǾŜ ǎŜǊƛŜǎ ό{ƭłŘŜƪΣ нллмύ ǿŀǎ ǳǎŜŘ ƛƴ ǘƘŜ ŜǾŀƭǳŀǘƛƻƴ ƻŦ ŘǊƻǳƎƘǘ 

occurrence. 

RREESSUULLTTSS  AANNDD  DDIISSCCUUSSSSIIOONN  

Selected agroclimatological characteristics in comprehensive form are given in Table 1. Walter-

[ƛŜǘƘ ŎƭƛƳŀƎǊŀƳ ƻŦ ¢ǳǑƛƳƛŎŜ ǎǘŀǘƛƻƴ ŘŜǎŎǊƛōŜǎ ŀƎǊƻŎƭƛƳŀǘƻƭƻƎƛŎŀƭ ŎƻƴŘƛǘƛƻƴǎ όCƛƎǳǊŜ 3). Heat 

wave events are associated with marked short-term increases in mortality. 
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Figure 3. Walter-Lieth climagram (period 1968ς2012) 
 

YȅǎŜƭȇ ŀ YŀƭǾƻǾł όмффуύ ƛƴǾŜǎǘƛƎŀǘŜŘ ǘƘŜ ŀƴŀƭȅǎƛǎ ƻŦ ƘŜŀǘ ǿŀǾŜǎ όŀǘ ƭŜŀǎǘ о Řŀȅǎ ǿƛǘƘ ƳŀȄƛƳǳƳ 

air temperature > ол ϲ/ ŀƴŘ ǿƛǘƘ ŀǾŜǊŀƎŜ ŀƛǊ ǘŜƳǇŜǊŀǘǳǊŜ ƛƴ ƎƛǾŜƴ ǇŜǊƛƻŘ > нр ϲ/ύ ƛƴ ǘƘŜ 

southern Moravia in the years 1961ς1990.  There were 35 heat waves in total (June: 6; July: 17 

and August: 10) within the 45 years period. The longest heat wave in July has lasted 11 days and 

it was recorded from July 18th to July 28th. The longest heat wave in August was registered in 

the year 2003; it has lasted 8 days (August 7th ς August 14th). The chart (Figure 4.) shows the 

variability of heat waves occurrence in particular years, the more frequent occurrence is in the 

last two decades. The average of maximum daily air temperatǳǊŜ ƛǎ омΦл ϲ/Φ YȅǎŜƭȇ ŀƴŘ YŀƭǾƻǾł 

όмффуύ ŦƻǳƴŘ ƻǳǘΣ ǘƘŀǘ ǘƘŜ ƘŜŀǘ ǿŀǾŜ ƭŀǎǘǎ п ǘƻ т Řŀȅǎ ƻƴ ŀǾŜǊŀƎŜΣ ¢ǳǑƛƳƛŎŜ ǎǘŀǘƛƻƴ ǎƘƻǿǎ ǎƛƳƛƭŀǊ 

results.  

 

¢ŀōƭŜ мΦ !ƴƴǳŀƭ ŀƎǊƻƳŜǘŜƻǊƻƭƻƎƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ŀǘ ¢ǳǑƛƳƛŎŜ ƻōǎŜǊǾŀǘƻǊȅ όмфсуς2012) 
 

Meteorological characteristic abbreviation value unit 

mean air temperature  trok 8.6 ϲ/ 

ǎǳƳ ƻŦ ŀŎǘƛǾŜ ŀƛǊ ǘŜƳǇŜǊŀǘǳǊŜ Ҕ  р ϲ/  ʅǘ Ҕ р ϲ/ 3163.6 ϲ/ 

ǎǳƳ ƻŦ ŀŎǘƛǾŜ ŀƛǊ ǘŜƳǇŜǊŀǘǳǊŜ Ҕ мл ϲ/  ʅǘ Ҕ мл ϲ/ 2683.4 ϲ/ 

mean maximum air temperature  tmax 13.0 ϲ/ 

absolute maximum air temperature  abs tmax 37.9 ϲ/ 

ŀŎǘƛǾŜ ǎǳƳ ƻŦ ƳŀȄƛƳǳƳ ŀƛǊ ǘŜƳǇŜǊŀǘǳǊŜ Ҕ р ϲ/  ʅǘƳŀȄ Ҕ р ϲ/ 4696.6 ϲ/ 

ŀŎǘƛǾŜ ǎǳƳ ƻŦ ƳŀȄƛƳǳƳ ŀƛǊ ǘŜƳǇŜǊŀǘǳǊŜ Ҕ мл ϲ/  ʅǘmax Ҕ мл ϲ/ 4249.0 ϲ/ 
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¢ǳǑƛƳƛŎŜ13ϲ19'41"E; 50ϲ22' 36" N;  322m;   trok: 8,5 ϲC;  rrok: 422,5 mm 

abs tmax: 37,2 ϲC

tmax VII.: 23,5 ϲC

tmin I. : -3,7 ϲC

abstmin: -23,9 ϲC

abs rmax: 68,6 mm
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tmin > 0,0 ϲ/Υ  нсу Řƴǻ
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mean minimum air temperature  tmin 4,4 ϲ/ 

absolute minimum air temperature abs tmin -23.9 ϲ/ 

sunshine duration  ssrok 1532.6 h 

water vapour pressure  erok 9.1 hPa 

precipitation total  rrok 433.1 mm 

ƴǳƳōŜǊ ƻŦ Řŀȅǎ ǿƛǘƘ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ǘƻǘŀƭ җ лΦм ƳƳ  Ǌ җ лΣм ƳƳ 159.6 day 

ƴǳƳōŜǊ ƻŦ Řŀȅǎ ǿƛǘƘ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ǘƻǘŀƭ  җм ƳƳ  Ǌ җ мΣл ƳƳ 79.2 day 

ƴǳƳōŜǊ ƻŦ Řŀȅǎ ǿƛǘƘ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ǘƻǘŀƭ җмл ƳƳ  Ǌ җ млΣ ƳƳ 9.2 day 

the highest daily precipitation total  abs rrok 91.7 mm 

 

Figure 5 illustrates the course of maximum air temperature in August 2003, the maximum air 

ǘŜƳǇŜǊŀǘǳǊŜ ŘǳǊƛƴƎ ǘƘŜ ƘŜŀǘ ǿŀǾŜ ǿŀǎ ƛƴ ǘƘŜ ŦǊŀƳŜ ŦǊƻƳ олΦр ϲ/ ǘƻ отΦф ϲ/ όǘƘƛǎ ǘƘŜ ŀōǎƻƭǳǘŜ 

ƳŀȄƛƳǳƳ ŀƛǊ ǘŜƳǇŜǊŀǘǳǊŜ ƳŜŀǎǳǊŜŘ ŀǘ ¢ǳǑƛƳƛŎŜ ǎǘŀǘƛƻƴ ŘǳǊƛƴƎ ǘƘŜ пр ȅŜŀǊǎ period). The results 

ƻŦ ƘŜŀǘ ǿŀǾŜ ƻŎŎǳǊǊŜƴŎŜ ŎƻǊǊŜǎǇƻƴŘ ǿƛǘƘ {ŎƘŅǊ et al. (2004). 

 

 

Figure 4. Number of heat waves in particular years 
 

y = 5E-08x6 - 6E-06x5 + 0,0003x4 - 0,0047x3

+ 0,0233x2 + 0,0833x + 0,2203
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Figure 5. Course of maximum air temperature in August 2003 during the heat wave 
 

¢ǊƻǇƛŎŀƭ Řŀȅǎ όƛǘ ƳŜŀƴǎ Řŀȅ ǿƛǘƘ ǘƘŜ ƳŀȄƛƳǳƳ ŀƛǊ ǘŜƳǇŜǊŀǘǳǊŜ олΦл ϲ/ ŀƴŘ ƳƻǊŜύ ƻŎŎǳǊ тΦм days 

per year on average with extreme values 29 days in 2003 and no tropical day occurrence in the 

years 1980, 1981 and 1987. Tropical days occurrence is typical for June, July and August, even 

though they can also occur in May (1969, 1999, 2005 and 2007) and September (1973 and 

2003).  Figure 6  shows the number of tropical days in particular years including polynomial 

equation: 

y = -1E-07x6 + 2E-05x5 ς 0.0012x4 + 0.0346x3 ς 0.4828x2 + 2.4971x + 3.0403; 

wч Ґ лΦнрупΦ 

There were observed 319 tropical days in the sum during the 45years period and from this 

amount 209 days (i.e. 65.5 %) were recorded in the period from 1991 to 2012. The similar 

ǊŜǎǳƭǘǎ ǿŜǊŜ ŦƻǳƴŘ ƻǳǘ ōȅ YƻȌƴŀǊƻǾł et al. (2012).  
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Figure 6. Number of tropical days 
 

Basic statistical characteristics of number of tropical days in the year are given in Table 2. 

Cƛŀƭŀ όнллсύ ƛƴǾŜǎǘƛƎŀǘŜŘ ǘƘŜ ŘǊƻǳƎƘǘ ƻŎŎǳǊǊŜƴŎŜ ŀǘ ±ǊłȌ ǎǘŀǘƛƻƴ ƛƴ ǘƘŜ ǇŜǊƛƻŘ мфсмς2004 using 

the method of cumulative series. There have occurred 962 drought periods (7 438 days, i.e. 46.3 

% of all days) and only 2 461.8 mm of precipitation was measured, i.e. 9.9 % of all precipitation. 

The drought periods were nearly at the same years 1976, 2003 and 1991 on both stations 

ό¢ǳǑƛƳƛŎŜ ŀƴŘ ±ǊłȌύ ŀƴŘ ƛƴ ǘƘŜ ȅŜŀǊ мфур ƛǘ ǿŀǎ ƴŜŀǊƭȅ ǘƘŜ ǎŀƳŜ ς ǘƘŜ ŘǊƻǳƎƘǘ ǇŜǊƛƻŘ ŀǘ ±ǊłȌ 

station was recorded from 9th September 1985 to 30th October 1985, it has lasted 51 days, the 

ǎǳƳ ƻŦ ŀƛǊ ǘŜƳǇŜǊŀǘǳǊŜ ǿŀǎ рнфΦф ϲ/Σ ǇǊŜŎƛǇƛǘŀǘƛƻn total was 10.4 mm and criterion S was 27.02. 

¢ƘŜ ǎǇŜƭƭ ƻŦ ŘǊƻǳƎƘǘ ƻŎŎǳǊǊŜƴŎŜ ŀǘ ¢ǳǑƛƳƛŎŜ ǎǘŀǘƛƻƴ ƛǎ ƎƛǾŜƴ ƛƴ ǘŀōƭŜ оΦ 

 

  

29
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Table 2. Basic statistical characteristics of tropical days in the year. 
 

Characteristic Value 

mean 7.1 

maximum 29 

year 2003 

minimum 0 

year 1980, 1981, 1987 

first decile 1.4 

lower quartile 3.0 

median 6.0 

upper quartile 10.0 

nith decile 12.6 

quartile deviation 5.0 

standard deviation 5.8 

coefficient of asymmetry 1.6 

coefficient of kurtosis 3.7 

 

Table 3. The spells of drought occurrence. 
 

 
from to 

duration 
(days) 

ʅ ǘŜƳǇŜǊŀǘΦ 
όϲ/ύ 

ʅ ǇǊŜŎƛǇƛǘΦ 
(mm) 

daily 
mean 

criterion 
S 

1 26.2.1976 12.7.1976 136 1522.0 89.1 0.66 63.92 

2 28.7.1973 9.10.1973 73 1187.5 105.1 1.44 57.00 

3 31.7.2003 31.12.2003 153 1455.2 67.8 0.44 56.75 

4 10.8.1991 31.10.1991 82 1019.0 19.7 0.24 35.66 

5 13.9.2001 31.12.2001 109 675.6 100.0 0.92 34.45 

6 3.1.2003 6.5.2003 123 536.2 35.8 0.29 33.24 

7 22.3.1998 23.5.1998 62 694.6 17.5 0.28 22.91 

8 9.9.1985 3.11.1985 55 569.6 5.3 0.10 22.78 

9 2.7.1971 19.8.1971 48 949.7 16.9 0.35 20.89 

 

CCOONNCCLLUUSSIIOONN  

¢ƘŜ ǎǘǳŘȅ ǇǊƻǾƛŘŜǎ ŀƴ ŜǾŀƭǳŀǘƛƻƴ ƻŦ ǘƘŜ ǎŜƭŜŎǘŜŘ ŀƎǊƻŎƭƛƳŀǘƻƭƻƎƛŎŀƭ ŎƻƴŘƛǘƛƻƴǎ ŀǘ ǘƘŜ ¢ǳǑƛƳƛŎŜ 

observatory in 45-year-observation (1968ς2012), one of the longest continuous observation 

ǇŜǊƛƻŘǎ ƛƴ tƻŘƪǊǳǑƴƻƘƻǊǎƪł ǇłƴŜǾ (the North Bohemian Basin). There were 35 heat waves in 

total (June ς 6; July -17; August - 10) within the 45 years period. The longest heat wave in July 

has lasted 11 days and it was recorded from July 18th to July 28th 2006. Tropical days occur 7.1 
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days per year on average with extreme values 29 days in 2003. The longest drought occurrence 

was registered from 31st July to 31st December 2003 (123 days) with sum of air temperature 

росΦн ϲ/ ŀƴŘ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ǘƻǘŀƭ орΦу ƳƳΦ 
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SSUUMMMMAARRYY  

hōǎŜǊǾŀǘƻǌ ¢ǳǑƛƳƛŎŜ ǎŜ ƴŀŎƘłȊƝ Ǿ aƻǎǘŜŎƪŞ ǇłƴǾƛ Ǿ ǇƻǾƻŘƝ ǌŜƪȅ hƘǌŜ όрлϲннϥосϦ ǎΦ ǑΦΤ моϲмфϥпмϦ 

vΦ ŘΦΣ онн Ƴ ƴΦ ƳΦύΣ ōȅƭŀ ȊŀƭƻȌŜƴŀ мΦ Řǳōƴŀ мфстΦ hŘ олΦ ммΦ нллм ōȅƭŀ ȊŀǌŀȊŜƴŀ ƳŜȊƛ 

ǇǊƻŦŜǎƛƻƴłƭƴƝ ǎǘŀƴƛŎŜ ǎ ŎŜƭƻŘŜƴƴƝ ƻōǎƭǳƘƻǳ ό!a{ύ ŀ ƻŘ уΦ мнΦ нлмл ŀȌ ŘƻǎǳŘ ǇŀǘǌƝ ƳŜȊƛ 

ǇǊƻŦŜǎƛƻƴłƭƴƝ ǎǘŀƴƛŎŜ ƪƻƳōƛƴƻǾŀƴŞƘƻ ǘȅǇǳ ό!a{мύΦ 

V ǇǌƝǎǇŠǾƪǳ ōȅƭȅ ȊǇǊŀŎƻǾłƴȅ ǾȅōǊŀƴŞ ŀƎǊƻƪƭƛƳŀǘƛŎƪŞ ŎƘŀǊŀƪǘŜǊƛǎǘƛƪȅ ŘƻǇƻǊǳőŜƴŞ Ǿ ƧŜŘƴƻǘƭƛǾȇŎƘ 

ōƭƻŎƝŎƘ ǇƻŘƭŜ ƳŜǘƻŘƛƪȅ ²ah όYƻȌƴŀǊƻǾł ŀ YƭŀōȊǳōŀΣ нлмлύ ς Ǿȇǎƪȅǘ ƘƻǊƪȇŎƘ ǾƭƴΣ ǇƻőŜǘ 

ǘǊƻǇƛŎƪȇŎƘ ŘƴƝ ŀ Ǿȇǎƪȅǘ ǎǳŎƘŀΦ aŜǘŜƻǊƻƭƻƎƛŎƪł Řŀǘŀ όŘŜƴƴƝΣ ƳŠǎƝőƴƝΣ ǊƻőƴƝύ ōȅƭŀ ŜȄǇƻǊǘƻǾłƴŀ 

z ƪƭƛƳŀǘƻƭƻƎƛŎƪŞ ŘŀǘŀōłȊŜ 2Ia¨ /[L5!¢!Φ {ǘŀǘƛǎǘƛŎƪŞ Ǿƭŀǎǘƴƻǎǘƛ ŀƎǊƻƪƭƛƳŀǘƛŎƪȇŎƘ charakteristik 

Ƨǎƻǳ ǇƻǇǎłƴȅ ǾŜƭƛőƛƴŀƳƛΥ ŀǊƛǘƳŜǘƛŎƪȇ ǇǊǻƳŠǊΣ ŀōǎƻƭǳǘƴƝ ƳŀȄƛƳǳƳ ŀ ƳƛƴƛƳǳƳ ŀ Ǌƻƪȅ ƧŜƧƛŎƘ 

ǾȇǎƪȅǘǳΣ ƳŜŘƛłƴΣ ƘƻǊƴƝ ŀ ŘƻƭƴƝ ƪǾŀǊǘƛƭΣ ǇǊǾƴƝ ŀ ŘŜǾłǘȇ ŘŜŎƛƭΣ ǎƳŠǊƻŘŀǘƴł ƻŘŎƘȅƭƪŀΣ ƪǾŀǊǘƛƭƻǾł 

odchȅƭƪŀΣ ƪƻŜŦƛŎƛŜƴǘ ŀǎȅƳŜǘǊƛŜ ŀ ƪƻŜŦƛŎƛŜƴǘ ǑǇƛőŀǘƻǎǘƛΦ ±ȅƘƻŘƴƻŎŜƴƝ ȊƳŠƴȅ ǘǊŜƴŘǳ ƧŜŘƴƻǘƭƛǾȇŎƘ 

ǇǊǾƪǻ ŀ ŦŜƴƻƭƻƎƛŎƪȇŎƘ ŎƘŀǊŀƪǘŜǊƛǎǘƛƪ ōȅƭƻ ǇǊƻǾŜŘŜƴƻ ǇƻƳƻŎƝ ǊƻǾƴƛŎŜ ǇƻƭȅƴƻƳǳ сΦ ǎǘǳǇƴŠΥ ȅ Ґ ō 

+ c1x + c2x
2 + c3x

3 + c4x
4 + c5x

5 + c6x
6Φ 2Ŝǘƴƻǎǘ Ǿȇǎƪȅǘǳ ǎǳŎƘŀ ōȅƭŀ ǾȅƘƻdnocena metodou 

ǎƻǳőǘƻǾȇŎƘ ǌŀŘ ό{ƭłŘŜƪΣ нллмύΦ /ŜƭƪŜƳ ōȅƭƻ ƴŀ ǎǘŀƴƛŎƛ Ȋŀ прƭŜǘŞ ƻōŘƻōƝ ȊŀȊƴŀƳŜƴłƴƻ ор 

ƘƻǊƪȇŎƘ ǾƭƴΣ Ȋ toho v őŜǊǾƴǳ сΣ Ǿ őŜǊǾŜƴŎƛ мт ŀ v ǎǊǇƴǳ млΦ bŜƧŘŜƭǑƝ ƘƻǊƪł Ǿƭƴŀ Ǿ őŜǊǾŜƴŎƛ ǘǊǾŀƭŀ 

мм ŘƴƝ όнллсύ ŀ ƴŜƧŘŜƭǑƝ ƘƻǊƪł Ǿƭƴŀ Ǿ srpnu 8 ŘƴƝ όнллоύ. V ǇǊǻƳŠǊǳ ǎŜ ƴŀ ǎǘŀƴƛŎƛ ǾȅǎƪȅǘƴŜ тΣм 

ǘǊƻǇƛŎƪȇŎƘ ŘƴƝ όƳŀȄƛƳłƭƴƝ ǘŜǇƭƻǘŀ ǾȊŘǳŎƘǳ ол ϲ/ ŀ ǾƝŎŜύ Ȋŀ ǊƻƪΦ bŜƧǾȅǑǑƝ ǇƻőŜǘ ǘǊƻǇƛŎƪȇŎƘ ŘƴƝ ōȅƭ 

ȊŀȊƴŀƳŜƴłƴ Ǿ roce 2003 (29 ŘƴƝύΣ ƴŀƻǇŀƪ Ǿ ƭŜǘŜŎƘ мфулΣ мфум ŀ мфут ƴŜōȅƭ ȊŀȊƴŀƳŜƴłƴ ȌłŘƴȇ 

ǘǊƻǇƛŎƪȇ ŘŜƴΦ bŜƧŘŜƭǑƝ ƻōŘƻōƝ ǎǳŎƘŀ ōȅƭƻ ǇƻŘƭŜ ƳŜǘƻŘȅ ǎƻǳőǘƻǾȇŎƘ ǌŀŘ ȊƧƛǑǘŠƴƻ Ǿ roce 2003 (od 

омΦ тΦ Řƻ омΦ мнΦύΣ ŎŜƭƪŜƳ ǘǊǾŀƭƻ мно ŘƴƝΣ ǎǳƳŀ ǘŜǇƭƻǘȅ ǾȊŘǳŎƘǳ őƛƴƛƭŀ Ǿ ǘƻƳǘƻ ƻōŘƻōƝ ŎŜƭƪŜƳ 

росΣн ϲ/ ŀ ǵƘǊƴ ǎǊłȌŜƪ ōȅƭ Ǿ ŘŀƴŞƳ ƻōŘƻōƝ орΣу ƳƳΦ 
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EEFFFFEECCTT  OOFF  AAGGEE  OOFF  HHOORRSSEESS  OONN  GGAASS  CCOONNCCEENNTTRRAATTIIOONN  IINN  TTHHEE  SSTTAABBLLEE    

  

JJAANN  KKAALL^̂££EEKK  11,,22,,  MMIILLOOSSLLAAVV  ££OOCCHH11,,  PPAAVVEELL  OONNDDRR11,,  IIVVAANNAA  KKNN^̂¼¼KKOOVV<<22,,  JJII~~̂̂  CCIIMMLL11  

 

1 ¦ƴƛǾŜǊǎƛǘȅ ƻŦ {ƻǳǘƘ .ƻƘŜƳƛŀ ƛƴ 2ŜǎƪŞ .ǳŘŠƧƻǾƛŎŜ 

2 Institute of Animal science in Praha ς ¦ƘǌƛƴŠǾŜǎ 

AABBSSTTRRAACCTT    

One of the problems currently livestock may be higher densities per unit area. At the same time 

the animals are increasing demands on their performance. It is therefore necessary to know the 

demands of animals to their actual needs and is not maintained by subjective human 

imagination. It is necessary to monitor the effects of individual factors, but also their complex 

effect on livestock. Animal performance and thus the breeding success of the whole depends on 

many factors - the nutrition of farm animals for rearing, hygiene environment, veterinary care, 

livestock breeds and their physiological capabilities and, last but not least, the micro-climatic 

conditions in the stable. 

Measurement of stable gas for its technical difficulty took place at the National Stud Farm in 

Kladruby 1x per month and the 24-h cycle, from April 2011 to March 2012.  

The aim of this study was to investigate the concentrations of stable gases - carbon dioxide, 

methane, hydrogen sulfide and ammonia in the barn with mares and foals in the stable, where 

the only adult mares. Of interest were also variations in the concentration of these gases over 

the year. 

  

Key words: Microclimate stables, stable gases, carbon dioxide, methane, hydrogen sulfide, 

ammonia, horse breeding, animal welfare.  

IINNTTRROODDUUCCTTIIOONN    

Before man domesticated the horse and began to use it for their various needs, so the horse 

naturally occurred in the vast steppes, mostly in Asia. This way of life suited them, they were 
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used to it. But as the man began to treat the horses in the stables, so they significantly changed 

their liǾƛƴƎ ŎƻƴŘƛǘƛƻƴǎ ό5ƻōǊƻǊǳƪŀ ŀƴŘ YƘƻƭƻǾł мффнύΦ  

Year after year in the Czech Republic increased number of breeding horses (see tab. 1). 

According Sodeho (1992), but due to poor housing, inadequate or improper care of the horses, 

poor nutrition and possibly neglected health care leads to many complications veterinarian. 

These include hoof rot, an infection in the respiratory tract, allergies or digestive problems 

(Ende 2000). 

  

Tab 1. The number of breeding horses in the Czech Republic  

Year Number of horses 

2009 28030 

2010 29887 

2011 31068 

2012 33175 

2013 34281 

CǊƻƳΥ 2Ŝǎƪȇ ǎǘŀǘƛǎǘƛŎƪȇ ǵǌŀŘ  
 

Stable environment has a major impact on the animals. This is due to the fact that in the stables 

staying most of the day. Kryptoklima is quite significantly influenced by the environment stable. 

Affect him but also physiological processes of livestock, number, type and age of animals, type 

of technology used in the stable and respecting common Breeding-hygiene practices. In their 

midst, the frequency of removal of manure, irrigation as a means to prevent excessive dust and 

last but not least, ventilation (Kic 1996). 

A properly functioning ventilation system continuously removes stale and stable gases richer air 

out of the stable area. This technique also divertǎ ŀƴŘ ƛƴŎǊŜŀǎŜŘ ƘǳƳƛŘƛǘȅ όYƛŎ ŀƴŘ .ǊƻȌ нлллύΦ Lǘ 

ƛƴŎǊŜŀǎŜŘ ǊŜƭŀǘƛǾŜ ƘǳƳƛŘƛǘȅ ŀƴŘ ǎǘŀōƭŜ ƎŀǎŜǎ Ŏŀƴ ŀƭǎƻ ōŜ ŀ ǘǊƛƎƎŜǊ ŎƻǊǊƻǎƛƻƴ ƻŦ ōǳƛƭŘƛƴƎǎ όIǳƧƶłƪ 

1997). On the other hand, it must also take into account the air temperature and relative 

humidity outside team-building. By improper ventilation, can cause great loss of energy as heat 

όCǊŀƴŠƪ Ŝǘ ŀƭΦΣ мфсрύΦ 

Stable environment can be a limiting factor for the energy metabolism of animals and thus the 

ǇǊƻŘǳŎǘƛǾƛǘȅ ƻŦ ƭƛǾŜǎǘƻŎƪ ό~ƻŎƘ нллрύΦ 
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Chemical composition of stable air  

In the bodies of animals housed underway metabolic processes that are manifested, inter alia, 

the production of liquid, solid and gaseous products. Liquid and solid component is then further 

degraded by microorganisms into simpler substances. Even with these transformations occur 

ƻǘƘŜǊ ƎŀǎŜǎ ǘƘŀǘ Ƴŀȅ ŀŎŎǳƳǳƭŀǘŜ ƛƴ ǘƘŜ ǎǘŀōƭŜǎ ό5ƻƭŜȌŀƭ Ŝǘ ŀƭΦΣ нллпύΦ  

 

Carbon dioxide ς CO2 

A colorless, flammable gas that is toxic in small concentrations. The air reaches 0.3 percent by 

volume. Its amount in the atmosphere is still increasing, because it is discharged as a product of 

combustion of substances containing carbon and at many manufacturing processes. 

This gas is primarily a product of stable breathing. Partly but also arises in fermentations in the 

digestive system and in the litter. Its potential increased concentration is a sign of impaired 

ventilation. 

Tab 2. 

Gas 
Air 

atmospheric exhaled in the stable 

N 78,09 78,09 78,09 

O 20,95 16,4 19,6 ς 20,7 

CO2 0,04 4,24 0,2 ς 0,4 

CǊƻƳΥ  CǊŀƴŠƪ ŀ ƪƻƭΦ мфср 
 

Ammonia ς NH3 

It is a colorless, eyes irritating gas. It is used for example in the production of fertilizers and nitric 

acid. 

The stables are released during decomposition of metabolites digestion. The concentration of 

this gas depends on the number of animals (live weight), feed composition and flow rate of air 

in the barn. If there is this greater amount of gas, it may cause a restriction horses resistance 

against infections. Sufficient air exchange ventilation rapidly changing content of stable gases in 

general and therefore ammonia in favor of better environmental cleanliness.  
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Hydrogen sulfide ς H2S 

This gas is colorless, poisonous, foul-smelling, flammable. In the stables created by anaerobic 

decomposition of organic substances, mainly proteins with sulfur amino acids. Dangerous 

primarily in those technologies where the scrub areas accumulate liquid exudates. When their 

removal may lead to sudden release of hydrogen sulfide and exceeding permitted levels. 

It has a greater density than the other components of air, and therefore is held in a thin layer 

near the ground. Slightly higher than normal in a stable condition may be caused by the 

handling of manure. 

 

Methane ς CH4 

It is the simplest organic compound is not toxic. In combination with oxygen to form an 

explosive mixture. Located in the natural gas and coal gas. Creates the absence of air in the fetid 

swamps fermentation (Holinka 2003). 

Is mainly produced in the digestive processes in cattle. If the concentration is increased, may 

begin threatening physiological processes in animals. 

bŀǾǊłǘƛƭ όнллтύ ƛƴ ǘƘŜƛǊ ǇǳōƭƛŎŀǘƛƻƴ ƭƛǎǘǎ ǘƘŜ ǊŜŎƻƳƳŜƴŘŜŘ ƳŀȄƛƳǳƳ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ƻŦ ǎǘŀōƭŜ 

gases for horse breeding as follows: CO2 = 2500 ppm, 25 ppm = NH3 and H2S = 10 ppm. But Kic 

ŀƴŘ .ǊƻȌ όмффрύ ǊŜŎƻƳƳŜƴŘ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ƳŀȄƛƳǳƳ ŎƻƴŎŜƴǘǊŀǘƛƻƴΥ /h2 = 3000 ppm, NH3 = 25 

ppm and H2S = 7 ppm. Czech Technical Standard 73 0543-2 specifies the maximum CO2 

concentration of 3500 ppm. 

Other gases, such as N2O or O3 may result from the use of specific compound feed. They do not 

set their limit. In agricultural buildings to meet with a characteristic odor. Its agents are the 

animals themselves and then also decomposing products of digestion. In the premises there is 

adequate ventilation oblivious to the stables, can occur in the summer months to excessive 

odor intensity, which then annoys the animals and keepers. The concentrations of stable gases 

can be well eliminated. It is a hygiene environment, regular ventilation, use of air ionization and 

adding additives to animal manure. Their effectiveness is however low, ranging between 3-10%. 

It is more efficient but the addition of certain substances directly into the ration. This we can 
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achieve efficiencies of up to 30-пл҈Φ ¢Ƙƛǎ ǿŀȅΣ ōǳǘ ǿŜ Ŏŀƴ ŜƭƛƳƛƴŀǘŜ ƻƴƭȅ ŀƳƳƻƴƛŀ ό5ƻƭŜȌŀƭ Ŝǘ 

al. 2004). 

 

Description of selected stable  

Measuring the concentrations of stable gases was carried out in the stables VIII and IX of the 

National Stud Farm in Kladruby nad Labem. In the stable No. VIII were housed only mare in the 

stable and No. IX were mares with foals. Both stables are exactly the same, just inverted mirror 

image of yourself. 

Stables are rectangular footprint measuring 9.4 meters and 46.3 meters. Height Stables is 4.0 

meters. Horses but do not have access to the entire stable area, because on the one hand, the 

stable is a space for temporary storage of hay. Horse, then use area 9.4 meters to 38 meters. 

From the stable door leading to the courtyard and the passage to other neighboring stables. The 

door to the courtyard are 2.9 meters wide and 3.2 meters high. The passage has a width of 2.6 

meters and height of 2.9 meters. It is closed during most of the lower half of the door, the door 

to the courtyard when the weather is opened (the horses in the courtyard to prevent the 

escape of a double barrier). 

The barn is a total of 14 identical windows. On the long side of the barn opposite the gate to the 

courtyard of the nine windows on the short wall opposite the passage is 1 window and on the 

other long side of the barn are three windows to the right of the door and one window to the 

left of the door. The window width is 1.3 meters and height of 1.5 meters. The entire area of the 

window is divided into two independently doors and shutters. You are December to February is 

fully closed. For most of the two shutters open at about 30% in the summer to open up 

completely, but always in a way that did not originate in a stable draft. The windows are about 

the height of a horse's head. 

 The whole area of the barn, the horses used is about 15-20 cm tall bedding of straw. On it is a 

means stables conducted about one meter wide strip of hay. In this way, all horses (mares or 

mares with foals) ensuring equal access to food. Skybal and wet straw was cleaned every day. 

Approximately 1x per month cleaning out all the bedding and carried out disinfection. 
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MMAATTEERRIIAALLSS  AANNDD  MMEETTHHOODDSS    

To evaluate the concentrations of stable gases were selected stables VIII and IX of the National 

Stud Farm in Kladruby nad Labem. In the stable VIII No. 10 mares were housed Kladruby horses. 

This is a free type of housing. In the stable No. IX was housed 9 Kladruby horse mares with their 

foals. The births occurred from late January to about mid-March. It is again a free type of 

housing. 

The monitored stables conducted continuous measurements of air temperature and relative 

humidity. In this measuring device was used Cometr. It was fixed in the stable on the wall in a 

place where it did not have access horses around at 2 meters above the ground. Was selected 

recording interval of 15 minutes. The measured values are periodically withdrawn to the laptop 

to Microsoft Excel, which is then processed.  

From June to March 1 conducted monthly measurements of stable gases. At this measurement 

was used ASEKO station. Measurements always took 24 hours. The station itself is placed into 

the preparation and the sensor is in the middle of the barn hung on a hook from the ceiling in 

such a way as not to prevent equine handling techniques. The sensors were connected to the 

station cables, which resulted in the grooves on the ceiling next to electrical lighting. Records of 

this measurement was set to 10 minute interval.  

In parallel with the experienced and airflow inside the barn, the door is open and the courtyard. 

Unfortunately, this measurement could not be performed continuously.  

{ǘŀǊƻƪƭŀŘǊǳōǎƪȇ ƘƻǊǎŜ ǿŀǎ ŘŜŎƭŀǊŜŘ ŀ ƴŀǘƛƻƴŀƭ ƳƻƴǳƳŜƴǘΦ Lǘ ƛǎ ŀ ǘȅǇƛŎŀƭƭȅ /ȊŜŎƘ ōǊŜŜŘ ƳŀǎǎƛǾŜ 

character with a strong klabonosa. Behaves in white at the National Stud Farm in Kladruby nad 

[ŀōŜƳ ŀǎ ŀ ōƭŀŎƪ ƘƻǊǎŜ ƛƴ {ƭŀǘƛƶŀƴȅΦ Lǘǎ ƻǊƛƎƛƴ ŎƻƳŜǎ ŦǊƻƳ ƻƭŘ-spain and old-italy horses. These 

horses were originally designed for the needs of the imperial court in Vienna in harness. White 

horse used nobles, black horse again church leaders. Currently mainly used in Driving, for 

ceremonial purposes in some royal courts as a heavy riding horse. For easy handling it uses 

cavalry municipal police. Kladruby horse population is not very large, numbering about 1,300 

ƘƻǊǎŜǎΦ ! ōƛƎ ǊŜŘǳŎǘƛƻƴ ƛƴ ǘƘŜ ƴǳƳōŜǊ ƳŀǊƪŜŘ ǘƘŜ ŦƛǊǎǘ ²ƻǊƭŘ ²ŀǊΦ [ƛƴŜ {ǘŀǊƻƪƭŀŘǊǳōǎƪŞ ƘƻǊǎŜǎ 

with white horses are Generale, Generalissimo, Favor, Rudolfo and Sacramoso; u black horses 

then Sacramoso (1922 and NapoleonŜύΣ {ƻƭƻΣ {ƛƎƭŀǾƛ tŀƪǊŀ ŀƴŘ wƻƳƪŜ όbŀǾǊłǘƛƭ нллтύΦ 
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RREESSUULLTTSS  AANNDD  DDIISSCCUUSSSSIIOONN    

First the concentration of the individual gases at the age of stable horses in the stable  

1.1 Ammonia 

For this gas was found less significant dependence of concentration between the two stables. As 

the concentration of this gas in the stable depends on bodyweight and thus the amount 

excluded metabolites digestion, it is clear that for most of the live weight of mares with foals 

less than a live weight of mares in the second barn.  

1.2 Methane 

For methane found a very close relationship between the concentration in the stable of mares 

with foals and mares in the barn. It is therefore evident that the concentration of this gas 

depends primarily on body weight stabled horses. This gas is relatively well ventilated and even 

winter in compliance with animal hygiene conditions is not a problem. 

1.3 Hydrogen Sulfide 

A similar situation is also hydrogen sulphide. The degree of dependence between the 

concentration of this gas in the barn mares with foals with mares in the stable concentration is 

very tight. 

1.4 Carbon dioxide 

Correlation of the concentration of this gas in the barn mares with foals with mares in the stable 

concentration approaches the value first So there is a very strong addiction. 
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Tab 3. The concentration of stable gas  

Month 
Stable with foals Stable with mares 

NH3 CH4 H2S CO2 NH3 CH4 H2S CO2 

Year 2011 

June 5,7 14,8 0,8 735,6 5,6 14,6 0,9 648,8 

July 5,8 13,3 0,8 742,8 5,7 13,0 0,9 653,7 

August 5,7 15,2 0,8 748,9 5,6 14,8 0,9 655,3 

September 5,5 14,9 0,8 743,9 5,3 14,3 0,9 622,6 

October 5,6 14,3 0,8 734,9 5,1 13,0 0,9 612,2 

November 5,7 15,2 0,8 827,3 5,7 15,3 0,9 828,1 

December 5,6 15,3 0,8 749,3 5,6 15,3 0,9 750,8 

Year 2012 

January 5,6 18,3 0,8 704,2 5,6 18,4 0,9 703,5 

February 5,6 15,9 0,8 686,2 5,6 15,9 0,9 684,1 

March 5,6 15,4 0,8 829,9 5,6 15,4 0,9 828,2 

  

This table shows the mean values of stable gases. Typically each month held one measurement 

length of about 24 hours.  

 

Tab 4. Interpolation weights foals (kg) in the barn No. IX  
Foal / Month I. II. III. IV. V. VI. VII. VIII. IX. X. XI. XII. 

1. 0 63 100 145 180 220 260 290 310 335 0 0 
2. 0 69 95 140 175 210 250 280 305 320 0 0 
3. 68 85 105 145 180 205 245 285 325 370 0 0 
4. 0 65 105 140 175 210 245 270 300 325 0 0 
5. 0 70 115 150 185 220 255 295 310 335 0 0 
6. 0 60 100 140 180 225 265 310 330 350 0 0 
7. 0 0 65 105 150 195 240 285 310 330 0 0 
8. 0 0 74 110 150 195 240 285 315 335 0 0 
9. 0 0 68 105 145 185 225 265 290 315 0 0 

ф ƳŀǊŜǎ ł тлл ƪƎ 6300 6300 6300 6300 6300 6300 6300 6300 6300 6300 6300 6300 
In sum 6368 6712 7127 7480 7820 8165 8525 8865 9095 9315 6300 6300 

 Note: red = actual weight of the foal; Yellow = interpolation weights foal  
 

Average monthly growth: 38,857 kg  

The average weight of mares during the year varies very little. The production of stable gas 

these minor variations do not affect. Therefore, the weight of adult mares considered as 

constant.  
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Second the concentration of stable gas on the season  

 

2.1 Ammonia  

Ammonia gas is easily ventilated, so if compliance with the basic rules for horse breeding, such 

as regular removal skybals a maximum number of animals in the barn for which it was designed 

stable and not exceeded the standard concentration. In the stable to accumulate even in the 

winter months when conditions deteriorated for ventilation air. At this time, namely, in addition 

to removal of stale air out and supplying fresh air inside take into account the loss of heat. 

 

2.2 Methane  

Methane is also among well-ventilated gases. In horse breeding, causing its increased 

concentration problems even in the winter months when it is necessary to take into account the 

economic losses in the form of heat escaping from the stable of excessive ventilation. 

 

2.3 Hydrogen sulfide  

Hydrogen sulfide is a gas that is in horse breeding does not occur in higher concentrations. It is 

far more common in cattle or pigs. From a technical point of view it is not possible to record 

slight variations in the concentration, the more so as regards its threshold concentration. 

Changes in the concentration of this gas in both the stable mares with foals and mares in the 

barn alone was in the order of hundredths and thousandths of a ppm. Therefore, the two lines 

is constant. 

 

2.4 Carbon dioxide  

Carbon dioxide is mainly breathing. Its concentration in the enclosure is thus dependent partly 

on the number and weight of the horses (the livestock units), their physical activity and then the 

intensity of the ventilation of stables. Live weight of the animals in the barn mares almost 

unchanged. However, the live weight of mares with foals grow over time. From the graph it is 

but obvious that the influence of the concentration of carbon dioxide is a natural activity of 

animals. And that was generally higher in the stable of mares with foals. Therefore, the 
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concentration of carbon dioxide in the barn mares with foals higher. Ventilation rate was stable 

in both approximately equal. This also corresponds to an increase in the concentration of 

carbon dioxide in the winter months when there is not enough ventilation. 

  

The actual measured CO2 values ranged from 600 to 950 ppm, net issuance is obtained by 

subtracting a constant 380 ppm. The ammonia concentration ranged between 5.6 and 6.0 ppm. 

Hydrogen sulfide during a measurement interval 0.7 to 0.8 ppm. The above implies that the 

concentration of stable gases in the stables of the National Stud Farm in Kladruby nad Labem 

are entirely within the required limits. 

  

Tab 5. Overview of ambulatory measurement values  

Date, time 
Air flow in the stable in m/s Air flow in the courtyard in m/s 

interval median interval median 

 1.4.2011, 11:05 0,06 - 0,81 0,27 0,31 - 2,38 0,74 

 29.4.2011, 11:30 0,07 - 0,41 0,15 0,23 - 2,89 1,43 

 27.5.2011, 11:00 0,04 - 0,17 0,08 0,10 - 0,19 0,15 

 9.6.2011, 11:00 0,35 - 1,16 0,80 0,43 - 3,62 2,85 

 10.6.2011, 10:00 0,08 - 0,42 0,12 1,86 - 2,47 0,43 

 7.7.2011, 11:00 0,05 - 0,12 0,09 0,15 - 0,71 0,43 

 8.7.2011, 10:45 0,00 - 0,32 0,03 0,00 - 1,21 0,76 

 9.8.2011, 9:30 0,00 - 0,82 0,16 0,04 - 1,63 0,86 

 10.8.2011, 13:00 0,00 - 0,76 0,23 0,00 - 1,96 0,83 

 11.8.2011, 10:00 0,00 - 0,00 0,00 0,00 - 0,36 0,08 

 8.9.2011, 10:00 0,01 - 0,46 0,20 0,07 - 0,51 0,25 

 9.9.2011, 10:00 0,00 - 0,47 0,02 0,00 - 0,61 0,12 

 6.10.2011, 10:30 0,00 - 0,30 0,17 0,06 - 1,15 0,75 

 7.10.2011, 10:30 0,00 - 0,00 0,00 0,00 - 0,29 0,03 

 3.11.2011, 10:15 0,00 - 0,00 0,00 0,00 - 0,10 0,04 

 4.11.2011, 10:00 0,06 - 0,10 0,07 0,02 - 0,49 0,15 

 8.12.2011, 10:00 0,07 - 0,54 0,29 1,93 - 3,19 2,65 

 9.12.2011, 10:00 0,02 - 0,16 0,09 0,05 - 0,79 0,39 

 5.1.2012, 10:00 0,05 - 1,48 0,30 0,19 - 4,74 2,00 

 6.1.2012, 9:30 0,08 - 1,83 0,54 0,15 - 3,90 1,78 

 16.2.2012, 13:30 0,02 - 0,40 0,16 0,08 - 4,93 1,97 

 17.2.2012, 14:00 0,05 - 0,17 0,08 0,36 - 2,52 1,11 

 29.3.2012, 10:00 0,19 - 2,64 0,45 0,17 - 3,86 0,96 

 30.3.2012, 9:45 0,02 - 0,32 0,08 0,05 - 1,29 0,66 
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CCOONNCCLLUUSSIIOONN  

The concentration of stable gas depends on the number and age of the horses in the stable, 

their physical activity and ventilation. A close relationship was observed with concentrations of 

carbon dioxide, hydrogen sulfide and methane when comparing their concentrations in mares 

with foals barn with stables themselves mares. In ammonia was demonstrated moderate level 

of dependence. This was probably due to the low concentration of this gas and the fact that it is 

released continuously from the litter. 

Measured gases has been demonstrated that their concentration in the stable of mares with 

foals is higher than in the barn where they were housed only mares. This fact can be explained 

by the fact that the Colts for most of the day are physically active, and secondly, by themselves 

cause their breathing higher concentrations of carbon dioxide and, secondly, how they move 

the litter and mechanically cause a higher rate of release of gas from skybals. 

The concentration of stable individual gases to the season was observed only carbon dioxide 

and methane even partially. This is due to limited ventilation in the winter months when it is 

necessary, on the one hand, to ensure a supply of fresh air in stables and on the other, also take 

into account the loss of heat. 

RREEFFEERREENNCCEESS  

5ƻōǊƻǊǳƪŀΣ WΦ ŀ YƘƻƭƻǾł IΦΥ ½ƪǊƻŎŜƴȇ ǾƭłŘŎŜ ǎǘŜǇƛΦ tŀƴƻǊŀƳŀΣ tǊŀƘŀΣ мффнΦ 
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9ƴŘŜΣ IΦΥ 5ƛŜ ƴŜǳŜ {ǘŀƭƭŀǇƻǘƘŜƪŜΦ aǸƭƭŜǊ wǸǎŎƘƭƛƪƻƴ ±ŜǊƭŀƎǎ !DΣ /ƘŀƳΣ нлллΦ 
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SSUUMMMMAARRYY  

WŜŘŜƴ Ȋ ǇǊƻōƭŞƳǻ ǎƻǳőŀǎƴŞ ȌƛǾƻőƛǑƴŞ ǾȇǊƻōȅ  ƳǻȌŜ ōȇǘ  ǾȅǑǑƝ  ƪƻƴŎŜƴǘǊŀŎŜ ȊǾƝǌŀǘ ƴŀ ƧŜŘƴƻǘƪǳ 

plƻŎƘȅΦ ½łǊƻǾŜƶ ǎŜ ƴŀ ȊǾƝǌŀǘŀ ȊǾȅǑǳƧƝ ǇƻȌŀŘŀǾƪȅ ƴŀ ƧŜƧƛŎƘ ǳȌƛǘƪƻǾƻǎǘΦ WŜ ǘŜŘȅ ƴǳǘƴŞ Ȋƴłǘ ƴłǊƻƪȅ 

ȊǾƝǌŀǘ ƴŀ ƧŜƧƛŎƘ ǎƪǳǘŜőƴŞ ǇƻǘǌŜōȅ ŀ ƴŜ ƧŜ ǾȅǘǾłǌŜǘ ǇƻŘƭŜ ǎǳōƧŜƪǘƛǾƴƝŎƘ ǇǌŜŘǎǘŀǾ őƭƻǾŠƪŀΦ WŜ 

ǇƻǘǌŜōŀ ǎƭŜŘƻǾŀǘ ǾƭƛǾȅ ƧŜŘƴƻǘƭƛǾȇŎƘ ŦŀƪǘƻǊǻΣ ŀƭŜ ƛ ƧŜƧƛŎƘ ƪƻƳǇƭŜȄƴƝ ǇǻǎƻōŜƴƝ ƴŀ ƘƻǎǇƻŘłǌǎƪł 

ȊǾƝǌŀǘŀΦ ¦ȌƛǘƪƻǾƻǎǘ ȊǾƝǌŀǘ ŀ ǘŜŘȅ ƛ ǵǎǇŠǑƴƻǎǘ ŎŜƭŞƘƻ ŎƘƻǾǳ ȊłǾƛǎƝ ƴŀ ƳƴƻƘŀ ŦŀƪǘƻǊŜŎƘ ς ƴŀ ǾȇȌƛǾŠ 

ƘƻǎǇƻŘłǌǎƪȇŎƘ ȊǾƝǌŀǘΣ ƴŀ ȊǇǻǎƻōǳ ǳǎǘłƧŜƴƝΣ ƘȅƎƛŜƴŠ ǇǊƻǎǘǌŜŘƝΣ ǾŜǘŜǊƛƴłǊƴƝ ǇŞőƛΣ ƴŀ ǇƭŜƳŜƴƛ 

ƘƻǎǇƻŘłǌǎƪȇŎƘ ȊǾƝǌŀǘ ŀ ƧŜƘƻ ŦȅȊƛƻƭƻƎƛŎƪȇŎƘ ƳƻȌƴƻǎǘŜŎƘ ŀ Ǿ ƴŜǇƻǎƭŜŘƴƝ ǌŀŘŠ ƛ ƴŀ 

ƳƛƪǊƻƪƭƛƳŀǘƛŎƪȇŎƘ ǇƻŘƳƝƴƪłŎƘ ǾŜ ǎǘłƧƛΦ 

aŠǌŜƴƝ ǎǘłƧƻǾȇŎƘ Ǉƭȅƴǻ ǇǊƻ ǎǾƻǳ ǘŜŎƘƴƛŎƪƻǳ ƴłǊƻőƴƻǎǘ ǇǊƻōƝƘŀƭƻ Ǿ błǊƻŘƴƝƳ ƘǌŜōőƝƴŠ Ǿ 

YƭŀŘǊǳōŜŎƘ ƴŀŘ [ŀōŜƳ  мȄ Ȋŀ ƳŠǎƝŎ ŀ ǘƻ ǾŜ нп Ƙ ŎȅƪƭǳΣ ƻŘ Řǳōƴŀ нлмм Řƻ ōǌŜȊƴŀ нлмнΦ   

/ƝƭŜƳ ǘŞǘƻ ǇǊłŎŜ ōȅƭƻ ǎƭŜŘƻǾłƴƝ ƪƻƴŎŜƴǘǊŀŎƝ ǎǘłƧƻǾȇŎƘ Ǉƭȅƴǻ - ƻȄƛŘǳ ǳƘƭƛőƛǘŞƘƻΣ ƳŜǘŀƴǳΣ 

ǎƛǊƻǾƻŘƝƪǳ ŀ ŀƳƻƴƛŀƪǳ ǾŜ ǎǘłƧƛ ƪƭƛǎŜƴ ǎ ƘǌƝōŀǘȅ ŀ ǾŜ ǎǘłƧƛΣ ƪŘŜ ōȅƭȅ ǇƻǳȊŜ ŘƻǎǇŠƭŞ ƪƭƛǎƴȅΦ 

tǌŜŘƳŠǘŜƳ ȊłƧƳǳ ōȅƭȅ ǊƻǾƴŠȌ ƻŘŎƘȅƭƪȅ ƪƻƴŎŜƴǘǊŀŎƝ ǘŠŎƘǘƻ Ǉƭȅƴǻ Ǿ ǇǊǻōŠƘǳ ǊƻƪǳΦ 
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CCOONNTTAACCTT  

LƴƎΦ Wŀƴ YŀƭƝǑŜƪ  

±ȇȊƪǳƳƴȇ ǵǎǘŀǾ ȌƛǾƻőƛǑƴŞ ǾȇǊƻōȅΣ ǾΦ ǾΦ ƛΦΣ tǊŀƘŀ ς ¦ƘǌƝƴŠǾŜǎΣ tǌłǘŜƭǎǘǾƝ умрΣ млп ллΣ tǊŀƘŀ 

¦ƘǌƝƴŠǾŜǎΣ 2Ŝǎƪł ǊŜǇǳōƭƛƪŀ 

WƛƘƻőŜǎƪł ǳƴƛǾŜǊȊƛǘŀ Ǿ 2ŜǎƪȇŎƘ .ǳŘŠƧƻǾƛŎƝŎƘΣ 2Ŝǎƪł ǊŜǇǳōƭƛƪŀ  
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IIMMPPAACCTT  OOFF  VVEEGGEETTAATTIIOONN  OONN  MMIICCRROOCCLLIIMMAATTEE  IINN  DDIIFFFFEERREENNTT  LLAAYYOOUUTTSS  OOFF  BBUUIILLTT--UUPP  AARREEAASS  

IINN  UURRBBAANNIISSEEDD  EENNVVIIRROONNMMEENNTT  OOFF  NNIITTRRAA  MMUUNNIICCIIPPAALLIITTYY  IINN  SSPPRRIINNGG  PPEERRIIOODD  

  

JJ<<NN  KKLLEEIINN,,  ZZDDEENNKKAA  RRssZZOOVV<<    

 

Department of Ecology and Environmentalistics, Faculty of Natural Sciences, Constantine The 

Philosopher University in Nitra 

 

AABBSSTTRRAACCTT  

Vegetation has an important role in urbanised environment, as its functions enhance the quality 

of life in towns. Its structure shades anthropogenic surfaces, limiting the accumulation of direct 

solar radiation and subsequent emission of converted thermal radiation. This represents its 

potential in reducing the urban heat-island effect. It increases relative air humidity and reduces 

air temperature. Besides microclimatic function, vegetation also has health, aesthetic, 

recreational and other functions. Research is focused on comparing microclimatic factors (air 

temperature, relative air humidity, surface temperatures, airflow) between two monitored 

areas with different vegetation structures. Areas represent an area with vegetation cover 

(particularly tree plants) and an area without vegetation, respectively with minor 

representation of vegetation. Microclimatic conditions are also compared for four different 

types of built-up areas in the town of Nitra, which are represented by a characteristic street. 

 

Key words: surface temperature, vegetation growth, urban texture, street canyon 

IINNTTRROODDUUCCTTIIOONN  

Replacement of natural surfaces like soil and vegetation cover by various urban surfaces ς 

bricks, paving, asphalt, concrete surfaces, glass and iron started modifying urban atmospheric 

environment at different levels above ground in local geographic scale (Brian - Berry, 2008; 

Bonan, 2002). Urban climate was created as a result of replacing natural soil by vast areas of 

impermeable roads, pavements, parking places, roofs of walls with dense and artificial surface 
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of solid and dense structure; reduction of surfaces covered by vegetation; reduction of 

longwave emissions of surfaces by street canyons and releasing gas, solid and liquid 

atmospheric polluting substances and waste heat (Kuttler, 2008; Bonan, 2002).   

The factor of densely built-up area is considered to be one of the key reasons of UHI effect. 

Buildings, roads and hard surfaces accumulate heat during the day which is slowly released in 

the evening, while it maintains the air temperature of town warmer than in surrounding areas 

(Kantzioura - Kosmopoulos - Zoras, 2012). Changes to urban conditions often cause 

environment quality deterioration and can result in damage to health of the citizens of towns 

(Kuttler, 2008). Differences in temperature are also attributed to urban geometry ς the size, 

shape and orientation of buildings and streets as well as the nature of urban areas ς their 

albedo, thermal capacity of materials, thermal conductivity and humidity (Landsberg, 1981). 

Urban climate is directly connected to street axes configuration, height of buildings and their 

attributes. Relationship of urban morphology and microclimate change and air quality within a 

town centre also affects thermal comfort of pedestrians (YǊǸƎŜǊ - Minella - Rasia, 2011). 

Orientation and geometry of a street as well as its certain morphological characteristics have a 

fundamental role regarding surface temperatures. Even temperatures of horizontal earth 

surfaces are more significant than surface temperatures. Wind direction and speed combined 

with street orientation, as well as the effect of trees, increase of the height/width ratio, increase 

of the albedo of earth surface and walls, have the greatest impact on street canyon 

microclimate in relation to temperatures of air and surfaces (Andreou - Axarli, 2012). Vegetation 

has a significant impact on energy balance, as even though green areas have low albedo, thus 

absorbing a great part of emanating radiation, they maintain a lower temperature than usual 

regarding hard surfaces, as they are cooled by evapotranspiration (Pearlmutter et al. 2014). 

Vegetation improves environmental variables like solar radiation, temperatures of surrounding 

surfaces, temperature and humidity of air and wind speed, which are also important for thermal 

comfort of people due to their qualities ς limited emission of direct solar radiation on 

surrounding buildings and surfaces, air cooling by evapotranspiration and wind speed reduction 

(Akbari - Pomerantz - Taha, 2001).   

The paper aims at comparing microclimatic factors in different vegetation structures as well as 
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within four street corridors representing different types of built-up areas of the town of Nitra. 

Partial evaluation of the ongoing research has been recorded for the period from April to June. 

MMAATTEERRIIAALLSS  AANNDD  MMEETTHHOODDSS  

Four localities in the town of Nitra were selected. Each locality within a whole street block 

represents a different urban structure. Particular monitored locality with two monitored areas 

with different plant structure represents a relatively homogenous character of built-up area. 

They are particular streets predominantly oriented in north-south direction with different 

vegetation representations. Individual localities representing certain types of urban built-up 

areas were selected as follows: 

1. /ƻƳǇŀŎǘ ƭŀȅƻǳǘ ƛƴ ǘƘŜ ǘƻǿƴ ƘƛǎǘƻǊƛŎŀƭ ŎŜƴǘǊŜΣ ǊŜǇǊŜǎŜƴǘƛƴƎ ǘȅǇƛŎŀƭ ǎǘǊŜŜǘ Ŏŀƴȅƻƴ όCŀǊǎƪł 

street, Fig. 1). It is a street with 10 to 15 m high historical terraced buildings (Locality 1). 

2. Detached layout ς family houses with gardens (Moyzesova street, Fig. 2). Detached 

single-storey family houses with front yards are most frequently represented in this 

layout. (Locality 2). 

3. LƴŘǳǎǘǊƛŀƭ ƭŀȅƻǳǘΣ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊǘ ƻŦ ǘƻǿƴ ό.ǊŀǘƛǎƭŀǾǎƪł ǎǘǊŜŜǘΣ CƛƎΦоύΦ Lǘ ƛǎ ŀ ōǊƻŀŘ ŀƴŘ 

open street with a four-lane road, up to 8 m high buildings and spacious parking places 

with grassy islands (Locality 3). 

4. aƛȄŜŘ ƭŀȅƻǳǘ ŀŘƧŀŎŜƴǘ ǘƻ ǘƘŜ ǘƻǿƴ ǇŀǊƪ όWŜǎŜƴǎƪŞƘƻ ǎǘǊŜŜǘΣ CƛƎΦпύΦ Lǘ ƛǎ ŀ ǊŜƭŀǘƛǾŜƭȅ 

narrow street (10 ς 20 m) and its corridor on the southern part is created by buildings up 

to the height of 10 m with a gradual continuing to the park on the northern part 

(Locality 4). 

 All monitored surfaces in monitored areas are asphalt as the most frequently 

represented type of surface in urban environment in general. Each locality comprises two 

monitored areas ς an area without vegetation cover, respectively with minimum cover, and an 

area with vegetation cover. Vegetation cover is represented by plants, particularly trees, 

representing public greens.  
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Fig. 1 /ƻƳǇŀŎǘ ƭŀȅƻǳǘ όƘƛǎǘƻǊƛŎŀƭύΣ CŀǊǎƪł ǎǘǊŜŜǘ ς Locality 1 
 

 

 Fig. 2 Detached layout- family houses with gardens, Moyzesova street ς Locality 2 
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Fig. 3 LƴŘǳǎǘǊƛŀƭ ƭŀȅƻǳǘ ƛƴ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊǘ ƻŦ ǘƻǿƴΣ .ǊŀǘƛǎƭŀǾǎƪł ǎǘǊŜŜǘ ς Locality 3 
 

 

Fig. 4 aƛȄŜŘ ƭŀȅƻǳǘ ŀŘƧŀŎŜƴǘ ǘƘŜ ǘƻǿƴ ǇŀǊƪΣ WŜǎŜƴǎƪŞƘƻ ǎǘǊŜŜǘ ς Locality 4 
 






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































