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MICROCLIMATIC CONDITIONS OF HOUSING ESTATE CHRENOVA 1 INNITRAQTY

KATARWA BAHNOW?! , ZDENKA Rs ZOv<2

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

ABSTRACT

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 chang@&se aim of thisstudy was to evaluate the
interaction between vegetation structure and microclimatic conditions of Housing estate
| KNBy2@t wm Ay bAGNY OAGeéd 1 2dzaAy3a O02YLX SES&
/| KNBy2@t mMod ¢KSNB I NB K2 smiciung and @ o6sXTREI&dut 6 A G K
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, Xéaystation
areas in urban environment pursiseveral functions. Significant impact on the wind direction
has vegetation with structure and type of canopy. Vegetation areas in urban environment work
as a thermal stabilize€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

INTRODUCTION

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 microclimatd=or everyactive surface is typical, that there is

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

Ot AYIFGAO FIO02N) 6{(nSR20t 3z SiGd I fdX HAMMO D =+
microclimate and thermal comfort. Surface tempaire of vegetation influence the thermal

balance through the blazing change (Scudo et. al., 2002). Tree vegetation uses 2% of solar
energy on photosynthesis, 0% absorbs by leafs andl5 % reflects back to space. The rest

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

up the particular parts of the tree. Trees with thin crowns can receiv8@@ of solar radiation.

Through the trees with compact crowns penetrateso:2: 2F az2fF N NXYrRAFGAZ
WSK2@BR HnncOd +S3SOFdA2y INBFaA R2yd | OOdzydz I
during the assimilation the temperature of stomata matches with the air temperature or drops
R26Y dzyRSNJ GKAA GSYLISNI GdzNB o{f 2 Jt l&@01B); aA ai N
(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,tdut this is just shorterm
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; body shells of cars radiate the heat even though

ddzy Aa y2i &K Ayedetatidn de@dase Ui/ effectptie aiy ténperature on areas
gAOK @S3ASGlraAaz2y Oy o0S t26SN) 68 wXIpc/ 002YLJ
(Gomez, Gaja&Reig, 1998egetation 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 tempestu

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
YAONROftAYIFGAO O2yRAGAZ2YAE 2F | 2dzaAy3a SadlidisS /K

MATERIALSAND METHODS
Ly |1 2dzaAy3 SadrdS / KNBy2@0t wm KI @S 06SSy aSt

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

FOO2NRAY3A (2

ws | @Wd 122 @AY dz R1Gdzt D@inI MEM MO

P E Chrenova 1
@ [ Vegetation areas
B Hard surface

77 Building

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

Foliation

Threefoliation ¢ trees-shrubsherbs

Bilayerfoliation ¢ trees-shrubs, treesherbs, shrubsherbs
Singlefoliation ¢ trees, shrubs, herbs

Spedees diversity- the number of species in the area
Involvement- overlapping of vegetation parts

28 | O02YLX AAKSR | ylfteaara

2T

NBEFGAZY &

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

g A QK

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 monitarivwth Anemometer

10
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TSI VelociCalc and Surface temperature Probe, followingpatimatic factors were observed :
air flow, air temperature, relative air humidity and surface temperature in two type of active
surfacec @S3ASGF GA2y | NBF YR KIFINR &Adz2NFIFOSd Ly KNE
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 stabilixegetation 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 torsunding landscape.
Hard surface¢ (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 thérerergy as plants (for example

asphalt absorbs #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 areasuse the Tukey HSD test.
Microclimatic factor of surface temperature between two type of active surface we evaluated

using by ManaWhitney test.

RESULTS

Analysis of vegetation structure on research areas

Locality Al Vegetation in the locality Al 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 typeAcer pseudoplatanus16%.

11
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Locality A2 Vegetation in tke locality A2 is thredayer 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 percentageimas

gylvestrisg 38%.

Locality B1 Vegetation in the locality B1 is thrémyer 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 vetaion with dense canopy of crowns with 9 trees. The

highest percentage haBlia cordatag 34,9%.

Locality B2 The vegetation in the vegetation area B2 is thlager, it is organized into 2 cluster
with dense canopy of crowns. Number of trees in vetietaarea is 11. Monitoring point is
located in central lawn near the children's playground. The highest percentageskaslotsuga

menziesi 35,8%.

Locality C1 Vegetation in the locality C1 is thrsger with 68 trees. Tree vegetation is
organized intob 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 percentaghipias regia;
42,8% .

Locality C2The 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 Tesus baccata,

Pseudotsuga menziesii, Tilia cordgta5%.

Results of measurements in research areas
28 O2YLI NBR Fff YAONROfAYIFIGAO FFEOG2NER OF ANJ F¢
@83 AdzNFIF OS GSYLISNIY GdzZNB  con ve§etation gridctur@ ByaSngl G A 2 v

the softwer Statistica 7.

12



Mendel and Bioclimatology

In the (Fig. 2) we compared the microclimatic factor of air flow [I/s] for all vegetation areas of
localities Al, A2, B1, B2, C1, C2. The lowest value of median of factor air flow we rectinged in
vegetation area A24(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 buidgirthange 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 I/s). Vegetation in this locality is organized
into 2 cluster with dense c@mpy 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 bupdareas or trees vegetation, as

aresultis the big range between minimum and maximum of measurment values of air flow.

Boxplotby Group
Variable: Air flow (I/s)

24
22
20
18
16
14
12
10

—

Air flow (I/s)

H o
o
Ho
B3

O N B~ O @

o0 Median
[J 25%-75%
T Min-Max

A1 VEGETATION AREA |
B1 VEGETATION AREA

C1VEGETATION AREA
A2 VEGETATION AREA }
B2 VEGETATION AREA
C2 VEGETATION AREA

Locality

Fig. 2: Comparing of microclimatic factor of air flow depending on vegetation area
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Ly GKS o0CA3Id o0 6S O2YLI NBR (GKS YAONRmDI A Yl (A
areas of localities Al, A2, B1, B2, C1, C2. The lowest value of median of air temperature we
NEO2NRSR Ay GKS @S3ISGlGA2Y I NBF !'n omyddc/ 0@
7 trees. In the vegetation area A1 we recorded the higivasie of median of air temperature
RAZNAY3I GKS ALINAY3I LISNA2R ouHndncc/ uvd az2yAidz2NA
canopy of 26 trees with continuity on the open lawn. Closed canopy of vegetation in this area is

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

keep the air temperature in the spring period.

Boxplot by Group

Variable: Air temperature °C
30

26
24
22
20 o - o
18
16
14
12
10

|
L
-
4| i

Air temperature °C

li
'7
|7

@
|
[

0 Median
[J25%-75%
T Min-Max

A1 VEGETATION AREA
B1 VEGETATION AREA
C1 VEGETATION AREA
A2 VEGETATION AREA
B2 VEGETATION AREA
C2 VEGETATION AREA

Locality

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

14



Mendel and Bioclimatology

Boxplot by Group

Variable: Relative air humidity (%)
90

80 o o

60

50 o

40

Relative air humidity (%)

30 sode

|
I

20

10

o Median
[0 25%-75%
T Min-Max

A1 VEGETATION AREA
B1 VEGETATION AREA
C1 VEGETATION AREA
A2 VEGETATION AREA
B2 VEGETATION AREA
C2 VEGETATION AREA

Locality

Fig. 4. Comparing of factor of relative air humidity dependingegetation 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 flagr with 68 trees. According to

2 02dzyZ OHnnNnyO0X 021 0asdgyfhe relativenay bumidity anSaderagerl@%, Ay O
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 rangeninimum-maximum (2879%)

during the spring season.
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Boxplot by Group

Variable: Surface temperature(°C)
35

30

25 e

—
—

20 =

a
)

15

Surface temperature (°C)

10

0 Median
[J25%-75%
T Min-Max

|
[
|
[
|
I
—— o
B2 VEGETATION AREA I—
|
[

A1 VEGETATION AREA
B1 VEGETATION AREA
C1 VEGETATION AREA
A2 VEGETATION AREA
C2 VEGETATION AREA

Locality

Fig. 5: Comparing of factor of surface temperature depending on vegetation area

In the (Fig. 5) we compared the values of median of surface temper&uiall vegetation areas

depending on vegetation structuré€seometry 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 recad in the vegetation area CMp@Pdhpy c/ 0 & | SN.
monitoring point located in central lawn with sparse cover without tréBEise lowest value of

median of surface temperature we registered in vegetationareaCd @t n c/ 0 ® Ly (KA
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 springas®n (R=0.105772, in p level=0.042013).
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Correlations (Spreadsheet1 in Workbook1 10v*1079¢)

Surface temperature(°C)

Relative air humidity (%) @
o

- |

Fig. 6 : Negative correlations between microclimatic faot@srface temperature and relative
air humidity in research areas during the spring period

Vegetation carries the function of thermal heat stabitiz&ctive 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 Al.Trees in dense c@py provide partial shading on hard surface in time of positive
energy balance (12:30). Asresult is minimal difference in factor of surface temperature

between hard surface and vegetation area.

The highest statistically significant difference in métimatic factor of surface temperature

between active surfaceg hard surface and vegetation area we recorded in the locality B2
(MannWhitney test, p=0.000932, p<0,001) (Fig. 8). Value of median of surface temperature in
measuring point hard surface duin & LINA Yy 3 &Sl a2y 6l a O6HndyHc/ 0P
FNBF ¢la GKS YSRALY 2F @FtdzS 2F &adzaNFIFOS GSyY
monitoring point located in central lawn. Variance of surface temperature between two types of

activesurfaesct I 6y YR FaLKFfd LINSaAaSYiSR on>dpmc/ 0
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Boxplot by Group

Variable: Surface temperature(°C)
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Fig. 7: Minimal difference in the surface temperature between two measuring diaisl
surface and vegetation area in the locality A1

DISCUSSION

In this study we dedicated evaluation of the interaction betwevegetation 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 mimning were accomplished in two types of
active surfaceg; vegetation area and hard surface. According to Voogt, Oke, (2003), (Vooqt,
Oke, 2013yuring the day, hard surface absorbs much more of thermal energy as plants. On the
other side vegetation areago not accumulate heat and during assimilation their temperature
equalizes with aitemperature.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. Vegetatitbrisi 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 areziowhs of

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

the highest value of median of air temperature. Accordintb 60 2dzy X oOHANnAyuvX o021}
vegetation increases the relative air humidity on average 1B%. highest value of median of

relative air humidity was recded 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 obscuratibimis effect was recded

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.

Boxplot by Group

Variable: Surface temperature(°C)
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Fig. 8: Thénighest statisticaly difference in factor of surface temperature between two
measuring pointshard surface and vegetation area in the locality B2
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CONCLUSION

The increasing of variability of active surfaces in the cities is very typical nowadays. lioleads
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. tbbk for regulation of
negative changes is the vegetation care and effective new plantingoddpte urban proposals

and solutions should be based on functionality of vegetation areas and their positive impact on
urban climate. Research in this field ofiesce confirms that vegetation areas in urban

environment are effective tool of how to eliminate negative impact of urban climate.
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COMPARISON OF MANUAL AND AUTOMATIC MEASUREMENTSOF AIR AND SOIL

TEMPERATURE IN THE CZECH REPUBLIC

DANIEL BAREEL, MARTIN MOYN, 1.2

1) Czech Hydrometeorological Institute, Doksany Observatbfy32 Doksany
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ABSTRACT

Differences between manual and automatic measurements of air temperature and soll
temperature should not be neglected. The average difference between the manual and the
automatic n5F adzZNBYSyda 2F AN GSYLISNY G§dzZNBE O NASR 06
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-n ®p YR n®H D /| T RAT TS ANBPIOS S, 1@ and 20xht G S
0SG6SSY ndo Iy R anakgpth 50 and100\:B bdhiedd.iRaaS.288 / @

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

INTRODUCTION

Many shortterm comparative measurements in wind tunnels and field experiments have been
performed in connection with the transition to automatedeasurements. The studies have
NEJSEFf SR NBtlFGA@Ste I NBHS RAFFSNByOSa Ay YSI
protection from radiation. Differences have been greatest under particular weather conditions

(e.g., calm, bright and sunny days with sn@over). 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 seMd f | dzi K2N&E o6t SGNE2N = wnnanT bl 38X
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MATERIALSAND METHODS

Comparative measurements were conducted in the observatory of the Czech

| @RNRYSGS2NR2E 23A0Ft LyaauAddziS 6/1aL0 Ay 521al:
158 m a.s.l.petween 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;
longterm climatological norms for the years 13@B90 include an average annualr
GSYLISNY GdzZNB 2F y dp /I YR Iy |@SN}Y3IS Fyydzt G
of air temperature were conducted at a height of 2 m above a flat, open terrain with-short

grass cover. The instrument was placed in the middle of a-l§e¢fare 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 Czeclslovak thermometer screen; theoil temperatures using thermometers placed

within the natural soil profile under a closetyopped grass covet 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 walass A) were used.

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

multi-plate shield MetCover3.

RESULTSAND DISCUSS ON

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

the O2 YLI NI} 6AQ@S LISNA2R ¢l a LRAAGAGS F2N GKS ¢

aGFyRFENR RS@GALFGAZ2Y {5 T non /0 IyR GKS RIAf&
/0 YR yS3rdiAaogsS F2N) GKS RFEAf&@ YIEARAYdzZvro® A BNKS

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 hier t

comparative period fluctuated betweegn @ p I YR noud /| 6CA3IdzNBE ™

in the winter halfyear (October to March), indicating that temperatures measured under the

automat were lower than those measured by the manual; the oppgsétern was found in
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the summer halyear (April to September). A similar distribution was found for the average
monthly differences in daily minimum air temperatures, for which the mean differences
fluctuated betweencn ®n p /I YR n odaverage monthly diff€@yénges iNHadlyi = § K
maximum air temperatures were consistently negative; the mean differences fluctuated
betweencM ®HH  ¢i/PHIMY R / @ ¢ KS | @SNI IS -yRApEDBEWENWIDS Ay |
/I F2NJ F GSNI IS coMnA NI /(G STWR2IEINY b BzNE dzY  KOR2BIIC oS Y LIS NJ
YAYAYdzY AN GSYLISNY GdzNBad ¢KS | gSNI IS RAFFSNB
air temperatures,cM ® M 0 I F2NJ YFEAYdzY | ANJ GSYLISNI ( dzNB
temperatures. The average difence between the automat and manual measurements was
nonwm [ F2NJ GKS F@SNI IS Fyydzrf GSYLISNI (dzNB3X
temperature and¢n ® Ty I F2NJ GKS | @SN IS | yywatal YIEAY
(2012) showed that the differensebetween automatic and manual measurements of air
temperature were caused by the transition measurements from the G&3avak thermometer
screen at the multplate shield. Size difference depends on meteorological conditions (wind

speed, amount of cloudess and the surfaeeeflected radiation).

08 ] —Average ——Maximum Minimum
06 4

04
5 /—’___’”’_\
0.0 -
0.2 - / \
0.4 7~
7
06 4
08 4

1.0 A

Difference (-C)

JAN FEB MAR APR MAY JUN JUL AUG SEP ocT NOV DEC
Month

Figure 1The 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 betwedhe automat and manual measurements for the
comparative period was positive for the average daily soil temperadtie depth of 5, 10 and
20cméa I ndc /'~ &ail yRI NRa @®BBK0 antl 200 cn{ (61 = 0.12n & n
/' {5 T riferences Hetiveen theKaStormRtAand 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 betweeg0.3v /| y & the deptloof 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 differencesat the depth of 50 and 100 cnvere negative in March and April; the mean
differences fluctuated betweeqn ® m o /| YR noHy | ® +2fdzyS OKI

April were affected the differences.
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Figure 2The average monthly differences in soil tergiures between the automat and
manual measurementst the depth of 5, 10, 20, 50 and 100 &wm April 2000 to December
2013.
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CONCLUSION

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

n®o /I YR Hinbrgased Huting brigl8 dagsNitkPwinb speed less than 3 m/s, and
GSYLISNY §dzNBE RSOAFGAZ2ya dzLJ G2 ndm /I 2 00dzNNB R

in the presence of snow cover. Differences between the automat and the manual average air
GSYLISNI G§GdzNE ¢SNBE f Saa iitohsfvhem the wind Spedd ézndeded3 2 g S N
m/s.

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

comparative period was positive for the average daily soil temperatithe all depth.
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SUMMARY
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THE SEASONAL RAINFALL VARIABILITY AND A PRECIPITATION SUFFICIENCY OF NORWAY
SPRUCE (PIcEA ABIES(L.) KARST) IN WESTERN TATRASAND SURROUNDINGSDURING

THE PERIOD FROM 1994 102013

MARTIN BARTAK 1; MARTIN JANI O'; PETER BORS<NYI2; JAROSLAV £KVARENINAL

Department of Natural Environment, TUZvdlen { | a~ . | y?& 1t . &@&iNR Ol

ABSTRACT

In ourwork we processed monthly precipitation amounts from 28 precipitatjaige stations of
SHMU (The Slovak Hydmeteorological Institute) and from one station of UH SAV (The
Institute of Hydrology of The Slovak Academy of Sciences). All of these are liocstedtern

Tatras and close surroundings. We used these data for analysing precipitation sufficiency of
Norway spruce during years 192013. Secondly, we compared an average annual precipitation
during the last two decades with an average from the pewddears 19641990. 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 wads: Rain shadow, annual precipitation, precipitation sufficiency

INTRODUCTION

A regular and barriefree 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 ofrafitfecosystems 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 gradual3él 8 S RdzNAy 3 | gK2fS &SI NJ
b2@2Gyé wnncx 12t12 SG Fftd® wanmmo®d ¢KS LINBOA LN
factors determining a landscape character. The basic characteristics of precipitation are the
amount, the duration andi KS Ay dSyairde 2F GKS LINBOALIAGE GA 2\

29



Mendel and Bioclimatology

GLINBOALIKGFGA2Y adzZFFAOASYyOe F2NJ I L Fydé S dzy
avoiding suffering from a lack of water and the water supplies are high enough for a sutcessf
growing of the plant within a specific period of time. We could observe a-scgke 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 bedluanced by a bark beetle infestation
(Grodzkiet ald  H n n ceffal. 2008). @O 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 endangem wood species, mainly in an area outside of its native extensions

6~1 DI NBYyAYylIs {GnStO020t3s YIYSyalé mdhppLd

MATERIALSAND METHODS

Characteristic of Western Tatras

Western Tatras cover area of 297 ha and are the second highest mountain in Slovakia
OY2IBAOl1é mpTtnod ¢KSe o0Sf2y3a FNBY |y 3AS2f23A0
Carpathians. We distinguish two type of base rock here: the acid extrusive granite and
metamorphic bedrocks and the alkaline limestelRe2 t 2 YA (S aSaz2zil 2Ad, aSR
ha2o0Adt X 2SNBSYS ONOKeo 6¢-20620 wnnnod 2Sadas

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

>

v

Metrological stations

The table 1 below shows list of used meteorological stationstheu 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 werdNBS LI NBR Ay ! NDal LJ mn®dm I yR
method was used for an interpolation between stations.

Tab.1 List of station

Station Altitude [m a. s. I.]
2SNIBSYySO 1420
¢CFHaNIyait t2f€Al]975
{1FEylLrG4S tfSaz2 |1778
~UNDPai1s tfsSaz 1322
t 2R0F ya1$s 972
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Pribylina 753
[ ALJI20a1é& | NI R2|640
Yy2yait 749
& A NI 747
Chopok 2005
[ dz] 2 @t LR R [ K2 LJ]1661
5SYNy2@aWF a2t Al 1196
Bobrovec 632
[ ALJG2@a1t hyRNJI|569
Lazisko 680
Huty 808
YOI 61 ye 620
[ g6 & 616
[ ALJi2@al1t ¢SLIXt|509
¢ @ NRIMeOddzie 625
+ A U | -@ravioe 853
+tAlUl y2 Ol 690
Liesek 692
¢CNERGSYyt 608
ZubereeZverovka 1030
Zuberec 763
h N} gaqe ® t 202|646
5f Ki yIFR hNJ} @2 di530
hN} gajié t2RI1t Y2|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 (Maygust). All stations are locatédl a

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

& LINJzOS 3INRgAYy3IP ¢KAA
YI'YSyadalée mohppo ®

RESULTS

@It dzS

Precipitation distribution in research areen period 19611990

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. I. is
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the difference of annual average iShi 6 SSy G(KS {9 I yR b2 SELR2AaAlAZ
et al (1974) in an analysis of data from stations in Tatras stated a difference of circa 480 mm

the same altitude.

Dependance of precipitation on altitude and exposition
* SE exposition mNW exposition saLer venec ( mi dp
1600 -
5 y =0.9751x + 229.41
< 1400 - R] = 0.9166
o= u .
'S € 1200
LE
%8 1000
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c o 800
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033 y = 0.4336x + 464.91
@ 600 1 R] = 0.86109
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Altitude [m a. s. 1]

Fig. 1 Average annual precipitation in relation to &liile and exposition

Precipitation sufficiency of Norway sprucePicea abieqL.) 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 afsy@ith the rainfall amount

0St29 GKS fAYAG 61 & NBO2NRSR AYy tNAROAfAYlFX [
hyRN} O2@t & 'ff (KS&aS adridAzya IINB f20FGSR 2y
rainfall shadow effect. At other statns, 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
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spruce could have become weaker due to stress.

Average annual precipitation (1960-1990)

TvrdoSin
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gl Ay Qi

Fig. 2 Precipitation distribution
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Figures 4 and 5 show how an average annual precipitation changed in betweeii99®hnd

19942013. We can see slightly increased average annual precipitation in years20934n

compare with a period of years 194D90 at all stations. The onlyaptions are the rainfall
I ¢ 22 RSONBI as

3 dzaAs aidldAazy Yz2yail
2SNBSYySO:z
disregarded due to a lack of figures from year§12990.
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Legend . . . ;
N2 N—. Precipitation sufficiency for Norway spruce during period 1994-2013

Trstena Liesek Vitanova

0 20 40 60km
J

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 219%20D. In the year

2003 (Fig.6) the decrease went up-to sk’ 0 ¥3D Y %) of the average analuprecipitation
in19%6tmdppnd® LYy GKS &@SFENI wnmn Fy AYyONBFasS 2F
recorded (Fig. 7).
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Fig. 4 Comparison of average annual precipitation 19®DB0 with 19942003
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Fig. 5 Graphical result of comparison
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Fig. 6 Comparison of annual precipitation in the driest year 2003 and average annual
precipitation 19611990

CONCLUSION

This work was aimed on an evaluation of the annual and seasonaippation 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 toowing points:

1 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. |. is about 300mm in
compare with the windward side.

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

rainfall totals in a vegetation period (Majugust) were lower than 300mm; more often
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Fd tSSeFNR F220KAfta 2F 2SadSNYy ¢ ddbk & o
and Pribilina). At several stations the sufficiency was not achieved in 7 year during the
last two decades.

1 By comparing the average annual precipitation in year 12943 and during 1961990
we recorded an increase of precipitation in the reseandadin average by 7 %, 63 mm)

1 The driest year in the last two decades was the year 2003 when annual precipitation
sum was 77% of an average annual precipitation in 1880.

1 The most humid year was the year 2010 when annual precipitation was high&s%y

than the average annual precipitation in 196290.

Difference in year 2010 Legend N
Difference [%] A
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0 20 40 60 km

Fig. 7 Comparison of annual precipitation in the most humid year 2010 and average annual
precipitation 19611990
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| NDICES OF CLIMATE EXTREMES FOR THE GROWING SEASON LENGTH AT FOOTHILL
STATION STAR< LESN< (1988-2013)

SVETLANA Bl <RO1; JOZEF MAI UTEK®; DUEAN BILI K2

1) DS21LKe&aAO0rtf LyaaAaddziS 2F GKS {ft2@0F+1 ! OFRS
[ Sayt
2) Geophysical Institute of the Slovak Academy of Sciences (GPI SAS), workplace Bratislava

ABSTRACT

This paper presents evaluation of classical climatic measurements at Meteorological
hoaSNWIFG2NE DtL {!{ Ay { G NI-2013.SSklgcted iddlicdsdfh SR 2
extremes were calculated according to the European project ECA&D (EuropeaneClimat
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 indisato 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 aamt 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 wordsE ECA&D indices, submontane climate, growing seasonjrbatology

INTRODUCTION

aSiS2NRt23A0If YSIFadaNBYSyida G ft20FGA2y {41 N
of the Slovak Academy of Sciences (GPI SAS) sinceRE3®arch activities are focused on the

study of physical and chemical processestha atmospheric boundary layer, and regional

Ot AYIF(GS 27 GKS 1T A3IK ¢lFaGN adadao 6{Y2tSy FyR h
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Ff®> wnnyT 12612 SO Ff®X HamuHT . A6t NRBGt S |
SAS included clsigal climatological observations realised in cooperation with Slovak

| @BRNRPYSGS2NRE23A0Ft LyadAddziSo /ftAYFG2t 2340 f
19882013 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 (P888) and to proxe complex
characteristic related to key bioclimatological factor such as growing season length (GSL) period
F2N) F220KAEE T 2yS 2F GKS 1 A3K ¢FGNF aidad ¢ KSNJ

MATERIALSAND METHODS

Daily data of basic climatic elementsbbk Y SR G adlF GAzy { G203 [ Sayt
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 pm. 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

YR YFEAYFf GSYLISNIGdzNBE Ay c/ 0d 5FAf & aNBOA LA
gauge with collecting area 600 cnf. The amount of cloudiness was determined visually, in this

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

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

intensity climatic element. Meteorological instruments were serviced and calibrated in
O22LISNI A2y GAOGK GKS {ft20F1 |1 @RNRYSGS2NRt 23A
national climatological station network of Sldva | ® hoaSNBIGAZ2Y FNBI { Gl
adzoyzyildlyS T2yS 2F (GKS I A3IK ¢FGNF adad 6ndcnc
@SASGFGAZ2Y (eLIS Ay GKS f26SN) 0adzLINY Y2Y (il ySo
Absolutely dominant treespecies is SprucePicea abies high percentage reaches also
European larchlrix deciduasp ~1 @ NBY Ayl FtyR Cf SAaAaO0OKSNE HAamo
aalraazy {01 N [ Sayt ga LINPOSaaSR | OO2NRAY 3
Assessment & Daset 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
characENA a0 A0& YR AYRAOSA dzaSR F2NJ SOl ftdz2 GAZ2Yy 2

result tables.

RESULTSAN DISQUSSION

a) ECA&D groups of selected climatic indices: temperature, heat, cold, sunshine, cloudiness
Air temperature is basic climatidegnent 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 least9 A& O2yaARSNBR (2 0SS FI ¢
indigenousvegetations. The growing season length (GSL), according to ECA&D is expressed as
number of days between the first occurrence of at least 6 consecutive datyn mean daily
temperature (TGH pc/ YR (GKS FANRG 2 OO0 dzNNtBe/days with ¥ G S NJ
TG<x/ ® G t20FGA2y {GFNY [Sayts F2N) G§KS LISNA?
(6.4 months) and ranged from 166 (min) to 229 (max) days (Tab. 1). Comparison of mean annual
GSL courses for differeBCA&Dclimatic stations in 8IGF { A+ Yy R GKFG F2NJ f 2«
6CAIDP MO aK2ga aAYAEIF N aKFLSa F2N O2f RSNJ Ot AY
Poprad until year 2004. During last years larger differences were identified. GSL values for
warmer climatic lowlandregions represented by stations such as Bratislava, Hurbanovo,
t ASOUlFIyes Y2O0A0S 6SNB adomaidl yliAaAltfe KAIKSNE A\
TypicalGSL lasting from April until October or November. Mean air temperature TGg related to
G$3 LISNA2R ¢l & MH®DPO pndy c/ ® . 2G8K D{[ YR ¢D:
considered period 1982013. On the other hand, indices derived from daily air temperature
extremes indicate moderate warming of growing season due to increasing teypd#ndaily
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. Amaxahum 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 @Gglative 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 fluctuatatbund mean value of 539 mnThe highest
precipitation deficit was in 2003. In this year extraordinary heat wave occurred during summer
season.lt was the hottest summer on record in Europe over centur@s. the other hand,
unusual precipitation abundaecwas in 2010 with the maximum value of 744 mm. Rare
abundant rainfall events during May and June 2010 caused devastative fhooolss several
Central European countriesor the last 26 years (198813) no significant trends in GSL
precipitation as welhs for other climate precipitation characteristics were found (Tab. 2). Wet
days (RR1) were almost 1/3 of GSL period. On ave&agemm/wet day was calculated as
simple daily intensity index (SDII). Average number of heavy precipitation days (RR18)yand v
heavy precipitation days (RR20) were 17 and 6 days, respectively. Extreme rainfall amounts 88.1
mm for the highest day precipitation (RX1) and 138.7 mm for the highedia$ precipitation

in July 2002 were recorded. Wet periods of consecutive wet d&WD) were shorter than
periods of consecutive dry days (CDMaximum 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 conseeutret 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.

CONCLUSIONS

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 vegetationincluding Sprucdir-beech, Spruce, Mountairpine and Alpine a typical

[ FNLI GKAlLY @S3SGFrdAz2y aidl Ipa0BGABY NBURNY [ $RY

at the foothills of the High Tatra Mts. and represents submontane climate tavmeirablefor

temperate coniferous and mixed foresegetation.9 @I £ dzI G A2y 2F YSI adz2NBYSy

(19882013) presented in this paper provides information about climate of submontane

f20FGA2Yy dzaSTFdzZ F2NJ AYUSNRAAOALIE Ayl NBE NBaSkN
PMT

A

characterised by length oBE N2 ¢ &Sl azy 2y | @SNFr3IS wmpp
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GSYLISNY G§dzNBE MHPo pndy c¢c/ YR YSIFEY LINBOALMKGLE GA
period. ECA&D indices derived from air temperature extremes sinoveasing tendency of

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

was 1193p mo p pe G8ILEAMost days were cloudy with average cloudiness about 7/10.
Relative air humidity 75.8 H ® corrésponds with high number of cloudy days. Maximal wet

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

from 8 to 22 days (CDDjhe higher air temperature and the sufficient amounts of precipitation

can increase the wood production of the tree species growing there. Thenegstive factors
(windstorms and other meteorological extremes, harmful insects, fungi pathogens, acid

LIt fdzil yias LK2G22EARIFIYyGa SiO0od0 Oy OKIFy3asS GK.
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SUMMARY
| 2NE 1t 1ENYE al gelyl 6dz2eS ON6 ORANI I ISE N 2 & YR d
20t alFYAd [Sayt #S3aASit OA Ll NEF3dz2S y I NJ & 3

R2ZYAYIyiaOwIRNBANY RS t SayNO|] S2ofilkdaRXx sHa 52 @é OF
TFNr¥Fdz2g R2 (eOKiG2 ofSayeoOKo @S3SilrséyedOK a
1242 RNBBXYNGE&D 2% @S3IASGI6y2Y alGdallyA dzO &G NR Y2
FleischE HnamooO® [21FfAGE {dGFNY [Sayt &b yI OKt RIT I
L2RK2NA]1S (fAYINAADYSJaXARYRIRRYASY1FYA LINB NI a
f SAYyeOK LERNIaid20e % @eK2RYy2(0Sy AStarejlLéskj {18881 &€ OK Y
HAMOU QeLBRRB2NBRDS2020f aGA +2421e0K ¢FGdASN @S
MT RYN @ NRldzd t26Fa @S3ISal6ySK2 206R20Al 2S5
LINASYSNYyeée gKNY 1T NI O21 pod pmefagN YiYSdJS RYiREOXK S/E!
Ll2dz2l F T dz2g Yy I Y ARSING/TSS R0 LIURYR SAWVAGA S5 vyt NI adz RSY
e LR6ddz t SiyeOK RYyNo +2 @gS3SGl6y2Y 20R20N 2
K2RNY® +N6OAYydz RYyN 2SS gOyV2aU02¥%NIasy$kmmn @QNWSHt
@1 RdzOKdz TpZIH B HIc: | 2RLRGSRt @eaz21SYdz LRG6GC
TN} O120S 206R20Al GNWI2¢g o O Mo RYN:Z LRRaGliay
vn@ge Odz2 g O &l G SLX6YRY HyRJIAKIID SLINANI FORE G HY20S  LINA
LIN2 Rdz] OA dz f S2aoytelOK(i AR NN/ 1Pe K ¢ GASNI ag LINB S
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Tab. 1. Selected ECA&D climate indices for the growing season lengtat {[@G&b)ll location
{GFNY [ S28F oOompyy

ECA&D climate indices Abbr. Unit
Growing season length

O2yaSOdzi A& <BI 84 pc/ GSL days
Mean of daily mean temperature TGg c/
Mean of daily maximum temperature TXg c/
Maximum value of daily maximum temperature TXx c/
Summer days (criterion: 5 / 0 SuU days
Mean of daily minimum temperature TNg c/
Maximum value od daily minimum temperature TNX c/
Sunshine duration SS hours
Mean of daily cloud cover CCg tenths

Year |GSL |TGg |TXg | TXx |SU TNg | TNx | SS CCqg
1988 |181 |12.4 |18.1 |30.1 |14 6.8 154 | 1106 |6.0
1989 | 218 |11.3 |16.9 |284 |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 |115 |16.8 |28.2 |11 6.2 17.3 | 1025 |6.9
1992 |178 |13.2 |194 |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 |315 |29 8.0 14.7 | 1113 |64
1995 |186 |12.1 |17.9 |28.2 |11 6.6 140 |1125 |6.9
1996 |186 |11.8 |17.2 |(27.8 |8 6.4 140 |1017 |7.2
1997 (172 |123 |183 (284 |5 6.7 145 |1024 |6.8
1998 | 213 |11.2 |16.9 |313 |21 6.2 18.7 |1138 | 7.1
1999 |198 |12.3 |184 |286 |13 7.1 169 |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 7.6 155 | 1125 |6.7
2002 | 179 |13.1 |195 |294 |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 |111 |17.3 |[280 |9 6.1 145 | 1162 |7.1
2005 | 208 |11.8 |18.3 |30.6 |17 6.6 19.6 | 1314 |6.8
2006 | 197 |128 |19.8 |294 |34 7.3 17.0 | 1369 |6.8
2007 184 |13.2 |20.2 342 |31 7.4 16.5 | 1376 |6.2
2008 | 197 |123 |18.7 |293 |21 7.1 16.8 | 1193 | 6.8
2009 | 195 |129 |20.1 |30.7 |26 7.0 185 | 1408 |6.0
2010 | 167 |13.3 |194 |304 |32 8.5 183 |911 |6.8
2011 | 215 |12.0 |19.0 |295 |26 6.8 195 | 1362 |6.5
2012 | 200 |13.2 |19.7 |322 |44 7.6 16.3 | 1123 |6.3
2013 | 226 |11.7 |18.5 |33.1 |30 6.5 18.0 |1291 |6.5
Summay statistics
Avg |195 |[123 |186 |299 |21 6.8 16.4 | 1193 | 6.6
SDev | 17 0.8 11 1.7 10 0.7 1.7 135 |04
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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 betweewariables: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
350 1 Bratislava
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300 1 / _\ /J / \/_\ *  Piesfany
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Fig. 2. Statistically significant increase of air temperature extremes (TXg, TNx) and number of
summerdays (SBNJ D{[ LISNA2R i F2204KAtf t20F0A2y {i
2013.

49



Mendel and Bioclimatology

Tab. 2. Selected ECA&D climate indices aggregated over the growing season length (GSL) at

F220KAEE f20FGRAY {GFNY [ Sayt
ECA&D climate indices Abbr. | Unit
Precipitation of daily amount RR mm
Wet days (criterion RR M Y)Y RR1 | days
Slmplg dglly intensity index SDIl | mmiwet day
precipitation amount at wet days)
Heavy precipitation days (criterion RRv n Y'Y R10 | days
Very heavy precipitation days (criterion R n Y'Y R20 | days
Highest tday precipitation amount RX1 | mm
Highest 5day precipitation amount RX5 | mm
Maximum no of consecutive wet days (criterion’RR Y)Y CWD | days
Maximum no of consecutive dry days (criterion<|Rnm) CDD | days
Mean of daily relative humidity RHg | %
Year | RR RR1 | SDII | RR10 | RR20 | RX1 |RX5 |CWD | CDD | RHg
1988 | 461 |58 |8.0 15 5 378 |643 |5 19 74.9
1989 |562 |76 |7.4 20 5 389 |744 |9 14 74.2
1990 |576 |72 |8.0 21 4 454 |950 |6 12 75.0
1991 |500 |60 |[8.3 12 5 470 |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 |609 |5 11 70.7
1994 | 338 |53 |6.4 12 1 245 |339 |3 13 69.5
1995 | 583 |53 11.0 |20 11 515 |73.0 |4 19 75.7
1996 |[658 (80 |[8.2 21 7 66.1 |126.8 |5 10 76.7
1997 | 548 |67 |82 13 8 68.4 |973 |6 10 76.3
1998 |590 (88 |[6.7 19 5 30.1 |47.1 |10 10 78.3
1999 |545 |65 |84 16 6 59.6 |80.7 |8 22 76.0
2000 | 560 |73 |7.7 17 8 39.2 |716 |4 13 76.0
2001 | 639 67 9.5 21 7 60.8 |110.7 | 13 14 7.7
2002 | 634 |67 |95 18 7 88.1 |138.7 |8 18 78.2
2003 |388 |54 |7.2 11 3 345 | 756 |6 13 73.5
2004 | 652 |79 |83 24 3 626 |77.6 |7 14 79.9
2005 |596 |71 |84 19 5 450 |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 5 334 1694 |5 15 72.9
2008 | 529 |61 |8.7 17 8 354 |844 |6 8 76.8
2009 | 548 |58 |94 17 8 436 |85.1 |11 22 74.1
2010 | 744 |75 |9.9 25 8 448 |90.7 |11 10 79.6
2011 |639 |69 |93 18 8 525 |86.6 |5 22 74.1
2012 | 477 |70 |6.8 15 4 239 |538 |7 9 75.3
2013 | 507 |62 |8.2 18 8 316 |695 |8 18 76.0
Summay statistics
Avg [539 |66 |82 |17 |6 452 787 |7 |15 [ 75.2
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SDev | 98.0 |9.7 |1.2 4 2 154 | 227 |25 45 |26
Min 338 |47 6.4 9 1 239 |339 |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 aaflected indices
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BIOCLIMATOLOGICAL CONDITIONSIN BRNO CITY AND BRNO REGION IN THREE DIFFERENT

TIME rgLICESCY FROM MENDEL& ERA TO PRESENT DAYS

MARIE DOLEVELOW!

'czech Hydrometeorological Institute, regional Office Brno, Kroftova 43, 616 67(Beuh
Republic

ABSTRACT

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 neg representing currently the second largest
concentration of urban population in the Czech Republic. It depicts the situation in three
RAFFSNBYGd GAYS aaftAoSaa FTNRY aSyRSfQa SN} 6a
about 100000 inhabitants topresents days with its nearly 4@00 inhabitants. These time

aaf A0Saa NB NBLINBaASYUSR o6& (KS SyR 2F- KS ™
t A&t Nl @2 gl GSNB2Njlaovs GKS 2ah y2NX¥IFf LISNAZ2R
(data measured a@ NA 2dza /1l aLWwa adqraArazya Ay . Nyz2 OAGe
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

INTRODUCTION

Brno is the second largest city of the Czech Republic located in its southeastern part on the
ao02dzy RF NBGaG o0SGsSSy KMofatianh HighlandReadratHeiSlat &cénerie® K S Y A
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 cadtaal 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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(Batle 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 whattlze 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 aH, 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. Hevever, 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
CSYLISNI GdzNE 2NJ ! LILJI NByd ¢SYLISNI GdzZNE o0F2N) Y2NB
al.,, 2012 that describe human feelings in better way), but it can be pedeas 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 infleaenon sensitive persons suffering from
cardiovascular or respiratory diseases while the most problematolistion by particulate

YFGGSNI 06aSS Sd3d ! NbDly> YeaStées wanmnoud

MATERIALSAND METHODS

Daily maximum (Tmax) and minimum temperatures (Tmin) measateseveral meteorological

sites in the cadastral area of Brno were used to compute total numbsumimer days and
GNRLAOIET RIFI&8& O6CYIE % Hp c/ 2N oam/ clBDdI ¢ &l Wt ¢
FTNR2AG RIF&&a 0¢YA Y characteristicd (inctiding krend) Of nuimibdr &f Alldtyipeh of

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

2F 02yaS0OdziagodS RIéa 6AGK C¢CYFIE ¢ n ¢/ X S6KAES K
twodiffeNBSy 4 fAYAG Ol tdzSa 2F ¢YIFLE O0¢YIE x on c/ 2N

spells was found for every year and analysed for trend. Due to itswoamal distribution non

53



Mendel and Bioclimatology

parametric method was used for the trend analysis of these character{diasn-Kendall trend

G6Saidz {SyQa YSiUiK2RO alyy>s mopnpT YSYRIftI mdTcC
the effect of extreme temperatures on bioclimatological conditions and human health even
worse (via air pollution). For this reason dry spe#se studied as well. They were defined with

the help of daily precipitation amounts as periodscohsecutive days not reaching certain

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

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

% state border

streams

|| water bodies
Brno cadastral area
@  meteorological station
Altitude (m a.s.l.)
w1600

0

80 40 0 80 160 240 km

BKNI .... Brno-Knini¢ky
BLES....Brno-Lesna

) BPIS....Brno-Pisarky
BTUR....Brno-Tufany
BZAB....Brno-Zaboviesky

\ KURI....Kufim
\ TROU....Troubsko

AN CHMI www.chmicz s o % 20 %0 km

Fig. 1 Location of meteorological stations used in this study

lff GKS Fylrfeaira O20SNBR GKNBS RAFFSNBYy(d GAYS
Ny 2 2dzad FFOGSNI GKS aSyRStQa SNIOI wmpcmbmddpn
2ah0 YR MpymMbuHamMo O0NBLINBASY IRy D MY dpNMNByHH mOf Y
meteorological station was available. This station was located in-Brkait NJ & o0 GKS

waterworks) and operated by waterworks employees. The measurements at this station
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NBLINBaSyld (GKS O2ylAydz GA2y 2Austinfabbéy? admituctadSry RSt Q3
GKS LISNA2R mMytybmyyo O00GKS 0o6Se A& aAddz 6SR |
LISNA2R OmMpcmMbMmMppnd Aa NBLMBEaySs (6RAG daled SIRK S da G0 Al
as daily precipitation amounts are comoed, data from three other meteorological stations are

available: Brney Yy NYA 61 & 6b2 LI NG 2F . Ny2 OFRIFAGNIt N
[ Sayt o0b9 LINI 2F . Nyz2 OFRFadN}Xt FNBFIOD FYR Y
Current periodd My MbH A MO O A& NBLINB a-6 gzij ISYRE: 0 &. 2N0ES aR 1@ 4 I
CNRdzoal12 O0GSYLISNI GdzNE FyR LINBOA LR Gd lin2@mS al ¥R
adrdAaz2y A& aAldz GSR o0& /1l alLQa NBIAA2Yy busk?2 FFAOS
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.

RESULTS

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 daygeoage).

Average annual number ranges from 93 to 108. Ice days can be experienceNdr@mber to

al NOK® ¢KS& 200dz2NJ 6KS Yz2ald 2FGSy Ay WFydza NB 0
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 occumer(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 mumber of days with characteristic temperature is

rather insignificant with some exceptions including winter and annual values for ice and frost
RFréa Ay GKS LISNA2R wmydmbmpuHnd® wSOSyid LISNA2Z2R
negative trend of Aptvalues for frost days. According to the number of days with characteristic
temperatures the coldest periods were the first half of the 1880d 1960 and also the mid

1980 (1985, 1986) and mid99C (1996). This corresponds with the results for cqells 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 betweeticplar

periods are obvious. Regarding the summer days, we can see that their average annual number
3Sia KAIKSNI 6KSy ¢S 32 FTNRBY (GKS Y2adG | yOASyl
with the values increasing from about 35 to 69 days per yea@owling to these average annual

values, the highest number or summer days in the recent period shows urban station Brno
clho2@nSaied ¢KS 200dNNByOS 4 20KSNJ adldAazya
of urban area) is slightly lower but stiligher 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.
Statistcally 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

My bMb MmdH At ARG NJ BY 212 mMdp Ay GKS LISNA2R ™Mby MbHA
cho2@nSalee ¢KS 200dz2NNBy OS 27F ( NPnmalSIshorteR I @ & A
than for summer days and is restricted to the period from April (May) to September with the

maxiy dzy FNBIljdzSyoe Ay GKS Y2yGK 2F WwdzZ é&d wSOSy
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 slystsagnificant

LINRf 2y 3FGA2y 2F K23 alLlStta RSTAYSRF B i KORISSe
Tab. 4). According to the number of days with characteristic temperatures and to the maximum
length of hot spells, the hottest periods werleet very beginning of the 18801970 and 19860.

In the latest period, the longest hot spell appearedriast cases from thenid July to mid

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

in 2003 when urban ston in Brneg, | 6 2 OnjS&d1 & SELISNASYOSR wmnam &dzy
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

lengh of periods completely without precipitation (the limit value of daily precipitation amount
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is 0,1 mm) is about 1I8 days. When we set the limit value to 1,0 mm, it increases t8725

days. The duration of longest dry periods defined by the limit of®® ranges from 38 to 47

days while the highest values were reached in the last studied period (see-TabAé&cording

to the absolute maximum length of dry spells, dry period lasting from the early°167be

beginning of second half of 197€an clealy be seen during the WMO normal period. Dry spell

at various stations occurred in winter 1972/1973 lasting from early December tdamidary, in
winter/spring 1974 (from the end of February to the first decade of May) and in winter/spring

1976 (from midFebruary to midApril). 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 daysegpsavell,

but it was not as long as was the dry spell during the 19D@ring the last studied period
OMpymMbHAMOO GKS RNASAG LI NI FLIISFNBR 2dzad Of ;
period with daily precipitation amount below 3 mm lastedrh midDecember 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 (Brmanj Yy 0 ® | 2 6 SOSNE K.
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

¢ dznjl y& (2 oy2aos inRioubsko (66 Tab. )N

CONCLUSIONS

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 withcharacteristic 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 diffetedtYS o &t A OS a &
FFGSN) aSyRStQa SN} G2 LINBaSyd RIea 5 SNB dza SR
It comes from the obtained results, that the biggest changes are experienced in case of high
GSYLISNY GdzNBa yR Kz2d alLlStftao Ly GKS NBOSyd LIS
dayswas slightly higher and the hot spells were longer compared to the preceding periods.

57



Mendel and Bioclimatology

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 wélr aammer season, the

month of June (both types of days) and the month of July (only tropical days). The same positive
G§SyRSyOe Oly 068 &aSSy F2NJ 4KS YIEAYdzy £t Sy3dk 2
defined by the limit value 26 / A Yy ntil & SuneYpolonged from 2,1 days per decade in

Brno-¢ dznjl y & days der deEage in Brapl 6 2 @njSaied 120 aLlsStta RST.
30c/  LINR f 2y A&RperfleLRAE in BrEbdznj y& (2 mXy RFE&a LISNI R
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
staton Brno¢, | 6 2 @njSaied

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 systiéenstatistical significance even tine
LISNAZ2R MpymbuHamMod® ¢KSANI YIFEAYdzZY |yydzt fSy3ick
MpcMbMmdppn HKAES 20KSNI g2 LISNAR2Ra +NBE O2YLI NI
for particular definition of thedry 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 condins, 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
perdecad Ay (GKS NBOSyl LISNA2R gKAOK O2NNBaLRYyRaA
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 sumth 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 evidenin 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
frequertly in the form of torrential rains. Despite their short duration, such episodes interrupt

long periods without precipitation.
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Tab. 1 Basic statistics and trends of days with characteristic low temperatures in 3 different

Mendel and Bioclimatology

periods
My pMbE MdH N
Station / | Occurrence | Max.average| Average | Absolute | Significant trend
characteristic monthly annual annual (days / year)
number, number | max, year
month  of of
occurrence occurrence
BPISarctic days | XIH 0,37 (1) 0,47 3(1893) |b
-0,30 (X, -
BPISice days XHII 12,87 (1) 29,33 57 (1895) | 0,81(year),
-0,64 (DJF)
-0,19 (1),-0,27(11),
BPISfrost days | IXV 25,83 (1) 107,47 131 (1891)| -0,19 (XII), -0,80
(year),-0,50 (DJF)
MpcmMbEmMdpdn
Station / | Occurrence | Max.average| Average | Absolute | Significant trend
characteristic monthly annual annual (days / year)
number, number | max, year
month  of of
occurrence occurrence
BTURarctic days | XIHI 0,47 (1) 0,70 7(1985) |b
BTURice days XHII 13,53 (1) 32,60 70 (1963) | b
BTURfrost days | IXV 26,03 (1) 104,23 135 (1965)| -0,29 (XII)
M®py MbHAIMO
Station / | Occurrence | Max.average| Average | Absolute | Significant trend
characteristic monthly annual annual (days / year)
number, number | max, year
month  of of
occurrence occurrence
BTURarctic days | XIHI 0,42 (1) 0,61 7(1985) |b
BTURIce days XHII 12,15 (1) 31,06 58 (1996) |b
BTURfrost days | X-V 24,18 (1) 99,49 129 (1996)| -0,10 (V)
BZAR arctic days | XIHI 0,27 (1) 0,33 7(1985) |b
B ZABice days | XHII 10,70 (1) 25,94 49 (1986) | b
BZABfrost days | XV 23,73 (1) 93,90 121 (1996)| -0,11(1V)
TROUarctic days | XIHI 0,27 (1) 0,31 6(1985) |b
TROU ice days | XHII 11,64 (1) 29,09 57 (1996) | b
TROU- frost days | X-V 25,00 (1) 107,94 126 (1986)| -0,12 (1V)
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Tab. 2 Basic statistics and trends of length of cold spells in 3 diffe¥gatls

MYy PME MQH 1
Station Average Absolute max Significant trend
annual max | (days) (days / year)
(days)
BPIS 10,83 33 (23.12. 1892¢ 24.1.|-0,09 (170,18 (XII)
1893)
MpcMmb Mpdn
Station Average Absolute max Significant trend
annual max| (days) (days / year)
(days)
BTUR 11,93 33 (8.1¢9.2. 1963) b
M®pYy MbHAMO
Station Average Absolute max Significant trend
annual max | (days) (days / year)
(days)
oM OHM®OPMH P
BTUR 11,00 1997) b
29 (24.12.1984 ¢ 21.1.
BZAB 8,91 1085) b
TROU 9,79 28 (25.12.1984 ¢ 21.1. L

1985)
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Tab.3 Basic statistics and trends of days with characteristic high temperatures in 3 different
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periods

MYy ddMb M dH N

Station / characteristic | Occurrence | Max.average | Average Absolute Significant trend
monthly annual annual max,| (days / year)
number, number year of
month of occurrence
occurrence

BPIS summer days IV-X 11,47 (V1) 35,30 73 (1917) b

BPIStropical days V-IX 1,80 (VII) 4,17 15 (1892) b

Mdpcmb Mmdbdn

Station / characteristic | Occurrence | Max.average | Average Absolute Significant trend
monthly annual annual max,| (days / year)
number, number year of
month of occurrence
occurrence

BTURsummer days IV-X 14,97 (VII) 46,53 74 (1983) b

BTURtropical days VHX 6,20 (VII) 7,30 18 (1971) b

M®@py MbHIMO

Station / characteristic | Occurrence | Max.average | Average Absolute Significant trend
monthly annual annual max,| (days / year)
number, number year of
monthof occurrence
occurrence

BTURsummer days IV-X 17,76 (VIII) 55,12 81 (2003) 0,20 (VI), 0,49 (year

0,34 (JJA)

. V-IX 5,42 (VII) 11,97 28 (1994) 0,15 (VvI), 0,18 (VI
BTURtropical days 0.32 (year), 0,31 (JIA)
BZAB summer days IV-X 20,88 (VII) 69,15 101 (2003) | 0,25 (VI), 0,16 (VI

0,82 (year), 0,21
(MAM), 0,50 (JJA)

. IV-IX 7,85 (VII) 19,24 42 (2003) | 0,16 (VI), 0,25 (VI
BZARB tropical days 0.55 (year), 0.50 (JJA)
TROUsummer days IV-X 18,39 (VII) 58,12 89 (2003) 0,17 (V), 0,25 (VI), 0,8

(year), 0,17 (MAM)
0,46 (JJA)

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

TROUtropical days 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
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defined by 2 limit values of Tmax:€@5 | ¥ R0 o n
MY PME MQH i
Station Average Absolute max Significant trend
annual max | (days) (days /year)
(days)
.tL{ OHp|790 14 (30.7.¢ 12.8.1904, b
18.7.¢31.7. 1911,
2.8.¢ 15.8. 1911)
.tL{ o60n|203 11 (15.8¢25.8.1892) |b
M®pc MbEMPhpn
Station Average Absolute max Significant trend
annual max | (days) (days / year)
(days)
. ¢} w OHp| 11,03 20(23.7.¢11.8. 1971) |-0,11 (VI)
. ¢ w 60n|273 6 (16.7.¢21.7. 1972) b
M@y MbEH/TMO
Station Average Absolute max Significant trend
annual max | (days) (days / year)
(days)
. ¢} w OHp| 1358 32 (11.7¢11.8.1994) | 0,21 (VI)
. ¢l w oon 0,08 (VIl), 0,14 (year),
4,52 17 (22.7¢ 7.8. 1994) 0.14 (JIA)
. B! . o0Hp|(17,18 39 (6.7.¢ 13.8. 1995) 0,29 (VI)
. %l . 60n|588 19 (21.7¢ 8.8. 1994) 813 E}]/J')A’)O’” (year),
¢wh'! O6Hp|1342 32 (11.7¢ 11.8. 1994) géi(%'/l’)oﬂ (year),
¢wh'! 6o0n|482 17 (22.7< 7.8. 1994) 8:12 8/\;2’)0’18 (year),

Tab. 5 Basic statistics and trends of length of dry spells in the period ¢B320(dry spells are
defined by 3 limit values of daily precipitation amount: 0,1 mm; 1,0 mm a 3,0 mm)

MY OMb M H N

Station Average Absolute max Significant trend
annual max| (days) (days / year)
(days)

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

BPIS (1,0 mm) 28,63 50 (12.2¢ 2.4. 1899) b

BPIS (3,0 mm) 44,83 90 (24.8¢21.11.1891) | b
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Tab. 6 Basic statistics and trends of length of dry spells in the period11%881 ry spells are
defined by 3 limit values of daily precipitatiamount: 0,1 mm; 1,0 mm a 3,0 mm)

M®pc MbMPhpn
Station Average Absolute max Significant trend
annual max | (days) (days / year)
(days)
BKNI (0,1 mm) 16,57 29 (17.2¢16.3. 1976) |b
BKNI (1,0 mm) 44 (6.12. 1972¢18.1.
25,37 1973) b
BKNI (3,0 mm) 40,47 81(20.2.¢11.5.1974) |b
18,00 34 (13.12. 197%; 15.1.
BLES (0,1 mm) 1973) b
BLES (1,0 mm) | 27,13 65 (16.2¢20.4.1976) |b
75 (28.11. 1968 10.2.|
BLES (3,0 mm) | 41,43 1064) 0,44 (1X)
BTUR (0,1 mm) | 17,97 39 (8.12. 1972¢ 15.1. 0,14 (V):0,11 (V1)
1973)
BTUR (1,0 mm) | 27,60 49 (24.12. 1989 10.2. L
1990)
BTUR (3,0 mm) |41,90 81(20.2¢ 11.5.1974) |b
KURI (0,1 mm) 18,03 33 (19.3¢ 20. 4. 1974) | 0,13 (V)
KURI (1,0 mm) 50 (23.12. 198%; 10.2.
26,33 1990) 0,33 (X)
KURI (3,0 mm) 38,47 69 (16.9¢23.11.1969) | b

66




Mendel and Bioclimatology

Tab. 7 Basic statistics and trends of length of dry spells in the period 42@13(dry spells are
defined by 3 limit values of daily precipitation amount: 0,1 mm; 1,0 mm a 3,0 mm)

M@y MbEHTMO
Station Average Absolute max Significant trend
annual max | (days) (days / year)
(days)
BTUR (0,1 mm) | 18,00 37 (27.10¢2.12. 2011) |b
BTUR (1,0 mm) 28.30 49 (24.12. 1989 10.2. 0,18 (XIl) :0,25 (year)
1990)
86 (11.11. 1998¢ 4.2.
BTUR (3,0 mm) | 43,42 1999; 21.12. 199¢ 16.3.| b
1998)
BZAB (0,1 mm) | 18,27 35(27.10¢30.11. 2011) | b
BZAB (1,0 mm) 50 (23.12. 1989 10.2.
26,42 1990) b
93 (13.12. 2010¢ 15.3.
BZAB (3,0 mm) | 44,06 2011) b
KURI (0,1 mm) 18,15 36 (27.10¢ 1.12. 2011) | 0,16 (111)70,11 (XI)
KURI (1,0 mm) -0,30 (I); -0,25 (1);
27,55 58983'12' 198% 10.2. 0,14 (VI); -0,23 (VII);
0,15 (XI1)
85 (21.12. 2010¢15.3.
KURI (3,0 mm) 40,42 2011) -0,33 (X)
TROU (0,1 mm) | 17,94 28 (5.11¢2.12. 2011) 0,14 (XI1); 0,18 (DJF)
TROU (1,0 mm) | 26,30 42 (6.4.¢17.5. 2000) 0,33 (XI1)
86 (11.11. 1998¢ 4.2.
TROU3,0 mm) 46,49 1999) b
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METHODS OF EROSION RESEARCH INDUCED BY OCCURRENCE OF STRONG WIND

JaNA KOzLovsKY DUFKOW<!, LENKA LACKs Ov<2

1) Mendel University in Brno

2) Slovak University of Agriculture in Nitra

ABSTRACT

Wind is the mosimportant 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 explqredhether eroded sod 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 erosionareke a new

developed method is described.

Key words:deflameter, saltation, suspension

INTRODUCTION

Wind erosion research is focused on many factors influencing the formation and process of
wind erosion. Atmospheric conditions (e.g. wind, precipitatma temperature), soil properties

(e.g. soil texture, composition, and aggregation), lsndace characteristics (e.g. topography,
moisture, aerodynamic roughness length, vegetation and-eadible elements) or landse
practices (e.g. farming, grazingdamining) 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 efficienaferosion control measures.

68



Mendel and Bioclimatology

MATERIALSAND METHODS

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 methodsBesides 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 t
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 quaatitg 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 conditionQualitative 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 commarsed 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 theswith 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 inexpensivan Aeol
sand samplers can be stationary or rotatinthe 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 directromesponse to the wind
direction. Samplers can be designed as integrating samplers that collect aeolian sediment flux

within a relatively greater layer or singpwint samplers that collect sediment flux passing a
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small area (point). The integrated sampd can be either singiglot 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 slatt#i@ctor 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 havpesing 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 patrticle to fall into the collection tube. This

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

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

Modified Wilson and Cook (MWA{Fig. 3, Wilson et Cooke, 1980) and Big Spring Number Eight
(BSNE; Fig. 4, Fryrear, 1986) samplers are used for sampling material at differegtit$ien

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 patrticle sizes. Sampling efficiency
of the MWAC remains constant but BSNE's efficiency decresisiesvind 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 dietermination of the threshold

friction velocity at which erosion by wind starts.

e |

Fig. 5 Sensiwnfww.sensit.co

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, rand 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).
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Fig. 6 Surface Creep Saltation sampler (Wwyweardustsamplers.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 8ltiphon (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 crossectional area of th& 2 NJ Ay3d aSOGAz2y 2F (GKS gAYy R {c
al., 2004).

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

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

0{ 0nSR22012). SG I f o>
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these devices it is able to measure the intensitymrid 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 paticles are trapped in the device has a dimension of 5x5 cm.
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On the basis of comparison of different measuring methods of the material transported by
wind, new solil particle samplers calledEBEl and DEF1 were developed. They are described in

the next part of the paper.

RESULTSAND DISCUSSION

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) catebiéparticles 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 | are used for soil particles collecting. Bottles have an entrance opening in the
front of their bodyand are placed at the supporting arms. Albitbwing 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 resjgprevailing

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
WS@AO2@1F 6aAidsS !0 | yR | dzaid®dbstieSof theadkfiarbeters 0 @ { 2
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 deflamtrs have proven their efficiency. The most deflates were found in the
lowest bottle, the least deflates in the highest one. Significant percentage of eroded soll
particles (5@80 % of loose soil in total) moves by saltation, i.e. jumps when blown byuwpind

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 essentafiyrange more deflameters in network structure at
enclosed expemental 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. ctiuld

happened in case of very fine soil particle$0& > Y0 GKI G Y2@0S o6& adzallSya.
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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 deaison of experimental site has no

function (e.g. sand from Sahara desert blown to Southern Moravia).
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CONCLUSION

New types of deflameters we developed and they proved their efficiency. Deflameters are
able to catch wineblown soil particles, however it is not possible to make their quantification
per unit of area, as they are trapped in the open (dmrdered) space.

Field deflametric methaosl 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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ABSTRACT

The saline soils area covered by specific halophytic vegetation was radically ddoteaise

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 inundateld flepressions
200dzNNBy OS Ay t2Rdzyl 2a1t yNOAYyIl [26f yRO® 5 dzN
occurrence of one endangered species (EM$ium brachycephalunfive critically endangered

(CR) species Heleochloa alopecuroides H. schoenoidg Lindernia tribracteatum
Schoenoplectus supinasd Lythrum tribracteatuny and one potentially extinct species (EX?)
Chenopodium chenopodioidegre recorded. The conservation value of the temporary pools in

agricultural field is discussed in terms @fidrterm survival of the species in cultural landscape.

KeywordsT ASt R RSLINBadarzyas KIFf2LKeidSs SyRIFy3aISNBR

INTRODUCTION

Saline soils belong to hydromorphic soils which are strongly influenced by intensive water
evaporaton 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 \aeza

02y OSYyiNI (SR Ay t2Rdzyla2alt yYNOAYyIl [26fFyRI f &
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MpnnT YNRLILISE 20t > mpcpod® ¢KS INBLFLa 2F altAys
decades in Slovakia due to human activities. For instahc&, @l 6 Af 2 @t 3 { @202R
YSYyGA2ySR FLIINRBEAYIIGSte yonn KF 2F &a2Aft SA0GK
but contemporary, only about 500 ha have beerRd 8 02 3SNBER G KSNB 6{t R20Ja
a consequence, the typical halophyticapt 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, a$l. alopeuroides H. schoenoidesr S. supinugHolub, Grulich, 1999b, c; Holub,

1999b). The formation of these plant communities is closely associated with annual water level
RSONBIaS FyR S Oly dzadzrtfe FAYR Al &ySiiKISt @5
2004). Vernally flooded depressions on arable fields can provide secondary habitats and thus
ASNBS +a GKS NBTFdzZAAdzY F2NJ 0KSAS &LISOATFAO LI Iy
Hany T [dzlt ©0a Si It &3 remelyvainyweatter irC2D10 haS giveh risek@  H n n
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

Ay t 2 Rdzy | @wdahd and/ifvéhtory of théir flora.

MATERIALSAND METHODS

Field survey was carried out in 2010 since May to October in the territorg dt Bzy IYNSOALY |
Lowland (southwestern Slovakia). The method of field mapping and inventory was wheth

the inundated field depression was found, the locality was examined for rare plant species
occurrence. At the locality the number of individuals and the approxinza&a (using GPS
RSOAOSU ¢ a SatAYIFIGSR® tKei2a20A2t23A0Ff NBE
Blanquet cover, abundance scale (Barkman et al., 1964). The conservation status of the species
gla aidldSR | O0O2NRAY 3 CS201) ReayraphiBal codrdindtes ove@eS NI | 2
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 extyeqd 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 tusti 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. eltclimate data was provided by Slovak
Hydrometeorological Institute. Available water capacity was provided by the Soil Science and

Conservation Research Institute in Bratislava.

Table 1PDSI classification scale for the definition of moist and dry eriod

PDSI value Characteristics of the evaluatg
month

X nodnn extremely moist

3.00 to 3.99 very moist

2.00to 2.99 moderately moist

1.00to 1.99 slightly moist

0.50 to 0.99 weakly moist

0.49 t0-0.49 neutral

-0.50 t0-0.99 weakly dry

-1.00 to-1.99 slightly dry

-2.00 t0-2.99 moderately dry

-3.00 t0-3.99 severely dry

4,00 extremely dry

RESULTS
l f K2dZAK ¢S

KIS SEFYAYSR | NBftlFGA@Ste I NBS
numerous field depressions were examined, the most interedtimdjngs were recorded mostly

2y alttAYyAT SR a2Afta | NRdzy R Y 2-Wasttlly Sidvakia).daden y 2 @2
endangered plant species were recorded: one endangered (EN) s@isasn brachycephalum

Jur.; five critically endangered (CR) speciételeochloa alopecuroidg®iller et Mitterp.) Host

ex RoemerHeleochloa schoenoidéls.)Host ex Roemdrjndernia procumben@&rocker) Philcox,

Lythrum tribracteatum(L.) Holub,Schoenoplectus supingis.) Palla.; the speci€shenopodium

chenopodioideglL.) Aellen is considered as probably extinct (EX?) in Slovakia.

86



Mendel and Bioclimatology

Two new localities o€irsium brachycephalunvere recorded. In addition to the locality near
Hurbanovo (tab. 2), another locality situated sohr &8 G SN} FNRBY ¢NI Gy A Ol

Y 2 Y fo)Nwas found. There, approximately a hundred individuals were growing at south
eastern part of narrow field depression long about 50®teleochloa alopecuroidesas found

at one locality (tab.2); few individuals were also growing solitary in adjacent fegdch 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 witindernia procumbens
200dzZNNBYy OS> (GKS &aLISOASAa @SNEJ AnbtheBspetigs ralely S t 2 R
occurring at our survey area wdssthrum tribracteatum hence, the records of two new
f20fAO0ASE 6SNB Qrfdza oftS: S@PSy GK2dzZaAK 2yfe 2\
Ostrove (tab.2). In 2010, we recovered the occonoe of Heleochloa schoenoidest several

recently or longer known localities. Two new localities were found (tab.2), the record at the
f20FtAdGe wtlLayt yI hadN2@S gl a 2F KAIK @I f dzf
thousand individuals there. ThepeciesChenopodium chenopodioidewvas 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 fqinuswas recorded at five localities. The most valuable was the finding of the
FASEtR RSLINBaairzy G GKS t20FrtAGe %SYAlyall ht
of S. supinugrowing on rather large area (tab. 2)

The PDSI values given iretliable 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¢yaecording

PDSI these months were defined as extremely moist. This extremely moist year followed after

three dry years (Tab. 3)
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AlGASa

27

YNOA YL

approximate area and number ofdividuals, the measure of abundance/cover according
modified BraurBlanquet coveabundance scale is given.

Braun
Name  of Locality Approx. . Approx. | Blanquet
.. | date 7 species number of| (abundance
the locality description area o
individuals|/
cover level}
field depressior Cirsium
Hurbanovo [5.10.2010|at the edge o]600 nf 20 +
: brachycephalun
corn field
Heleochloa several N
. . . alopecuroides [tens
L Ol 2 field depressior Scr?oe:o IIectuc several
hon 16.9.2010at the edge of400n? | >-70°1 plectus s 2a
Y2V 2 LJ corn field .p .
Lindernia
10 +
procumbens
field
depressions g Heleochloa several
Vot | Gy the edge of 1000nf schoenoides |thousand 4
Ostrove,_ 16.9.2010 wheatfield
part Majer - , Lythrum
salinized fielg . 1 r
Pavol . .| not tribracteatum
depression i .
, estimated| Schoenoplectuq not
the wheat field . : +
supinus estimated
field_depressio ibracteatum_|noncred |22
h 1t yA{24.8.2010|at the edge of500nt
: Schoenoplectug not
corn field . : +
supinus estimated
. Heleochloa into 50
Zemianska field depressiof schoenoides |individuals !
h t Griorth|24.8.2010) ! Pression 1 oont :
: in the corn field Chenopodium |several
of village . 1
chenopodioides| tens
| 2 N‘l.[* 1.6.2010 fleld depres_smr 100n? Sch_oenoplectus several N
%t 0y} in the corn field supinus tens
Zemianska , .
he 6t s |16.9.2010 fleld depregsmr 1200 M Sch_oenoplectu, several 3t04
of village in the corn field supinus thousand

1Modified Braun¢ Blanquet

coverabundance scale
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r solitary, 13 individuals

+ few individuals

M B m: 0020S
2a 510%

2b 1125%

3 2550%

4 5075%

5 75100%

Table 3 Monthly values of PDSI in the period 192010. The data from cIima}\toIogicaI station
AY 1 dzNDly2@02 6t 2Rdzyl2ai1t yYNOAYLlF [26f 1 YR

year Il. 1. V. V. VI. VI [ VI | 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 |41 |4.13 |3.65 |41 |-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 |15 [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 |04 |0.03 |0.44 |0.17 |0.05 |0.1 |0.78 |-0.07 [-0.54 |-0.75 |[1.67

2006/2.59 |12.92 |3.1 |2.69 |3.49 [3.24 |254 |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 |09 |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

DiscussON
The rareness of the species discussed in this article has several reasmss of them has the

northern border of their distribution range in Slovakia; they are growing on specific stdhes
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sites flooded in spring and deeply drying on summer, esfigdizey represents the species of

mudflat bottoms; they are halophytes or sdialophytes; they are mostly minute, legrowing

LI I yda 6A0GK €26 O2yOdzNNBYyOS FToAfAGE& O6CSNI |20t
Mbppl 00T t NP Ofetcduld lconsBiér the fadical deargagedod 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 th 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
F2NJ RSOFRS&ax odzi Ay a42YS @SIFNR Ft22R&a | LIS NI
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 definesl moderately to very moist;
SalLISOALFffe alé YR WdzyS 6SNB RSTFAYSR a GKS Y
0{t R20&a1é Hunnc AYSRUO NBOrSymibtaghyctpBaih NRER Rozy | €2 T
YNOAY Il [ 2 ¢ HdlegcRloalalgeBurolddésiag recovered at several localities in 2006 in

t 2Rdzy 2a1t yYyNOAYyl [26fl yR 6{tR204a1¢é wuwnnc AYSF
new localities ofSchoenoplectus supinusSNE F2dzy R Ay @& O0OK2R2af 2085
0 %t | O 1006)Sthousarfdsiof individuals were recorded at some of the localities. According

PDSI calculated using data from Milhostov climatological station (ssagtern Slovakia) every

month was defined as moist, and namely May and June were defined as moderaigdy

6 Y%dzl dzft 2 @t = Hnawmn O &S {supMumtcliphd field depreNonsN&Iges ofReaid>

LI 6K 2N GSNNIAY RSLINBaaAaAzya Ay LI addaNBE 0%t C
secondary for the species. The extreme conditions also inflee the population size dfi.
schoenoided Yy a2ai2@S bl GdzZNE wSASNIWS ot 2Rdzyl 241t yN
defined as dry (tab. 3), and population covered®% of area, however in 2006 the population

covered up to 50% at the same locally9 f At O 2dzy® S [t P HAnnyO ®
wetlands is growing in specific, highly dynamic habitats. The speed of plant development, short

life cycles and lonterm survival in dormant propagules is typical for these plants (DEIL, 2005).

Large seabns 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 probabititygioflong

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 irrequle®, ¥ 8 A RSNAY 3 020K G§SYLR2NYft FyR
al., (2013) recommend many temporary pools in arable fields left alone (i.e. maintaining

ONY RAGAZ2YIE FENNAYIOT YR b=a9/ 9 ¢¢#Yh+t# OHAM
the surrounding areaAt 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.

CONCLUSION

During extreme moist years temporary pools in arable fields may appear more frequently and at

fF NBSNJ F NBI GKFy dzadzt ffted xSNyLFffte AydzyRFEGSR
YNOAYIlI t2¢fFyR YI& aSNWS I a NXophyraus plavt sgegied) a SOS
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 longerm dynamics of this speciffdant community for effective conservation

management of the rare species populations.

REFERENCES
CENJYEYYS WO WS 52Ay3aAs |1 o g {SIALEX {d oO0mpc
guantitativen Vegetationsanalyse. Acta Botanica Neerlandica, Amstertia: 394419.

Boros, E. (2003): Alkaline lakes, National Ecological Network 4. Authority for Nature
Conservation, Ministry of Environment and Water, Budapest, Hungary. 28 pp.

Deil, U. 2005: A review on habitats, plant traits and vegetation of ephemetidndsc a global
perspectiveg Phytocoenologia 35: 58305.

DUNKEL, Z. 2009. Brief surveying and discussing of drought indices used in agricultural

YSGiS2NRf238d LYy LR! 2t Nl asx vdzZ NISNI & W2dz2Ny It 2°
No. 1¢ 2, Januray June 2009, pp. 2837.

91



Mendel and Bioclimatology

9f At O t® 2dzy®> 5NGS 5®3 DNUHzZ AOK +*+d 3 {t R2@Q4a1é
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t 2A0KE 2R t® 6 mMdpdo O SA!YWVFRIKNENE diy RisiBeiayBiyii s (iyA O 3 «
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t NEOKt T {1 CX 1dzat ]l ~® 9 hUI KSUFFt 2ISH20adPPWD S
+®z 1 2fdo W s ENBOKII QlyARD @dKEREDEYEeQK | @I
OADB26NOK2D {w I 2w p3X *800AS NlradfAyes LD HHpP

{t R20al1éx ads 9ftAtL O tdr Yid g S5NGST 50 OHAN
aLkRt26Syairso yi 2dzKdzd F BiRy2Yat O3S PEYS8dzad 2 0 |
Bratislava, Supl. 10: 12729.

Yodzl dzf 2 @9t 2 +® O6HaAamMnOY L e@ @éealeddz adzOKlF ylI @l
YSYyAl OS2 al (ftNY@d 5ALI 2Y23t LINY OF 014)0&@Sy a1t
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HAaMn® bl @GeJTERaY OKBKSAYe FEORNHK2 P o02f @el2yl
THtLAATI LIY202dz Dt{ o062t 2RKI Rydzit |2fRKOKRY dsfile |
02f 2 LI6SG 2SRAFIW2%A dzad Nixel Y2IBEARKS RNHEKST @ 02 A
LI R OK2 ILZHENWN YR Y N+ Eg NBBD® y2I8T yIEYSYyFtA &aY$sS y2
RNHzKdz 69 b0 LIJA OI(Cirsiuin btachygephpl@nizA ayiS&R 021t Ade  LIA
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CARBON DIOXIDE FLUXESAND CARBON BALANCE AFTER THE 2004 STAND REPLACING

WIND THROW IN THE TATRA NATIONAL PARK

PETER FLEISCHER R.1, PETER FLEISCHER?, KATARINA STRELOOVAL
1) Forestry Faculty TU Zvolen,

2) Research station of TANAP, Tatranska Lomnica

ABSTRACT

Since 2007 CO2 soil fluxes have been measured by chamber method in thepiarcé
ecosystem heavily disturbed by the 2004 windstorm. In 2012 measurement of photosynthesis
started and allowed calculation of carbon balance. The instant CO2 fluxes measured
during growing on 14 day cycle on fixed points and the values were extragdiaté 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& ha

Key words:CO2 sequestratigrcarbon balance, forestisturbances, Tatra National Park, spruce

forest

INTRODUCTION

Carbon dioxide (Cpis 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 )n 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 CQ@ concentration would be roughly 510 ppm. Almost 46 % of terralstd is stored Iin
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 wouldusa 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 thanQ® ha (2.3 mil M of natural and
seminatural larckspruce 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 arecosystem 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.

MATERIALSAND METHODS

Research site

Our study was conducteon research sites established for letgm 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 lasphuce ecosystems the research
sites were established on almost identical site conditions (granit moraines, dystric cambisoils,
slope 1625%, altitude 1100/1200 m a.s.l., south oriented, acidophilus vegetation, etc.); EXT
windtrow site, timber removed, FIR windhrow and fire site, timbr remowed, NEXC
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 shapedninséarr.
Meteorological tower formed the cross points of transects on each site. Distance between
measuring points along transects was 10 m. Number of measuring pointsobnséa ranged

from 8 up to 22 according to the site specific variability. Average frequency of measuring each

point was 14 days during growing season (Meptember), and monthly during autungrearly

spring.

Microsite conditions
The 2004 windthrow, bt 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.
Accading 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 Rubusideausand Salix caprea2. Shalow, sandy/rocky soil (ranker) oewations with

Calluna vulgarisind Vaccinium vitis idege3. Sites with fast decomposing organic material and
dominated byChamerion angustifolium. Sites dominated b@alamagrostis villosmostly on

Podsolic cambisoilsSite conditions and vegetation ggs 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 ofgdNJ @A YSUNA O YSGK2R dzaAy 3
and by nondestructive optical mthod (Licor 2200, Licor, USA).

Soil/lecosystem respiration

Soillecosystem efflux of Gvas detected by infraed gas analyzers (Vaisala GMP 343, Vaisala
Finland and EGM4, PP Systems USA) applying closed chamber methods. Vaisala sensors were
installed irside custom built nontransparent PVC chamber (16 dnequipped 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% dis 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 taltzand 2
cm inserted into the soil) to avoid gas leaking. Measuring interesd %20 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 reprded 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 photognthesis (or gross primary productivityy, GPP) and total (or ecosystem)

respiration:
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NEE= GPRe (1)
Applied Plexiglas transparent chambers had diffe 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 €B@ampling. On each point the NEE measurements
repeated consequently under modiflelight conditions. Intensity of solar light entering the

chamber was modified by shading the chamber with plastic nets with different transparency.

Microclimate measurement

During C@measurement instant microclimate data near the sampling point werergssl. Soll
temperature was measured in 2 and 10 cm by soil thermometer (Ahlborn, Germany) and soll
moisture in 86 cm by ML2x (Delta theta, UK). Air humidity was measured by Ahlborn
(Germany), PAR by Skye Quantum (Ireland), wind speed by Met (GermaregclOresearch

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@nmin 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;)c@@@entration
changes. Values of each measurement were plotted and linear trend was tested (MS Office
Excell). Only data showing®®.96 were used for flux calculation confirming proper
measurement (well sample mixing, no leaking, etc.). According to iDewal. (2002) we

applied ideal gas law to calculate GDx (umol.m?.s?):

Feo= (P*V* ,CQ)/(R*T*A) 2)
P-air pressure (Pa)
V ¢ chamber volume
A ¢ chamber surface

nCQ - concentration increment (ppm/min)
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T ¢ air temperature in chamber K)

R¢ gas constant

Data recorded by the EGM4 were calculated by the instrument software and presented in g
co2.nif.h? . The C@fluxes measured in the chambers represented the difference between
assimilation (GPP) and respiration (RB) Under dark conditions GPP=0, so NEE=Re (Tagesson,
2006).

Temporal extrapolation of GQluxes from snap to seasonal scale was based ondbeession

models (Tuomi et al., 2008; Chen et al., 2010; DelGrosso et al., 2005; Byrne et al., 2005). Saoll
respiration was extrapolated for the entire year according to the soil temperature and humidity.
Photosynthesis was extrapolated across the growemsen according to the PAR and LAI using

the MichaelisMenten 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 (NERvas 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.

RESULTS

During field work we interpreted IR ortophotomapom the windthrown area using GIS
instruments. Fine scale (20 cm per pixel) allowed reasonable classification of dominant
vegetation (Erdas Imagifi¢ Fig. 1 shows part of the classified area where distinct colors
represent different vegetation and landse types. Verification was done on sites 20x20 m (red

squares).
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Between 2010 and 2012 we did more than 1100 soil/ecosystem respiration measurements on
the FIR and EXT sité®ss 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 soill
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 tharedXT.

As in previous years we have observed close relation between microsite conditions (represented
by specific vegetation) and soil efflux. For each microsite/vegetation tféuys ideus,
Calamagrostis villosa, Chamerion angustifolium, Callunaavis)gve applied available models
(Tab. 2).
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Tab.1Basic characteristic of the soil respiration on EXT and FIR sitds (@I ni* s?)

Year Site No Average Standard Coeficient
Of measurement Soil respiration Deviation 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. 20verview of equitations used to model soil respiration on EXT and FIR¢sites, T
temperature, SM; soil moisture, e ¢ parameters

Model Equitation
Linear Y=a+bT
Quadratic (T) Y=at
Kucera, Kirkham Y=a(T+106)
Fang, Moncrief Y=a(¥Tmin)?
Exponential Y=a&""
Arrhenius Y=cA
Quadratic (SM) Y= a +b*sm + c*st
Boltzman S courve Y= b+—
Empirical (T, SM) Y=wi Q
Y=(a*s)e’cp ¢°YD YO YD
Mielnick, Dugas "YO
Y=A ——*Q

Combined Botzman .
. Té6rfFonIpcbomIncyFol
MPZTUOUK TOUVUFOpPFONZXE
Del Grosso MTZTRNUOUOUOUK ~ 00

On the example oRubus ideausve present tested models, fitted parameters and calculated

statistical criteria (MSEAICc, 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. 3Models, parameters and criteria for estimatiohsmil respiration for R. ideaus

community
Model MSE ME AlCc parameters
Linear 6.4 0.40 1413 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 1414 17.75:13.24
Quadratic (SM) 858 0.26 167.1 -14.26;1.02:0.01
Boltzman N 8.64
courve ' 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;0.0
Del Grosso 424 0.61 111.83 6.73

MSEC mean squared error, AIGAkaike information criterion, MEModel effectivity

To compare soil respiration in different microhabitat types we chose the best fit motietaial
course of Ceefflux is presented in Fig. 4. Annual respiration for distinct vegetation type was as
follow: Rubus ideaud3.2 t C hg, Calluna vulgari$.9, Chamerion angustifolium 10.1, and

Calamagrostis villosa 8.9 t Cha

103



Mendel and Bioclimatology

=
e=]
]

CQ (umol.m?sh

°Cc

. ——Del Grosso ——empiricka

linearna ——exp na teplote

O P N W kR U1 N 0 W
|
=
o

Fig. 3Annual courses of soil €€iflux in R. ideaus type calculated by the best fit models, soil
temperature in 8 cm is also shown
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Fig. 4Annual course of the soil €€fflux (umol it s*) for themost spread vegetation types

Total annual respiration for the windthrow site was calculated as area weighte@f@@x for

each micohabitat type. According to the proportion of vegetation types (Fleischer et al. 2013)
the average C£efflux in 2012 was .8 t Cha™.

Photosynthesis

Estimated instant GPP values were fitted with Michalenten type of regression:

o0 H 0 —— _ (3)
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Calculated paramets for selected speciesCélamagrostis villosa, Calluna vulgariare

presented in Tab. 6. The parameters for other key species were not significant.

Tab. 6Correlation, parameters and LAI for Michadlisnten regression (3), (sig of parameters

<0.05)
Vegetation R a a ag LAI
Calluna vulgaris 0,73 2,1 693,78 -0,46 0,9
Callamagrostis vilosa 0,76 3,91 650,21 -0,54 11

Continuously measured PAR values were used for extrapolation of instant GPP values across
growing season. Diurnal GPP €rvillosas shown in Fig. 5. GPP fdhamerion angustifolium
and Rubus ideausyhich 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

40
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Fig. 5 Diurnal sum of GPP (g £@* d™) for Calamagrostis villosa during growing season
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Carbon balance

Measurement of the both fluxes in 2012 allowed us to calculate annual C balance on the
windthrow site. Assording to the formul@d) carbon balance (NEE) as difference between GPP

(6.9t C hay) and Re (8.7 t C hd)ywas negative-{.8 t C). It means that the windthrow site
was C source.

Discussion

Based on sampling size (number of sampling points per site) and estimaitedbility of soil

efflux we could calculate the accuracy of our sampling. According to the formula:
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£ — (4)

s¢ standard deviation,tc critical value of Studé i & RA & ( NR& 6 dziumntEeyof AT " T n &
sampling points

¢KS | OOdzNY Oé 27F | STTt dAEs” §pidvioslysdars 2hy difierentes 5 1 @+
among the sites and individual years were much bigger. Recently, due to progressive
homogenization ofmicroclimate and vegetation, the differences are less pronounced. Average
soil temperature (in 8 cm) during growing season 2012 was3@h EXT and 13.2 on FIR site.

In 2011 the difference was 0°C. Soil moisture in 2012 on both the sites was eventidal (28

%), a year before the difference was 7%. The source p&filGx variability raised mostly from

the heterogeneity of microhabitat structures. Variation was partly reduces by grouping sampling
points into relatively homogenous types identifibgl dominant vegetation.

We have applied vast range of soil respiration models for estimation g€filix. The best fit
between modeled and measured values showed models based on both soil temperature and
soil moisture, esp. model by DelGrosso and oum,named Empirical model. The largest
differences were found during negrowing season (modeled value 4 umol, real value 0.5 umol
m?s?).

Photosynthetic production (GPP) derived from PAR and LAI yield comparable results than
gravimetric method. The flerence in C uptake between chamber and biomass methods ranged
from 3 (for C. villosa up to 13 % (forCh. angustifolium (Fleischer et al.,, 2013). GPP
measurement was problematic under intensive PAR and thus elevated temperature in Plexiglass
chambers. Masurement was often disturbed when vapour pressure deficit exceeded 2 kPa. At

such a level stomata close and Zi@take stops (Marek et al., 2011).

CONCLUSION

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 e@flDx
heterogeneity depended mostly on microhabitat variability. Repeated windialle 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 vageh 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 wasgative (the windtrow in 2012 produced 1.8 t C per ha). It

is expected that increasing vegetation cover, biomass and LAl under warm and moist conditions
might increase carbon sequestration and change the balance to positive (carbon sink). Further
researti needs to solve GPP measurement of oversized vegetation and overheating inside

transparent chambers.
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QLIMATOLOGY AND GENETICSZ ISTHERE ANY INTERFACE? AN EXAMPLE OF FOREST TREES

DutaN Gr Mv RY

Technical University in Zvolen, TG Masaryka 24, 96053 Zvolen, Slovakia

ABSTRACT

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 clinagy. 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 relatiship: Holocene migration of beech, genetic variation in Serbian
spruce, assessment of adaptive variation in beech in a corrgacen experiment, and

epigenetic phenomena in Norway spruce.

Key wordsilocal adaptation, postglacial migration, genetic driftrest trees

INTRODUCTION

2 KSYy GKS TFANRG SRA (Ghgnyof SpeciegD&WinNISEDR apdedredldmt y Q&
November 1859, it caused a true revolution in science as well as in society. It was not because
5FNBAY WAYZBSY(iSRWY S ey tainfe;yactually, the BldabShjologicalza 3 S a
evolution has been present in naturalist thought long before, starting from Anaximandros,

| SN} {fSAG2a YR 9YLISR21tSa 20SN) . dzF¥F2y (2 [|IY
to biology was the popul&in 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 knovimedge
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 @etdils of his ideas needed to
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be corrected later. Maybe this was the reason why darwinism provoked vivid controversies
lasting until today.

DNB3I2N) aSyRSt 2g¢ySR |y 2 dzi hiNtery émaksfon fardids A y Q&
document that he studied it h attention and interest (Fairbanks and Rytting 2001). The
2LIAYA2Yya Fo2dzi aSyRStQa FdGAGdZRS G261 NRa (KS
displaying Mendel as a categorical opponent of darwinism up to portraying him as a good
Darwinian (Sapp 1998nd 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 wel

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 théogenent of quantitative and

L2 LJdzf F GA2y 3ASYySiAda Ay (GKS wmMbpHna | YRI9sKS Wy &
showed that not only there is no contradiction between genetics and Darwinism, but Mendelian
inheritance is a basic prerequisite for evatut 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 climatologis (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?

CKSNE Aad wSOGdzNYyAy3I (2 GKS FANBG LI NI INF LIKY i
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 coniims 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 hasobd 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
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gene pools. Some components of climate even directly affect the hereditary material:
polyploidy is correlated with temperature regime reflected in latitudinal ortadiinal gradients
(Ramsey and Ramsey 2014), ultraviolet radiation causeshapmlogous 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 patical 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 arelleed 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 fatichanges 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 contrilution 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 ledappl
reconstruct these changes. Latter two studies document how climatic adaptation is reflected in

fitnessrelated phenotypic traits and what may be the hereditary basis of this adaptation.

MATERIALSAND METHODS

The first study focuses on the colonizatiof the range of European beedRaQus sylvaticd.)

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 onsanulated 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
expansio 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 spfice& omorikdurk.). Levels of genetic
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variation were assayed in 13 pdptions genotyped at 16 allozyme loci (Ballian et al. 2006) and

a mitochondrial markem@d1-2).

In a study of adaptation we examined reactions of 87 beech populations on geographical and
climatic transfer in a commogarden experiment. Populations 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 (diffence 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 later behaviour of conifer
provenances were assessed in a nursery trial. Twelve provenances of Norway $fingee (
abiesKarst.) were sown in two climatically contrasting nurseries located at altitudes of 350 and
1100 m a.s.l., respectively. After thiest year, half of the material was reciprocally transferred

between nurseries, and budburst phenology was assessed at the beginning of third year.

RESULTS

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
“Gcalibrated 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 singleespopulation located at

the eastern foothills of the Alps and in Istria (fig. 1; red lineage).
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Fig. 1Schematic drawing of the distribution of genetic lineages of common beech and their
expansion during the Holocene

This refugial population spreadto 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 sathern 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 differentaitetey 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).oTwneages represented in the
Cantabrian range and the Southern Carpathians (Apuseni Mts.) are indicative of local secondary
refugia.

The case study d?icea omoricavas used to demonstrate the effect of range fragmentation. In

spite of being a stenoendetai Serbian spruce is highly polymorphic at the mitochonahaal1

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 wereobserved for frequencies of allozyme alleles; e.g. the alldigh-B/100
NELINB&ASYGSR Ay (KS LRLMzAZFGA2y D20O0GAf2F o0& vy
(Ballian et al. 2006). The coefficient of differentiatigsyof 0.261 only illustrates high overall
differentiation level (commonlfsF n®np Ay GARSALINBIFIR O2yAFSNRO D
population variation is low, as shows the comparison to a Norway spruce population from the

t 22Uyl aldaod 6 ¢l e forBoricgopdlationgegeypooledi@ygthet: dlldlic richness

(A20; and Ao, Nnumber of alleles recalculated for common sample size of 20 and 400 gene
copies, respectively, by rarefaction) is only a half compare®.tabies.The same applies to

proportion of polymorphic loc{(PB and gene diversity measured by expected heterozygosity

(He).

Table 1Genetic variation in Picea omorica compared to P. abies

Species N Aol 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 tog=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 tiamiamapping 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 fitneskted trait variation in common gardens such
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as provenance experiments. In theseaof 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

heightgrowth and srvival responses is shown in Fig. 2.
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Fig. 2Height 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) regressaf 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 amdp@thians) 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 regregm 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
geograhy) 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 generalhsigonficant.
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environmental variables for provenances

Climatic/ Height Survival

gquraphlc Optimum Optimum Optimum Optimum
variable . .

transfer rate position transfer rate position

Longitude ¢0.368 ns 0.316 ns ¢0.329* 0.165 ns
Latitude C0.925*** 0.326 ns ¢0.374* 0.246 ns
Altitude ¢0.668*** 0.057 ns ¢0.850*** 0.082 ns
MAT ¢0.590* 0.573* C0.675*** ¢0.116 ns
Precipitations  ¢0.762*** 0.289 ns ¢0.544*** 0.166 ns
EQ C0.684*** ¢0.100 ns ¢0.108 ns 0.031 ns

Although expression of 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 wastedsgly
influenced by the climate of the nursery, in which the material spent the first year of life.
Independent of scoring site, afirovenances germinating in a warm nursery flushed on average

2 to 7 days later than those growing the first vegetats@ason in warm climate (Fig. 3)).
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Fig. 3Regressions 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

DiscUsSION

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 temperiige 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 eféctive 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 alkdnBlneages.
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 wasall gopulation 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 rang€haotic 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, ®&rbian spruce is a species untypical for its present rangfge 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 rorinted slopeshat 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

GSYLISNY G§dzZNB& 0+ ARl | 2 9 ABosnmrgagoveerdianwunSuftdin® Anfluenced NS | &

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 hamperby 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

SELISNAYSyGay t20Ff RSYS akKz2dzZ R ©69S ,andzAaifena 2 NJ §2
AK2dzf R aK2¢g KAIKSNI FAGySaa Ay Ada 26y KFEoAGl

(Kawecki and Ebert 2004). Provenance experiments allow assessing the response of tree
populations to environmental changes simulated by the transfer difierent ecological
conditions. Response measured by any fitredated trait is commonly notinear; transfer
exceeding the optimum rate commonly results in lower growth or survival. Under local
adaptation, the optimum climate is identical (or positivebrrelated) 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 oelated with the climate of origin. The presented variation patterns

of fithess components (juvenile survival) or fitnestated traits (height growth) in a larggcale
provenance experiment with common beech do not give clear indications for the local
aRIFLI I GA2y T O2y aAiRSNAY IserséSvedkikmd ESert AG04). Theddclke ¢

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,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 focal 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 lmeeattributed 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 exual 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 cliate during prezygotic stages, i.e. micend 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 beoked by

the climate during juvenile growthaswel:iSNBERA G& 3JI2Ay 3 0S@2yR aSyRSt

CONCLUSION

Mendel himself surely did not anticipate how big branch of science and business will once grow
out of his discoveries. His crossing experiments focuseghmmotypic 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 adapb tchanges 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 aiatesensu latissimd I £ £ KIF @S GKSANI NR2Ga Ay
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he had never made a single @irS YLISNJ (G dzZNB  YSI AdzNBYSy iG> aSyR

understanding the climate and its effects on living world would be undisputable.
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THE COMPARISON OF CALCULATED AND EXPERIMENTALLY DETERMINED AVAILABLE WATER

SUPPLY IN THE ROOT ZONE OF SELECTED CROPS

J HABERLE!, P. SvoBODAL, M. KoH? T2, G. KUREEOW!

1) Crop Research Institute, Prahedzl € y S /1T SOK wSLJz f A O

2) CzeclHydrometeorological Institute, Brno, Czech Republic

ABSTRACT

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
Czeb 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 déded crops was
calculated from data on root density distribution and from the estimation of water depletion

distribution.

Keywords water shortage, root system, depletion, texture

INTRODUCTION

Drought poses a serious problem for farmers in a lgrge 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 precipitain 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 effectiveaess i
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 tdge, use of growth regulators

and antistress 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 he teffort.

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 longterm scales. Considering the water suppif a given field, the site, year, and
cultivarspecific 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 tle 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.qg.,
Kuhlmann et al. 1989). Primarily, it is the root length distribution (root density) used; however,
Himmelbauer et al. (2008) did not find significant diffeces 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 ofwater 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 significantveeder 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 stgrowth

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. Furtliee 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 ted 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.

MATERIALSAND METHODS

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 sdiimate conditions: Prahavdzl 8 y S / KN3 OCU
OYSENI wk 1208y N{1OZ 2t af g2 gAd2lSE &S O | [y St3k GX @ydzKH | §
FYR I 2NYN 520NRdz6 60GKS flFaid GKNBS IINB Ay (KS
spring barley, potatoes, sunflower, and maize were observed both in field experiments and farm
fields. Water contenin the soil layers (@0 cm, 1630 cm, 3850 cm, 5670 cm, 7690 cm, 90

110 cm, and 11430 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 Gatise

6+ ahtX Ly3ad | & al OdzN2@t 0 d¢KS | GFAfFotS &l &SN
from the field capacity and wilting point (AWC=P), estimated with simple pedotransfer

Fdzy OliAz2ya ozt OF mdopyZ =+t Ol awmipeon Averdge walies ¢t FG G | €
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 calculatedAWC (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

sal 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 tefreampling 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 depglerved 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 uskdsed 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 androp 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%) ofamm®unt of potentially available
water (AWC) is used for RD greater than 0.9 cii.cRor the root density under 0.9 cm.én

the potential water depletion is proportionally related to root density (e.g., a RD of 0.15 ém.cm
enables a utilization of up t©5% 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 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.

RESULTSAND DISCUSSION

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 agnizaltregions 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
CERE®/heat, we showed that relatilg 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 publshed 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.

'oWo'A'A'A AN
.w(,vno

YNKA‘V
%SWMNNNW',A
NININININONENENININENS

«—— Sand Separate, %

Fig. 2: The texture of soil layers at experimesitgs 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

N} yISR FNRBY wmnn YY o6mMTy YY Ay GKS wmon OY f I ¢
Ivanovice (Fig. 3). When individual PTF were used, the range of AWC was frodel 26 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 fem® than 79 mm to greater
than 200 mm, in one meter of soil, are wused for Czech soils (e.g.,
http://sucho.vumop.cz/mapserv/sucho/uvodni.php or in the AVISO agroclimatic model

OWAOKGOSNRGt S Y2KdziX HAamMoO® LYy GKSotcohsid&ed. ANI @S

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.hiim

350

~ 300 ~ —‘ = = B AWC100_Calc
E - - @ Obs 100_2011
TE’ 250 O Precip 2011

g 200 i I I I [ Obs 100_2012
5 nl OPrecip 2012

o

5 15071 M HEH HHH W Obs 100_2013
g 100 4 || || O Precip 2013

50 | | | | ﬂ
0 - T T T T T T T T T T =

Rul  Ru2 Val L& Chrl Chr2 TS Mos Dob Iva

350

Luk
300 ( n M N ‘

( A ~ h W AWC130_Calc
£ 250 H 1 O Obs 130_2011
é n - O Precip 2011
% 200 M 1 B H Obs 130_2012
€ 150 A U 4 I L O Precip 2012
o B Obs 130_2013
& 100 + H H = H O Precip 2013
©
= 504 i H i

0 T T T T T T T T T
Luk

val L& Chrl Chr2 TS Mos Dob Iva

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 spring2@03at
several sites. The sum of precipitation from ¥gDotober 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 inlB0 cm) in the experimental years
(Fig. 4). Both minimum and maximum values were observed at Ivandvee@mum spring
water content at O- 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 Esby evapotranspiration from the soil.
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hyte Ay Gog2 FTASEtRa Ay /KNI OUIFye gla GKS 26aSN
calculated with PTF. These soils have a high content of gravel and stones, possibly enhancing
water percolation and evaporationComparison 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

6+ £ Sd Pukevec)lwas 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.
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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
gl GSN) O2yGSyGaz Id aStSOGSR aAiaasSa FyR ONRLMAO
Introduction of an estimation of water depletion distribution, accordimgaot 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 #salie amounts of weer at the experimental

sites.

CONCLUSION

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 soll
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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ABSTRACT

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 andiological systems; in particular, terrestrial ecosystems provide a consistent picture

of observed changes. Therefore phenological observations are among the most sensitive data
F2NJI Ot AYIFGS AYLI OO aiddzRASa 2y @SA8BNFGA2Yy i Y.
2 A0KAY GKS flFad RSOFRS GKS AO0ASYGATAO 0O2YYdzyA
natural historians has changed dramatically, because the value of phenological data in climate
change research has been recognized (Menzel, 2002). The Iplg&ad 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 speciameras 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 posibility 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 phendogy, climate change, USA NPN, PEP 725, phenological camera
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INTRODUCTION

Phenology, the description of the development stages of wild plants, agricultural fruit and crops,
and other organism (for instance insects) has severalaedihed applications, iaddition 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. Certajncaltural 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 fovestigating climate change and its influences on
SO02aealdsSya 2 @S Nal.i2818)SClimatet cBahge das b@hidirect and indirect
impacts on crop growth and development. Higher ambient levels of carbon dioxide have an
impact on C crops by increagiphotosynthesis 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 wth 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 observatiorchdraged
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 Répubid in the world. Division: 1.
History and present of phenological observations in the Czech Republic; 2. Pan European
Phenologyg PEP 725; 3. USA National Phenology Network and 4. Phenological monitoring by

cameras in the Czech Republic.

1. The histoy 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 secod half of the 18 OSy (i dzNB | Y R 5 I"@énRi@ as wEIN&eYotedi KS M«

themselves to studying the influence of weather on the life of plants and anima&trmad
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attached his remarks to regular measures, which he carried out at the Prague olosgriram

the 1% January, 1775 up to nearly the end of his life{&&ptember, 1799). A number of these
LIKSy 2t 23A0Ff 20aSNBIFGA2ya Aa faz2 Fdadr OKSR G2
MTHED | £ 2y ISNI | NIAOE SDf the eaii 179 yway gublished by O 2 y 2
{GNYIR AY alyyKSAY 9STSYSNARIFIA 9FSYSNRARRSA oAl
1954). The Mannheim or Falc meteorological society (Societas meteorologica Palatina), was
assigned on the I5September 1780 as G YS{i S2NRt 23A 01t Of | a4¢ G2
which has been in existence in Mannheim since 1763, and worked till 1799. The first
LIKSy 2t 23A0Ft OFfSYRFNI AY 2dzNJ f AGSNF GdzNB 6+ a L
LI LISNJ o . f dzY Soy2|deYISSY RAFYWNI WIANNBE mMTycad® ¢ KS | dzi K2 N.
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 methodologlly unified phenological observations in a station

ySt 6SNB fFAR o0& (KS {6SRAAK o020lyAad /NI @2
in Sweden in the years 17§P755. Regular phenological observations in the Czech countries

were first intoduced by the Patrioti€ economic company, the successor of K. k. Ackerbau
Gesellschaft, based in 1769 as an order of the Empress Maria Terddiague for the
enhancement of agriculture. The following phenological elements were observed: the
developmen 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 aviagein

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

02 GKS AyFidsSyOS 2F ¢SIHUKSWHI Syl d2SIBYIENIA2Y ®S NF
RSY 9AyFtdzazad RSNJ 2A00GSNHzy3I | dzZF RAS +£S3SalFdAz2
amount of warmth and moisture to the most important phases of the development of a plant,

he presents eight charts of meteorologicidta (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® G KS wS3IA2ylf NB&ASFNOK 2FFAO0S 27
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 unsustainaibie 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 fol.d8oNJ (i A 2 yet ab, 201D.1TBeD |
results of these observations were gradually processed in atknng average of phenological

phases, the sealled phenography. Coming out of these observations, phenological yearbooks
were published, with map encloses for the years 1923 and 1924and 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 letegm phenological observations, we can create

GKS a2 OFftfSR a/FfSYRINBR 2F ylFGdz2NBE F2NI I OSN
border data of the beginnings of these phases (the earliest and the latest, dahglitudes,
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
estadished, from the year 1940, phenological observations were overtaken by the Czech
meteorological service with the whole net (aboubQ0O places) and the archive of data since

1923. From that time up to the present, the phenology makes up a part of thearwbgical
ASNIAOSE AyOfdzRSR Ay wmdoppn Ay GKS | @RNRYSGS2
&+t lat 1z HANnyoLD

Phenological observations were conducted according to the principles included in the
Handbook for phenological observers from the year 1956 A T & fal2 @956). 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 (1§8@monstration

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 treBeparate 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 % 1987).From January®12005, Phenological atlas (Couélal., 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 Clidataenvironment Oracle) and sincé' 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 ndftill 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 thel GiM2, 3

and 10¢ 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 192D10 (Figure 8ere processed in the Atlas of

t KSy2t 23A0Ff O2yRAG&AZPIR). Ay /1 SOKAL o1t 21 23t
The latest change in the CHMI phenological observation network happened in the year 2013
January 1) ¢ the density of phenological stations has dramatically reducddm more than

160 stations to 25 stations for the whole republic (Figure 2), only wild plants phenological

stations have left.
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Figure 2. CHMI phenological stations

2. The Pan European Phenological Database (PEP 725)
Most European countries maintainetworks that collect phenological data (Figure 3). For

instance, the German Weather Service (Deustscher Wetterdienst, or DWD) currently runs
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aphenological network comprising approximatelyp30 stations. The phenological observation
programme of DWD lsal67 stages of development.

PEP725 (the successor of the COST Action 725) is a project fund@di®y the Austrian
ministry for science & resear@ndEUMETNE{he network of European meteorological
services} with the goal to establish an open accelgabase with plant phenology data sets for

science, research and education.

The main objective of PEP725 is fmomote and facilitate phenological research by delivering a
pan European phenological database with an open, unrestricted data accessidocesc
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:

A 9003 075 observations,

A 20 375 locations,

A 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 appropriate way. One of the main tasks within PEP725 was and still
is the conception of a MUL-BITAGEUALITY CONTROL. Currently some tests are running in
operational mode, others are in test or conception phase. They are stepwise performed in 6
various clecks from A to F and FLAGGED in an appropriate way (0 defaoltetted, 2
interpolated, 3 pestgphases starts earlier, 101 completeness check,dadsibility check, 103

time consistency check, 104 spatial consistency checkglirGatological checkand 106 inner

consistency check). You can find more information at PEP 725 (www.pep725.eu).
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Figure 3. PEP 725station 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 deosikimg 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 phenologiadand related information (for
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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 explacet, visualization, and analysis. The NCO also facilitates
basic and applied research related to phenology, the development of dedsigport 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 intendefgrate data from

citizen scientist observers of juniper phenology, satellite images of tree gneeand data from

health centre to better understand the dynamics of seasonal allergies. Better forecasting of
environmental triggers can lead to more effiee public health measures and, consequently,
improved duality of life for seasonal allergy sufferers. The observations are made through
bl Gdz2NEQa b20GS6221 it 20SN) GKS O2dzyiNB 2y 666

4. Phenological monitoring by cameras in the Czech Rejpubli

Phenological observations of forest plants are time demanding and -abtemsive, the
automated monitoring with digital cameras can serve as an alternative to substitute traditional
phenological observations by human observers. The first results ofobbgioal observation by

phenological camera were processed in this contribution.

MATERIAL AND METHODS

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 leteym phenological observations of monitored tree are
AAldzZ SR G GKS LYGSNYyraazylrt tKSy2ft23A0Ff D
MmncmnUmnb 93 4G mpy Y Fats np 1Y y2NIKgSad 27
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Figure 4. Digital cameras for phenological monitorengCanon PowerShot S3 1SOb)mpus E
410.

Canon Power Shot S3 IS and Olympd&@Ecameras made images in the automatic mode every
hour (05 amg 7 pm) during the whole vegetation period. This monitoring was supplemented by
measurements of CQLF6252)and Normalized Difference Vegetation Index (sensor Skye SKR
1800). Reehgreenblue (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 Geen Index (Gl = G/[R+G+B]). To reduce the effects of changes in scene illumination
we used the method by Sonnenta al, 2012. We used a moving window approach that
assigns the 90th percentile of all daytime values within a titag window to the centralay
(per90), resulting in threelay 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.

RESULTSAND DISCUSSION

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 {Bfird 0.92, p < 0.01).
Subsequently the relationship between iGSI and Normalized Difference Vegetation Index are
represented by results’® 0.7, p < 0.01 and Net Ecosystem Exchange is characterizéd=by R
0.81, p < 0.01. Comparison of the dynamics of N®$hown in Figure 5.
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Figure 5. Comparison of the dynamics of NDVI (Source: MOBHi& 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
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Figure 6. Daily gross primary productivity (GPP) averaged oxaaylibtervals and the green
chromatic coordinate (gcc) derived from digital camera imagery as the average.

The differences between the traditional manual phenological observations §ht¥)he camera

systems (CS) fluctuated between 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) Coaylellana (hazel) between traditional
manual monitoring and camera system for the period of comparisonc2002 at IPG
Doksany. Blue area shows the range of values.

CONCLUSIONS

The history of phenological observation in the Czech Republic is rathereloeg 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 (phena@bdata 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 defimin 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 gccas 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 ahthe net ecosystem carbon exchange proved that €©Ohange processes

depend significantly on the canopy development.
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SELECTED AGROCLIMATOLOGICAL CHARACTERISTICSAT TUEIMICE STATION IN THE PERIOD
196872012

LENKA H<XOwY) , VQRA KONARO 2) , D<£A RICHTERO\K 3)
DCHMI, Dep NI YSYy G 2F . A2YSGS2NRt23A01t | LILIGA OF G A2
Y2Y2njlyes /1 SOK wSLlzofAOr KIFI21208FX0KYA®OI
2) Czech University of Life Sciences, Faculty of Agrobiology, Food and Natural Resources, Prague
6 ¢ Suchdol, Czech Republic, koznarova@a.cz
®/1aLs S5SLINIYSYyld 2F aShiSzNptz3Ié YR [ fAYFG;
Y26120a1t My~ nnn mm “a0N yFER [FToSYXZ /1SOK wS|

ABSTRACT

Ly GKA& LI LISNI 6SNB FylFfteT SR aINROtAYIG2t23A0
20aSNBFG2NE Aa f20FGSR Ay GKS OFGOKYSyild 2F (K
ASL) and was established or WApril 1967. Some agroclimatologicalharacteristics
NEO2YYSYRSR Ay GKS AYRAGARdzZ f o0f201a I OO02NRA"
Klabzuba, 2010) were chosen into the processing: heat waves occurrence, number of tropical

days and drought occurrence. Data were processed within theo@er96&2012. 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 averagth extreme values 29 days in 2003. The longest

drought occurrence was registered from*3luly to 3% December 2003.

KeywordsK S+ G ¢ @S> GNRLAOFf RIFI@&X RNRAAKGII ¢dzOA YAC

INTRODUCTION
Weather and climate are important comporsnof the environment that constantly surround

humans. Weather extremes cause a loss of human lives and significant damage every year. The
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guestion rises in connection with the observed global warming, whether thereiiscegase in

the frequency and intesity of extremes, the increase of climate variability.

Knowledge of available environmen

below the soil surface, the sqdir inter

tal resources and the interactions that occur in the area

face and the boundary layer of the atmosphere provides

essential guidance for strategic agrometeorological decisions in d@mge planning of

agricultural systems. The aim of the study is the evaluation of selected agroclimatological

characteristics (heat waves occurren
¢ dzOAYAOS 20aSNDI

of particular elements of variability.

ce, number of tropical days and drought occyroétive
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Mm®d ¢ dzOA

CA 3 dzNB

YAO0S YSGiS2NRft23A0Ff 20aSNDI {2

pusncd
/ Usti n&{labem

Tusimice
. 4

7 Kariovy Vary

Ceské Biidgjovice

p e

Hradeg-Kralové

50°

Pardubice

Figure 2. Map of the Czech Republit G K ¢ dzOA YA OS

18°

[————

f20FGA2Y

151



Mendel and Bioclimatology

MATERIAL AND METHODS

¢KS ¢dzOAYAOS &dlGA2Y donun Y ! {[Z mOcle6hand mb9 =

it was fully automated on November 80 2001 (Figure 1.). The station is located in the
az2aidSOolt 120KSyOF iO0OBEXFY ARyl NBI 2F GKS hKnS waA(
Quitt classification the station belongs to MW?7 unit (slightly warm area), which is characterized

by 30:-40 summer days, 15230 frostdaysand 4p n A OS Rl &8& oY@SiG2z | yR
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 minimumsvahgeyears of
occurrence, median, upper and lower quartile, the first and ninth deciles, standard deviation,
guartile deviation, coefficient of asymmetry and the coefficient of kurtosis. Evaluation of
changes in the trend of particular elements and phegatal characteristics was carried out

using polynomial equation:

y=b+x+exX+ed+ o+ e+ &l

¢tKS YSGK2R 2F Odzydz  6APS &aSNRSa o{ftRS1Z Hn
occurrence.

RESULTSAND DISCUSSION

Selected agroclimatotyical characteristics in comprehensive form are given in Table 1. Walter

[ ASGK OftAYFANIY 2F ¢dzOAYAOS &0l GA2y3). R&HEONAKROGS

wave events are associated with marked skHerim increases in mortality.
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vyeasSte | YIt@20t O6mphpyv Ay@SadAdalraSR GKS |yl f

air temperature>on ¢/ YR gAGK F@SNY IS [I>uNI (cS YOLISANY (i d:
southern Moravia in the yga 196%1990. 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 |lastsgs Hind

it was recorded from July 18th to July 28th. The longest heat wave in August was registered

the year 2003; it has lasted 8 days (AuguBtc7August 14). The chart (Figuré.) 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 tempged5 A & omMm®dn c/ & Yeé aS
OMphpy v F2dzy R 2dzi>x GKIFIG GKS KSIFG ¢l @S tFrada n

results.

¢CFroftS Mo !yydzZf FAINRBYSIHGS2NRE 23A0F €201QK | NI OdG SN

Meteorologicalcharacteristic abbreviation value unit
mean air temperature trok 8.6 c/
adzy 2F [ OGAGS FANI GSYLJL G B p (31636 |c/
adzy 2F [ OGAGS AN GSYLJL G B wmn|26834 |c/
mean maximum air temperature tmax 13.0 c/

absolute maximum air temperature abs tmax 37.9 c/

I OGAO®S &adzy 2F YFEAYdzY [ G4YFE B |4696.6 |c/

FOGA @S &adzy 2F YIFEAYdzY |1 4D wmn |42490 |c/
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mean minimum air temperature tmin 4.4 c/
absolute minimumair temperature abs tmin -23.9 c/
sunshine duration SSok 1532.6 | h
water vapour pressure €rok 9.1 hPa
precipitation total l'rok 433.1 | mm
YdzZYOSNI 2F RIF@a& SAGK LINJNJ x n3>m|159.6 |day
YdzZYOSNI 2F RIF&@a& SAGK LINJNI x wm3>n|792 day
YdzZYOSNI 2F RIFE&&a SAGK LINJNJ x mMnX |92 day
the highest daily precipitation total abs fok 91.7 mm

Figure 5 illustrates the course of maximum air temperature in August 2003, the maximum air

GSYLISNY G§dzZNB RdzNAYy3I (GKS KSIG 61 @3S ¢é61a Ay GKS 7

YFEAYdzY AN GSYLISNI G dzNBE Y S| & dzNB Reribdfi Thé a=dlisY A OS .
2F KSIFG 61 @3S 200dz2NNBgad @002 NNBaALIR2YR gAGK { OKNNJ
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Figure 4. Number of heat waves in particular years
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Figure 5. Course of maximum air temperature in August 2003 during the heat wave

¢CNRLIAOIE RIFI&a o6AG YSIya RIFIed gAGK (GKS YaygE A Ydzy |
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 typicainier 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 =-1E07x6 + 2ED5x5¢ 0.0012x4 + 0.086x3¢ 0.4828x2 + 2.4971x + 3.0403;

wy [ ndHpyno®
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
NB &adzZ Ga 6 SNByYyFANB@AR2020zG o6& Y20
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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.

CAlLtlF O6uHnncy AYy@SaidAadariSR (GKS RNE dzpe0d ushd O dzNNB
the method of cumulative series. There have occurred 962 drought periods (7 438 days, i.e. 46.3

% of all days) and only4651.8 mm of precipitation was measured, i.e. 9.9 % of all precipitation.

The drought periods were nearly at the same years 1976, 2003 a@dl @@ both stations
6¢dzOAYAOS IyR #NI OO0 YR Ay diKKSS 2RBNENdzaAKdly pLISANIA 2
station was recorded from"™®September 1985 to 30October 1985, it has lasted Bthys, the

adzy 2F AN GSYLISNI ( dzNistal wvas 40.4prwndareel doritecionviis 2785 O A LJIA
¢tKS aLISttf 2F RNRdAAKG 200dzNNByOS i ¢dzOAYAOS a
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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
guartile deviation 5.0
standard deviation 5.8
coefficient of asymmetry 1.6
coefficient of kurtosis 3.7

Table 3. The spells dfought occurrence.

duration | GSYI LINXE daily | criterion
from to . .

(days) oc/ 0 (mm) mean |S
1(26.2.1976 | 12.7.1976 | 136 1522.0 89.1 0.66 63.92
2128.7.1973 | 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
4110.8.1991 | 31.10.1991 | 82 1019.0 19.7 0.24 35.66
5113.9.2001 | 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
7122.3.1998 | 23.5.1998 | 62 694.6 17.5 0.28 22.91
819.9.1985 |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
CONCLUSION
¢tKS addzRé LINPQYARSa |y S@lftdzrdAaz2y 2F GKS

aSt S

observatory in 45/earobservation (19682012), one of the longest continuous observation

LISNA2R&a AY

t L2t R/(EndOrifi Behenhidin Basin). There wedB heat waves in

total (Junecg 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 Jul§ tb8July 28 2006. Tropical days occur 7.1
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days per year on average with extreme va®9 days in 2003. The longest drought occurrence
was registered from 31July to 3% December 2003 (123 days) with sum of air temperature
poc®H c/ YR LINBOALRKRGIFOGAZ2Y G2041Fft opody YYO
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SUMMARY
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EFFECT OF AGE OF HORSES ON GAS CONCENTRATION IN THE STABLE

JAN KALAEEK 1.2, MILOSLAY £0CH!, PAVEL ONDRY, | VANA KNYKOW2, J~AQMLL

WyABSNAAGE 2F {2dziK . 2KSYAlF Ay 28&1S . dzRS22 JA
2 Institute of Animal science in Praga K njA Yy S @S &

ABSTRACT

One of the problems currently livestock may be higtensities 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 mawi 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 -olicratic
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 2¥cyclefrom April 2011 to March 2012.

The aim of this study was to investigate the concentrations of stable gasmbon dioxide,
methane, hydrogen sulfide and ammonia in the barn with mares and foals in the stable, where
the only adult mares. Of interest weralso 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.

INTRODUCTION
Before man domesticated the horse anddan 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 i @Ay 3 O2yRAGAZ2Y&a O0520NRBNHzlI FYyR YK2t 2@t MdbPH
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 possiblyneglected 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

CNEYY 28416 autturauaArOleée gnt R

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 significamtfiuenced 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 Breduyggene practices. In their

midst, the frequency of removaf 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 digert F Y R A Y ONB I aSR KdzYARAG& ¢
AYONBIIAaSR NBtFIGAGBS KdzYARAGE YR adlotsS 3Il1asSa
1997). On the other hand, it must also take into account the air temperature and relative
humidity outside tam-building. By improper ventilation, can cause great loss of energy as heat
OCNIyS] SiG Ff o mMpcpL®

Stable environment can be a limiting factor for the energy metabolism of animals and thus the

LINE RdzOGAGAGe 2F tAQBSait201 6~20K HanpoO®
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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 microorganismstansimpler substances. Even with these transformations occur
20KSNJ 3rasSa GKFG YFe | O0OdzydzZ 4SS Ay GKS adlofsS

Carbon dioxide CQ

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 arisesnerf@tions 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
@) 20,95 16,4 19,6¢ 20,7
CcQ 0,04 4,24 0,2¢0,4
CNRYY CNI'ySl F 12f® mdcp
Ammoniac NH;

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 causesaiction 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 sulfideg H,S

This gas is colorless, iponous, folsmelling, 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 bheedaby the

handling of manure.

Methanec¢ CH

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 fermentationHolinka 2003).

Is mainly produced in the digestive processes in cattle. If the concentration is increased, may
begin threatening physiological processes in animals.

bl N} GAtf ownnt0O AY GKSANI Lzt AOFGA2Y fAada ¢
gases for horse breeding as follows:,G@500 ppm, 25 ppm = Nldnd BS = 10 ppm. But Kic

FYR . NRO 6mddppy NBO2YYSYR (GKS ,FDWp@oMNEEZD YI EAY
ppm and HS = 7 ppm. Czech Technical Standard 73 -@54Becifies the maxiom CQ
concentration of 3500 ppm.

Other gases, such as® or Q@ 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 thensal 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 vell eliminated. It is a hygiene environment, regular ventilation, use of air ionization and

adding additives to animal manure. Their effectiveness is however low, ranging betwi.3

It is more efficient but the addition of certain substances direattyp ithe ration. This we can
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achieve efficiencies of upto 302 @ ¢ KA A gl &3 odzi 6S Oly StAYAyY
al. 2004).

Description of selected stable

Measuring the concentrations of stable gases was carried out in the stables VIII anthéX of
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 measugi 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 stableloor 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 halfeofitior, 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 wdows 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 atiea of
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 dfdfe windows are about

the height of a horse's head.

The whole area of the barn, the horses used is abou2@%sm 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 fals) 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.

164



Mendel and Bioclimatology

MATERIALSAND METHODS

To evaluate the concentrations of stable gases were selectedestabll 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 frofate January to about miMlarch. 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 condied 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
sucha 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 theexperienced and airflow inside the barn, the door is open and the courtyard.

Unfortunately, this measurement could not be performed continuously.

{GFNRB1fl RNHzo&dlé K2NES 61 & RSOfIFINBR | ylaA2ylf
character witha strong klabonosa. Behaves in white at the National Stud Farm in Kladruby nad
[F6SY +Fa I ofl Ol K2NBS Ay -spainbnd dletdlyyiérses. Thésed 2 NRA 3

horses were originally designed for the needs of the imperial court in Vienharness. 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 populationas very large, numbering about 1,300

K2NARSad ! 6A3 NBRdAzOGA2Y AYy GKS ydzYoSNJ YI NJ SR
with white horses are Generale, Generalissimo, Favor, Rudolfo and Sacramoso; u black horses
then Sacramoso (1922 and Napolén = {2t 2> { A It GA t I 1IN YR w2
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RESULTSAND DISCUSSION

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 tead 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 conegian 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.eTHegree 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 iathie s

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
NH: |CH |HS [cq NH;, |CH |HS [cq

Year 2011

June 5,7 14,8 (0,8 735,6 5,6 146 |0,9 648,8
July 5,8 13,3 (0,8 742.8 5,7 13,0 1|0,9 653,7
August 5,7 15,2 (0,8 748.,9 5,6 14,8 |0,9 655,3
September 5,5 149 (0,8 743,9 5,3 14,3 (0,9 622,6
October 5,6 14,3 (0,8 734,9 51 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 1|0,8 704,2 5,6 18,4 (0,9 703,5
February 5,6 159 (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 l. 1. Il. V. V. VI. VI | VI | IX. X. XI. XII.
1. 0 63 335 0 0
2. 0 69 320 0 0
3. 68 370 0 0
4. 0 65 325 0 0
5. 0 70 335 0 0
6. 0 60 350 0 0
7. 0 0 65 330 0 0
8. 0 0 74 335 0 0
9. 0 0 68 315 0 0
d YINBA 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

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 Amnonia

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 ttadls 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 mong wellventilated 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, theore 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 Cabon 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 igat 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 wasemerally 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

caibon dioxide in the winter months when there is not enough ventilation.

The actual measured G@alues 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 measmrent values

. Air flow in the stable in m/s Air flow in the courtyard in m/s
Date, time : ; : .
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, 10:001|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, 13:301/0,02- 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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CONCLUSION

The concentration of stable gas depends on the number and age of the horses in the stable,
their physical activity anglentilation. 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 whe 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 whisn it
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.

REFERENCES
520NBNHzl I = Wd | YK2f2@0t |1 oY %I NROSyé @ttt ROS ai
52t SOFfSX ho | Y2008Y atl FRRANREBSOF2 MEO |+ ¢+ t NI K

9YRSE |1 ®oY 5AS ySdzS {0FftflFLRIKSTS® aNfftSNI wNao
CNlyS{1zZ .® | {(2fdY "LINI QI a0t 2208SK2 LINPaGnNSRN

| 2f Ay 1FZ WOY /KSYAS® bl2003 RFGStadoN wlk RSy +=Sa.

| dz2zt 12 WoY tnSadl@oe  2LIN)> @e adtaNed "%t L3 t|
YAOS td | . NROX +dY ¢@2NbBl &idt 220SK2 LINPAaGNSR)
YAOS td | . NROI +dY %%l nNISYyN LN OSaNSyRwk {°f
Praha, 2000.

170



Mendel and Bioclimatology
YAOZI todY " LN} G @1 RdzOKdz @S aidt 2208 0K 2062S10SO0H
Praha, 1996.
bl @NY GAf S WoY %t {fl Reé OK2@dz {2y N® %t L tNFIKFZX
Sode, M. L.: Kenne ich mein Pferd? Frar¢&bmos Verlags, Stgart, 1992.

~20KX adY zfAQG LINRPaGnSRN ylI @eoNlyS2daedu St
. dzRS22 A ONOKX 2S5a1S .dzRS220A0S> Hnnpod

25a1t GSOKYyAOlt -WENXWYAQHGYNTOINBPGGSRN adt 2208é0
geait LISYRMNRPEA]{€6YN AyaldAaddzi t N KFS tNFYKFEZ Mo
WWW.CSU.CZ

ACKNOWLEDGEMENT

NAZV QJ1210144, GAJU 020/2013/Z a MZE 0002701404

SUMMARY

WSRSY 1T LINRPO6fSYA a2dz5layS OAPB26A0yS JéeNRoe \
p2 OKeéd %t N2@Sz a8 yI 1T ONnjlidl T @geddzeaN LR OI RG]
I ONnjl G yI 2S2A0K &al1dziSé6ysS LRinSoe + yS 2SS @i
L2 GnjSol &af SR2@0F 0 @f Age 2SRy2(GdA2ADROK WH | K2 BARIZ |
T ONnjl G @ ! OAlG 120240 1 ONnjliG I (SRe Ayl aldeOf DS
K2aL]2 Rt nja1éeOK 1T @Nnldx yI T L¥Aaz2o0dz dzadt 2SyNZ K
K2aLJR2 Rt njaléeOK [T @GNnjli 2aadBOX Fel @2 238208 eOKy

YATNRB{EAYFGAO]L 80K LERRYNY(1t OK @S aidt 2io
aSnSyN aita220e0K LXeyad LINR &ag2dz 6§SOKyAOl2dz

Yl RNz SOK yIR [6SY ME T YS&ANO + G2 @S wun
/| Nt SY 1i3Si20d8N &t SR20t yN 12¢08RANIIIKN Adhli8KF&
AANRG2RN]1dz | FY2YyAlLldz @S &adtaeiA 1ftAaSy & KnN

t SRYSGSY Tt2Ydz 6été& NROYSO 2ROKétl1eée 12y0SyilN

171


http://www.csu.cz/

Mendel and Bioclimatology

CONTACT

Lyaed WLy YIfNOS]

+é1 1dzYyée gaial @ OAD24AR0N$y DENRD e njiBdS UG HPTy m b
' KnjNyS@Sax 28a1t NBLIzE AT

WAK26Salt dzyA@SNI AGE @ 2Sa1é0K . dzRS223FAONOKXI

172



Mendel and Bioclimatology

| MPACT OF VEGETATION ON MICROCLIMATE IN DIFFERENT LAYOUTSOF BUILT-UP AREAS

IN URBANISED ENVIRONMENT OF NITRA MUNICIPALITY IN SPRING PERIOD

KN KLEIN, ZDENKA Rs ZOw

Department ofEcology and Environmentalistidsaculty of Natural Science€onstantine The

Philosopher University in Nitra

ABSTRACT

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 therradiation. This represents its
potential in reducing the urban heasland effect. It increases relative air humidity and reduces
air temperature. Besides microclimatic function, vegetation also has health, aesthetic,
recreational and other functions. Remeh 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 phnts) and an area without vegetation, respectively with minor
representation of vegetation. Microclimatic conditions are also compared for four different

types of builtup areas in the town of Nitra, which are represented by a characteristic street.

Key words: surface temperatureyegetation growth, urban texture, street canyon

INTRODUCTION

Replacement of natural surfaces like soil and vegetation cover by various urban swuyfaces
bricks, paving, asphalt, concrete surfaces, glass and iron started modifyiag atmospheric
environment at different levels above ground in local geographic scale (Bitanry, 2008;
Bonan, 2002). Urban climate was created as a result of replacing natural soil by vast areas of

impermeable roads, pavements, parking places, saaff walls with dense and atrtificial 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 an@ste heat (Kuttler, 2008; Bonan, 2002).

The factor of densely builip 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 matains 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, 20@). Differences in temperature are also attributed to urban geometitye size,

shape and orientation of buildings and streets as well as the nature of urban qreeesr
albedo, thermal capacity of materials, thermal conductivity and humidity (Landsi&&).

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 pedestriané NN 3 BliNdlla - 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 sacé 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 réation to temperatures of air and surfaces (AndrecAxarli, 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 temperatwaa tisual
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 speedicWiare also important for thermal
comfort of people due to their qualitieg 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

174



Mendel and Bioclimatology

within four street corridors representing different types of builp areas of the town of Nitra.

Partial evaluation of the ongoing research has been recordethé period from April to June.

MATERIALSAND METHODS

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 -bpilarea.
They are particular streets predominantly oriented in nestbuth direction with different
vegetation representations. Individual localities representing certain types lodrubuiltup

areas were selected as follows:

1. / 2YLI OG frez2dzi Ay GKS 26y KAaAaG2NRAOFt OSyi

street, Fig. 1). It is a street with 10 to 15 m high historical terraced buildings (Locality 1).
2. Detached layoutc family houses with gardens (Moyzesova street, Fig. 2). Detached
singlestorey family houses with front yards are most frequently represented in this

layout. (Locality 2).

3. LYRAZAGNAFE fFe2dzis AYRAZAGNAIE LI NI 27F
open street with a foulane road, up to 8 m high buildings and spacious parking places

with grassy islands (Locality 3).

4. aAESR fle2dzi R2IFIOSyld G2 GKS G266y LI NJ
narrow street (10; 20 m) and its corridor on theouthern 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 eronment in general. Each locality comprises two
monitored areas; 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 greemn
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P

Fig. 2Detached layoutfamily houses with gardens, Moyzesova strekbcality 2
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Fig.3LYRAzZAGNA I € 1 @2dzi AY AYRdzglipdeky3t LI NI 2 7F

Fig.daAESR fl&2dzi I R2l OSy (i (q8calityasgy LI NJ = W
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