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Ladies andyentlemen,

the collection of scientific textshat you arébeginning toreadcontainscontributions from the conferen@&OCLIMATE
2012- BIOCLIMATOLOGY OF ECOSYSTEMS, whichis a furthercontinuationof international conferencesganized
alternatelyby theCzechBioclimatological Association and the Slovak Bioclimatdatad) Association in collaboration with
otherorganizations.

The topic ofioclimatology biometeorology)s a common subject of oaonferenceseach of whiclhas itsnarrowerfocus,

similarly as in this collection of contributionehere you will find artles containing theurrent knowledg®n the links
between thatmospherienvironment andrganisms irdifferent timeperiods.The articlefocus onfour maintopicsof the

conference namelyagricultural and forestry climatology as well asagroecologyand climate changegerobiology and
phenologyhumanbioclimatology,zoobioclimatologyand finally a separatepic of urbanclimatevariability.

We do not always realizbat only theknowledge ofnutualinfluence betweenrganismsand their environmenallows us to
carry outthe necessamgndappropriate actiorMuch requireddevelopment of human societsas and stills oftentreated as
a procedure for theise of naturatesourcestegardless of theaws of nature and thughe demands andeeds of dierent
ecosystemaJseof science and technolodpeginsto gradually changiom a soleattempt to reachconomic development to
naturefriendly and naturdike advancement, which meaosnditions ofsustainable developmestiould beappropriatealso
for human beingsvho arestill boundto nature This relationship i$ar more complexhan justincreasing the amounf crop
yields higherproduction ofwood, etc.It is anegativephenomenom@ccompanyinghis formof science antechnology that
has led tahe fact thatve are trying to recognize linkage franicroclimateto macroclimateso that we cadesignprocedures
to ensureneedsof societywhile protectingnature.

Bioclimatologythereforeaddressethe extensive issue pbssibleclimate changdts nature impactsand possible measures
Inclusion ofthe urbarclimatevariability into this topic may seem surprising to some of the readers. However, as evidenced by
therecentbioclimatologicalresearchthe knowledge of urban climate is doubtlessly vitdtjng into consideration that the
globalgrowthof urbanareasand increase inrbanpopulationin at the expense ofiral areas is an unquestionable fact. The
topic does not include jusihe issue ofirban pollution their heat island etc.,but alsothe possibility of prevention ofthe
extrememanifestation®f urbanmese andmicroclimate.

We dareto hope thaeach of yodfound not onlyinteresting findingsn this collection of contributiondut also answers for
questiondrom thefield of bioclimatology, as well asdeasand inspiratiorfor your next activity.We are looking forward to
meeting you athe next scholarly and scientifavents.

Jarosl av Rogn
On behalf of the organizers of the event
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PHENOLOGICAL TRENDS REGARDING THEWILD T REES IN THE CZECH REPUBLIC

Daniel Barg, Martin Moy n"f, Lenka HEp k &k a § BaMitloTgnedy Zd e n &ud, Vera

Potop

CczechHydrometeorabgical Institute Doksany Obervatory, 411 82 Doksan§Mendel University in BrnpFaculty of Agronomy
ZemdNsk81, 613 01 BrnqCzech Republic?Czech University of Life SciensgFaculty of Agrobiology, Food and Natural Resources,
16521 Praha

Abstract. We have analyzel the results ofphenological underwent strict control and homogenizatisgsing AnClim
observationsf wild treesin theCzech Republic in the years software For each year were calculated medates of
19411 2011. Our results shoed that the statistically phenophasefor the Czech Republic using data from all
significant warming trend since 1941 resulted in an earliekyqilaple stations.

onsetof the first flowering ard beginning of leaf colouring The average annual temperatic the Czech Republic

of wild trees.The strongest trend to early arrival in spring . ;
was measured fahe first flowering of the rowan for the were taken from # Czech Hydrometeorological Institute
CLIDATA database.

period between ¥ and 2Q1 with over 16 days.Birch
leaves have also changed colour somewhat earliertose Results and discussion

past70 years.

i Mean annual and mean monthly temperatures averaged over
Introduction all phenology sites showed a positive linear trend for the
Phenological observations of plants have receive@eriod 194112011 with the largest increase in January

increasing attention aa part of the research on climate (0.37 AC perdecadejand the smallest increase @ctober
change. For spring plant phenology in temperate zones th&01 AC per decade) anBecember(0.0 1 C pr decade).

are not water limited, temperature is the predomideming ~ Temperature increase during tsering (MarchMay) was
force for leafing, flowering and ripening phenology. Not0-1 8 C per decade whilemean annual temperature
only this, but it would also seem that the temperatures of tHBcreased by Q1 AC per decade (Tablé). Trends were
immediately preceding months are the important ones. Agtatistically significant (P < 0.05) for meaannual
average earlier onset pfant phases of 3.8 days pe@  temperature, for the mean temperature in the period March
increase ovethe last decades has been observed for Europt® August March to May, June to Auguand for the mean
with negative shifts for spring and summer phases an@mperatures of the montanuaryandMay (Tablel).

positive shifts for fall phases. )

Perennial cropping systems and trees are very vulnerable tgP'e 1. Mean values Tneen ( AC) and |inear
climate change due slower rate of adaptation compared ;iffs)ep?efmbaenr?“;:’ g :wf)?it?lr;/alair(gmﬁturigngﬁ?g%zech
thefield crops. The problem of phenological observations ig,

N . . ) epublic during the period #9i2011. Trends in bold are
the use of new crop varieties and different time of sowinGsagisticdly significant (P < 0.05 and P < 0.1).

Farmers can change cultivars from year to year, whil

perennial crops like fruit trees are often cultivated for Tmean Trends
decades and forest trees &ven longer periods. JANUARY -2.6 0.37(P<0.05)
The present study, carried out by the Czech FEBRUARY -1.3 0.5 (P<01)
Hydrometeorological Institute, the Mendel University in| MARCH 24 020(P<0.1)
Brno and the Czech University of LifSciencs, sought to | APRIL 75 0.14(P<0.1)
chart phenological trends in response to climate in the CzectMAY 125 0.19(P<0.05)
Republic in he period 181i 2011. JUNE 15.7 0.11(P<0.1)

_ JULY 17.3 012(P <0.1)
Material and methods AUGUST 16.8 0.12(P < 0.1)
The Czech Republic is locatedtime central Europand is | SEPTEMBER 12.9 0.10(P <0.1)
characteded by a moderatéyumid climate with the year | OCTOBER 79 0.08
divided into four distinct seasonsCorresponding | NOVEMBER 2.9 0.07
phenologicaldata have been taken from the PHEDAJA DECEMBER -0.9 0.0L
database of the Czech Hydrometeorologidaktitute MAR-MAY 75 0.18 (P < 0.05)
(CHMI) which contains  systematic  phenological JUN-AUG 16.6 0.12(P <0.09
observationsirom several dozens sites across the CzechMAR-SEP 122 0.11(P < 0.05)
Republic.Observations of phenophase dates (thénnéng JAN-DEC 76 0.13 (P < 0.05)

of flowering of Corylus avellana Betub pendula Sortus
aucupariaandTilia cordata, beginnng of leaf colouring of

Temperature increases were associated with an earlier onset

of wild treesphenological phases; not just theginning but
glso the interval betweesuccessive phenological phases
was shorter.

Betulapendulg for the Czech Republic were ascertaifed
the 19412011 period. In total, 32,124 phenophase date
from 80 sites were collecte@ihe obtained temperatudata

t
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The statisticakignificance of the earlidiirst flowering of

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

Betula pendula 0.124 days/year, P < 0.01 Sorbus
aucuparig 0.223 daysl/year, P < 0.QTilia cordata 0.15%5

days/year, P < 0.01and the earlierbeginning of leaf
colouring (Betulapendulg 0.124 days/yearP < 0.0) are
evident in thegperiod between941and 2QL1 (Figure 1).

Day number

1941 1951 1961 1971 1981 1091 2001 2011
Year

Day number
=)
-]
(=1

1941 1951 1961 1971 1981 1991 2001 2011
Year

Day number

3
e

1941 1951 1981 1971 1081 1901 2001 2011

Day number

Day number
NN ,

240

1941 1951 1961 1971 1981 1991 2001 2011
Year

Figure 1. The beginning of flowering of a@ylus avellana (a),
beginning of floweringof Betula pendula (b) beginning of
flowering of Sorbusaucuparia (c) beginning of floweringf Tilia
cordata (d) beginning of leaf colouringf Betula pendula (e)in
the CzechRepublicin the 194112011 period Bars indicate
deviations from the average value a#2b3H filter has been used
to show the underlying trend.

In 19 of the past 20 yeaitswering (Sorbusaucuparia, Tilia
cordata) were earlier than average. Similar trends in the
natural flood plairforests have been recorded at other sites
of the Czech Republic (e.daueret al, 2010; Mo ¢ arid
Nekow§ ,52008) and Europe (Chmielewskand Ptzer,
2001).

The start of thesarlierfirst flowering of wild treesdepend

on the weather patterns of theeceding months. The start
dates for the earlier flowering were found to depend
significantly on mean MarciMay temperatureBetula
pendula R?=0.72 P < 0.01 Sorbusaucuparia R°=0.63
P<0.01; Tilia cordata R’=0.71, P < 0.01)and on mean
JanuaryFebruary(Corylusavellana R?=0.79 P < 0.0) in
the 194112011 period. The start date forthe ealier
beginning of leaf colouringf Betula pendulavasfound to
depend significantly on mean MareBeptember
temperaturegR?=0.53 P < 0.0).

Conclusions

We found a statistically significant negative relationship of
thefirst flowering of wild trees withemperaturelncreasing
temperatures result the earlier onset othefirst flowering
trees.

Over the past 70 years was repotitethe Czech Republic
an earlier onset of first flowering by 9 to 16 days.

The results reported here confithe responsieness of wild
tree phenology, particulary ofthe first flowering, to
temperaturesThesefactshelp to confirm the value of tree
phenology as a climate indicator.

Acknowledgements We gratefully acknowledge the support of
the Ministry of Education, Youthand Sports project OC10010,
LD11041 SVV-2011:263202 and National Agency for
Agriculture Researcproject Q191C054.
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COMPARATIVE ANALYSIS OF PROJECTED DROUGHT | NDEX TENDENCIES FOR
CENTRAL/EASTERN EUROPE

Judit Bartholy, Rita Pongracz, Brigitta Hollp8rsolya Torek

Department of Meteorology, E°tv°®s Lor8&8nd University, Pazmany

Abstract. Experiments of regional climate model PRECISequations are solved in spherical polar coordinatestand
are used to evaluate the projected changes of several droughitudelongitude grid is rotated so that the equator lies
indices considering different emission scenarios (SRES BZside the region of interest in order to obtain quasiorm
A1B, and A2) The results suggest drying trends for th& 21 grid box area throughout the region. Anakawa B grid
century in the region, especially, in summer. (Arakawa and Lamb,1977) is used for horizontal
Introduction discretization to improvéhe accuracy of the splixplicit

Redional cli dels (RCM d in alobal cli finite difference scheme. Due to its fine resolution, the
egional climaé models ( C. s) nested in global climate e requires a time step of 5 minutes to maintain
models (GCMs) can be applied to assess future trends Hltlmerical stability (Joneat al, 2004)

climatic conditions on national and regional scales. In thi%he initial and the lateral boundary conditicsfsPRECIS
study, model PRECIS developed at the UK Met Office

Hadlay C . dfor C VE Eard " "“Fare provided by the HadCM3 oceaatmosphere coupled
adiey entre Is used for .entra astern Ear ﬂ"E? main oM. PRECIS is able to sufficiently reconstruct the climate
focus is on the analysis oflroughtrelated climatic

dit For thi i ‘d hof the reference period i@entral/Eastern Eurog@artholy
conditions. For this purpose different types of drought al, 2009. Temperature and precipitation bias fields of the

indices (summarized in Dunkel, 2009) are used, namel),g,RECIS simulations can be comsied acceptable if
precipitation indeXPl), standardized precipitation anomaly compared to other European RCM simulations (Jatab,

index (SAI)’. De Matonne ?”d'ty. index (MAI), 2007, Bartholyet al, 2007). Therefore, model PRECIS can
Thomthwaite indeXTl), Lang s rainfall indexLRI), Ped be used to estimate future climatic change of the
s drought indexPDl), and Foley s anomaly index (FAI). In Central/Eastern European regionFor the future

order to calculate the time series of these indices, month %071 2100), three exgriments have been completed so far
temperature and precipitation datasets 'of P.RECI amely, cor;sideringSRES A2, B2 and A1B global '
simulations (.Bartholye.t al, 2009)were used. Slmulat|qns emission scenarios (Nakicenovic and Swart, 2000). A2
for the periods 1961990 (as the reference period), cenario is the least optimistic and B2 is the most optimistic,

195112100 (using the SRES A1B emission scenario), an hich is indicated by the oncentration level pregted
20712100 (using the SRES A2 and Bission scenario) for 2100 (8560pm azd szﬁgpm respectively) prep

are analyzed | dd
, Results and discussion

Material and methods

The RCM PRECIS is a high resolution limited area model

with both atmospheric and land surface modules. The mod

was developed at the Hadley Climate Centre of theM#

Office (Wilson et al, 2010), and itwas adaptedt the determined from temperatur@l). Index value (TI) for

om0 ) .
Department of Meteorology,_ B°s Lorgnd University _agiveni monthcan be calculated as follows
(Budapest, HungaryPRECIS is based on the atmospheric 10

component of HadCM3 (Gordoret al, 2000) with Tl =165 P
substantial modifications to the model physics (Jated, P T +122
2004). The atmospheric caonent of PRECIS is

Zhyﬁergsf:telc Jllgﬁ;ir:u(;ﬂ;i f::ﬂ drg'r?;g\gﬁ tii“ﬁgﬁ;;;?gn'; valuesin winter (when the monthly mean temperature is less
PP 9 9 9 than -12 . 2C). RAifferent climaic conditions can be

a hybrid vertical coordinate. The horizontal resolution can . . .
be sett00.42 O 0.44° or0.22 O 0.27 ,whichgivesa o cd0ize®n the basis oTl as shown in Tablg.

resolution of ~50 km or ~25 km, respeefly, at the equator Taple 1.Climatic conditiors represented by Thornthwaite Index.

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

namely, Thornthwaite (1948) Index, which is an often used
rometeorologicaindex type. Besides precipitatioR)( it

considers an important agricultural effect, the evaporation

Due to the definitionthis formula may resulin spurious

of the rotated grid (Jonet al, 2004). In our studies, we [ |nterval (mm/AC) Climatic condition
used 25 km horizontal resolution for modeling the t@#n [ g4 < T Wet

European climate. Hence, the targeiregn cont ai 3 <$1284 9 6 Semtarid

grid points There are 19 vertical levels in the modek th | 1.6 < TI < 32 Dry

lowest at ~50 m and the highest at 0.5 hPa (Cullen, 1998) TI<16 Very dry

with terrainfollowing G-coordinates ({ = pressure/surface In general, the index values are projected to decrease in all
pressue) used for the bottom four levels, pressureseasons for the entiregion which implies drier climatic
coordinates used for the top three levels, and a combinati@onditionsin the future ompared to the refence period
in between (Simmons and Burridge, 1981). The modeThe largest decrease (i.e., the largest drying trend) is likely
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to occur in summer, for which the spatial pattern ofgrid points located within Hungaryhe drying trend can be
simulated changes are shown in Figure 1. Larger decreaseciearly recognized, as well, as the decreasing interannual
projected for the higher elevatatbuntainous regions of the variability (which is represented by the entire interval
target domain than for the lowlandsConsidering the calculated from the minimum and maximum index values).
scenarios,Hepatterns are similar but the largest changes ar€he climatic conditions were mostly dry in the reference
projected in case of A2. period, whilst they are likely to shift into very dry category
by the end of the Zicentury.

Conclusions

In this paper the main focus was ore tlanalysis of
droughtrelated climatic condition§epresented by various
drought indicesusing the results ém experiments othe
RCM PRECIS. The results suggest that shenmerclimate
of Central/Eastern Europeis projected to become
remarkablydrier during the 2" century
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THE RESPONSES OFTWO RESIDENT AND ONE LONG-DISTANCE MIGRANT BIR D
SPECIES TO WEATHER CONDITIONS IN THE CZE CH REPUBLIC

Lenka B%mMiroslavdmkg?, ZdenAk Maaruteiln Moty GtZripsindkk Gal u

1CzechGlobé Global Change Research Center AS CR, V.v. , Academy of Sciences of the Czech
nstitute of Agrosystems and Bioclimat ol og yCzecMEyurdneeteorolbgidalv e r s i
Institute, Agrometeorological Observatory in Doksadjll 82 Doksany“Czech Hydrometeorological Institute, Department of
Meteorology and Climatology in Brno, Kroftova 43, 616 67 Brno, Czech Republic

Abstract. This analysis includes three bird speci8#ta  P. major andF. albicollis) were chosen and evaluated. The
europaed.., Parus majorL., andFicedula albicdlis T. The  first laying date (FLD) was defined as the date when the first
data were available for tieriod from 1961 to 2008 from cjytch in a given year was initiated at a given site. Tearm
dlocations in Czech ReépuUDLz¢darte(fd)Whstéfified as tdmeaf ifiitfatbF date of
16 AE‘)'.G S europgeaand P‘. major are residents, . allfirst clutches in the population at each site in a given year.
F. albicollis is longdistance migrant species and thelr.l.he MLD phenophases were calculated to obtain more

henological developmer(terms of laying eggs) passed . . .
gver thegdifferent tim% pergiods during ﬁpﬁngggh)eﬁologicaﬁ()bus'[ datasets for the entire population at each site, and the

phases of birdsE popul ati oRldeofipeNLR inegaghygatasagiyen gitgwas detgrained p j
the phenophases and also response to climate conditidie§ 3 to 9 pairs ofS. europaeal5 to 18 nesting pairs of
differed among the bird species. P. majorand 13 to 15 pairs d¢f albicollis. Because none of

. the experimental sites included its own meteorological
Introduction station (the closest were i#5 km away), daily

It is evident that the temperature across Europe is changirigeteorological data were interpolated using the ProClimDB
Rosenzweiget al (2008) mentioned that 994 percent of ~software package. The érpolation procedure employed
significant changes are consistent with warming in physiced detailed digital terrain model in combination with
and biological systems (e.g., migration and the timing of théeteorological data from 130 weather stations in the Czech
reproduction of grious bird species) across Europe. ManyRepublic an®5 stations in adjacent regions of Austria. The
studies have investigated the relationships amongaily data from each station were quality controlled,
weatherrelated variables and the influence of climatehomogenized and interpolated using the method of
change on bird populations (e. g. Critkal 1997). Indeed, regionally weighted regressiorthe significance of the
several papers studied different response ofantg and observed trends for both the climatological attte
residents and most of them have shown that-tisgnce  phenological parameters was assessed usintgst. tThe
migrants have advanced their phenology less thagorrelation between the phenological stages of each bird
shortdistance migrants or residents in recent decades (e.gpecies and also between phenological stages and
Rubolini et al, 2010; Goodenought al, 2011). Equally temperature series was assessed (Bjggrmarcorrelation
there are some papengich published that londistance coefficients, which were caltated for 2Gyear subsamples
migrants significantly shifted their time of eggs laying while(e.g., determining the correlation between the phenological
residents did not significantly change their timing of egg$hases in 19511970 and a particular weather parameter in
laying (Ruboliniet al, 2007). So there can be little doubt 19511970 and then finding the same correlation for the
that migrants aspotisesatd & warming ¥eRrd P19 s theryears 1953972, etc.). Thus was
climate specifically (Jenkins and Sparks, 2018p we possible to evaluate the correlations thastexl during the
assumed thahe phenological development of migrants andentire period.

residents differ among gach other. Therefore our mgin 9o esults and discussion

was to evaluate if there is any differences between timing of

phenophases among residents and migrant. Next goal wasAb all of the experimental sites the values showed an
determine the relationship among timing of phenophasdgcrease in the mean, maximum and minimum temperatures
and meteorological parameters at experimental sites.  in the first half of the year. The mean aahair temperature

. showed a significantincrease of i09. 22 AC per de.
Material and methods a period of 48 observational years at all three experimental
The observation of the phenology of the resident specieites. Nearly identical warming trends in the mean
Sitta europaa and Parus majorand the migrant species temperature were recorded during March and April. Overall,
Ficedula albicollistook place at three experimental sites invery similar temperature increases were also confirmed
st hern Moravia: Langhot , duen@ Marehe Apdl raad tireugheus vhe year forathel o f
these sites included fully grown, medtged canopies. Maimum and minimum temperatures.

Additionally, they were characterized by similar Based on the observed terms of the FLD and MLD
meteorological conditions and exhibited low variability in phenophases from 1961 to 2008, reproductive activity was
precipitation. The observations werarged out from 1961 first observedor the population o8. europaeéthe average

to 2008 and two phenological phases (fr europaea dates of the FLD and MLD were between days 94 and 119,
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respectively), then for th®arus majorpopulation (with respond to climate conditions at their breeding grounds in
values between days 101 and 120, respectively) and finalthe same way as residents because they do not experience
for the Ficedula albicollispopulation(with values between local environmental conditions until migration has been
days 108 and 138, respectively). There were distinatompleted, or because of limited plasticity in response to
longterm  differences between the eadierand environmental variédn (Ruboliniet al, 2010).

laterreproducing species with respect to statistical
significant shifts in the MLD phenophases. The onset of the
F. albicollis phenoases, which shifted by 1.9 days per
decade on average, advanced more than that &f thajor § windows for pairs of the

and S. europaephenophases, which shifted by 1.5 days and | mean daily air temperatur

1.6 days per decade on average. There were netéomg during the March and

trend toward earlier breeding f& europaa@ (We s 0 § 0 W'§ <iiiiisisisioiiiniiiiie April (MA) period and the

and Cholewa, 2009), whil®. major showed significant : MLD phenophases

acceleration in its breeding season (¥igseret al, 2003)  of the Sitta europaea, Parus major aFidedula albicollis.

and alsd. albicollis exhibited earlier start dates for nesting conclusions

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

shifts in phenology of. majorandF. albicollis (e.g. Both ~ Our hypothesis about different response of migrant and

and Visser, 2001; Aholat al, 2004). Some papers dealt residents to warming climate was confirmed. Not only the

with response of migrants and resident and more papef§ifting in phenology but also the reaction to local
agreed on the fact that residents and also sfistance temperature conditions differed among the three studied b
migrants reacted to the warrgirstrongly and shifted in SPecies.

phenology significantly that lordistance migrants (€.g. acknowledgements: This paper is a result of the CzechGlobe
Ruboliniet al, 2010; Palnet al, 2009). What is contra to  centre (Project: CzechGlolieCentre for Global Climate Change

our results; anyway some studies showed similar trend ifnpacts Studies, Reg. No. CZ.1.05/1.1.00/02.0073). Additionally,
shifting as our results (Ruboliet al 2007). we gratefully acknowledge the support of research plan
Different rate of shifting in phenology in our study alsoMSM6 2156 48905, AiBiological —and |
confirmed different values of correlation coefficientssustainability of controlled ecosystems and their adaptability to
between pairs of phenophases of each bird species ¢n! i mat e changeo and KONTAKT LH211:
20-year subsamples (e.g. correlation between MLOReferences

phenophases amofg europaeandP. majorin 19611 1980,
1962 1981 etc.) (Figurd).

Figure 2. Spearman
AR correlation coefficient
¢ values for moving 2§ear

Ahola, M., Laaksonen, T., Sippola, K., Eeva, T., Rainio, K.,
Lehikoinen, E., 2004: ¥riation in climate warming along the
migration route uncouples arrival and breeding dagdsbal

S : Change Bioll0:1610 1617.
: ﬁA/\\—V Figure 1. Spearman Both, Chg., Artemyev, A.V., Blaauw., Bet al, 2004: Largescale
correlation coefficient geographical variation confirms that climate change causes
values for moving 2§ear birdsto lay earlier. Proc R Soc Lond B 271:163862.
windows for pairs of the Both, Ch., Visser, M., 2001: Adjustment to climate change is
MLD phenophases amon¢ &ortlstrai‘{wleldzgyézagréival date in a ledgtance migrant bird.
SHITT LmmIUuman ilgif:;%pgﬁ;ae’dﬁgus Crick, H.Q.P., Dudley, C., Glue, D.E., Thomson, D.L., 1997: UK
O A I P jor @ birds are laying eggs earliétature388:526 526.
albicollis. Goodenough, A.E., Hart, A.G., Elliot, S.L., 20M/hat prevents

. . henological adjustment to climat i i i
Strong and consistent correlation between ppeases of 2 S neo 89{02 s %us rge\? i % Celr:aceeChagg; a{ni T,'gsrat“‘ b'trdh e F

two species was calculated for MLD phenophases of Int. J. Biometeorol55:97 102.

S.europaeaandP. major Weaker correlation was assessed”@m, V., Leito, A., Truu, J., Tomingas, O., 2009: The spring
f . P maiorandE. albicollis and alscS ] timing of arrival of migratory birds: dependence on chmate
or pairs ofr. majo - and alsos. europaea variables and migration rout®rnis Fennica86:97 108.

and F. albicollis. Moreover, the correlation between eachRosenzweig, C., Karoly, D., Vicarelli, M., Neofotis, P., Wu, Q.,

irs of bir ies i ing lower sin he eighties. Th Cawmssa, G, Menzel, A, Root, T.L., Estrella, N., Seguin, B.,
pa foO b dSEeeSds gettkg owe IS .cet € elg tes. ef Tryjanowski, P., Liu, Ch., Rawlins, S., Imeson, A., 2008:
coefficients showed weaker correlation between pairs of agyributing physical and biological impacts to anthropogenic

residents with longlistance migrant and so the different climate changeNature453: 353 357.

i i iac Rubolini, D., Ambrosini, R., Caffi, M Brichetti, P., Armiraglio, S.
r n nd timingr@ng bir ies in our . ) ' LI } 1 O
esponse and t g bird species in our study. Saino, N., 2007:Long-term trends in first arrival and first egg

The terms of phenophases were correlated h wit  |aying’ datesof some migrant and resident bird species in

meteorological parameters. The highest values of northern Italyint. J. Biometeorol51:553 563.

coefficients were calculated (for all three bird species) foRUbol i ni , D., Sai no, afrybehaMd| | er,
. . . .. constrains the phenological response of birds to climate change,

average temperature during time period of two moiiths  Climate research 42: 455,

March and Aprili MA in 20-year subsamples (Figure 2). Wesdpwski, T., Cholewa, M., 2009: Climate variation and bird

Correlation forS. europaeandP. majorwith temperature in gg?igg‘goséeasons in a primeval temperate fofdsn. Res.

MA period developed in almost same rate; by contfast vjsser, M.E., Adriaensen, F., Balen, J.iit,al, 2003: Variable

albicollis correlated with average temperature in MA period responses to largecale climate change in European Parus

differently and also with higher variability. This could be PopulationsProc R Soc Lond B 270:36372.

explained by the fact that thmigrants may be unablto
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THE ONSET AND DURATION OF VEGETATIVE PHENOLOGICAL STAGES IN A SPRUCE
MONOCULTURE

Emilie Bedn8Sov§, Sabina Truparovs§
Mendel University in Brno, ZemNDdNI sk§ 1, 613 00 Brno, Czech F

Abstract. Vegetative pheriogical stages were evaluated in were calculated at a threshold value dd0and 5AC and

spruce monoculture of the third age class in the region of th&ims of the @il temperature at threshold value of £C.

Drahansk8 wvrchovina Upyeand. Eval uation of the 21
period shows that onsets of phenological stages in particull¥€sults and discussion

years differed markedly. The onset and doratof g5 ati0n of temperature sums showed that in the region of
phenological stages differed in particular years, dependi

on the course of weather. The start of budbreak and foliatio he Dfr.at han f k i%V rdc F O'IVtI na i Upl an
is affected by air and soil temperatures, which also proved© SUM Ot air temperature and at soll temperatures

by statistical evaluations. High dependence between thlues>1AC. Air and soil temperatures were measured just
onset of bdbreak and air temperatures donfirmed by in the monitored spruce stand.
statistically significant correlation coefficient. Results showl'he longterm monitoring of particular phenological stages
that in recent years, the earlier onset of spring phenologicahowed that the beginning of the Norway sprueEda
stages occurs at higher sum of effective temperatures. ThbiedL./Karst.) budbreak occurred in the studied region
length of their durationt®rtens. average the 124day from the calendar year beginning. The
Introduction most frequent beginning of budbreak was noted théh 118
day and latest the 133day. The beginning of foliation
The phenology of forest tree species can be used at them 10% was on average the 123%lay. It was most
evaluation of the effect of actual conditions of thefrequentthe 121day andatest the 137 day. A stage of the
environment on the development of plant communities angeginning of foliation from 5@ was on average the 133
thus, to contribute to the discussed problem of climatiglay within the 2dyear period. This stage was noted first the
changes, thieimpacts on the species composition and health 24" day and latest the 1%&ay. The beginning of foliation
conditions of forest ecosystems. Due to warming, changes iflom 100% occurred on average tHi87"day. This stage
the development of forest tree species and herbs can alsecurred first the 138day and at the latest the 4éay, A
occur. Therefore, plants can be considered to bghenological stage of the fully unfolded leaf area occurred
bioindicators of climatic changefGk veanri n 800%  on average the 184lay from the year beginning. This stage
Bedn §SoMe8 kd 20d1)8Thus, effects of climatic showed, however, the longest time span in the toed
changes on forest stands are a léngerm phenomenon period. First, it was detected the 3gay and at the latest
requiring continuous phenological monitoring. Phenologicathe 17%' day.
data are a certain expressiof the climate character of The beginning and duration of monitored phenological
agiven region. Developmeritstages of a biota occur every states differ in particular years depending on the course of
year but in various terms and with a different intensityweather. The beginning of flushing and foliation areciéfe
because they characterise tin@iable conditions of the by the air and soil temperature, which was also proved by
environment, particularly the course of weather in particulagtatistical evaluations. A high dependence between the
years. The beginning and course of particplenological  beginning of budbreak and air temperature is confirmed by
stages are substantially affected by meteorological factorstatistically significant coefficients R= 0.854. Also
namely air temperature, because through its effects theu k n § (2601)§ Brasla s k § andl (K®Me ns k
growth and development of plants can be accelerated e d n § Sov § @008) m&ntidn énighacorrelation
slowed down. In addition to the air temperature also thgetween the onset of the stage of budbreak at Norway spruce
temperature ahmoisture of soil are considerably important.and air temperatures. The dependence of the beginning of
Material and methods budbregk on thle. temperature of soil is confirmed by a
correhtion coefficient R= 0.658. The dependence of the
Phenological stages of a pure spruce stand (a8 class) beginning of foliation on air temperature resuitsm a
were monitored on a research area of the Department @rrelation coefficienR?= 0.687. The foliation of Norway
Forest Ecology (Mendel University in Brno) for a period ofspruce was also dependent on the soil temperattire R
21 years (2911 2011). The research area is determined by .650.
16M1'30" E longitude and 42631" N latitude coordinates Results obtained show thalso the temperature of soil
in the geographical unit odonsiddraply &féce thebusbkedk avdithe bnsey df faliatiot) p |
The air temperature in a stand was monitored by means of spruce. Lawandeet al (1973), Timmis and Worral
DatallogerMinikin T sensor placedt the lower margin of (1974) came to the same conclusion. The rate of variability
crowns. To measure soil temperaturesM&ro-Log SP  between the air temperature and soil temperature wa
sensor was used at a depth of @d. To each of the depending on &= 0.864.
phenological stages, sums of mean daily air temperatures
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Conclusions

The beginning and duration of phenological stages change
according to the characters of weather in particular years.
Results obtained show that in addition to genetic factors, the
onset and duration of particular plodwgical stages are
particularly affected by air and soil temperatures before the
onset of a respective phenological stage. The onset and
duration of spring phenological stages on the monitored area
are particularly dependent oair and soil temperature
because this area is not endangered by the critical lack of
precipitation in the spring season. These decisive stages
cannot be separated from each other and it is necessary to
evaluate them as a whole. The ldegmn monitoring of
vegetative phenological g@s in aspruce monoculture in
the Drahansk8 vrchovina Upland shows that recently, t h
onset of spring phonological stages occurs at higher sums of
effective temperatures and shortening their duration.
Phenology of forest tree species can be used at the
evaluation of the effect of topical environmental conditions
on the development of plant communities and thus to
contribute to the discussed question of climatic changes and
their impacts on the species composition and health
conditions of forest@osystems.
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ATMOSPHERIC PRECIPIT ATION IN THE HIGH TA TRA MTS., SLOVAKIA ( 1961 2011)

Svetland, BEM&rldemsdl ekovs§

!Geophysical Institute of the Slovak Academy of Sciences (GPI SAS), 059 &0rTatrk § L o mn i *8lavak Hyliometearéldgiaal
Il nstitute, numbi er s k aE-rRal: bicabva@ta3lsk, evéepcgkova@shnsls | ov a ki a.

Abstract. Homogenised precipitation data (19@D11) applied for processing of data. Summary statistics related to
measured at selected rain gauge stations was fased daily, monthly, seasonahd annual courses were calculated
investigation of longerm variability and spatiemporal for each station. Data quality control and test of
charac_ter_istics of precipitation in the High Tatra Mts. Dai'yhomogeneit)ProcCIimDB (Gepsnek et al, 2009 showed
precipitation totals usually fluctuated around mean Value§significantdiscontinuity for peak station o mni c il gt 2

of 41 7 mm and achieved maxima betweefn B850 mm in . L .
dependency on posith and elevation of stations. Seasonalthe yearl991, whictwas solvedby adjustingthe relaively

course showed high rainfall totals around 550 mm at sited§W Valuesin the yeard 961 1990.

Skalnat® Pleso (1,778 m arable1.Raingauge@pdsion Tatransk§ Javorin
(1,013 m a.s.l.) in the middle altitude zone during summgr _ Latitude | Longitude | Altitude

months (JJA) while dominant seasonal totalsowt | Measurementsites N E [ma.s.l]

3000400 mm at hi gh al titudes Sitoadiice moA1las mpofzda- 6852 t

(2,735m a.s.l.) were recorded during remaining parts ofskP  [Skal. Pleso 49/11' 22" | 2044' 04" 1,778

the year. Regression analysis indicated statisticallyr_ T. Lomnica 49/09'52" |2 0 A 17" 827

significant correlation and increase in course of meafpp Poprad 49/04' 08" | 20AL4' 44" 694

annual totals for 4 from 6 siteslightly enhance was [sip Gt r bs k @ 4907 10" | 20403' 48" 1,322

noticed for stations situated in elevation zone fromT) T. Javorina 49A15' 47" | 20/08' 37" 1,013

11,0001, 800 m a.s. |l . (Tatransks Jad]cﬁsrin_a, Skalnat® Pl eso,
Gtrbsk® Pleso). On the ot Rejultsg CUSYONi dence of increas

;d?jitri]ogiﬁz%nce );bova:e tz‘;ltmol_spoh(ra‘rr]ig ti)oﬁnlc(ialry Iagetr dzurtin Tebld 9196 r§ stdisfics Gt *BRrcwiiskef FidsP | 1 &t
last two decades. Gradually growth of precipitation Wit#mmlmum, quartile, median, upper qukrt maximum)

altitude described by obtained relations may be useful foqegcribe variabil'ity of precipitation totals (PT). related to
regional spatial interpolation analysis. Comparison of twd2ily (Table 2, Figure 1), seasonal (Table 3, Figure 2) and
periods including interval befor€l961 2004) and after annual (Table 4, Figure 3) values.
(2005 2011) devastative windstorm in 2004 show higherraple 2. Daily PT summary statistics 1962011: increase of
mean annual precipitation totals aboui88 % for interval  mean values from basin (FP9 mm) to high altitude (LS 7.0 mm)
covering after windstorm period. positions; high variation of data for all sites (coefficients of

. variation CV >1); nearly similar maxima (>140 mm) at station
Introduction SkP andrJ in the) middleyaltitude zone. ( :
Long-term series of precipitation data obtained in mounta|PT [mm] LS SkP TL PP StP TJ
regions are flevant source for study of climate variability in| count 10,954 10,468 8,537 7,827 10,588 9,598
different vertical zones of lower troposphere. Verticalayerage 7.0 6.6 4.7 3.9 4.9 6.9
climatic zones in the Polish western Carpathians studieg pey 85 9.4 6.6 59 6.8 9.9
Hess (1965and therK o n |eak(1974)in frame of study |, 122 144 140 152 138 143
focused on the High Tatras clitea Existing network of Maximum| 91.8 1445 832 793 1008 147.1
precipitation stations in the Slovak part of the High Tatra
Mts. includes sites situated in elevation profile from 700 to
2,635 m a.s.l. In this profile, climatic data series covering s I o om
period 19612011 are available for selected regentative

locations. SkP [Bmmm 211 [::3

The aim of this paper is to describe letlegm precipitation L ﬂﬂ_—"‘“ -
characteristics and tendency of mean annual precipitation

totals at representative climatological stations in region of| ™ H'—"" ®
the High Tatra Mts. Furthermore, precipitation chesgfter s {H——mm s ©

extraordinary windstorm event in 2004 that devastated large
. . . . T lﬂ]——m o222 = B @
forested area is also included in this work.

Material and methods 0 ® ® % 120 10

Data of daily precipitation totalg> 0.1mm) measured at Figure 1. Daily PT measurement4961-2011: median (50
selected sites in the High Tatras region (Table Ktéydard percentile, line insideectange) under 5 mm; upper quartil@g"

rain gauge (collectingarea of 500 cn?r) was used for percentile, ight side of rectangle) under 10 mm; rarely occurrence
evaluation of precipitation characteristics covering perio@Ver value of 70 mm (PP), 80 mm (TL), 90 mm (LS, StP) and 140
1961 2011. Statistical tools of Statgraphics package wer@m (SkP, TJ).

10
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Table 3.Seasonal PT averages 19@0D11: winter minima from 76 2500 —
mm (PP) to 26 mm (StP) and summer maxima from 244 mm (PP) to
559 mm (SkP) except for LS; relatively small interseasonal ratio
(1.22) at high altitude position (LS).

2000

1500

PT [mm] LS SkP TL PP St TJ

1000

Winter (DJF) 361 197 108 76 206 181
Spring (MAM) | 379 302 187 146 244 307
Summer (JJA) 442 559 325 244 350 545
Fall (SON) 312 287 174 130 222 265
Summer/Winter| 1.22 2.83 3.01 321 170 3.01

500

Annual precipitation totals [mm]

Figure 3. Annual PT (points) covering period96% 2011:
polynomial lines illustrate statistically signifindincrease of annual

‘ PT (Pvalue <0.05 in Table 4), markedly for high altitude site LS.
Ls L[]
2000 + (1)1961-1970 Fit1 *
I = 3 s (2)1971-1980 - Fit2
8 a (3) 1981-1990 Fit3
L] (4) 1991-2000 Fit4
LS é 1600 - s (5)2001-2011 Fits
= 1200 — < E R ) e
— | -k
£ . "
|l . % & 800 - ¥
c ’."‘
1 1 1 1 1 1 8 :
0 200 400 600 800 1000 E ®
400 I e e e
400 800 1200 1600 2000 2400 2800
H [m asl]

Figure 4. Vertical profile of mean annual PT (points) covering
selected decades of peria@61 2011: polynomial lines illustrate
markedly shift for zone above 1,800a.s.I.

Table 5.Comparison of mean annual PT covering periods before
(B) and after (A) windstorm in 2004 with damage effect on forest:
7.9 % increase for directly affected site (TL)j 1@ % increase for
other sites under 1800 m a.s.l.; markedly 40 gngh in high
altitude zone (LS) influenced by global atmospheric circulation
more than by local conditions.

Figure 2. Seasonal PT characteristid®961 2011: precipitation PT [mm] LS SkP | TL PP StP TJ

scarcity in winter and abundance in summer; substantially shifB: 196112004} 1,417| 1,320| 786 | 585 | 1,009| 1,274
forward in case of upper quartile76" percentile, rightside of |A:200512011) 1,975 1,504| 848 | 668 | 1,108| 1,456
rectangle) and maxima in zone of atmospheric boundary laypf/B [%] 394| 139| 79 | 141)| 98 | 143
(SKkP, TJ) in comparison with high altitude zone (LS).

Conclusions

Table 4. Annual PT summar statistics 19602011: longterm  Presented results based on measurement of precipitation in
annual means > 1,000mat sites with altitude over 1,000 m a.s.l. tne High Tatra Mts. region (1962011) suggest high
(StP, TJ, SkP, LS) around 2 times higher than for basin (PP) andy, ,,yance of precipitable water in the high altitude zone

foothill (TL) sites; similar dispersion of the variable .
corresponding tccoefficients of variation (CV=0.16) for foothill (above 2,000 m a.s.l.) of the lower troposphere in central

(TL) and uphill siteskP, StP, TJ); range of annual minima from Partof Europe during last two decades. Complex study of
414 to 924 mm; scale of annual maxima between 997 and 2,4@limate zones requires cooperation and data from both
mm; positive correlation coefficients suggest slightly increaseSlovak and Poland part of the High Tatras.

tendency of annual totals during considered period; statistically _
significant linear regessions for stations situated above 1,000 nf*cknowledgements:This paper was supported by the Slovak Grant

a.s.l.(LS, SkP, StP, TJ), especially for LS. Agency under the project VEGA No. 2/0097/11

PT [mm] LS SkP TL PP StP TJ References

Annual mean | 1,494 1,346 794 597 1,022 1,299| Hess, M., 1965: Pietra klimaticzne w polskich Karpatach

St.Dev 380 217 129 109 168 208 zachodnich.Zeszyty naukowe Universytetu Jagiellonskiego
CXV, Krakow. .

Cv 025 016 016 018 016 016] Kon| ektal M.1974: \Vetlatwmaddaati edst vo

Minimum 893 924 558 414 691 908 . Bratislava, 856 s.

. Gt Dp8&8nek, P., Z8hradn2] ek, P.,
Maximum 2,40C 1,955 1,103 997 1,449 1,839 control and homogenization of the air temperature and
Correlations | 0.68z 0.396 0.162 0.200 0.365 0.430 precipitation series in the Czech Republic in the period

1961 2007.Advance Science Researéhs. 2326.
P-value 0.00C 0.004 0.257 0.159 0.009 0.002

11



Bioclimate 2012 i Bioclimatology of Ecosystems

METHODOLOGY OF CLIMA TE CHANGE ADAPTATION IN THE CZECH REPUBLI C

Josef Bolom, Martib o | kvachal]L i pt § k

Faculty of Civil Engineering, Czech TechnzeohRdpubligni ver sity in

Abstract. Climate change in one way or another affects  divide the territoryof the Czech Republic to several regions,
every sector of our society. Only those companies in histonghere the impacts of climate change should be similar. This
which are adapted to ongoing changes, had a chance to division was established on the basfsclimatic regions
succeed. It is impossible to generalize impacts of climate according to climatic atlas of the Czech Repuflialaszet
change in dferent areas and take some universal solution. al., 2007)and the extent of human impact (land use). As the
Our goal is to help users of landscape with searching for following map show, we have divided Czech Republic into
appropriate and available measures that would help them tgght regiongBolomet al, 2011)

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

designed with the specifics each location. Therefore, we
use models of climate characteristics, along with knowledgg
of local farmers.

Introduction -

Our society gradually adapts on climate change. If twenty
years ago climate change was an interesting theory, ten yea
ago it arousedalbts and concern of politicians and others.
Today we take it as fact and we are trying to get more
information so we can prepare for the consequences 0
climate changesSpeaking about future development, we
mean the future for 10 to 50 years. For theetduture is not

generally possible to implement the described measures_ anthropogenic cold
time. However, for the far future are the predictions and
models still too inaccurat&ven today there is a refinement
of estimates of future climate development. Therefore, Wl anthropogenic moderately warm wet
consider a time horizon of 2025, 2055 and as the mogt
distant year we predict the 2085.

natural cold

natural moderately warnn wet

The aim of the described project is to create an Adaptatigi anthropogenic moderately warm dry

guidebook of climate change that would help the end use|- natural moderatel warm dry

(mayors_’ farmers an_d other users of landscape)am'm anthropogenic warm Figure 1. Division of
appropriate adaptatu_)n measures. '_I'hese measures v_vc_)Fla Czech Republic into
help to reduce negative effects of climate change. Positiy. naturale warm eight regions.

impacts could be used more efficiently. It is clear that . )
b y The main input data for the process are field research

whatever the consequences of climate change may be, it i .
better to be prepad! (information from mayors, farmers and other users of the

farming area), masured data from climatstations on
Material and methods catchment areas and also modeled climate ddteser are
the values of temperature, precipitation and runoff in the
equired time frames.

ased on these inputs is always specified a catalog of
possible (expected) impacts of climate change on the
olution area.

or these effects will be designed appraf@iadaptation
arrangements from catalog of measures which will mitigate
impacts of future climate for a specific catchméFten,
these measures will be implemented and realized by
endusers of river basin.
,mpacts of climate change on river basins aréected in

The objective and originality of our solution is the solution
from below. It shows that the general solutions in specifi
cases not always work and is not expected interventibns
central power (ministries, EU). Therefore we mpose
most of the measures with a local effect, which can b
carried out quickly, flexibly and at lower cost. Such
measures may establish and finance their ownuseds of
landscape and farmers.

Even within therelatively small country, likehe Czech
Republic are significant regional differences. There will be
different impacts of climate change in mountain and foothil
areas, or in the lowlands, the agricultural regions, larg everal ways.

rivers in the basin. Other impacts are seeing in the urbaniZ(?g,: eth:f bfiliosvlvs Z{ Tﬁ)asili;w :/Oa;::J:Sti?;;erggr?éztlw;’réag?;t:gd
landscape, in ther areas with a large proportion of P !

biodiversity and natural ecosystems. Therefore we try tghowmg a trend in progress of these measur(?d values in the
area. These data can also show a quantity of extreme

12
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climatic events. By modeling of these measured valuesatchmentsideally,by 2/ 3 pieces for each climatic region.
according to the probable development scenarios we cdrhis will help to create more complex catalog of possible
obtain data for the future. As @put data we used data from impacts é climate change which is necessary for proper
SRES A1B scenario. adaptation arrangements project. This also means a detailed
field surveys on 24 catchments (about 1K@ and
ensuringof necessary climatic data fol #ose catchments
and its modkng and evaluation.
Theresult is a design of suitable amgements for concrete
areas. Thee arrangemaets should be suggested asiragge
with a local impact, for examplevitalization arangements
of water bodies within complex land adjustments
and survey data arrangements agaih®rosion ad also arrangements and
measured changes in favour of igher ecological stability of
data alandscape.

|
I

Climate
change

|
|

ssumption

Historical Basin Simulated

Inputs A

Curent Future Conclusions

impacts impacts An Adaptation guidebook of climate change should serve as

a tool for mitigation of its negative affection. We have to
: plan for climate change in future anvill be our advantage
guidebook if we know about them and if we get ourselves ready for
them! This Guidebook should ease decision making about
timely acceptance of protection measures with a final land
users, for example ryars, water managers, farmers, etc
This project is focused on Czech Republic but its priecip
of a detection of input data and a suggestion of protection
Figure 2. Diagram of the project. measures is applicable in other countries, which would
consider an adaptation, as well. A local protection measures
Field surveys were condted on each basin. At this point we 5. usually very effeiste and practicable unlike global
focused on morphology, finding problematic locations andggestions of mitigate solutions even in their partial
existing adaptation measures. We also consulted with eRfeasure. This is the biggest advantage of local protection
users, what changes or problems they observe. measures and their application.
Potential adaptation arrangements will serve in the future.

was necessary to simulate a future date to find out whécknowledgements:This research is conducted with the support
requirements will be placed on adaptation arrangements. of a ProjectGrant Competition CTU SGS10/239/0HK1/3T/11

) B " 1 |' h n II.
For modeling datavas used Bilan, the water balance model Adaptation water management to climate change

( Ho r 8tlale 2009)which works with the river basin as References

Adaptation

Outputs

After !

|
T

aclosed un_lt. Bilan mdels data in monthly or daily steps. BolomJ ., Dol kal ,, 20ML.Classificatiort bsin fron .
After modeling, we have data for reference years 1975, 2025,the perspective of climate change in the Czech Republic
2055 and 2085. Article in Proceedings ENVIRO Nitra.
Hor 8| ek, Rakovec, Kagp8r ek, Vi zi
Results and discussion hydrological balance Bilan, in VTEIT Extraordinary No51.
Lipt8k, M. , 2011; Cli mate -chang

In a present time a particular pilot watershed are solved. Diploma Thesis, Prague: CTU.

These watersheds represent each types of climate regionT&lfiSSé’,\,Rgstg%l'(}%%%b%gnﬁtgéw%S7gf8%22‘34?4r1?é§g$g%%/E%%r.nouc'

Czech Republic. Impacts of climate change were observed
in everyvisited catchment. This pves that this project is
actual and necessary. dtso proves that the impacts are
within catchments very similar, demonstrations of climate
development are typic&dr these locationsand it is possible

to assume similar affects also on other catchments with
character dike observed ones.

On individual watersheds were observed impacts of climate
change, which were expected, such as divergence of weather,
frequent @curence of floodsincreasing occurree of ticks

on higher altitude, frequent dry period and increasing
requirements of irrigation. By a field observation were
found some problemthat weren't expected from modeling

or character of catchment itself suels drying of wetland
areas known forecumulation ofvater( Li pt 8k, 2011)
Our aim is to increase the number of explored pilot

13
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ASSESSING THE REGCM3PERFORMANCE IN SIMUL ATING WINTER AND SUM MER
TEMPERATURE AND PREC IPITATION OVER THE R EPUBLIC OF MOLDOVA

Constanta BoronednVera Potof, Mihaela Caiah

Center for Climate Change, Geography Department, University Rovira | Virgili, Tortosa; paéchUniversity of Life Sciences
Prague, Department of Agroecology and Biometeorology, Prague, Czech RefRiblis s by Centr e, SMH. , Norrk®©
E-mail: constanta.boroneant@urv.cgtotop@af.czu.¢canihaela.caia@gmail.com

Abstract. In this paper w present a validation analysis of .
the recenh past climate simulation over the Republic ofl\/I"’lte”aI and methods
Moldova with the Abdus Salam International Centre forvodel description

Theoretical Physics (ICTP) regional climatic modelthe RegCM3 version used here was originally developed by
RegCMS3, one of the CECILIA (Central and Eastern EUropgsiq i et al (1993) and later modified and improvéRalet

Climate Change Impact and Vulnerability Assessiyeigh al., 2007). It is a hydrostatic and terrain lisling sigma

resolution RegCMs. The analysis refers to the ability of the ' . i . .
RegCM3 to simulate winter and summer temperature an\éertlcal coordinate model whose dynamical core is

precipitation over the Republic of Moldova for the periooles:sentially the same as that of the hydrostatic version of the

: National Center for Atmospheric Research (NCAR) and the
1960 1997. . o
. Pennsylvania State University mesoscale model MM5
Introduction (Grell et al, 1994). Tte BiosphereAtmosphere Transfer

The Republic of Moldova is one of the Eastern Eerop Scr;eme BATS (chklr]r!lsogt aI.,dl99:>|’) IS us;zd to r.epcriesen'tb g
countries affected by the climate change. It is likely tspr;}ce pr;cesis,eS\;y |Ied.fchur} ary ﬁlyerp fyi;cﬁ 'is eTC” €
experience a diverse range of impacts on variou I%goe norlocal vertical diffusion scheme of Holtslaga
socioeconomic sectors due to temperature increas xper?hent design and observaticatalsets

accompanied by extreme precipitation (dry and wet events,f,he integration  domain ( 4 1. ONiOU7H N:

Mo | d'o wmgt‘ess modera_tely conental. The Wlnters 14 . ESG020E)as centered over Ro
are relatively mild and dry, with temperatures ranging frorrb 5 (JEhe lateral meteorological boundary conditions

3.0 AC in -It.he AGritahdwateslotd ol By 1o run the model were obtained frtwa 25 km
precipitationaveragindl04 mm The summers are warm and RegCM simulation run driven WtERA40 reanalysis of

long, with temperatures averaging ab@tOA C  a mld  ohQdationsFor this study we have selected a smaller domain
precipitation ranging fror230mm in the north an@i82mm ( 45 NDAQ.GIAN ; 2 .39 2 &)8riduding only the

in the south, respectively. Republic of Moldova

Studies with different greenhouse gas emission scenarigge RegCM temperature and precipitation simulations were
show that Europe is one of compard Wth thd CRUSTS2NO Rarid olSs€oftBatatsétV € I
to global warming (Giorgi1993 and the Romaniand whi ch has a hor i zloantt akn. TheeSssl | u
Moldova are located in a transition region of themonthly temperature and precipitation simulations have also
precipitation change pattern been compared with the observations recorded at 15
High resolution climate model simulations are thus needethe t eor ol ogi c al stations of
to provide accurate climate change scenarios accounting folydrometeorological ServiceThe distribution of the

this complex spatial and temporal modulation of fieate  stations and the model domain and topography are

change signal. represented in Figure 1.

The project CECILIA (Halenka2010) was thus developed 485

to produce higher resolution simulations over different Z 48]-

subregions of Central and Eastern Europe, including 97‘5

Romania and Republic of Moldova. Different RCMs were % 47

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

represents the limits of application of the current generation 4B

of hydrostatic RCMs such as the one used here. 49(1

In this paper w validate the ability of the regional climatic 45 5| TSR - - oo
model RegCM to simulate winter and summezmperature e e g R o ey 8

means and precipitation totals over the Republic of Moldova. Longitude (°E)
The RegCM simulations were conducted at a horizontalgigyre 1. Location of the 15 meteorological stations and their
resolution of 10 km in the framework of EEP6 project  elevation (m a.s.l.) and the Reg@Wbldova domainZ 6 iH0A. 5 A
CECILIA. The model simulations forced by ERA40 wereE ; i4%AN) .

compared with thebservations from CRU TS2.1 dataset
and stations.

Results and dscussion

The model validation has been achieved both at station and
domain levels for the period 196D997. In this respect, the
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gridded data aiemperature and precipitation totéikegCM
simulations, forced by ERA40 data and CRU observatio
data) have #en downscaled to station coordinates.these
series seasonal means were calculated and compar

Comparison between the simulated and observed seasq :

temperature shows that the model skillfully captures th - :
temperature characteristics during summesr dVioldova but T L LR g R Ess s
overestimates the winter temperature mean. The mod  ®+—5F7"— B 7
overestimates the winter precipitation at all stations and only sm :; kbl ke

differences are observed during summer. The spatial distributiq 5| G/% £ S ’1475

of winter temperaturemeans and precipitation tctalover ‘f":; ) i E{B";

Moldova domain as represented in RegCM simulation, CR{ = «{* iz P

TS2.1 data set and at station level are presented in Bigline “:; i .. i
lowest winter temperatures are simulated (observed) in the no A PR o
and the highest in the south; the highest winter precipitatiais MNEnswEy ST
are simulated (observed) in the centre of the country. P

tpr mm DJF - RegCH (2% -1

3
L
3

Vo5 275 285 @5 305 f 275 285 295 305
Longi tude (°E) Longitude (°E)

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

: 75 BmE 25 W ;- s s BE 285 . precipitation for smulation(RegCM3)CRU TS2.1daté0 . 5 Ul a't

£2m DIF_-_CRU _ tpr mm DJF - CRU 0.5 }'hhdas’tation observations.
' < Conclusions

RegCM simulations forced by ERA40 data were compared
with station observations and CRU data downscaled at
station coordinatesThe results show that the model does

e imir quite well in representing the annual cycle of temperature
o e but precipitation totals are systematically overestimated
compared both to stations and CRU data.

SN ™-2.
5 285 205 5

Longitude (°F)
t2m DJF - Stations

Acknowledgements:The RegCM simulations have been produced in
the NMA-Romania in the framework &EECILIATEU-FP6 Project,
Contract 037005 GOCE/2006t{p://www.ceciliaeu.org. This
study was supported by S grant BISMT CR and project
6046070901.

Figure 2. The maps of mean winter (DJF) air temperatarel References
precipitation for simulatiofRegCM3)CRU TS2.1 datéd . 5 Ul dickingon, R., HendrsonSellers, A., Kennedy, P., 98:
0 . 5 Xhhdostation observations. BiosphereAtmosphere Transfer Scheme (BATS) version 1 as
coupled to the NCAR community climate mod@®CAR

Similarly. Fi 3 nth tial distributi f technical notdNCAR/TN-387 + STR, 7%p.

imilarly, Figure 5 represeitne spatial distributions or SUMME Giorgi, F., MarinucciM. R., BatesG. T., 1993:Development of a
temperature means and precipitation totals over Moldova domain. second generation regional climat@del (RegCM2). Part I
Higher temperatures are simulated (observed) in the southern parBoundary layer and radiative transfer processdsnthly

of the country. Highest summer precipitation totals are simuIateéiré’lYe"ét_heDru%?l\i’;eJV_‘lzsiéﬂgf %?1% 1994: A description of the

and observed at stati level in the northern half of the country  fifth generation Penn State/NCAR Mesoscale Model (MM5).
while in the CRU data the highest precipitation totals are oloserve NCAR technical notiCAR/TN-398 + STR, 121pp.
in the centre of the country. Halenka, T.2010:Ceciliai EC FP6 Project on the Assessment of

. Climate Change Impacts in Central and Eastern Europe
Then, the series of monthly temperature means of RegCM Global Environmental Change: Challenges Soience and

simulations, CRU observations in each grid point andostati ~ Society in Southeastern EurgpépringerLink, Part 3,
i i 125'137.

observations were .Spatla”y ave_raged and compared. Tri;-%ltslag, A., de Bruiin, E., Pan,-H,, 1990:A high resolution air

model does well in representing the annual cycle of "mass transformation model for sheange weather forecasting.

temperature but slightly overestimates the winter (DJF) Monthly Weather Review18, 15611575.

temperatures and slightly underestimates autumn (SON@h J- S Giorgi,F., Bi, X., Elguindi,N., Solmon,F., Gao,X. S.et
P ghty ( I\aaaI.,2007:Reg|onal climate modeling for the developing world:

temperatures.  Monthly  precipitation totals  are The ICTP RegCM3 and RegCNEBulletin of the AMS, 88,
systematically overestimated by the model compared to 1395 140.

stations and CRU data. The largest precipitation errors are
observed in winter (DJF) and early spring (AM).
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PHENOLOGICAL PHASES OF BEECH FORESTS DERVED FROM SATELLITE DATA'i
RESULTS FROM THE YEAR 2011

Veroni ka Brandlsovg§, Jaroslav Gkvarenina
Technical University in Zvolen, T.G. Masaryka 24, 960 53 Zvolen, Slovakia.

Abstract. In this study satellite data MODIS were used toevergreen conifers. In these stands, there is a typical vertical
derive phenological phases in beech stands. Norealiz heterogeneity with beech in undergrowth (Figure 1).
difference vegetation index (NDVI) was considered as a )

suitable indicator of changing phenological phases, becau¥isual phenology observation

of its sensibility to increasing or decreasing amount of he method by SHM (1984) wasused for phenology
greenness in forest ecosystems. The course of NDVI wabservationslO trees in each stand were selected to monitor
modeled in program Phendgjical profile using the logistic phenological phaseBollowing spring phenological phases
sigmoid function (Fisher, 2006). This program alsowere observed on selected tree groupssudsting (BB),
calculated the local extremes of this function. These locaéaf unfolding (LU) and leaf onset (LOJ autumn, these
extremes were used to identify the phenological phaseghenophass were observed: leaf colouring (LC) and leaf
Differences between satellite derived and visual observeg,| (F). Each phenophase has three basic states: beginning

phe.nophases were find out. Also NDVI values were 10% onset, genera50% onset, and full 100% onset.
assigned to each phenophase.

Introduction

Satellite derived phenology

MODIS product selection as well as the procedure of

Phenology is the study of the timing of recurrent biologicakatellite dta obtaining, processing, and derivation of NDVI

events, the causes of their timing with regard to biotic andere described by BuctkendK or e R (2009) . ND\

abiotic forces, and the interrelation amyophases of the are derived from spectral reflectance in rR&ED: 6201670

same or different species (Lieth, 197k) recent years, the nm) and infrared IRED: 841 876 nm) clannel using the

plant phenology achieved a new status in global climatiunction [1]:

changes investigating, with increasing popularity an _

availability of remote sensing data. Satellite derive DVI= (IRED-RED) / (IRED+RED) [

phenology usally use vegetation indices (such as NDV|),The growing season in our climate and nature conditions can

because these are related with amount of green leaf biomd¥s modéed by sigmoidogistic function[2] (Fisher 2006),

(Ahl, 2006). which capture one increasing (spring) and one decreasing

The aim of this study was to assign the suitable phenologicéautumn) term:

phase to _Iocal extremes of phen(_)logica_l function gnd finq,(t) = Vi Vamd (17 1+€™ ™) - (L/1+€7,)] 2]

out the difference between satellite derived and visually

monitored phenological phases. wherev(t) - NDVI value; Viyin - minimum NDVI value;vamg

. - total NDVI amplitude;my, mp, ny, n, - fitting parameters

Material and methods controlling phase and slope for both greenop, 6;) and

Study sites senescence/atission (m,, ny). Software Phenological

I'n this study, five beec hproilewas dsed togdaterming the gouyrse pféhe phemalegy v §

Bukovina in Kremnica mountains, belonging to TheThis software models the phenology hwifunction [2]

University For est ricalUnversity i Rraposed\pyFispey (2096). Inpy data were the NDVI time

in Zvolen, were monitored. Area of one stand was 6.25 hgeries of the year 2011.

whic.h corresppnds to the area of one pixel MODIS withrasyits and discussion

spatial resolution of 250 m
¥R ERET

Phenological function was modeled for each stand. Local
extremes of 1. and 2. derivative of this functi@h were
used to determine ¢honset days of phenological phases as
follows:
1. in ascendenting period:
i BB 10% was assigned to local maximum of 2. derivative,
i BS 100% was assigned to local maximum of 1. derivative,
i LO 100% was assigned to local minimum of 2. derivative,
2. in descenceing period:
i LC 10% was assigned to local minimum of 2. derivative,
. 55 = i LC 100% was assigned to local minimum of 1. derivative,
Figure 1. Internal structure of forest stand no. 514. i LF 100% was assigned to local maximum of 2. derivative.
These stands are characterized with damirincidence of ©On Figure 2is shown how visually observed phenophases
beech Fagus sylvaticaL.) and minimum incidence of Were assigned to ¢hlocal extremes. Average differences
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discovered between visual observed and satellite derivegimilar results like ours were publicated by Liang (2011).
phenological phases are noted in Table 1. Also NDVI valueShey compared phenological phaB8&B (full bud burst
relating with these phenophases were find out. analogy with our 100% BB) from visual observations with
SOS (start of season) derived from EVI (Enhanced
Vegetation Index) anNDVI time series of deciduous stands.
They find out maximum difference betwe&wvI SOSand
FBB 2 days, and betweedDVI SOSandFBB 15 days (in
one year only 4 days). Soudani (2008) compared visually
| observed onset of greenne€810%andO0G90% analogy

10 % I%,S@ 100 % LF = with our BS) in beech and oak stands with satellite derived
—_ 3 inflection point of NDVI values dinfNDVI) and average
| onset of greennesOGI+OGM/2). In beech stands, there
was average difference betwe@@ anddinfNDVI2i 7 days
and betweel®G andOGI+OGM/23.51 9.5 days.

Conclusions

1 50 100 150 200 250 300 350
PO T O SO A SO T o MR T W AL % T W O s A s H o sl A MR G s 4 A SO Yt 5L

o Gl @ R - o
=]
mw o

100 % LO 10 % LC

100 % BB— 100 % LC;

Figure 2. Identification of phenological phases usginlocal  In this paper, the methodology how the phenological phases
extremes of functiof2] . On x axis: day of year, on y axis: NDVI were derived from satellite data was presented and
values. compared with previous results. Sigmoid logistic curve and

Table 1.Average differences between visual observed and satelliff /0cal €xtremes were used to identify phenological phases
derived phenophases, the corresponding average NDVI valudsom satellite data. We find out average differences between

and their standard deviations. visual observed and satellite derived phenological phases in
: Avg. DY NDVI monitored beech stands in the year 2011 in range from 2.0 to
Phenological phas 2 3 . .
(days) X | s 8.8 days. NDVI values were assigned to each phenological
BB 10% 3.4 055 0.03 phase. Now we cdimue with validating phenological
BS 100% 2.0 0.66 0.02 phases in the year 2012. In the future, we are going to
tg igg% g-g 8-;2 8-82 examine the effect of biometeorological factors on
(] . . A . .
LG 100% 88 062 003 phenophaseonset days in regional scale.
LF 100% 3.6 0.53 0.02 Acknowledgements: This study was fowled fromVE GA MG
Note: Yaverage differencélaverage Jstandard deviation SR: | . 1nHAPY\80#Z310L a

In comparison with redis achieved using other References

phenological methodology for validating satellite de”VEdAhl, D.E.. Gower, S.T., Burrows, S.N., Shabanov, N.V., Myneni,

phenological phasesnethodology made for Monitoring of "' B “'knyazikhin, Y., 2006: Monitoring spring canopy
Sl ovak Forests ( MSF) u s e d phenology of B degicualid Boadiedd fogeit wsidgIMD IS

i i i Remote Sensing of Environmet®4 pp. 88 95.
mgthodology u_seq in this study (SHMU, 1984) is more, <o d7\e @0a@Odvodeni e vegetal n®ho
suitable for vabation, because the differences between ¢y s’y st ®mov zo satelitnich %da

satellite derived and visual observed phenophases arefakulta TU Zvolen, LF57753169, 75 p.

smaller. Also assigning the phenological phases observ&fu ¢ ha, T., 20000Ke®Rti Mi§l ne sl edoyva
[ h two methodologies to local extremes was lesnlch ekosystamoodmiae nkeyn i fareser

using these g prostredia pometcwar bVad ajada] oDvPeZ

different (Table 2). Di aOkovIl priileskywmv Zmenei aci ch s

o _ podmienkachNLC-LVD, Zvolién, pp. 35
Table 2.Assigning local extreas according to methodology for Fisher, J. I., Mustard, J. F., Vadeboncoeur, M28Q6: Green leaf
Monitoring of Slovak Forests (MSF) and Slovak phenologyat Landsat resolution: Scaling from the field to the

Hydrometeorological Institute (SHMU, 1984). ! Satelli_te,iSnF;emct)te \E/Iegsing of Esn\ggolnlm\?t?gl ?p. 26‘5?“_9{

iang, L., Schwartz, M.D., Fei, S., : Validating satellite
Local =) MSF 7 SHMU (1984) phenology through intensive ground observation and landscape
extreme P | Avg.D. PP__ | AvgD. scaling in mied seasonal forest, ilRemote Sensing of
max 2. deriv. 10 % BB 34 Environment 115, pp. 148157.
in APY ) ) 0 : Lieth, H., 1974: Phenology and seasonality modelling. Berlin,
max 1. deriv Germany, Springer.
'AP. "I 10% BS 3.0 100% BS 2.0 SHMU, 1984:N§vod na fenologick® pozor
n 5 deri Bratislava, 25 p.
min 2. deriv. Soudani, K., Maire, GDu f r ° ne E. Fran-oi s
. 50% LO 5.9 100% LO 46 AT R 1 D v ' '
in AP ° ° Ulrich, E., Cecchini S., 2008: Evaluation of the onset of
min 2. deriv. greenup in temperate deciduous broadleaf forests derived from
in DP? 10% LC 6.0 10% LC 3.8 Moderate Resolution Imaging Spectroradiometer (MODIS)

min 1. deriv. data, inRemote Sensing of Environmie 11 2, pp.. 2643

in DP
max 2. deriv.
in DP
Note: Yascendenting period?descendenting period®phenological
phaseYaverage difference

100% LF 8.3 100% LC 88

- - 100% LF 3.6
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SEVERE WINDS IN POLAND AND THEIR EFFECTS

Joanna Burdzy
Faculty ofGeography and Regional Studiesiversityo f

War s aw,

Kr a k o ws kOR7eWNarBapRomamtdmi

Abstract. The aim of this study wasto presentthe
characteriscs of strongwindsin Polandin 2000 2010and
their effects. During this period, were analyZ&®b cases of

Table 1.Maximum wind speeds Poland and theieffects
(based onLorencH., Maximum wind speedis Poland,pp. 16i 17,
IMGW, Warsaw2012).

severavindsandeven280 cases of tornadodswas shown,
that in recent yeaithere has been much mateong winds,
than at the beginningf the decade. Mainly, this is related to

No.
of
class|

\Wind speeq
m/s) (km/h

Character
of the wind

Model effects

more and more excellent methods of the monitoring of th
atmosphere and with the better flow of informatiMost
often, these phenomeracur inJuly and August. Mosbf
themare createéh the afternoon

Introduction

Strong windscreatedover the Poland, are associatgith
many meteorologicalsituations We can distinguistihree
groups:

- windsassociated witleyclonicactivity,

-windsassociated witlorographicbarrier(fen windg,

- windsassociateavith the phenomensupporting thetorms
To the last group belongs the windsated in frames of
vortices tornadg gustnado and straightline winds
bowechq derechg gustfront, downburst microbust
(t ur a GackekFiszer, 2009).

Tornadoesoccurring at the Polish areas, are associated
mainly with zonesof squall frontsor supercell in which
growns themezocyclondLoreng 2012).

The intensity ofthe windsis definedby measuringheir
speedat meteorological stationsin the case ofornadoes
because ofheir relativelysmallspatial size, the probability
of measuring the wind speed is low. Therefamet all
the strong windsare recorded by thdevicesbelonging to
the Polishobservation networkMGW). In the absence of
absolute measurementsthe strength ofseverewinds is
usuallydeterminedon the basis ofhe damagehey cause.
An example otlassificationincludes Table 1.

Material and methods

Data for this study come from the websiteESWD 1
European SevereWeather Database Version 4.0.1,
02.01.2012  (http://www.essl.org/cgibin/eswd/eswd.cpi
For analysis were chosen all cases of severe winds a
tornadoe$rom01.01.200Q0 31.12.D10. Due to théack of
data,the workdoes not includeasegjustnadoes

Based on information abothe date of the appearance of
each of phenomena, their letegym and annual course was
drawn upMoreover, using details about the hour of passin
these penomena, their daily progress was presente(
Location ofthe appearance @f particularphenomenorin
the databaseg€ographic coordinates, amtace allowed
determine theadministrative areaver whichthere were
strong windgregion district,and commne).Thanks to the

0116
(40i 59)

gusty
wind

Wind is chaotidn the flow; with gusts
movinglargebranches of treest is
difficult to usean umbrellaand
walking into the wind duringsnow
blizzardscause

01i20
(60i 73)

stormy
wind

Wind breaksbranchesdamaging
marquise andients turnswooden
fences billboards road signs;
raisesclouds of dustbreaka single
roof tiles walking against the winds
very difficult; hindersthe workof lifts
and threatens the@iperatorsgoing
cars are sensing the wind speed;

02i24
(74i 86)

gale

Wind causesubstantialamage to
buildings- breakroof tiles breaks
largebranche®f treesfloatsin the air
lighter objects unsecuredbuilding
structures

02i38
(87i103)

strong
gale

Wind causes significardamage to
buildings towers anathimneys
breakingand pullingtrees with
shallowroot, makes it difficult to
drive cars
High-excursiorswayspower linesand
railroad, and during themeor glazed
frosti it breaksdue tooverload

02182
(104 117)

hurricane
winds

Wind causes thdestructiorof entire
buildings anchallswith flat roofs
severssectionsof power lines and
breakingtheir supporting structures
makesit difficult to drive trucks;
snhatcheshe treefrom therootsand
destroys thdargertracts offorest- in
the mountains so called windfalls

VI-1

03ia9
( ©01178)

hurricane

tornado
| degree

Wind breaksall theroofs turnsand
movescamperspulls outbig trees
with their rootsor breakingthemin
largerspacesbreaks theower lines
and railroaddestroys th@power
building structures

blowsfrom the roadyoingcars turns
lighter building lifts overjevitation of
the destroyedbjects(roofs doors,
windows);equipment turning into
flying missiles

.

VI-2

65169
( O01750)

hurricane

tornado
Il degree

Wind causes generdestruction and
devastationuprooteda largeand
healthytrees breaks roofs of houses
and moves them from a distance;
collapsesuildings withreinforced
construction

destroyentireswathsof forestsand
orchardsdamages thstructures of
bridges levitation ofcars andther
objects which changénto flying
missiles wreaks havoc

ArcGis program, presented in the spatial wagurrence of
severe winds and tornadoes on Polish territory in
20002010
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Results and discussion

In the last yearghe severe windédave increased. In the
studieddecade most phenomenaf this kind occurredin

were formed (52 cases). Leadtcasesreportedin 2000.
Increasahe frequency othe phenomens associated with
improvement of methodsr monitoringthe atmophereand
a betterflow of information(Figure 1.).

200
© 180 :
g ol Figure 1.
E 140 ] Longterm
@ 120 4
£ o] course of_
S g0 severe winds
2 ooy and
g 40 1 .
Z tornadoes in
0 Poland
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 .
vear (period
W severe winds tornadoes 2000 2010)

In the period 20002010,most ofseverewinds occurredin
July (133 cases)lso in thismonth,the mosttornadoesre

formed (72 cases). It is possible to suppose, thesg i f."o’?f‘/’u
. . 4
occurrences largely were connected with stormy formationg hm

Several dozercaseswere reportedfrom May to August.
In Januarystrongwindsalsooccurredrequently(72 cases),
but theirgenesids assciatedwith more cyclonic activity
in the cold seasofLorenc2012)(Figure?2).
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Most of thesephenomenawere createdin the afternoon
Most severewinds were notecbetween 12 and 18° (50
casesof 15%), andtornadoesoccured most oftenbetween

19

15% and16® (according to 34ind 42cases)Figure3).

Most winds occurred in the following voivodships:

Mazowieckie (56 cases) Wielkopolske (54 cases)andin

(Figure4).

Based on the spatial arrangement ef/ese winds and
tornadoes in Poland (years 20R010) can not clearly

Do | n o S (50cades).eFor 28ornadoesformed in the
2009(154 cases). In 2006 above Poland the most tomadop?rovinces o f Wa r -Maz@Eskie and Pomorské.

In Zachodniopmorskiethere were 26 eventsof this type

identify the areas most frequently haunted by these

phenomenaHowever, we cardistinguish two zones with
increased activity of strong winds (sowtlestern and
southern Poland). In thease of tornadoes, you can set

anarrow coastal lane and the area south of the country

(Figure 5).
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Figure 5. Spatialarrangemenof severewindsand tornadoesin

Poland(period 20002010).
Conclusions

Strong windspose a serious thre@d the achievements
health, and sometimes evemople's lives. This type of
phenomenoiis caused byressure gradienRapid changes
in this elementalso influencemood. For the human, it

constitutes the mechanical strong incentive.

Strong windsn Polandoccurusually on days witlvariable
weathertypes associated with thenovement ofweather
fronts and rapid changesin pressure. It is therefore
importantto identfy areasexposed tdrequentoccurrence

according to theéhreegeneticallydifferentreasons fotheir

occurrencécyclonicactivity, orographidarrierandstorms).
The fact is thastrong windscharacterizenountain areas. At

the timeof occurrenceof fen windshas been observed

susceptible personsp calledendiseaselt is characterized
by such cardiovascular disordersthe nervous system

imbalance or excessivgphysical and mentadxcitability.
The effects ofthese phenomenaare alsoits social ad

economiadimensionHuman is notible to preventhis type
of disaster- he can onlyminimize its effects. Therefore,

should carry out the research about desigth durabilityof
buildingsexposed tdiigh velocity winds andlying debris.
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PRECIPITATION EXTREM ES IN THE BRNO REGION INTHE PERIOD 196 1 6201 0

Mari e Dol egel ov §, Petr GtRDp&8nek
Czech Hydrometeorological Institute, Krofto#a, 616 67 Brno, Czech Republic.

Abstract. Presented paper focuses on the analysis @fadastral area). In spite awer density after the reduction
precipitation extremes i n offdiitoihg hetwdrk in 19 InbrisOwbR thé Period h e
of Brno and its urban area which is the second largestintheg 6 1 52010 was anal ysed becau
Czech Republic (approx. 400 ths. inhab., 236)krmalysis availability. Annual, seasonal and daily precipitation sums

of maximum daily precipitation amounts and their returny,,, 13 meteorological stations belonging to the Czech
periods is included as well as synoptlznatological ydrometeorological Institute (CHMI) monitoring network

analysis of precipitation events with amounts exceedin : S .
limit values based on §9percentile computed from the ere used. Daily precipitation totals were quality controlled,

reference 1990rAttantbn id S alto to the tested for homogeneity with the help of various tests,
occurrence of dry spells which are described with the help éfomogenized and missing values were completed and thus
selected extremity indices. These indices are analysed fie data has the charactett@thnical series.

trend by means of nemparametric methods and the results

are compared with the trends of precipia totals. T : :"”':;’””"" s
_ : povchans SNPRRY — P

Introduction =

Precipitation extremes have important impacts on human

life in the urban areas. The occurrence of high precipitation B e iy

amounts resulting from rainstorms can paralyse life in the uo"m"f.;:i“

cities considering mainly transportation, sewer systeto. o

On the other hand, the occurrence of periods with T o e

precipitation deficiency (dry spells) is unfavourable for T sdecnoves

human health, especially when it is combined with high air o LM T S

temperature. The absence of precipitation can also obstruct
natural wash out of platants and thus it can influence the Figure 1. Study area and meteorological stations used in this study.

quality of urban air in a fundamental way (Hosiokang#s, Annual values of maximurdaily precipitation totals were

al., 2004). modelled by 3parametric GEV distribution and the values

Urban areas itself are able to modify the regime otorresponding to several return periods were etedud he
precipitation and to generate the occurrence of extremgxtremity of precipitation was described with the help of
precipitation amounts accompanied byanderous three extremity indices defined in Table These indices
meteorological phenomena. This was well described fofere tested for trend by ngrarametric MansiKendall test

densely populated cities in the United States of Americand t he trend size was estim
(Huff, et al, 1973). In Brno, precipitation has been1968). The trendralysis was performed in a dynamical way,
measured since the beginning of the"1@ntury and je. for 30year periods with a-ear shift. Annual and
potential urban influence haeen studied since the 1950s. seasonal precipitation totals were fittedlinear trend.

From an extensive research done in the 1970s, it was cleRtble 1.Extremity indices used in this study.

that the influence of Brno urban area on precipitation is Index Abb. Definition Unit
expressed more weakly in comparison with Prague angPrecipitation Percentage of total amoun
Ostrava, nevertheless some influence there probablisexis due to ppos [N days with prec. > g5 %
(Brgzdil, 1979) . extremely wet perc., 98' perc. estimated

The extremes based on low precipitation are connected witlf2ys from period
Dry spells = periods with a

the change of climate prt_adicted fpr the whole Cientra Average length DS AVG least 2 consecutive days wi days
European region in | PCCods |Pfenispdl h A'S's efes Dodht <1 PO T
Material and methods Maxi mum
length of dry |DS MAX b days
Presented work deals with precipitation in the Bragion spell
including Brno cadastral area and its surroundings. Studieﬂ

. : : ; esults
area (see Figure 1) was set asymmetrically in relation to the
city centre because of the complex topography of the regidaximum daily precipitation amount in the Brno region in
that is assumed to have influence on spatial variability of he period 1961b2010 varies 't
potertial urban effect on precipitation in the Brno region.mm and with the exceptioof BrnoTu Sany and Zas
Precipitation measurement in Brno started in 1803 and tttation it did not occur before 1985. Thaaximum for
highest density of precipitation monitoring network wasZast §vka that was recorded on
reached in the period 19 3 1he 3an6 0me (the absalute anaximom ef almstatiohsiused B r |
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here (97.4 mm). The lowest value of maximum daily amountr second half of the 1970s and negative values in between.
occurred (@@&5nmBnudrod/06/2@08. Stations in In case of DS AVG and DS MAX, positive trend of summer
the northern art of the studied area (BABI, KURI, BZAB) values persisted during the whole studied period and it was
reached their maxima on 07/08/2006 when weather wagell pronounced especigll between 1965 and 1975
influenced by extensive air pressure low centered abovgigure3). On contrary, in spring this time span represents a
Poland during the northeastern cyclonic situation (NEcperiod with the prevalence of negative trend sign and the
according to CHMI classification. In the eastpent (PODB, val ues of |l inear coefficient
SLAB), the absolute maximum occurred on 02/09/1988 drend was predominantly negatiwéh the peak in 1975 but

the end of 3day period with western cyclonic situation in case of DS MAX, strong negative trend persisted to the
(Wc) while in the south of the studied area (TESA, ZIDL) itend of the studied period. Trend of annual and winter values
was on 27/08/1989 at the beginning efl&y period with was mainly positive with a tendency to weaken since 1978

i Wc 0 s witnatignt i ¢ and to become negative in last two or three/@8r peiods.
Extreme daily precipitation amount corresponding t8' 99
percentile computed from empirical values in the reference
period 1961b1990 varies. between 20 mm and 22 mm
During the study period, the total number of days when this

limit value was exceediat the majority of stations was 68. Figure 3. Linear
They occurred mainly in the autumn months (28 cases) or trend of summer
summer months (26 cases) during the synoptic situation with values of DS AVG
low air pressure trough over Central Europe (B), trough for moving
advancing across Central Europe (Bp) or cyelawer 30-year periods in
Central Europe (C) (23, 15 and 10 cases). the Brno region.

Daily precipitation totals corresponding to 5, 10, 20, 50 an€€Conclusions
100-year return period vary in the ranges from 37 to 48 mmp o . _ . N
40 to 56 mm, 44 to 65 mm, 48 to 82 ramd50 to 96 mm. recipitation extremes including high and low precipitation

Regarding spatial distributiorthe lowest values for all @Mounts in the Brno reQgloon dt
return periods can be seen in the eastern part (BUC&/’ere examlned._ Extremely high daily amounts occur the
PODB) while the highest values appear in the west an@©St frequently in summer or autumn months and they are
northwest (BZAB, BKNI , z A scpineceq,mainlywi the synoptie-siyations with low air
Annual and seasonal precipitation totals show mainlpf€Ssure trough over Central Europe, trough advancing
positive but staitically insignificant trend. The only across Central Europe or dyne over Central Europe.
exception is for Bul ovi ce,Dalyanouns cofrgsponding ta varipus gefurm perogsreagh o
is significant as well as the trend in all seasons except tHB€ highest values in the NW part of Brno and in the W part
winter. Statistically significant positive trend for annual©f the studied area while the lowest values were in all cases
Pfguadbugtré& ip@_rteof the interest area. Remmrdhe low
extremes, there is no downward tendency of annual or
seasonal precipitation totals apparent at any station that is
confirmed by the predominance of insignificant positive
trend in the period 196112010
drier climate manifests itself through characteristics based
on dry spells. When analyzed this in a dynamical way,
annualvalues ofaverage and maximum length of dry spells
shows predominantly positive trend caused especially by the
summer events. Increasing extremitypoédcipitation regime
is confirmed also by the results for PD 95 which shows an
increasing proportion of precipitation from extreme events
to total amount in summer and autumn.

val ues was f oun@ee&igue®). i n

Figure 2. Linear trend of annual precipitation sums in the Brno References
region in the period 1961b20B0.8zdil, R. ., 19709: VIiv mDst a
brnNDnsk®obl asti. Scripta Facul

The trend of PD 95 is mainly positive in case of annual, Universitae Purkyninanae Brunensggographial,9, 9 20.

summer and autumn values. From the beginning of thigosiokangas J., Vallius M., Ruuskanen J., Mirme A., Pekkanen J
. . . . 2004: Resuspended duspisodesas an urban airquality
1960s the values of linear céiefent were increasing to the problemin subarctic regionsScand. J. Work Environ. Health

maximum between 1968 and 1973 that was significant at |. 2, 28 35. o -
some stations. Then the trend started to decrease to be né4ff: F-A. Changnon, S.A, 1973: Precipitation modification by
. . . . major urban area®Bulletin of the American Meteorological
to zero by the end of the studied period. In winter and spring, Society 54, 12, 12201232
l'inear <coefficient shhpositiee &dd,d.K s1868 Bsendites of the regession vopfficient based on

i i fning i ; Kendall's tauJournal of the American Statistical Association
values in the periods beginning in the first half of the 1960s 63, 1379 1380,
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