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Mewewpoloyikég ouvOnkeg mou -

nnped(ouv mv ektpo@n v foosi-

d@v oy neproxn vou Nopot Oso-
4

oalovikng,.

I'. E. BaXepydkng

IEPIAHWH. Xwv napotoa epyacia peletiOnkay o1 kApauxof
napdyoveg (Oeppokpaocia, oxeuxi vypaoia, dvepog, uetdg) mou &
mnpedlouv v ektpon v fooerddv, otnv eupltepn nepioyn tou
Nopot Oeooadovikng, n onofa anotedef mv k¥pia nepioxi doknong
g ayedadotpopikig Spactnpiétntag onv EAAG6a. Ta otorgeia,
10U aopovoav tn Sexaetia 1990-1999, karardymkay oe (dveg,
SnpioupyiOnkav ino1 npépag, xpnotponoiifnkav kKApakeg kat
Seikteg ka1 pedetiOnkav oo o€ etioia 600 ka1 o enoyikn Pdon.
Ané m pedén avth emPefardOnke 6u n vpnid Oeppokpacia kar n
uypnli oyeukd vypaoia efvai o1 faoixoi emPapuvukoi mapdyovreg
yia v napayeyikénta wv fooeiddv ka1 pddiota, n éviacn kai n
S1dpxe1d toug, efvar peydin. Emméov, Sev efvar o1 oyeukd ondvieg
xapniég Oeppoxpaoieg kabautég mov ennpedouv v anédoon twv
PooerSdv to yerparva, adrd o1 oxeuxd 1oxupoi ka1 puypoi, kKupiwg
Béperor-PoperoSuuxoi Gvepot, oe cuvbuaops pe v upnii oyeu-
K1 vypaoia.

Aé€eig supempiaong: Khpaukol napdyove, fooetdn, napayoyt-
K6TNTA

EIZATQI'H

To ®APOL TTOV ETURQATET O 0L YEWYQOUPUAT] TTEQLOYY] €-
OOA Ue TOAAOUE TEOTTOUE OTLS ATTOGOELS TV COmV RO
™MV AORNON TNE KTNVOTEOPLRNS dRAOTNELITNTAS O QUTIV.
To gldog #ow M PUAT TV EXTEEPSUEVDWV LDV, oL SlabEot-
neg LwoTo@Es (raw 1 SuVOTGTTO TARAYWYS TOVS), O TU-
TTOG TV OTAPARDY EYRATAOTACEMV ROL YEVIXA TO OVOTNUAL
EXTOOPNG TO 0700 ePoEUSLeTon, emneedlovral og ueyd-
Lo faBud amd ) daxriuoavon Tmv Ty ®oL T ouvova-
ouévn enidoaon Tov xMuaTirdv Tagaydviwy (Oeouo-
1QaO(a, OYeTUY VYQAOTKL, AVENOL, VETES) #aTd TH SLGQUEL
Tov €toug (Katoaoivng zatw Zuyoyidvyng 1998).

Emumhéov, ta Lha g vyniic mapaywynic travaeTn-

Epeuvvnuxkn
Original article
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ABSTRACT.This paper presents a study of the climatic factors
(temperature, relative humidity, wind, precipitation) affecting cattle
production in the area of Thessaloniki, the main dairy-farming
region of Greece. Data was collected from 1990-1999 and was
classified in zones, day-types were created and indexes and scales
were used in order to study the annual and seasonal effects of
climate. From this study, it was confirmed that high temperatures
and high relative humidity are the most important factors affecting
cattle productivity in the area. The intensity and duration of such
conditions are high. Moreover, it is not low temperature per se, a
relatively rare phenomenon, that affects cattle performance during
winter but the relatively strong and cold, mainly north-northwest
winds, combined with high relative humidity.

Keywords: Climatic factors, cattle, productivity

INTRODUCTION

The local climate in a geographic region affects in many
ways the animal performance and farming activity. The
species and the breed of animals kept, the availability of
feeds (and the ability to produce them), the type of barns
and the method of animal farming that is practiced are in
general affected to a great extent by the combined effect of
the various climatic factors (temperature, relative humidity,
wind, precipitation) and the variability of the climate during
the year (Katsaounis and Zygogiannis 1998).

Moreover, high yielding Holstein cattle that are kept

today on Greek dairy farms are affected to a greater extent
by the various climatic factors compared to those of other

Ivourtovto Avamapaymynis xou Texvnmig Zxeonoréyyvong Ioviag
O¢o/vinng

Hugpounvia vrrofolijs: 23.12.2002
Hugoounvia eyxpioews: 19.02.2003

Institute of Reproduction and Artificial Insemination, Ionia,
Thessaloniki, Greece

Submission date: 23.12.2002
Approval date: 19.02.2003



42

I'. E. BAAEPTAKHY

tag @uAg Holstein ta omtoila éXTQ€QovToL oNueQa oTLg UO-
vadec moaymyng aryeAadivol YAAATOS TS XMDOUS UGS, €-
mnoedlovran og peyalitepo fabud amd Tovg didpoovg
RALUOTLROUG TTORAYOVTES 08 OYEoN ue Ta Liha dAwv gu-
v, Ta ool exteéoviay mohadtepa (Katoaoivng va
Zvyoyudvvng 1998).

O emdpdoeLs g Bepuoraotag otig amodSoeLs TV
LoV elvan exelveg Tov €xovy uehemBel TeQLOOGTEQO OTLS
ALAPOQES RAMUATIRES TTEQLOYES %alL EXEL EVTOTLOTEL EVaL €1-
00¢ BEEUOREACLAV TO OTTOTO €)EL YAUQAXRTNOLOTEL ATt OLd-
(POEOUG £QEVVNTES WS "oudéTepn Oeouwnr| Covn" (Albright
and Arave 1997, National Research Council 2001), Céhvy
"aveong" (Fostier et al. 1985, Ensminger 1993, Capdeville
and Tillie 1995), "evroing mpooapuoyns" (Capdeville and
Tillie 1995) 1} "dratonomg mg mapaywywomrag” (Graves
and Brugger 1996, Katoaotvng naw Zvyoyudvyng 1998).
"EEw 0716 tar GoLa ovtiig Tg Lahvng Bepuoroaoiav, 1 o~
PayOYWGTNTO TV BoogddV uewdvertat. L to avatarto 6-
QL0 VTTAQYEL OXETIY] CVUPOVIC UETOED TmV EQEVVNTAIV
(20°C-25°C) (Fostier et al. 1985, Ensminger 1993, Rado-
stits et al. 1994, Wathes and Charles 1994, Capdeville and
Tillie 1995, Graves and Brugger 1996, Albright and Arave
1997, Katoaouvng rar Zuyoyidvvng 1998, Katoaotvng
2000, National Research Council 2001). X¢ Bepuoroaoieg
VYNAGTEQES 0TS QUTES, 1) RATAVAMDOT TEOGPNS 0TT6 Tt fo-
0e1d1 nerdvetan (1 peimon proet va Eemtepdoet 1o 20%,
avagépovral rou TWES €mg 55%) (Holter et al. 1997,
Eastridge et al. 1998, National Research Council 2001) e-
VG AVEAVOVTOL OL EVEQYELAKES AVAYHES CUVTIHONOTS TOUS
(7-25%) (Eastridge et al. 1998, Fox and Tylutki 1998,
National Research Council 2001). Autd €yet wg amotéhe-
OUOL T UETMON TS TAQUYWYNS YAMITOS XalL TOV TTEQLOQL-
oud Tov QUOLOT ABENONE TV POOEHYV, T UElMOT TS YO-
VILGTNTAC TOUC AL OE ARQOIES TTEQUTTMOELS TOV TTEQLOQL-
oud M row ™MV Ao TOV EXOMMADOEMV TN AVATAQOY WYL
#1ig Toug dpaotnoudtitag (Fostier et al. 1985, Radostits et
al. 1994, Albright and Arave 1997, Katoootvng xow Zvyo-
yudvvng 1998, National Research Council 2001). T'ia A6-
YOUg 0UY1OLONG ONUELBIVETOL GTL TO OOL0 OEQUIXNG ®OTaL-
TéVNONGS yLa avBpamovg mov eQydtovral eivar ou 30°C
(Delaney and Goldfrank 1998). I'la. To ®otedtato 6010 g
"ovdétene Bepmurtic Lavng" oL avagoeéc apyitovy amrd
toug 5°C (Ensminger 1993, National Research Council
2001) row ratarjyovv (ouyvdtepa) yipw otovg -5°C
(Fostier et al. 1985, Radostits et al. 1994, Capdeville and
Tillie 1995, Graves and Brugger 1996, Albright and Arave
1997, Katoaotvng 2000). Ta fooedri tpooaoudtovion ue
oyxeTxn evrohio otig Younhéc Bepuonrpaoies avEdvovtag
™V RATOVAMDOT) TQOPHG, 08 BEQUORQACTES SUME XAUNAG-
teec amd -5° C o1 eveQYELOnES TOUg avdyxres avEdvovton
ONUOVTIXA KO 1] TTOQOYWYLROTNTA TOVS aQ)iTeL VO UeLive-
touw (National Research Council 2001). Znpewdveton 6t yio
TOVG TOAY VEQQOUg UGOoXOVS (MEYOL THY NALRTC TV TOLADV
epdouddmv), wg ratdtato 6oL g "ovdétepng Bepuunryic
Covng" avagégovran ot 7°C (Capdeville and Tillie 1995)
ot 15°C (National Research Council 2001), evaé yia tovg

breeds that were kept in the past (Katsaounis and
Zygogiannis 1998).

The effects of temperature on animal performance
have been studied in detail in most climatic zones and
temperature profiles have been identified, referred as the
"thermo-neutral zone" (Albright and Arave 1997, National
Research Council 2001), "comfort zone" (Fostier et al.
1985, Ensminger 1993, Capdeville and Tillie 1995), "easy
adaptation zone" (Capdeville and Tillie 1995) or "zone of
maintenance of productivity” (Graves and Brugger 1996,
Katsaounis and Zygogiannis 1998). Outside the limits of
these temperature zones, the productivity of cattle is
reduced. It is generally agreed that the upper limit is 20°C
-25°C (Fostier et al. 1985, Ensminger 1993, Radostits et
al. 1994, Wathes and Charles 1994, Capdeville and Tillie
1995, Graves and Brugger 1996, Albright and Arave 1997,
Katsaounis and Zygogiannis 1998, Katsaounis 2000,
National Research Council 2001). At higher temperatures,
cattle can reduce feed consumption (the reduction can be
more than 20%, a case of a 55% reduction is reported)
(Holter et al. 1997, Eastridge et al. 1998, National Research
Council 2001), while their net energy maintenance
requirements increase by 7-25% (Eastridge et al. 1998, Fox
and Tylutki 1998, National Research Council 2001). This
increase results in reduced milk production, body weight
gain and fertility and in extreme cases anoestrus (Fostier
et al. 1985, Radostits et al. 1994, Albright and Arave 1997,
Katsaounis and Zygogiannis 1998, National Research
Council 2001). For comparison reasons it is noted that for
humans in working conditions the heat stress limit is set at
30 °C (Delaney and Goldfrank 1998). The lower limit of
the thermo-neutral zone is reported to be about 5°C
(Ensminger 1993, National Research Council 2001).
However, many reports conclude that the lower critical
temperature is around -5°C (Fostier et al. 1985, Radostits
et al. 1994, Capdeville and Tillie 1995, Graves and
Brugger 1996, Albright and Arave 1997, Katsaounis 2000).
Cattle adapt relatively easily to low temperatures by
increasing their feed consumption, but at temperatures
lower than -5°C, their net energy requirements are
increased and their productivity starts to decline (National
Research Council 2001). It must be noted that for very
young calves (up to the age of three weeks), 7°C
(Capdeville and Tillie 1995) or 15°C (National Research
Council 2001) are reported as the lower limit of the
"thermo-neutral zone" while for older calves this limit is
about 5°C-10°C (Ensminger 1993, Radostits et al. 1994,
Capdeville and Tillie 1995, National Research Council
2001). At temperatures lower than these, net energy
maintenance requirements of calves increase (about 13%
for each 5°C decline of the temperature) (National
Research Council 2001), which results in a reduced body
weight gain or even in a weight loss.

Cattle productivity is adversely affected by both high
and low relative humidity. High relative humidity increases
heat sensitivity when the ambient temperature is high (i.e.
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ueyalitepovg oe nMria avagpépovrtol Bepuoxrpaoiec ue-
108U 5°Cran 10°C (Ensminger 1993, Radostits et al. 1994,
Capdeville and Tillie 1995, National Research Council
2001). e BepuorEaoies YUUNAGTEQES QIO AUTEC, OL EVEQ-
YELORES AVAYRES CLVTHONONS TWV PEOYWV cwEdvovton (fte-
olmov »atd 13% avd 5°C mdon me Beoporpaciog)
(National Research Council 2001) pe amotéleou ™ uet-
oM 10V PUOBOYU AUENONS TOUS Y] ORGP RO TV OTTHOAE LD
Bagovg.

H oyetnn vypaoia, T600 1 vynin 600 now 1 xounh, -
mneedel apvurd ™mv mopaywywdtta tmv fooeldav. H
VYN oxeTrn vyeaoia ovEdvel Ty atobnom g Bepud-
™mTag oto Loa dtov emreatotv vymhéc Bepuorpacieg
(ueiwon g woavdtrog amopolric Beoudtrog pe eEdtu-
on), eV GTav emRQATOVY XOUNAES ™) ueudver (Lelmon mg
uovarteig idmrag Tov tordratog) (Fostier et al. 1985,
Ensminger 1993, Radostits et al. 1994, Wathes and Charles
1994, Capdeville and Tillie 1995, Graves and Brugger 1996,
Veenhuizen 1996, Albright and Arave 1997, Katoootvng
now Zuyoyudvyng 1998, National Research Council 2001).
H vymAn oxetxn vyoaoio og cuvOvaous ue g VYnAEg
Bepuorpaoiec eVVoel TNV avAaTTuEn TaBOYOVOVY WREO0Q-
YOVIOUMV %o v ovENon g voonoedmrog ((Fostier et al.
1985, Radostits et al. 1994, Capdeville and Tillie 1995,
Veenhuizen 1996, Katoaovvng xrar Zvyoyidvvng 1998,
Kartoaotvng 2000). AAMG o oL TaQateTapéves teiodot
XOUNATC oxeTIRIiS VY pooiag €xouvy duouevr) etidpaon oto
avasvevotrd ovompa tov Lonv (Katoaotvvng now Zv-
yoyudvvng 1998).

Ta amodertd GQLaL TS OYETIMNG VYQOOTAS OYETICOVTOL
dueoa e ™ Bepuoxpaoia tov meQupdihovtog (Capdeville
and Tillie 1995). “Etot, av row yevind Oewpeiton 6t Tuég
oyxetrig vypaoiag uetat 60% now 80% eivon ot LdAVIRS-
tepeg (Ensminger 1993, Veenhuizen 1996), oL avdtateg Tt
UES dLapEEovy onuavTLrd ®oTd TS OLAPOQETIRES ETTOYES
oV €10Vg (85% otovug 5°C rat 60% otovg 30° C) (Fostier
et al. 1985, Capdeville and Tillie 1995). AvtiBeta, 10 600g
TOV AVOPEQOUEVIV (G RATDTATMV TUMV ELVOL UHQEGTEQO
(50% omoug 5°C nou 40% otovg 30° C) (Fostier et al. 1985,
Ensminger 1993, Capdeville and Tillie 1995).

O vetdg (Peoyn, xLovy, xdialo) avEdvel Tov vygoue-
OGS Pabud otoug xweovg drapimong tmv Towv xo dnu-
ovpyel "exBondteo" wrporiina. v EAAda, todxrerton
OUOLAOTIXA Yot fROYOTTTWON), POV OTIS TTEQLOOOTEQES TTE-
QLOYES AOUNONS TS FOOTEOPLRNIS dQAOTNELOTHTAS, T €-
TELTGALL YLOVETTTWON S ®o xohaldmrmong dev elvan ovyvd
(2-3 avd €1og) (PASrag 1997).

H évtaon tov avépmv eivar emtiong €vog vMuatindg
TOQAYOVTAS TTOV UTOQEL VO EMNEEATEL TNV TTAQAY MYLRO-
™o TV fooelddv. H atEnon g tayxitrog tov avEépov
»atd 1 m/s (mepimov 2 xéuPorn 3,6 km/h) moorahel ota
Cavo par alobnon younhdteong Bepuorpaoiog natd 1°C
®atd ) Beuvi] TEEI000, EVA RATA TN XEWEQWY, 1] 0loBY)-
on auvty elvor younhdtepn xatrd 2°C Touldylotov
(Capdeville and Tillie 1995, National Research Council

the ability of heat exchange through evaporation is
reduced) and decreases it at low temperatures (reduction
of hair’s insulation capacity) (Fostier et al. 1985, Ensminger
1993, Radostits et al. 1994, Wathes and Charles 1994,
Capdeville and Tillie 1995, Graves and Brugger 1996,
Veenhuizen 1996, Albright and Arave 1997, Katsaounis
and Zygogiannis 1998, National Research Council 2001).
High humidity at high temperature favors the growth of
pathogenic microorganisms and increases the morbidity
(Fostier et al. 1985, Radostits et al. 1994, Capdeville and
Tillie 1995, Veenhuizen 1996, Katsaounis and Zygogiannis
1998, Katsaounis 2000). Prolonged periods of low relative
humidity have a negative effect on animals’ respiratory
system as well (Katsaounis and Zygogiannis 1998).

The acceptable levels of relative humidity are related
closely to the environmental temperature (Capdeville and
Tillie 1995). Although it is generally considered that
relative humidity values between 60% and 80% are ideal
(Ensminger 1993, Veenhuizen 1996), upper limits differ
considerably in different seasons of the year (85% at 5°C
and 60% at 30°C) (Fostier et al. 1985, Capdeville and Tillie
1995). In contrast, the variability of the lower limits is less
(50% at 5°C and 40% at 30°C) (Fostier et al. 1985,
Ensminger 1993, Capdeville and Tillie 1995).

Precipitation (rain, snow, hail) increases humid
conditions in cattle barns and can create a more harsh
microclimate. In Greece rainfall occurs in most dairy cattle
breeding regions and the incidence of snow and hail is rare
(2-3 occasions per year) (Flokas 1997).

Wind speed is also a climatic factor that can affect cattle
productivity. An increase of 1m/sec (approximately 2 knots
or 3.6km/h) in wind velocity corresponds to a lower tempe-
rature sensitivity by cattle of 1°C during the summer, while
during the winter temperature sensitivity is at least 2°C
lower (Capdeville and Tillie 1995, National Research
Council 2001). The combination of wind and high relative
humidity, when the ambient’s temperature is low causes an
even lower temperature sensitivity in cattle (wind chill
effect) (Capdeville and Tillie 1995, Katsaounis and
Zygogiannis 1998). During winter, wind speed inside cattle
barns should not exceed 0.5m/sec for adults and 0.25m/sec
for young cattle (0-4 months old) (Capdeville and Tillie
1995), but airflow should not be impaired in upper areas of
barns since in that case, ventilation (necessary for the
reduction of relative humidity, ammonia levels and the
number of pathogenic microorganisms) would be impos-
sible (Capdeville and Tillie 1995, Graves and Brugger 1996,
Fox and Tylutki 1998, Katsaounis 2000). In contrast, during
the summer period, an increased wind speed (4-5m/sec) is
desirable, in order to minimize heat stress (Capdeville and
Tillie 1995, Veenhuizen 1996, Katsaounis 2000).

The combined effect of climatic factors on heat stress
of cattle has been the object of extensive research and
comprehensive reviews (for example, Kazdere et al. 2002).
Temperature-Humidity Index (T.H.L.) is the most well
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2001). O ovvOVAOUSE AVEROU KoL VYNATS OYETLRIS VYOO
otlag, dtav 1 Bepuorpaoia tov Teplpdilovtog elvar yaun-
M), TRORAAET andpa xaunAdteen aiotnon Bepuoxrpaociog
ota fooedri (Capdeville and Tillie 1995, Katoaotvng xa
Zvyoydvvng 1998). Kotd ) yewueuvi] tepiodo, 1 toyit-
A TOV AVEROU 0TO Aueco TeoLdlhov Tmv Booetddv dev
Ba mpémeL va Eemepvd tal 0,5 m/s yua ta evihra xow o 0,25
m/s yia 1o vead foogdn (0-4 unvav) (Capdeville and
Tillie 1995) otte B€Pana vow vo aeumoditetal TAHomS 1
®ivnon tov ota VymidteQa onueia Tmv Lwootacimy, apot
OV TEQITTTMON CUTH 0 AEQLOUAS TOVS (ATTaALTNTOG YL
™ UElWON TS OYETIRIIC VYQAOTAS, TV ETMTEdWY TS Q-
Hoviag %ot TG CUYREVIQMONGS TV TAHoYOVmY KrQO0Q-
yovioumv), Oa etvar advvarog (Capdeville and Tillie 1995,
Graves and Brugger 1996, Fox and Tylutki 1998, Katoo-
otvng 2000). AvtiBeta, natd ™ Ogouvi epiodo emintei-
Tow 1 QUENUEVN Tor T ToL TOU avEpov (4-5 m/s), e oromto T
nelwon g Beouurric xatamévnong twv Lowv (Capdeville
and Tillie 1995, Veenhuizen 1996, Katoaotvng 2000).

e 6,1 0oEd T CUVOVAOUEVY ETIOQAON TV *ALUOLTL-
ROV TOQAYGVIWV, AVIIREIUEVO CUOTNUOTIRYS UEAETNG € EL
amoteléoel 1) Bepunt] xatamdvnon TV Pooeldamv nal €-
youvv dnuootevdel aElshoyes PLMoyQapués avaoromn-
oelg (.. Kadzere et al 2002). O Agirg Oepuonpaoioc-
Yypaotag (Temperature-Humidity Index 1 T.H.I)
(Fuquay 1981, Armstrong 1994) etval o yvootdtegog del-
ATNG TTOV Y ONOLUOTTOLE (TOL YLOL TV UETENON TS OeQUIrNiS ®a-
tastévnong. ITwo mpdopata (Fox and Tylutki 1998) now pe
OXOTS TNV axELPECTEEN TEQLYQAPY] TWV CUVONKRMV TOV
TEORAAOTY BeQuLrt] ®aTaTGVNOT, ExEL TeoTafel 0 Agintg
«Amoteleopotniic» Oepuorpaoiag (Effective Tempe-
rature Index), o omolog »aw yonopoTomnre yio Tov
TTEOTILOQLOUG TNG ETIOQUONGS TOV RMUATIRDY TAQAYSVTMV
OTLS AVAY®ES YL aBaEY] EVEQYELL TV YOMAXTOTALQOY M-
vav aryehddmv yo T ouvrijonon tovg (NE,,)). Avtifeta, 1
ouvOvaouévn (avnTry) exidaon TV RAUATIXWY TTo-
QUYSVIMV RATA TN (ELUEQLVT] TTEQT0DO, HOMC TESOPATA
(National Research Council 2001) €xeL yivel mpoomdBeio
VO EXPEAOTEL TTOTOTLRA.

H mopotoa e0yaoia €)eL WS AVTLRELUEVIRG OROTO T
UELETN TOV RALUOTIRADV TAQAYGVIWV OTNV RUQLA TTEQLOYN
doxnong mg pootgogiryc dpaotnotdtrog oy EAldda,
HOTE 10 arroteAEopata va yenopomom oty we fdon yio
70 OYedaopUS TV fovotacimy.

YAIKA KAI MEOGOAOI

H mteproxm n omolo emmhéxOnue yio T peén v #h-
UOATLRGV TAQAYSVIOV Lval 1) evEUTEQET TTeELoy Tov No-
Hot O@eaoahoVIrNG, OTNV 0TTOT0 VITOAOYICETOL GTL TTOQAYE-
tat 10 30% g eOvirng mapaymyng ayehadivoy ydiatog
(Apostolopoulos 1999).

H popgoloyio 1ov edAmous TS CUYRERQUUEVNS TTEQLO-
K¢ mowrlhher onuavtind non teQLhapupdvel Ty medidda
™S Oecoarovinng (1 omoia ementelveTal VIGS TV 0QlmV
tov Nopuav HuaBiog wou [TéAhag mpog duoude now tov No-

known index used to measure heat stress (Fuquay 1981,
Armstrong 1994). More recently and in order to describe
more accurately the conditions that cause heat stress, an
"Effective Temperature Index" (E.T.1.) has been proposed
(Fox and Tylutki 1998). This index has been used to
account for the combined effect of the climatic factors on
the net energy requirements for maintenance (NE,,) of
dairy cows. In contrast, the combined (negative) effect of
the climatic factors during winter has just recently been
addressed quantitatively (National Research Council
2001).

The objective of this paper is to study the climatic
factors in the main dairy farming area of Greece and use
the results as a basis for the design of cattle barns.

MATERIALS AND METHODS

The area that was selected for the study of the climatic
factors is the broader area of Thessaloniki County. It is
estimated that cow milk production in this area is greater
than 30% of the national production (Apostolopoulos
1999).

The geography of the area is diverse. It includes the
plain of Thessaloniki (which extends to the counties of
Imathia and Pella to the west and the county of Kilkis to
the north), the basin of Lagadas, the semi-mountainous
area of Sokhos and the mountainous areas of Vertiskos and
Khortiatis. Dairy farming is intense in the plain of
Thessaloniki and in the areas of Lagadas-N. Appolonia and
Sokhos.

The data on climatic factors were collected by the
Greek National Service of Meteorology (NSM station No
622, Mikra). It is considered that this data can be used as a
basis to study the climatic conditions that prevail mainly in
the plain of Thesaloniki and the basin of Lagadas. These
areas are within a range of 30-40 km from the station, have
a similar altitude and hydrological conditions (rivers and
lakes respectively), and are classified in the same or an
analogous zone concerning their average sunlight hours,
barometry, annual temperature range, relative humidity
and precipitation (Flokas 1997).

The data was collected for 1990-1999, including
temperature, relative humidity, wind and precipitation. The
data on the first three factors include, for each day, eight
measurements (every three hours, 00:00, 03:00, 06:00,
09:00, 12:00, 15:00, 18:00 and 21:00) and are expressed in
degrees Centigrade (temperature), as a percentage
(relative humidity), in degrees (wind direction) and knots
(wind speed). The data on precipitation are 24-hour
observations and include total precipitation in millimeters
and total duration in hours and minutes.

The data were studied in three ways. The first analysis
was the individual study of each climatic factor. The second
analysis was the study of each climatic factor during each
season of the year and finally the combined effect of the
factors was assessed.
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not Kihxzic mwoog foood), ) hendvn touv Aayradd, v n-
ULOQELVT] TTEQLOYY TOL Z0)0U %L TLS 0QELVES Tou Beptionou
»ou tov Xopudm. H ayehadotpogurri dpaomerdmra &i-
vat €vrovn oty edidda e Oecoalovirng roL OTLg me-
oLoyéc Aayradd-N. Arorlhwviag xal Zoyov.

Ta oot elo. TV RMUOTRAY TAQAYSVIMmY TEOEQYOVTOL
and petenoets s EOvintic Metemporoywnric Yaneeoiag
(0t0Buds 622, Minpa) now extpdrol 6t elvan duvatdv va
yonowuomomBovv wg fdon uehéme v ouvinuay oL o-
molec emxrEATOUY oTHV TTedLdda g Oeooalovinng rueing
%o devteEEVGVIWG 0T Aendvn Tov Aoryradd. O teQLoyéc
atég Bolonovran evtde axtivag 30-40 yMopéTomv omd 10
otafuS HETENONG, EXOVV TAQGUOLO VPOUETOO %al VOQO-
yoagia (srotapol xat AMuveg aviiotorya) »ol #aTatdoco-
vtow oty (O (1 avdioyn) Tdvn og 6,1 apoed T uéon
SLaEnELO NMOPAVELAG, T UEOT PAQOUETOLRT] RATAOTOOT),
70 €TOL0 OgQUOUETOLRS EVQOGC, TN UEON OYETLRY VYQUOTX
%o 10 PEoo Poyouetond tipog (PAérag 1997).

Ta otovyeia agpoeovv ™ dexoetia 1990-1999 xal ou
nhpotrol Tadyovteg mov peletiidnxay elvor 1 Oepuo-
%rpaola, ) oxeTry VyEaoia, o dvepog %ot o vetde. Ta otot-
YEUOL TOV TEUHV TEATOV TARAYOVTOV TTeQLAapPdvouy, Yo
%d0e NuEpa, oxntd peTEroels (avd tolmeo, dMniadi Tig k-
&g 00:00, 03:00, 06:00, 09:00, 12:00, 15:00, 18:00 xnow 21:00)
®au exgodlovial,  Bepuonpaocia ae fabuoic Keholov, 1
oxeTry vypaoia el Tolg Exato, ) OLetBuvon Tov avéuou
o€ Poleg ro M €vioom tov avéuov og xoufove. Ta otot-
¥€ela Tov VETOU apoEovy 0AG*ANEO T0 24mE0 %ot EXPEA-
Covta: To OUVOMKG TYOg O YIMOOTA TOU PETQOV %L 1| OU-
volxy dLdpxreL 08 MPES RO TEWTA LETTTA.

H perém tov xhpatirdy mogaydvimv €ywve o tola
otddwa. Zto edTo, ueheTNONKAY EEXWOLOTA TO XOQOXTY-
oLotrd ®afevig ammé autots. e deiTeQO OTAdL0 UENETH-
Onrov Ta XaEarTELOTLRA TOUS avd oYY TOU £TOVE KL
o€ To(To 1 oVVOVAoUEVT ETTdEON TOVG.

Zougpmva (e GO0 aVapEQOVTOL OTHV ELOOYWYT], VTTOAO-
yiomxre aQywrd o aQLOuGs Twv mEA@V Tov TeQLAAUPAVO-
VoL, avd €10g, o€ ®dbe plo amd Tg ToQondTw Ttévte Lo-
veg Bepponpaoiac: o) Zavy T-1: Mydtepo and -5°C, B)
Zawvn T-2: ané -5°C €wg 5°C, v) Zawvn T-3: ané 5°C éwg
22°C (avadtato 6pLo ovdétepng Oepuxic tavng 20° C mg
25°C), 8) Zavy T-4: o6 22° C éwg 30°C nave) Zavy T-5:
meELocGTEQO até 30°C.

Me pdon ™ drantpovon g Beopoxrpaoiog ®votd ™
dudorela Tov 24mpov (eEapénray oL toels Bepudtepeg
1] OL TEELS YUYQGTEQEC DOES TS NUEQAS), OLALUOQPOBNHAY
emiong mévre timow nuépag: 1) Huéoa tomov T-A: natd ™
dLdpneLd ™ N BepuoREAOT TOQOAUEVEL XOUNAGTEQN 0Td
5°C, 1o Mydteo el 21 doeg, 2) Huéoa timov T-B: notd
™ didorerd g 1 Beguorpaoia eivar younhdteon amé 5°C
YL0L TTEQLOOGTEQES OTtd 3 %ot Arydtepeg artd 21 peg, evarm
uéywot Bepuoxrpaoio dev Eemepvd tovg 22°C, 3) Huéoa
imov T-C: natd ™) dudoxreld g 1 HeQUOrQAOTN TTAQAUE-
vel peta&d 5°C nou 22° C, 1o Mydtego eni 21 dec, 4) Hué-
oa tomov T-D: notd, ) dudpreld mg 1 Oepuorgacia eiva

The number of hours that are included in the following
temperature zones per year was calculated: a) Zone T-1:
less than -5°C, b) Zone T-2: from -5°C to 5°C, ¢) Zone T-
3: from 5°C to 22°C (upper limit of the thermo-neutral
zone at 20°C-25°C), d) Zone T-4: from 22°C to 30°C and
e) Zone T-5: more than 30°C.

The daily fluctuation in temperature during the 24-hour
day period (the three hottest or the three coldest hours of
the day were excluded) was classified as "Temperature day-
types": 1) Day type T-A: temperature remains lower than
5°C, for at least 21 hours, 2) Day-type T-B: temperature
remains lower than 5°C, for more than 3 and less than 21
hours and maximum temperature does not exceed 22°C,
3) Day-type T-C: temperature remains between 5°C and
22°C, for at least 21 hours, 4) Day-type T-D: temperature
remains higher than 22°C, for more than 3 and less than 21
hours and minimum temperature is not less than 5°C and
5) Day-type T-E: temperature remains above 22°C, for at
least 21 hours.

The study on relative humidity conditions followed a
similar methodology. The first step was the calculation of
the number of hours per year that are included in each of
the following relative humidity zones: a) Zone H-1: relative
humidity clearly lower (more than 5%) than the lowest
desirable, b) Zone H-2: relative humidity near the lowest
limit (up to 5% less than the lowest desirable), ¢) Zone H-3:
relative humidity clearly inside the acceptable limits (from
lowest desirable up to 5% less than the highest desirable), d)
Zone H-4: relative humidity near the highest limit (up to
5% less than the highest desirable) and e) Zone H-5:
relative humidity clearly higher than the highest desirable.
Moreover, the number of hours per year, that relative
humidity reached or exceeded the "absolute high value" of
90%, was also calculated.

Relative humidity was very variable during the 24-hour
period of the day, so the time limit of 12 hours was selected
in order to make the classification in "Day-types". Thus the
following five "Day-types" were formed: 1) Day-type H-A:
relative humidity remains clearly lower than the desirable
level for more than 12 hours, 2) Day-type H-B: relative
humidity remains clearly lower than the desirable level for
more than 3 and less than 12 hours, 3) Day-type H-C:
relative humidity values remain within the desirable zone
for at least 21 hours or present a diurnal fluctuation outside
this zone, both lower and higher, but the difference in their
duration is less than 3 hours, 4) Day-type H-D: relative
humidity remains higher than the desirable level for more
than 3 and less than 12 hours and 5) Day-type H-E: relative
humidity remains higher than the desirable level for more
than 12 hours.

The study on the prevailing winds included their
direction and their velocity. After a preliminary study, they
were classified, according to their direction, in four classes:
a) East-Southeast winds (40-130 degrees), b) South winds
(140-210 degrees), ¢) Southwest-West winds (220-290
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vymAdteen ot 22° C yio teuoodtees and 3 nan Avydte-
peg antd 21 wpeg, evd M ehdyotn Bepuoxrpaocia dev elvat
younhdtepn and 5°C nai 5) Huépa tomov T-E: natd ™
dudpreld g 1 Bepuorpaoio Taauéver vYmMAGTeEN ot
22°C, 10 Mydtepo el 21 dpec.

H pehétn tmv ouvBnudv oxetniic vypaoiag EYwve ue o-
vdioyn ueBodohoyic. Agyrd vitoloyiomure 0 AELOUSS TV
OUVOMXMV WEMV avd €tog TTov Ttepthapfdvoviol o ndfe
pioL artd TG ToARATM THVES OXETLRIG VYQUOLOS: o) Zdvy
H-1: oyetxn vypooio oopng xounhdteen (teploodtepo
and 5%) and mv ehdyotm embountyi, B) Zaovy H-2: oxe-
T vypaoia ogLamd younh (§mg 5% hyoteQo amd vy &-
Mo erBounm)), v) Zaovy H-3: oygnnn vypooio oogag
EVIOS TV atodenTdV 0plmv (ehdyLot embuunty éwg 5%
XOUNAGTEQN QTS T UEYLOTY embupnT), 8) Zavny H-4: oye-
i} vypaota oguaxd WA (€wg 5% younidteon amd
uéyrot embuunt) row €) Zavy H-5: oxetinn vypaoia v-
YnAGtepn and ™ péyom embuunty. Emuthéov vtohoyi-
OTN%E 0 0ELOUGS TV WEMV TOU £TOVS RATA TLS OTTO(ES 1)
oyxenrn vypaoia égtave 1j EemeQvoioe TV «amdiuta v-
YnA» T Tov 90%.

H duontpavom g oygnnric vypaoiog ®otd T udoxela
TOU 24mE0V NTaY UEYAAN RO ETTEAEYN TO QOVLRG GQLO TV
12 @V Yot T0 X0EARTNELOUS TV THTTMY NuEQas. "Etot
dapoepadnxay oL magardtm TEVTe TomoL nuépas: 1)
Huéoa tomov H-A: natd ) dudoreld e 1 oxetixt] vyQa-
olo TUEOUEVEL COPAOS YAUNAGTEQN atd TV ETLBLUNTY] TTe-
owo06Tepes amtd 12 woeg, 2) Huépa timov H-B: notd
OLAQHRELD TG 1) OYETLXI] VYQAOTOL TTOQOAUEVEL TAUPMS (AU
AGTEQEN ATtd TV ETLBVUNTY] YOl TEQLOTGTEQES ATtd 3 %ot A~
yotepeg and 12 doeg, 3) Huéoa timov H-C: »otd ) dudo-
®ELA TNG 1] OXETLRY VYQOOTO TTOQAUEVEL EVTOS TV ATTOOE-
TAV 00TV, TO MydTteQo el 21 tpeg 1 mapovoldlet duo-
ROUOVOT| O GOL0L VYNAGTEQO. HalL YOUNAGTEQX 0Tt TaL ETTL-
Buuntd, n dLapoEd Sumes ™E XoVIRTS dLdExELS TOUG El-
vou reoteEn TV 3 weav, 4) Huéoa timov H-D: natd
OLdoreLd TS 1) O ETLHT| VYQOOTO TTOROUEVEL VYNAGTEQT Ot
™mv eruBupunT Yo TEQLOOGTEQES OTt6 3 o ArydteQeg omd
12 doeg nan 5) Huéoa tomov H-E: votd ) dudoreld g m
oyeTLHn VYEOOTO TOQAUEVEL VYNAGTEON aTtd TV EmtLBVUN-
T YL TEQLOOOTEQEC 0TS 12 hpeg.

OL dvepol ov emrEaTovv otV TEQLOYY] ueheTOnxay
g 7TROE T dLetBuvom row T Evraon tovg. Metd amd mpo-
RATOQUTIHY] UEAETY), QUTOT RATATAYTNRAY, WG TOOS T OLeD-
Buvon] Toug, 0 TE00EQLS ROTYOQIES: o) Avepor AvOToh-
rol-Nowoavatohro( (40-130 poipeg), f) Aveuor Nétiot
(140-210 poipeg), v) Avepor Notwodvtroi-Avtirot (220-
290 potpeg) »on ) Avepotr Boperodutxol-Bspetot (300-30
poipeg). T'ia ™ ueAETn TOUC WE TEOS TV EVIALON, XONOLUO-
o Onre N avepohoyuy vhinono Beaufort (PAdnag 1997)
2B 0L ®TNVOTESPOL elvan eEORELMUEVOL UE VTV, TO-
Téy00va Yonowomomtnrayv Suwg rar diheg povddeg
(km/h) . Yrohoyiomxe exiong o aplBude dvo timmv nué-
oagc: 1) Huépa «Bapddon» (tomurdg dvepoc pe dievbuvon
300-360 poipeg nou Evraom pueyaliteon oo 15 réufovg
-27 km/h vj 5 Beaufort). H ouvn0€oteon dudorerd tov ei-

degrees) and d) Northwest-North winds (300-30 degrees).
Their velocity was studied according to the Beaufort wind
scale (Flokas 1997), because farmers are accustomed to it,
but S.I. units (km/h) are used as well. The number of two
"Day-types" was also calculated: 1) Days of "Vardaris": local
wind, 300-360 degrees direction, velocity of more than 15
knots or 27 km/h (5 degrees on the Beaufort scale). This
wind usually lasts for 1-2 days (Flokas 1997). In order to
classify a day in this "day-type", it should have blown for
more than 12 consecutive hours in the same 24-hour period
and 2) Calm days: no wind for at least 12 consecutive hours
(as for the previous day-type).

The study on precipitation includes: a) monthly and
annual averages, b) the average number of monthly and
annual precipitation days and c) the classification of
precipitation days (Pennas et al. 1997) in five classes: 1)
Day-type P-A: very light rain (0,1-1 mm), 2) Day-type P-B:
light rain (1,1-2,5 mm), 3) Day-type P-C: intermediate rain
(2,6-5,5 mm), 4) Day-type P-D: heavy rain (5,6-11,5 mm)
and 5) Day-type P-E: very heavy rain (more than 11,6 mm).
For all classes, both the average annual number of days and
the average daily duration were calculated. It must be
noted that the data included days with "traces of rain" with
a reported precipitation of zero (0) mm. These days were
not included in the study.

The definition of seasons (winter, spring, summer, fall)
for cattle in the area was based on the temperature "day-
type" classification. The last T-B day defined the end of the
winter period and the beginning of spring, except for the
years 1994 and 1996, during which, a longer than a week
time-period of T-C days intervened before the last (1 or 2)
days of the T-B type. More than three consecutive days of
the T-D type defined the beginning of the summer period,
while the last day of this type defined its end and the
beginning of fall, except for the year 1992, during which, a
longer than a week time-period of T-C days intervened
before the last day of the T-D type. Finally, more than three
consecutive days of the T-B (or even the T-A) type, defined
the beginning of the winter period. Data on all other
climatic factors were then classified and studied for each
season.

The Temperature-Humidity Index and the Effective
Temperature Index were calculated as follows:

a)T.HIL=0.72x (W + D) + 40.6, where W is wet bulb
and D is dry bulb temperature in °C.

b) ETI = 27,88 - (0456 x T) + (0,010754 x T*) -
(0,4905 x RH) + (0,00088 x RH’) + (1,1507 x W) -
(0,126447x W*) + (0,019876x T x RH) - (0,046313x Tx W)
+ (0,4167 x S), where: a) T= Average daily temperature
(in °C) b) RH= Average daily relative humidity (%) c)
W= Average wind velocity, m/s and d) S= Average daily
exposure to direct sunlight, in hours.

Values of 72 and 27, for the Temperature-Humidity

and Effective Temperature Indexes respectively, were set
as lower limits for the heat stress zones (Fuquay 1981, Fox
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vau 1-2 nuépeg (PAdrag 1997) ouvenig yia va X oorTnoL-
otel €10l o nuépa Ba TEEmeL VTS VA UOd YLOL TTEQLO-
061e00 and 12 ovveyduevec deeg 0to 810 24wEo nat 2)
Huépa vnvepiog (drvowa dudprerag tovidylotov 12 cuve-
XOUEVOV MODV, ROT OVTLOTOLY 0L UE TOV TTEONYOUUEVO TU-
IO NUEQQLS).

Ze 6,11 aoQd Tov VeTd, N uehét eQuhaufdveL: o) Tov
VITOAOYLOUG TOU HECOU UNVLOLEOU RO ETHOLOV VYPOUS TV, B)
TOV VTTOAOYLOUGS TOV HEGOV UNVLALIOV %o ETNOLOV 0B
NUEQAV VETOU %aL Y) TV ®atdtaln TV NUeQMY VETOU, -
vahoya ue to nuenoto vpog tov (TIévvag xaw ovv. 1997),
otovg e&ric mévte tomove: 1) Huéoa timov P-A: mokv a-
00evng (0,1-1 xA.), 2) Huéoa tiomov P-B: aoBevic (1,1-2,5
y\.), 3) Huéoa timov P-C: uétpuog (2,6-5,5 yh.), 4) Hué-
0a timov P-D: évtovog (5,6-11,5 yuh.) wow 5) Huéoa timov
P-E: ol €vtovog (teproodtepo amdl1,6 xih.). Tia »aoe
THIT0 VITOLOYIOT®E TOOO 0 PECOS ETHOLOS OLELBUGE NUEQDV
600 »ouwm péon dudorera tov parvougvov avd nuépa. Emi-
onuaivetal edd ot ta otovyela e E.IMLY. mepihopfd-
vouv rou NUEEES e "iyvn PooyNg”, YL T OTToloL avapEQETOLL
vpog vetov undév (0) xhootd. Ot nuépeg avTtég dev ov-
ure LB ray ot uerém).

O %0.000L10UG¢ TV TEQLGOMV-ETTOYMDV (YELUDVALS, AVOL-
En, 0€00¢, POLVETmEO) Yo Ta fo0ELdT| OTH GUYRERQLUEVT
YEMYQUPLXY TEQLOYXY, 0TNOYON®E 0TV naTdTaEn TOV 1-
UEQMV TOV £TOVC O€ TUTTOVG, Ue fdon ™ Bepuoxrgaotia. H
tehevtala nuépa tov timov T-B xaB3p1le 10 TéNOg TE YEL-
UEQVIIC TTEELEdOU nat TNV EVaEN T™E eaEvNg, EXTAS atd
ta €11 1994 won 1996, natd to omtoia, oL 0t Tig Telev-
taieg (11 2) nuépeg awtot Tov Timov, uecorafovos did-
otua peyaritepo g efdopddag amdé NUEQEeS Tov THITOUV
T-C. ITepuoodTeQeg oo TOELS OUVEYXOUEVES NUEQES TOV TU-
7ov T-D %a0851lav v €vaeEn g Beouviic Teptédov, e-
v 1 tehgvtaia NUEQa autoy Tov THIToV oNUATOd0TOVOE TO
TELOG TNS %O TV EVOEN TS POLVOTTMOLVIG, EXTOS ATl TO €-
t0g 1992, ®artd 10 omoio, TELY aItd TV TeLevTaio NUEQA Tov
tomov T-D, mponyndnre dudomua peyolitepo g efdo-
uddag amé nuépeg tov timov T-C. Téhog, TepLoodtepes a-
76 TEELS oLVEYSUEVES NUEEES TOL TVTTOoL T-B (1 %o Tov To-
mov T-A) orvjpouvay Ty €vaeEn ™me XEWEQVIIS TEQLEdOV.
2 ovvéyeo TaEvouniBnray xow ueheTionroy ovd emoyr
AL TAL OTOLYELDL TV VTTGAOLTTWV RAUATLREY TTOLQOYOVTIMV.

O Aginteg: o) ©@gpuonpaoias-Yyoaotag (T.H.L.), o
B) «Amoteleopatirric» Oegpuorpaciog (E.T.I.) vrtoloyi-
OTNRAV OIS TOVS TTAQAKRATM TUITOUC:

o) THI=0,72x (W + D) + 40,6 6wov W »aw D 1 Ogp-
poxaota Tov vyeoy xat Tov ENeotd Bepuopétoov avti-
aToLyO.

B)ETI =27,88-(0,456x T) + (0,010754x T’) - (0,4905
xRH) + (0,00088x RE) + (1,1507x W) - (0,126447 x W*) +
(0,019876x Tx RH) - (0,046313x Tx W) + (0,4167x S) 6-
mou: T = Méon nueprjowe Bepuorpaocia oe °C, RH = Mé-
on NueEYoLa oxeTvN vyaota %, W = Méor tayitta Tov
avéuov oe m/s rat S = Méon nuepnoia ameveiag Exde-
o oty nhaxy axtivoporio og h.

and Tylutki 1998).

The use of the Temperature-Humidity Index (T.H.1.)
is the classical method for measuring the number of heat-
stress days. The Effective Temperature Index (E.T.1.) is a
more dynamic model and it was used to examine the effect
of changing values of its parameters on the number of heat-
stress days that it identifies in the following hypothetical
cases: a) Case C-1: Values of climatic factors in the
microclimate, identical to those in the atmosphere and
direct exposure of cattle to sunlight for 6 hours per day, b)
Case C-2: Microclimate conditions, identical to those of C-
1, except for relative humidity (5% increase), ¢) Case C-3:
Microclimate conditions, identical to those of C-1, except
for wind velocity (50% decrease), d) Case C-4:
Atmospheric temperature, relative humidity increased by
5%, wind velocity decreased by 50%, 6-hour period of
direct exposure to sunlight per day and e) Case C-5:
Microclimate conditions, identical to those of C-1, except
for daily sunlight exposure (3-hour period).

For the winter period, there are no similar equations
for the estimation of cold stress using the above climatic
factors (temperature, relative humidity, wind speed, direct
exposure to sunlight), but it is well known that an increase in
wind velocity of 1 m/s results in a decreased temperature
sensation of at least 2°C (Capdeville and Tillie 1995,
National Research Council 2001). Based on this principle,
the change in the average annual number of temperature
day-types of T-A, T-B and T-C was calculated when cattle
were exposed to winds during the winter period, a) in the
case that wind velocity is decreased by 50% in their housed
environment and b) when cattle are totally unprotected
(100% wind exposure). Moreover, the average number of
winter days of both low temperature (T-A and T-B day
types) and high relative humidity (H-D and H-E day-
types), LT-HRH day-type, was also calculated in both of the
previous cases.

For the statistical description, the arithmetic mean and
the standard error were used (Giannakopoulos 1996). All
calculations were made with the use of the Excel 2000
software program.

RESULTS AND DISCUSSION

a. The climatic factors
1. Temperature

The average number of hours per temperature zone per
year and the respective average annual percentage of each
zone’s duration are presented in Table 1. The number of
hours of very low temperature (T-1 zone, negative effect
on cattle productivity) is very small. The relatively cold T-2
zone, during which is necessary to provide protection to
young calves, but a negative effect on the productivity of
older cattle is doubtful, constitutes only 11.3% of total year
duration. The ideal temperature zone for cattle (T-3 zone)
constitutes its largest part (5,527 hours, 63.1%). The zones
of high temperature, during which cattle productivity is
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Q¢ ratdtata 6L Yo g Loves Beomurig vatamdvn-
ong opiomray oL e 72 vaw 27, yua tovg deinteg T.H.I
xnow E.T.I avtiotovya (Fuquay 1981, Fox and Tylutki 1998).

H yovjon tov Aeintn Ogpuonpaoios-Yypaoioag (T.H.L.)
amotehel TV vhaowr uéBodo pétenong Tov aEBpPov Twv
nueedv Bepuntc rotamtdvnone. O Aelntng «Amotehe-
ouatic» Ogpuoxpaoiog (E.T.L.) amotelel éva mo duva-
ARG TEQLYQAMLUG LOVTELO %L ONOLUOTOiONX®E Yic TOV
EAEYYO TMV TORAXATM VITOHETIRADV TEQUITHOEWMY UE OXO-
716 ™ SrastioTwon g enidOONS TTOL €xELT) LETAPOA] TV
TOQAUETOMV TOV OTOV ALOUS Tmv Nueav Oepuurnig rata-
TGVNONG IOV «eVTOTiCew: ) Yrdheon C-1: Tyég whparti-
ROV TOQAYGVIWV 0TO IKQORANAL (BLES UE TLS ATUOOPOLQL-
%€ nou 6wEN astevBeiog xBeom Twv Cdwv oty nhwaxn a-
rntwofolia, B) YadOeon C-2: ZuvOnueg rQorAipotog -
deg pe mv véBeon C-1, extdg amd ) oxeTinn vyeaoio
(avEnuévn natd 5%), v) Yrobeon C-3: ZuvOnnes uro-
»hiparog idreg pe Ty viréBeon C-1, extdg amtd v Toi-
T0L TOV AVEROU (Uelmuévn ratd 50%), 8) Yadbeon C-4: Mu-
%®EOXA{U ne BeQuoraoio (OLaL LLE TNV ATHOOMOLOLXY, O)E-
TN vyeaoio avEnuévn ratd 5%, ToiTTa ToU OVEROU
uermuévn ratd 50%, 6men éxbeom twv Lhmv oty nAax
antwvoforia nouw €) YadOeon C-5: ZuvOnreg wumnoorhipo-
Tog (0eg ne v vdBeon C-1, adhd pe 3won amevbeiog Ex-
Beom oty nhuomn axtvofolia.

e 6,tL agod T XeLeown teQiodo, dev Exouv pota-
Bel avdhoyeg CUVOQTHOELS YLOL THY EXTIUNON TG RATATTG-
VNONG TTOV TTROXAAELTOL OITO TO YUY OG, OL OTTOLES VaL YONOL-
LLOTTOLOUY TOUG TTAQUTAV® ®Mpamirovg tapdyovies (Be-
HOREAOT0L, OYETIRY VYQAOICL, TAUTNTO TOV OVEUOU KL €%~
Beon omv nhaxy axtvoporia). Elval Sumg yvoom 1 uet-
oM g alodnong e Bepuorpaciag ratd TovAdyLoTov
2°C, v omoia Teorahel oTo fooeldn wa avEnon mg to-
yomrog tov avéuov xatd 1 m/s (Capdeville and Tillie 1995,
National Research Council 2001). Me Bdon avti v aQ-
¥, VToroyiotxe N petafolii Tov agLdpot tmv Beguorga-
oworav Tomav nuégag T-A, T-B o T-C, amd v éxbeon
TV LDV 0TOVG OVEUOVS TG TTEQLOYNG KATA TH Y ELUEQLVT|
(00, 0) oV TEQimTmon ratd ™y omoia 1 TayiTnTa
TOU OVEROU E(VaL, OTO YMHEO OLLPlwoNg TOUS, UELWUEVY ROl-
14 50% o P) oy weQinTtwon vatd v omoio dev Tovg
mopéxetal xoula tpootacta (100% €x0eon otovg avé-
novg). Emuthéov, vtoroylomue o pécog etiotog a.otbuds
TOV NUEQWMY THE YELUEQVIG TTEQLOOOV (Puépes Tvmov LT-
HRH), natd. g 0moteg ouvumdeyovyv ouvOixrec xauninic
Oepporpaoiag (Muéoeeg timov T-A non T-B) naw vymiic
oyxeTng vyoaotag (Muépeg tmov H-D »aw H-E), 1600
otV TEQITTMON TAEOUE TTEOOTAOLAS TV BOOELMV amtd
TOV AVENO GO0 %O OTLS OO TEQLITTDOELE TTOV TEQLYQAPO-
VTOL TTOQATTAV®.

Io v TepLypagn TV OTOTLOTIRGY OTOLXELMY XONOL-
poromBnxre o aplBunTrds uéoog 6pog (arithmetic mean)
%o 1o Twmké opdhua (standard error) (Tavvardmovhog
1996). “Olot 0L VTTOAOYLOUOT EYLVOY LLE TH Q1 0T TOU TTQO-
voduuoarog Excel 2000.

negatively affected, that is, the warm T-4 zone and the hot
T-5 zone, together constitute approximately 25.6% of total
year duration.

The average number of each "temperature day-type"
per year and the respective average annual percentage of
each day-type are also presented in Table 1. The relatively
"cold" T-A days, during which is necessary to provide
protection to young calves and the productivity of older
cattle could be impaired are rare (11.7 per year or 3.2%).
The cool T-B and the mild T-C days constitute 18.2% and
38.1% respectively, of total year duration. On the contrary,
warm T-D and hot T-E days are rather frequent (147.5
days) and their percentage is relatively high (40.4%).
During these days, a decrease in cattle productivity is
expected.

These results suggest that high temperatures cause a
substantial problem for cattle farming in the area than low
temperatures do. However, it becomes evident that
prevailing temperature conditions are not extreme either
in intensity or in duration. This supports the view that other
climatic factors (relative humidity, wind velocity) and
housing conditions are important in cold or hot tempe-
rature stress.

2. Relative humidity

The average number of hours per relative humidity
zone per year and the respective average annual percentage
of each zone’s duration are presented in Table 1. The H-1
zone (low relative humidity) constitutes 12.6% of total year
duration while the desirable H-2 and H-3 zones together
constitute 42.3% of its total duration. The H-4 zone
(relative humidity reaching the upper desirable limit),
together with the H-5 zone (relative humidity values clearly
beyond it), during which cattle’s productivity could be
impaired, constitute approximately 45.1% of the total year
duration. Moreover, relative humidity reaches and exceeds
the "absolute value" of 90% for more than 20% of its
annual duration (21.4%1.2). These results are related to
atmospheric relative humidity values. Inside cattle barns,
these values should normally be higher and the percentage
of H-4 and H-5 zones might be even greater.

The average number of each "relative humidity day-
type" per year and the respective average annual
percentage of each day-type are also presented in Table 1.
The H-A and H-B days, during which low relative humidity
prevails, are few (14.3% of total year duration). In contrast,
the number of the high relative humidity days of the H-D
and H-E types is quite large (233.6 days) and the respective
percentage high (64%). H-E type days constitute almost
half of total year duration (45.4%). "Normal", H-C type
days, constitute only about 21.7% of annual duration, but
in reality, about half of them present low and high relative
humidity values of almost equal duration.

These results suggest that high relative humidity creates
a problem in cattle farming and animal management in the
area of the study. Furthermore, the high relative humidity
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Mivaxag 1. AQLOpog now xaravopy (%) Tmv MMV ®OL TWV UEQWV TOV £TOVG ovd LAV %o avd THmo NUEQAS avTioTOLKa, 08 OXEON UE T

Oepupoxpaoio now ™ oYeTLRY VYQAOTOL.

Table 1. Number and distribution (%) of year hours and days per zone and per day-type respectively, in relation with temperature and

relative humidity.

Zovn M¢éoog 6gog (= s.e.) Tomog nuégag Méoog 6pog (% s.e.)

Zone Mean (* s.e.) % Day-type Mean (* s.e.) %
Oegpoxrgaocio/Temperature

T-1 5.9+37 0.1 T-A 11.7x2.1 32
T-2 987.7%65.1 11.3 T-B 66.6x3.9 18.3
T-3 5526.9+£71.2 63.1 T-C 139.2+5.4 38.1
T-4 1922.1+45.2 21.9 T-D 113.8+3.2 31.2
T-5 317.4%=27.8 3.6 T-E 33.7+£3.8 9.2
Xyetnn vygooia/Relative humidity

H-1 1103.4x75.4 12.6 H-A 19.7x2.4 5.4
H-2 467.1x21.9 53 H-B 32.6+3.4 8.9
H-3 3237.6%46.5 37.0 H-C 79.1+3.1 21.7
H-4 957.9+34.7 10.9 H-D 67.9+1.8 18.6
H-5 2994.0+122.3 34.2 H-E 165.7=7.7 45.4

ATIOTEAEXMATA KAI XYZHTHXH

a. OvzAMpoTinol TaedyovTeg
1. Oepuoxpaoio

Stov wivaxa 1 magovotdletal T600 0 néoog apLiude
TOV 0ROV avd Lovn Bepporpaoiag avd €Tog 600 ®aL To
UECO TOCOOTS TS OLAQKRELOS TOV ETOVS TTOU RATAAAUPAVEL
%d0g Civn. O cpBRAE Tmv WEMV ROTd TIG OTTOlES ETUKQATED
7o Yoy Bepponpaoia (Zovn T-1, apvnuxn exidooon
OV TOQOAYWYWSGTNTA TV fO0ELOMDV) elvan TTOAD uredc.
H oyetnd Yuyon Zovn T-2, ratd v omtota amatteitol
TEOOTAOTOL TWV VEAQMV USOY WV, hAd 1) apvn T emtidoa-
O1) 0TV TOLQAYOYLROTITO TOV VITOAOITTMV POOELODV lvar
aupipohn, amoterel uévo 1o 11,3% g ovvoliriig dudo-
%eLog Tov €tovg. H davini amd mhevopds Bepuorpaoiog
vt oL foogtdr] Zayvn T-3 amotehel to peyahiteo tuijpo
tov (5.527 deg, 63,1%). O Ldveg vymirig Beppuorpaoiag,
AATA TIC OTTOTES 1] TAQAYWYLRSTTA TV BOOELDWV ETTNQE-
aleton apvnTird, mhadi n Beour] Zadvn T-4 row 1 ol
Oeoun Zayvn T-5 amotehotv palito 25,6% mepimov mg ov-
volxng OLdoreLas TOV ETOVC.

Stov (dro mivara Tapovotdletar 0 uEcog aLBude Twv
NUEEAV RAOE THTTOU 0vd, £TOC RO TO TTOCOOTS TS OLAOKREL-
ag Tov £€Toug ov ratohaupdvel o vdOe timog. Ou «v-
¥0€c» Nuégeg Tomov T-A, ®atd TG 0Toles AITOLTE (TaLL TTEO-
OTAOTOL TV VEAQMDV UGTY WV HOL 1) TTOQAYWYLROTNTA TV V-
moholmav fooeldav Ba uToEovoE Vo ETNEENOTEL ALEVNTL-
%4, elvar omdvieg (11,7 avd €rog 1 3,2%). OL dpooepéc 1-
uépeg tomov T-B amotehotv 1o 18,2% g ouvolxrg diudo-
AELOC TOV ETOVG, VA oL MruLeg nuépes timov T-C 1o 38,1%.
Avtifeta, oyetrd peydhog elvan o uécog apduds (147,5)
%ol VYNAGS 10 P€o moo0oTo (40,4%) v BeQuaV ®oL Tmv
7oM0 Beouddv nueedv tirtov T-D raw T-E. Tig nuépeg autég
OVAPEVETOL UELMOT) TG TTOQAYOYRGTNTOC TV BOOELODV.

Toa otowyetia avtd emPePaLdvouy v eUTELQLAY AVTI-

incidence is intense and can last for long periods of time.
As high relative humidity, combined with both low and high
temperatures adversely, affects cattle productivity, the
importance of adequate ventilation of barns, during all
seasons of the year, in order to achieve satisfactory housing
conditions, becomes obvious.

3. Wind

The study suggested that, on average, in 32.5+1.0% of
the year prevail calm conditions.

In periods that are not calm, winds blow mainly from a
Northwest-North (39.5%, average velocity 11 knots —
19.8km/h or 4 on the Beaufort scale) and an East-Southeast
(29.3%, average velocity 5.4 knots — 9.7 km/h or 2 on the
Beaufort scale) direction. Winds, blowing from a South and
a Southwest-West direction are relatively rare (14.3% and
16.9% respectively, average velocity 8.2 knots — 14.8km/h
or 3 on the Beaufort scale).

The classification of winds in velocity classes showed
that low (1-2 Beaufort degrees) and medium (3-4 Beaufort
degrees) velocity winds represent about 50% and 38% of
the total, respectively. Winds are stronger only in the rest
12% of the cases; their direction is mainly (91.6%)
Northwest-North, but very rarely (about 86 hours per year
—0.1%) exceed 24 knots (43.2 km/h or 6 on the Beaufort
scale).

Average number of calm days was 40.6+3.4 per year.
"Vardaris" blows on average 31.8+3.4 days each year, but
during the period of 1990-1999 the variation was large. Its
maximum and minimum values were 50 (1991) and 17
(1994) days, respectively.

The high frequency of calm periods can create
difficulties for the ventilation of barns. On the other hand,
the winds that blow in the area are usually of low or
medium velocity and most of the times can assist dairy
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I'. E. BAAEPTAKHY

Mym 6L oL vYmAgg BepuorEaoieg amoTehovv To ®UELO
TESPANU TV EXTEOPY] TOV BOOELDWV OTNV TEQLOYT] RO
Syt ovxapmréc. Tevind Spmg drammotavetat 6t oL cuvon-
%eC BEQUONEAOTOC TTOV ETILREATOVV OEV elva axQAlES OUTE
oe €évraon ovte wau oe dudprera. “Etol, rablotaton gave-
o1 M onuaoia, 1600 TV VITOAOITTMV RMUATIROY TAQAYS-
viwv (oxeTni vyeaoia, £VIaon avEUwY) 600 HOL TV CUV-
Oradv otafMopo, oe 6,1 apoed TV aiotnom tou Yiyovg
1 g Bepudtrag 1 omoia yivetan avuinmni omd ta Lha.

2. Zyetinij vyoaoia

Ztov mivara 1 mtagovordletol 1600 o péoog apldude
TOV WEMV ovd Tavn OYETIRIE VYQAOTaS avd €Tog GO0 ®oL
TO TTOOOOTO TS OIGOHELAS TOU ETOVS TTOV KoTohaBAveL #di-
Be Cavn. OL dpES ®OTA TIG OTIOES ETURQATEL CUPS YAUNIY
oyxenxy vypaoia (Zovn H-1) amotehotv 1o 12,6% g
dudprelag Tov €tove. O emBupNTEC artd TAEVQAS OYETIRNG
vypaoiog Zaoveg H-2 wow H-3 ammotehotv poli 1o 42,3% g
ouvoluric didonedg tov. O Laivec ogrand VMg »ow oa-
PAOS VYMAGTEENS aTtS TO EMBUUNTS OYETLRNG VUYQOOTALS, KAt
Td TS OTTOTES M) TAQAYWYLRATNTA TV POOELODY emnEedle-
o avnTrd, dMhadn n Zaovn H-4 zow H-5 amotehoty poli
10 45,1% mepimov g ouvolryig dudorelag Tov étove. Emi-
TLEOV, M) OYETLXY| VYQAOTa pTAvEL ®a EETEQVA TV «OTTO-
Avta vymA» T Tov 90%, Yo dSidotua ueyahiteQo amd
70 20% g dudpreldg Tov (21,4+1,2). ESd moémet va v-
stevBuuoBel 6t ta artoteAéopato autd apoQoty TS TWES
™G OYETHIG VYQAOTUE OTNY ATUCOPALQT. ZTO ECWTEQLHO
TV LwooTaoimy, oL TWES TS lval Aoyird VYnAdTteQeg, Ov-
VETUMOS TO T0000TO TV WV H-4 now H-5 moémel va elvon
oxopo ueyoliteQo.

Stov (810 mtivora TaEovoLdleTal 0 HECOS aRLOUAS TV
NUEQAV ®ABE THTOV OVd £TOS RO TO TOCOOTO TG OLAOREL-
ag Tov £1ovg Tov ratohaupdvel o ®dbe timog. Ot nuépeg
tomov H-A now H-B, natd tic omolec emunatel youni
oyeTirn vypaoio eivon Myeg (ouvolxd to 14,3% g dude-
AELOS TOV €TOVG). AviiDeTal, TOA) neydhog elvar o aLOude
(233,6) mow VYIS 10 TOCOOTO (64% ) TV NueEAV THTtov H-
D »ow H-E, dnhadr] exelivov xatd m SLGQreLd Tmv omolimy
eMmREATOVY VYNAES TLWES oxeTryig vypaoias. EWdind av-
té¢ tov tomov H-E natahappdvovy oxedov m wor| dudo-
%ELOL TOV €TOVC (45,4%). Ounuépeg tov timov H-C amote-
AotV uévo to 21,7% ahhd wow oL pogg Teimov amd auTég
dev moEoVOLALovy emOUUNTES TLUES OYETIXTC VYQAOTAG,
ol evarhay€g vimANg no XoUnie.

Ané ta otouyeilo autd yivetol govepd St elval Tody-
LOUTL M VPNAT] OXETIRY VYQQoTa auTr] TTov astotelel Baoind
TESPANUA OTNY EXTEOPT] TOV FOOELIWV OTNY TEQLOYT] RO
UAMOTOL TO PALVOUEVO TTOQOVOLATEL peydin dudoxera ot
évtaon. Kabdg oe ouvduaopd t6oo pe tg vmhéc 600 xat
TS Younhéc Bepuorpaoies N VYN oxeTrn vyQooia emL-
004 EVNTIRA OTNY TTOQRAYMYLRSTHTA TV fOOELODV, ®0OT-
OTATAL PAVEQT] 1] ONUAOTOL TOV OmOTOY AeELopoy Tmv fov-
otaoinv, GAeC LS ETOYES TOV €TOVC, YLOL TV ETTEVEN Lra-
VOO TRV CUVON RV oTaMopoU.

Iivaxoeg 2. Hugpeg xow vypog vetol avd uiva (LEoog 6pogEs.e.).

Table 2. Precipitation days and level per month (mean=s.e.).

Yetog/Precipitation

Mijvag/Month Huéoeg “Yyog (th.)
Days Level (mm)
Iavovdgrog/January 6.9%1.5 34.3+26.5
Depoovdprog/February 72x14 32.0+8.4
Mdoriog/March 7514 24.1+7.4
Ampihog/April 8.9x1.0 34.1+43
Mduog/May 8.6x1.2 46.7+£7.8
Tovviog/June 44+1.0 24.5%6.2
TovMog/July 4.6x0.9 19.1+4.6
Avyovortog/August 4.0=0.8 19.4+5.2
Zenréufolog/September 41+1.0 25.4+8.2
OntdPorog/October 6.2+1.1 39.2+8.3
Noépporog/November 9.2+1.0 50.7+10.8
Aexéuporog/December 9.6x1.3 57.3x12.4

farmers in their effort to adequately ventilate barns. At the
same time, the negative effect of the direct exposure of
cattle to winds must be avoided. Therefore, dairy barns
must be built after a careful design process.

4. Precipitation

The average annual precipitation in the area during the
period of 1990-1999 was 401.7+21.3 mm (minimum: 1993 —
284.2 mm, maximum: 1994 - 498.2 mm). The months with
the highest precipitation are December, November and
May, while those with the lowest are July and August
(Table 2).

The average number of precipitation days per year in
the area was 80.3%=3.6 (minimum: 1993 - 68 days,
maximum: 1996 — 109 days). The average number of
precipitation days per month is also presented in Table 2.
December is the month with the most days of rainfall,
followed by April and May, while the months with the least
ones are July and August.

In general, both precipitation and number of
precipitation days present considerable variation. Although
their annual averages do not vary substantially, the monthly
distribution does not follow a specific pattern. The days
with very low (P-A) and low (P-B) precipitation comprise
50.3% of the total (40.4 days per year), while those with
high levels (P-E) constitute only its 12.1% (9.7 days per
year). The average duration of each precipitation event is
long (2-10 hours) and the average intensity low (0.25-
1.5mm per hour). The form of the available data does not
allow the verification of the exact number of intense rain
events (more than 7.7mm per hour) (Pennas et al.1997),
but the same data indicate that they cannot be more than
16 per year and only 6 of them last for more than an hour.

Adult cattle are not troubled by frequent, but light
precipitation events, as long as the animals are provided
with adequate covered resting areas, covered feed bunks
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3. Aveuot

Ané mv eEETaom TV OToLElMV TROERVYE GTL, ROTA
u€oo 6o, 010 32,5+1,0% g dudoxeLag Tov ETOVS ETL-
roatel viveplo.

‘Otay vdeyovv dvepol, autol Tvéouv rvpine amd Bo-
petodvtxi-Béoeia (39,5%, uéon évraon 11 xéufor—19,8
km/h 1 4 Beaufort) xau Avatolnii-Notoavatohuii
(29,3%, néom €vraon 5,4 xéuPor—9,7 km/h ) 2 Beaufort)
detBuvon. Aviibeta, avtol mov véouvy and Nota xat
Notodutini-Avtirn dievBuvon elvar omavidtepo (14,3%
raw 16,9% avtiotorya, uéon évroon 8,2 néupor— 14,8 km/h
1 weplmwov 3 Beaufort).

H ratavopyj tov avéumv otg ®AdoegLs €viaong toug é-
de1Ee Gt mteplmov 010 50% o 010 38% Twv TEQLITTDOEWV
medreLtal, oavitotouya, yuw ovéuovg acbevovg (1-2
Beaufort) 1 uétouag (3-4 Beaufort) évraong. Ou dvepou ei-
VO LOYVEATEQOL UGVO 0T0 VITGhoLTo 12% TV TEQUTTDOE-
wv. H dtetBuvon tov tehevtaiwy elvar xuping (91,6%) Bo-
peLodvTni-Bdpera, omdvia Spwg (repimov et 86 wpeg
%dBe €rog —0,1% g dudprerag Tov) Eemegvoiv toug 24
xwoupoug (43,2 km/h 1 6 Beaufort).

O péoog aLiudc nuepdv vnveuiag ftav 40,6 £3,4. O
Bapddiong mvéel votd uéoov 6po 31,8 +3,4 nuépeg »dbe §-
TOG, GUWe, ®otd ) dexaetion 1990-1999, ny Suandpavon 1i-
Tav pueydin. H uéyiom nwr tov fitav 50 quéoeg (1991) zou
N ehdyom 17 nuéoeg (1994).

H peydin ovyvémra eppdviong viveptog ®o0uotd §v-
0%OMO TO 0WOTO aeQLOUS Twv fovatacionv. Kabwg dums ot
Aavepot Tov TVEouv oty tepLoxn elvon ouvifwg aobeveic
1 u€ToLoL og €vtaom, WToEoUV va aroteA 00UV OV UUAY O
TOV ®TNVOTEOPMY 0’ avti TV tpoondOela. Tavtdyoova,
ATA TN (ELUEQLVY] TTEQTOOO0 TTEETEL VAL OTTOPEVYETOL 1] 0LQ-
vy emidoaon g amevbelog éxBeong twv Lhwv o av-
TOUG. ZUVETMG, YLOL TNV ROTOOREVY TWV BOVOTACTMOV 0IToL-
Teltan HEAETN RO TEOTEXRTLROS OYENAOUGS TOVS.

4. Yetog

To péco oo HTYOg TV VETOY oV dEYBNKE 1 TEQLOYT
»otd ) Ogxaetion 1990-1999 vitav 401,7+21,3 yihootd (e-
Myrom twu:1993 - 284,2 yi., péyrotn turj:1994 — 498.2
%h.). O puiveg ue to ueyahiteQo trpog veTov elvan o Ae-
%®EuPoLog, o Noéufprog alhd rar 0 Mdrog, eva exeivol pe
10 YouNAGTEQO 0 TovAlog ®an 0 Atyovotog (mivaxrag 2).

O néoog eToLog aQLOUAS NUEQMV VETOU OTNV TTEQLOYN
nrav 80,3%3,6 (eAdyrot T 1993 — 68 nuépeg, uéyLom
Twu:1996 — 109 nuépec). O Aexéufolog elvar o wijvog pe
TLG TEQLOOGTEQES NUEPES VETOU anohovBovuevog amd Tov
Amptho rnow to Mduo, eva oL uijveg pe T MyOoTeQes Nue-
€5 VETOU elvan naw wdh o Iovhog xow o Avyovotog (mti-
vorog 2).

Tevind, oL Tuéc, T600 TV NUEEMV VETOU 600 %aL TOU
YPovg 1oV ToROVOoLALovy ueydin daxiuovon. Av zot To
UETO £THOLO TPog ®oL 0 UECOG ETHOLOG ALORAS NUEQDV VE-
70U deVv TOQOAALACOOUY ONUAVTLRA, 1) ROTAVOUY| TOUGS OTH
dudorera Tov Toug dev arohovOel evieMdc oUyrRERQLUEVO

and are not exposed to wind. Very wet, muddy conditions
of exercise areas during the fall and winter period cannot
be attributed to total precipitation or its intensity. These
conditions result from inadequate design (there is no
drainage) and the negligence of the dairy farmers,
concerning the timely cleaning of exercise areas.

b. Seasonality

1. Spring

The spring period, as is defined for cattle, begins, on
average, the 83rd day of the year (82.7+3.9 — March 23rd),

and lasts for about 47 days, but its duration is variable
(47.2x6.1).

By definition, it is a period of mild temperatures. More
than 97% of its hours and 91% of its days are classified in
the T-3 temperature zone and the T-C day-type, respecti-
vely. It is the season, during which high relative humidity
values are least frequent, but more than 50% of its days are
classified in the high relative humidity H-D and H-E day-
types. Wind follows the annual pattern and is mainly from
a Northwest-North and an East-Southeast direction,
although the former appear less often and its velocity is
slightly below average. It is also the season during which the
"Vardaris" wind rarely blows. Finally, there is a large varia-
tion in precipitation height (61.3+13.4 mm) and in the
number of the (very frequent) precipitation days (15.1+1.9),
but the average rainfall event is low (about 4 mm).

It is the season with the best climatic conditions for
cattle, but the duration of spring is short. Although high
relative humidity appears less often than during other
seasons, the need for an adequate ventilation of barns must
be considered. The prevailing, low and medium velocity
winds can contribute to ventilation, as long as wind control
structures are correctly operated and drafts are avoided.
During this period, young calves must be protected from
wind, but the same is also true for adult cattle when it rains.
Frequent rainfall, imposing the need for frequent and
complete cleaning of exercise areas, aggravates the manure
storage problem, because during the preceding winter
period, field spreading is not possible.

2. Summer

The period begins, on average, the 130th day of the year
(129.9+3.1 — May 10th), and lasts 160 days with no great
variation (160.0+2.8). It is the longest season in duration
and the one with the worst climatic conditions for cattle
production.

It is a period of high temperatures. About 58% of its
hours and 90% of its days are classified in the T-4 and the
T-5 temperature zones and the T-D and the T-E day-types,
respectively. During the months of July and August
especially, the respective percentages are 80% and 100%
(17 T-D days and 14 T-E days). Even during June and
September, the average number of T-4 and T-5 hours
during the T-D type days is 14 and 11, respectively. High
temperatures are very often accompanied by high relative
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unviaio wdTumo. Ot NUEQES e TTOAD YOUNAG %ot Younio
ve16 (P-A now P-B) amotehoiv 1o 50,7% tov ouvéhov (27
now 13 mepimov, avtiotouya), evd aviibeto exeives ue ToAw
wynAé (P-E), uévo 1o 12,1% (9,7 nuépeg avd €tog). H uéon
dudoreLa Tov patvougvou eivon peydin (2-10 beeg) o
uéon évraom xapnhi (0,25-1,5 yih. avd wea). H poeor tov
draBEoumv otoLyelmv dev ETTEETEL TOV EVIOTILOUG TOV (-
%LPOUE aEBUOU TmV TEQLOTATLRMY EVTOVNG PEOYSTTWONS
(7,7 yuhrootd avd dea) (IIévvag nat ovv. 1997), ahhd e
Bdomn ta tdua otouyeia dev eivon duvatdv va Eemtepvd ta 16
avd €10 row PGvo otaL 6 astd avTd 1 OLdExELd TOVES UTOQEL
va Eemevd ™) wa dhoa.

Ta eviira Pooeldr] dev evoyrlotvial Waitepa amd
avtd ta ouY VA oA aoBevi] TEQLOTATLRA VETOU EQPOOOV
SLaf€TouV ETTOQXRY OF EXTAOT OTEYAOUEVO YHQO AVATTON-
NG, OTEYAOUEVY TEOPOOGYO ®aL OeV extiBevTal oTov dve-
no. Ovte 1 »omt| RATAOTOOT TV TEOAVAIWY Twv CO®V ®at
TOV MOV XOEWMV TMV EXTEOPHY RATA TN POVOTMELVI| RO
™ XEWMEQWVT] TEQT000 wropel va amodolel oto tyog not
™V EVTaoT Tov VETOY. AvtiBeta, aut Teémel va amodoBel
otov raxd oyedaoud Tovg (dev €xel mpofhepOel n amo-
OTEAYYLON TOVG) %Al OTNY QUELELD TTOU ETLIELRVIOVY OL
ATNVOTEOPOL OYETLRA UE TN OUYVOTHTA RA.00QLOROU TOVC.

B. Ov xMpaTizoi Xogdyovies avd exoyn

1. Avoién

H gapuvn tepiodog, Smme auty 0plotxre Yo ta fooet-
o1, apyiCet, natd péoco 6o, Ty 831 Nuépa Tov €Tovg
(82,7%3,9 - 231 Magtiov) rou duopret 47 nuépeg mepimov,
TAQOVOLALEL Spmng peydhn duaxipavon (47,2£6,1).

EE oplopot eivan meptodog nrmumv Bepporpaoiav. Ie-
0LO0GTEQO QTS TO 97 % TV WEWMV ™S %o To 91% Twv Nue-
v g ®atardocovral ot Lavn T-3 xow otg NUEeg -
mov T-C avtiotoya. Etvow ) emoyy »atd vy omola ) oye-
T VYQOOTA TALROVOLALEL ALyGTEQO CUYVA VYNAES TLUEC,
a0’ GAOL UTA SUMG TEQLOTGTEQO ATtS T0 S0% TV NUEQDV
™mg ratatdooovran otg Nuépeg timov H-D naw H-E. Oud-
VEUOL 0rOAOVBOUV TO ETIHOLO HOVTELO RO TTVEOUV RVOIMG
a6 Boperodutni-Bépera wow AvatoMu]-NoTwoavatot-
%1} dLevBuvon av xaw ot TEWToL upaviCovrat Arydteo ov-
YVd naL Yevird 1 €vtaor] Toug eival ehapod HELOUEVT OE
oyéon ue to péco 6po. Etvar emiong n emwoyy »atd my o-
soloL omdvia eppoviteton 0 Bapddong. Téhog, peydin dwa-
®rOpavon mapovoldietal 1600 0T0 VYOS Tov VETOV
(61,3+13,4 yuhootd) 600 row 0T0 UeYAA0, ®oTd HECO GO,
aLOuo Ty NueEMv veTot (15,1+1,9). To péoo Byog avd
EMELOGOL0 SUMS elvan YapnAGS (steimov 4 xMooTd,).

A6 hevpdc ®ApoTog ivar 1 gvvoirdteen meiodog
v Ta foogLdn, 1 Oudorela T Suwg elvar x|, Av xow ot
VYNAES TLEC TS O ETIRNG VYRaolas eugaviCovron Aydte-
00 ouyvd amd dhheg emoygc, dev mEEmeL va, TapoPAEmETOL
N avdyryn Tov omoToy 0EELopol Tmv Lwootaoiwyv. Ot a-
o0evelc naL PETOLOL AVEUOL TTOV ETXRQEATOVV, UTOQOVY VAL
ovufdihovv oty enitevEn Tov oxomoU autol, aQuel va yi-
VETOL OOOTH QY01 TWV OVTLOVEWADY ROTOAOREVHV HOL VO
amogevyovtol to gevpata aéog. Tnv mepiodo ot meé-

humidity values (63% of this period’s days are classified in
the H-D and the H-E day-types). Wind continues to blow
mainly from a Northwest-North direction, but the
frequency of South and Southwest-West winds rises
considerably. In general, wind velocity is slightly decreased
compared to the annual average, but at the same time, the
percentage of calm hours during the summer period is the
lowest of the year (29.3%) and the frequency of the
"Vardaris" wind is relatively high-similar to the annual
average. Precipitation (125.3%£16.6 mm) and the number
of days with rain (23.5%2.5) are the lowest of all seasons.

The results of the combined effect of climatic factors
are presented in Table 3. The Temperature-Humidity
Index identifies on average 60 days of heat stress per year.
When all factors at the microclimate level are the same as
those in the atmosphere (C-1 case), the Effective
Temperature Index exceeds the limit for about 42 days
each summer period (from a total of 160 days). A small
(5%) increase in relative humidity in relation to the
atmospheric one (C-2 case), which is expected inside cattle
barns, increases the number of these days by 24% (52 days)
while a 50% reduction in wind velocity (C-3 case) increases
it by 56% (65 days). The combination of the last two cases
(C-4 case), a condition that is very frequent in barns with
inadequate ventilation, results in an increase in the number
of heat stress days by 73% (72 days in total and 45% of the
total summer period). On the contrary, full exposure of
cattle to atmospheric conditions with extra protection
against direct sunlight (C-5 case) decreases the number of
these days, compared to the C-1 case, by 45% (23 days).

Consequently, the prevailing high temperatures
combined with the high relative humidity, impose the need
for a complete and unobstructed airflow inside barns. The
intense sunshine during this period (Flokas 1997) also
imposes the need for a shaded resting area, with adequate
surface space, volume and ventilation for all age classes of
cattle. Of equal importance is the shading of feed bunks
and water troughs. This can be accomplished even with
temporary structures (shading nets). The adverse condi-
tions that prevail during July and August justify the
installation of special equipment (fans and water sprin-
klers) (Armstrong 1994, Turner et al. 1996). All the above
measures, combined with some operational changes (ration
adjustments and changing of feeding hours, heat detection
during the night) can have a very beneficial effect as the
vast majority (97%) of days that the Temperature-
Humidity and the Effective Temperature Indexes exceeded
the limits of 72 and 27 degrees, respectively, were classified
in the mild heat stress zone (72-78 and 27-33 degrees
respectively) (Fuquay 1981, Fox and Tylutki 1998).

3. Fall

The fall period begins, on average, the 290th day of the
year (289.9+2.0 — October 17th), and lasts for about 47
days, but its duration is variable (47.3%6.1).

It is also (like spring), a period of mild temperatures.
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TEL VO AopPBAVETCL LEQLUVOL YLOL TNV TTQOOTAOTOL TV VECLRMV
USOXMV ATTS TOUS AVEROVS, TO (OL0 Spmg LoYUEL RO YLOL TAL €-
viilxa fpooeldn natd tig nuéeeg vetot. H ouyvii Pooyd-
Tiwon emPdiiet emiong To ouyve ran TNy raboploud
TOV TEOAVAWY ®aBMOS ®aTd ™V TEoNyNBeloA XELUEQLVT|
e {000 1 OVYREVTOMON TS ROTEOV Elval ueydin xwoig
va givaw duvath 1 dlaomod g 0Tovs ayEoUc.

2. Oépog

H mteplodog ovti apyitet, »atd uéoo 6o, mv 130n n-
uépa tou €tovg (129,9£3,1 - 10n Maiov) nou duapret 160
NUEEeS, xweig neydin drondpavon (160,0£2,8). Eivarn
ueyoliteon oe dudorera row duouevéotepn oe whipa £o-
%N TOV €TOVS Y10l TOL BOOELON.

Elvau teplodog vymhav Oepporgaoidv. To 58% mel-
OV TV WEMV TS ®aoL 10 90% TV NUEQMV TG RATATAO-
ocovtow otig Laveg T-4 now T-5 now otig nuépeg timov T-D
xau T-E aviiotorga. EwWdwd ratd tovg uijveg Iovho ro
Avyovoro ta aviiotorya tocootd elivar 80% row 100% (17
nuépeg T-D noaw 14 nuépeg T-E). AMA vau toug pyveg Iov-
V10 %o ZeTTEUPOLO, 0 HEcOC aLBude Tv wedv T-4 naw T-
5 oug nuépeg tomov T-D frav 14 xaw 11 avtiotouya. O v-
Yniég Bepuonpaoiec cuvodevovral Toll ouyvd ®oL otd
VYMAEC TWES OYETIRNS VYRaolag (To 63% Twv NUEQEV TS
ratatdooovrol otic nuées tomov H-D zow H-E). Ou dive-
uot eEarolovBotv va véouv xuping até Bopgtodvtinn-
Bépeo dievBuvon, ahhd m ovyvomra twv NStwy #ow tmv
Notodvtr@v-Avtirdv avEdvet Tohv. Tevird, 1 §vrao
TOVC elva eAOPOA LELWUEVT OE GYEON UE TOV ETHOLO HECO
6p0. Tavtéypova SUme, TO TOGOOTO TMV WEMV VVEULOS
elval, ratd ™ 0gowvi] meEiodo, To XAUNAGTEQO TOU £TOVE
(29,3%) now m ovyvéTte Tov Bapddon oxetnd vy - a-
vTioToLyn Tov eToLlov péoov dpov. To vypog (125,3+16,6
YMOOTA) ®ow oL NUEQeS VETOU (23,5+2,5), mapovordlovy
VYNAES TWES now ueydin duartpovon ahhd eivor avahoyt-
%A TA Y AUNASTEQX ATtG GAES TLS ETTOYEC.

Zrov mivoro 3 TaovoldleTon To amoTéheoua g HeAE-
NG TS CUVOVAOUEVNG ETIOQAONS TWV HALUOTLREV TTOQOYO-
viov. O Agirmg T.H.L «evrontiCew» natd uéoov 6o, 60 me-
oilmov NUEEeS BeQULRIE RATATTGVNONG ETHOLWGS. ZTNV TTEQ(-
TTWOY %ATA THY OO0 OL TYES TOVES OTO PRQOXAIUOL (VL
oL t0Leg pe tg atnooparés (vtébeon C-1), o Aelnmg mg
«Amoteheopatiriic» Oepuonpooiag Eemepvd 10 GpL0, Ko
T4 ué€oo 6o, mepimov 42 uépeg b Beouvn mepiodo (n
uéon dudorerd me eivar 160 nuépeg). Mua x| avEnon
™C oxeTNg vypaolag ratd 5% oe oy€on we TV aTHo-
ooy (vtéBeon C-2), avapevopevn oTous xmeoug da-
Blwong twv Lhwv, avEdver Tov aguiud Tmv NUEQHY cuTav
%ratd 24% (52 NU€eg), eV Pelmon TG TaUTNTOS TOU OvE-
uov ®otd 50% (vrtéBeomn C-3), tov avEdvel natd 56% (65
NuEEeS). O ouvivaoUSS Twv dT0 TEAEVTAIMY TEQUTTHOEWY
(vté0eom C-4), ovvBnxn N omoila oavtd oAU cuyvd o€
ATIOLOL UE KOO AEQLOUGS, EXEL WG ATOTEAEOUA TV AVENON
TOU 0ELOUOU TV NUEQDV avTdV ®atd 73% (cuvolxd, 72
Nuéeeg o 45% g Bepuvic TeELédov). Aviibeta, 1 k-
ong €xBeon Twv Ldwv 010 eEwtepnd meQLdMov ue emL-

Iivaxrog 3. Hugoeg et raramovnong (LEcog 600G = s.e.).

Table 3. Days of heat stress (mean = s.e.).

Agixtng »or vrtobeon Huépeg
Index and case Days

THI 59.7+3.7

ETI, C-1 41.5+4.1

ETI, C-2 51.5%4.5

ETI, C-3 64.8+4.2

ETI, C-4 71.9+4.4

ETI, C-5 22.7+3.9

More than 96% of its hours and 90% of its days are clas-
sified in the T-3 temperature zone and the T-C day-type,
respectively. However, it is also the season during which
high relative humidity values are most often. About 77%
of its days are classified in the H-D and the H-E day-types,
while at the same time the percentage of calm hours during
this period is the highest of the year (about 39.1%). The
frequency of Northwest-North and East-Southeast winds
increases, while South and Southwest-West winds become
rare. Wind velocity is similar to the annual although the
days that "Vardaris" blows are few. Like the spring period,
there is a large variation both in amount of precipitation
(89.1x16.7 mm) and in the number of days of rain
(15.8%2.5), while the average rainfall event was 5.6 mm.

Although temperature conditions are ideal, long
periods of high relative humidity, combined with the large
number of calm hours, create a need for adequate venti-
lation of cattle barns. The correct and timely use of wind
control structures can assist the farmer to use the prevailing
low and medium velocity winds to improve ventilation for
young calves and adult cattle, without exposure to high
wind velocity. Finally, as the frequency and the intensity of
rainfall increases during the fall, the timely and complete
cleaning of the exercise areas is essential. If not, an ordinary
fall rain is enough to turn them into mud.

4. Winter

The winter period begins, on average, the 337th day of
the year (337.2%4.5 — December 3rd), and lasts for about
110 days (110.5+6.2).

It is a season of contrasts. Only 35.5% of its hours and
66% of its days are classified in the T-1 and T-2
temperature zones and the T-A and the T-B day-types,
respectively. The rest are classified in the T-3 zone and the
T-C type days. Winter is very often a season of mild
temperatures. Relative humidity values are high. About
65% of the winter days are classified in the H-D and the H-
E day-types. During this period, the number of calm days
is the highest of the year (43.9% of total calm days). The
same is also true for the number of days that "Vardaris"
blows (44.1% of the total). The frequency of the
Northwest-North and the East-Southeast winds is
increased and South winds become very rare. In general,
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AoV TEooTaoia Toug amtd TV nhaxt axtivoPolia (vitd-
Beomn C-5) pueudvel 1ov aplipd Tmv NUEQMV QUTHY, OE O)E-
on pe my vrtoeon C-1, votd 45% (ovuvolnd 23 nuéeg).

Suverde, oL vPNAEC BeEUORQAOTES TTOV ETLREATOVY, OF
oVVOUAOUS pe TV VYmMAY| oxETIY LvYEOota, LB ouY TV
avaryun YL TAiEN ®ao aveUTTOOLaTH ®URAOPOQIN TOU AéQa
ota Lwootdowo. H évtovn nhogdvela auwtig g eotédou
(PASnag 1997) emuPdiher emiong TV TAQOYY OXLAOUEVOU
XDOOU OVATOVONG LE ETTAOXY ETLPAVELXL, GYRO KOL CLEQL-
oud, og Gheg g voTnyopies fooedav. EEloov onuavtiu,
Qv Gyl ONUAVTLRGTEQN), EIVOLL RO 1] ORICLON TV DWWV TTOO-
OMYNE TEOPIE %o VOTOE. AuTté Wtoel var emtevyOel xon
ue TEOOMEVEC vataorevég (dlytva oxloong). Ou duope-
Velc ouvONreg OV eTREAUTOUV raTd Toug ujves Iovhto o
AUyov0TO OALOAOYOTY THY EYRATAOTOON), VOTEQX. AITTO UE-
AET, TV RATAANA®OVY Y0 TV TTEQLOYT], ELOLRMY OVOTHUG-
TV (AWVEWMOTHOMV %Al CLOTNUATOV PERACUOV VOATOG)
(Armstrong 1994, Turner et al. 1996). ‘Ola Ta TOLQOTAV®
UETEO, CUVOUALOUEVO KAl UE RATTOLES AELTOVQYIRES CtAhOL-
YES (L. TEOTAQUOYY TV OLTNEECTWY %o AAAAYY TNE -
Q0 XOENYNONS TOVE, TAQOXOAOTENON Twv EdmV yLaL evTo-
TUOUS TOV OLOTEOV %atd TS PEadvES hpeg ) elvar duvatdv
va €xouv oAl Betird aroteléopata rabwe oto 97% Twv
eQUTToemv oL TES Tov Aswtov T.H.I. zan E.T.1. rav
ota 6pLa e Mmag Bepuriic ratastovnong (72-78 wow 27-
33, avtiotouya) (Fuquay 1981, Fox and Tylutki 1998).

3. POvonweo

H gfwvomwowvi} tepiodog apyitet, ratd péoo 6o, ™
290M nuépa Tov £toug (289,920 - 171 Oxtwfeiov) ®o
duaprel 47 nuépec meimov, TaEoVoLdlel Sumg weydain
dranvpavon (47,3=6,1).

Eivou €€ 00L1opo0, Grtmg %ot 1 eapwvn, Telodog mwv
Oepuorpaotav. ITepuoodtepo amd 1o 96% twv mEV g
%o 10 90% TV NueEdV g ratatdocovtat oty Lovn T-3
%o otig Nuépeg Tumov T-C avtiotorya. Elvan Spung noum e-
TTOYN ROTA TNV OTOd 1) OYETLXT| VYQUOT0L TTAQOVOLALEL OV-
xvotepa VYA Tuéc. To 77% mepimov Twv NUeEQ®V ™
ratardoocovrtat otig Nuéeec timov H-D xaw H-E, v tav-
TOYQOVAL, TO TTOCOOTO TWV WEMV VNVEULAS (VoL RATA TV
meptodo avmi, To VYMAGTEQO Tou £Tovg (Ttepimov 39,1%).
H ovyvéta tov avéuwy wov tvéouy otd Bopelodutinn-
Bépera var Avatohxii-Notoavatohrr dievBuvon eivor
avENUEVN evad or Nétot o oL Notodutirol-Avtirol yi-
vovrtaw ortaviot. H évtaon toug elvan yevird avtiotouym tov
ETHOLOV LOVTELOV v el 0L MUEEES oV TtvéeL 0 Bapddong
elvon avahoywd Myeg. ‘Ommg vo %atd Ty €0 Tteeiodo,
peydin draxdpoavon tagovoldletal T6oo 0To ueydro a-
oLBuS TV Nuedv vetov (15,8 +2,5) oo naL 0to Hog Tov
70 omoio Sumg eivar peyalitepo (89,13+16,7 xthootd) 6-
TT0G %o M Evraon tov (5,6 xLhootd).

Av rau amté mhevpdg Oepponpaoiog oL cuvinreg elvan
EUVOIRES, oL €Tl ueydho xeovirns drdomua, Told vymAéc
TWES TNS OYETLRNG VYQOOTUS, OF CUVOUAOUS %O UE TLG TTO-
Aéc dhpeg vvEWlOg, ®AVOUV RO TTAAM ETULTARTIXT] TV VA~
YEN YL 0W0TS 0eQLopd Twv Lmootaciov. H omoti o é-

Iivaxag 4. AgLBpds 1oV SLapdomy TUTmV NUEQAS ROTA T1) YELWLE-
own mepiodo avaroya pe ™mv Exbeon Twv POOELOMY OTOV AVERO
(u€oog 6p0g =* s.e.).

Table 4. Number of various day-types during the winter period
according to the exposure of cattle to wind (mean * s.e.).

Tomog  aMjong meootacio  Tayvtnra avépov  mhiong €x6eon

nuégag amé Tov dvepo  paopévn retd50% - otov dvepo
full protection wind’s velocity full exposure
Day-type  from the wind decreased by 50% to the wind
T-A 11.7+2.1 34.4+2.6 47.0+3.2
T-B 61.2+3.8 56.6+4.1 54.4+43
T-C 37.6=6.3 19.5+4.7 9.6+3.1
LT-HRH  44.0%x3.2 55.4x4.1 63.2+4.9

wind velocity during this period is increased. Just like other
seasons, there is a large variation in precipitation
(131.6%23.9 mm) and in the number of days of rain
(26.8+3.7).

Winter presents periods of cold and mild weather.
Adult cattle in the area are not affected from the prevailing
temperatures per se. It is the exposure to wind that creates
the feeling of cold. This is clearly demonstrated in Table 4.
The number of cold days of the T-A type is quadrupled
(from about 12 to 47), when cattle are exposed to wind with
no protection, while the number of the mild days of the T-C
type is decreased to the 1/4 of the original. The average
temperature of the winter period is "decreased", under the
effect of wind, by 6°C. This effect is evident even when
wind velocity is reduced by 50%. In this case, the number
of cold days of the T-A type is tripled (from about 12 to 34),
while the number of the mild ones of the T-C type is
decreased to ¥ of the original (from 38 to 20, Table 4).

The negative-effect combination of low temperature
and high relative humidity (LT-HRH day-type, Table 4)
appears, on average, on 44 days (39.8%) of the winter
period, when cattle are fully protected from wind. The
wind’s effect increases the number of these days by 43%
and 26% (that is 63 and 55 days) respectively.

Therefore, it is not the temperature per se, but the
combination with wind, rain, high relative humidity and
lack of bedding that creates the cold stress periods. The
correct orientation, construction and form of cattle barns
protect the animals and prevent drafts, while at the same
time, permit air movement through the higher parts of the
buildings, thus removing ammonia and water vapor and
preventing high relative humidity around cattle. The same
principles apply to the barns, where young calves are
housed. Protection from cold weather is achieved with the
avoidance of drafts and the provision of plenty, dry bedding
and not by blocking ventilation.

CONCLUSIONS
The conclusions from the data provided suggest that
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YROLEY XONOT) TV AVTLOVEURMV HOTAOKEVDV UTOQEL, O-
TS ROL KATA TNV E0QWVT] TTEQT0D0, VO UETATEEYEL OE OV~
UAXOUE TV XTNVOTEOPMY TOVC aobevelc ral LETOLOVS a-
VEUOUG TTOV ETUXRQATOVV, DOTE KOL O OROTTOS AVTOC VO ETTL-
tehelton ahhd o va mpootateovral tay VITdEYEL Ovd-
Y1), TOOO 0L VEAQOL LGOYOL, GO0 %L T EVIALra fooeldn
a6 Tovg duvartoig avépovs. Téhog, vabwg 1 ovyvémTo
%aL 1 EVTaon TV BEOYOTTHOOEMY AVEdVEL ®atd T @OLVo-
TwEWT TtEQR0d0, elval ammaalitnTtog 0 €YRALEOS ®OL TTAY-
NG ®aBaELOUSS TV TROAVAmV artd Ta Lowrd amdfinTta.
e avtifet meplmtmon, apxrel pio ovvnOouévn povomw-
w1 PROYN YO VOL TOL UETATREYEL OE OVOXO.

4. Xeiuavag

H yeweowr] meptodog apyitel, natd péco 6o, v
337 nuépa tov €tovg (337,2+4,5 - 3n Aereppoiov) rou
duaprel 110 nuépeg mepimov (110,5%6,2).

Eival wa etoyn avibéoemv. Mdévo to 35,5% tov w-
Q@V TNG %Ol TO 66% TWV NUEQMV TN RATATATCOVTOL OTLS
Cadveg T-1 naw T-2 now ot nuépeg tomov T-A »a T-B a-
viiotouya. Ovvmdhowreg avijrovy oty Lovn T-3 rav g n-
uépec T-C. Eivan dnhady astd mhevpds Bepuoxpaoiag, mo-
M0 ouyva, nra M yewuewv epiodoc. H oxetun vypaoio
moeovotdlet vymAéc tuég. To 65% meQimov TV NUEQDV
™G ®oTATdooovTaL ot Nuées tomov H-D waw H-E. To
TOCOOTS TWV NUEQWV YVEWTS Elval ®aTd TV TTEQEI0d0 av-
™, T0 VYNASTEQO TOV €TOVG (43,9%), 0L eds TO (Lo L-
oy el Spumg o Yo to Bapddon (44,1%). H ovyvémrta tmv
avéuwv ov tvéouv amd Bopelodutini-Bépeia nat Ava-
tohMni-Notoavatohxi] dteiBuvon elvar avEnuévn, eva ot
Ndtiot dvepol yivovral omaviot. H €évraon yevird tov o-
véuwv elval xatd Ty mtepiodo avti awEnuévy. ‘Omng xat
%atd TG dhheg emoy€g, peydin damibpoavon tapovodle-
TaL, 1600 070 Tpog Tov vetov (131,6 23,9 yihootd), 600
%0 OTOV 0QLOUS TV NUEEV VETOU (26,8£3,7).

H yeweouvi] teplodog mapovotdlet, og 6,t 0god ™
Bepuonpaoia, uia evariayi Yooy vaL Ry dLootn-
udtwv. Ta evihxa fooed, Sung, dev emnpedovrol amd
QUTEC n0BOVTEC TIG BEQUORQAOIES TTOV EMLXQATOUY OTHV
mepLoyy. Ovolaotind, ) €xbeoy| Toug oTov AVENO TEOXO-
Ael v aiobnomn tov Yiyove. Avtd gaiveton vabad otov
nitvaxra 4. O 00lOudg TV Yuyodv nuepdv timov T-A te-
toomhaoidletal (amd 12 mepinov, oe 47) Stav 1o Lha &-
%riBevTaL, Xwig ®apd TEOOTAoI, OTOV AVEUO, EVM EXE(-
vog TV fmumv tov Trtov T-C pewdveton oto 1/4 touv apyt-
%00. H péon Bepuonpaoio g yeUeQLvng TeoLédou «uet-
OVETOLY, ATt6 TV ETdEAON TOV avépov, xotd 6° C. H emi-
dpaon ot exOAdveTaL EVIovr, ardua xoL Stav 1) Toyv-
™TA TOV avEROL elval uetmpévn rotd 50%. Zwv mepl-
TTOOT UTY, 0 AELOUGS TV Yuyedv Nuep®v timov T-A
touthaowdetan (amd 12 mepimov oe 34) naw exelvog Tmv 1j-
mwv tov Tisov T-C pewdveton oto 1/2 tov ayrov (and
38 o€ 20 mepimov, tivaxrag 4).

O apvnurdg ovvduaoudes xouniig Bepoporpaoiog xot
vyMMic oxetng vypaoiag (nuépeg tomov LT-HRH, mii-
vaxag 4) eupavitetal, ®otd uéoo 6o, emni 44 nuéoec

cattle barns in the area must be constructed in a way that
minimizes the negative effects of high temperatures and
high relative humidity by allowing adequate air movement
inside them. The structure must be designed to allow
adaptation to "winter" conditions, whose duration is rather
short. This description corresponds to buildings of relati-
vely low cost with no heavy-type framework or extensive
walls. Buildings of this type are more often the exception
rather than the rule in the area (Valergakis 2000).

As the Greek climate is relatively stable throughout the
year, it is estimated that the construction of cattle barns in
most areas of the country must be based on similar
principles. However, further studies of the climatic factors
in all major cattle breeding areas will provide very useful
and specific information to support this conclusion. 4
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(39,8%) na0¢ yewueoivn mepiodo, epdoov ta Loha elval
MG TEOOTATEVUE VA ATT6 TOV AvePo. O VITOAOYLONGS
™mg enidpaong tov televtaiov T avEdvel notd 43% 1
26% ovttotouya (nhadn oe 63 now 55 nuépeg), otig dvo
TIQOTYOUUEVES TTEQUTTWOELS.

Agv glvar houtdv uévn me m Beppuorpaoia, aAhd o ovv-
SVaoUog ™S ne TV €x0e0m OTOV AVENO, OTO QEVUOTOL OLE-
00¢, 0T Boxn, og ouvOreS VYNNG OYETIRTC LYEAOTTOS
ROL TNV EAAEVYPT) OTQWUVY|C, TTOV TTROXAAEL TNV a{oBN oY TOV
Yiyove. O 6woTée TEOTAVATOMOUGS, 1) XWEOBET O, aA-
MG o 1) ratdAAnAn votaoxrevt] xan Stapudopmon twv Lo-
00TA0IWV, TEOOTATEVOUV T L %l ATtOTRETOVY TH dMuL-
ovpYla peVUATMV 0EQQ, ETUTRETOVTOS TAUTAYQOVA TNV K-
VNOT] TOV 0T VYNAGTEQX ONeiaL Tmv Lmootaoinv, MoTe Vo
OTTOUOKQUVOVTOL 1) AUUMVIOL KoL OL VOQATUOT %L VO OTTO-
PEVYETAL N VYPNAY OYETLRN VYQAOT0 0TO TEQLRAMOV TV
Cdmv. To 1810 oS LoyleL ®ow YLa T ®TIQLOL 0TOL OTTO T,
otafhiCovron oL veapol udoyot. Ipootaocia amd T xoun-
Aéc Bepuonpaoiec dev emTuYAVETUL UE TOV ATTORAELOUS
TOV aleQLopoy, adld amd TV amoguy] QEVUATMY %L TN
XoNoomoimon dpdovng, OTeYVHS OTOWUVY|C.

LYMIIEPAXMA

A6 TV TOQOVGT00T TWV X UQURTOLOTLRMDV TV RAL-
UOTLROV TAQAYOVIWV OUUITEQAIVETOL OTL T fovoTdoLa
OTNV TTEQLOYT] TTQETTEL VAL ROTAOKEVALOVTOL £TOL DOTE VO Ot
EUXOADVETOL RVOIME 1) AVTLUETMOTLON TOV OVOUEVAV ETTL-
TTHOEMVY TOV VYNADY BEQUORQATLHV RO TNG VYNAYS O)E-
g vypaotac, dnhadi] ne ®HQLO YAUQUHTNELOTLHG TOVS TV
eheyyduevn alld dvetn nurhogopia Tov 0€pa, eV ma-
QdAANACL 1) ROTAOREVT] TOUG B0 ETLTEETTEL TV TTEOCAQUOYY
OTIG «(ELUEQLVES» OUVONHEC, M YOOVIXY] dLdorEL TV O-
moilwv elval oxenrd wnon. H meouryoagm out aviiotouyet
o€ %L WO fOQTU ORELETS AL EXTETAUEVT] TOLYOTOLIQL,
oxeTrd younhot réotovs. Kripia avtov tov timov Sumg
amotehotv pdhhov v eEalpeon mapd Tov ravéva oty
stepLoyy (Baiegydnng 2000).

KaBa¢ to »hipa me EMddac dev mapovotdlet peydin
TOQOAORTLRETNTA, EXTIUATOL GTL 1) ROTAOREVT TV LWO-
OTAOTOV, 0TO PEYOATTEQO UEQOGS TS XMEOAS, TOETEL VAL OLé-
sretan artd TG (deg 0pxéc. Mo avohvtixy| Spwg pehéTn twv
RAUATIRAV TOQAYSVIWV 08 #d0e ®UQLL TEQLOYT] AORNONG
™G ayehadoTROPLRNC dOUOTNELETNTAGS WTOQEEL VAL ATTOOMOEL
TTOAD XONOLUES ELOKES TANQOPOQIES TTOV VAL EVIOYTOVY V-
76 T0 ovuTépaopa. 1
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