I'N'TACHUK  CPIICKOI I'EOTPA®CKOI' JPYIUITBA
BULLETIN OF THE SERBIAN GEOGRAPHICAL SOCIETY

I'OAUHA 2012. CBECKA XCII- bp. 4
YEAR 2012 TOME XCII - N° 4
OpuruHajgaH HAyYHA pajy UDC: 911.2:551.583(494.11)

DOI: 10.2298/GSGD1204099K

JbYACKHU TOIIJIOTHHU BAJIAHC HA IIOAPYYJY HOBOI' CAJIA

AJIEKCAHJIAP KPAJUR'
! Jby6a Byuxosuh 5, 11000 Beozpao, Cp6uja

Caxerak: OBa aHanM3a ce 3aCHMBA Ha TOIUIOTHOM YOBEKOBOM OanaHCy, a npema biaxejunkoBoM OMOKIMMATCKOT
MO/IelTy TOIUIOTHE pa3MeHe YOBEeK-OKpyxkeme. KOHauHM pesyirar Mojelna TOIUIOTHOT OHMiIaHCa 4OBEKa ykasyje Ha
OnotepmaiHe 0coOMHE BPEMEHCKHX CHTYyallMja a M yNpaXmbapamky PEKpeallioHnX MoTpeba Koje ce CIpoBoje y
npupoay. Y OBOj aHAJIM3HW, CpellibH JHEBHH METEOPOJOIIKU nopanu (Mereoposonike cranune y Hosom Cany),
yInoTpeOJbeHH Cy 3a [jBa eKCTPEeMHA Mecelia, jaHyap U jyau. Y OBOM paiy Cy aHalIH3MpaHa ABa MEPUOJa, IIPBH O
1992-2010. n npyru 3a roguny 2010. Llns paxa je na ce mpukake MOJET BpeIHOBamba BPEMEHCKUX CTama Koja
MOTEHLMjAJTHO MPEeACTaBIbajy 3apaBcBeHH pecype Hosor Cana a 3a moprebe pekpeanuuje Jbyau, Te Aa yKaKe Ha
MambKaBOCTH OBOT MOJE/IA Kaja Cy y NHTamy BUIICTOAMIIELE aHamu3e. [IpeMer OBOK WiIaHKa je MPEACTaBIhabe
OonoximMatcke ananmse rpajga Hosor Cana M BpeMEHCKHX NPUIIHKA KOje IPEHOCE PEeXKUM BPEMEHCKHX CTama Ha
YOBEKOB OPTraHU3aM.

KibyuHe peun: JbyICKH TOIUIOTHU OHMIIAHC, JbYCKU KOM(Op, BpeMEHCKH yciIoBH, braxejunkos mozen, Hosu Can.
YBoxa

OnaBHO je MO3HATO Ja BPEMEHCKH YCIIOBH YTHUUy Ha JBbYICKO 3[paBjbe W
pacrionoxeme. PazinyuTi KOHIENTH U MeTole Cy KopuiheHH Na mokaxy oxHoc u3mely
KJIMMAaTCKUX TPWINKa W JbYJCKOT oOpraHu3Ma. BelinHa mHX KOpUCTH jeJJHOCTaBHE
KIIMMaTcKke (MakCUMaJHy M MUHHMAJHY TEeMIepaTypy Ba3ayxa, oOJadHOCT, MHCOJAIH]y,
najaBuHe WTH.) W Omoxsmmarcke kapakrepuctuke (WCI, ekBHBaJIeHTHY W e(eKTHBHY
TEMIIepaTypy Bazayxa UTI.).

I'pan HoBu Can je cexynnmapum ypOanm nentap y CpOuju. Hamasu ce Ha neBoj
obamu [lynaBa, Ha oko 86 m H. B. ['eorpadcke kopauHare pedepeHTHE METEOpOJIOIIKE
ctanure cy 45° 20" c.rar. u 19° 51" n.r.n. Tpeba Harmacut ga ce ['pax mmpu U Ha JECHO]
obamn JlyHaBa, Ha ceBepHOj moaropuwau PDpymike rope, a Koja MpencTaBba TyPUCTHIKU
pernon. Ocum Hosor Canma, kxoju mocedyje TPUPOAHE ¥ AaHTPOIOTCHE TYPHCTHYKE
BPEIHOCTH, Takol)e WHTEPECAaHTHH TYPHCTHUKH LeHTpu cy u IlerpoBapamun, Cpemcku
Kapnosiu u Cpemcka Kamenwnna. [Iporemyje ce 1a Ha 0BOj TSPUTOPHjU JKUBU U PATH OKO
350.000 craHOBHUKA.

Knuma oBor mojpydja je CTENCKO-KOHTHHEHTAllHA, JOK BereTandja IMpHIana
jyxHoeBporickoM Ouomy 1mymocrenia u crema (Pil, N. and Stojanovic, D. 2005).
Henocpenno mopen /lynaBa 3actymbeH je OMOM BOJIOIUIABHUX JIMCTONMAQJHUX IIyma. Y
Hoom Cany cpeama ronumima BpeJHOCT TemIiepaType Basayxa je 11,6 °C, HanoHa BojeHe
nape je 11,0 mb a xonuuuHa nmasaBuHa M3HOCH 676 mm (MeTeoposomKy roanIImaK 1,
1976-2010). IIpoceuna roaumma BPeJHOCT €KBUBAJICHTHE TEMIIEpaType Ba3lyXa H3HOCU
27,9 °C (Meteoponomku rogummak 1, 1976-2010).
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Cimuka 1. IMonoxkaj rpana Hosor Caga y Peny6aunn Cpouju
Metona paga

»KilnMa jemHe peruje je NPUPOTHH pecypc ca BaXKHUM HMIUIMKalMjaMa Ha
YUICHHUILE KA0 IITO CY TOIUIOTHM KOMGOp, 3IpaBbe U IMPOLYKTHBHOCT IOIyiammje’
(Tejeda-Martinez u Garcija-Cueto, 2002, ctp. 55). AHTpOIOJIOIMIKE U OHOMETEOPOJIOIIKE
CTy/IMje ONHCYjy TOIUIOTHHU KOM(Op KIMME Kao jeIHO TOIUIOTHO-(PU3HOJIOIIKO Ba)kKaHO
CTambe a HU3padyHaBajy ra KOMOHMHALMjOM TeMIIepaType U BIAXHOCTH Ba3lyxa, Op3MHOM
BETpa ca KPaTKO-Ayro TaJacHUM 3padeeM Ha JbYACKH TepMoperynatopau cucteM (Kantor,
N. u Unger J. 2011, ctp. 99). Y KOopuCT ycreniHe capaame OHOKIMMATONIOra ca ypOaHuM
mwianepuMa (ypOaHUCTHMA) WM JU3ajHEpUMa (apXUTEKTaMa) IMOTPEOHO je NPUMCHHUTH
CXBaTame BAXKHOCTH MH(OpPMAIIHMjEe O TOILIOTHO-(U30JI0MKUM yenoBuma cpeaune (Kantor,
N. u Unger J. 2011, ctp. 99).

Broxnmumarcka uncrtpaxkuBama je kox Hac mnokpenyo II. Byjeuh. Kopucrtehm
MeTeoposomke moxaTtke 3a Kormaonuk, Bpmauky bawy, Kypurymnujy u Pamky, oH je mpeko
eKBHBAJICHTHE TEMIIEpaType Ba3ayxa, Mohu xialjema M MohH cymiema Mperovyno OCHOBHE
OMOKIIMMATCKE KapakTepHCTHKe jyroszamagHor pema Cpouje (Byjesuh, II. 1962).
buoxnmmmarcky aHanmm3y IlomyHaBjba Ha OCHOBY CKBHBAJICHTHE TEMIIEpaType Basmyxa
crposeo je M. ITeuess ca capagnunuma (Ileness, M. P. u capamauiy, 1996).

VY oBoM unaHky Ouhe mpuMemeH MoJes Koju ce 0a3upa Ha 3aBUCHOCTH YOBEKOBE
TOIUIOTHE pa3MeHe o] IPUPOJHUX yciioBa. OBO je HOB Mozel, MyOJuKoBaH npBu myT 1994.
roauHe 1o uMeHoM Menexc (,,The Man-ENvironment heat EXchange model®; Btazejczyk,
K. 1994). MeHekc je BuIle IyTa JOIyHaBaH, T€ Ce NOCIEAka Bep3rja HasuBa Menekc-2006.
Monen MeHneke, mo cBoM ayTtopy braxkejurmka, Moxe OUTH TPHUMEHCH 32 Pa3IAYHUTE
motpebe: OwWokIMMaTcKe (3a pekpeanujy © Typu3aMm, KINMAaTOTEpandjy, XyMaHe
3/[paBCTBEHE U ypOaHe CTy/uje), TepMOPH3HOIOUIKE (paJHH yCIOBH U TEPMOpETyJIalioHa
KOHTpOJIa CHCTE€Ma) M NPOCTOPHO IUIaHepcke (y IUIaHMpPamy NPHPOAHUX, CTAMOCHUX H
pekpeanmonux 30Ha; Blazejczyk, K. 1994). ,OBaj momen oTBapa HOBe MoryhHOCTH Y
OMOKIIMMATCKAM HCTpa)XKMBambUMa aKTyeITHUX IIpo0ieMa XHBOTHE CpeArHe, a Koja je MeTa
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rI00aTHAX KIIMMATCKHUX IIPOMEHA HACTAlINX YHUINTAaBamkeM 030HCKOT omoTada‘ ([lemess, M.
P., Mumuaunh, M. u Ileuess, M. 2007, ctp. 199).

OcnoBa braxejunkoBor OMOKIMMATCKOT MOJETA 32 M3padyHaBame €HEPIreTCKOT,

TOIUIOTHOT OajlaHca n3Mel)y YoBeKa M OKOJIMHE 3aCHHBA CE Ha jeTHAYNHU:
S=M+Q+C+E+Res

Ine je: S — ykynHa yHyTpalima KOHLEHTpaIija YOBEKOBE TOoIuioTe M — ToIuioTa
Hacrajla MpOoLEcOM MeTabonu3Ma (caropeBameM YIJb€HHX Xuiapara), ( — IH4YHH
panuanuoHu OanaHc AyrotanacHuM 3pademeM, C — KOHBEKTHBHA TOIIOTHA pa3MeHa, £ —
TOIUTOTHU TYOMIIM HacTalIM HCTapaBambeM M Res — TOIUIOTHH T'YOWIM HacTalld JTUCAEeM
(Btazejezyk, K., 2008,ctp. 32).

OCHOBHE OJIMKE TOIUIOTHOT YOBEKOBOI OamaHca Ha moxapydjy Hosor Cana
onpeheHe cy Ha OCHOBY METEOPOJIOLIKHMX €JIEMEHTHMA PETHCTPOBAHMX Yy mepuoy ox 1992.
1o 2010. ronune. [lopexn mera odyxsahena cy u aBa Onoxnumarcka naaekca (PhS u PST) y
AQHAIM3M METCOPOJIOLIKMX eJeMEHara, 3a JBa EKCTpeMHa Mecela, jaHyap M jyiu, a 1o
METOJOJIOTHj! ,,JaH 3a AaHoM™. OBaj auruTanau (OpojuaH) OMMC TOILIOTHOT YOBEKOBOT
OuiaHca Kao MpoAyKTa bBiakejunkoBOr Mojielia MPOM3allao je U3 MPOrpaMcKOr MakeTa
buoxnmuma 2.6. YnasHu mojamu 3a oBaj coTBEp Cy METEOpPOJIONIKA BPEMEHCKA CTamba
(DTHeBHA TeMIlepaTypa Ba3lyXa, MaKkCUMalHa U MHHUMaJlHa TeMIlepaTypa Ba3myxa, Op3uHa
BETpa, HAIllOH BOJIEHE Iape, pejlaTHBHA BIAXKHOCT Ba3ayxa, oOjayHocT, BucuHa CyHIa,
JHEBHA KOJIMYKWHA IIaJlaBUHA W BHCHHA CHCXHUX Ha[laBI/IHa), u (bI/BI/IOJ'IOHIKI/I yCl10BU
YOBEKOBOT Teja (TeMieparypa yoBeyje koxke — 32 °C, MeTabonnika npou3Bo/iba TOIIOTe —
165 W/m?, nzomnamja onehe — 1 clo u anbemo onehe — 30%); Blazejczyk u Matzarakis,
2007).

_

Temperature
Radiation
Wind

Humidity

Cuanka 2. CKHLA Y0BeKOBe TOILIOTHE pa3MeHe: cyH4YeBa paaujauuja (1upexktHa — Kdir, pacnpmena — Kdi u
peduiekToBana — Kref), TomioTna pagujanuja (mognore — Lg, neéa — La u 4yoBeyjer Tesia — Ls), TONI0THH
ToK-aayke (MeTabonsam — M, koHBeKTHBHHU — C, ucnapaBameM — E, pecnupauujom —Res, onsohemem — Kd,
TOJI0TA TeJ1a — S U paauanuonu 6ananc y yoexky — Q) (Blazejezyk, K. 2008, ctp. 32.)

W3znasau mojanmy Mopesa TOIUIOTHOI YOBEKOBOT OajlaHCa CaApike HEKOJIHMKO
KapaKTEepUCTHKA, Kao IITO Cy KOHIIOHEHTE YOBEKOBOT TOIUIOTHOT OMJIaHCAa M Pa3inuuTe
Ouoxnmmarcke MHAMKaTope (MHIekce M QuykceBe). OHM ONCIMKaBajy Be3e M OJHOCE
n3Meljy YOBEKOBOT OpraHu3Ma M OKOJIMHE. Y OBOM pany Ouhie mapaneiHo aHanu3UpaHa H
IBa OMOKJIMMATCKA HHIEKCA!
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1. Huoexc ¢husuonowroe nanopa (Physiological Strain index — PAS) mpukasyje
KaKo Cy (PM3UOJIOMIKH MPOIECH YOBEYjeT OpraHu3Ma Mpuiiaro)eHn ycIoBUMa KOjU BIAAajy y
npupou (buoknuma2.6. help file). PhS pedrexryje npouec npusiarohaBama XiaaaHoj win
TOIJIO] CPEIWHH [0 IIOCTH3ama TOIUIOTHE paBHOTexe (xomeorepmmje Blazejezyk, K.,
2008,). du3noNoNIKY HANOP jeJHaK je KounuHUKY kKoHBeKTHBHOT (C) 1 eBanopanmoHor (E)
TOIIOTHOT (hIyKca.

2. Qusuonowko  cyobjekmusna memnepamypa (Physiological  Subjective
Temperature — PST) npexactaBiba 4oBeKOB cyOjekTuBHH ocehaj Toruore HakoH 20 MUHYTa
npoBeneHux y npupoau (Blazejezyk, K., 2008).

Ta6ena 1. Ckana nepuenuuje nare3utera gusuonomxoz nanopa (PhS), puzuonowke cyojekmusne
memnepamype (PST) n épemenckoz unoexca ooprcusocmu (WSI) no baaxkejunkoBom moeny

PhS PST WSI
- - <-36.0 cMp3aBajyhu - -

0.0 €KCTpe. TOILUIU -36.0 —-16.1 BEOMa XJIaJHU - -
0.00-0.24 BEOMa TOILIH -16.0—4.0 XJIaHU 0 OeCKOpHCHH
0.75-1.50 YMEPEHO TOILIH 4.1 -14.0 CBEXKH 1 yMe€. KOpUCHH
1.51 -4.00 yMepe. XJIaTHH 14.1-24.0 MpUjaTHH 2 KOPHCHH
4.01 -8.00 BEOMa XJIaJHU 24.1 —34.0 TOILIU 3 BEOMa KOPUCHHU

> 8.00 EKCTpe. XJIQJAHU 34.1-44.0 Bpyhu - -
— > 54.0 BEOMa TOIUTH — —

The sourse: Bioklima 2.6, help file; Blazejczyk, 2008.

BpemeHcka crama Koja ce NMpeciInKaBajy Kpo3 YHETe METEOPOJIONIKE BPEAHOCTH Ce
MOTY BpEJHOBATaTH 32 pPa3IMYUTE BUIOBE CIOPTCKO-PEKpPEaTHBHE AaKTHBHOCTH, a dHje
pe3ynTare Moaen Menekc mipyxa o umeHoM The Weather Suitability Index.

Bpemencku unoexc oopowcusocmu (The Weather Suitability Index — WSI)
NIPEACTaBba ,,BPEJHOBAE BPEMEHCKHX CTama 3a Pa3IM4UTe BPCTE AKTUBHOCTU KOjE je
Moryhe ympaxkmaBaTu y MpHpOAH: 3a cyHYame — SB (1j. 3a crajame Ha OCyHYaHOM
mpoctopy — WSI SB), 3a 13B. ,,ipoBeTpaBame” — AB (Tj. 32 cTajambe Ha CBeXeM BazAyXy y
xnagoBuHu — WSI AB), 3a koMOuHOBaHe akTMBHOCTH — MR (HIp. IIeTHa, Jake Hrpe,
kynoBuHa — WSI MR), 3a uHTeH3uBHE akTMBHOCTH — AR (Hmp. ¢yndan, Ouiukinzam,
IUTaHMHApewe, forupame uta. — WSI AR) n 3a ckujame U ocrasie 3uMcke crioproBe — ST
(WSI_ST)” (Blazejczyk, K., 2008, ctp. 65).

AmHan3e 4OBEKOBOT TOIUIOTHOI' OajlaHca 10 OBOM MOjeNy BpiueHe cy y [losbckoj
(Blazejezyk, K. 2001, ctp. 133; Blazejczyk, K. u Matzarakis, A., 2007, ctp. 63; Blazejczyk
K., 2008, ctp. 28), moK je y HameMm HemocpemHOM Okpyxkewmy (y PemyOmumu Cprckoj)
crpoBeneHa camo BpeMeHcka tunonordja (Ilemers M. u capamgauim, 2010, ctp. 35). Mozgen
Menex y cymITHHHU TIpeACTaB/ba HAAOTPaimy byaukoBor Monena, Te je Mame IMO3HAT
(Btazejezyk, K. m Krawczyk, B. 1991, crp. 103). OcHoBa oBOr Mojena je ciImMdHa
Xomepoom moaenr MEMMU (Kantor, N. u Unger J. 2011, ctp. 99). OBaj monen ce takohe
0a3upa Ha eHepreTckoM Oanancy yoBeka (Tejeda-Martinez, A. u Garcija-Cueto, O. R. 2002,
ctp. 56). Kopuctu ce 3a BpenHOBame >KHBOTHE CpPEIMHE a 3a pa3IM4yUTe pPEeKpeaTHBHE
aktuBHoctH (Endler, C. u Matzarakis, A. 2010, ctp. 339; Lin, T. P. u Matzarakis, A. 2007
ctp. 281).
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Pe3y.11TaTn aHaJ/In3e

AHanmza cpeImHuX THEBHUX BPEOHOCTH KIMMATCKUX eJIeMeHaTa, 3a mepuon 1992-
2010. romuny, mpexo braxxejuynkoBOr Mozena u mBEroBor copreepa buokiuma 2.6 okazyje
Ja TOKOM jaHyapa mpeosialyjyje HeratuBaH TomioTHH ¢(aykc (-37,9<S<-25,0 W/m?
Bugetu Tabemy 2.). Tpeba HamoMeHyTH Ja BPEIHOCTH Koje ce Hamase y Tabemu 2. u 3.
OJIrOBapajy YOBEKY Koju ce kpehe y mpupoau (Ha oTBopeHoM) Op3uHOM 4 km/h u uuju je
crerieH Merabonusma 165 W/m? (Bunetu ISO/FDIS 8996:2004).

Ta6ena 2. Cpeamwe 1HeBHe BPeAHOCTH aKymyaayuje monaome (S), unoexca gusuonowxoz nanopa (PhS),
cyojekmuene uzuonowxe memnepamype (PST) u epemenckoz unoekca ooprcueocmu (WSI) 3a na
eKCTpeMHa Mecela, janyap u jyau (1992-2010)

S PhS PST WSI SB | WSI AB | WSI MR | WSI AR
1 VII 1 VII 1 VII VII VII VII 1 VII

-348 | 54,51 2,6 ] 09 | -6,8 | 33,1
-324 | 548 12,51 09 | -6,2 | 33,1
-35,5 1 55,0 | 2,6 | 0,8 | -6,9 | 34,3
-37,0 | 56,2 | 2,7 | 0,8 | -7,3 | 34,1
-37,6 | 53,7 | 2,7 | 0,8 | -7,3 | 33,2
-353 | 53,0 1 2,6 | 09 | -6,8 | 32,7
-20,6 | 494 | 24 ] 09 | -5,2 | 30,7
-299 | 472 1 2,51 09 | -52 | 30,5
9. -30,6 | 46,6 | 2,5 ] 1.0 | -5,6 | 29,1
10. -25,0 | 480 | 241 09 | -47 | 30
11. -26,0 | 55,0 | 2,4 ] 09 | -4,7 | 31,4
12. -28,1 | 479 | 251 1,0 | -54 | 294
13. -293 | 55,6 | 2,51 09 | -5,7 | 31,8
14. -28,0 | 53,7 1 2,51 09 | -53 | 32,1
15. -29,1 | 53,1 | 2,51 09 | -5,7 | 31,4
16. -33,5 1 532 126 ] 09 | -64 ] 329
17. -323 | 554 12,61 09 | -59 | 33,9
18. -31,2 | 56,1 | 2,5 ] 0,8 | -5,7 | 34,3
19. -31,4 | 46,7 | 2,6 | 1,1 | -59 | 27,7
20. -29,0 | 57,1 | 2,51 0,7 | -53 | 35,9
21. -33,0 | 56,6 | 2,6 | 0,8 | -5,5 | 34,4
22. -36,8 | 58.0 | 2,7 | 0,8 | -6,4 | 34,9
23. -353 | 53,6 | 2,6 | 0,8 | -6,5 | 33,5
24. -36,2 | 552 | 2,71 0,8 | -6,8 | 34,3
25. -30,6 | 54.0 | 2,6 | 09 | -6,5 | 32,7
26. -30,9 | 509 | 2,6 | 0,9 | -6,1 | 31,5
27. -33,1 | 56,8 | 2,6 | 0,8 | -6,2 | 33,4
28. -29.0 | 584 | 2,51 0,8 | -5,7 | 35,5
29. -31,8 | 57,8 1 2,6 | 0,8 | -5,9 | 33,9
30. -354 1 529 12,61 09 | -6,1 | 32,1
31. -379 | 58,6 | 2,6 | 0,8 | -6,8 | 33,8
CMB | -32,0 | 53,7 ] 2,6 | 0,9 | -6,0 | 32,6
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AHanmza cpeimuX AHEBHUX BPEJHOCTH, TaKohe MpHKasyje Ja TOKOM jaHyapa
npeoBJajaBa ymepeHo xiadanu Quznonouiku Haapaxaj (2,4<PhS<2,7), xaadan ocehaj
¢uznonomke cyodjextuBHe Temmeparype (-7,3<PST<-4,7) u cnenehn BpeMEHCKH YCIOBH:
beckopucnu 3a cynuyame (WSI _SB=0), 6eckopucnu (WSI_AB=0) u mect nana ymepero
rxopucnu (WSI_AB=1) 3a OopaBak y NpUPOAHU, ymepeHo Kopuchu (TOKOM 25 maHa je
WSI_MR=1) u g6eoma xopucnu 3a ymepene aktuBHocTH (6 naHa je WSI MR=3), ymepeno
kopucHu (25 nana je WSI_AR=1) u 6eoma xopucnu 3a MHTEH3UBHY aKTUBHOCT (6 1aHa je
WSI_AR=3) u beckopuchu BpeMEHCKH yCIIOBH 3a 3UMCKE CIIOPTOBE.
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MaxkcumanHu JeQUIUT TOIUIOTHOT YOBEKOBOT OmiaHca 3abenexkeH je 31. janyapa.
Cpenma jJHEBHa TeMIieparypa Bazayxa je tor maHa Owia -0,3 °C. Mehyrum, 4. janyapa
TeMmreparypa Bazjayxa je nsa myta Hmwka -0,6 °C (Bume Bpennoctu PhS u PST). Venen
Mame Op3uHe Berpa (3a 0,2 m/s) 1 Mame 001a4HOCTH (32 6 %) TOILIOTHU AeUIMT je 4. a'y
onHocy Ha 31. janyap mamu 3a 0,9 W/m? Maga je y janyapy HajTOIUIMjU Ba3ayXx Ouo 8. u
11. (1,8 °C), HajMama BpPEOHOCT TOILIOTHOT AcduuuTta peructpopana jel0-or. Tama je y
OJIHOCY Ha ocMH TemiepaTypa Basayxa (1,6 °C) ouna nmwka 3a 0,2 °C, a 6p3una Bepa (1,8
m/s) mama 3a 0,1 m/s.

TomoTHH QIIyKC JBYACKOT Tella TOKOM jyna je mo3utuBaH (46,6<S<58,6 W/m?).
Jlpyru eKcTpeMHH Mecell NPEJCTaBIbEH j€ MONIOMHO-HEeYMPAIHUM W TOKOM jeIHOT JaHa
ymeperno monaum Guznonomknm HaropoM (0,7<PhS<1,1), monaum u 3a ocam nana epyhum
cyOjextuBHEM Qm3uonomkuM ocehajem Torutore (27,7<PST<35,9) u pazmuautim
BPEMEHCKHM YCIIOBHMA 3a ciiejiche aKTHBHOCTH JbYIU: YMEPEHO KOPUCHU 33 CyHYarbe
(WSI_SB=1), yuepeno xopucnu 3a 6opasak y npuponu (WSI_AB=1), yuepero xopucuu 3a
ymepeHo nHTeH3nBHE akTHBHOCTH (WSI_MR=1) u 6ecropucnu 3a UHTCH3UBHY aKTHBHOCT U
3UMCKE CIIOPTOBE.

MakcumanHa jyJcka cpelma JHEBHAa TeMIlepaTypa Ba3ayxa 3abenexeHa je 20.
(23,4 °C), nok je MakcuMyM TOILIOTHOT (uryKca perucTpoBaH 31. kajia je cpelma JHEBHA
TemriepaTypa Basmyxa 22,6 °C W BpeAHOCT HamoHa BojeHe mnape Buma 3a 1,1 mb.
Hajxnmaguuju nau jyna je 9-tu. Tana je temnepartypa Bazayxa Ouna 20,6 °C. OBaj naH ce
noAy/Aapa ca JaHOM ca MHUHHMMAJIHHMM BpEeIHOCTHMA HMHAEKca (DU3HONIOLIKE CYOjeKTUBHE
temriepatype. Hajumka jyncka temmeparypa Basayxa jaBiba ce 19. (20,0 °C) wmTo ce ce
Takole noxynapa ca HajHIKUM BpeaHocTuMa PST-a.

Kako ce npu BHIIETOAMIIHLUM KIMMATCKUM aHajIM3aMa CTHYE MOBPIIAH YTHCAK O
MECEYHOM TOKY 4YOBEYjeI TOIUIOTHOT OMJIaHCa, OBOM METOJOM Cy Takohe aHamu3upaHe
Cpelbe JHEBHE METEOPOJIOIIKE BPEJHOCTH SKCTPEMHUX Meceld (janyapa u jyna) y 2010.
roguHu. M3 me ce MoXe BHACTH Ja je aMIUIUTylIa M3Mel)y MUHUMAIHOT U MaKCHMAJHOT
YOBEKOBOT TOIUIOTHOT Owmianca Beha 3a 45,0 W/m? y jamyapy m 1234 W/m? u jymy.
TomnotHu janyapcku ¢aykc ce xpehe y pacmony ox -61,8 W/m? no 1,1 W/m? (Buzern
tabenmy 3). Takohe ce U3 OBe jeMHOTOAMIIHEC aHATN3E MOXKE BHACTH J1a TOIUIOTHH YOBEKOB
¢bykec Moxe Outh W mosuTwBaH. Ilpu Temmepatypu Basmyxa ox 1,1 °C (11. jamyapa)
3a0elIe)KeHa je 3a 0Baj Mecell jeJrHa MO3UTHBHA BPEIHOCT TOIIOTHOT Omnanca (1,1 W/m?).
JlaH ca HajBHIIIOM jaHyapCKOM TEMIIEpaTypoM Ba3ayxa Ouo je mpsu ca 8,5 °C amu ycuen
Behe Op3uHe BeTpa YOBEKOB OpraHW3aM OCTBapyje HeraTHBaH TOIJIOTHM OunaHc. Hajsehu
TOIUIOTHU JIe(UIIUT YOBEKOBO TEJIO JIOKUBJbAaBA TPHIECETOT, KaJa TEMIIepaTypa Basiyxa
nm3Hocu -0,7 °C. Ammuuryna usmelly MHHMMaiaHe W MakCHMalHE BPEIHOCTH HHJEKCa
¢usmonomkor Hanopa m3Hocu 1,2. OHa je y OfHOCY Ha aHAJIM3y OCaMHACCTOTOAMIIET
neproxa Beha 3a 0,9.

[epuenmuja cy0jekTHBHE TeMIIEpaType JbYIACKOT OpraHr3Ma Bapupa TOKOM jaHyapa
y pacrony oxn 18,5 °C (-15,9<PST<2,6). Ona je 3a pa3nuKy O] IpPEIXOJHE aHAIN3e
MO3UTHBHA TOKOM jemHor pmaHa (11.). BpeMeHCKH yCIOBM TOKOM OBOT Mecela Ccy
becxopucrnu (WSI_SB=0) a y jexHom many eeoma kopuchu 3a cyndame (WSI _SB=1). Onun
cy nBageceT u Tpu maHa oeckopuctu (WSI AB=0), TokoM cemam maHa ymepeHO KOPUCHU
(WSI_AB=1) u y jenHoM maHy geoma kopucuu 3a 0opaBk y mpupomu (WSI AB=3).
[ToropHOCT jaHyapCKUX BPEMEHCKH YCJIOBH 32 YMEPEHO MHTCH3UBHY aKTUBHOCT BpEHYje ce
Ha cieniehy HauYMH: Oeckopuchu y TOKY AeCeT AaHa, yMepeHo KOpUcHu TOKOM TPHHAECT JlaHa
U 6e0MaA KOpUCHU TOKOM OCaM JiaHa. BpeMeHCKH MHIIEKC OJPKHMBOCTH j€ MPH CIPOBOhewY
WMHTEH3MBHE AKTHBHOCTH TOKOM TPHUHAECT JaHa YMepeHO KOPUCMAH, a Y OCTaJIOM [ely
Mecela 6eoma Kopucmarn. BpeMeHCKH YCIIOBH Cy 3a 3UMCKE CIIOPTCKE aKTUBHOCTH CaMoO Y
JEIHOM JaHy 6eoma KOPUCHU U yMepeHo KOPUCHU, a TOKOM OCTalMX JAaHa 6eCKOPUCHU.
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Ta6ena 3. Cpeame AHeBHEe BPeIHOCTHU monaomue akymynayuje (S), unoexca usuonomroz nanopa (PhS),
uzuonowke cyojekmuene memnepamype (PST) u epemenckoz unoexca oopacusocmu (WSI) 3a na
excTpeMHa mecena, y 2010. roqunu

S PhS PST WSI_SB | WSI.AB | WSI. MR | WSI AR
1 VI 1 VII 1 VII 1 VI 1 VII 1 VII 1 VII
1. -20,5 64,5 1,9 | 08 -5,3 35,7 0 1 0 1 1 1 1 0
2. -51,9 83,1 27107 | -11,7 | 42,8 0 0 0 0 0 0 1 0
3. -56,3 70,9 3,1 108 -9,6 35,9 0 1 0 1 1 1 1 0
4. -37,4 62,1 2,71 09 -7,7 324 0 1 1 1 3 1 3 0
5. -59,7 53,7 291 1,0 | -13,7 | 26,6 0 3 0 3 1 3 3 0
6. -50,8 53,9 277109 | -12,5 | 282 0 1 0 1 0 1 1 0
7. -25.5 -1,1 22113 -9,3 6,1 0 0 0 1 0 3 1 3
8. 1-602 ] 411 |26]10] 97 [241] 0o 3| o] 3 1 3 1 0
9. -34.3 74,2 231 08 -0,6 36,8 0 0 1 1 3 0 3 0
10 | 313] 777 |23 ]07 ] 93 [400] o] o] o]o]o]o 1 0
11. 1,1 69,7 2,11 0,7 2,6 38,9 3 1 3 1 3 0 3 0
12.]-11,7] 907 [ 2406 -10 423 0] o 1 0 | 3 0 ]3]0
13. ] -388 | 1174 | 24 | 04 | -11,1 | 484 0 0 0 0 1 0 3 0
14. | 296 | 1154 23] 04 [-103]476] 0] o] o] o 1 0 ]3]0
15. 1 -31.6 | 1272 | 23 | 0,3 | -10,2 | 49,9 0 0 0 0 1 0 3 0
16. | 503 | 1015|2803 [-135]436] 0] o] o] o 1 0 ]3]0
17. 1 -57.4 | 103,2 | 3,0 | 0.4 -8,4 46,1 0 0 1 0 3 0 3 0
18. | -169 ] 736 | 20] 07| 82 [383] o 1 0 1 1 1 3]0
19. 1 -29.5 49,3 231 10 1] -10,6 | 27,9 0 1 0 1 0 1 1 0
20. | 268 | 992 [22fo06] 95 [431 ] o] o] o] o 1 0 ]3]0
21. 1 -30,6 | 1204 | 23 | 0,5 | -11,0 | 479 0 0 0 0 0 0 1 0
22. 1489 1271 |27 04 ]-142]493 0 o] o] o] ofo 1 0
23. 1 -315 | 1169 | 23| 04 | -11,9 | 474 0 0 0 0 1 0 3 0
24. | 412 443 [30]10] 84 [276] 0 | 3 1 3 3 313 ] 3
25. 1 -59.,5 -8,2 331161 -11,8 3,3 0 0 1 0 3 1 3 1
26. | 475 202 [27 14 ]-146]159] 0 3] 0] 3 1 313 ] 3
27. 1 -35,0 9,8 241 1,2 -13 8,1 0 0 0 1 0 3 1 3
28. | 543 | 288 [29 | 1,1 ] -159]220] o 1 0 1 0 1 1 1
29. 1 -38,6 61.0 3,0 08 -5,9 33,0 0 1 1 1 3 1 3 0
30. | -61,8 42,6 281 09 | -12,6 | 282 0 3 0 3 1 3 3 3
31. | -54,1 154 [ 28 | 12 ] -133 ] 104 0 1 0 3 0 3 1 3

Jyncku Tormnotan dayke (2010.) xpehe ce y pactiony ox ox -8,2 W/m? (25. jyna) no
127,2 W/m? (15. jyma). IlojaBa MHHUMamHE BPETHOCTH (HHUHUONOMIKE CyOjeKTUBHE
TeMIepaType Ba3lyxa INOKJIama ce ca I10jaBOM MaKCHMAallHe HETaTHBHE BPEIHOCTH
tormotHor  ¢urykca. Tama je Ttemmeparypa Basmyxa m3Hocmina 28,7 °C. Hajamky
TEeMIIepaTypy Ba3ayxa MMao je CeAMH JaH, alnd ycien ciadwjer Berpa (3a 1 m/s), Mame
BJIOKHOCTH Bazmyxa (3a 18 %) u obnaunoctu (3a 17 %) oH ¥iMa BHUIlIe BPEIHOCTH TOIJIOTHOT
(dykca on oHe 3a0enexene 15. jyna (6,1 W/m?). MakcumanHa Temreparypa Basmyxa (28,5
°C) ce y OBOM cIydajy MOKJIaNajy ca MaKCHMyMOM BPIHOCTH TOIUIOTHOI OWJIaHCa M
UHJIeKca (PU30JIONIKE CyOjeKTUBHE TeMIepaType.

Tokom jyma cy mpucytu ymepeno monau (0,3<PhS<0.75), mepmoneympannu
(toxom 16 mana je 0,75<PhS<1,5) u ymepeno xnaonu ocehaju dusmonomkor Hajapaxaja
(jeman man je 1.51<PhS<1.6); cseaxcu (4 mama je 3,3<PST<14,0), npujamnu (2 nmana je
14,1<PST<24,0), monnu (8 mana je 24,1<PST<34,0), ¢pyhiu (10 mana je 34,1<PST<44,0) u
seoma epyhu (7 nana je 44,1<PST<49.9) ¢usmnonomku ocehaju cyOjeKTUBHE TeMIIeparype.
BpenHoBameM BpeMEHCKUX YCIIOBa YCTAHOBJBEHH Cy PA3IMYUTH BPEMEHCKH THIIOBH KOJH CY
norogHu 3a cieaehe spyncke akTHBHOCTH: beckopuchu (16 mama je WSI SB=0), ymepero
xopucru (10 mana je WSI SB=1) u seoma xopucnu (5 mana je WSI_SB=3) ycnoBu 3a
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cyH4ame; beckopucru (13 nana je WSI_AB=0), yuepeno xopucnu (11 nana je WSI_AB=1)
u eeoma kopuchu (6 nana je WSI_AB=3) ycnoBu 3a 6opasak y npupoau; 6eckopuchu (14
nana je WSI MR=0), yuepeno xopucnu (9 nana je WSI_MR=1) u seoma xopucnu (8 nana
je WSI_MR=3) ycnoBu 3a ymepeHe akTHBHOCTH; Oeckopucuu (23 mana je WSI AR=0),
ymepeno kopuchu (2 nana je WSI AR=1) u 6eoma kopuchu YCIOBH 3a CIpOBOCHE
HWHTCH3UBHE (U3UUKe akTUBHOCTH (6 naHa je WSI AR=3).

Juckycuja u 3aK/byqak

Mopgen brnaxejunka, Koju je IpUMEHBEH y ABEMa aHalIM3ama JbYJICKOT TOILIOTHOT
Gananca Ha mpoctopy HoBor Cana, mokasao je cBojy noOpy omeparuBHOCT. Takohe, ce u3
OBE J[BC aHAIIM3E BUJM J1a OMOKJIMMATCKa HCTPaXKHBakba, KOPUCTENN ce OBUM MOJENIOM, He
Tpeba CIPOBOJAMUTH Ha CPEIIbMM BPEIHOCTHMA, jep MpyrKa MOBPIIAH YTUCAK O BPEMEHCKUM
nojaBama. Tako Ha MpPUMeEP: HA OCHOBY aHAIIU3e CPEAUX JTHEBHUX BPEAHOCTH jaHyapCKOT
ToroTHOT OmmaHca 3a mepuon 1992-2010. ctude ce yTucak Aa OBO MOIPY4Yje TOKOM
CIIOMEHYTOI Mecella He Ioceiyje Mo3uTuBaH ToruoTHH ¢uiykc. To nmemaHnrtyje aHanmza
janyapa 2010. roamue. Jlakie, aHanm3a CpeambHX THEBHHX BpPEIHOCTH TOKOM IyKer
BPEMEHCKOT IIepHO/ia Jiaje YOIITEeHY CIMKY BPEMEHCKUX YCIIOBa HEKOT Mpejena MITo je 3a
OMOKIIMMATCKO M3y4aBarhe O]l Mamber 3Hauaja.

Hctuna je na cpeame JHEBHE BPEJHOCTH KOje Cy NPHMEHCHE y aHalM3H JBa
excrpeMHa Meceria TokoM 2010. ronuHe najy, Takohe yommrTeHe BpPEeAHOCTH BPEMEHCKUX
ycJoBa y OJHOCY Ha TepMHHCKe BenuuuHe (oHe y 7h, 14h m 21h), mehytum Ha ocHOBY
Mozena MeHeke u3 BUX ce Moxe crehu mpaBum yTHCak O BPEMEHCKOj CHUTYaIlUjH Koja je
3aCTyIJbEHA.

OBa OHOKIMMATCKa aHajm3a 00yxBara YoBeKa oJeBeHOr o1 1 clo (TakBa ogeBeHOCT
OJIrOBapa CTENCHY OJICBEHOCTH KAaHIICIAPHjCKOT PaJHHMKA) Ca CTEIEHOM MeTaboiu3Ma oj
165 W/m2. To mnpema meljynapomHom cranmapay 8996 oarosapa voBeky (crapom 30
TOJIMHA, Ca TEJICCHOM TEXKHHOM 011 75 kg, u BucuHOM 011 175 cm Te ca MOBPIIMHOM Telia O
1,8 m?) wim xena (ctapoj 30 roauHa ca TenecHoM TexuHoM o] 65 kg u Bucurom o 170 cm
TEe ca MOBPLIMHOM Koxe ox 1,6 m?) koju ce kpehe O6p3unom ox 4 km/h. Kox TakBux ocoba
TOIUTOTHU OWJIAaHC je TOKOM jaHyapa YIrJIaBHOM HETraTHBaH M M3HOCH Yy Mpoceky oko -32,0
W/m?. Jla Ou ce ycriocTaBuia TOJIOTHA PaBHOTEXKa, OJEBEHOCT YOBEKa OW Mopaia Ja ce
nojaya 10 u3Hoca ox oko 1,7 clo (1 clo = 0.155 m?K/W). Tokom jyma TOIIOTHH (IIyKC
4yoBeka m3HocH 53,7 W/m?, mTo JoBOIU 0 IperpeBama opranm3Ma. Tama ogeBeHocT Tpeba
MpUIIArouTH BpeaHocTu of oko 0,7 clo.

PesynraTn 6uotepmanHe aHanm3e ykasyjy Aa Ha moapydjy Hosor Cama y Toky nBa
eKCTpeMHa Mecella JOMHHHUPajy HEKOJMKO BPEMEHCKHX YCIIOBa. JaHyap KapaKTepuIly
BPEMEHCKH YCJIOBH Ca YMepeHO XJIAOHUuM HaApakajeM HHOCKca (H3HOIOMIKOT Hamopa u
X1aowu onadcaj CyOjeKTHBHE TeMIepaType Ba3ayxa, 3a pasjMKy O jyjia TOKOM Kora
npeornallyjy mepmoneympannu Hanpakaj (U3UOJOIIKOr Hamopa (Haapaxaja) H monao
onaxaj cyOjeKTUBHE TemIiepaTrype. BpenHoBambeM OBHX BPEMEHCKHX CTambha 3aKJbydyje ce
Jla Cy OHHM TOKOM jaHyapa OecKopuchu 3a CyHYambe M 0OpaBaK YIPHPOIH, YMEPHO KOPUCHU
3a 0aBJbCHC YMEPCHOM W MHTCH3MBHOM (DM3MYKOM aKTHBHOIINY M OeCcKOpUcHu 3a pasBoj
3MMCKHX CHOPTOBa. BpeMEeHCKH yCJIOBM TOKOM jyJia c€ T€HEpallHO OLEHYje Kao yMepeHO
KOpUcCHY 3a CUpoBoleme JIAKUX M YMEPEHO TEeIIKHX (M3MYKMX aKTHBHOCTH Kao IITO CY
CyHuUame W 0OpaBak y NMpHUPOAH, IIETHA, OMIMKIN3aM U CIl., WIN HaK Kao OecKopucHu 3a
n3Bolere MHTEH3UBHUX (PU3NUKNX aKTHBHOCTH.

BoHuTHpame BPEMEHCKUX YCJIOBA MOKa3yje Ja je y TOKY 3uMe 3a J00po 37paBibe
YOBeKa HajOOJbE YIPAKIHbABATH AKTHUBAH BHJ[ PEKpealdje Kao IITO je IIeTHa, TPYambe,
BOXEba OUIMKIIOM, urpame (ymdana uta. Yciea BUCOKOT MO3UTUBHOT TOILIOTHOT (Iykca,
TOKOM jyJia ce He Mpenopydyje 0aBibehe HHTCH3UBHIM CIIOPTOM.
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THE HUMAN HEAT BALANCE IN THE CITY OF NOVI SAD (SERBIA)

ALEKSANDAR KRAJIC

Abstract: This analysis is based on the human heat balance according to the bioclimatic man-environment heat
exchange model created by Krzysztof Blazejczyk. The final result of the human heat balance model points to
biothermal weather situations for the outdoor recreational needs. In this analysis, middles daily meteorological data
(of climatological station of Novi Sad) were used for two extreme months, January and July. In this work, it is
analyzed two periods, the first is for 1992-2010. and the second is for year 2010. The aim is to show how weather
can be evaluated for recreational needs which the health resource of Novi Sad and to point out the shortcomings
when it comes to multi-year analysis. The objective of this article has been to present a bioclimatic analysis of city
Novi Sad and how weather variables come together in order to give a climate meaning on human organism.

Keywords: Human heat remainder, Human comfort, weather condition, Blazejcyzik's model, Novi Sad.

Introduction

It has long been known that weather conditions have influence on human health and well-
being. Various concepts and methods have been used to show relationship between climatic
characteristics and the human organism. Most of them use the simple climate (maximum and
minimum air temperatures, cloudiness, solar and UV radiation, precipitation and etc.) and bioclimatic
characteristics (Wind Chill Index, equivalent and effective temperature and etc.).

Novi Sad is a secondary urban center in the Republic of Serbia. It is located on the left bank
of the Danube, at about 86 m above sea level. Geographical coordinates of the authorised weather
station are 45° 20' N¢ and 19° 51' EA. It should be noted that the town spreads over the northern
foothill region of “Fruska gora” mountain on the right bank of the river Danube, which represents a
tourist area. Besides the town of Novi Sad, which has the natural and anthropogenic tourist values,
there are other interesting tourist centres such as Petrovaradin, Sremski Karlovei and Sremska
Kamenica. It is estimated that at the moment there are approximately 350.000 people living and
working in this area.

Fig. 1. Geographic position of the town of Novi Sad in the Republic of Serbia

This area has continental steppe climate, while the vegetation belongs to the Southern
European forest-steppes and steppes biome. (Pil, N. and Stojanovi¢, D. 2005). Immediately next to the
Danube, a wetland deciduous forests biome is represented. The mean annual value of air temperature
in Novi Sad is around 11.6 °C, the value of water vapour pressure is 11.0 mb and the value of
precipitation is 676 mm (Meteorological annual 1, 1976-2010). The average annual value of
equivalent air temperature is 27.9 °C (Meteorological annual 1, 1976-2010).

Materials and methods

“The climate of a region is a natural resource with important implications on things such as
thermal comfort, health and the productivity of a population” (Tejeda Martinez, A. and Garcia Cueto,
O. R. 2002, p. 55). Human-biometeorological studies describe the thermal comfort as a significant
thermo-physiological state, therefore they measure it by combining air temperature, air humidity, wind
velocity and short- and long- wave radiation on the human thermoregulatory system (Kantor, N, and
Unger, J, 2011). “In order to achieve successful communication between bioclimatologists and urban
planners and designers, it is important to understand the significance of the information regarding
thermo-physiological environment conditions.” (Kantor, N. and Unger, J. 2011, p. 99).

The first bioclimatic research in Serbia was conducted by P. Vujevi¢. By using the weather
data for Kopaonik, Vrnjatka Banja, KurSumlija and Raska, he provided basic bioclimatic
characteristics of the south-western part of Serbia having analysed equivalent air temperature as well
as the cooling and drying power (Vujevi¢, P. 1962). The bioclimatic analysis of the Danube region in
Serbia based on the equivalent air temperature was done by M. Pecelj and his collaborators (Pecelj M.
et al, 1996).
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The model based on the correlation between the human heat exchange and the nature’s
conditions will be applied in this article. This is a new model, first published in 1994 under the name
Menex (The Man-ENvironment heat EXchange model; Btazejezyk, K, 1994). Menex has been
updated several times, and the name of the last version is Menex-2006. According to its author,
Blazejczyk, Menex can be used in various applications: bioclimatic (for recreation and tourism,
climatotherapy, human health and urban studies), thermophysiological (work conditions and
thermoregulatory system control), spatial design (natural, residential and recreational areas)
(Btazejczyk, 1994). “This model provides new opportunities for bioclimatic researches of current
environmental problems, since the environment is influenced by the global climate change due to
ozone layer damage.” (Pecelj, M. et al, 2007, p. 199).

The general equation for the man-environment heat exchange model (Menex) assumes the
form

S=M+Q+ C+E+Res,

where S is net heat storage, i.e. changes in body heat content, M is metabolic heat production
(both basic metabolic rate and metabolic energy production due to activity and workload), Q is a
person’s radiation balance, C is heat exchange by convection, E is heat loss by evaporation and Res is
heat loss by respiration (Btazejczyk, K. 2008).

General features of the human heat balance in Novi Sad area were assessed on the basis of
weather data covering the period between 1992 and 2010. Also, two bioclimatic indices were included
in the detailed analysis of the weather data for two extreme months, January and July, based on the
“day by day” methodology. This digital description of the human heat balance resulting from
Blazejczyk’s model was derived from Bioklima 2.6 software. The input data for the software were: the
meteorological weather conditions (daily air temperature, maximal and minimal air temperatures, wind
velocity, air vapour pressure, relative air humidity, cloudiness, Sun altitude, daily precipitation in total
and snow cover), and physiological conditions of a human body (mean skin temperature — 32 °C,
metabolic heat productions — 65-290 W/m?, clothing insulation — 1 clo, albedo of clothing — 30 % and
sweat rate and velocity of a person’s motion) (Btazejczyk, K. and Matzarakis, A, 2007).

Fig. 2. Components of the human heat balance by K. Blazejczyk: solar radiation (direct — Kdir,
diffuse — Kdi and reflected — Kref), thermal radiation (ground — Lg, sky — La and human body —
Ls), heat fluxes (metabolism — M, convection — C and evaporation — E, respiration —Res,
conduction — Kd, net heat storage -5 and radiation balance in man — Q) (Blazejczyk, 2008. p. 32.)

The output data for human heat balance models contain several output characteristics, such
as the components of the human heat balance or various indices. They illustrate connections and a
relationship between a man and environment. In this paper will bee analyzed also two bioclimatic
index.

1. Physiological Strain index (PhS) indicates the way in which physiological processes adapt
human organism to given outdoor conditions. PhS expresses predominant adaptation processes in a
cold or warm environment to equilibrate heat gains or losses (Btazejczyk, K. 2008). Physiological
strain is equal to the quotient between convection (C) and evaporation (E) heat fluxes.

2. Physiological Subjective Temperature (PST) represents a man’s subjective feeling of the
thermal environment after 20 minutes of adaptation to ambient conditions (Blazejczyk, K. 2008).

Weather conditions are illustrated through the values of meteorological data and they can be
evaluated for different sports and recreational activities, and whose results model Menex provide by
name “The Weather Suitability Index”.

The Weather Suitability Index (WSI) “evaluates the suitability of various weather conditions
for different forms of outdoor activity: sun bathing — SB (i.e. staying in a sunny place — WSI SB), air
bathing — AB (i.e. staying in a shaded place — WSI AB), mild activities — MR (e.g. walking, light play
sessions, shopping — WSI_MR), intensive activity — AR (e.g. football, biking, climbing, jogging, etc. —
WSI_AR), and skiing and winter sports — ST (WSI_ST)” (Blazejczyk, K. 2008, p. 65).

Table 1. The scale of physiological strain intensity (PhS), intensity of physiological subjective
temperature (PST) and efficiency of weather suitability (WSI) according to the Blazejcyk’s
model.
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PhS PST WSI
- - <-36.0 frosty - -
0.0 extreme hot -36.0 —-16.1 very cold — -
0.00 - 0.24 great hot -16.0—4.0 cold 0 non useful
0.75 - 1.50 moderate hot 4.1-14.0 cool 1 mod. useful
1.51 —4.00 moderate cold 14.1 —24.0 comfortable 2 useful
4.01 —8.00 great cold 24.1 -34.0 warm 3 very useful
> 8.00 extreme cold 34.1 —44.0 hot — -
— — > 54.0 very hot — —

The sourse: Bioklima 2.6, help file; Blazejczyk, K. 2008.

The analyses of the human heat balance based on the model were done in Poland
(Btazejezyk, K. 2001, p. 133; Blazejczyk, K. and Matzarakis, A. 2007, p. 63; Btazejczyk K. 2008, p.
28) and in The Republic of Srpska — BIH, however only including the weather typology (Pecelj, M. et
al, 2010, p. 35). The Manex model is basically an upgrade of Budiko model which is less familiar
(Btazejczyk, K. and Krawczyk, B. 1991, p. 103). The foundation of this model is similar to Hopper’s
model MEMI (Kantor, N. and Unger, J. 2011, p. 99). This model was also developed on the basis of
the human energy balance. (Tejeda Martinez, A. and Garcia Cueto, O. R. 2002, p. 56). It is used to
evaluate the environment for a variety of recreational activities (Endler, C. and Matzarakis, A. 2010, p.
339; Lin, T. P. and Matzarakis, A. 2007, p. 281).

Results

The bioclimatic analysis of mean daily values of climatic elements, for the period since 1992
till 2010 year, through the Blayezjczk's model and its software Bioklima 2.6, shows that during
January prevails negative net heat flux (-37,9<S<-25,0 W/m?; see Table 2). It should be mentioned that
the values contained in Table 2 and 3 refer to the man who moves in environment at speed of 4 km/h
and whose metabolic rate is 165 W/m? (see ISO/FDIS 8996:2004).

Table 2. Mean daily values of Net Heat Storages (S), Physiological Strain Index (PhS),
Physiological Subjective Temperature (PST) and Weather Suitability Index (WSI) for two
extreme mounts, January and July (1992-2010).

The analysis of mean daily values, also shows that during January prevails moderate cold
Physiological Strain (2,4<PhS<2,7), cold Physiological Subjective Temperature (-7,3<PST<-4,7) and
the next weather condition: non useful for sun baths activity (WSI_SB=0), non useful (WSI_AB=0)
and for sixth days is moderately useful (WSI_AB=1) for air baths activity, moderately useful (for 25
days is WSI_MR=1) and very useful for mild activity (6 days is WSI_MR=3), moderately useful (25
days is WSI_AR=1) and very useful for intensive activity (6 days is WSI_AR=3) and non useful
weather condition for winter sports.

On 31* of January it was recorded the maximum deficit of man's body heat remainder. On
that day, the mean daily air temperature was -0,3 °C. On 4" of January air temperature was twice low -
0,6 °C (higher index of PHS and PST), however due to lower wind speed (to O,2 m/s) and less cloud
cover (6 %) caloric deficit of humans bady was lower by about 0,9 W/m?. Although in January the
warmest air was on 8" and 11" (1,8 °C), the lowest value of thermal deficit was registered on 10",
Then the air temperature was lower for 0,2 °C (1,6 °C) by wind speeds (which was also lower about
0,1 m/s) from 1,8 m/s.

Changes in body heat content was positive during July (46,6<S<58,6 W/m?). The second
extreme month is represented as a thermoneutral and for one day moderate hot Physiological Strain
(0,7<PhS<1,1), warm and for eight days hot Physiological Subjective Temperature (27,7<PST<35,9)
and various weather condition for human activity: moderately useful (WSI_SB=1) for sun baths
activity, moderately useful (WSI_AB=1) for air baths activity, moderately useful (WSI_MR=1) for
mild activity and non useful for intensive activity and winter sports.

Maximal mean daily air temperature of July was registered on 20" (23,4 °C), while the
maximum heat remainder surplus was registered on 31* of July when the mean daily air temperature
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was 22,6 °C and the value of vapor pressure was higher by 1,1 mb. The ninth of July was coldest day
of that month. Temperature of air then was 20,6 °C. That day was coincide with the day with the
lowest value of PST. The lowest air temperature in July is the day on 19™ (20,0 °C) which also
coincides with the lowest value of index of Physiological Subjective Temperature.

How many years climate analysis give superficial impression of the monthly flow of human
heat balance, so, with this method, mean daily meteorological values of extreme months (January and
July) in 2010 were analyzed, too. It shows the fact that the amplitude between the minimum and
maximum of human heat remainder increased by 45.0 W/m in January and 123,4 W/m? in July. Net
heat storage in January was ranged from -61,8 W/m? to 1,1 W/m? (see Table 3). Also, from this one-
year analysis can be seen that the anthropogenic heat flux can be positive. By air temperature about 1,1
°C (‘on 11™ of January) it was registries positive values of human heat remainder (balance) for this
month (1,1 W/m?). Day with a maximum temperature of air in January is the 1% in month, with 8,5 °C,
but due to higher wind speed human organism achieves a negative heat flux. The greatest man’s body
heat deficit in this month experience on 30™ of day, when air temperature is -0,7 °C. The amplitude
between the maximum and minimum value of Physiological Strain is 1,2 (1,9<PhS<3,1). Accord to
the analysis of period of nineteen years it was higher by 0,9. Physiological Subjective Temperature in
January ranges in the absolute amount of 18,5 °C (-15,9<PST<2,6). In distinction from previous
analysis, it is positive in one day (on 11" of day).

The weather conditions in this month are non useful (WSI_SB=0) and in one day very useful
(WSI_SB=3) for sun baths activity. They are in twenty three days non useful, in seven days
moderately useful and in one day very useful for air baths activity (WSI _AB=0). The weather
conditions for mild activity are measured in the following way: non useful for ten days, moderately
useful for thirteen days and very useful for eight days. The Weather Suitability Index for intensive
activity is in thirteen days moderately useful and in the rest of month is very useful. The weather
conditions for winter sports activities in one day very useful and in one day moderately useful, while
in the remainder of the month are non-useful.

Table 3. Mean daily values of Net Heat Storages (S), Physiological Strain Index (PhS),
Physiological Subjective Temperature (PST) and Weather Suitability Index (WSI) for two
extreme mounts, January and July, year 2010

Net heat storage in July (2010) ranged from -8,2 W/m? (day 25" ) to 127,2 W/m? (day 15™).
The appearance of the minimum value of Physiological Subjective Temperature coincides with the
appearance of the maximum negative values of human net heat storage. Then the air temperature was
28,7 °C. The lowest air temperature was the seventh of day (17 °C), but due to the weaker wind (to 1
m/s), less air humidity (18 %) and cloud cover (17 %) recorded higher value of the men’s heat storage
(6,1 W/m?), from value on 15" of July. The maximum values of air temperature (28,5 °C) in the case
coincide with maximum values of human 's heat remainder and the Physiological Subjective
Temperature.

During July (2010) it was represented moderate hot (0,3<PhS<0.75), thermoneutral (for 16
days is 0,75<PhS<1,5) and moderate cold Physiological Strain (one day is 1.51<PhS<1.6); cool (4
days is 3,3<PST<14,0) comfortable (2 days is 14,1<PST<24,0), warm (8 days is 24,1<PST<34,0), hot
(10 days is 34,1<PST<44,0) and very hot (7 days is 44<PST<49.9) Physiological Subjective
Temperature. Various weather conditions for human activity in July were represented as: non useful
(16 days is WSI_SB=0), moderately useful (10 days is WSI SB=1) and very useful (5 days is
WSI_SB=3) for sun baths activity; non useful (13 days is WSI_AB=0), moderately useful (11 days is
WSI_AB=1) and very useful (6 days is WSI_AB=3) for air baths activity; non useful (14 days is
WSI_MR=0), moderately useful (9 days is WSI _MR=1) and very useful (8 days is WSI_MR=3)
condition for mild activity; non useful (23 days is WSI _AR=0), moderately useful (2 days is
WSI_AR=1) and very useful (6 days is WSI_AR=3) for intensive activities.

Discusion and conclusion
Balazejcyk’s model which was applied in two analysis of human heat balance and in the area

of Novi Sad, has demonstrated its good operation. Also, from these two analysis can be seen that the
bioclimatic studies, using this model, should not be implemented on many years of mean values,
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because they are giving a superficial impression of the weather conditions. So for example: based on
analysis of daily mean values of net heat storage in January (1992-2010), the impression is that this
region does not have positive human heat balance (remainder) during mentioned month. The analysis
from January 2010 years deny this. Thus, analysis of mean daily values over a longer time period
gives too much general view of weather conditions for regions and that is for bioclimatic analysis of
moderately useful.

Mean daily values which were used in the analysis of two extreme months during 2010
years, give somewhat generalized values of weather conditions in relation to the term’s values (like
those in 7h, 12h and 21h), too. However, on the basis of this model, for one year, may acquire a real
impression about situation that is represented.

This bioclimatic analysis has included a person wearing one clo unit (this value of isolation
corresponds with the value of clothing of a person working in an office) and who has metabolic rate
from 165 W/m?. That, by international standard ISO 8996 corresponds to a person (a 30-year-old man,
weighing 75 kg, 175 cm tall and with 1.8 m? of body surface area, or a 30-year-old woman weighing
60 kg, 170 cm tall and with 1,6 m? of body surface area) who is waking outside at speed of 4 km/h. At
this person heat remainder in January was largely negative, ranges from an average of about -32,0
W/m2. In order to establish thermal equilibrium, isolation of man’s cloths should be increase to an
amount of about 1,7 clo (1 clo = 0,155 m?K/W). During the July heat balance of man is about 53,7
W/m, that leads to overheating of the organism. Then cloths must bee adapted to adjust the values of
about 0,7 clo.

The analyzed data show several dominant biothermal weather conditions in town of Novi
Sad, during those extreme mounts. The month of January is characterized by moderate cold strain and
cold subjective temperature, and during the mount of July is dominant thermoneutral strain and warm
subjective temperature. By evaluating the weather conditions during January different weather types
have been identified, those being suitable for various human activities: non useful weather condition
for sun and air baths activity, moderately useful weather condition for mild activity or for intensive
activity and non useful weather condition for winter sports. The weather suitability index in July has
shown several values: moderately usefil weather condition for sun and air baths activity or for mild
activity and non useful weather condition for intensive activity and winter sports.

Therefore, it is recommended, according to the Blazejczyk weather situations evaluation
model for recreational needs and health protection, to have moderate and intensive physical activities
(walking, jogging, cycling, basket ball, etc.) during the month of January. During the summer it is not
recommended practicing of mention sports activities, because positive net heat storages is great.
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