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IMPOMEHE TEMIIEPATYPE BA3JIYXA Y CBETY U CPBJHU
N CEBEPHO ATJIAHTCKA OCIHUJIAIIMJA (HAO)
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'Vuusepsumem y Beozpady — 'eoepagpcru dpaxynmem, Cmydenmexu mp 3/3, Beoepad, Cpbuja

Caxerak: Y pajy je ucTpakipaHa Be3a nzmel)y temrneparype Basayxa u CeBepHo amnantcke ocianje (NAO) y
cBety , y nepuoay ox 1979. mo 2006. ronune. McnutiBaHa je Be3a u3Mel)y caTeqMTCKUX MojaTaka TeMIepaType
Bazayxa UAHMSU u NAO unzekca Ha npocropy Cpouje (17.5-22.5°E u 42.5-47.5°N ), y EBponu (10-45°E u 35-
70°N) u cBery mno mnojaceBuma ox mo 10° reorpadcke mupuHe. YO4eH je CTaTUCTHYKU HECUIHU(HMKAHTaH
KxoehHIMjeHT Kopenanuje 3a mpoctop CpOuje. AHanm3a eneMeHTapHE INEPHOJWYHOCTH je IOKaszala Ja y
NIOCMAaTpaHOM IIePHOJY NPOCEeYHa TyKHHa OCHOBHe mepuone 3a MSU ox npubmmkro 2.8+0.5 ronuHa, oxrosapa
nepuoandHocTd Bapujance NAO, kojy je nao Landschieidt (2001). Mnak, y ucrtuuamy wmoryhux y3poka
CaBPEMEHHUX KoJieOarba KIMMe TpeOaio 61 HCTOBPEMEHO aHAIM3KUPATH BHUIIE [IapaMeTapa LUpKyIauje atmocdepe.

Kibyune peun: remneparypa Bazayxa, NAO, Cpbuja
YBoa

[Mocme En Humo Jyxne Ocomrmanmje (ENSO), wmehy momMuHAHTHUM
MouduKaTopuMa riodairHe knuMe cBakako je U CeBepHo-ariaHTcka ocrmianuja (North
Atlantic Oscillation-NAO).

ITojam CeBepHo aTianTcke ocrmiandje je mpeu yBeo Sir Gilbert Walker 1920.
rogude (Walker, 1924). TpaaunmonanHo je neuHHHUCAH Kao pa3iiuKa y TPUTHCKY Y
HHUBOY MoOpa, u3Mel)y cynrporckux o0acTH BUCOKOT NMPHUTUCKA M3HAI A30pPCKHX OCTpBa H
cyOmosiapHUX 00JIACTH HUCKOI TpHUTUCKa M3Han McnaHna u yriaBHOM MMa yTHIaja Ha
3UMcKe BpeMeHcke ycioBe y EBpormm m nmenoBuma CeBepHe Amepuke. OBa pasiuka y
NPUTHCKY j€ HOPMAJHO KIMMAaTCKO CTame, Koje OMBa HMHTEH3MBHH]E TOKOM 3UMCKHX
Mecely. Y 3aBUCHOCTH OJ HHTEH3UTETa pasiuke y nputucky, NAO Moxe OUTH IO3UTHBaH
nmm HeratuBaH (NAO unzaekc). Tokom nosutuBHEX (asza NAO HHIEKca, 3MME y CEBEPHO]
EBporn 6uBajy Tomnmje n BinaxHuje, Aok JyxkHa EBpomna mpuma Hemro mMamy KOIWYHHY
najaBuHa o] yoOuuajene. Ca npyre crpane, HeratuBHa ¢a3a NAO uHzaekca je y Be3H ca
XJIIAJHAJUM 3UMaMa Iy ceBepHe EBporme m BehoM kommumHOM majgaBwHA y JyXKHO]
Esporni®. Hajuemthe ce xopucre a8a tina NAO nHzexca: oHaj koju je nao Rogers (1984), a
npeJicTaBiba pa3nuky y npurucky usmely Wcmanna (Akureyri) u Asopckux octpsa (Ponta
Delgada) u npyru, xoju je yseo Hurrell (1995), a ogHOCH ce Ha pa3iuKy y MPUTHUCKY u3Mely
Ucnanna (Stykkisholmur) u ITopryrana (Lisbon). [Tocinenmux roauna Portis et al. (2001) cy
yBenu T3B. "MoOmtHI" NAO naexc (NAO m), KOju ce MeHba Y IPOCTOPY Y 3aBHCHOCTH O
nmoba romune. OH moka3yje Belie BpPETHOCTH KOpeJanyje ca WHTCH3HTETOM 3allaTHHX
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BETPOBA M3HAJ YMEPEHMX LIMPUHA CEBEPHOT ATIIAHTHKA, Hero TpaguuuoHamHu NAO
HHJEKCH.

Jom yBek He HOCTOjM jEOUHCTBEHO HAyYHO MHILBEHE O MEXaHH3MY HAacTaHKa
NAO. OHo mITO je M3BECHO, TO je 1a ce He paau camo o atMocepckoj mojasu. Ilpe Ou ce
Moryio pehu z1a je pe3ynTar HHTEpakiuje okean-armocgepa. Moryha o0jammema HacTaHKa
kpehy ce oJ] mpupoaHUX y3poKa 70 aHTPOIOreHuX yTuiaja (mopact konnentpauuje CO,).

VYrumaju CeBEepHO aTJAHTCKE OCHWIAIMjE YOouyaBajy Ce Ha pasIndUuTUM
BPEMEHCKMM HHMBOMMA, KakO HEIEJbHUM M MECEYHHMM, Tako M JeKagHuM. HenesbHe u
Meceune npomeHe NAO y mojeanHMM CilydajeBUMa MOTY OWTH H3a3BaHE IOJApHOM
craprocepckom 1upkyinanojom (Baldwin, Dunkerton, 2001). lomnmme u nexague
npomere NAO mory OuTH ozapeljeHe aHOMajHjama IOBPIIMHCKE TEMIIEpaType OKeaHa H
MOTy MMAaTH 3HadajaH yTHIAj Ha TeMIlepaTypy Baszayxa u mamaBuHe y EBpomm (Hurrell,
1995). VYtBpheno je m ma NAO, TokoM cBoje HeratuBHe (aze, yrmde Ha moBehame
HWHTCH3UTETa CHEXHUX IaJaBUHA y CEBEPOMCTOYHHMM JenoBuMa CjeanmeHHX AMEPHYKHX
npxasa (Hartley, Keables 1998).

Hurrell u Van Loon (1997) cy takohe yrBpaumu 1a NAO y CBOjUM €KCTPEMHUM
¢daszama, HakoH 1980. rojuwHe, yTHYe Ha IPU3EMHO 3arpeBame W3HAA EBpoIe TOKOM
3MMCKHX MECELH, Ka0 M CHIKABamhe TEMIepaType W3HaJ CeBepO-3alaiHOr ATIIAHTHKA.
VYTHnaj Ha majaBUHE OrjieJa ce y CYBHM 3MMCKHM YCIOBMMAa M3HaJ jyxHe EBpore u
MenurtepaHa, ¥ BIQKHHjUM Hero oOM4HO u3Haz ceBepHe EBpore n CkananHaBuje AyTOpH
cy younmnn 1a NAO Moxe /1a yTH4e U Ha IyTame ojlyja, moMepajyhn ux mpema ceBepy H
UCTaKIM JIa je CHTHAI OBE OCIMJIAILMje HEONXOJHO HCTPAXHMBATH y BHUIIMM CIIOjEBUMA
Tpornocepe Kako OM ce MpEeno3Hao perHOHAJIHM O0pa3all NpOMEHa H3a3BaHMX YTHUIAjeM
NAO.

Ducic et al. (2007) cy ucnimtuamu moryhy Besy ENSO u NAO ca magaBuHama y
Cpbuju, 3a mepuox ox 1951. no 2000. rogunre. Ilogany 3a magaBuHE MPUKYIIBEHH Cy ca 20
METEeOpONIOMKHUX cTanuia y CpOuju, pemaTHBHO XOMOTeHO pacropeljeHnx. VcTpaxuBame
TpeHJa AeKaJHUX BPEIHOCTH MaJaBHHA ITOKA3alo je CTAaTHCTUYKY 3HA4ajHOCT Ha CaMo JBeE
meteoponomke ctanune y Cpouju (10 %). IIpumeHoM kimactep aHanu3e CBE CTAHHIE CY
CBpCTaHE y TPH KJIACTepa, a 3aTHM j€ 3a CBaKH O] FlbUX padyHaT KOe(hHUIMjeHT Kopenalmje ca
ENSO-mM u NAO-m. 3a mojenune craHuie J00ujeHa je CTaTUCTUYKW 3Ha4yajHa BPETHOCT
Kopenanuje, kao u 3a CpbOujy y uenuHu. Bucoka BpemnocT R morna 6u ce oOjacHHTH
moryhum wsHgupektHuM MaxaHmsmom ytunaja ENSO na NAO wunpekc (Harrison and
Larkin, 1998).

Ha ocHoBy pesynrara xoje cy nanu Pohlmann u Latif (2005) npernocrasiseHo je
Ja je ytnuaj ATiaHTHKa Ha nafgaBuHe y CpOuju M3paskeHNjU TOKOM JIeTa, IOK Cy TaJaBuHE
y 3UMCKUM Mecenuma rmoj yruuajeM u Atiantuka U Muno-Ilaunduka. C 0063upoM Ha TO,
yrunaju NAO ce MOry MpUMETHTH Ha CTAHWI[aMa ca KOHTHMHEHTAIHUM TUTYBHOMETPH]CKUM
pexxumom, mok ce ytumaj ENSO moxe nmpuMmMeTHTH Ha cTaHWIama ca MenuTepaHCKuM,
OJHOCHO TIpela3HUM MeINTEepaHCKUM pPEXHUMOM, INTO je JEJIOM M IOKa3aHO TOKOM
nctpaxuBama ( Ducic et al. 2007).

INomaszehn on HaBemeHMX pamoBa, MOKYIIAIM CMO Ja HCIHTaMO Moryhy Besy
n3mely CeBepHO-aTIaHTCKE OCLJIALIMjE M IIPOMEHA TEMIIepaType Ba3lyxa y CBETY U KOA
Hac.

Ba3a mogaTaka u MeT0/10JI0THja MCTPAKUBAHA

Temneparypa Bazgyxa aHalu3UpaHa je KOpUIIheHmeM CaTeIUTCKUX OcMaTpamba-
UAHMSU? y neprony ox 1979. 10 2006., 3a mpoctop usmely 17.5-22.5°E u 42.5-47.5°N y
kojem ce Hamasu Cpb6uja, 3a EBpomy m3mely -10-45°E u 35-70°N, xao u 3a CBET IO

* UAHMSU-University of Alabama in Huntsville Microwave Sounding Units
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nmojacesuMa ox mo 10° reorpadceke mupuHe. Carenmurcku noganu NASA cy obOpalhern Ha
YuuBep3urety Anabama y XaHTCBUITY, U JOCTYIIHH Cy Ha HHTepHETY . OHH ce, 3a pa3iuKy
on npusemunx Ha GHCN®, oxHoce Ha ciioj Tponocdepe y npeux 8 km BrcHHe.

[TpocTopHO TOKPHBajy TOTOBO 1€y IUIAHETY M JOCTYHNHH Cy Kao "rpumoBu"
(cermentn) ox mo 2.5° reorpadcke mHMpHHE M reorpadcke yKuHE. BpemeHcku cy
OTPaHUYCHU MOYETKOM CaTSIUTCKUX ocMarpama 1979. rogune (Christy et al., 2000).

Y pany cy kopuiheHe NpoceyHe TOJMIIbE BPEJHOCTH OJCTYyNamha TeMIIepaType
Bazayxa y ofiHOCYy Ha pedepenTHH neproa o 1979. no 1998. ronuse.

3a ananu3y CeBepHO amIAHTCKE oOcCIyandje y pagy cMmMo Kopuctwim NAO
ungekc’, neduHHCAH ka0 HOpMAIHA pa3iMKa y mpUTHCKy m3mely Mcmamma m A3opcKux
octpsa (Tabena 1).

MeTOHOIOIIKY II0CMATPAHO, Y UCTPAKUBAY je, OPE ONIITHX HayYHUX METOAA,
kopuimheH yoOWdYajeH MaTeMaTHYKO-CTATUCTHYKM amapaT (KoeHIMjeHT Kopemamwuje,
aHaM3a JIMHEapHOT TPeHIa U JIp.).

Ta6esna 1- MSU 3a Cpoujy (17.5-22.5°E u 42.5-47.5°N) u NAO ungekc

T'opuna MSU NAO T'onuna MSU NAO
1979 -0.39 0.19 1990 0.36 1.23
1980 0.05 -0.37 1991 0.30 0.34
1981 0.53 -0.09 1992 0.87 1.11
1982 -1.15 0.67 1993 -0.94 0.12
1983 -0.56 0.34 1994 0.01 0.51
1984 -0.89 0.26 1995 0.10 -0.61
1985 -0.69 -0.47 1996 -0.19 -1.01
1986 0.41 0.56 1997 0.16 -0.18
1987 0.96 -0.51 1998 0.32 0.26
1988 0.77 -0.32 1999 0.56 0.05
1989 -0.04 0.57 2000 0.40 0.04

PesynTaTu HCTPAKUBABLA U zmcKycnja

Hajnpe je wm3Bpmena aHanmm3a KoeduimjeHTa Kopenammje wu3Mmely mpomeHa
Temnepatype Bazayxa u NAO mHIeKca 3a IUIaHeTy, 1o mojaceBuma o mo 10° reorpadceke
mmpuHe (Tadena 2).

Pesynrarn aHanu3e mokaszanu Cy HajBUIIE, CTATUCTUYKH 3HavajHE BPEIHOCTH, 32
ceBepHy XxeMucdepy, IITO je ¥ OYEKHBAaHO C 003MPOM Ha IMPUPOJY aHAIM3UpPaHE IOjaBe.
Hajsurmie kopenanuje mokasane cy cyomonapae (99 %) u monapue obmactu (95 %), xao u
CYINTpOIICKe MHpHHe ceBepHe xemuchepe (95 %)’ .

Amnamm3upajyhu Tok BpeHOCTH Kopenalyja 1o nojacesuma (rpadgukos 1), youasa
ce Ja OHe, MOYEB OJ CEBEPHUX IOJAPHUX IIMPHWHA, CUTHU(HKAHTHO ONanajy H3HAI
cyOnoyapHUX O0JIaCTH, a 3aTUM HArJIO pacTy W3Haj ymepeHux mupuHa (40-50°N), majyhu
jeuHYy TIO3UTHBHY KOpeNalyjy y OIHOCY Ha CBE OCTale BPEAHOCTH, KOje Cy HEraTHBHOT
3Haka. HakoH Tora, kopemamuje (QIyKTynpajy IpeMa IIONapHAM o0JacThMa jy>KHE
xemucepe, ca 3HATHO MambUM aMIDIMTylaMa y OJHOCY Ha mperxoany. [lonoxaj Cpouje je

* http://www.co2science.org/scripts/CO2ScienceB2C/data/temperatures/msu.jsp
3 GHCN-Global Historical Climate Network-I'o6anHa Mpeka KITMMaTONONMIKHX CTAHUIA
® http://www.cdc.noaa.govn/Pressure/Timeseries/nao.long.data.

3eseHe MOBPIIMHE NPEICTaBIbajy HUBO BepoBaTHOhe mpuxBarama xumnorese o1 95 %, a poze 99 %.
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VIpaBO y OHOM CETMEHTY KOjH j& a0 jeqUHY MTO3UTHBHY, CTATUCTHYKU HECUTHU(HUKAHTHY,
Kopenanujy u3mel)y mpomeHa caTequTCKux Temepartypa Basmyxa u NAO uHiekca.

Tabesa 2— PesyaraTu koepunujenara kopenanuje uzmel)y remneparype Bazayxa u NAO ungexca no

nojaceBuma

T'eorpagcka NAO T'eorpagcka NAO
HIHPHHA HIHPHHA
80-90°N -0.464 10-0°S -0.181
70-80°N -0.594 10-20°S -0.228
60-70°N -0.522 20-30°S -0.342
50-60°N -0.107 30-40°S -0.278
40-50°N 0.153 40-50°S -0.205
30-40°N -0.151 50-60°S -0.133
20-30°N -0.471 60-70°S -0.045
10-20°N -0.270 70-80°S -0.136
0-10°N -0.153 80-90°S -0.129
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I'padpuxon 1- Koepuumjentu kopenauuje remneparype Bazayxa u NAO nnaexca
no nojacesuma o no 10° reorpadcke mmpune

Kako Omcmo JneTasbHHje HCTPaXWIM EBEHTyalHy Be3y m3Mely mpoydaBaHHX
rmapamMeTapa, y3eIu cMO y 003Hup TpHIOBE KPYITHHje pa3mepe, oA 1o 2.5° rerpadcke mupuHe
u gyxuHe 3a mpoctop Espome (-10-45°E, 35-70°N). 3a cBakM CerMeHT padyHaT je
koeduimjeHT Kopenanuje n3Mely mpomena remneparype Baznyxa 1 NAO unzaekca (tabena
3).

I'enepanno mocmarpajyhu pa3mernrtaj BpeIHOCTH KOoe(HIMjeHaTa KOpenaiuje y
EBpormy, youaBa ce na 1a oHe, IOYEB O ceBepa IMpeMa jyry IoCMaTpaHoT IPocTopa, pacTy
OJl HEraTMBHUX CHUTHU(HKAHTHUX JO TMO3WTHBHHUX, aJlH HECUTHHU()MKAHTHHX KOpenaluja
W3HAJl YMEpEeHHWX LIMpHHA, y KOjUMa Ce IIOHOBO MeHa 3HaK Be3e, Te€ Cy Jajbe Npema
CYITpPOIICKMM 00JIaCTHMA, Be3e KOpeNnallyje HeraTUBHE U OIaajy.



Ta6ena 3— Bpennoctu [TupconoBor koeduiujenta kopenanuje n3melhy remenparype Basayxa 3a Espomny (35-70°N u -10-45°E) u
NAO ungekca y nepuony o 1979. no 2006. roxune

10- | 75- | 5- 25- | 0 2.5- 5- [ 75 | 10- | 125- | 15- | 17.5- | 20- | 225- | 25- | 27.5- | 30- | 325- | 35- | 37.5- | 40- | 425-
75W | 5W | 25W | 0W | 25E |SE | 75E | 10E | 125E | ISE | 175E | 20E | 22.5E | 25E | 27.5E | 30E | 32.5E | 35E | 37.5E | 40E | 42.5E | 45E
675-70N | 040 | -0.40 | 039 | 038 | -037 | -036 | 0.34 | -033 | -034 | -035| -0.36|-037 | -0.38 | 039 | -040 | -040 | 040 | -038 | -0.37 | -036 | -036 | -0.36
65-67.5N | 034 | -034 | 035 | 035 | 035 | -035 | 035 | -035| -035| -036 | -0.35|-034| 035 | -035| -036 | 037 | 038 | -039 | -039 | -039 | -040 | -0.40
62.5.65N | 019 | -027 | 028 | -029 | -029 | -029 | -0.30 | -031 | -030 | -0.29 | -027 | -027 | -027 | -028 | -029 | -0.32 | -0.34 | -036 | -037 | :038 | -039 | -0.41
60-62.5N | 019 | -020 | -0.19 | 019 | 018 | -0.18 | -0.18 | -0.16 | -0.14 | -0.13 | -0.15 | -0.16 | -0.18 | -022 | -024 | -0.27 | -031 | -033 | -035 | -036 | -037 | -0.38
s75.60N | 007 | -007 | -0.07 | -0.08 | -0.06 | 006 | -0.04 | -002| 000 | 001 | 000 |-003| -0.06| -0.11 | -0.15| -0.20 | -024 | -026 | -0.29 | -031 | -031 | -0.32
sss75N | 006 | 005 | 006 | 006 | 007 | 009 | 011 | o012 | 013 | 013 | 010 | 007 | 002 | -003 | -007 | -0.11 | -0.15 | -0.18 | -0.20 | -022 | -0.23 | -0.25
s255sN | 015 | 014 | o016 | o016 | 016 | 017 | 017 | o018 | 017 | 015 | 013 | 010 | 006 | 001 | -003 | -0.07 | -0.10 | -0.12 | -0.14 | -0.15 | -0.17 | -0.19
sos25N | 016 | 015 | 015 | o016 | 017 | 017 | 018 | 018 | 016 | 014 | 013 | 010 | 006 | 003 | 000 | -0.03 | -005 | -006 | -0.08 | -0.09 | -0.10 | -0.12
47550N | 017 | 017 | 017 | 017 | 017 | 015 | 015 | 013 | 010 | 006 | 003 | 000 | -001 | -0.02 | -003 | -0.03 | -0.02 | -0.01 | -001 | -0.01 | -0.02 | -0.01
45475N | 018 | 016 | 013 | 011 | 008 | 005 | 002 | -001 | -003| -004 | -0.05 | -006| -007 | -0.07 | -0.07 | -0.06 | -0.04 | -0.03 | -0.02 | 0.00 | 001 | 0.3
425.45N | 008 | 004 | -001 | -004 | -007 | -0.10 | -0.12 | -0.13 | -021 | -0.12 | -0.12 | -0.11 | -0.10 | -0.09 | -0.06 | -0.04 | -0.01 [ 0.01 | 003 | 0.05 | 008 | 0.10
4042.5N | 001 | 007 | 012 | -0.16 | -020 | 022 | -023 | -023 | -021 | -0.19 | -0.16 | -0.12 | -0.08 | -0.04 | -0.01 | 001 | 003 | 004 | 007 | 0.09 | 0.2 0.5
375.40N | 015 | -0.19 | -0.24 | -028 | -030 | 031 | -030 | -0.28 | -024 | -021 | -0.18 | -0.14 | -0.11 | -0.07 | -0.04 | 000 | 004 [ 008 | 013 | 017 | 023 | 028
3537.5N | 022 | -025 | -0.29 | -033 | -036 | 038 | 039 | -037 | -036 | -033 | -028 | -022 | -0.13 | -0.05 | 001 | 008 | 012 | 017 | 020 | 023 | 026 | 029
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I'padukon 2— Bpeanoctn koepuuujenara kopeaanuje usmely remneparype Bazayxa u NAO y Epponu no
reorpad)ckoj mupuHM 3a nojac 20-22.5°E

Teputopuja CpOuje Hana3m ce y cermeHrty (42.5-47.5°N), Koju je a0 perIaTuBHO
HHUCKe, HeraTHBHE Kopemamuje, Temmeparype ca NAO. CeBepHO ox Hame 3eMJbe, Ha
Teputopuju ceBepae Mahapcke (47.5-50°N), noma3u 10 mpoMeHe 3Haka Be3e. 1o ce Moxe
YOUUTH W Ha TpaduKoHy 2, Ha KOjeM Cy IpeICTaB/beHE BPEIHOCTH Kopelaluja o
reorpadckum mupuHama 3a nojac ox 20°E mo 22.5°E.
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I'padpuxon 3— Yrunaj NAO unaexkca Ha npomMeHe Temnepartype Basayxa y Cpouju

[Ipopauyn koedwummjeHTa kopenanyje m3mely mpoMeHa TeMIiepaType Baszayxa 3a
rpun y kojem ce Hanmaszu Cpouja u NAO mHzAekca 1ao je Hucky Bpeqroct ox -0.00421.

MehytuMm, aHanm3a eneMeHTapHe IepHOJNIHOCTH (TpaduKoH 3) je mokaszana a y
[IOCMaTPaHOM IIEPHOAY IIPOCeYHa JyXKMHAa OCHOBHe mnepuoie 3a MSU on mpubmmxHO
2.8£0.5 romunHa, oxrosapa mepuonnyHoctu BapujaHce NAO, kojy je mao Landschieidt
(2001). 3a NAO, xao u 3a ENSO, Takohe je yrBpheHa Be3a ca mamaBuHama y CpOuju Ha
JICKaJIHOM HUBOY, y niepuoay ox 1951. no 2000. roaune (Ducié et al., 2007).
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I'paduxon 4- Iepuogorpam NAO (Landschieidt, 2001)

Ha ocHoBy pesynrara, koje cy manu Harrison u Larkin (1998), ENSO curnan ce
yoyaBa y TOjeqWHMM JenoBuMa EBpome, nako je y NMUTamy BeNUKa ynajbeHOCT m3Mmely
EBpone u [Nanudpuka. Onu cy munusewma na ENSO ungupextHo yruue Ha NAO, kpo3
TeMIIepaTypy OKeaHa U OIIITY HUPKYIalnjy aTMochepe.

3akibyyak

Hwp ucrpaxuBama OMO je HCHHTHBAamE Be3e HM3Mel)y IpoMmeHe TemmepaType
Bazayxa y Cpbuju y ckiomy rimobanHux npomena kiume Ha ocHoBy UAHMSU carenurcknx
ocMmarpama u CesepHo arnantcke octmnanuje (NAO). 3a aHanu3y npomMeHa TeMmIieparype
Bazqyxa KopuheHu cy moaany catenuTckux ocMatparba UAHMSU 3a mepuon ox 1979. mo
2006. xaxo 3a cset u EBporry Tako u 3a mpoctop Cpbuje.

IIpopauyH xoedummjerTa kopenanrje u3mely mpoMeHa TeMmIepaTrype Baszayxa 3a
Cpbujy u NAO nnzaekca mao je HucKy BpeqHoct ox -0.00421.

MebhyTuM, aHau3a eIeMEeHTapHEe NEPHOJUYHOCTH je MoKa3aaa Aa y HOCMaTpaHOM
MepUoly TpOceYHa JyKWHa ocHOBHe mepmoze 3a MSU on mpubmmwkno 2.8+0.5 roauHa,
onrosapa nepuoauuHoctd Bapujance NAQO, kojy je g1ao Landschieidt (2001).

TokoM ucTpakuBamba youeHe Cy CTaTUCTUYKH 3HauajHe BPeAHOCTH KoedulrjeHara
kopenanuje u3melly NAO unaekca u ByJikaHckor aepocoina (-0.48), kao u NAO uHaekca u
AA unpekca (0.47). Ha cnmuune pe3ynraTte HauIUI cMO M 'y JuTepaTypu. Beh koHcTaroBaHe
ciabe Besze m3Mmel)y mapamerapa cyHYeBE aKTMBHOCTH W TeMIlepaType Ba3jayXa y paHUjUM
HCTpaKMBamkUMa O Moriie OUTH MOCIIeANIa HHANPEKTHOT YTUIIaja CyHUeBEe aKTUBHOCTH Ha
TEMIIEpaTypy BaszayXxa MPEeKO ONIITE IUPKYyIalyje atMmocdepe.

Wnak, penaTMBHO KpaTak HM3 CATEIMTCKUX IOAaTaka OHO je orpaHudaBajyhn
(axTop y HCTHIAKY KOHAUYHHUX y3POKa CaBPEMEHHX KIMMATCKHUX KojieOama.
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THEMPERATURE CHANGES ON THE EARTH AND IN SERBIA AND
NORTH ATLANTIC OSCILLATION (NAO)

JELENA LUKOVIC'*, PREDRAG MANOJLOVIC!, SANJA MUSTAFIC!

 University of Belgrade - Faculty of Geography, Sudentski trg 3/3, Belgrade, Serbia

Abstract: In this paper connection between temperature changes and North Atlantic oscillation (NAO) has been
investigated in the period from 1979 until 2006. Satellite temperature data from UAHMSU were investigated in
relation to North Atlantic Oscillation index on the Earth, in Europe and in Serbia. Statistically insignificant
correlation coefficient has been obtained for the area of Serbia. The analysis of periodicity of 2.8+0.5 year is in
accordance with that one obtained by Landschieidt (2001). However, in order to give final conclusion regarding to
climate change more parameters should be analyzed.

Key words: temperature, NAO, Serbia
Introduction

The North Atlantic oscillation is one of the dominant parameter of global climate.
The term itself has been introduced by Sir Gilbert Walker in 1920. Traditionally has been
defined as sea level pressure difference between subtropical anticyclone over the Azores and
Sub polar depression over the Iceland. It has considerable impact on winter weather
conditions in Europe and some parts of North American continent. This pressure difference
is normal condition which becomes more intensive during winter. There are positive and
negative phase of NAO. During the positive phase winters in North Europe are warmer and
wetter with less precipitation then usually. At the other hand, negative phase is followed by
colder winters in North Europe and higher precipitation amount in Southern Europe”. There
are two types of NAO indices: one given by Rogers (1984) that presents pressure difference
between Iceland (Akureyri) and Azores (Ponta Delgada) and second one introduced by
Hurrell (1995), describing pressure difference between Iceland (Stykkisholmur) and
Portugal (Lisbon). Recently Portis et al. (2001) have introduced “mobile” NAO index that
change in space depending on season. It shows higher correlations with the intensity of
western winds over the mid-latitudes in North Atlantic, then traditional NAO indices.

Still, there is no unique scientific agreement about the mechanism of the NAO
origin. What is proved is that it is atmospheric phenomenon which is the result of the ocean-
atmosphere interaction. Possible explanations are very wide from natural causes to
atnthropogenic.

The impact of NAO can be seen at different levels weekly, monthly and decadal.
Sometimes weekly and monthly oscillations could be caused by polar stratospheric
circulation (Baldwin, Dunkerton 2001). Decadal and annual NAO changes could also
be determined by anomalies of ocean surface temperature and could have significant impact
on temperature and precipitation in Europe (Hurrell, 1995). It has been also found out that
NAO during its negative phase has impact on the intensity of snow in north eastern parts of
USA (Hartley, Keables 1998).

Hurrell m Van Loon (1997) have got that NAO in its extreme phase, after 1980 had
impact on surface warming over Europe during winter as well as temperature decrease over
the North West Atlantic. The impact on precipitation can be seen in dry weather conditions

*e-mail: jelenalu@jahoo.com
*http://www.oceansatlas.org/servlet/CDSServlet?status=ND0xMjczNSY2PW VuJjMzPSomMzc9a29z
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in Southern Europe and in Mediterranean region and wet in North Europe and Scandinavia.
The authors also noticed that NAO can influence the storm tracks, moving it towards the
north. They highlighted that NAO should be investigated in the upper parts of the
troposphere in order to find out regional pattern of the changes caused by NAO.

Ducic et al. (2007) have investigated connection between ENSO and NAO indices
and precipitation in Serbia in the period from 1951 until 2000. Precipitation data are
collected from 20 meteorological stations, relatively homogenously distributed. Trend
analysis for decadal values has shown statistically significant result for two stations. With
the application of cluster analysis all stations are grouped into three clusters. For each
cluster has been calculated correlation coefficient with ENSO and NAO indices. Some
stations have shown statistical significance. Such high R value could be possible explained
by indirect mechanism of ENSO impact on NAO index (Harrison and Larkin, 1998).

On the base of the results given by Pohlmann u Latif (2005) it has been presumed
that the impact of the Atlantic on precipitation in Serbia is more intensive during summer
while precipitation in winter is influenced by Atlantic and Indo-Pacific. NAO impact can be
determined in stations with continental regime, while ENSO impact could be detrmined in
those with Mediterranean one ( Ducic et al. 2007).

According to this, we have tried to investigate relationship between NAO and
satellite temperature on the Earth and in Serbia.

Data base and Methodology

For the analysis of temperature UAHMSU data set has been used for the period
from 1979 until 2006. Data were collected for the planet Earth in layers of 10° of latitude,
Europe -10-45°E u 35-70°N and Serbia 17.5-22.5°E u 42.5-47.5°N. Satellite data are
product of NASA processed at Alabama University, available on the internet. In contrast to
data set on GHCN they comprise values for the first 8§ km of troposphere.

Spatially their coverage is nearly global, available in grid boxes of 2.5° latitude and
longitude. Temporal coverage is however limited due to beginning of the observation period
in 1979 (Christy et al., 2000).

In this paper temperature anomalies have been calculated using base line period
1979-1995, also on the base of satellite observation.

For the analysis of North Atlantic Oscillation, NAO index has been used defined as
normal air pressure difference between Iceland and Azores (table 1).

Methodologically, standard statistical tools have been applied (correlation
coefficient, linear trend analysis, and periodicity).

Table 1. MSU for Serbia (17.5-22.5°E u 42.5-47.5°N) and NAO index
Results and discussion

First, correlation coefficient has been calculated for the planet Earth (table 2).
Results have shown statistically significant values for the North hemisphere, which was
expected considering the nature of the NAO index. The highest values are for sub polar
(99%) and polar (95%) as well as for sub tropical latitudes (95%) in the North hemisphere.

If we take a look on the graph we can see that correlation data are decreasing over
the subtropical region and then rapidly increasing over mid latitudes (40-50°N) giving
positive values. Afterwards, correlations are fluctuating towards the polar regions on the
Southern hemisphere. Serbia is located in grid which has shown insignificant correlation
between satellite temperature changes and NAO index.

Figure 1. Correlation coefficient between temperature and NAO index in layers of 10° latitudes
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In order to investigate possible connection in detail, grids of 2.5°latitude and
longitude have been taken into account for the area of Europe. For each grid correlation
coefficient has been calculated between the investigated parameters (table 3).

Looking at the table it can be noticed that data from the North to South are
increasing.

Figure 2. Correlation coefficient between temperature and NAO index in for 20-22.5°E

The area of Serbia is in grid that gave insignificant correlation of -0.00421.
However the analysis of periodicity (figure 3) has shown the average length of the MSU
period of 2.8+0.5 ronuna, which is in accordance with variance obtained by Landschieidt
(2001). For NAO as well as for ENSO also has been shown connection in Serbia at decadal
level in the period from 1951 until 2000 (Duci¢ et al., 2007).

Figure 4. Periodicity NAO (Landschieidt, 2001)

On the base of the results given by Harrison u Larkin (1998), ENSO signal has
been noticed in some parts of Europe, although it is Pacific phenomenon far from Europe.
They point out that ENSO indirectly influences NAO, through ocean temperature and
general atmospheric circulation.

Conclusion

In this paper, we have tried to investigate relationship between NAO and satellite
temperature on the Earth and in Serbia For the analysis of temperature UAHMSU data set
has been used for the period from 1979 until 2006. Data were collected for the planet Earth
in layers of 10° of latitude, Europe -10-45°E u 35-70°N and Serbia 17.5-22.5°E u 42.5-
47.5°N. The area of Serbia is in grid that gave insignificant correlation of -0.00421.

However the analysis of periodicity has shown the average length of the MSU
period of 2.8+0.5 roguna, which is in accordance with variance obtained by Landschieidt
(2001).

There has also been calculated statistically significant values between NAO index
and volcanic aerosol radiative forcing (-0.48), as well as NAO index and AA index (0.47).
Speaking of which, relatively weak connection between parameters of solar activity and
temperature in previous investigation could be a consequence of the indirect influence of
solar activity on temperature through general atmospheric circulation. However, relatively
short period of satellite observation was a limiting factor in giving final explanation of
contemporary climate change causes.
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