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Pesume: Tpu Henapamemapcka cmamucmuyka mecma 3a OemeKyujy mpeHoa
NpUMerbeHd CY HA HU308¢ NOKA3AMesbd PedcuMa NA0d8UHA HA KUWOMEPHO] CMAaHUYyU
. Bpauap“ y beoepady y nepuody 00 1923. do 2012. cooune. Hexu 00 nokazamesva
pedxcuma naoasuHa cy YKYynHe 200uuiibe U meceyeHe naddeuHe, Opoj KUWHUX OaHA
MOKOM 200uHe U No Meceyuma, UHOeKC KOHYyeHmpayuje naodasuHnd, I-oHesHe u
suuLeOHesHe MAKCUMAIHE 200ULIbe SUCUHE NAOABUHA, PA3IUYUMU NEPYEHMULU BUCUHE
nadasuna u 6poja KUWHUX OAHA ) 200UHU, Hajéehu Opoj Y3ACMONHUX CYWHUX OaHd
moxkom 2o00une, umo. Kopuwhenu cy mecm snauajuocmu uazuba pecpecuoue npase,
mecm Men-Kenoana u Koxc-Cmjyapmoe mecm. Ceu mecmosu umajy Hyimy xunomesy
da HU3 He noKaszyje cmamucmuyku 3Hauajan mpeno. Ha cmayuonapre uuzoee
npumerven je u napamemapcku QDuuiepog mecm kako 6u ce ucnumaie npomeHe y
sapujancu Hu306a. Y pady cy npukazanu pe3yaimamiu Cmamucmuykux mecmosa u oamu
Cy 3aKwYUYU O NPOMEHAMA Y pexcumy nadasuna y beoepaoy.

Kuwyune peuu: Knumamcke npomene, naoagure, mpeHo, CMamucmuyKy mecimosu, Hazuo
peepecuone npage, mecm Men-Kenoana, Koxc-Cmjyapm mecm, Quuiepos mecm

1 VBOJ

Iloy3nana mpolieHa majJaBUHA JaTOT TOBPATHOT TEPHOZA je MPEAYCIIOB 3a ajcKBaTHO
JUMEH3HMOHKCAhE XUAPOTEXHUYKUX o0jekata. MehyTum, y OKBHUPY HCTpaKuBamba
KIIMMATCKUX MPOMEHA TOKOM TIOCJICABUX ISICHNja YOueHe Cy MPOMEHE y KOJTHYHHAMA U
MIPOCTOPHO] pacrmojesy MajaBuHa (Ciuka 1), Kao M y4ecTaJoCTH eKCTpeMHUuX jaoraljaja
[1]. VY3pok oBux mpomena moxe Outu mnoBehaHa KOHIEHTpalMja racoBa edekra
cTakjcHe Oamte y atMocdepu, Koja JoBOaM 1o MoBehama Temmeparype (cimuka 2) u
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yOp3ama XUIPOIOMKOr IuKiIyca. Ca mopacToM TeMIlepaType pacTe W cajpiKaj Biare y
atMocepu u nosehaBa ce u BepoBaTHOha mMojaBe WHTEH3WUBHUX mNagaBuHa [2]. Ocum
noBehama racoBa edekra crakie Oamre, ypOaHH3alKja Y3poKyje JIOKaaHO moBehame
TEeMIIepaType U MPOMEHe Y PeXUMY MajaBuHa. TeMiepaType y HeHTPaIHUM JeI0BUMa
rpaga mory outu ox 4-7°C ehe y ognocy Ha obomHe aenoBe rpana (T3B. TOIIOTHA
ocTpBa). YKYITHE TOJUIIbE NaJIaBUHE Y TpajioBUMa Mory outu 1o 5% Behe y onHOCY Ha
cycenHe o0yiacTv, JOK BHCHMHE KHUILE TOKOM IOjeMHAYHMX €[030Ja MOry OWUTH M 10
30% Behe [5]. YTumaj ypbaHuzanuje je momaTHO H3pakeH ¢ 003upom ma ce BehnHa
KHITOMEPHUX CTaHUIIA HaJla3W y ypOaHN30BaHUM oOyactuma [6].

Annual precipitation trends: 1900 to 2000 Annual temperauretrends: 1976 to 2000
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Bl memnepamypama [3]

INocroje nBa mpucTyna y olleHH yTHIIaja KIMMaTCKUX IMPOMeHa Ha BojHe pecypce. [IpBu
nojapa3zyMmeBa Kopumheme pe3yiaTata IioOadHUX KIMMAaTCKHX MOJeNa Kao yiasa y
XUAPOJIONMIKE MOJENEe, TOK C€ TPEHAOBH MPOMEHA Yy pa3IuuuTUM KOMIOHEHTama
XUAPOIIONMIKOT MHKIyCa OICHYjy Ha OCHOBY pe3yiTaTa XHAPOJOIIKHX Mozena. Jpyru
MPHUCTYIl C€ 3aCHWBAa Ha MPHUMEHH CTaTUCTHYKHX TECTOBAa 3a AETEKIHjy TPEHIOBA Yy
BPEMEHCKUM CepHjaMa METEOPOJIOIIKAX U XHJPOJIOIIKHX BEJIHYMHA, & KOjU MOTY OUTH
MoCIeanIa KIMMATCKUX MpOMeHa. Y OBOM pagy YCBOjeH je MApYrd TPHUCTYIIL.
AHanm3upaHa je TMPOMCHAa peXMMa MaJaBHHA HA CTaHUIU ,.Bpadap y beorpany y
nepuony 1923-2012 npuMEHOM CTATUCTUYKUX TECTOBA 3a JETEKIHjy TpPEHIOBa Y
BEJIMKOM OpOjy MoKa3aTeba JHEBHUX KHIIIa OCMOTPEHUM Ha OBOj CTaHHUITH.

2 CTATUCTHUYKU TECTOBHU 3A AETEKLINJY TPEHIA

3a geTeknujy TpeHAa y TOKa3aTeJbUMa PEXHMa JHEBHUX IaJaBHHA TOKOM BpEeMEHA
KOpHUIDNeHH Cy HemapaMeTapCKd TECTOBH 3a JCTEKIH]y TPEeHIA Yy CPEAOj BPEIHOCTH
HH30Ba, YWja je TPETHOCT IITO HHUje HEOMXOMHO Ja Yy30paK MOTHYEC W3 HOPMATHE WIIH
Heke npyre pacmozene [7, 8]. [la 6u ce ucmuTano M MPUCYCTBO TPEHIa y BapHjaHcaMa
HU30Ba KopulnheH je mapamerapcku F TecT. Y CBUM TECTOBUMA YCBOjeH je mpar
3Ha4YajHOCTH 01 o = 5%.
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Hyrra xumnore3a TecTa 3Ha4ajHOCTH Haruda perpecuoHe mpase je 1a je KOShUIHjeHT
Haru6a nuHeapHe perpecuje Y = aT + b jenHak Hynu, rae je Y 3aBHCHA MPOMEHJbHBA U
T Bpeme) [6]. KonTponHa cTaTucTHKa OBOT TecTa c€ pauyHa Ha ocHOBY llupcoHOoBOT
Koe(uIlijeHTa Kopenaluje 7:

PR Ll (1)

OBa KOHTpOJIHA cTaTUCTHKA IIpaTi CTyAEHTOBY pacnoeny ca N-2 creneHu cnoboae [6].
Pernon mnpuxBatama Hynre xumotese oxapelhyjy CryaeHTOBE NpPOMEHJBHBE 3a
BepoBarHohe a/2 u (1- a/2).

Tect Man-Kenmajna wucmuTyje IOCTOjalkbé MOHOTOHOI TPEHIA KpPO3 HArOMHIIABAHC
TTO3UTHBHUX M HETaTHBHUX pasiiika m3Mel)y @wraHoBa Hu3a W 0a3mpa ce Ha CTATHCTHIN
S, Koja ce padyHa Ha OCHOBY 3HaKa BPEOHOCTH pa3jMKe Y3aCTOIHHX WIAHOBA HU3a ca
omaxom j [6, 7]:

sign (xj —xl.) (2)

N-1
S=3
i=1 j=i+l

WA
7 M=

Ha ocHoBy craTucTuke S pauyHa ce CTaHIapAU30BaHa CTaTUCTUKA Zg:

[(s-1)/cg, >0 3)
STUS+1)/og, §<0

3a o6mM y3opka N > 8 craructuka Zg mpati HopMmanny pacnonery N(0,0s), Tre je os [7]:

GS=\/%|:n(n—l)(2n+5)—ifkk(k—l)(Zk"‘s)i' )

k=1

rae je t; Opoj rpymna on k UCTUX BPEIHOCTH y HU3Y X; [6, 7, 8, 9]. Pernon npuxparama
HYJTE XHUIIOTE3€ O OJICYCTBY MOHOTOHOI' TpeHza oxapelyje ce Ha OCHOBY BPEIHOCTH
CTaHAApAM30BaHEe HOPMaJIHE TPOMEHJBHBE 3a BepoBaTHOhe a/2 u (1- a/2) [6, §8].

Koxke-CtjyapToB TecT nmoapasymeBa MnoJeny BpeMEHCKe cepuje Ha ABa MOJHM3A: X : X,
U X(ei1) © X2c ¥ GOPMHUpaR-E HU3a Pa3jiMKa 0JroBapajyhnx 4janoBa JiBa MOJIHH3A: X -X(ct1),
X2-X(c+2), UTA. KOHTpoIIHA cTaTHCTHKA S ITpeicTaB/ba OpOj MO3UTUBHUX Pa3IUKa, 0K je 7
Opoj pasnmuka pazauuuTUX on Hyne. Hynra xumoresa Tecta je na je Opoj MO3UTUBHUX
jemHak Opojy HeratmBHHX paznuka [10]. KonrpomHa cratuctuka S mpath OMHOMHY
pacmomeny B(n, 0.5), a pernoH npuxBaTama HyJITe XUIOTe3e oapelyje ce U3 BpeaHOCTH
OMHOMHE pOMeHJbHBE 3a BepoBaTHohe a/2 u (1- a/2).

®umepos F tect. Hynra xumores3a oBOT TeCTa je Aa Cy BapHjaHce JBa MogHu3a (IpBe U
npyre nojoBuHe HK3a) jenHake [11]. KoHTponHa cratiuctuka F je ogHoc Behe M Mambe
BapujaHce U uma BpenHoctu Behe on 1 (jemHocTpanu tect). Pernon npuxsatama HyTe
xunorese nobuja ce uz Oumepose pacnonene ca vi= N-1 u v,=N,-1 crenenu ciodboae u
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3a TIpar 3Ha4ajHOCTH 0. F TECT je IpUMeheH Ha HU30BE U3 KOjUX je YKIOWEH JIHHCApHH
TPEHJI, aKO Ha MOCTOjamke TPEH A YKa3yjy HajMare JBa HermapaMeTapcKka TecTa.

3 IIOKA3ATEJ/bU PEXXUMA INAJABUHA

Y OBOM paay UCHUTHBAHU CY TPCHIOBH y 81 TMoOKa3zaTesby peXHUMa JTHCBHHUX I1a/IaBHHA
(tabena 1). Ilokazatespm cy omaOpaHM Tako Ja MpPeICTaBe CBOjCTBAa IPOCEUYHUX U
excrpemMHux gorahaja [9]. CBu mokazaresbu Cy CpaduyHATH Ha OCHOBY OCMOTPEHHX
THEBHMX TaJIaBUHA Ha CTaHWIN ,.Bpauap” y beorpamy Toxkom 90 rommna (1923-2012).
[Tokasaress 66 (MHAEKC KOHIICHTpanuje magasuHa — PCI) pauyHa ce Ha OCHOBY YKYITHHX
MeceuHux naaaBuHa P; [12]:

2o, 12 \?
pcI=Y P> /[P | *100% (5)
i=1 i-1

OBaj nokasaresb OJJpaXkaBa yHYTaproAuliky paciojiely najasuna: spegsocr PCI < 10
yKa3yjy Ha paBHOMCpHE MagaBHHE TOKOM ToxmHe, Bpennoctu PCI < 20 yka3yjy Ha
pasnuke y cesoHama, 1ok PCI > 20 ykasyje Ha U3pa3uTo HENpaBUIaH pexuM [12].

Tabena 1. [loxazamenu pesicuma naoasuta

bpoj Ha3uB noka3zare/ba pexxuma
1 YKyIHe rojidiimbe najasuae [mm|
2-13 YkyIlHe MecedHe MalaBiHe [mm]
14 Bpoj nana Tokom ronune ca P > 1 mm
15 Bpoj nana Tokom rogune ca P > 10 mm
16 Bpoj nana Tokom rogune ca P > 20 mm
17 Bpoj nana Tokom rogune ca P > 30 mm
18-29 bpoj nana Tokom Mecena ca P > 1 mm
30-41 Bpoj nana Tokom mecera ca P > 10 mm
42-53 bpoj nana Tokom Mecena ca P > 20 mm
54-65 Bbpoj nana Tokom mecena ca P > 30 mm
66 PCI — nHAEKC KOHIIEHTpanyje nalaBiHHa
67 Maxkcumanna 1-JHeBHa BUCMHA KULIE Y TOAMHU
68 MaxkcumanHna 5-JHEBHA BUCHHA KHNIE Y TOAWHU
69 Maxcumansa 10-1HeBHA BUCHHA KHIIE Y TOAUHU
70 75-TH epLEHTWII 1aJaBUHA
71 95-TH nepLEeHTHI NaJaBUHA
72 99-TH TIEpIIEHTHI MaJaBHHA
73 bpoj nana y rogunu ca nanaBuHama > 75 mepir.
74 Bpoj nana y ronunu ca najgasuHama P > 95 nepi.
75 Bpoj nana y ronuau ca nagasusama P > 99 nepi.
76 VYneo nagasusa P > 95 neplienTuia y yKynHUM FOJUINBLUM [1JaBUHAMA
77 VYneo nagasuHa P > 99 nepuenTmia y yKyITHUM FOJUIIBUM [1alaBUHAMA
78 Bpoj nana Toxkom roaune ca P> 10 mm
79 Bbpoj nana Tokom roguae ca P > 20 mm
80 bpoj nana Tokom rogmae ca P > 30 mm
81 Makcumainau 6poj y3acTonHux cymHux aaHa (P < 1 mm) TokoMm roaute
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4 PE3YJITATU U JUCKYCHJA

Pesynratn npuMemeHUX CTATUCTHYKUX TECTOBA IIPHKa3aHM ¢y Ha ciuiwm 3. Ha anciucu
je pennu Opoj mokasaresba a Ha opauHath TecT (NLR — Tect 3HauajHOCTH Haruba JIuH.
perpecuje, MK — tect Man-Kennana, CS —Kokc-CtjyaproB u F- ®umepos recr).

CuBa 00ja 03HaUaBa OJICYCTBO CTATHCTWYKHU 3HAUYAjHOT TpeHAa (mpuxBaTtame HO), Oema
MMO3UTHBAH, a IPHA HeraTHUBaH TpeH (ombarmBame HynTe xumoteze HO). YV Behwnm
MOKa3aTeJba HUCY JAETEKTOBAHU TPEHAOBH, a CBU JETEKTOBAHU TPEHAOBH y CPEIAHUM
BPEIHOCTUMA CY MTO3UTHBHH.

Kon MHOrmx mapaMerapa MpHCYCTBO TpEeHIA TIIOKasyje caMo jeJaH oIl TpHU
Hemapamerapcka TecTa. JeMWHM MoKa3aTesb TJe Ha MPHCYCTBO MOHOTOHOT TPEHAA Y
CpeAmUM BPEAHOCTHMA yKa3yjy JBa TecTa je mokaszaresb 42 (Opoj maHa y jaHyapy ca
nagaBuHama P > 20 mm).

Ca apyre ctpase, F' TeCT je yka3ao Ha HECTAIIMOHAPHOCT y BapujaHcaMa 18 mokazaresba.
CMamemhe BapHjaHce HU30Ba JISTEKTOBAHO je KOJ 5 mokasatespa: 58, 62, 75-77.

1 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
POKAZATELJI PADAVINA

Cnuka 3. Pe3yﬂmamu CMamucCmuyKux mecmosa.: oeia nossba — NO3UMuUEaH mpem), YypHa
no/ba — Hecamuean mpeHc), cusda nosbad — Hema cmamucmudkKu 3HallajH02 mpeH()a

5 3AKbYULH

VY oBoM pany cy aHanuM3upaHe MPOMEHE y MoKa3aTe/buMa PeXMMa THEBHUX MaJaBHHA
OCMOTpEHHX Ha craHunu ,,Bpauap®. Tlokazaresbu Cy ogadpaHu Tako 1a OCJIMKABajy
MpoCceyHe U eKCTpeMHe forahaje.

Kon Behune mokazaTesba HHUCY JAETEKTOBAaHU TPEHIOBH Y CPEAEBUM BPEIHOCTHMA.
Wutepnperauujy pe3yiraTa AONATHO OTEKaBa M YMILCHUIA Aa Koj BehuHe mokaszaresba
caMo jeJlaH O] TECTOBA yKa3yje Ha IPUCYCTBO TPCHIA.

TpennoBu y BaprjaHcaMa AeTEKTOBaHU Cy Koj 18 mokasarespa.

INopact y BapHjaHCH je JeTEKTOBaH MPETEXHO KOJ IOKazaTesba KOjU ONKcyjy Opoj naHa
ca BEJIMKHM KOJIMYMHAMA MaJaBUHA, HITO j¢ Y CKIIAAY Ca MPETXOJHUM HUCTPAKUBAHHUMA
[1,2].

Ha pexum mnamaBuna y beorpamy, mopen mpomeHa ycien TiobamHor moBehama
KOHIICHTpaIlje racoBa e(eKTa CTakJeHe OalliTe, yTHUe M WHTCH3MBHA ypOaHHW3aIyja.
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MehyTtuM, aHanm3a mpuKasaHa y OBOM paly HHUje yKa3ajla Ha 3Ha4yajHE MPOMEHE Y
PEKUMY JTHEBHUX MajaBUHA.

Pasnor HeneTekTOBamba TPEHI0BA MOXKE OUTH U €BEHTYAJTHO MPUCYCTBO IUKIMYHOCTH Y
pasmarpanuM HH30BMMA. Jlajba ucTpaxkuBama Tpebanmo OM na oOyxBare M aHAIN3Y
UKIUYHOCTH, IITO OM MOTJIO JOBECTH J0 MOYy3JaHHje JCTEKIUje TPEHI0BA Y PEKUMY
nayiaBuHa y beorpany.
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TRENDS IN PRECIPITATION INDICES FOR
BELGRADE

Summary: Three statistical tests are applied to the precipitation indices time series,
derived from daily precipitation observed at the “‘Vracar” raingauge in Belgrade from
1923 to 2012. Precipitation indices include total annual and monthly precipitation,
yearly and monthly number of rainy days, precipitation concentration index, 1-day and
multi-day annual maximum daily precipitation, various percentiles of daily precipitation
and annual number of rainy days, annual maximum number of consecutive dry days, etc.
The tests include the linear regression slope test, the Mann-Kendall test, and the Cox-
Stuart test. All tests have an absence of a statistically significant trend as a null
hypothesis. Detrended time series were subject to the parametric Fisher'’s test for trend
in variance. The results obtained are presented along with the conclusions about the
change in the precipitation regime in Belgrade.

Keywords: Climate change, precipitation, trend, statistical tests, linear regression slope,
Mann-Kendall test, Cox-Stuart test, Fisher test
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