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Abstract: Tropical nights are, as defined, days when the minimum temperature does not
fall below 20°C. Apart from being of interest for climate scientist, these days also impact
the comfort of life of the local population. The paper analyzes the occurrence of tropical
nights in Knjazevac, situated at the foothill of the mountain in Eastern Serbia. The
research is based on the time series from the measuring station of the Republic
Hydrometeorological Service of Serbia and it covers the period of 60 years, from 1955 to
2014, with 50 years of observations. Data were analyzed using standard statistical methods
and modelled using simple linear regression. Quantitative data are given in Histogram,
showing the frequency of the occurrence of tropical nights both for the whole period and
the sub-periods of ten annual observations. Analysis shows that the number of tropical
nights in the observed period has a trend of slight increase. In total, 33 days with tropical
night were recorded, which occurred in June, July, August and September. Year 2007 is
identified as a peak of data sequence, reaching 11 occurrences of tropical nights. In this
year the highest ever temperature in Serbia was recorded - of 44.9°C in Smederevska
Palanka, whereas maximum temperature in Knjazevac reached 43.5°C, which also
represents the record.
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Introduction

The Working Group I of the Intergovernmental Panel on Climate Change (IPCC) (2007)
submitted a report on climate change in which is clearly indicated the increase in global
temperature in the second half of the twentieth century of 0.6°C. Extreme temperatures
are a good indicator of climate change, with analysis thereof makes an integral part of the
climate monitoring of particular region and of general climate research. Working Group I
(IPCC, 2007) states that there are smaller increases in frequency of extreme high
temperatures and increases in warm nighttime temperatures across many regions.
Defining warm nights as those when temperature exceeds 9oth percentile of temperature,
IPCC (2007) states that in the last 50 years for the sampled areas, their occurrence
increased significantly. The report quotes the studies by Alexander et al. (2006) and
Caesar et al. (2006), who combined regional studies and concluded that a significant
increase in annual occurrence of warm nights was noted in 73% of the total area. Climate
changes have an impact on tourism which is considered one of the most threatened
economic activity (Pons, 2014), besides high minimum daily temperatures have a
particularly large impact on agriculture (Peng et al., 2004). Some research suggest that it
is expected that mountain areas will be under greater influence of temperature rise than
the lower regions (Bradley et al., 2006), which can lead to shifts and changes in tourism
and agriculture. As KnjaZevac and its surroundings are situated at the foothill of the
mountain of Stara Planina, the region has a significant potential for the development of
tourism, therefore increased temperatures may have a negative influence on the economy
of the region, increasing the importance of studying climate of this area. Eastern Serbia
has been studied in region-focused studies as well as a part of research of the wider area,
with only sporadic data from the station in KnjaZevac, which did not receive special
attention.

The mean annual air temperature in KnjaZevac, for the period 1961 - 1990 is 10.1°C.
The average temperatures of the seasons for the same period are: spring 10.5°C, summer
19.5°C, 10.4°C autumn and winter’s average temperature is 0.1°C (Duci¢ & Radovanovi¢,
2005). It is interesting to note that, according to Duci¢ and Radovanovi¢ (2005), the
absolute maximum temperature and the absolute minimum temperature were recorded
in KnjazZevac on the same year. Absolute maximum air temperature was recorded on 31st
of August in 19835, it was 40.5°C and an absolute minimum -29.5°C was measured on 13th
January 1985. In July 2007 new absolute maximum was recorded at this station, which is
43.5°C, the same year maximum temperatures of June and August stood at > 40°C.

Research Methods and Material

The study is based on the collection of data on number of tropical nights from the data
base of the Republic Hydrometeorological Service of Serbia, collected in meteorological
yearbooks, where tropical nights are defined as days when measured minimum daily
temperature is 220°C and as such are important for many aspects of human life.

Focus of the study were the measurements made by the meteorological station
KnjaZevac in the last sixty years, from 1955 to 2014. According to the meteorological
yearbooks until 2008, the station was located in KnjaZevac, at latitude N 43°34' (¢p) and
longitude E 22°15' (A), at the altitude (h) of 250 meters, whereas after 2008 coordinates
changed: A=22°16" and h=281m.
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Data on the occurrence of tropical nights were analysed and processed using the
standard statistical methods. Number of tropical nights in a given year, as a dependant
variable, has been modelled by simple linear regression of the time series.

Regression analysis models the value of a dependant variable y, in this study the
number of tropical nights, with the independent variable x, which in this case is the given
year of observation, under the assumption that such linear relation exists. In other words,
model of the simple linear regression can be expressed by: y = o + B1x + €, where po and
B1 are regression coefficients and € represents an estimation error (Williams et al., 2006).

Regression coefficients are calculated from the time series values using the minimum
squares method.

If the calculated slope coefficient f1 = 0, then y does not depend on the variable x. If
however, B1 # 0 linear relation exists and y can be represented as a function of x, where
significance of the relation is tested using t test with the hypothesis 1 = o.

Statistical analysis of the sample was performed using Microsoft Excel.

Study Results and Discussion

The focus of the work is investigating the occurrence of meteorological phenomena,
tropical nights, in KnjaZevac between 1955 and 2014. In this period, 33 tropical nights
were recorded, averaging to 0.66 per year.

Tropical nights were recorded in June, July, August and September. The month with
the highest recorded number is July, with a total of 13 times, followed by June with 11
occurrences, the total of 8 tropical nights were recorded in August and one in September,
in 1973.

Tab. 1. Average Number of Tropical Nights per Year, in a Given Month, Period 1955 — 2014

Month Total number Average number per year
June 11 0.22
July 13 0.26
August 8 0.16
September 1 0.02

The maximal number of tropical nights were recorded in 2007 is 11: 4 in June, 4 in
July and 3 in August, which makes 33.3% of the total number of recorded tropical nights
in the whole observed period and is 220% higher than number of tropical nights in the
second-highest year. In these three months, maximal temperatures were > 40°C.

Months with the absolute highest number of tropical nights were June and July 2007
and July 2012, all of which also had the maximal temperature > 40°C.

Three years with the highest number of tropical nights in observed period, all of
which happen to be in the XXI century, were given in the Tab. 2. These top three years
make 57.6% of total number for the whole period.
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Fig. 1. Scattergram of Number of Tropical Nights per Year

Linear regression: y = -67.141+0.0342x (R2=0.1215)

Tab. 2. Years with the Highest Observed Values in the Period 1955 — 2014

Month with Number of
Number of . . .
. Share of total highest tropical nights
Year tropical .
nights (%) number of in the month
8 tropical nights | with max value
2007 11 33.33 June & July 4
2012 5 15.15 July 4
2010 3 9.09 June 2

The occurrence of tropical nights has been analysed using the simple linear
regression. Explanatory, independent variable is a time variable, year of observation.
Regression coefficients are calculated using the theoretical basis given in the chapter
Research methods and material. Slope coefficient b1 is 0.0342 whereas the intersection
with x-axis bo is —67,1411. t statistics of the obtained relation equals 2.577, and is higher
than the value for 48 (n-2) degrees of freedom and confidence a = 95%. Therefore, it can
be concluded that determined liner relationship between the variables is statistically
significant.

The slope coefficient 0.0342 is positive, which shows that the number of tropical
nights in the observed period shows a trend of slight increase.

Fig. 1 shows the number of tropical nights per year as well as the trend line. It can be
seen that the number of tropical nights is volatile and the frequency of occurrence is
higher towards the end of the period. Absolute maximum, an outlier, significantly higher
than other values is 11 nights and was recorded in 2007. If this outlier is excluded and the
analysis repeated with remaining values: linear regression is y = -39,37 + 0,0201-x, with
R2 = 0,137. The relationship is statistically significant for the significance level of 95%, as
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well as for 99%. If we observe only last 15 years, or last 25 years, the linear relation
calculated in these cases is not statistically significant.

The Analysis of Time Series of Occurrence of Tropical Nights

The analysis of the time series of frequency of the occurrence of tropical nights has been
performed using histogram, given in the Fig. 2. X-axis shows how many times tropical
nights were observed within the year, and y-axis the number of year that correspond to it.
In 36, making 72% of total, no tropical nights were recorded, one tropical night was
observed in 9 different years (18%), in one year (2%) two tropical nights occurred, two
years (4%) had three tropical nights, five tropical nights occurred in one year (2%) and
the absolute maximum of 11 tropical nights were observed in one year (2%).
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Fig. 2. Frequency of Occurrence of Tropical Nights

The period in which measures were performed, could be split into five sub-periods of
ten annual observations, the frequency thereof is given in the Fig. 3. X-axis shows the
number of tropical nights within a year and y-axis the number of years in which it was
observed. From the graph can be seen that for the first three sub-periods, amounting to
60% of total observations, maximum number of tropical nights per year was one and that
on most years no tropical nights were observed, with eight years without tropical nights in
the first and third sub-period and nine years out of ten in the second period. In the sub-
period 1993 — 2002 there were seven years without tropical nights, but for the first time,
in 1999, two tropical nights occurred. During the last sub-period, significant shift is
noted, with the number of years without tropical nights getting lower and for the first
time there were years with 3,5 and even 11 tropical nights.

The overview of the number of tropical nights and years without tropical nights per
sub-period is given in the Tab. 3.
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Fig. 3. Frequency of Tropical Nights by Sub-Periods

Tab. 3. Total Number of Tropical Nights and Number of Years Without Tropical Nights by Sub-
Periods of Ten Annual Observations

Sub-period Number of Total number of Nl.lmber of years
observations tropical nights without tropical
nights
1955 - 1966 10 2 8
1967 - 1976 10 1 9
1977 - 1992 10 2 8
1993 - 2002 10 4 7
2003 - 2014 10 24 4

As can be seen in Tab. 3, at the end of XX and the beginning of XXI century, the
number of tropical nights doubled and in the period 2003 — 2014 it rapidly increased
onto 24 days, which represents the growth of 600% in comparison to the previous sub-
period. In the same period, the number of years without tropical nights significantly
decreased, from 7 onto 4. Out of total of 24 tropical nights observed over this period, 11
were recorded in 2007, making 45.8%.

In most of years over the whole period, 72%, there were no tropical nights recorded
and in 90% of years, there was none or maximal one tropical night. As from the end of XX
century, the frequency increases and the number of years without tropical nights
decreases. In the last period with 10 annual observations, there were only 40% of years
without a tropical night. None or one tropical night were recorded in 60% of years. In the
same period, 24 tropical nights occurred, which represents 72.7% of total number and in
only three observation years within this sub-period occurred more than a half (57.6%) of
all tropical nights.

Study by Malinovié-Milic¢evi¢ et al. (2016), which did not analyse particularly tropical
nights but general temperature and precipitation indices, suggests that the period of
extremely hot weather last longer with the trend of extreme weather conditions being
more pronounced in summer, which could be of influence to occurrence of tropical
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nights. Buri¢ et al. (2015) studied Montenegro and, among other indices, analysed also
tropical nights in southern part of the country. Analogous to this study, their results
suggest an increasing number of occurrences and a presence of warming trend, too.

Unkasevi¢ and To$i¢ (2013) have studied the influence of large-scale atmospheric
circulation patterns and found that they are correlated with the occurrences of extreme
temperatures, understanding the extreme as the highest 10 percent.

Conclusion

Even though it has been the topic of relatively small number of papers, the climate of
KnjaZevac is of importance for tracking the climatic changes in the region, as well as for
the local population and economy.

The analysis of the occurrence of tropical nights on KnjaZevac has been made for the
period between 1955 and 2014, with 50 years of observations. Data are taken from the
meteorological yearbook of the Republic Hydrometeorological Services of Serbia and
analysed using statistical methods.

From the obtained data, it can be seen that in the second half of XX century, in most
of the years, 72%, no tropical nights were recorded. However, later in this 60-years
period, number of years without tropical night decreases and furthermore, number of
recorded tropical nights per year increases and the trend line reflects slight increase over
the whole period. There were total of 33 tropical nights recorded with the most
occurrences in 2007, 2010 and 2012. Absolute maximum was reached on 2007, with 11
tropical nights, which is a third of the total number of occurrences. Weather conditions in
the summer of 2007 in Serbia were extreme — in July the highest ever temperature in
Serbia of 44.9°C was recorded in Smederevska Palanka and up to then the historical
record of 44.3°C measured in 1939 in Kraljevo (Andjelkovié, 2007) was exceeded on two
other stations as well (Zaje¢ar and Cuprija). In that month, local maximum temperatures
for July were exceeded on 22 station and on 20 stations annual local records were broken
(Andjelkovié¢, 2007). Having all this in mind, it seems no coincidence that this was the
record year for tropical nights in KnjaZevac, as well.
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AHAJIN3A IIOJABE TPOIICKX HORH Y KIBAYKEBILY

N3Box: Tponcke HOhu cy, mpeMa JAepUHUIMjY, JAaHU KaZia ce MHHAMAJIHA TeMIlepaTypa
He cmymrra ucnoz 20°C. Fbuxoso mpaherme je 6GUTHO, KaKO 3a KJIMMATOJIOTe, TAKO M 32
[OTyJIalyjy, jep MOTy HMMAard yTHIdj ¥ Ha komdop KuBoTa. Paj aHanmmsupa mojaBy
Tporckux Hohu y KibaxeBlly, KOjU ce HaJla3H y MOIHOXK]y IutanuHe y Mcrounoj Cpouju. 3a
HCTpaXXMBale Ccy KopuimheHe BpeMeHCKe cepuje IIOZlaTaka ca MepHe CTaHHIle
Peny6iMuKOr  XMPOMETEOPOJIOIIKOT 3aBOJia, IIPEy3eTH U3 HUXoBe 0Oase IojaTaka.
HcnutuBaH je mepuoz ox 60 roguHa, o7 1955. J0 2014. TOAMHE, YKYIHO 50 TOAMHA
nocMaTpama. Ilopany cy aHaIu3UpaHy CTATUCTHYKUM MeToZiaMa; KopuinheHa je mpocra
JIMHeapHa perpecyja. KBaHTHUTAaTMBHU IOZAIM Cy IPUKa3aHH IIOMONy Xucrorpama;
aHaIM3WpaHa je (peKBeHIMja IOjaB/bUBAA TPOICKUX HOhM 3a Ileo mepuoj U 3a
MIO/IIEPHOZIE OFf 10 TOAMIIBUX IMOCMaTpama. VcTpaxkuBame je mokasauo a 6poj mojaBa
TPOICKUX HOhM, y [OCMaTpaHOM IIepHOAY, MMa TpeHA Osiaror pacra. YKYHOHO je
3abesie’keHO 33 ZlaHa ca II0jaBOM TPOIICKe HOhU, Koje ce jaBibajy y jyHY, jysly, aBrycTy U
cenrreM6py. HajBehu 6poj mojaBe je 3abenieskeH 2007. TOAWHE, Kaja je 3abesiexeHo 11
Tpornckux Hohu. Vcre roguHe 3abesiexkeHa je alCOJIYyTHO MaKCHMalHA TeMIeparypa y
Cpbuju 44,9°C y CwmenepeBckoj IlaymaHiy, amcosyTHa MaKCHUMaslHa TeMIIEpaTypa je
3abesexkeHa U Ha cranuny y Kiaxesiy 43.5°C.

K/byuHe peuu: Tporcke HOhY, TpeH], TeMIlepaTypa Baszayxa, Cpouja, Kmaskepar
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YBog

Panna rpyna Mehynapoasor manena 3a kiumarcke npomere (Intergovernmental Panel
on Climate Change, IPCC) je 2007. rofuHe TMOAHEJA HW3BENITa] O KIUMATCKUM
IIpoMeHaMa y KOjeM jacHO yKasyje Ha IopacT IyiobasHe TeMIepaType y IPyroj MOJIOBUHU
nBazieceTor Beka 3a 0,6°C. EkcTpeMHe TeMmmeparype cy fo0ap IOKa3aTesb IIPOMeEHA
KJINMe, YMjOM Ce aHaJIM30M IPOLINPYjy rpaHuile mpahema kinMe ogpehenor noapydja.
IIpema Pagnoj rpynu I (IPCC, 2007) y Bullle pernoHa je YTBPEHO HOCTOjarbe MarmUx
moBehama y4ecTasoCTh II0jaBeé €KCTPEMHO BHCOKHX TeMIIEpaTypa W BHCOKHUX HONHMX
temieparypa. Jebunumyhu Tomte Hohu kaza ce TemrepaTypa Hajlas3u y TOPHUX 10%
usMmepenux temiepatypa IPCC (2007), ykadyje Aa ce y HOCHEAHBUX 50 TOAUHA Y
Y30PKOBAaHUM IIOJIPYYjUMa HUXOBA yUeCTaJIOCT 3HauajHo nosehasa. M3Berraj HaBOAu
uctpaxkupama Alexander-a u zip. (2006) u Caesar-a u ap. (2006), kKoju ¢y KoMOuHYyjyhu
BUIIIE PETMOHAJHUX CTYHja 3aK/byUMJIM Jla TOCTOjU 3HauajHO moBehame Opoja mojaBa
TOILUIUX HONHU Y 73% mozpydja.

Kimmarcke nmpoMeHe uMajy yTullaj Ha Typu3aM TaKas /ia Ce TYpU3aM CMaTpa jeIHOM
O/l HajyrpOKEHUjOM eKOHOMCKoM akTuBHoIrhy (Pons, 2014), a BHCOKE MHUHHUMAaJIHE
TeMITIpeaType UMajy moceOHO BEJIMKHU YTHIIA] HA mosbonpuBpeny (Peng u nip., 2004). Heka
HCTpaXKUBara MOKa3yjy Ja ce oueKyje Jia IUIaHUHCKe obsiactu Oyy moj; BehuM yTuiajemMm
rmopacra TeMiieparype Hero Huku npenenu (Bradley u ap., 2006), IITO Kao MOC/IETUALLY
MOJKE /1a MMa [POMEHE Yy TyPUCTUYKUM U IOJbOIPUBPENHUM OKOJIHOCTHMA. Kako ce
KmaskeBal| 1 OKOJIMHA Hasaze y mofHoxk]jy Crape IIaHUHE UMajy 3HAYajaH [TOTEHIINjasT
3a pasBOj 3UMCKOT Typu3Ma, a nmoBehaHe TemMieparype MOTy MMAaTH HEraTHBAH yTIaj Ha
MPUBpEAY PErMoHa. 3aro /0 3Hauyaja [[0JIa3h WCTPaXKUBArhe KJIHUME OBOI IIPOCTOPA.
Hctouna Cpbuja 6mia je mpeaMeT CTyAHja MOjeJUHAYHUX UCTPAKUBAKHA WIN Y OKBUDY
n3yJyaBama muper mpocropa Cpouje, mehyrtum, npoctop KmakeBiia He 100Hja moceGHY
MAXKEBY.

Cpenma ropuiiimba TeMIlepaTypa Basayxa y KmakeBily, 3a mepuon 1961 — 1990.
roguHe usHocu 10,1°C. IIpema roAuInibUM A00HMa IMpOCEYHA TEMIIepaTypa 3a HCTH
repuoa usHocu mposiehna 10,5°C, snerwa 19,5°C, jecema 10,4°C M 3MMCKa MPOCEUHA
Temmneparypa 0,1°C (Iynuh u PagoBanosuh, 2005). IHTEPECAHTHO je MPUMETHUTH /A CY
npema mogaruma Jlynuha v PagoBanosrha (2005) arcoyiyTHO MaKCHUMaJiHa TeMIIEpaTypa
U allCoJiyTHO MHHUMAaJHa TeMmreparypa y KmbaxeBily szabejie’keHe HCTe TOJAMHE.
ATICOIyTHO MaKCHMAaJTHa TEMIIEpaTypa Baszyxa 3abesexena je 31. aBrycra 1985. rofuHe U
n3Hocuia je 40,5°C, a amcosyTHo MUHHManHa —29,5°C uaMepeHa 13. ja"yapa 1985.
roguHe. Y jysy 2007. roguHe 3a6eJeKeH je HOBU allCOJIyTHA MaKCUMYyM Ha OBOj CTAaHUIIN
KOju U3HOCH 43,5°C, a uCTe TOANHE Cy MAaKCUMAaJIHA JYHCKA M aBTYCTOBCKA TEMIIEPATypa
u3Hocuie = 40°C.

Marepujasiu u MeToie NCTPAKNBAKHA

Pag ce 6a3upa Ha MPUKYIUbAIy IMOJaTaka, Opoja JaHa ca MOjaBOM TPOIICKHUX HOWH, Tj.
JlaHMMa Kajja MUHUMaJHe TeMIlepaTtype Hucy Hmke o 20°C, u3 6asze momaraka
dopmupane Ha OCHOBY Mepema PemybInuKor XuapoMeTeoposIoniKor 3aBoga Cpbuje, a
CaKyIUb€He Y MeTEOpOJIOIIKUM Tofuiimanuma. KopumrtheHu cy momanu aobujeHHn ca
MepHe ctaHuile KrbaskeBall y TMEPUOAY OF IMOCTENUX IIe3/IeceT TOAUHA, Of] 1955. /10
2014. roguHe. IIpema mojanuMa METEOPOJIONIKHUX TOAMINEbAKA 3aK/BYYHO ca 2008.
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TOIMHOM KJIMMATOJIOIIKA CTaHHUIA y KmaxeBly Hajlazu ce Ha KoopAuHarTama 43°34'
ceBepHe reorpadcke mmpune (@) U 22°15' wucrouHe reorpadcke ayxuue (A), Ha
HagMopckoj Bucuau (h) 250 m; 10K ce 3a KaCHUjU MEPHUOJ, Pas3auKyjy A=22°16" 1 h=281
m.

IMojanu o mOjaBM TPOICKUX HOMM aHAIM3UPAHU Cy U OOpal)eHH CTATUCTUYKUM
MeToziaMa. Bpoj nojase Tponckux Hohu y ofpeheHOj roauHM, Kao 3aBUCHA IPOMEHJBUBA,
HCKa3aH je METOZIOM IIPOCTe JIMHEAPHE PErpecHje BpeMeHCKe cepuje.

PerpecroHa aHaIM3a MMa 32 Wb []a MOJIEINPA BPEAHOCT 3aBICHE IIPOMEHIBHBE Y, ¥
0BOM pajy 6poj Tporickux Hohu, y3 momoh He3aBHCHE IPOMEHJBUBE X, TOAMHE
[IOCMATpaba, MPETIoCTaB/bajyhu a n3mel)y IpOMEH/BUBHX [TOCTOjU JIMHEAPHA Be3a.
Jlpyrum peuriMa Mozesl IPOCTe JTUHeapHe perpecuje je: v = Bo+ Pix + &, Te ¢y Po u Pu
KoedUIMjeHTH perpecHje, a € rperika mporere (Williams u ap., 2006).

Koedumujent perpecuje y mpakcu HUCY NO3HATH U MOTPEOHO UX je OPETUTH Y3
MOMOh BpeZHOCTH BpEMEHCKE Ceprje MeTO/JOM MUHUMATHUX KBaJpara.

VYkosuko je f1 = 0, Tajja BpEAHOCT y HE 3aBUCH Of] X. YKOJIUKO je 1 # O JuHeapHa
3aBHCHOCT ITOCTOJU U Y €€ MOKe MPUKa3aTH Kao (yHKIMja apryMeHTa X. 3a TeCTHPAbe
CTAaTHCTHUKE 3HAYAJHOCTU Be3e, CIPOBOIU CE€ TECTHUpPArhe XUIIoTe3e Ja Ju je f1 = 0 y3
momoh t Tecra.

3a CTaTUCTHYKY aHA/IN3Y y30pKa KopulitheH je mporpam Microsoft Excel.

Pesyararu v AUCKyCHja

OcHOBHH /ie0 pajia 6a3uWpa ce Ha HMCTPAKUBAIGY II0jaB€ TPOICKMX HONW Ha IMOAPYY]jy
KmaxkeBna y mepuoay 1955 — 2014. roJjiHe. Y OBOM IEPHO/Y YKYITHO je 3a0esIeskeHO 33
TPOIICKE HONH, OJTHOCHO Y ITPOCEKY 0,66 TPOIICKUX HONY TOUIIIELE.

Tporcke Hohu cy ce y KibaskeBIly jaBjbajie y MeceIriuma jyH, jyi1, aBrycT U cenremoap.
HajBuie myta cy ce jaBusie y jysy, YKyITHO 13 IIyTa, CJIEAH jyH YKYIIHO 11 mMyTa, 8 myTa y
aBIyCTY U jeTHOM y cenTeMOpy 1973. rogute. Cpefiibe BPEIHOCTH M0jaBe TPOICKUX HOhM
10 MecenuMa npukasase cy y Tab. 1.

Tab. 1 Cpedrsa 8pedHocm nojasge mponckux Hohu npema meceyuma, no 200uUHU
3a nepuod 1955 — 2014.

Meceng YkynaH 6poj Cpeampa BpeJHOCT MOojaBe
10 TOAUHU
JyH 11 0,22
Jyn 13 0,26
Asryct 8 0,16
Cenrembap 1 0,02

Ca. 1. Ckamepepam 6poja nojase mponckux Hohu no 2o0unu (cmp. 59)
JluneapHa pezpecuja: y = -67.141+0.0342-x (R?=0.1215)

MaxkcumasnaH 6poj nojaBe Tponckux Hohu 3abesiekeH je 2007. TOAUHE, YKYIIHO 11; ¥
JYHY 4, V jyy 4 u aBrycty 3 Tporcke Hohm. CBa TpH Mecela Cy MMaId MaKCHMAaJHe
Temieparypa = 40°C. Bpoj Tpornckux HOhu y oBa Tpu Mecelia YUHU 33,33% Of YKYITHOT
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6poja mojaBe TPOIICKUX HONM 3a MEPHOJ O 1955 — 2014. TOJUHE, a 3a 220% je BHUIIIE Off
roauHe ca cienehum Hajsehum 3abemexxeHuM 6GpojeM mojaBe Tporcke Hohu. Mecenu ca
arcoIyTHO HajBehuM 6pojeM TPOIICKUX HONU Cy OWJIM jyH U jyJI 2007. TOIUHE U jyI 2012.
TOZIMHE, ¥ CBa TPH Mecela cy 3abesiekeHe MaKCUMasiHe TeMnepatype > 40°C. TaGeina 2
pHKasyje roguHe ca Hajpehum 6pojeM 1mojaBa Tporckux Hohu. 13 Taberie 2 je jacHo aa cy
ce Tpu TOMHE ca HajBehuM GpojeM 1mojaBa jaBuiie y 21. BEKy U EbHUXOB YKyIaH 6poj mojaBa
YUHU 57,6% o7 yKyIHOTr 6poja mmojaBa 3a 11e0 IIOCMaTPaH! IEPHO/.

TpeH/ 1ojaBe TPOIICKKUX HONM aHAJIWU3UPAH je MOMONY MpOCTe JIMHEApHE perpecuje.
HeszaBucHy IpoMeH/BUBY IIPECTABIbAjy TOIMHE MOcMaTpama. KoepunujeHTn perpecuje
M3payyHATH Cy HA OCHOBY TEOPHjCKHUX OCHOBA HAaBEJEHUX y IOIJIaB/by Marepujaiu u
MeTozie ucTpaykuBaba. KoeduiujeHt Haruba mpase b1 je 0,0342, a mpecek ca x ocoM bo
je —67,1411.

Tab. 2. I'o0uHe ca HAjeUUM OCMOMPEHUM 8pedHOCMUMA Y nepuody 1955 — 2014

Bpoj Yaeoy Mecerr ca Bpoj Tponckux
ToauHa . .
TPOIICKHUX YKYIIHOM Gpojy Hajsehum Hohu y mecery
Hohu TPOICKHX opojem ca Makc. Bpea.
2007 11 33.33 JyH uJyn 4
2012 5 15.15 Jyn 4
2010 3 9.09 JyH 2

3a TecTHpame CTaTHCTHYKE 3HAYajHOCTH mobujeHe Bese, KopuiiheH je t TecT.
Bpennoct mata y tabenu t muctpubyiuje 3a 48 (n — 2) creneHa cio60/ie ¥ UHTEPBAI
3HAYAJHOCTH A = 95% je 2,011. Byayhu ga je t cratucTrika mo6ujeHe IpoIeHe u3payyHaTa
dopmynom gatom y Metomama wucTpaskuBama 2,577 Beha ox BpeaHocTH y Tabenu
3aK/bydyje ce ma je moryhe ombarutu mosnasHy xumoresy HO, 0HOCHO /ia je JimHeapHa
Be3a u3Mel)y MpoOMeH/bUBUX CTATUCTUYKY 3HAYAjHA.

ITo3uTuBaH KoehUIMjeHT MpaBla 0,0342 yKasdyje Aa Opoj TPOICKMX HOhH Yy
[IOCMATPaHOM [IEPHOAY UMa TPEH/ 61aror pacTa.

Ci1. 1 mpukasyje 6poj mojaBe TPOIICKUX HONM y TIOCMATPAHOM TEPUOAY KA0 U JIMHHJY
TpeHaa. M3 rpaduka ce Moxe YOUUTH Zia Opoj TPOIICKUX HONM 3HAaYajHO Bapupa, a jaa je
YUeCTayoCT TI0jaBe 3HAYajHHja KpajeM Mepruojia. AICOJyTHH MaKCHUMyM, 3Ha4ajHO Behu
oz ocranux 3abenexkenux BpegHocTH (outlier) je 11 Tporckux Hohu 3abeexeHUX 2007.
roavHe. YKOJIMKO IIOHOBUMO aHAaiMu3y He y3uMajyhm y o63Up OBaj eKCTpeM, Taza ce
nobuja IMHeapHa Be3a y = -39,37 + 0,0201X, ca R2 = 0,137. Oxgrosapajyha t cratucrrka je
yKasyje Zia je ¥ OBa Be3a CTATHUCTUIKY 3HAYAjHA, KAKO 3a CTelleH 3HAYajHOCTH 95%, TAKO U
3a 99%. KoedbunujeHT mpaBia mpaBe y OBOM CJIy4ajy je OUeKHBAHO MAarbH. YKOJIHKO Ce
[IOCMAaTpaHU IEPUOJ CKPATH Ha ITOCIENBUX 15, OZHOCHO 25 TOANHA, JINHEeapHa Be3a Koja
ce 1obuje HUje CTATUCTUYKY 3HAYajHA.

AHaauza epemeHcke cepuje nojase mponckux Hohu
AHayn3a BpeMEHCKE CepHje yUeCTaJIOCTH I0jaBe TPOICKUX HOhM u3BpIleHa je momohy

xucrorpama, Ci. 2. Ha x ocu mpukazaH je 6poj mojaBa TPOIICKUX HONHM y TOKY TOJTUHE, a Ha
Y OCH KOJIMKO TOJHA Ce OBAaKaB CJIy4aj OHOBHO. Y IOCMAaTpaHOM Iepuony 6mio je
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VKYIIHO 36 TOZ[MHA, IIITO YHHU 72% YKYITHOT Gpoja mocMaTpaHUX TOJMHA, Y KOjuMa HUje
3abesiekeHa HUjelHA TPOICKa HOh, meBeT romuHa (18%) je 3abeserkeHa jemHa TpOIICKA
uoh, jemHoMm (2%) nBe Tporcke Hohw, /1Be roguie (4%) ca MO TPH MOjaBe TPOICKe HONH,
jeHe TOMUHE TIeT TPOIICKUX HONM U je/iHe Yak jemaHaecT TPOIICKUX HOhH.

Ca. 2. ®pexsenyuja nojage mponckux Hohu (cmp. 60)

ITocmMaTpaHu IEpHOA MOXKEMO IOZIEJIUTH Ha IeT IOAINEPUOoJa Of IO 10 FOAMIIEBUX
mocMmatpamba. Ha Cin. 3 IpuKaszaHa je YdYecTajoCcT IIOjaBe TPOICKUX HOWM IO
IIOJIIEPHOAMIMA 071 II0 10 TOAUIIHUX IToCMaTpama. X oca 03HauaBa YKyIlaH Opoj TPOIICKUX
Hohwm y roguuu, a y 6poj roguHa ca oapehenum 6pojem Tporckux Hohu. Ci1. 3 ykasyje aa
cy ce y IpBa TpHU Ieproja (HU3 o 30 rOAMHA OcMarpama, IITO YHHU 60% BpeMeHa
ocMarparba), JaH! ca II0jaBOM TPOTICKMX HONU jaB/baJid HAjBUIIE jeTHOM TOAMIIELE, a I
cy ce Hajuenrhe jaBsbasie ToguHe 6e3 JjaHa ca [0jaBOM TPOICKUX Hohu. OBe TOmUHE CY ce
moHOBMJTE ocaM (IIpBHU ¥ Tpehu mocMaTpaHu MEPUOA) U JEBET IyTa (Ipyru mocMaTpaHu
mepuoz). Y Mepuoay oA 1993 — 2002. rofuHe Hako je Hajehu Opoj ciydajeBa ca
roarHama 0e3 IojaBe TPOICKHUX HOhW (cemaM IyTa), MPBHU IMYT CE jaBjbajy JBE TPOIICKE
Hohu Tokom roguue (1999. rox.). ToKOM MmoceAmer mepuoaa, 2003 — 2014. TOAUHA,
JIoJIa3u 10 3HAUYAjHUjUX Bapujanuja. 3HA4YajHO ce cMamyje Opoj roguHa 6e3 mojase
TPOIICKUX HONHM, Majia je U Ja/be OBO YECT CIy4aj. Y OBOM IEPHOY Ce MPBU IyT jaBJbajy
TOZIMHE Ca [I0jaBOM 3, 5 U YakK 11 JJaHa ca MUHUMAaJIHUM TeMIiepatypama = 20°C.

Ca. 3. ®pekseryuja mponckux Hohu no noonepuoduma (cmp. 61)

VYkyman 6poj Tporckux HohM Kao ¥ rofuHa 6e3 ImojaBe TPOIICKMX HONU 3a IMOjeInHe
MIOATIEpHO/ie TIpUKa3aH je y Tab. 3. Y 10j ce youaBa jia KpajeM 20. U MOYETKOM 21. BEKa
JIoJIa3| JI0 AyIUTHpaiba IojaBe TPOIICKMX HOhW, Za O y 10 TOAWHA [epUoja Off 2003 —
2014. rouHe Taj 6pOj CKOYMO Ha 24 JAaHa, IITO YMHH TopacT o 600% y omHOCy Ha
MPETXOIHU TIEPHOJ Off 10 TOAUIILUX TOCMaTparba. Y HCTOM IIEPHOAY J0JIa3Hh 10
omasama Opoja rolHa Kajja HeMa I10jaBe TPOIICKUX HONH, ca 7 ¥ MPETXOJAHOM IIEPUOIY
Ha 4 rogune. Of YKYIIHO 24 TpoIicKe HohH, 11 je 3a0esIe’eH0 TOKOM 2007. TOJIUHE, IIITO
YUHU 45,8% yKyITHOT Opoja 1mojaBa 3a 0Baj MepUO/ O/ 10 ITocMaTparba.

Moske ce 3aKJ/BYUHTH J1a je y HajBeheM 6pojy ciaydajeBa (72%), mmojaBa TPOIICKUX HONU
M30CTaja, a YaK y 90% ciiydajeBa ce jaBHO je/laH WX HUjeflaH JJaH ca M0jaBOM TPOIICKE
nohu. Kpajem 20. Beka U MOYETKOM 21. BeKa Opoj IMOjaBa TPOICKUX HONM IIOCTaje
yuecTaynuju, a onaza 6poj rouHa Kajja OBe IojaBe HeMa, Ia TaKO ca 72% 3a I1e0 IEPUO, ¥
TIEpUO/y O] TOCJIEIIbUX 10 TOAUIIHUX ITOCMaTpama OBa IOjaBa ce HUje jaBwia y 40%
c/lydajeBa, a TOAMHE ca HUjeAHUM WU jeJHUM JaHOM ca T0jaBOM TPOIICKEe HONH uuHe
60% ciyuyajeBa. Y UCTOM IEPUOY, HOCIEAKBUX 10 TOAUIIBUX IOCMATPaka, YKYITHO Cy Ce
jaBwie 24 TpOICKe HONW, IITO YMHM 72,7% YKyOHOT 6Gpoja TPOICKMX HOhH 3a €0
mocMaTtpaHu nepuoji. CaMo y TpH TOAMHE UCTOT MEPHOZA jJaBUJIO Ce BUIIE O TIOJIOBHHE
(57,57%) maHa, y OIHOCY Ha 11€0 TOCMaTPaHH ITEPUO/, €a I10jaBOM TPOIICKE HONH.

Cryauja Manunosuh-Munvhesuh u ap. (2016), kKoja He aHamu3upa MOCEOHO
Tporicke Hohu, Beh TeMmIepaType W HWHIEKCe MMaJlaBUHA, yKasyje Ha TO [la MEPHUOAH
€KCTPEMHO TOIUIMX BPEMEHCKHX YCJIOBa TPajy AyKe U Zia Cy OBAKBU YCJIOBH H3paKeHUjU
TOKOM JIeTa, IIITO MOKe OUTH 0f] yTHIIaja Ha I0jaBy TpoIckux Hohu. Bypuh u ap. (2015)
mpoydasanu cy noapydje Lipae 'ope u, mopez ocTanux WHAEKCA, aHAIU3UPAJIN MOjaBY
TPOIICKE HODM y jy’KHOM JieJly 3eMJbe. AHAJIOTHO OBOj CTYZAWjU, EUXOBH DPe3YJITaTH,
Takole, yKa3yjy Ha mopact 6poja mojase 1 TpeH/I 3aTpeBaba.
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Tab. 3. Ykynan 6poj mponckux Hohu u 6poj 200una 6e3 mponckux Hohu 3a nodnepuode 00 no 10

nocmamparea
ITognepuon Bpoj mocmarpama YkynaH 6poj Bbpoj roguna 6e3
TPONICKUX HOhu TPONCKUX HOhu
1955 - 1966 10 2 8
1967 - 1976 10 1 9
1977 -1992 10 P 3
1993 - 2002 10 4 7
2003 - 2014 10 24 4

IIpoyuaBameM yTHIaja aTMOcdepcke IMUPKyJIalyje MUper IPocTopa YHKaIIeBUh 1
Tomuh (2013) ¢y yTBPAWIN /1a je HMUPKYy/Ialfja y KOpeJaluju ca M0jaBOM E€KCTPEMHHX
TeMIIEpaTypa, TZle Ce eKCTPEMOM CMaTpa HAjBHININX 10 MpPOIeHATa H3MEPEHHX
TeMIIepaTypa.

3ak/pydyak

Kiuma KmarkeBra Ouiia je mpeiMeT HCTPa’KUBAaMa y PEJIATUBHO MaJioM OpOjy pajzioBa.
ButHoCT u3y4aBama KINMe OBe 006JIacTH youaBa ce Ipu npahemy KINMATCKUX IIPOMeHa
LIMpe peruje, ajli U HUINTA Marbe 3a JKUBOT JIOKAJTHOT CTAHOBHMIITBA WM YTHIAja Ha
HIPUBDEAY.

AHanu3za mojaBe TPOICKUX HOhM y KibakeBIly BpIlIEHA je 3a IEPHUOJ Of 1955. TOJUHE
0 2014. TOAWHE, YKYIHO 50 TOAMHA IlocMarpama. Ilojamu u3 MeTeopOJIONIKHX
TrOAMINbAaKa  PemyOJIMYKOT  XUAPOMETEOPOJIOIIKOT  3aBOAA  Cy — AHAJIU3UPAHU
CTaTHCTUYKUM METOJlaMa.

M3 pobujeHux mopaTaka jacHO je Aa y IepUOAy Jpyre IIOJIOBHHE 20. BeKa
JIOMHHHUPAjy TOAUHE Kajla ce JaHu ca I0jaBOM TPOCKe HONU He jaBJbajy, 3a YKyIIaH TEPHUOL,
mocMarpama OHM uuHe 72%. MehyTum KpajeM MOCMAaTpaHOTr IIeCZeCEeTOTOAUIIEET
reprozia cMamyje ce 6poj ToIMHA Kajla ce OBa II0jaBa He jaBjba, a pacte OpOj /laHa ca
[10jaBOM TPOIICKe HOhM, W JIMHHja TpeHZa yKa3yje Ha OJiard pacr IojaBe. YKYITHO je
3a0esieXKeHo 33 JaHa ca [0jaBOM TPOIICKUX HONM, a rofuHe ca HajBuine Opoja JjaHa ca
OBOM I10jaBOM Cy 2007, 2010. ¥ 2012. TOAUHA. ATICOJIyTHU MaKCUMYM je JOCTUTHYT 2007.
rofrHe, Kaza je 3abesexeH0 PEKOPAHMX 11 TPOICKKUX HONH, 1ITO unHY TPehUHY YKyITHOT
6poja 1mojaBa TPOIICKE HONM 3a IEJIOKYITHH IIOCMAaTPaHu Iepruoj. BpeMeHCKo crabe JeTa
oBe roxuHe y CpOUjH MMaJo je eKCTpeMHA KJIMMATOJIOIKA obesiekja M 3a U3ydaBame
KJINMe OBOI IIpOocTOpa je 3HayajHa. Jysna 2007. roguHe y Cpbuju je 3aberexeHa
aIcoJIyTHO MaKCHUMaIHA TeMIiepaTtypa 44,9°C y CmeznepeBckoj ITanaHnu, a Ha jou ABe
cranune (3ajevap u 'hympuja) je npeMameH IPeTXOJHU AaINCOJIYTHH MAaKCHMyM
3abenexkeH y KpasbeBy 1939. rogute (44,3°C) (Anhenkouh, 2007). Jysa 2007. roguHe
Ha 22 cranule y Cpbuju cy npeManieHu JOTaJallbH jYJICKH TEMIIEPATYPHU MAaKCUMYyMH,
a Ha 20 CTaHWUIIA U allCOJIyTHU MakcuMyMu cranuna (Auhenkosuh, 2007). Yciies 0BaKBUX
BPEMEHCKUX IPIINKA YUHU Ce J]a allCOJIyTHU MaKCHUMYyM TPOIICKUX HONM 2007. TOAUHE Y
KmarkeBIly HUje CIIy4ajHOCT.

JIuteparypa (ctp. 62)
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