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Abstract

Deviations and trends are analysed of seasonal and annual mean and extreme air temperatures, precipitation sums and the
number of days with precipitation in Belgrade for the longer period of 1888-2006 for the purpose of recording climate changes.

On the territory of Serbia, climate changes were monitored by the calculation of the indicators of changing extremes for tem-
perature on 15 stations in the shorter period of 1957-2006 and for precipitation on 19 stations for the period 1961-2006. These
climate extreme indices include the extremely hot days, cold days, warm nights, cold nights, the heat wave duration end the

annual fraction due to extreme precipitation events.

Key words: extreme climate indices; heat wave; extreme precipitation events; tendency analysis; climate change detection.

Introduction

Climate changes due to global warming are unmistakable.
This can be seen in the rise of global mean air and ocean
temperatures, increasing intensity of permafrost melting as
well as in the increase in mean sea level (Climate Change,
2007).

In this paper indicators of climate changes were obtained
using two methods. The first method was used to analyse
deviations, 5-year moving means and trends of seasonal
and annual mean, minimum and maximum air tempera-
tures, precipitation sums and number of days with precip-
itation for Belgrade in the period 1888-2006, (WMO, 1983).
The other method meant the observation of climate chang-
es in Serbia by calculating the indicators of changing ex-
tremes (Djordjevic, 2002; Djordjevic and Jovanovic, 2006;
Jovanovic and Djordjevic, 2006) defined by the World Me-
teorological Organization (Peterson, et al., 2001). This
method was applied on 15 main stations for the tempera-
ture in the period 1957-2006 and on 19 main stations for the
precipitation in the period 1961-2006.

Methodology and data

Daily climatological data on air temperature and precipita-
tion quantity were used. All the anomalies were calculated
for each year in relation to the basic period 1961-1990 and
then trend lines were assessed by the least square method.
Percentiles were used for obtaining the range of normal and
extreme temperature and precipitation values (WMO, 1983).

Critical values of temperature and precipitation in percen-
tiles are shown in Table 1. Homogeneity has not been done.
Available data have been used in such form for all climate
analyses so far.

Table 1 Critical values of temperature and precipitation in
percentiles

Percentiles Air temperature Precipitation
1 extremely cold extremely dry
2-9 very cold very dry
10-24 cold dry
25-75 normal normal
76 — 90 hot humid
91-98 very hot very humid
98 extremely hot extremely humid

On 15 stations in Serbia for the period 1957-2006, the fol-
lowing indicators of changing extremes for temperature
were calculated (Peterson, et al., 2001), as listed with their
shortened names:

1. Tngo, that represents minimum temperature above the
goth percentile with the meaning of very high values of
minimum temperature,

2. Tnio, that represents minimum temperature below the
10th percentile with the meaning of very low values of
minimum temperature,
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3. Tx9o0, that represents maximum temperature above the
90th percentile with the meaning of very high value of
maximum temperature,

4. Tx1o, that represents maximum temperature above the
10th percentile with the meaning of very low value of
maximum temperature,

5. HWDI, that represents maximum number of consecu-
tive days during the year with the maximum tempera-
ture 5°C above the 1961-90 daily normal or so-called heat
waves,

6. TxGE30, that represents days when maximum tempera-
ture is > 30°C.

For 19 stations in Serbia precipitation indicator was cal-
culated for the period 1961-2006,
7. RosT, that represents the fraction of annual total precipi-
tation due to events exceeding the 95t percentile.

Besides mentioned indicators, average values were also
calculated of the indicators of changing extremes from (1)
to (7) for the basic period 1961-1990, deviations from aver-
age values for each individual year and trend of these de-
viations.

Results

Belgrade - Temperature

Deviation of mean annual, maximum and minimum
temperatures from the basic period 1961-1990 are shown
in three panels of Figure 1 going downwards. Also, black
curves show 5-year moving means, and straight lines are
temperature trends. Besides the mentioned, trend equations
are given where T, ., T, ... and T . are mean, maximum
and minimum temperature and t is a year. Slope coefficient
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Table 2 Deviation trend coefficients as per seasons of mean,
maximum and minimum temperatures in Belgrade in the
period of 1888-2006

Seasons Trean Tiax Tinin
(°C/100 years) (°C/100 years) (°C/100 years)
Spring +132 +0.54 +1.92
Summer +1.04 -0.02 +1.95
Autumn +0.74 +0.31 +1.69
Winter +1.95 +1.68 +2.97

of straight line is called temperature trend coefficient and
serves as the assessment of temperature change tendency.

Significant positive temperature trend coeflicients are
observed in all three cases. Thus, in observed period, the
rise of mean, maximum and minimum annual air tem-
perature was prominent. Among all the cases, trend coef-
ficient has the highest value for minimum temperature in
the amount of +2.10°C/100 years. This shows that the rise of
minimum temperature was the greatest.

Coeflicient of trends as per seasons (first column) of
mean (second column), maximum (third column) and min-
imum (fourth column) temperatures are shown in this or-
der in Table 2. It is evident that in all cases trend coefficients
are positive, except in summer season with maximum tem-
perature when the trend value is slightly below zero. Thus
mostly mean, maximum and minimum seasonal air tem-
peratures have risen, except in summer when maximum
temperature showed the tendency of slight decrease. Out
of all seasons, winter has the highest value of trend coeffi-
cient for minimum temperatures when the highest value of
+2.97°C/100 years was obtained. This shows that the rise of
minimum temperature is the highest during winter.
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Figure 1a Deviation, 5-year moving means and deviation trends of annual mean temperature for Belgrade for the period 1888-2006
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Figure 1b Deviation, 5-year moving means and deviation trends of annual maximum temperature for Belgrade for the period 1888-2006
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Figure 1c Deviation, 5-year moving means and deviation trends of annual minimum temperature for Belgrade for the period 1888-2006

Belgrade - Precipitation

Deviation of annual precipitation quantities and the
number of days with precipitation > 0.1 mm from the basic
period 1961-1990 are presented on two panels using pillars
on Figure 2 going downwards in order. As in Figure 1, black
curves show 5-year moving means, and straight lines are
precipitation trends. Also, trend equations are given where

R and NBR for annual precipitation quantity and number
of days with precipitation > 0.1 mm. Again, precipitation
trend coeflicient serves as the assessment of precipitation
change tendency.

Positive coefficient trend is evident for annual precipi-
tation quantity in the amount of +8.9 mm/100 years and
negative for the number of days with precipitation in the
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Figure 2a Deviation, 5-year moving means and deviation trends of annual precipitation quantity
for Belgrade for the period 1888-2006
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Figure 2b Deviation, 5-year moving means and deviation trends of number of days with precipitation > 01 mm
for Belgrade for the period 1888-2006
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Table 3 Deviation trend coefficients as per seasons of
precipitation quantity and number of days with precipitation =
0.1 mm in Belgrade in the period of 1888-2006

s Number of days

Precipitation . R
Seasons with precipitation

(mm/100 years)

(days/100 years)

Spring -8.0 -09
Summer +163 +1.2
Autumn +0.6 -3.0
Winter +27.4 32

amount of -6 days/i00 years. Thus, in observed period,
annual precipitation quantity has increased and the total
number of days with precipitation has decreased. Although
the number of days with precipitation is lower, increased
precipitation intensity contributed to higher total annual
precipitation quantity.

Trend coefficients as per seasons (first column), the de-
viation of precipitation amount (second column) and the
number of days with precipitation > 0.1 mm (third column)
are shown in this order in Table 3. Precipitation trend co-
efficient is negative only in spring, while positive in other
seasons. Thus, precipitation is decreased in spring months,
while in other parts of the year precipitation is increas-
ing, mostly during winter by +27.4 mm/100 years. For the
number of days with precipitation, the trend coefficient is
positive only in summer, while negative in other seasons.
Thus, the number of days with precipitation is increased in
summer months, while it is decreasing in other parts of the
year, mostly during winter by -3.2 days/100 years.

Serbia - Temperature

Temperature changes in Serbia for the period 1957-2006
were observed on 15 stations: Sombor, Kikinda, Novi Sad,
Beograd, Veliko Gradiste, Loznica, Smederevska Palan-
ka, Negotin, Zaje¢ar, Cuprija, Kraljevo, Zlatibor, Krusevac,
Ni$, Sjenica, Dimitrovgrad and Vranje. For that purpose
the following indicators of changing extremes were calcu-
lated: Tngo, Tnio, Tx90, Tx10, HWDI and TxGE30. They
are shown in this order in six maps marked from a) to f)
in Figure 3 (Vincent and Mekis, 2004). The circles on maps
denote stations. Their colors mean: red, the increase in
frequency of very high values and decrease in frequency
of very low values of extreme temperatures, i.e., warming
trend; and blue, the decrease of frequency of very high and
the increase in frequency of very low extreme temperature,
i.e., cooling trend.

The results show that more stations have changed in their
cold and warm extremes. On major number of stations neg-
ative trends were obtained of minimum temperatures with
values lower than the 10" percentile. The greatest trend de-
crease of -61 %/50 years was obtained for Novi Sad, then
-52%/50 years for Beograd, Figure 3a. Thus, on these stations,
occurrence frequency of very low temperature has decreased.
Nonetheless, on the stations Veliko Gradiste, Vranje, Zajec¢ar
and Dimitrovgrad positive trends of minimum temperatures
were recorded which means that on them the occurrence fre-
quency of very low temperature has increased.

Besides that, on all the stations, except in Vranje, posi-
tive trends were obtained of minimum temperatures with

the values higher than the got" percentile. Major increase
of +144 %/50 years was obtained for Kikinda, then +137 %/50
years for Beograd, Figure 3b. Thus, on these stations the oc-
currence frequency of very high minimum temperature is
increased, while in Vranje it is decreased.

Negative trends of maximum temperatures whose val-
ues are lower than the 10th percentile were obtained on all
the stations, except in Dimitrovgrad. The highest decrease
of -58 %/50 years was obtained for Zajecar, Figure 3c. Thus,
on these stations there was a decrease in the occurrence fre-
quency of very low maximum temperature, while in Dim-
itrovgrad this frequency increased.

Also, on all the stations positive trends were obtained
of maximum temperatures whose values are higher than
the goth percentile. The highest rise of +173 %/50 years was
obtained for Zlatibor, Figure 3d. Thus, the occurrence fre-
quency of very high maximum temperature was increased.

Statistically significant changes were noticed with heat
waves which became more frequent and lasted longer. On
all the stations positive trend of climate indicator HWDI
was obtained, Figure 3e. The highest trend increase of +106
%/50 years was obtained for Negotin. Thus, the occurrence
frequency increased of the periods with consecutive very
high maximum temperatures, so-called heat waves.

Finally, positive trend of climate indicators TxGE3o0 was
obtained on all the stations, Figure 3f. The greatest trend in-
creaseof +46 days/soyearswasobtainedfor Sombor. Thus, the
numberofdaysincreasedwithmaximumtemperature>30°C,
so-called tropical days.

Serbia - Precipitation

Changes in precipitation regime in Serbia were observed on
19 stations: Sombor, Kikinda, Novi Sad, Sremska Mitrovi-
ca, Beograd, Veliko Gradiste, Loznica, Smederevska Palan-
ka, Negotin, Zaje¢ar, Kragujevac, Cuprija, Kraljevo, Pozega,
Zlatibor, Krus$evac, Ni§, Dimitrovgrad and Vranje for the
period 1961-2006. For that purpose, precipitation indicator
of changing extremes RosT was calculated. It is shown for
each of the stations in Figure 4. The circles denote stations
and colors denote the following: red, the increase in fre-
quency of very high precipitation quantity, and blue, the de-
crease in frequency of very high precipitation quantity.

The results of precipitation analysis indicate that climate
events with extremely high precipitation quantity (greater
than the 95™ percentile) are all the more frequent on the
stations: Beograd, Zlatibor, Kikinda, Sombor, Kragujevac,
Loznica, Smederevska Palanka, Pozega, Novi Sad, Ni§ and
Cuprija. On all other stations such events are becoming less
frequent.

Conclusion

Climate changes in Belgrade were observed for the period
1888-2006 by the analysis of temperature and precipitation.
It was shown that the mean, maximum and minimum an-
nual and seasonal air temperatures have risen, except dur-
ing summer when maximum temperature had the tenden-
cy of slight decrease. The greatest increase was noticed with
minimum temperature, especially in winter. On annual
level, precipitation quantities are increasing, with the high-
est increase in winter, while in spring they are decreasing.



a) Tn10 (T,,;, < 10*" Percentile)
Bigger circle > 10%/50 years
Smaller circle < 10%/50years

Sombor Kikinda

u ]

o Ye
=

Zrenjanin
"

Novi Sad
"

Sr.Mitrovica
)

V.Gradiste

Sm.Palanka
.

Valje\f Cmivih  Negotin .
.
Kraguje:a( tuv.rua Tajetar

Pozega

Tatibor Kraljevo .

. O . §
Krusevac

e =
o =

Kopaonik L
n

Sjenica
n Kurdumlija

Dimitrovgrad
Leskovac [}
.

Pec Pristina
. ]

. Vranje

Prizren
L]

c) Tx10 (T,,,, < 10* Percentile)
Bigger circle < 10 %/50 years
Smaller circle > 10 %/50 years

Sombor Kikinda

. L]

e e
-

Zrenjanin
.

Novi Sad
.

Sr.Mitrovica
s V.Gradiste

Loznica

. Valjevo
"

Sm.Palanka
=

Cmivh  Negotin Z
"
Kragu}e:ac Cuprija Zajetar
. ] -
Pozega
Zatibor Kraljevo . .
» O . y
) Krusevac
o .
Nis
Kopaonik L
Sjenica = o .
Y Kurs.umlua Dimitrovgrad
Leskovac
"

Pec Pristina
] ]

. Vranje

Prizren
L]

e) HWDI (Heat Wave Duration Index)
Bigger circle < 50 %/50 years
Smaller circle > 50 %/50 years

Sombor Kikinda

. ]

e e
-

Zrenjanin
.

Novi Sad
.

Sr.Mitrovica
s V.Gradiste

Loznica

. Valjevo
.

Sm.Palanka
=
Cmivih

Kragujevac  Cuprija
.
Pozega = -
Zatibor ™ Kraljevo . .
. .
Krusevac
o ® 9

Nis
Kopaonik L
Sjenica - [ )
L] Kurumlija -
- & Dimitrovgrad
Leskovac "
"

Pec¢
=

Pristina .
[] Vranje
.

Prizren
]

Figure 3 Trends in six temperature indices during 1957 - 2006
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d) Tx9o0 (T,,,, > 90" Percentile)
Bigger circle < 100 %/50 years,
Smaller circle > 100 %/50 years
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f) TxGE3o0 (Tropical days)
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Figure 4 Trends in precipitation indices RosT during 1961 — 2006

During the year, the number of days with precipitation is
decreasing, except in summer when the increased number
of such days was recorded.

Climate changes in Serbia were observed on 15 tempera-
ture stations in the period 1957-2006 and on 19 precipitation
stations in the period of 1961-2006 by analysing indicators
of changing extremes (Peterson, et al., 2001). On the stations
Sombor, Kikinda, Novi Sad, Beograd, Loznica, Smederevs-
ka Palanka, Negotin, Cuprija, Kraljevo, Zlatibor, Krusevac,
Ni$ and Sjenica, the occurrence frequency of very low tem-
perature decreased, while on other stations, this frequen-
cy increased. On all the stations, the occurrence frequen-
cy of very high minimum temperature increased, while in
Vranje it decreased. In Dimitrovgrad, the occurrence fre-
quency of very low maximum temperature increased, while
on other stations this frequency decreased. The increase of
the frequency of very high maximum temperature was ob-
tained on all the stations where the occurrence frequen-
cy of heat waves and tropical days increased. The frequen-
cy of extremely high precipitation quantity increased on

the stations: Beograd, Zlatibor Kikinda, Sombor, Kraguje-
vac, Loznica, Smederevska Palanka, PoZega, Novi Sad, Ni§
and Cuprija. On other stations, such events are becoming
less frequent. Similar results for temperature and precipi-
tation were obtained for seven stations (Sarajevo, Podgori-
ca, Uljcinj, Tirane, Prilep, Athens, Corfu) from the area of
Southeastern Europe for the period 1955-2000 (Djuki¢, et
al., 2008).
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