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Summary: In this paper spring and autumn temperature thresholds of 5°C and 10°C, active air temperature sums
and lengths of growing seasons with temperature threshold of 5°C and 10°C were analyzed. The analysis were
made for 10 meteorological stations for the period 1961-2011. The dates of occurrence of phenological phases of
selected plants (oxeye daisy, beech, apple, winter wheat and maize) has been investigated. It was observed a
tendency of earlier appearance of spring phenological phases and later appearance of autumn phenological phases.
As a result extension of vegetation periods in the Republic of Slovenia is present. Dates with occurrence of
phenological phases of selected plants from 8 phenological stations were connected with the results of the analysis
of meteorological parameters from 8 meteorological stations. The highest correlation coefficients were obtained for
the temperature parameters (0.8), while the average precipitation quantities, number of days with frost, potential
evapotranspiration and water balance showed a low correlation coefficient values with the appearance of
phenological phases.
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Introduction

The consequences of climate change generally have a negative impact on human
society, causing damage that is expressed in billions of €. On our planet now lives more than
7 billion people but the food is more expensive due to the adverse effects of climate change
(droughts, floods, heat, frost, etc.) that reduce the amount and quality of yield.

Plant phenology is the study of plant development stages appearances (sprouting,
leafing, budding, tillering, flowering, ripening, etc.), or so-called phenological phases-
phenophases. Average or common beginnings and duration of phenological phases at some
place reflect the climate that rules there. The plants are so dependent on the climate that
spatial distribution of phonological phases beginnings show climate differences within the
studied region, state, etc. (Penzar i Penzar, 1985).

Meteorological parameters, such as temperature and precipitation are very
important to the life and development of plants. This is why the changes in these parameters
have a great impact on plant development. However, the plants have integral response not
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only to changes of climate, but also to changes of pedological, geological and other
elements.

Since the end of the '80s the need for phenological data has increased significantly
and with it the number of scientists who analyze this data. This is caused by rising
temperatures in recent decades and a clear response of plants to these changes which is seen
in phenological data. The impact of climate on plants was investigated by scientists in
Slovenia (Kajfez-Bogataj in Crepinsek, 2003; Bergant in sod., 2004; Crepinsek in Zrnec,
2005) and other European countries (Ahas et al, 2000; Alexandrov and Hoogenboom, 2000;
Menzel, 2000; Roetzer et al., 2000; Sparks et al., 2001; Fitter and Fitter, 2002; Menzel,
2003). On other continents these studies are also present (Robeson, 2002; Atrri and Rathore,
2003; Zhang et al., 2004; McCabe et al., 2011).

The aim of this study is to define the spatial and temporal characteristics and trends
of selected phenological parameters on the territory of the Republic of Slovenia. Comparing
obtained results and results of other researchers has been made to see whether the changes in
the Republic of Slovenia are in accordance with phenological changes on the European
continent, on global level or are there relevant regional differences. Data about
meteorological parameters has been associated with phenological data to detect the intensity
of climate impacts on vegetation.

Locations of phenological stations, database and research methodology

In this paper data has been used from 10 meteorological and 8 phenological
stations located on the territory of the Republic of Slovenia (figure 1, table 1). Data was
analyzed for the period 1961-2011. The variables were calculated based on the values that
have been obtained from Slovenian Environment Agency (ARSO). Meteorological and
phenological data are recorded in the same settlement for better correlation in the analysis.
The exceptions are the stations Kredarica and Lendava where phenological data was not
recorded.

Selected phenological stations are located on the territory of different physical
regions of Slovenia. In alpine macroregion phenological stations Smartno pri Sloven;
Gradcu and Celje are located. The dinaric macroregion consists of phenological stations
located in Postojna, Ljubljana-BezZigrad and Novo Mesto. In subpannonian macroregion
stations Maribor-Tabor and MurskaSobota-Rakic¢an are located. The smallest macroregion is
the submediterranean and within it is station Bilje. The relative height difference between
the highest (Kredarica, 2514 m above sea level) and the lowest meteorological station (Bilje,
55 m above sea level) is 2459 m, while seven of ten investigated stations are located at an
altitude between 188 and 455 m. Only the station in Postojna (533 m above sea level) is
characterized by higher altitude.

This paper presents an analysis of the spring and autumn temperature thresholds of
5°C and 10°C and duration of the corresponding growing seasons from 10 meteorological
stations for the period 1961-2011. Correlation coefficients have been calculated for the
connection between studied climatic parameters and the occurrence of phenological phases
from 8 meteorological and phenological stations.

Phenological phases were analyzed for the following plants: oxeye daisy
(phenophase-first flowers), beech (phenophases: first leaves, general yellowing of leaves
and general falling of leaves), apple (phenophases: first leaves, beginning of flowering,
general flowering, end of flowering, beginning of ripening, picking, general yellowing of
leaves and general falling of leaves), winter wheat (sowing and harvesting) and maize
(sowing and harvesting). When choosing plants for the analysis of phenological phases
different plant species were selected. Oxeye daisy (Leucanthemum vulgare Lam.) is a wild
herbaceous plant, beech (Fagus sylvatica L.) belongs to the forest trees, apple (Malus
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domestica Borkh.) belongs to fruit and winter wheat (Triticum aestivum L.) and maize (Zea
mays L.) are representatives of crops.

Table 1. Geographical coordinates, altitude, period of observation and type of meteorological stations in

Slovenia (gl-main weather station, kl-climate station); *- phenological stations (source: ARSO, 2012)

Stations ©°N A°E altitude (m) period of observation type
Kredarica (KR) 46°23' 13°51" 2514 01.01.1961-31.12.2011. gl
Postojna* (PO) 45°46' 14°12! 533 01.01.1961-31.12.2011. kl

Ljubljana -Bezigrad 46°04' 14°31" 299 01.01.1961-31.12.2011. ol

(LJB)

Novo Mesto* (NM) 45°48' 15°11" 220 01.01.1961-31.12.2011. gl

Celjellesse* (CLJ) 46°15' 15°15' 244 01.01.1961-31.12.2011. gl

Maribor-Tabor* (MB) 46°32' 15°39' 275 01.01.1961-31.12.2011. gl
Smartno pri Slovenj onar onm

Gradeu* ($S) 46°29 15°07 455 01.01.1961-31.12.2011. gl

Murska Sobata-Rakican 46°39' 16°11" 188 01.01.1961-31.12.2011. el

* (MS)

Bilje* (BLJ) 45°54' 13°38' 55 01.01.1963-31.12.2011. gl
Lendava (LD) 46°34' 16°28' 195 01.01.1961-31.12.2011. kl
T
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Figure 1. Locations of phenological stations on the territory of the Republic of Slovenia (black rectangle-
selected phenological stations) (source: ARSO, 2007)
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In this paper following methods of data processing are used: the correlation
coefficient (Pearson correlation coefficient) and the methods for determining the
temperature thresholds of 5°C and 10°C.

Spring temperature threshold is determined by the formula:

Tpr— Tpod

T'nad — T'pod .

Where:
D- number of days to be added to the middle day of the month prior to the temperature
threshold,
Tpr- temperature threshold (5°C or 10°C),
Tpod- average monthly air temperature before temperature threshold appearance,
Tnad- average monthly air temperature after temperature threshold appearance and
A- number of days between the middle days in both months (usually 30 or 31).

Autumn temperature threshold is determined by the formula:

Tnad — Tr

- x A
Tnad - Tpod
Where:
D- number of days to be added to the middle day of the month prior to the temperature
threshold,
Tpr- temperature threshold (5°C or 10°C),
Tpod- average monthly air temperature before temperature threshold appearance,
Tnad- average monthly air temperature after temperature threshold appearance and
A- number of days between the middle days in both months (usually 30 or 31).

Results and discussion

The analysis of the appearance of spring and autumn temperature thresholds, active
air temperatures sums and length of growing season determined with temperature threshold
of 5°C has been made. Temperature threshold of 5°C is particularly important for
germination of grains (winter wheat, barley, oat, rye) as it is the biological minimum when
the growth of plants begins.

Based on the data in table 2 it can be seen that the spring temperature threshold
(5°C) first occurs at stations: BLJ (February 17), LD (March 5), LIB (March 6) and MB
(March 7), and last at: SS (March 23), PO (March 20) and CLJ (March 12). Autumn
temperature threshold (5°C) appears first at stations: SS (November 6), MS (November 13),
PO and CLJ (November 14), while it occurs last at stations: LD, LIB (November 17) and
NM (November 16). The highest sums of active air temperatures have stations: BLJ
(4226°C), LD (3686°C), LIB (3671°C) and MB (3610°C) and lowest: SS (3008°C), PO
(3085°C) and CLJ (3441°C). Growing season (5°C) lasts longest on station BLJ (293 days)
and shortest at SS (229 days) giving a difference of almost a month. Long vegetation period
is characteristic for stations: LD (258 days), LIB (257 days), MB (254 days) and NM (253
days).

The trends of spring and autumn temperature thresholds, length of growing season
and the sum of active air temperatures (5°C) were analyzed and obtained results are
presented in table 3.

At all stations are present negative trends of spring temperature thresholds (5°C).
This indicates that the spring threshold moves backwards, i.e. plants are starting earlier with
development. The highest and statistically most significant trends of spring temperature
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threshold occurred at stations: MB and NM (-15 days/51y), LIB (-14 days/51y), PO (-12
days/51y) and SS (-11 days/51y). Autumn temperature threshold shows a positive trend at
all analyzed stations. The highest and statistically most significant trends were noticed at
stations: LJB (10 days/51y) and NM, CLJ and SS (9 days/51y). There is a positive trend of
sum of active air temperatures at all stations and all trends are statistically significant. The
highest increase of the sum of active air temperatures occurred at stations: NM (718°C/51y),
LJB (677°C/51y) and MB (660°C/51y). Due to the earlier start and later ending of optimum
conditions for plant development extension of growing season occurs. In the analyzed
period, growing season is extended at all stations, but the most at the following: NM and
LJB (24 days/51y), MB (21 day/51y), PO and SS (20 days/51y) and MS (15 days/51y).
These trends are statistically significant.

Table 2.Consecutive day in a year and date with spring (Tp) and autumn (T}j) temperature threshold
appearance (5°C), active air temperature sums and the length of the growing season(°C) in Slovenia in the
period 1961-2011

Swiion | Tp(in.no) | Tp(ate) | Tilinno) | Tj(daw | et | leneh o
PO 79 20.03. 318 14,11, 3085 240
LIB 65 06.03. 321 17.11. 3671 257
NM 67 08. 03. 320 16.11. 3540 253
CLJ 71 12. 03. 318 14.11. 3441 248
MB 66 07.03. 319 1511, 3610 254
§s 82 23.03. 310 06. 1. 3008 229
Ms 70 11.03. 317 1311, 3475 248
BLJ 48 17.02 340 06. 12. 4226 203
LD 63 05. 03. 321 17.11. 3686 258

The analysis of the appearance of spring and autumn temperature thresholds, the
sum of active temperatures and length of growing season determined with temperature
threshold of 10°C has been investigated (table 4). Temperature threshold of 10°C is
particularly important for development of maize because it represents a biological minimum
when the growth of maize begins (Otorepec, 1980).

Spring temperature threshold (10°C) occurs first at stations: BLJ (April 4), LD
(April 9) and LJB (April 12), and last at: PO (April 28), SS (April 25) and CLJ (April 17).
Autumn temperature threshold (10°C) occurs first at stations: SS (October 8), PO (October
12) and MS (October 14) while last at stations: BLJ (November 2), LJB (October 19) and
LD (October 18). During the growing season active air temperature sums are highest at
stations: BLJ (3684°C), LD (3188°C), LIB (3158°C) and MB (3107°C), and smallest at: SS
(2545°C), PO (2549°C) and CLJ (2939°C).

Growing season (10°C) has the longest duration on station Bilje (205 days) in
submediterranean climatic region, and shortest at station Smartno pri Slovenj Gradcu (167
days) in alpine climatic region in northern Slovenia. Long vegetation period is characteristic
for stations located in subpannonian climatic region (Lendava, 193 days) and in big cities
(Ljubljana-Bezigrad, 190 days; Maribor-Tabor, 189 days) characterized by higher
temperature values due to urban heat island effect. Shorter vegetation period is characteristic
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for stations Postojna (168 days) and Celje (182 days) located in temperate continental
climatic region of western, respectively central Slovenia.

Table 3.Trends of spring (Tp) and autumn (Tj) temperature threshold (5°C), active air temperature sums
(°C) and length of the growing season in Slovenia in the period 1961-2011; bold" - statistical significance of
90%, bold" - statistical significance of 95%, bold"" - statistical significance of 99% and bold""" - statistical

significance of 99.9%

Station dlz;?f /(SHI(;) dg/ (/(Snlo }',) active(g(i:r /tseln; ) sums length (no. day/51y)
PO -12° 8 572" 20
LIB -14* 10" 677" 24"
NM -15* 9" 718™" 24"
CLJ 9 9* 603" 18
MB -15* 6 660" 21"
Ss -11° 9" 525" 20
MS -8 7 563" 15*
BLJ -10 4 529" 14
LD -7 5 410™ 12

Table 4.Consecutive day in a year and date with spring (Tp) and autumn (Tj) temperature threshold
appearance (10°C), active air temperature sums and the length of the growing season (°C) in Slovenia in the
period 1961-2011

Station Tﬁo(.i)n ' Tp (date) | Tj (in. no) Tj (date) active aizotér)np. sums length (no. day)
PO 118 28. 04. 285 12. 10. 2549 168
LIB 102 12. 04. 292 19. 10. 3158 190
NM 104 14. 04. 289 16. 10. 3032 186
CLJ 107 17. 04. 288 15. 10. 2939 182
MB 103 13.04. 290 17. 10. 3107 189
Ss 115 25.04. 281 08. 10. 2545 167
MS 104 14. 04. 287 14. 10. 2996 183
BLJ 94 04. 04. 306 02.11. 3684 205
LD 99 09. 04. 291 18. 10. 3188 193

The trends of spring and autumn temperature thresholds (10°C), length of growing
season and the sum of active temperatures (10°C) were analyzed and obtained results are
presented in table 5.
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Data from all investigated stations show statistically significant negative trend of
spring temperature threshold which means that plants start earlier with development.
Highest negative trends are on stations: NM (-14 days/51y), LIB (-13 days/51y), BLJ and
PO (-11 days/51y). Autumn temperature threshold shows positive trend on all stations with
highest statistical significance at stations: NM (11 days/51y) and LJB (9 days/51y). Trends
of spring phenophases are statistically more important then those of autumn phenophases.
Active air temperature sums show statistically significant positive trend on all stations with
highest values at: NM (736°C/51y), MB (674°C/51y) and LJB (660°C/51y). Statistically
significant positive trend of growing season length is evident on all stations. Growing
season was extended the most at stations: NM (25 days/51y), LIB (21 day/51y) and MB (20
days/51y), and least at: LD (11 days/51y) and CLJ, SS and MS (17 days/51y).

Table 5.Trends of spring (Tp) and autumn (Tj) temperature threshold (10°C), active air temperature sums
(°C) and length of the growing season in Slovenia in the period 1961-2011; bold" - statistical significance of
90%, bold” - statistical significance of 95%, bold™ - statistical significance of 99% and bold™" - statistical
significance of 99.9%

Station dl;l; /(5“1°y') d?y (/(SHIOy) aCtive(fiCr /g"l“;') sums length (no. day/51y)

PO 127 6 5717 18™
LJB -13” 9 660" 21
NM -14" 11 736" 25"
CLJ 117 6" 599™" 17"
MB -1 8’ 674™" 20"
s -10” 7 5117 17"
MS o o o 7
BLJ 127 6 533" 18"

LD -6 5 400™" 11

Analysis of phenological phases appearance of selected plants (oxeye daisy, beech,
apple, winter wheat and maize) were made and correlated with obtained results of
meteorological parameters analysis made in first part of this paper.

Phenophase first flowers of oxeye daisy was investigated. In table 6 are presented
analyzed stations, period of observation, average days of phenophase appearance and
consecutive days in year that represent the beginning of investigated phenophase. The
problem with the data was that some stations did not have data for all years, but still it was
tried to present a situation of plant development on the territory of the Republic of Slovenia
in the last 51 year.

First flowers of oxeye daisy appeared first in the area with higher air temperature in
submediterranean Slovenia (BLJ, May 5), and last at higher altitudes with lower air
temperatures in Dinaric Alps Slovenia (PO, May 20). On all stations is present negative
trend of the investigated phenophase which means that first flowers of oxeye daisy are
developing earlier than before. The highest trend values are for stations located in
mountainous regions like SS (-11 days/40y), PO (-9 days/50y) and CLJ (-8 days/49y).
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Table 6. Analyzed stations (st.), period of observation, number of years with data, date of appearance of
phenophase, consecutive day in a year and trend of phenophase first flower of oxeye daisy (number of
days/number of years) in Slovenia; bold" - statistical significance of 90%, bold" - statistical significance of
95%, bold"™" - statistical significance of 99% and bold"™"" - statistical significance of 99.9%

stations period yeralrusrr;]bieﬂrj 32 @ date con?zcau;ig/aerday trend
PO 1973-2010 35 05. 05. 125 -1
LIB 1961-2009 49 09. 05. 129 -8
NM 1961-2010 50 10. 05. 130 -4
CLJ 1961-2007 47 10. 05. 130 4"
MB 1961-2009 43 11.05. 131 3
Ss 1961-2010 50 11.05. 131 -4
MS 1961-2010 50 20. 05. 140 -9
BLJ 1971-2010 36 18. 05. 138 117

Correlation between investigated meteorological parameters and consecutive day in
a year when phenophase first flower of oxeye daisy appeared has been made for 8 stations
(table 7).

Table 7. Correlation coefficient (Pearson correlation coefficient) between mean air temperature (t,), mean
maximum air temperature (t,,,x), mean minimum air temperature (ty,), sum of effective air temperature
(5°C), sum of effective air temperature (10°C), average precipitation quantity, potential evapotranspiration
(ETP), water balance and number of days with frost for the period 1961-2010 (value January-May) and
phenophase first flowers of oxeye daisy for investigated stations

St. tor Emax tonin EFT5°C | ETT10°C | Precip. ETP WB frost
BLJ -0,63 -0,66 -0,40 -0,55 -0,29 0,17 -0,23 0,20 0,20
CLJ -0,74 -0,77 -0,59 -0,76 -0,54 0,32 -0,55 0,42 -0,25
LJB -0,83 -0,87 -0,70 -0,79 -0,56 0,38 -0,70 0,45 -0,40
MB -0,66 -0,68 -0,60 -0,65 -0,46 0,27 -0,56 0,35 -0,27
MS -0,64 -0,67 -0,58 -0,58 -0,38 0,22 -0,48 0,29 -0,20
NM -0,68 -0,73 -0,53 -0,53 -0,34 0,37 -0,63 0,37 -0,25
PO -0,71 -0,72 -0,59 -0,82 -0,62 0,20 -0,59 0,25 0,38
Ss -0,70 -0,72 -0,57 -0,83 -0,73 0,05 -0,74 0,19 0,10

The highest correlation coefficient are obtained for correlation between phenophase
appearance and temperature characteristics: mean maximum air temperature (from -0.66 in
BLJ to -0.87 in LIB), mean air temperature (from -0.63 in BLJ to -0.83 in LJB) and sum of
effective air temperature values with temperature threshold of 5°C (from -0.53 in NM to -
0.83 in SS). Very high correlation coefficient were obtained for the sum of effective air
temperature values with temperature threshold of 10°C (to -0.73 in SS), mean minimum air
temperature (to -0.70 in LJB) and potential evapotranspiration at some stations (to -0.74 in
SS). Obtained coefficients are negative which means that with temperature rise consecutive
days with phenophase appearance are smaller, ie. plants begin earlier with development.



9

Low, positive correlations were obtained for phenophase appearance and precipitation
amounts (from 0.05 in SS to 0.38 in LIB) and water balance (from 0.19 in SS to 0.45 in
LJB) which indicates that precipitation have smaller contribution to phenophase beginning
compared to temperature characteristics. Low, negative correlations were obtained for first
flower appearance and number of days with frost (from -0.20 in MS to -0.40 in LJB) on
most stations.

Similar data is obtained for analysis of phenophases of beech and apple. For beech
three phenophases were analyzed (first leaves, general yellowing of leaves and general
falling of leaves) at 6 phenological stations (BLJ, CLJ, LJB, MB, NM and SS), while this
data is not recorded at stations PO and MS. Investigated period on most stations is from
1961 to 2010. Spring phenophase (first leaves) has negative trend (to -5 days/50y in NM).
Autumn phenophases (general yellowing of leaves and general falling of leaves) have
positive trend (to 10 days/49y for general yellowing of leaves in LIB and to 18 days/36y for
general falling of leaves in CLJ). In order to determinate the correlation between autumn
phenophases and investigated meteorological parameters, correlation analysis was made for
phenophase general yellowing of leaves at station LIB for the period 1961-2010 (table 8).
This station was selected because it has the longest recorded data time series (49 years, data
is missing for the year 2009).

Highest values of correlation coefficient are obtained for effective air temperature
sum with temperature threshold of 10°C (0.36) and 5°C (0.35), then mean air temperature
(0.34). It indicates that the rise of air temperature (January-October) is followed by
extension of autumn phenophases, but on a smaller level compared to the spring
phenophases. Water balance and precipitation amount have negative correlation coefficient
with -0.21, respectively -0.16. Low values of positive and negative correlation coefficient
indicates that climate characteristics have smaller influence on autumn phenophases
compared to spring phenophases.

Table 8. Correlation coefficient (Pearson correlation coefficient) between investigated metgorological
parameters (value January-October) and phenophase general yellowing of leaves of beech (ZI) at station
Ljubljana-BeZigrad for the period 1961-2010

Ff tor timax timin EFT5°C EFT10°C Precip. ETP WB frost

71 0,34 0,31 0,31 0,35 0,36 -0,16 0,30 -0,21 0,15

When phenophases of apple were analyzed it was noticed that only stations CLJ,
NM and PO had longer, but not complete data time series. Data on phenophases of apple are
recorded in Slovenia since 1972.

Spring phenophases of apple (first leaves, the beginning of flowering, general
flowering and the end of flowering) have negative trends on analyzed stations (to -21
days/32y for phenophase of first leaves, -15 days/31y for the beginning of flowering, -16
days/31y for general flowering and -17 days/31y for the end of flowering at station CLJ).
Summer phenophase- beginning of ripening also occurs earlier with a negative trend of -23
days/32y in NM. Picking of apples is earlier on analyzed stations with trend of -29 days/32y
in NM. Main reasons for this are high and statistically significant positive trends of air
temperature recorded in this city. Autumn phenophases (general yellowing of leaves and
general falling of leaves) show positive trends of 11 days/30y, respectively 7 days/29y in
CLJ, so they occur later than before. Correlation analysis was made between investigated
meteorological parameters and the appearance of the phenophase general flowering of apple
(Oc) at phenological station NM (table 9). Investigated period is from 1972 to 2010 with
missing data for 5 years (1975, 1976, 1979, 1994 and 2009). Nevertheless this station has
the most complete data time series so it was selected for correlation analysis between
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investigated meteorological parameters and consecutive day in a year with the beginning of
phenophase general flowering of apple.

Table 9. Correlation coefficient (Pearson correlation coefficient) between investigated meteorological
parameters (value January-April) and phenophase general flowering of apple (Oc) at station Novo Mesto for
the period 1972-2010

Ff t timax tinin EFT5°C EFT10°C Precip. ETII WB | frog
Oc -0,83 -0,84 -0,73 -0,88 -0,51 0,16 -0,68 0,26 -0,28

The highest correlation coefficient values are obtained for effective temperature
sum with temperature threshold 5°C (-0.88) (graph 1), mean maximum air temperature (-
0.84), mean air temperature (-0.83) and mean minimum air temperature (-0.73). This
indicates that temperature values mightily influence the flowering of apple so it is occurring
earlier in the year. The smallest value of correlation coefficient are obtained for precipitation
amount (0.16) and water balance (0.26).

Graph 1.Inverse proportionality between effective temperature sum with temperature threshold of 5°C (blue
line) and the consecutive day in a year with appearance of general flowering of apple in Novo Mesto (red
line) for the period 1972-2010
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In this work phenophases of sowing and harvesting of winter wheat and maize as a
representative of crops are analyzed. This data has been recorded in Slovenia since 1996 on
4 stations (CLJ, LIB, MS and NM) (table 10). Nevertheless available data has been analyzed
in order to gain insight into the movement of investigated phenophases of these plants.

At all stations sowing of winter wheat is done in the middle of October
and harvesting in the middle of July next year. For analyzed period of 15 years positive
trend of the date of sowing is present at all station because of the high air temperatures in
autumn. Also, harvesting is done later on all stations, except MS.
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Table 10. Analyzed stations (st.), phenophase of sowing and harvesting, period of observation, number of
years with data, date of appearance of phenophase and trend of analyzed phenophases in Slovenia

St. Phenophase ogzir(\)/it?;‘n No. years Date trend (;:a.r()iay/no.
sowing 1996-2009 13 14. 10. 1
CLJ harvesting 1996-2009 13 17.07. 16
lenght 1996-2009 13 / -15
sowing 1996-2008 13 15.10. 8
LJB harvesting 1996-2008 13 17.07. 6
lenght 1996-2008 13 / 2
sowing 1996-2010 15 15. 10. 4
MS harvesting 1996-2010 15 14. 07. -7
lenght 1996-2010 15 / 11
sowing 1996-2010 14 14. 10. 2
NM harvesting 1996-2010 13 09. 07. 7
lenght 1996-2010 13 / -5

Correlation analysis was made between the investigated meteorological parameters

and the dates of sowing and harvesting of winter wheat at phenological station MS (table
11). Very low negative and positive correlation coefficients values are obtained for the date
of sowing. Harvesting of winter wheat show higher values of correlation coefficient with the
investigated meteorological parameters. Highest negative values of correlation coefficient
are obtained for the date of harvesting and effective air temperature sum with temperature
threshold of 10 °C (-0.83) and effective air temperature sum with temperature threshold of
5°C (-0.76). Highest positive values of correlation coefficient are obtained for the date of
harvesting and precipitation amount (0.42).

Table 11. Correlation coefficient (Pearson correlation coefficient) between investigated meteorological
parameters and the date of sowing (value January-October) and harvesting (value January-July) of winter
wheat at station Murska Sobota-Rakican for the period 1996-2010

Ff tor tmax tmin EFT5°C EFT10°C Precip. ETII WB frost
sowing -0,18 | -0,05 -0,4 0,15 0,23 0,10 0,08 -0,07 -0,19
harvesting | -0,51 | -0,55 -0,33 -0,76 -0,83 0,42 -0,74 -0,53 -0,07

Maize is sowing in Slovenia at the end of April or at the beginning of May with the
positive trend of sowing on all stations, except in CLJ. Harvesting of maize in Slovenia is
done from the middle of September until the beginning of October with a negative trend in
CLJ and LJB, and positive in MS and NM. Due to very short data time series it is very hard
to speak about trends. Nevertheless it is expected that the maize will be sown and harvested
earlier in Slovenia due to high positive values of temperature characteristics.

Correlation analysis has been made between the investigated meteorological
parameters and the dates of sowing and harvesting of maize at the phenological station in
CLJ (table 12).
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Table 12. Correlation coefficient (Pearson correlation coefficient) between investigated meteorological
parameters and the date of sowing (value January-April) and harvesting (value January-September) of
maize at station Celje for the period 1996-2008

Ff tyr tmax timin EFT5°C EFT10°C Precip ETII WB frost
sowing -0.13 -0,15 -0,01 -0,15 -0,32 0,50 -0,43 -0,55 -0,14
harvesting | -0.50 -0,45 -0,37 -0,4 -0,25 0,17 -0,56 -0,24 0,07

The highest values of correlation coefficient are obtained for the date of sowing of
maize and water balance (-0.55) and average precipitation quantities (0.50). Date of
harvesting show highest correlation coefficient values with potential evapotranspiration (-
0.56) and mean air temperature (-0.5).

The problems of computing the correlation between cultivated plants and the
studied climatic parameters in the Republic of Slovenia are reflected in a short time series
(up to 15 years) and the use of different varieties of winter wheat and maize. During 15
years in MS were sown 7 different varieties of winter wheat, while in the CLJ during 13
years were sown 8 different varieties of maize. Various hybrids have different needs for heat
and water due to which its influence on correlation coefficient values is significant. In
addition, it was observed that the correlation coefficient values are higher for the dates of
harvesting of winter wheat and maize, than for the dates of sowing. Again, the highest
correlation coefficient values are obtained for the temperature characteristics, while other
parameters showed lower values of correlation coefficient. Significantly higher correlation
coefficients for the water balance, potential evapotranspiration and average precipitation
quantities are obtained for the dates of sowing and harvesting of maize than for winter
wheat.

Based on the analysis of phenological phases earlier beginning of spring and later
ending of autumn phenophases of plants is noticed. With this comes the extension of the
growing season. The main reason for this is, above all, the high positive trends of spring air
temperatures. Similar data are obtained by scientists in other countries. In Austria and
Germany spring phenophases of plants occur earlier from 0.36 days/decade in Germany to
0.39 days/decade in Austria (Menzel et al., 2003). Sparks et al. (2001) suggests that in the
UK spring phenophases occur from 8 to 10 days earlier with an increase in air temperature
of 1°C. In the UK flowering occurs 4.5 days earlier in the last decade of the XX century
compared to the period 1950-1990 (Fitter and Fitter, 2002). Based on the data from the
International Phenological stations in Europe for the period 1959-1996, Menzel (2000)
indicates that in Europe the spring phenophases occurred 6.3 days before and autumn
phenophases 4.5 days later. In China, spring phenophases occur from 1.4 to 5.2 days/decade
earlier in the north to 7.5 days/decade in the south of the country (Zhang et al, 2004). It is
noticed that plants in different parts of the world have a similar response to the increase of
air temperature values which is in accordance with the results obtained in this work.

Conclusion

In the Republic of Slovenia growing season starts first in areas with higher air
temperature —submediterranean (BLJ), subpannonian (LD) and major cities (LJB and MB).
At higher altitudes (KR and SS) and in river valleys surrounded by mountains (CLJ) plants
start to develop with a certain delay. Under the influence of high positive trends of
temperature parameters growing season is extended (25 days/51y in NM, 21 day/51y in
LJB, 20 days/5ly in MB) at all analyzed stations. Based on analysis of selected
phenological phases of plants earlier beginning of spring phenological phases (-11 days/37y
in SS for the blossoming of oxeye daisy), and later ending of autumn phases (6 days/50y in
LJB for the general falling of leaves of beech) are present. The greatest impact on these
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fluctuations of phenological phases have mean, maximum and minimum air temperature
values and the sum of effective air temperature with a value of correlation coefficient about
-0.80. The influence of average precipitation quantities, potential evapotranspiration and
water balance on the occurrence of phenological phases of plants is much lower with the
correlation coefficient value of about 0.20 at most stations. Similar results were obtained for
Germany, Austria, Estonia, Great Britain, China and other countries which indicated that
plants in various parts of the world adapt to climate changes in a similar way.

The obtained results can be used for practical purposes, for example, to determine
the suitability of the area for the cultivation of certain crops based, above all, on their needs
for heat and humidity, as well as planning the date of sowing, harvesting, pruning, etc. Crop
yields vary in the Republic of Slovenia based on this, and thus the supply of the state with
basic food. Also, prior to the introduction of new crops in agriculture it is possible to
determine whether they match the existing temperature and precipitation conditions and on
that basis make the right decision. In Serbia, network of phenological stations is not
established.
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AHAJIN3A KJIMMATCKHX TIPOMEHA Y CJIOBEHWJH: IIPOMEHE Y
PA3BOJY BUJbAKA MOJI YTULAJEM METEOPOJIOIIKHX TAPAMETAPA V
MEPUOJY 1961-2011 (APYTH JIEO)

JIPATAH MUJIOIIEBUR' ", UroP JKUBEPHA?, CTEBAH CABUR®

'Vuuepsuter y Hosom Cay- ITpupoaso-matematiuky (akyinrert, JlenaprMan 3a reorpadujy, Typusam i
xotenujepctBo; Tpr Jocureja O6panosuha 3, 21000 Hosu Can
? Vuupep3uter y Mapu6opy- ®unosodcku daxynrer, Jlenaprman 3a reorpadujy; Kopomka necra 160, Mapu6op,
CrnoBeHuja
*IeHTap 3a KIMMATOIOMKA M XHAPOJIOIIKA HCTPAKUBAA, [IPHPOIHO-MaTeMATHUKH (aKyITeT, Y HHBEP3UTET Y
Hosowm Cany; Tpr docureja O6panosuha 3, 21000 Hoeu Can

Cazxerak:V pamy cy uspadyHatu npoiehHH U jecemH TemieparypHu mparoBu o 5°C u 10°C, cyme akTHBHHX
TeMIlepaTypa Basyxa U Qy’KHHA [eprHoja pa3Boja Ombaka (TemmeparypHu npar o 5°C) v BeretaluoHor nepuoja
(10°C) 3a 10 meteoponomkux cranuna y Penyonuuu Cnoenuju. M3yyaBanu nepuop je ox 1961. no 2011. ronuse.
Takobe, n3pauyHaTtu cy naTymu nojase peHonomkux ¢asa onadpanux 6mipaka (Bemmke Oerne pane, Oykse, jabyke,
O3MMe IIICHHIE U KyKypy3a). YOUeHO je Ja MOCTOjU TeHICHIIMja paHHjer MojaBbuBamba nponehHux (HeHOMOmKIX
(a3a u KacHHjer nojaBJbuBama jecemux (eHonomkux ¢asza. Ycuen tora y PenyOnumu CroBeHuju ponasu 1o
MpOJyKHMBama BereranuoHe ce3oHe. JlaTymu mojaBe ¢eHonomkux Qasza omabpaHux Ousbaka ca 8 (HEHOIOIIKUX
CTaHWIa Cy MOBE3aHM Ca Pe3y/lTaTUMa aHaJIM3e METEOPOJIOIIKMX Mapamerapa ca 8 MEeTEOPOJIOMIKMX CTaHMIIA.
HajBumm xoeduuujentn kopenauuje cy nodujenu 3a temmeparypue napamerpe (0,8), 10k cy cpeama KOJIUYUHA
najaBuHa, OpOj JaHa ca Mpa3oM, ITOTEHIMjalHa eBaOTPAHCIHUpPALMja ¥ BOAHN OMIAHC MOKA3aid HU3aK CTEHEH
Kopenanuje ca nojasom ¢enodasa ouspaka.

Kibyune peun: GpeHodase, KIIMMaTcke poMeHe, KoeHIUjeHT Kopenanuje, Penyonuka CiioBeHuja

YBoa

[Nocneauie KIMMaTCKUX MTPOMEHA YTJIABHOM HMMajy HEraTHBaH YTHIA] Ha JbYJICKO
IpymTBOo HaHocehm marepujanHy mTeTy Koja ce m3paxasa y Mmidjapnama €. Ha nHamoj
[Tnasetn Beh cama >KMBW BHIIE OJ 7 MIJIMjapAd JbYAW, a XpaHa je MOCKYyIena ycien
HEraTHBHUX e(ekaTa KIMMAaTCKUX MpOMeHa (cylle, momiaBe, BpylinHe, Mpa3eBu, UTH) Koje
CMambyjy BUCHHY U KBAJIUTET PUHOCA.

buwrHa QeHomoruja je Hayka Koja IpoydaBa HACTyIle pa3BOjHHX (paza Omspaka
(HMname, JTUCTame, MyNelme, KIacame, [BEeTame, 3pemhe U CIL.), T3B. (heHomomKux (aza-
¢denodaza. [Ipoceunn wnm Hajuelrhy noyeny U Tpajame GeHoNOmKUX (Paza Ha HEKOM MECTy
oJpa3 cy KIMMe Koja TaMo Biama. buibke Cy TOIMKO 3aBHCHE O]l KJIMME Jia IPOCTOpPHA
pacriofienia mo4yeTka Heke (eHoJIomKe (a3e MOXKE MOKa3aTH KIMMAaTCKE pa3jiuKe Y OKBUPY
IIpoy4aBaHOT pernoHa, Ap>xase u ci. (Penzar i Penzar, 1985).

KnumMaTcku eneMeHTH, Kao LITO Cy TeMIleparypa U MaJaBHHe Cy BeoMa 3HauajHH 3a
pa3Boj M XHMBOT Omibaka. YTpaBo 300T Tora NpOMEHE OBHMX IapaMeTapa MMajy BEJIUKH
yTunaj Ha OwibHU cBeT. MelyyTnm, OMJbke ce MHTErpajHO 0/1a3UBajy HE caMoO Ha IIPOMEHE
KIIMMATOJIOIIKHMX, HETO U METOJIOMIKHX, TEOIOIIKNX U JPYTHX eIeMeHaTa.

Ox kpaja '80-ux roxmHa XX Beka moTpeda 3a (EHOIOIKHAM ITOAalMa ce 3HATHO
yBehana, a ca BOM U Opoj HayYHHKA KOjU ce OaBe 00paZoM OBHX ITOJaTaKa. Y3pOK TOME je
IOpacT TeMIlepaType Ba3Iyxa y MPETXOIHUM JCIeHHjaMa U jacaH OJTrOBOp OMJbaKka Ha OBE
IPOMEHe KOjU je youeH y (DeHOJOIIKMM mHomanmma. McTpakuBameM yTuIaja KIMME Ha
6ubke ce 6aBe Gpojuu Hayunnim y Crosennju (Kajfez-Bogataj in Crepinsek, 2003; Bergant
in sod., 2004; Crepinsek in Zrnec, 2005) u y npyrum 3emsbama Espomne (Ahas et al., 2000;

" e-mail: draganmilosevic88@yahoo.com
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Alexandrov and Hoogenboom, 2000; Menzel, 2000; Roetzer et al., 2000; Sparks et al.,
2001; Fitter and Fitter, 2002; Menzel, 2003). Ha apyrum KOHTHHEHTHMa Cy, Takohe,
3acTyIbeHa oBa uctpaxkuBama (Robeson, 2002; Atrri and Rathore, 2003; Zhang et al.,
2004; McCabe et al., 2011).

ub pama je ma ce aedUHUITY TPOCTOPHO-BPEMEHCKE KapaKTCPUCTHKE U
TEHJCHIM]C KpeTama onabpaHux (EHOJOMIKKUX IIapamerapa Ha HpocTopy PemyOiuke
CnoBenunje. IlopehemeM moOMjeHHX pe3yiTarta W pe3yiraTa IPYrHX HCTpakuBada Tpeba
YOUHTH Ja Jiu ¢y npomeHe y PemyOmuim CnoBeHUjU y ckiaay ca (eHONOIMKUM MPOMeHaMa
Ha EBpONCKOM KOHTHHEHTY, OJHOCHO IUIAHCTAPHOM HHUBOY WIH TMOCTOje ojpeljeHe
pervoHanHe pasimke. [lomam O METEOpPOJIONIKUM TapaMeTpuMa Cy I[OBE3aHH ca
(heHOOMIKKMM To/IAIMMA Y IIUJbY YTBPUBakba MHTEH3UTETA yTUI[ja KIIMME Ha BEreTaIujy.

Ionoxaj deHoIOMKNX CTAHNIA, 6232 IOAATAKA H METOA0JIOTHja HCTPAKMBAKA

VY pany cy kopumthern noganu ca 10 MeTeoponomKknx U 8 (PEeHONOMKAX CTaHHIIA
Koje ¢y cMmeriTeHe Ha teputopuju Pemyosuke Crosenuje (mpuior 1, Tadena 1). [Toganu cy
obpaljenn 3a nepuoxn on 1961. mo 2011. rogune. Bapujabne cy mpopadyHaTe Ha OCHOBY
BpPEIHOCTH Koje cy mpey3ere oj AreHuuje PemyOnuke CrnoBenuje 3a okosbe (ARSO).
Mereoposomky U (PEHONOIIKM IMOJAalK CEe OYHTaBajy y WCTOM Hacejby paad HUXOBOT
NOBe3WBaka NPHINKOM aHanuse. M3yserak cy cranuue Kpemapuna u JlengaBa rae ce
(heHOIIOLIKH MOAAIH HE Oelexe.

Opnabpane (eHOJOmKE CTaHWIE Cy CMEIITEHE Ha TEPUTOPUjU Pa3IMYUTHX
¢usmukoreorpadckux perrnona CioBeHHje. Y aNICKOM MaKpOPETHOHY Cy CMEIITEHE
¢denonomnike cranune [lImaptao npu Cnosew ['paany u Lesbe. Y auHapckoM Makpoperuony
cy cmemreHe cranuie [locrojua, JbyOspana-bexxurpan m HoBo Mecro. YV cybmanoHCKOM
MaKpOpeTHOHY Cy cMmemTeHe craHune Mapubop-Tabop m Mypcka CobGora-Pakmuan.
Hajmamu makpoperuon y CrnoBeHHjH je CyOMEANTEPAHCKH W Yy OKBHPY Hera je CMeUITeHa
crannna bipe. PenatnBHa BucuHcKa pa3nuka nzMel)y Hajsuire (Kpenapuma, 2514 m 1.8.)
HajHIDKE MeTeopodonike cranuie (bmbe, 55 m H.B.) n3HOCH 2459 m, TOK ce cenaM of JeceT
CTaHWIAa Hajla3u Ha BUCHHHU u3Mely 188 m 455 m H.B. Jom ce jenuHO cTaHWma y Hacelby
[MocrojHa (533 m H.B.) omKKyje BehoM HaIMOPCKOM BHCHHOM.

VY pany je u3BpIIeHa aHaju3a MposIehHOT U jecemer TeMiepaTypHor npara ox 5°C
u 10°C, xao u Tpajame onrosapajyher meprona paszBoja OMipaka W BETeTallMOHOT IEpHOIa
ca 10 mereoponomkux cranuna. V3yuaBanu nepuoxn je ox 1961. mo 2011. roamne.
W3pauynatu cy koeduimjeHTn Kopenamdje wusmel)y H3ydaBaHUX METCOPOJIOIIKHX
rapamerapa u 1ojase ()eHOJIOMKUX (a3a ca § METEOPOIIOIIKUX 1 (DEHOJIOMIKMX CTAHUIIA.

@enonomke (ase cy anamusupane koj ciuenehux Ousbaka: Benuke Oene pane
(penodaza- npeu 1BeTOBHU), OykBe (peHodaze: mpeu imcTOBH, omiTe xyheme numiha u
ommure omaname nuntha), jabyke (¢penodase: MpBH JIUCTOBH, MOYETAK LBETAarba, OIIIITE
LBETam€, Kpaj IIBEeTamba, MOYeTaK 3pema, Opame, onmire xxyheme numrha u onmire onaiame
nnmrha), o3uMe NIeHuIe (CeTBa U JKeTBa) U KyKypy3a (ceTBa u Opame). [Ipunnkom onabupa
Ompaka 3a aHanm3y (eHOJIOmKHX (a3za nzabpaHe cy paznnunTe OnpHe BpcTe. Bemmka Oena
pama (Leucanthemum wulgare Lam.) cmama y nmBibe 3esbacte Omibke, OykBa (Fagus
sylvatica L.) criaga y mrymcko apsehe, jabyka (Malus domestica Borkh.) cmana y Bohe u
o3uma mimienwra (Triticum aestivum L.) u kykypy3 (Zea mays L.) kao mpecTaBHHUIIN yCera.

Tabena 1. I'eorpadcke koopauHaTe, HAAMOPCKA BUCHHA (M), IEPHOJ OCMATPAHA M THII HCTTUTUBAHUX
MeTeopoJoIKHX cTaHuna y CiloBeHHjH (IJI- [IABHA MeTEOPOJIOIIKA CTAHHUIIA, KJI- KINMATOJOLIKA
CcTaHMIA); *- QeHOJOIKe cTaHule (M3Bop: ARSO, 2012)

IpuJor 1. Jlokauuje ¢peHOTOMKUX CTAHULA HA TpocTopy CioBeHMje (HPHH NPABOYraoHUK- U3adpaHe
(enonomxe cranune) (u3sop: ARSO, 2007)
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VY pany cy xopumhene cienehe merome 3a oOpaxy monmaTaka: KOe(HUIHEHT
kopenarmmje (Pearson correlation coefficient) u merone 3a oxpehuBame TemIepaTypHHIX
mparosa ox 5°C u 10°C.

[ponehuu TemneparypHu npar je oapeljeH Ha ocHOBY (opmyiie:

_ Tpr — Tpod <
Tnad — Tpod

[Ipu uemy je:
D- 6poj maHa Koju ce JoAajy CpenmeM TaHy Y Mecelly Ipe TeMIIepaTypHOr Ipara,
Tpr- remneparypru npar (5°C wm 10°C),
Tpod- cpenrma MeceyHa TeMIepaTypa Ba3ayxa Ipe HacTyIa TeMIepaTypHOT 1para,
Tnad- cpenma MeceyHa TemIiepaTypa Ba3ayxa MOCJie HACTyIa TeMIIepaTypHOT — IIpara u
A- Opoj mana m3mel)y cpeamux nana y oba mecera (o6mano 30 wmu 31).

Jecemu TemmnepaTypHH Ipar je oapeleH Ha OCHOBY dopMyie:

Tnad — Tr

= *,
b Tnad —Tpod 4
[Ipu gemy je:
D- 6poj naHa Koju ce nolajy cpelmbeM JaHy y Mecelly Ipe TeMIepaTypHOT Ipara,
Tpr- Temmeparypuu mnpar (5°C wm 10°C),
Tpod- cpenrma MecedHa TeMIepaTypa Ba3ayxa Ipe HacTyIla TeMIepaTypHOT 1para,
Tnad- cpeama Meceyna Temreparypa Ba3jayxa Mocje HacTylla TeMIIepaTypHor — Ipara u

A- Opoj nana usmel)y cpenmux nana y oba mecera (oouuno 30 wiu 31).

Pe3ynraTn ucTpakuBama U AUCKyCHja

W3BpuieHa je ananuza nojaBe MposichHOT M jecemer TeMIepaTypHOr Ipara, cyma
aKTHBHUX TeMIlepaTypa Ba3ayXxa M JIy)XHMHE IlepHoja pas3Boja Owibaka ojpeheHor
temriepaTypHuM mparom ox 5°C. Temneparypuu npar on 5°C je HapouuTo 3Ha4ajaH 3a
HULAKkE CTPHHUX XHTa (03MMe MIICHHUIIE, jeuMa, OBCa, O3UME Pa)KH) jep OH NpEeACTaBiba
OMOJIOIKY MUHHMYM NPH KOME MOYHEGE PacT OUIbKe.

Ha ocHoBy nopaTaka y Tabenu 2 MOXKe ce YOUHMTH Ia ce mposichHu TemneparypHu
npar (5°C) Hajpanuje jaBsba Ha cranunama: bJb (17. ¢ebpyap), JI/1 (5. mapt), Jbb (6. Mapr)
n Mb (7. mapr), a HajkacHuje Ha cranunama LIC (23. mapt), I10 (20. mapt) u LIJb (12.
Maprt). Jecemn Ttemmeparypuu mpar (5°C) ce Hajpanuje jaBipa Ha cranunama LIC (6.
HoBemOap), MC (13. moemOap), I1O u IIJb (14. HoBemOap). HajkacHmje ce jaBipa Ha
craaunama JIJI, Jbb (17. mHoBembap) m HM (16. HOBeMOap). Hajsehy cymy axTHBHHX
TemriepaTypa Baznayxa umajy cranune: bJb (4226°C), JIJ (3686°C), Jbb (3671°C) u Mb
(3610°C), a majmame LIC (3008°C), IO (3085°C) m LIJb (3441°C). Ilepuon pa3Boja
6uspaka (5°C) Hajmyxe Tpaje Ha ctanunu bJb (293 nana), a Hajkpahe na cranumu LIC (229
JlaHa) MITO Jaje pas3iuKy Of CKOpo Mecell mana. /Iyr mepron pa3Boja Onsbaka KapaKTEepHILe
n JIJ] (258 nana), Jbb (257 nana), Mb (254 nana) u HM (253 nana).

AHaNMM3UpaHU Cy W TPEHAOBH NPOJICHHOI W jecemer TeMIIepaTypHOr Ipara,
OyXXUHE TepuoNia pa3Boja OmJjpaka M CyMa akTHBHHX TeMmmepaTypa Bazmyxa (5°C) u
JOOMjeHN pe3yNITaTH Cy pHUKa3aHu y Tabemnu 3.

Kop cBuX craHMma Cy NPUCYTHH HETaTUBHU TPEHIOBH MPoJehHOT TeMIepaTypHOT
mpara. OBo yka3yje na ce nposiehHH TeMIepaTypHH Ipar rmoMepa yHasaf, Tj. Ouipke paHuje
MOYMEbY Ca CBOjUM pasBojeM. Hajeehu M craTHCTHUKM 3HAa4YajHU TpeHAOBH mpoiehHor
TEMIIepaTypHOT Ipara ce jaBibajy Ha ctanuniama Mb u HM (-15 nana/51r), Jbb (-14
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nmana/51r), I1O (-12 mara/51T) u LIC (-11 mana/51r). Jecemn TemmeparypHH mpar mokasyje
MO3UTHBAH TPEHI KOA CBUX AaHAIM3HPAHMX CTaHUOA. HajBUIIM ¥  CTaTUCTHYKH
Haj3HA4YajHUJU TPEHIOBH Cy 3abenexenu Ha craHunama Jbb (10 mana/51r) u HM, IJb u
HIC (9 nana/S1r). [IpumeTHa je TeHASHIIMja pacTa CyMe aKTUBHHUX TEMIIepaTypa Ba3ayxa Ha
CBUM CTaHMIIAMa W CBH TPEHIOBH Cy CTaTUCTHYKH 3Hadajuu. Jlo HajBeher pacra cyme
aKTHBHHUX TeMIiepatypa je mouuio Ha cranuiiama: HM (718°C/51r), Jbb (677°C/51r) u Mb
(660°C/51r). Ycnen paHujer moyeTka U KacHUjer 3aBpIIeTKa ONTHMAIHUX YCJIOBa 3a pa3Boj
Owbaka J0JIa3u J0 MPOJYXKHBamka MepHOoJa pa3Boja Ousbaka. Y aHATHU3UPAHOM ICPHOY,
HepHo/1 pa3Boja Ousbaka je Mpojay’KeH Ha CBUM CTaHWIaMa, a HajBuie Ha cieaehum: HM u
Jbb (24 nana/51r), Mb (21 man/51r), 1O u LIC (20 gana/51r) u MC (15 nana/51r). OBH
TPEH/IOBH CY M CTaTHCTHYKHU 3HAYajHH.

Tab6esa 2. Y3acronHnu 6poj 1aHa y TOAMHM U JaTyM ca nojasom npoJiehnor (Tn) u jecewer (Tj)
TemnepatypHor npara (5°C), cyme akTHBHUX TemnepaTtypa Bazayxa (°C) u ay:kMHa nepuoja pa3poja
ousbaka y CiioBenuju y nepuoay 1961-2011. roagune

W3ppiieHa je anamu3a mojaBe mpoJichHOr W jecemer TemmepaTrypHOr mpara Hu
Iy’KUHE BETeTallMOHOT meproaa oapeheHor temmeparypHuM nparom onx 10°C (tabema 4).
Temneparypuu npar o 10°C je HapoulTO 3Ha4ajaH 3a pa3Boj KyKypy3a, jep OH Mpe/cTaBiba
OMOJIOIIKM MUHUMYM ITPH KOME MOYHEbe pa3Boj ousbke (Otorepec, 1980).

[Mponehuu Temneparypuu npar (10°C) ce Hajpanuje jaBba Ha cranunama bJb (4.
anpwn), JIJ1 (9. anpwn) u Jbb (12. anpun), a HajkacHuje Ha ctanuiama [10 (28. anpun), IIC
(25. anpwin) u I1Jb (17. anpun). Jecewu temneparypuu npar (10°C) ce HajpaHuje jaBjba Ha
cranutama IIC (8. okrodap), I1O (12. okTobap) u MC (14. okrobap). HajkacHuje ce jaBba
Ha ctanunama bJb (2. HoBem0ap), Jbb (19. okrodap) u JI/I (18. okTobap).Cyme akTHBHUX
TeMIepaTypa Ba3lyXa y TOKY BereTalMoOHOr mepuojaa cy Hajehe Ha cranunama bBJb
(3684°C), JIJ (3188°C), Jbb (3158°C) u Mb (3107°C), a najmame Ha cranuuama LIC
(2545°C), 10 (2549°C) u L1Jb (2939°C).

Bererammonu nepuoz (10°C) Hajayxe Tpaje Ha cranunu buibe (205 nmana) y
CyOMeIUTepaHCKOM KIMMATCKOM PEruoHy, a Hajkpahie Ha cranunu [ImaptHo npu CroBemn
I'pamuy (167 nana) y NJIaHMHCKOM KJIMMAarcKOM pernoHy ceBepHe CioBenuje. Jlyr
BETeTAalMOHN TEPHOJ KapaKTepHIle W CTAaHWIE y CyONaHOHCKOM KIMMAaTCKOM pEruoHy
(Jlennasa, 193 nana) u Benuke rpagose (JbyOspana-bexurpan, 190 nana; Mapubop-Tabop,
189 mana) xoje KapaKTepHIly BUIIIe TEMIepaType Ba3ayxa, u3Mel)y ocraior, u 300T edexra
T3B. ,,ypOaHor octpsa Ttoruiore”. Kpalin BereralmoHH NepHOJ KapaKTEpHUILe CTaHUIIC
[ocrojua (168 nanma) m llesse (182 maHa) y ymMepeHO KOHTHHEHTATHOM KIMMATCKOM
pernoHy 3amagHe, OMHOCHO cpeame ClIoBeHm]e.

Tab6esa 3. Tpennposu nposiehnor (Tn) u jecemer (Tj) Temneparypuor npara (5°C), cyme aKTHBHUX
TeMunepartypa Ba3ayxa (°C) u xy:knHe nepuosa pa3poja 6msbaka y CiioBenuju y nepuony 1961-2011. rogune;
601" — craTMcTHYKA 3HAUajHOCT 90%, 601" — CTATHCTHYKA 3HAYAjHOCT 95%, 601 — CTATHCTHYKA
3HauajuocT 99% u 6oax”— craTHcTHYKA 3HA4ajHOCT 99,9%

Tabesa 4. Y3acTonHu 0poj 1aHa y TOAMHHM U JaTyM ca nojasom npoJiehnor (Tn) u jecewer (Tj)
TeMnepartypHor npara (10°C), cyme akTHBHHX TeMnepaTypa Baszayxa (°C) H Iy>KHHA BereTallHOHOT Nepuoaa
y CiioBenuju y nepuoay 1961-2011. roqune

AHanm3upaHu Cy W TpeHJIoBH mpoiehHOr M jecemer TemmepaTypHOr TIipara,
JIy’KMHE BEreTallMoHOT NIeproia U CyMa aKTUBHHX Temriepatypa Basayxa (10°C) u nobujeHu
pe3yJnTaTy cy NMpuKa3zaHu y Tabemnu 5.

Ha cBuM aHanm3upaHuM CTaHWIIAMa I0jaBa MpojehHOT TeMIlepaTypHOT Ipara uMa
CTaTUCTUYKN 3HAa4ajaH HETATHBHH TPEHI, IITO 3HAYM Jia OWUJbKE paHHUje MOUYHbY Ca CBOjUM
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pa3Bojem. Hajehn HeraTuBHU TPEHIOBH ce jaBbajy Ha ctannnama HM (-14 mana/51r), Jbb
(-13 pmana/51r), BJb u 1O (-11 pmana/S1r). Jecewmu TemmnepaTypHH mpar Mokasyje TPeH.
pacra Ha CBUM CTaHHIIaMa, a CTaTUCTHYKH je Haj3Hauajuuju y HM (11 mana/51r) u Jbb (9
nana/S1r). TpengoBu paHujer nmoderka mnposnehHux ¢aza cy CTaTUCTUYKM 3HAYAjHUJU Of
TpeH/I0Ba KacHHUjer 3aBplueTka jecemux (aza. CymMe akTHBHHX TeMIIepaTypa Baszayxa
MOKa3yjy CTaTHCTUYKY 3Ha4YajaH TPEHJI pacTa Ha CBMM CTaHMIIaMa, a HajBUIIIM HA CTaHHIIaMa
HM (736°C/51r), Mb (674°C/51r) u Jbb (660°C/51r). Ha cBuM craHuiama je 3abemnesxeH
CTaTUCTUYKHU 3HavajaH TPEHJ pacTa Jy)KWHE BereTalloHOT rnepuoja. Bererannonu neproa
je HajBumie mpoayxeH Ha crannnama HM (25 nmana/51r), Jbb (21 nmaw/51r) m Mb (20
naHa/51r), a Hajmame Ha cranumama JIJI (11 mana/51r) u IIJb, ILIC u MC (17 nana/51r).

Tabena S. Tpengosu nposehunor (Tm) u jecemer (Tj) Temneparypnor npara (10°C), cyme akTHBHHX
Temnepartypa Ba3ayxa (°C) u ny:knHe Bereranuonor nepuoia y Ciosenuju y nepuoay 1961-2011. ronune;
Gonx’ — craTeTHuka 3HauajuocT 90%, 6011 — CTATHCTHYKA 3HAYAJHOCT 95%, GO — CTATHCTHYKA
3Ha4YajHocTI9% M 6oIx — cTaTHCTHYKA 3HAUajHOCT 99,9%

WzBpmiena je ananmza mojaBe ¢eHoyomkux (asza Owspaka (Benuke Oene paje,
OykBe, jaOyke, o3MMe IIIEHUIIE M KyKypy3a) M IbMXOBa Kopejamnuja ca J0O0HMjeHHM
pesysTaTuMa aHaiu3e 0Ja0paHuX METEOPOJIOIIKNX ITapaMeTapa.

VY Besu Bejiuke Oejie page ce Oenexe MoAany o mojaBu ¢peHodase MPBHUX I[BETOBA.
VY Tabemu 6 Cy IpHKazaHe aHANIM3MpaHEe CTaHUIE, MEPHOJ OocMaTpama, Opoj rojuHa ca
nojalMMa, NPOCEYHW JAaTyMH TojaBe (eHodasze, y3acTONHM HaHH y TOIMHH KOjH
MPECTaBIbajy MMOYeTaK H3ydaBaHe (eHonomke (aze u TpeHAoBH (QeHomomke dase.
[Ipo6nem je mTo KoJ HEeKUX CTAaHWIIA HEJOCTajy IOl 3a I0jeANHE TOANHE, ald U TOpe.
TOra HacTojala ce NMPYXXUTH CIMKa O HACTYIy HM3ydaBaHe (heHoJomKe (haze Ha MPOCTOPY
CrnoBeHuje y TOKy mocieamux S0 roguna.

Tabena 6. AHaIH3UpaHe CTaHHIE, EPHO] 0OCMATPama, OPoj roAuHa ca MOJANMMa y TOKY NepHoaa
ocMaTpama, 1aTyM nojase heHo(dasze, y3acTONHY JaH y FOAUHHU U TpeH] (eHodase NpBor uBeTa BeJluKe Oese
pane y CJioBenuju; 6011 — CTaTHCTHYKA 3HAUajHOCT 90%, 601" — CTATHCTHYKA 3HA4AjHOCT 95%, Gox —
CTATHCTHYKA 3HAYAJHOCT 99% W 607 — cTaTHCTHYKA 3HAYajHOCT 99,9%

[IpBu uBeToBH Benmmke Oene paje ce HajpaHHje jaBJbajy y KpajeBUMa ca BHIIOM
TeMmepaTypoM Basayxa y cyomenutepankoj Cmoenmju (BJb, 5. maj), a HajkacHHje y
MoJIpyvjuMa Koja ce Hajlaze Ha BehM HaJIMOpPCKMM BHCHHAMa M MMajy HIXKE TeMIIepaType
Baznyxa (ITO, 20 maj). Ha cBuM cranmmama je eBHIEHTaH HETaTHBAaH TPEHI II0jaBe
aHanmu3upane (eHodase, mTO 3HAYM J1a Ce MPBH [[BETOBU BEIHKE Oelie pase 1ojaBibyjy CBE
panuje. Hajeehu Tpenn panujer mouyetka aHaiau3upane gpeHodase ce jaBiba Ha CTaHHIAMA Y
IUTAHUHCKUM KpajeBuMa, kao mro cy IIC (-11 mana/40r), I1O (-9 mana/50r) m IIJb (-8
naHa/49r).

WzBpuiena je kopenanuja u3Mel)y H3ydaBaHUX METEOPOJIOUIKHX Iapamerapa
(BpEeIHOCT 3a MepuoJ OJ IoUeTKa roJuHe 10 HacTyna ¢enodase) u y3actynHor 6poja 1aHa
y TOOMHM Kajga ce jaBjba (eHOJOIIKa (paza IPBUX IBETOBa Beluke Oene pazxe 3a 8
aHAJIM3UPaHUX (EHOJOIKNX cTaHuIa (Tabemna 7).

Ta6ena 7. Koepuuujent kopenauuje (Pearson correlation coefficient) uamehy nsyyasanux napamerapa
cpe-e TeMIepaType Basayxa (t,), cpeimbe MaKCHMAaJIHe TeMiepaType (tmay), cpefilbe MUHHMAJIHE
Temrnepatype (tmin), cyMa epexTHBHUX TemnepaTypa Bazayxa (E®T 5°C), cyma epeKTUBHUX TeMIepaTypa
Basyxa (E®@T 10°C), cpeame KoIMuHHe NaJaBUHA, NOTeHIMjaaHe eBanoTpancnupanuje (ETII), Boqnor
onnanca (BB) u 6poja nana ca mpasom 3a nepuoa 1961-2010. roauue (BpeIHOCT jaHyap-Maj) v nojase
¢enodase npBUX 1IBeTOBA BesnKe 0ejle pajie 32 aHAJIM3UPaHe CTAHUIIE

Hajsehu koeduijentn kopenanuje cy qooujeHn 3a ey usmel)y nojase gpenodase
¥ TEeMIIepaTypHUX KapaKTePUCTHKA: CPEeIhe MaKCHMaIHE TeMIeparype Bazayxa (ox -0,66 y
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BJb nmo -0,87 y Jbb), cpenme Temmeparype Bazmyxa (ox -0,63 y BJb mo -0,83 y Jbb) u cyma
e(eKTUBHHX TeMIIepaTypa Ba3ayxa ca TeMrepatypauM mparom ox 5°C (ox -0,53 y HM no -
0,83 y IIIC). Beoma BHCOKM HETaTHBHH KOS(HUIMjEHTH Kopenanuje cy M0OWjeHH 3a CyMy
e(eKTUBHUXTEMITEpaTypa Ba3ayxa ca temreparypHuM mnparom ox 10°C (mo -0,73 y LIC),
cpemmy MUHUMaNHY Temreparypy (o -0,70 y JbB) u moTeHImjanHy eBamoTpaHCIHPALNjy
3a mojeauHe ctanuie (o -0,74 y LIC). lobujenn KoepUIHjeHTH Cy HETaTUBHU IITO 3HAYH
Jla ce ca MOpacTOM TeMIlepaType Ba3dyxa CMarmbyje y3acTOIHH Opoj JaHa y TOAWHHU ca
nojaBoM (peHodaze, Tj. OUbKa paHHje MOYKI-E ca pa3BojeM. Hucke, MO3UTHBHE KOpeJaluje
cy mobujeHe 3a mojaBy ¢GeHodase MPBHUX I[BETOBA U Cpe/ibe KoaunuuHe magasuna (ox 0,05 y
IIC no 0,38 y JbB) u Bomnor Ommanca (ox 0,19 y HIC mo 0,45 y JbB) mto ykasyje ma
MaJlaBiHe HEMajy TOJNMKU 3Hadaj 3a moderak (eHodasze, ka0 MTO UMajy TeMIIEpaType
Bazayxa. Hucke, HeratuBHe Kopesanuje cy go0ujeHe 3a nojaBy ¢peHodase NpBUX 1IBETOBA U
0poja nana ca mpaszom (ox -0,20 y MC no -0,40 y JbB) Ha Behunu cTanuia.

CnnyHu noam cy noOMjeHH U 3a aHanu3upaHe (eHonomke dase OykBe U jadyke.
3a OykBYy cy aHanm3upane Tpu QeHoromke ¢ase (1ojaBa NPBUX JIMCTOBA, OMINTE Xyheme
mumha u onmTe onaname numha) Ha 6 denonomkux cranumna (bJb, I1Jb, Jbb, Mb, HM un
IIC), nox ce moganu o peHomomknM (azama OykBe He Oenexe y [10 u MC. Ananm3upanu
nepron Ha BehmHM cranmma je on 1961. mo 2010. romune. IIponehna ¢enodaza (mpBu
JIUCTOBH) UMa HeraTHBaH TpeHx (10 -5 mana/50r y HM). Jecemwe denodase (ommre xyheme
U omnajame Juinha) uMajy mo3utuBa Tpena (no 10xana/49r 3a xyhemwe numtha y Jbb u no
18 mana/36r 3a onmre onaname numha y 11Jb). V unsby yrephuBama Bese uzmel)y jecemunx
¢denonomkux (aza U M3ydaBaHUX METEOPOJIOIIKMX Mapamerapa ypaheHa je KopenanuoHa
aHanmu3a 3a ¢enodasy ommrer xyhema nuntha Ha cranuiu JbB 3a mepuon 1961-2010.
rogaune (tabena 8). OBa cranuia je u3abpaHa jep uMa Hajayku Hu3 (49 rogunHa, HEAOCTajy
monary 3a 2009. roauHy).

Hajsehn mnosutBan koedunmjeHt kopenamuje je u3Mmehy cyme edexTHBHUX
temrieparypa Bazayxa oa 10°C (0,36) u 5°C (0,35), 3aTum cpelme TeMiieparype Baszayxa
(0,34). To yka3zyje na ca mopacToM TemIieparype Ba3ayxa (BpEIHOCT jaHyap-OKTOOap)
J0JIa3d U JI0 TPOJY)XHBama jecermHX (DEHOJOIKHX (a3a, ald He Ha TOJNMKO 3HA4ajHOM
HUBOY Kao 3a mpoichae ¢aze. Bogan Ounanc m mamaBuHE WMajy HEraTUBaH KOS(QHUIIH]CHT
kopenamuje ox -0,21, omHocHO -0,16. HuickM TO3WTHBHM W HETATHBHU KOS(MHUIIN]CHTH
KOpeJanuje yKadyjy Ia KIMMaTcKe NPWINKEe UMajy Mamkd YTHIlla] Ha QeHosomke ¢asze
OuIbaka Koje ce OfIBHjajy Y jeceH, 3a pa3iuKy ox mposehHnx (heHoJIOomKNX ¢asa.

Tabeua 8. Koepuuujent kopenauuje (Pearson correlation coefficient) usmely usyuaBanux napamerapa
(BpeaHOCT jaHyap-okTo0ap) U nojase ¢eHodasze ommrer :kyhewa sumha (ZKn) 6ykse 3a cranuny Jbyd/bana-
Bexurpan y nepuoay 1961-2010. roaune

[Tpunnkom obpane dpenonomkux ¢asza jadbyke jenuno cy cranune L[Jb, HM u I10
nMajie JI0BOJBHO Jyradke, aly He y IMOTIYHOCTH KOMIUIETHE HU30Be 3a aHanu3y. [loganu o
¢enonomkmM (azama jadyke y Pemyomnuin CrioBenunju ce 6enesxe o 1972. romune.

[Iponehue perodasze jabyke (MPBU JIUCTOBHU, MOYECTAK IBETAMA, OIIITE IBETAKHE U
Kpaj [BeTama) MMajy HETaTUBHE TPECHIOBE HA aHANM3UpAaHUM cTaHuama (1o -21 mana/32r
3a (eHoda3y mpBUX JTUCTOBa, -15 mama/31r 3a moueTak IBeTama, -16 mana/31r 3a ommre
uBetame u -17 mana/31r 3a xpaj nBerama Ha cranumm L[Jb). Jletma denodasa - mouerax
3pema ce, Takole, jaBJba paHMje ca HETAaTWMBHHUM TpeHAoM 1o -23 mana/32r y HM. Ca
OpameM jaOyke ce MOYHIbE CBE PaHHje HAa aHAIM3MPAHHM CTaHHIIAMa ca TPEeHIOM 10 -29
nana/32r y HM. I'maBHM pazjior 3a TO Cy BHCOKHM M CTATHCTHYKH 3HA4YajHU TO3UTHBHH
TPEHJIOBH TEMIIepaTypa Ba3lyxa 3a oBaj rpan. Jeceme (enodasze (ommre xyheme u
onasname junrha) moxasyjy nosutuBad tpeHn ox 11 mana/30r, omHocHo 7 nana/29r y 11Jb,
ma ce jaBjpajy CBe KacHHWje. M3BpiicHa je KopenanuoHa aHaimu3a usMel)y u3ydyaBaHUX
napaMmerapa M nojaBe Qenosomke (asze ommrer nBerama (Om) jabyke Ha (hEHOJIOMIKO]
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craaumn HM (tabenma 9). WzyuaBanm mepmon je ox 1972. mo 2010. rommee y kome
HexocTajy mojar 3a 5 roauHa (1975, 1976, 1979, 1994 u 2009. roguna). Ilopen Tora, Ha
OBOj CTaHMIU Cy, Y OJHOCY Ha JApyTe, MOJali HajKOMJICTIHHjU U 300T Tora je OHa n3abpaHa
3a M3ydYaBame Kopelaluje M3Mel)y IpomMeHa METCOpOJOMIKHX NapaMerapa M y3acTyIHOT
JlaHa y TOJUHM ca MoYeTKoM ()eHOJoIIKe (ba3e OMIITET [[BETama jadyKe.

Tabena 9. Koepunujent xopenanuje (Pearson correlation coefficient) uzmel)y nsyuaBanux napamerapa
(BpeHOCT jaHyap-anpuj) u nojase gpeHoase ommrer nuBerama jadyke (On) 3a crannny Hoso Mecto y
nepuoay 1972-2010. ronune

Hajseha Bpennoct xoedunujeHta kopenaimje je goOujeHa 3a cyme e(eKTHBHHUX
temneparypa Bazayxa on 5°C (-0,88) (rpaduxon 1), cpemme MakCHUMaJIHE TEMIIEPaType
Bazayxa (-0,84), cpenme Temneparype Bazayxa (-0,83) u cpenme MUHIMaNHE TeMIeparype
Bazayxa (-0,73). OBo yka3yje aa temmepaType Baszayxa MONHO yTHUy Ha IBeTame jaOyke
ycien dera Joja3u IO paHHje mojaBe oBe (eHodasze y ToKy romuHe. Hajmama BpemHOCT
KoeduImjeHTa Kopenanuje je nooujena 3a magasune (0,16) u Bogau 6unanc (0,26).

I'padukon 1. O6pHyTa nponopunoHaaHocT H3Mel)y cyma epekTHBHE TeMnepaTtype Ba3ayxa oj 5°C (mi1aBa
JIMHHja) U 1aHA N0jaBe ONIITer IBeTamba jabyke y HoBom MecTty (upBena 1uHHja) y nepuony 1972-2010.
ToJMHe

On KydaTuMBHCaHMX OWJbaka y paay cy aHainusupaHe (eHodase CeTBE U JKETBE
o3MMe MIIeHUIE U KyKypysa. [Ipobiem ce jaBmo mro ce ca GenexemeM oBux (asza y
CrnoBenuju moueno texk 1996. romure n to Ha werupu crtanune (IJb, Jbb, MC u HM)
(trabema 10). Wmak, momamu cy aHATW3WpaHH Kako OM ce MOOMO YBHA y KpeTame
(eHoNOMKIX (a3a HABEACHUX OMIbAKA.

Tabena 10. Ananuszupane cranune (cT.), penodase ceTBe H :KeTBe H AY:KHHA BereTAIHOHOT MEPHO/A, IEPHO.
ocMaTpama, Opoj roiHa ca NoJaNuMa y TOKY IlepHoJa ocMaTpama, 1aTyM nojase deHodase U TpeH
aHasm3upanux ¢penodasa o3ume nennue y Ciropenuju (6p. 1ana/op. roa.)

Ha cBuM craHnmama ceTBa O3MMe MINEHHIIE CE BPIIM IIOJIOBUHOM OKTOOpa
NPETXOJIHE, a )KETBA MOJIOBUHOM jyia ciiesiche roanHe. 3a aHalnu3upaHyu MEepHoOJl 011 OKO 15
rOAMHA Ha CBHM CTaHHIAMa C€ jaBJba pacT y3acTYIHOI JaHa ca JaTyMOM CETBE O3UMe
mIeHuIe 300r BICOKUX jecemHX Temmeparypa. Takolhe, eTBa ce BpIIM CBE KacHHje Ha
CBHUM CTaHulama, ocuM 3a MC.

U3zBpiieHa je kopenalMoHa aHaiu3a M3Mel)y mM3y4yaBaHMX mapamerapa M JaTyma
CeTBE M JKeTBe IMIIeHuIle Ha ¢enonomkoj cranuiiy MC (tabema 11). JloOujeHu cy Beoma
HUCKHM TO3W3WBHH W HETaTUBHH KOE(WIM]EHTH KOpelaluje 3a JaTyM CETBE IIICHHIE.
Xetsa nmenurie mokasyje Behu cTeneH Kopenammje ca u3ydyaBaHuM rnapamerpuma. Hajsehu
HEeraTHBHM KOe(UIMjEHTH Kopenanuje cy A0OWjeHH 3a JaTyM >KeTBE MILIEHUIE U CyMy
e(eKTHUBHHUX TeMIlepaTypa Ba3ayxa ca temmepatypauM mparom on 10°C (-0,83) u cymy
e(eKTHBHIX TEMIlepaTypa Ba3ayxa ca TemneparypHuM mparom ox 5°C (-0,76). Hajsehu
MO3UTHBAH KOC(UIM]CHT KOpeaIyje je Jo0ujeH 3a konnuuny nagasuna (0,42).

Ta6ena 11. Koepunujenr xkopesaanuje (Pearson correlation coefficient) usmel)y uszyuaBannx napamerapa u
JaTyma ceTBe (BpPeHOCT jaHyap-0KT00ap) U 'keTBe (BPEAHOCT jaHyap-jy.1) 03uMe MIIeHHIe 32 CTAHULY
Mypcka Co6ora-Pakuuan y nepuoay 1996-2010. roaune

Kykypy3 ce y CnoBeHHjH ceje KpajeM ampuiia Wik IIOYeTKOM Maja ca TeHICHIIN]OM
CBE paHHje ceTBe Ha cBMM craHmuama, ocuMm y LIJb. Bpame kykypysa ce y CnoBeHHju
00aBJpa MOJIOBUHOM cenTeMOpa /10 mo4eTka OKToOpa ca TEHISHIIMjOM CBE paHHjer Opama y
I1Jb u Jbb, a xacaujer y MC u HM. Ycnen Beoma KpaTKOT HH3a M3y4aBaHUX (pasza TEIIKo je
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TOBOPHUTH O TpeHIOBMMa. Mnak, ycieq cBe BUIIMX TEMIIEpaTypa Ba3lyxa 3a OYeKUBATH je 1a
he ce kykypy3 y OynyhHOCTH CBe paHMjU cejaTH, and M paHHje OpaTH Ha TEPUTOPHjH
Crnosenyje.

M3BpiueHa je KopesialMOHa aHalM3a M3Mely M3ydaBaHHMX Iapamerapa W JaTyma
ceTBe U Opama KyKypysa Ha (enosomnikoj cranuiu [1Jb (tabena 12).

Tabena 12. Koepnuujent xopeaanuje (Pearson correlation coefficient) msmel)y n3yuaBanux napamerapa u
JlaTyma ceTBe (BPEIHOCT jaHyap-anpuJ) U 0pama (BpeHOCT jaHyap-cenTeM0ap) KyKypy3a 3a ctanuny Lembe
y nepuoay 1996-2008. roqune

Hajsehn xoedunmjentn kopenamuje usMmel)y maryma ceTBe M H3ydaBaHUX
napamerapa cy jgobujeHu 3a Boguu Owmnanc (-0,55) m xonmmuuny nagasuHa (0,50). atym
Opama ¥ MMOTEHIIMjaJTHa eBallOTPaHCIIUpAIlHja moka3yjy Hajsehu xoeduiijert kopenanuje (-
0,56), kao u cpeama Temreparypa Basayxa (-0,50).

[IpoGnemu padyHama Kopeianuje u3Mmel)y KyJNTHBUCAaHHX OWJbaka M W3y4aBaHUX
METEOPOJIOIIKUX MapaMeTapa Ha mozapydjy Pemybimke CrnoBeHmje ce orienajy y KpaTkom
HU3y (70 15 rogmna) U ynmorpeOu pasIMuuTHX COPTH IMIICHUIE U KyKypy3a. 3a 15 roauHa y
MC ce cejano 7 paznHUUTHX COPTH O3uMMe mmieHuIe, ok je y LIJb 3a 13 romuna cejano 8
Pa3MUUTHX COPTH KyKypy3a. Paznuuutu xubpuan umajy apyrauuje morpede 3a TOIUIOTOM
M BOAOM YCJeI Yera je HHXOB yTHIAj HA BHUCHHY KOC(HIMjEHTAa KOpejaluje 3HadajaH.
Iopen Tora, youeHo je Aa Cy KOS(QHIHUjEeHTH KOpeJallfje 3HATHO BUILNHU 32 JaTyMe JKETBE
o3MMe IIIEHHIE M KyKypy3a, Hero 3a naryme muxoBe cerBe. [loHoBo cy Hajsehm
KOC(hUIMjEHTH KOpenaldje J00MjeHH 3a TeMIIepaTypHEe KapaKTepPHCTUKE, JOK OCTald
rapameTpu MOKa3yjy HIDKE BpPEJIHOCTH. 3Ha4ajHO BHIIM KOES(UIMjEHTH Kopenaiuje 3a
BOIHM OWJIaHC, NOTEHIMjaJHy €BalOTpaHCIUpanrjy W KOJIMYMHY IaJlaBHHA je J0oOujeH 3a
JIATyM CEeTBE U Opama KyKypy3a Hero 3a 03uMy IMIICHUILY.

Ha ocHoBy anamusze QeHoyomKuX (aza MOxe ce KOHCTATOBATH PaHUjH ITOYETaK
mponehHUX, a KacHUjU 3aBpIIeTak jecemux (eHodasza Omspaka. Yciem Tora AONa3H IO
NPOJYXeHha BereTallMoHe ce3oHe. [JTaBHM pasjior 3a TO Cy, Ipe cBera, BUCOKe mponehHe
Temreparype Bazgyxa. CIM4yHe MOAaTKe Cy AOOMIM M HAyYHULIW y APYTUM 3emibama. Y
Ayctpuju u Hemaukoj nposehue ¢eHodaze Ouspaka ce jaBibajy cBe panuje ox 0,36
nana/nexaan y Hemaukoj no 0,39 nana/nexamu y Aycrpuju (Menzel, 2003). Cnapkce (Sparks
et al., 2001) yka3syje na ce y Benukoj bputanuju nposnchue dhenodase jarspajy oa 8 mo 10
JlaHa paHuje ca mnopacToM Temriieparype Bazayxa ox 1°C. V Benukoj bpurtanuju ce
(denodasa nBerama jaBsba 3a 4,5 maHa paHuje y TOKY MOCieme aekage XX Beka y 0HOCY
Ha mepuon 1950-1990. romuue (Fitter and Fitter, 2002). Ha ocHOoBy mnomaraka ca
Mehynapoauux denosonkux cranuia y EBpomnu 3a nepuon 1959-1996, Mensen (Menzel,
2000) yka3syje ma ce Ha monpy4jy EBpomne mponehne denodase jaBpajy 6,3 mana panuje, a
jeceme 4,5 nmana xacuuje. Y Kunm ce mponehne ¢enodaze jaBmajy on 1,4 mo 5,2
JlaHa/IleKaJu paHuje Ha ceBepy 3eMJbe 10 7,5 maHa/nekamu Ha jyry (Zhang et al., 2004).
Moxke ce younuTH Aa OMJbKE Yy Pa3IMYUTHM JEJIOBHMa CBETa OATOBapajy Ha CIMYaH HauyMH
Ha II0pacT TeMIepaType Ba3ayxa IITo je Y CKIaAy ca pe3ylTaTiMa JOOUjeHHM Y OBOM Pasy.

3ak/by4Ha pasMaTpama

VY PenyOmuny CI0BEHH]jH BEreTAIHOHHU MEPHO HAjIpE MOYUIE Y MOAPYyYjuMa ca
BUILIOM TEMIIEpaTypoM Bazayxa - cyomenurepanckoMm (bJb), cyomanonckom (JII) u Behum
rpagosuma (Jbb u MB). Ha Behum naamopckum Bucunama (KP u IIIC) 1 y koTInHama pexa
okpyxeHuM miannHama (L[Jb) Ouspke mounmy 11a ce pa3Bujajy ca oape)eHUM 3aKalllbeHhEeM.
[Mon yTumajeM BUCOKMX IO3UTHBHHX TPEHJIOBA TEMIIEPATYpPHUX Iapamerapa Joja3H o0
MIPOyKHBaba BereTauoHor nepuoaa (25 nana/S1ry HM, 21 nan/51r y Jbb, 20 nana/S1ry
MB) Ha cBuM aHanu3MpaHuM cranuiaMa. Ha ocHOBY pesynrata aHanuse (heHOIOmKNX (asa
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omabpaHux OMJbaka MOXKE Ce KOHCTAaTOBATH PaHHjH IMOYETaK IposiehHuX QeHomomknx dasza
(-11 mana/37r y HIC 3a nBerame Benuke Oese paje), ajld ¥ KaCHUjH 3aBPIIETAK jECCHUX
¢aza (6 nana/50r y Jbb 3a onanmame numrha Oykse). Hajehu ytuia) Ha TakBa Kperarba
UMajy cpeibe, MaKCUMaHe 1 MHHUMAJIHE TeMIlepaType Ba3ayxa, Kao U cyMe e()eKTUBHUX
TeMIepaTypa Ba3lyxa ca BpeAHoInhy KopeiaanuoHor koedwummjeHta oko -0,80. YTwuiiaj
MaJiaBuHa, MOTCHIIMjaJIHE SBANOTPAHCIIMPAIIAjE M BOJHOT OMJIaHCa Ha MojaBy (CHOOIIKUX
(haza Owspaka je 3HATHO MamkM Ca BpeAHONINY KopenalroHor koedwunujeHta oko 0,20 3a
BehnHy n3yuyaBaHux Owsbaka. CIMYHU pe3ynTatd cy nodwjeHu u 3a Hemauky, Aycrpujy,
Ecronnjy, Benuky bpuranujy, Kuny u npyre 3emipe mTO HaM yKasyje J1a ce OWIbKE Y
Pa3HMM JIeJIOBUMa CBETa Mpuiiaroasajy HacTaIuM KIMMAaTCKUM IIpOMEHaMa.

JoOujeHn pe3ysTaTd MOTY IOCIYKHTH y MpakTHYHE CBPXe, HIp. 3a oApehuBame
NPUMEPEHOCTH TOJpYyYja 3a Tajeme onpel)eHux yceBa Ha OCHOBY, Ipe CBera, HHXOBE
moTpebe 3a TOIUIOTOM W BJIarom, Kao M IUIaHUpama aTyMa CeTBe, KeTBe, pe3unoe u ci. Of
HaBEJICHOT 3aBHCE MPHUHOCH yceBa y PermyOmmmyn CrnoBeHH)jH, a CAaMIM THM B CHaOJIeBEHOCT
Jp>kaBe OCHOBHUM >KMBOTHHM HamupHHIaMa. Takobe, mpe camor yBoljera HOBHX yceBa y
MOJHOTIPUBPEIHY MPOM3BOAKY Morylie je OoApeauTH Oa U MM OIroBapajy mocrojehu
TeMIEPaTypHH M TNAJaBHHCKH YCIOBH M Ha OCHOBY TOTa JOHETH HCIIPaBHY ONIYKY. Y
Peny6nuuu CpoOuju He mocToju oopMibeHa Mpexa (HEHOJIOUIKUX CTaHUIIA.

Jlutepatypa

Jlutepatypy Buneru Ha 13 cTpanu.
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