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Abstract: The seasonality of births in Serbia shows a pattern in which the largest number
of children are born during late summer and early autumn, placing the largest part of con-
ceptions at the transition from one calendar year to another, which is not the case in the
Serbia-North region. Taking into account the seasonality of births, we will try to estimate the
distribution of conceptions on a weekly basis during the period 2015-2020. However, a spe-
cial contribution of this paper will be observing of variations in the number of conceptions
and births in parallel with variations in the average weekly air temperature by administrative
districts in the Serbia-North region. The ratio between the number of conceptions during a
calendar week with days of a certain average air temperature and live births that occur after
30-42 weeks later represents the degree of reproductive success indicating the level of fetal
losses. Many recent studies indicate that there is a high correlation between the average
weekly air temperature and clinically unregistered fetal losses that occur in the earliest
stages of pregnancy. This effect is greatest in the first days after conception, potentially in-
dicating the influence of an increase in air temperature on the occurrence of a conception
error. The paper analyzes the relationship between changes in the number of days in five
temperature ranges and changes in the number of pregnancies and live births as a positive
pregnancy outcome. The results indicate that temperature extremes reduce the likelihood of
a positive reproductive outcome. The expected increase in air temperatures and the occur-
rence of temperature extremes, under the influence of climate change, could further reduce
the level of fertility in the Serbia-North region due to the specific seasonality of births and
the large number of conceptions that occur during periods of particular temperature risk.

Keywords: birth, fetal loss, climate change, Belgrade, Vojvodina

tpetar.vasic@gef.bg.ac.rs (corresponding author)
Petar Vasi¢ (https://orcid.org/0000-0003-1302-2260)
Natalija Mirié (https://orcid.org/0000-0003-0020-3847)

475


mailto:1petar.vasic@gef.bg.ac.rs

Introduction

The scientific interest in analyzing the impact of climate change on population dynamics is
relatively recent. Previous research on this relationship has mostly gone in the opposite
direction, that is, analyzing the impact of the growing world population on climate change.
In this sense, most of these studies point to a limited impact of human population growth,
with most of the growing impact attributed to the rapid increase in per capita consumption
(Managi & Kumar, 2018; Cohen, 1995; Petrovi¢ et al., 2017; Dietz & Rosa, 1997). Surely, the
interdependence is bidirectional, and the influence of anthropogenic factors is undeniable.
Among anthropogenic factors, population dynamics holds a special place and has occupied
the attention of researchers in social and natural sciences for decades, resulting in a multi-
disciplinary approach to understanding this interdependence.

On the other hand, in the more developed part of the world, where the impact on cli-
mate change is the greatest, in conditions of advanced demographic transition, problems
of demographic development occupy the attention of the scientific community in various
ways. These societies are faced with a process of demographic aging, the causes of which
are well known (low birth rates, falling mortality and increasing life expectancy, intensifi-
cation of population migration), and efforts to manage demographic challenges have a tra-
dition spanning several decades (Basten & Frejka, 2016; Bergsvik et al., 2021; Bloom &
Canning, 2004; Borsch-Supan, 2008; Demeny, 2003).

However, despite long-standing efforts to mitigate adverse demographic trends, there
seem to be no significant results when it comes to the components of demographic dynam-
ics. In this sense, in the context of the need for general social mobilization to stop (or at
least slow down) the process of demographic aging, in recent years there has been a reflec-
tion on the possible impact of the now obvious climate change on population dynamics. It
is necessary to shed light on the impact of climate change on the components of population
dynamics, bearing in mind what inevitably awaits us in terms of environmental change in
the next few decades. Specifically, when it comes to the impact of climate change on human
fertility, studies are mainly oriented towards analyzing the impact of temperature fluctua-
tions on fertility, infertility, fetal losses and premature birth; the perception of climate
threat and the impact on reproductive decisions; and the impact of climate change on fam-
ily planning and reproductive health. Among these studies, those that consider the impact
of temperature on fetal loss are particularly rare, with one literature review reporting only
9 out of 75 studies on this topic (Dalugoda et al., 2022). Beside those analyzing the impact
of temperature variations, there are also studies that discuss the impact of precipitation,
floods, droughts, and other extreme weather events on population fertility (Casey et al.,
2019; Chen et al., 2021; Davenport, Dorélien & Grace, 2020; Khandaker & Shah, 2024;
Organ, Dixon & Villa, 2023). However, the most noteworthy project is the “Examining pop-
ulation dynamics under global climate change — POPCLIMA”, launched in 2022 and rep-
resenting the first comprehensive attempt to identify the mechanisms through which cli-
mate change affects demographic outcomes. As stated on the official website of this project,
which brings together 15 researchers from the University of Bologna and the Austrian Witt-
genstein Center: “There is practically no literature on the mechanisms and intensity with
which climate change affects the components of population movement. It is not even clear
whether climate change can increase or decrease fertility, mortality and migration”
(https://popclima.eu/about-us). In this sense, most of the studies, available so far, that
consider the direct link between climate change and population fertility date back to the
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last few years and relate to the impact of temperature variations, while the impact of
changes in other climate parameters is considered marginal (Dalugoda et al., 2022). For
example, in China, it has been confirmed that exposure to long heat waves is associated
with a significantly higher risk of preterm birth (Guo, et al., 2023). Similar findings have
been confirmed in Malaysia through the impact of temperature changes on reproductive
health, pregnancy outcomes and infertility (Jegasothy, et al., 2020). Regarding the research
on this phenomenon in a climate zone similar to ours, in Hungary it was found that expo-
sure to high temperatures in early pregnancy increases the clinically unregistered miscar-
riage rate by 1.4% for each additional day warmer than 25°C (Hajdu & Hajdu, 2023). The
same authors confirm that exposure to high temperatures also reduces the conception rate,
predicting that climate change could affect the reduction of the annual birth rate (Hajdu &
Hajdu, 2021b). Barreca et al. (2018) confirm that each additional day in a month with an
average temperature higher than 27°C compared to a day with a temperature of 16°C —
21°C, reduces the fertility rate by 0.40% nine months later, and Moodley et al. (2024) that
the same additional day in the month preceding conception increases the likelihood of mis-
carriage by 26%.

Researching the relationship between atmospheric temperature and human fertility is
very complex due to the combined effect of a multitude of other factors that cannot be iso-
lated. However, the basic idea of this work is to examine whether the seasonality of births
in Serbia follows variations in average air temperatures and whether an increase in average
daily temperatures has an impact on the number of live births as a positive pregnancy out-
come. In other words, does the average air temperature at the time of conception have an
impact on the number of live births 30 to 42 weeks later? One of the most important argu-
ments for observing the influence of temperature at the very beginning of pregnancy is that
key fetal development occurs during the first weeks of pregnancy when the placenta is
formed, which is then most vulnerable to exogenous influences (Mehta, Basu & Ghosh,
2023), and that over 50% of spontaneous abortions occur in the first days of pregnancy (Liu
et al., 2014). Most previous research points out that the impact of climate and environmen-
tal risks on population fertility is significant and growing, which should not be ignored in
the process of formulating hypotheses about future population development. The overall
impact on fertility at the national level in Serbia may not be large (yet), but local areas of
high environmental and climate risk are certainly already facing the negative impact of en-
vironmental factors on overall reproductive capacity. This impact can be direct, in the man-
ner already mentioned, but also indirect through the initiation of selective migrations and
increased mortality of the population of reproductive age.

The Serbia-North region has characteristics that are conducive to a quasi-experimental
analysis of the aforementioned relationship. Namely, fertility preferences are similar across the
entire study area, which minimizes the possible impact of significant differences in fertility, i.e.,
age-specific patterns of birth. The second group of characteristics of the study area relates to the
climatic, geographical and economic characteristics of the environment, where differences in
precipitation regime, relief and economic development among administrative areas are much
smaller than in the Serbia-South region. In this sense, it can be expected that the impact of tem-
perature fluctuations on reproductive outcomes could be more visible, i.e., less “masked” by the
combined impact of other factors that cannot be isolated.
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Method

This paper analyzes the relationship between changes in the number of days with temper-
atures in five temperature ranges and changes in the number of pregnancies and live births
as a positive outcome of those pregnancies. The temperature ranges mentioned are: up to
10°C; 10°C to 15°C; 15°C to 20°C; 20°C to 25°C; and over 25°C. In the few papers available
so far that have investigated the relationship between various parameters of human fertility
(frequency of sexual intercourse, conception, miscarriages) and variations in air tempera-
ture during the period from a few weeks before conception, until labor, these temperature
ranges have usually been taken. Namely, the aforementioned works refer to Hungary
(Hajdu & Hajdu, 2021a; Hajdu & Hajdu, 2021b) and can be considered to represent a good,
or rather, comparable example given the similarities in climate and fertility patterns be-
tween Hungary and the Serbia-North region. Average seven-day (weekly) temperatures
during the period 2015-2020 were also analyzed. It should be noted that this method of
monitoring temperature variations potentially masks the occurrence of temperature ex-
tremes, not only at the weekly, but also at the daily level, since it shows the number of days
whose average temperature, and not the maximum or minimum, is in one of the mentioned
temperature ranges. In any case, we believe that the average (taking into account the char-
acteristics of the normal distribution) largely encompasses the time of exposure to a given
temperature value on the observed day. In other words, people are exposed to temperatures
closer to the average daily temperature for the most time (and for most days), and not to
the minimum or maximum temperature. This is confirmed by similar studies in which over
95% of observed temperatures do not deviate more than £2°C from the average (Wilde et
al., 2017). Also, in papers that analyze and review the literature on the impact of ambient
temperature on human fertility, it is stated that close to half of the studies analyze the av-
erage temperature, and only about one third analyze the maximum daily temperature (Da-
lugoda et al., 2022; Nyadanu et al., 2024; Lakhoo et al., 2025).

When it comes to births, their distribution at the weekly level is, of course, shown ac-
cording to the week in which the birth occurred. The weekly distribution of live births in
the observed area somewhat deviates from the seasonality characteristic of Serbia as a
whole, however, for the purposes of this work it was necessary to estimate the distribution
of conceptions (pregnancies) according to the week in which they occurred. In order to es-
timate this distribution, it was necessary to dispose the structure of live births according to
gestational age (which is usually shown in weeks), but also a fecundity model, i.e., age-re-
lated fertility of women. Given that the total number of live births is achieved as a result of
a certain number of pregnancies, not all of which end with a positive reproductive outcome
(live birth), due to the limitation of fetal losses, the number of pregnancies (conceptions)
in each calendar week during the observed six-year period was estimated based on the
model of age-related female fertility, which was taken from the paper “Fertility Postpone-
ment between Social Context and Biological Reality: The Case of Serbia” (Vasié¢, 2021b).
Namely, this model consists of three categories of fertility limitations (sterility, infertility
and fetal losses) on the basis of which it is possible to calculate the total number of concep-
tions (pregnancies) when a detailed distribution of live births by maternal age is available.
The number of conceptions thus obtained is distributed according to the calendar week in
which conception occurred, based on the structure of births by gestational age in a given
calendar year.
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However, before distributing conceptions according to the week in which they oc-
curred, in the first step, the total number of conceptions at the annual level for the Republic
of Serbia as a whole1 was calculated based on the number of live births by the age of the
mother and the age-specific fertility model (Vasié, 2021b) (1).

adjSRx = adjPRx * adjIRx * adjLRx (1)

Where adjSRx represents the reproductive success rate of women aged x years at the
moment of conception; adjPRx the conception rate of women aged x years at the time of
attempting conception (female infertility restriction); adjIRx the conception rate of women
aged x years at the time of attempting conception (male infertility restriction); and adjLRx
the live birth rate of women aged x years at conception (fetal loss restriction).

The calculation of the annual number of pregnancies was carried out as follows:

YTx = z(ad’j,;‘Rx) « adjPRx * adjIRx (2)

Where Y Tx represents the total number of pregnancies in a calendar year by women
aged 15 to 49 years (total fertile contingent); Nx the number of live births by women aged x
years at the time of attempting conception, and the other three values are from formula (1).

Table 1 shows the number of conceptions estimated based on the previous formula and
the number of live births as a result of pregnancies conceived in a given calendar year (re-
alized pregnancies) in the Republic of Serbia.

Table 1. Number of pregnancies and live births

Republic of Serbia 2015 2016 2017 2018 2019 2020
ﬁ&ﬂfﬂﬁ‘: number of | o6 | 64734 | 64804 | 63975 | 64399 | 61692
Eggs;,;’g‘;‘;“ceived 73933 | 74599 | 73776 | 73987 | 71869 | 71775
Ilj&rg}l::;c(;t(;:uccesﬁlll 64407 | 65742 | 64207 | 64263 | 62139 | 61459

Source: Author's calculations and RZS database

Further, based on the distribution of live births at the weekly level and the distribution
of live births by gestational age in weeks (Table 2), the distribution of pregnancies resulting
in live births was calculated according to the calendar week in which they were conceived.
Of course, to simplify the procedure, the distribution was estimated based on gestational
age from 30 to 42 weeks, given that over 96% of all live births in the observed years occurred
in this time range. The distribution of live births from pregnancies shorter than 30 weeks
was ignored (less than 4%).

2Without data for Kosovo and Metohija
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Table 2. Live births by gestational age

?VSZETS nal age 2015 | 2016 | 2017 | 2018 | 2019 | 2020
30 218 178 140 138 124 119
31 149 172 134 137 152 147
32 271 272 227 256 216 227
33 400 300 287 289 320 303
34 554 602 523 487 578 467
35 748 716 816 805 774 785
36 1589 1634 1654 1696 1755 1590
37 3210 | 3213 | 3384 | 3482 | 3502 | 3426
38 9713 | 10450 | 10080 | 10451 | 10737 | 10474
39 18093 | 18346 | 19647 | 19781 | 19794 | 19171
40 22025 | 20795 | 21136 | 20017 | 19728 | 19016
41 3823 | 3675 | 4837 | 4863 | 4823 | 4398
42 275 254 311 204 211 250

Total

(all gestational ages) 65657 | 64734 | 64894 | 63975 | 64399 | 61692

Source: RZS database

The total number of pregnancies (counting all conceptions regardless of pregnancy
outcome) was then distributed according to the week in which they were conceived, taking
into account the average weekly distribution of births 30 to 42 weeks later. In other words,
births in a given week represent the result of pregnancies conceived 30 to 42 weeks earlier,
while pregnancies that end before the 30th week of gestation are assumed (and in the vast
majority) to end unsuccessfully. The number of pregnancies according to the week in which
they were conceived is shown in Figure 1, from which it is obvious that the largest number
of pregnancies begin at the turn of the calendar year, i.e. during the New Year and Christ-
mas holidays.

1800
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1400
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1200
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Fig. 1. Number of pregnancies by week of conception — Serbia (2015-2020)

However, in order to simplify the procedure, the estimation of the weekly distribution
of conceptions for the district level was performed taking into account the age-specificity of
the fetal loss restriction and the ratio of the average age of the mother at birth of all children
in Serbia, for each district individually. That is, it was assumed that the ratio of the distri-
bution of live births and the distribution of conceptions in the observed districts is the same
as in the Republic as a whole, with additional consideration of the difference in the average
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age of the mother at birth of all children. The main argument for this simplification of the
procedure for estimating the distribution of conceptions at the district level is the age-re-
lated nature of the fetal loss restriction, which increases almost linearly after the woman's
26th year of age (Vasié¢, 2021a), implying a higher rate of fetal loss (SFG) in districts where
the average maternal age is higher compared to the Republic average and, conversely, a
lower SFG in districts where the average maternal age is lower (Table 3).

Table 3. Average age of mother at birth of all children

2015 | 2016 | 2017 | 2018 | 2019 | 2020
Republic of Serbia 20.5 20.6 29.8 29.9 30.1 30.1
Belgrade 312 31.3 31.4 315 31.6 317
West Backa 28.4 28.7 20.1 29.2 20.4 20.5
South Banat 28.5 28.6 28.9 29.2 20.1 20.3
South Backa 30.0 30.3 30.5 30.6 30.7 30.9
North Banat 28.3 28.3 28.6 28.5 28.9 28.9
North Backa 29.2 290.5 29.7 29.7 20.9 20.9
Central Banat 28.1 28.4 28.4 28.9 28.8 28.9
Srem 28.9 29.0 20.2 20.4 20.7 20.5

Source: RZS database

The observed phenomenon was analyzed for the Serbia-North region at the level of
eight administrative districts (Belgrade, West Backa, South Banat, South Backa, North
Banat, North Backa, Central Banat and Srem), but the analysis period was limited to six
years (2015-2020) for which the authors provided paired data on average air temperatures
and the number of live births at the weekly level. This approach has a certain limitation that
stems from the assumption of uniformity of the structure of live births by gestational age
throughout the entire calendar year and retroactive estimation of the number of concep-
tions, due to which it is not possible to analyze the last 42 weeks in 2020, because the live
births resulting from them were also realized during 2021, for which we do not have data
on the weekly distribution of live births at the district level. Also, the migration of women
during the pregnancy period may be a source of bias. Namely, the place of conception (with
a certain temperature) does not have to be the place of later exposure to temperature risk,
nor does the place where birth is registered, which is the case in our work. However, given
that a negligible share of the population in the country (2.0% to 2.5%) participates in inter-
nal migration, it is possible to ignore the impact of migration on the distortion of the ob-
served relationship.

Finally, the obtained distributions were subjected to correlation and regression
analysis in order to establish the level and direction of coping between the observed
variables (correlation coefficient), the share of changes in the number of live births that can
be explained by changes in air temperature (coefficient of determination), and the scope to
which an additional day in one of the temperature ranges during the week of conception
changes (increases or decreases) the number of live births (regression coefficient).
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Results

Based on the previously explained procedures, weekly distributions of conceptions were
obtained for all eight districts (Figure 2).

Belgrade West Backa
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South Banat South Backa
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North Banat North Backa

Central Banat
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Fig. 2. Weekly distribution of conceptions in the period 2015-2020.
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What is immediately noticeable is that, since the seasonality of births at the weekly
level during the year does not fully follow the seasonality in the Republic, the seasonality of
conceptions does not follow the distribution at the republic level either. It is interesting
that, in none of the observed areas, is the usual significantly increased concentration of
conceptions recorded at the transition from one calendar year to another. For the six areas
in which the number of births and conceptions is noticeably lower than in the Belgrade and
South Backa areas, it is difficult to speak about profiling the seasonality pattern due to large
weekly variability in the number of live births. On the other hand, the Belgrade and South
Backa areas were unusually characterized by an increased concentration of conceptions in
the middle of the calendar year during the observed period. Thus, during the summer in
the observed years, 23.8% of all live births were conceived at the state level, while in the
Belgrade region this share was 26.9%, and in South Backa as much as 31.6%, with a char-
acteristic peak in the middle of summer. The corresponding shares in West Bac¢ka, South
Banat, North Banat, North Backa, Central Banat and Srem were 26.8%, 28.2%, 27.7%,
27.2%, 27.8% and 27.9%, respectively. Regardless of the specificities of the seasonality of
conception in the Serbia-North region, these conceptions resulted in a certain number of
live births 30 to 42 weeks later. In this sense, the relative ratio (expressed in percentages)
between the number of live births from pregnancies conceived in a certain week and the
total number of such pregnancies, regardless of their outcome, represents the reproductive
success rate, the opposite of which is the SFG, and is calculated according to the formula:

SFG = (1— g) «100 3)

Where SFG is the fetal loss rate; Ns is the number of live births resulting from concep-
tion during a week; and Cs is the total number of conceptions during the corresponding
week. By observing reproductive failure in this way, we can simultaneously monitor the
varioatins of air temperature and the change in SFG.

As previously noted, we will track the number of days with a weekly average tempera-
ture within a certain temperature range based on five categories. The weeks observed were
from 2015 to 2020, excluding the first week of 2015, which began in 2014, and the last 42
weeks of 2020, as some of the live births resulting from conception in those weeks were
likely carried over into 2021.

The degree to which all conceived pregnancies resulted in a positive reproductive out-
come (live birth) was expressed by SFG, i.e. the share of pregnancies that do not end in live
birth. SFG is shown in Tables 4 to 8 in relation to the number of days in the week (in which
conception occurred) within the observed temperature ranges.

Starting from the weeks in which days colder than 10°C occur (Table 4), we observe
that SFG clearly increases with each additional day in this temperature range. Differences
in SFG value between areas are, among other things, caused by the age-related fertility pat-
tern, but the trends in SFG change in relation to the number of days in a week that are
colder than 10°C are almost identical. Namely, all districts exhibit a strong positive corre-
lation ranging from 0.659 to 0.806, explaining between 43.4% and 65.0% of the variation
in SFG value by changes in the number of these days. Based on the high positive, statisti-
cally significant, linear fit, we can say that each additional day in a week, colder than 10°C,
increases SFG by between 0.58 and 0.88 percentage points.
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Table 4. SFG by number of days per week colder than 10°C (2015—2020)

Number of days 1 2 3 4 5 6 Vi Total
Belgrade 14,9 | 16,6 | 15,9 | 18,4 | 16,2 | 19,6 | 18,7 17,9
West Backa 74 | 10,7 | 85 | 87 | 11,6 | 114 | 11,9 11,2
South Banat 89 | 7,8 | 83 7,1 | 11,0 | 12,3 | 1,7 10,8
South Backa 10,2 | 15,6 | 13,4 | 11,8 | 16,3 | 15,1 | 16,4 15,3
North Banat 6,5 | 85 | 84 | 80 | 11,7 | 9,9 | 10,5 9,8
North Backa 9,4 | 12,2 | 82 | 10,8 | 14,3 | 13,3 | 13,7 13,0
Central Banat 37 196 | 79 | 7,7 | 11,4 | 9,7 | 10,7 9,7
Srem 79 12,4 | 9,6 | 10,2 | 11,7 | 12,1 | 12,9 11,9
Serbia-north 8,6 | 1,7 | 10,0 | 10,3 | 13,0 | 12,9 | 13,3 11,4

Source: Author's calculations

to 10°C

2.0
0.0
1 2 3 4 5 6 7
Belgrade e West Backa
South Banat e South Backa
North Banat North Backa

Central Banat Srem

Fig. 3. SFG by number of days per week colder than 10°C (2015—2020)

Furthermore, in weeks with days with an average air temperature between 10°C and
15°C, there were also differences in the SFG value, but the trends in all areas are again the
same. However, during weeks with days with an average air temperature within the given
range, SFG values are noticeably lower, and each additional day lowers them even more.
SFG during such weeks in the Serbia-North region is 9.2%, in contrast to weeks with days
colder than 10°C when it is 11.4%. The level of agreement is such that the correlation coef-
ficient is strong but negative, in the range from -0.657 to -0.966. Depending on the area,
changes in the number of mentioned days explain between 43.2% and 93.2% of the varia-
tions in SFG value, and each additional day with a temperature between 10°C and 15°C in
all observed areas lowers SFG by approximately one percentage point. Interestingly, during
the observed period, there was not a single week in the Belgrade area in which all days were
in this temperature range (Table 5).
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Table 5. SFG by number of days per week with temperature 10°C-15°C, (2015—2020)

1 2 3 4 5 6 7 Total
Belgrade 18,6 | 16,3 | 16,8 | 15,1 | 14,1 | 12,2 / 16,5
West Backa 10,8 | 9,3 | 10,9 | 6,9 6,7 5,1 6,1 9,0
South Banat 10,7 | 104 | 86 | 7,6 | 5,3 6,1 | 5,2 8,9
South Backa 14,9 | 14,2 | 14,2 | 1,7 | 9,4 | 8,8 | 12,2 13,3
North Banat 9,0 |103 | 87 | 53 | 46 | 46 | 4,0 7,6
North Backa 125 | 11,4 | 13,7 | 89 | 82 | 6,7 | 8,4 10,8
Central Banat 9,1 | 10,4 | 9,1 54 | 4,6 1,2 7,6 7,8
Srem 12,3 1 9,9 [ 10,5] 9,0 | 6,3 | 7,6 | 0,9 10,0
Serbia-north 12.2 | 11.5 | 11.6 | 877 | 74 6.5 | 6.3 9.2

Source: Author's calculations

10°C to 15°C

= Belgrade e West Backa

South Banat e South Backa
e North Banat North Backa
e Central Banat e Srem

Fig. 4. SFG by number of days per week with temperature 10°C-15°C (2015—2020)

The next temperature range consists of weeks with days with an average air temperature
between 15°C and 20°C, where were between 107 and 119 of them, depending on the area.
However, the number of days in a week within this temperature range is not significantly cor-
related with the SFG level in all observed areas, nor in the entire Serbia-North region. De-
scriptive statistics certainly indicate that SFG is higher in weeks with days with an average air
temperature of 15°C - 20°C, and that with an increase of number of such days, the SFG value
decreases; however, in some areas the SFG variations are such that it is not possible to confirm
the correlation (Table 6). However, all observed areas record the same direction of the rela-
tionship, but it is statistically significant only in the Belgrade, South Backa and Central Banat
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regions. Each additional day in this temperature range reduced the SFG value by between
0.23 and 0.38 percentage points in the three mentioned areas.

Table 6. SFG by number of days per week with temperature of 15°C-20°C, (2015—2020)
Number of days 1 2 3 4 5 6 v Total
Belgrade 16,8 | 16,5 | 16,6 | 16,0 | 16,9 | 14,8 | 15,5 16,4
West Backa 95 197 [ 84 |95 | 97 |93 | 86 9.3
South Banat 106 | 75 | 87 | 10,7 | 9,3 | 6,4 | 94 9,1
South Backa 14,6 | 13,9 | 12,2 | 14,6 | 14,3 | 12,6 | 12,6 13,9
North Banat 80 | 72 | 7,6 | 84 | 9,0 | 3,7 | 84 7.8
North Backa 11,1 | 11,0 | 10,8 | 12,7 | 10,7 | 10,1 | 11,0 11,2
Central Banat 10,0 | 6,5 7,4 | 10,1 | 7,9 5,5 7,0 8,2
Srem 1,4 | 9,6 95 | 9,8 | 13,5 | 8,0 | 9,7 10,4
Serbia-north 11,5 | 10,2 | 10,2 | 11,5 | 11,4 | 8,8 | 10,3 10,6

Source: Author's calculations

Regardless of the relatively weak correlation, it is important to point out that its direc-
tion is indirect, i.e. negative, but that the intensity is weaker than in the case of the previous
two temperature ranges, and that only in the Belgrade region can more than half of the
variations in SFG value be explained by changes in the number of days with air tempera-
tures of 15°C - 20°C.

15°C to 20°C
20.0
18.0
16.0
14.0
12.0
10.0
8.0
6.0
4.0
2.0
0.0
1 2 3 4 5 6 7

= Belgrade = \West Backa

South Banat = South Backa

e NOrth Banat North Backa

e Central Banat — SrEM

Fig. 5. SFG by number of days per week with temperature 15°C-20°C (2015—-2020)
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Furthermore, in weeks with days with an average air temperature between 20°C and
25°C, SFG increases further, but the trend cannot be correlatively confirmed. During weeks
with days with an average air temperature within this range, SFG values are noticeably
higher, with an average for the Serbia-North region of 12.3%, as opposed to 10.3% in weeks
with days with an average temperature between 15°C and 20°C. A similar pattern applies
to each area individually. This time, the trend is difficult to determine, given that the SFG
value in weeks with a minimum and maximum number of such days is approximately the
same in each of the observed areas. Namely, in weeks in which all days are within this range,
the SFG value is lower than in weeks in which not all days are within the mentioned tem-
perature range. One explanation could be that weeks with days of 20°C-25°C are also the
most common weeks with days with an average air temperature higher than 25°C, so it is
quite logical that they exhibit higher SFG values. However, this is only speculation, and a
complete explanation would require a completely different methodological approach to the
phenomenon under study. Also, only in the South Banat region a statistically significant,
moderate, direct correlation between the number of days of 20°C - 25°C and the SFG value
was determined, with the proviso that this way it is possible to explain less than one sixth
of its variations, and that such additional day increased SFG by only 0.19 percentage points.

Table 7. SFG by number of days per week with temperature 20°C-25°C, (2015—2020)

Number of days 1 2 3 4 5 6 7 Total
Belgrade 16,0 | 18,9 | 17,7 | 17,3 | 18,9 | 18,3 | 16,6 17,7
West Backa 10,2 | 11,7 | 10,9 | 11,4 | 12,0 | 12,2 | 9,9 11,3
South Banat 88 | 10,5 10,6 | 11,5 | 11,3 | 114 | 9,7 10,6
South Bac¢ka 14,4 | 15,4 | 15,8 | 14,6 | 16,3 | 16,0 | 13,9 15,3
North Banat 78 1 99 | 95 | 10,1 | 9,9 | 10,6 | 8,3 9,6
North Backa 12,0 | 13,7 | 12,8 | 13,8 | 13,9 | 14,1 | 11,5 13,1
Central Banat 8,4 | 9,0 | 10,2 | 10,3 | 10,3 | 10,2 | 8,1 9,6
Srem 10,8 | 12,7 | 10,9 | 13,2 | 11,9 | 12,1 | 10,8 11,9
Serbia-north 1,1 | 12,7 | 12,3 | 12,8 | 13,1 | 13,1 | 11,1 12,3

Source: Author's calculations
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Fig. 6. SFG by number of days per week with temperature 20°C-25°C (2015—-2020)

Finally, weeks with days warmer than 25°C record the highest SFG values, but again,
without an established correlation. The average SFG value in the Serbia-North region was
13.8%, and depending on the area it ranged between 11.0% and 19.3% (Table 8). In this
case, it is not possible to establish a trend in SFG change depending on the number of days
in a week that are warmer than 25°C. It seems that the influence of atmospheric tempera-
ture on SFG is such that average temperatures above 20°C already represent a tipping point
of negative impact on reproductive success. Therefore, only monitoring of maximum daily
temperatures would potentially highlight differences in SFG value.

Table 8. SFG by number of days per week with temperature above 25°C (2015—2020)

Number of days 1 2 3 4 5 6 7 Total
Belgrade 19,4 | 18,3 | 19,4 | 19,8 | 18,9 | 19,7 | 19,0 19,3
West Backa 1,3 | 14,5 | 13,4 | 12,4 | 12,2 | 10,6 | 12,6 12,7
South Banat 11,9 | 11,1 | 13,8 | 11,5 | 12,1 | 12,6 | 12,1 12,1
South Backa 16,4 | 16,9 | 17,3 | 16,8 | 16,4 | 18,0 | 16,0 16,8
North Banat 9,6 | 11,9 | 12,1 | 10,9 | 11,9 | 9,9 | 114 11,2
North Backa 13,5 | 15,5 | 14,9 | 14,8 | 14,2 | 13,5 | 14,8 14,5
Central Banat 11,3 | 8,1 | 12,6 | 10,4 | 11,5 | 13,0 | 10,9 11,0
Srem 12,9 | 13,2 | 14,2 | 13,6 | 14,1 | 13,4 | 12,8 13,4
Serbia-north 13,3 | 13,7 | 14,7 | 13,8 | 13,9 | 13,8 | 13,7 13,8

Source: Author's calculations
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Fig. 7. SFG by number of days per week with temperature above 25°C (2015-2020)
Note: The trend line for the Serbia-North region is represented as a dotted line.

Discussion

The seasonality of births in Serbia exhibits a very specific and well-known pattern, however,
based on data on the weekly distribution of births in the Serbia-North region, it has been ob-
served that there are smaller territorial units that deviate from the national average. In other
words, the mutual differences in the patterns of seasonality of births at the level of adminis-
trative districts between the Serbia-North and Serbia-South regions are particularly interest-
ing, not only for the purpose of investigating the influence of atmospheric air temperature on
reproductive success, but also through the socio-cultural dimension and highlighting the fac-
tors that influence the formation of specific patterns of birth seasonality. In this sense, the
Serbia-North region has several peculiarities in comparison to the Republic, which are re-
flected in a higher share of births during winter and summer and a lower share of births dur-
ing autumn, while the frequency of births during spring is similar. Observed at the weekly
level, this results in a distribution of conceptions that differs from the Republic in terms of a
higher proportion of conceptions during winter, similar during spring, significantly higher
during summer and lower during autumn. This is particularly significant because the concen-
tration of conceptions is higher during winter and summer, which are characterized by a
higher risk of reproductive failure. Most weeks with days colder than 10°C occur during win-
ter, and are characterized by SFG that is 2.2 percentage points higher than in spring and au-
tumn. Also, a high proportion of conceptions that occur during summer in the Serbia-North
region occur during weeks with days whose average temperature is higher than 20°C, thus
the SFG is higher by 4.6 percentage points. The differences in the value of SFG among the

489



observed areas are significant, but the trend of its change depending on the average daily air
temperature is the same in all districts (Figure 8).
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Fig. 8. SFG by week with days in temperature range (2015-2020)

In this sense, days with average air temperatures between 10°C and 20°C stand out as
the period of the year with the greatest chance of reproductive success, which is confirmed by
previous studies (Hajdu & Hajdu, 2023; Muttarak, 2021). The relationship between air tem-
perature and human health forms a ,,J distribution, implying that the average temperatures
of a given climate are the least “harmful” to human health and pregnancy outcomes (Bruckner
et al., 2014; Ngo and Horton, 2016; Khodadadi et al., 2022). Part of the explanation for this
form of the relationship between air temperature and human fertility can be attributed to the
physiology of human reproduction, where cold disrupts fetal development by increasing
blood density and vascular flow, thereby reducing blood flow to the placenta (Bruckner et al.,
2014). On the other hand, exposure to high temperature, due to hormonal and immune re-
sponses, negatively affects endometrial tissue during the preimplantation period in all mam-
mals, resulting in zygote rejection and consequently lower fertility (Yiizen et al., 2023).

Scientific interest is usually focused on investigating the impact of high temperatures
on human fertility, and one of the few studies that investigated the impact of low air tem-
peratures on pregnancy outcomes is “Low Ambient Temperature and Pregnancy Outcomes
in Uppsala, Sweden, 1915—1929” (Bruckner et al., 2014). Using a sample of 14,000 births,
the authors found that low temperatures increased fetal loss and preterm birth, especially
in male infants. The increase in the probability of fetal loss due to cold with a temperature
one standard deviation below the average resulted in a 22% higher rate of fetal loss, and the
impact increased with decreasing temperature, up to 89%. Based on this, as well as many
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other studies, it was found that the relationship between temperature and fetal loss is bidi-
rectional in the case of temperature extremes. Both very low and very high temperatures
increase fetal loss, but the relationship is not linear. In other words, the greater the ex-
tremes, the stronger the impact.

On the other hand, most of the large number of studies on the impact of high temper-
atures on pregnancy outcomes managed to confirm a strong positive relationship between
average daily temperature and SFG level, which our previous correlation analysis failed to
do. The question arises, what gestational age at the time of exposure is most susceptible to
the impact of temperature and what type of exposure can be most harmful when it comes
to fetal losses? Is it a single exposure to extremes, or prolonged exposure to moderate tem-
perature anomalies? After more than 30 years of research and dozens (possibly hundreds)
of studies, consistent methodological answers to these questions have not yet been given
(Mehta, Basu and Ghosh, 2023). In other words, what methodological approach to re-
searching the impact of temperature extremes on the upper side of the thermometer would
be most suitable for Serbia?

Namely, the variability of changes in the value of SFG and changes in the number of
days warmer than 20°C was such that linear agreement was not observed, and the statistical
significance is unsatisfactory. It is obvious that there is a complex of factors that affect the
value of SFG, which cannot be isolated. On the other hand, there were numerous shortcom-
ings in the methodological approach to researching this relationship on the example of dis-
tricts in Serbia, which was only possible due to lack of data. Namely, the very method of
distributing conceptions by calendar weeks is based on an estimation and several very re-
strictive assumptions. In particular, it is very possible that duration of pregnancy is strongly
influenced by atmospheric air temperature, which would mean that pregnancies conceived
in the colder part of the year do not last as long as pregnancies conceived in the summer,
which would further imply that our estimate of the weekly distribution of conception is not
entirely accurate, leading to random variability in SFG. Although there is no evidence to
suggest that temperature at the time of conception and early pregnancy affects gestational
length, high temperatures during the late stages of pregnancy are certainly strongly corre-
lated with shorter gestational lengths (Tapia et al., 2021; Basu et al., 2010). We can assume
that a certain proportion of pregnancies that ended in the summer, and especially during
long heat waves, were actually shorter in duration, meaning that they were conceived some-
what later than we assumed. In this case, the assumption of a uniform distribution of preg-
nancies by gestational age during the calendar year does not apply and thus affects errors
in the calculation of SFG, however, in the absence of individual data, a different approach
was not possible.

Given that the highest SFG values occur precisely in weeks with days warmer than 20°C
(the two highest temperature ranges), and whose relationship has not been correlatively
confirmed, we will only observe weeks in which the total average weekly (not daily) tem-
perature was higher than 20°C. These weeks are concentrated most often in the months
from June to September, covering late spring, summer and early autumn. In this way, ob-
servation of weeks in which days warmer than 20°C occur together with (albeit rare) days
colder than 15°C, which contribute to random variability, is largely avoided. Table 9 shows
SFG values by district during weeks with an average temperature higher than 20°C. The
intention is to identify whether the SFG value is correlated with the average weekly tem-
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perature in the warmer part of the year. The results are showing a positive correlation be-
tween 0.568 and 0.824 depending on the district, but due to the small number of observa-
tions, this relationship is not statistically significant and will not be commented on. How-
ever, when the Serbia-North region is considered as a whole, the relationship is quite sig-
nificant, with a correlation coefficient of 0.455 (moderately positive fit) explaining slightly
over 20% of the variations in the SFG change. Based on this correlation, an increase in the
average weekly temperature of 1°C increases the SFG by almost two percentage points
(1.943). Similar findings were confirmed in a study of 36,341 pregnancies over 18 years in
South Africa, where the rate of fetal loss increased by 4% for every 1°C increase in average
temperature (Moodley et al., 2024). Also, investigating the educational and health out-
comes of children conceived during extremely hot periods in sub-Saharan Africa, Wilde et
al. (2017) found strong evidence of a negative impact of high temperatures on the fetus
during the first trimester of pregnancy. By comparison, a positive correlation was also ob-
served at the national level, of course, with a higher degree of agreement and determina-
tion, but the impact of the increase in average weekly temperature during the summer was
two and a half times weaker (0.763 percentage points).

Table 9. SFG during weeks with an average temperature above 20°C

Year 2015 2016 2017 2018 2019 Total
District SFG | T°C | SFG | T°C | SFG | T°C | SFG | T°C | SFG | T°C
Belgrade 19.2 | 24.4 16.1 22,7 | 19.2 | 24.3 18.1 23.1 | 20.1 | 23.7 18.5
West Ba¢ka 11.1 23.9 8.5 21.8 13.7 | 23.4 | 12.0 | 22.7 | 14.7 23.1 12.0
South Banat 1.6 | 24.1 8.2 22.3 | 12.2 | 23.8 1.7 | 22.9 | 13.2 | 234 11.4
South Backa 159 | 24.2 | 131 | 21.8 | 17.3 | 23.6 | 157 | 22.6 | 17.7 | 23.1 15.9
North Banat 11.1 | 24.0 7.5 22.3 | 11.8 | 23.5 9.5 227 | 121 | 23.3 10.4
North Backa 13.6 | 24.0 | 11.0 | 22.0 | 155 | 23.6 | 13.1 | 22.6 | 155 | 23.0 13.7
Central Banat 10.4 | 24.3 7.3 22.3 | 10.6 | 23.8 | 10.7 | 23.0 | 12.3 | 23.4 10.3
Srem 12.5 23.7 9.3 21.9 13.6 | 23.6 | 12.3 | 22.6 | 14.9 | 23.2 12.5

Source: Author's calculations

It has been repeatedly emphasized in the previous text that research into the relation-
ship between air temperature and fetal losses is very complex, that previous attempts are
relatively rare and that, consequently, the methodological apparatus is imperfect. Data on
the structure of live births by gestational age in weeks presented at the weekly level in Serbia
do not exist. Also, it is not possible to obtain complete data on all, even clinically unregis-
tered, fetal losses, and most importantly, it is not possible to know the full exposure of preg-
nant women to atmospheric air temperatures. In other words, regardless of the occurrence
of temperature extremes (cold and hot), we cannot know what proportion of the population
was exposed to these temperatures and for what duration. All this indicates that we can
only speak about a rough assessment of the impact of atmospheric air temperatures on the
birth rate in Serbia. When analyzing the impact of external temperature on human fertility,
it should be borne in mind that the population adapts its activities to weather conditions.
In this sense, to fully understand the impact of outdoor air temperature, it would be best to
study populations that are frequently exposed to outdoor conditions (female agricultural
population, for example). However, the adaptation assumption implies that the impact of
temperature extremes could be reduced by changing the duration and frequency of outdoor
activities. We nevertheless believe that the continuation of global warming will be such that
increased exposure to temperature extremes will not be possible to avoid completely.

Finally, since the main aim of this paper was to investigate fertility loss due to the in-
fluence of atmospheric air temperature, it should be noted that the analysis refers only to
the part of losses of already conceived pregnancies, but not to the part that can be attributed
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to the reduced possibility of conception. Such an analysis would, in the absence of data,
require a slightly different approach where it would be possible to indirectly check which
part of the losses is attributed to the reduced possibility of conception, and which part to
fetal losses. It is possible to indirectly assess whether the difference in the number of live
births can be attributed to fetal losses or to the reduced possibility of conception (due to
temperature shock), based on the fact that an increase in fetal losses always leads to the
birth of a larger number of female children (Liu et al. 2014, Hernandez-Julian et al. 2014).
In this way, by measuring the deviation of the masculinity coefficient of live-born children
from its expected value, it would be possible to assess the share of fetal losses in total fer-
tility losses.

Conclusion

The impact of air temperature on pregnancy outcomes has been confirmed numerous times
in the literature, however, due to the complexity of this relationship, there is still no con-
sensus on an adequate methodological approach to researching this relationship. Despite
all the shortcomings, we tried to answer the question of whether changes in fetal losses in
the Serbia-North region exhibit variability that is consistent with changes in average daily
air temperature. In this regard, we came to the following conclusions:

1. Seasonality of births (and conceptions) in the Serbia-North region differs from
the national average.

2. The change of SFG exhibits the usual "J" distribution in relation to the
movement of air temperature.

3. The correlation between SFG variability and low temperatures is strong and
negative.

4. SFG values are lowest in weeks when the average temperature is between 10°C
and 15°C (and 15°C-20°C)

5. Each additional day in a week with a temperature between 10°C and 15°C
(average annual temperature in the Republic of Serbia) reduces SFG by one
percentage point.

6. The relationship between SFG and high temperatures is moderate-positive.

The correlation weakens as the temperature increases.

An increase in the average weekly temperature of 1°C during the summer results

in an increase in SFG of 1.943 percentage points.

9. Differences in SFG values between the observed districts exist, but are not the
result of a significantly different influence of the average temperature.

10. The clearest relationship between temperature and SFG values is observed in the
Belgrade and South Backa regions (due to a larger number of observations and
higher average temperature values).

%

Finally, the demographic effect of the studied phenomenon is relatively difficult to
quantify, but it is clear that the features of weekly distribution of conceptions in the Serbia-
North region are the main reasons why the negative impact of temperature on the number
of live births is higher than in the rest of Serbia. A disproportionately large number of preg-
nancies begin during the summer and winter when the temperature risk for fetal loss is
highest. On the one hand, temperature extremes at the time of conception affect the higher
rate of fetal loss, and on the other hand, a disproportionately large share of late pregnancies
occur precisely in the summer when high temperatures can lead to premature birth and
high health risks for the mother and child. All climate forecasts support an increase in the
frequency of temperature extremes and a consequent intensification of the negative impact
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on human fertility, so a certain change in the seasonal pattern of births (and conceptions)
could mitigate the negative effects of climate change on fertility in the Serbia-North region.
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CE3OHAJIHOCT PABAIbA, PETAJIHU I'YBUIIN
TEMIIEPATYPA BA3AYXA 'Y PETMOHY CPBI1JA-CEBEP

Anctpaxkrt: Ce3onanHoct pahjama y Cpbuju ucrospaBa TakaB o6pasaiy /ia ce HajBHUIIIE Jielle
pabha Tokom KacHoOr JieTa u paHe jeceHu, cMmeuTajyhu HajBehu neo 3aueha Ha mpesnacky us
jenHe y Apyry KaJleHJJapCKy FOJIMHY, IITO HUje cydaj y pernoHy Cpbuja-ceBep. Y3umajyhu
y 063up cesoHanurer pahama mokymahemo ga mpoueHuMo aucTpubynujy 3aueha Ha
HeJle/bHOM HUBOY TOKOM ITEPHOJA 2015-2020. MeljyTiM, 0HO 11To 61 MOIJIO ]2 TPEACTaBba
noce6aH OIPUHOC OBOT Pa/ia jecTe MpUKa3 Bapujamuja 6poja 3aueha u pah)amwa napanenaso
ca Bapujalmujama y MpocevHoj He/leJbHOj TEMIIEPATYPH Ba3/lyXa [0 yIpaBHUM obJacTuMa y
peruony Cpb6uja—ceBep. Oxnoc usmely Gpoja 3aueha TOkOM KajeHJapcKe HeZiejbe ca
aHuMa ofipeljeHe mpoceyHe TeMIepaType Basjyxa U JKHBOpolema Koja ce HaKOH 30-42
HeJleJbe KaCcHUje OCTBape, MPE/ICTaB/ba CTENEH PENPOAYKTUBHOT yCIlexa yKa3yjyhu Ha HUBO
derannux rybutaka. MHOTe CTyZMje HOBHUjeT JaTyMa yKasyjy /ia IOCTOjU BUCOKa KOpeJalfja
u3Melly ImpoceuHe He[e/bHE TEMIIEPAType Ba3AyXxa W KIMHWYKA HEPETHCTPOBAHUX
deranHux rybuTaka Koju ce AelaBajy y Hajpanujoj ¢asu TpygHohe. OBaj yrunaj je Hajpehu
y IPBUM JIaHMMa HAaKOH 3a4yeha, MOTEHI[MjaIHO yKa3yjyhu Ha yTuiaj mopacra TeMIeparype
Bas3/yxa Ha I0jaBy rpellke y 3auehy. ¥V pany je ananusupana Be3a uzmel)y mpomeHa y 6pojy
JlaHa y [eT TeMIIepaTypHUX OIcera u mpoMeHa y Opojy TpyaHoha u KHBOpOhema Kao
MO3UTHUBHOT ¥CXo/ia TpyAHOhe. Pesynrartu ykasyjy /ia TeMIIEPAaTypHU €KCTPEMH CMAambyjy
BepoBaTHONY 3a NO3UTHBAH DPENPOAYKTHBHU HCX0A. OUEKHMBAHU IOPACT TEMIIEPATypa
Ba3/yxa U jaB/parba TEMIIEPATYPHUX €KCTPEMA, II0/] YTUIIAjeM KJIMMATCKIX IPOMEHA, MOTJIH
6u momaTHO CHU3UTH HUBO depriinrera y peruony Cpbuja-ceBep yciten creruduune
ce3oHATIHOCTH paljarsa U BesTuKor Opoja 3aueha koja ce /eliaBajy y nepruoanMa HapOUUTOT
TEMIIEPATYyPHOT PU3HKA.
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YBOa

HayyHu vHTepec ycMepeH Ka aHaIM3H YTUIdja KJIMMATCKUX IIPOMEHA Ha IOIyJIAlUOHY
JINHAMUKY je peJIaTUBHO HOBHjer AaTyMa. Jlocazjalimba NCTPAKUBAA OBE BE3€ YIJIABHOM
Cy TEKJIA y CYIIPOTHOM CMEPY, OJHOCHO, aHAIM3UPAH je yTUI[aj pactyhe CBeTCKe Moy ianyje
Ha KJIMMAarCKe IpOMeHe. Y TOM CMHCIY, BehrWHa OBHX CTy[Mja yKasyje Ha OrpaHUYeHU
yTHIAj pacra Jby[ACKe MoOIyjanuje, rae ce Hajehu meo pacryher yrunaja mpummcyje
panuaHoMm mnosehamy per capita norpome (Managi & Kumar, 2018; Cohen, 1995;
Petrovié et al., 2017; Dietz & Rosa,1997). ¥ cBakom ciiy4ajy, Meljy3aBUCHOCT je IBOCMEPHa,
a yTHIa) aHTpomoreHux ¢akropa je HecymmuB. Melly aHTpomoreHum ¢hakropuma
[OIyJIAI[MOHA JWHAMUKA 3ay3MMa I[MOCe0HO MECTO M JIelleHMjaMa OKYNHpa HaKiby
HCTpaXHMBaya APYUITBEHUX U IPUPOIHUX HAyKa, Pe3yITHPajyny My ITHIACIUATIINHAPHIM
MPUCTYIIOM pa3yMeBaiby OBe Mel)y3aBUCHOCTH.

Ca ipyre cTpaHe, y pa3BUjeHUjEM JIeJTy CBETA, YHjH je U YTUIIAj HAa KIIMMAaTCKe IpOMeHe
HajBehn, y ycioBuMa oamakie aeMmorpadcke TpaH3uiuje, IpobsieMu J1eMorpagCkor
pasBoja Ha pas/MYNTE HAYMHE OKYIIHPAjy IaXkKiby HaydHe jaBHOcTH. OBa ApyIuTBa ce
cyouaBajy ca MpOIecoM JieMorpadCKor crapema 4Yuju Cy y3pomu A00po IOo3HATH
(HemoBosbHO paljarbe, MMaJ; CMPTHOCTH M IIPOMAYKEHE OUYEKMBAHOI Tpajamba >KUBOTA,
WHTEH3WBUPAIE MUTPAllMja CTAHOBHMIITBA), a4 HAIOPHU y YIPAaB/balby IeMOrpadCKuM
M3a30BUMa MMajy BUIIeZeleHujcky Tpanuiujy (Basten & Frejka, 2016; Bergsvik et al.,
2021; Bloom & Canning, 2004; Borsch-Supan, 2008; Demeny, 2003). niak, 6e3 o63upa
Ha J[yra HacTojama 3a y0JIasKaBarbeM HEIMOBOJPHUX JeMOrpadCKHUX TOKOBA, UMHU CE Ja
HeMa 3HAYajHUjUX pe3y/ITaTa Kajja cy y IUTamky KOMIIOHEHTe ieMorpadcke JUHAMUKE. Y
TOM CMHCJIY, Y YCJIOBHMA ITOTPeOe OIIIITE APYIITBEHE MOOMITM3aLM]j€e Ha 3ayCTaBIbatby (MIH
Makap ycriopaBamy) Iporeca JieMorpadCKor CTaperba, IOCHIEeNBUX TOIMHA Ce jaBsba
IIPOMUIIBbAELE O EBEHTYATTHOM YTHIIAjy, caZia Beh OuMIvIeAHNX, KIIMMATCKIX IPOMeHa Ha
MIOITYJIAIUOHY JWHAMUKy. IIOTpeOHO je OCBET/IMTH YTHIAj KJIMMATCKUX IIPOMEHa Ha
KOMIIOHEHTE KpeTama CTAHOBHHIITBA MMajyhul y BHJly OHO IITO HAC, II0 IIUTAy YCI0Ba
’KUBOTHE CpeJIHe, Y Hap€eHIX HEKOJIVKO JIelleHIja HEMUHOBHO ouekyje. KoHKpeTHO, Kaia
jey muTamy pasMaTparme YTHIaja KIMMATCKUX IPOMeHA Ha JBY/ICKY ILIOJIHOCT, CTYZM]je CY
YIJIAaBHOM OpHjEHTHCAHe Ha aHAIN3Y YTUIAja TEMIIEPATYPHUX (IIyKTyanuja Ha IJI0HOCT,
HEIUIOHOCT, deTayiHe TYOUTKe U IIPEBPEMEHH [T0opol)aj; IepIeNnnnjy KINMAaTCKe IPETHE U
VTUIAj HA DPENpOAYKTHUBHE OJJIYKe; U YTHIQ] KJINMATCKUX I[IPOMEHA Ha IUIAHUPArbe
IIOpOJUIlE U PENPOLYKTUBHO 37paBibe. Melly MOMeHyTHM cTy/iHjaMa, HApOYUTO Cy PETKE
OHe Koje pa3MaTtpajy yTHIaj TeMIiepaType Ha ¢eTasHe ryOUTKe, Ia je TaKo Y jeZTHOM Off
Tperyiesia JuTepaType cBera 9 of 75 cTyauja mocseheno ooj temu (Dalugoda et al., 2022).
OcuMm aHa/NM3e yTHUIAja TeMIEpPaTYpHUX Bapwjalfja, IIOCTOje U HCTPAKUBamba Koja
JUCKYTYjy YTUIAj TaJJaBUHA, TIOILIAaBa, CyIIa ¥ JPYTHX eKCTPEMHUX BPEMEHCKHX fjorahaja
Ha depTwurer craHoBHUINTBA (Casey et al., 2019; Chen et al., 2021; Davenport, Dorélien
& Grace, 2020; Khandaker & Shah , 2024; Organ, Dixon & Villa, 2023). Nnak, najsehy
HaXKIBy 3aCIIyKyje mpojekar ,Examining population dinamics under global climate change
— POPCLIMA® nokpeHyT 2022. TOJTUHE U KOjH IIPE/ICTaBIba IPBU CBOOYXBATHU ITOKYIIIA]j 1
ce ueHTUGUKY]y MEXaHH3MHU IIyTeM KOjUX KJIMMATCKe IPOMeHe yTUdy Ha AeMorpadcke
ucxoze. Kako ce v Ha 3BaHIYHO] CTPAHUIIK OBOT IIPOjeKTa, KOjH OKYIUbA 15 UCTPAKIBaUa
ca Yuuep3aureta y bonomwu u aycrpujckor Wittgenstein nenrpa, HaBoau: ,IIpakTHIHO He
IIOCTOjH JINTEPATYPA O MEXAaHU3MUMA U UHTEH3UTETY ¥ KOMe KJIMMAaTCKe IIPOMeHe YTHUY
Ha KOMITOHEHTe KpeTama CTAHOBHUIITBA. Yak HUje jacHO A2 JI1 KJIMMATCKe TPOMEHe MOTY
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mosehaTtu 28078 CMambUTU deptmnurer, MOpPTAJIUTET u murpanyje”
(https://popclima.eu/about-us). ¥ Tom cmuciy, BehuHa 710 cajja JOCTYIIHUX CTy/IHja Koje
pasMarpajy AUpeKTHy Be3y u3Mel)y KJIMMAaTCKUX IpoMeHa U (GePTIINTEeTa CTAHOBHUIITBA
JlaTvpa y TOCTe[ibUX HEKOJIMKO TOIMHA W OJHOCH Ce Ha YTHIEj TeMIIepaTypHUX
Bapujanyja, JOK ce YTUIA] IPOMEeHa OCTAINX KJINMATCKUX I1apaMerapa cMarpa
maprunanaum (Dalugoda et al., 2022). Tako je, penumo, y Kunu morspheno aa je
W3JI0KEHOCT JyTMM TOIUIOTHUM TajlachMa I[T0Be3aHa ca 3HavajHO BehUM pPUBHUKOM Off
npespemenor nopohaja (Guo et al., 2023). Cinynu Hasasu cy norBphenu u 'y Masiesuju
KpO3 YTHIaj TEMIIEPATYPHUX IPOMEHA Ha PENPOYKTUBHO 37IpaBjbe, UCXOAe TpyAHohe u
Herwnoauocr (Jegasothy et al., 2020). IIITo ce Thye wWCTpakuBarba OBOT (PEHOMEHA Y
KJIIMATCKOM I10jacy CJIMIHOM HarreM, y Maljapckoj je OTKpHBEHO /ja M37I03KEHOCT BUCOKUM
TeMIeparypaMa y paHoj TpyAHohH noBehaBa KJIMHWYKY HEPETHCTPOBAHY CTOILy ITobadaja
3a 1,4% 3a cBaku AoAaTHH JiaH Tomwnuju of 25°C (Hajdu & Hajdu, 2023). Uctu ayropu
ITOTBPlyjy Z1a M371arame BUCOKUM TeMIIepaTypaMa cMamyje U cromy 3adeha, npeasubhajyhu
Jla 61 KJIMMaTCKe IpOMeHe MOTJIe YTUIIATH Ha CMakbherbe ToAuIIIbe crone pahama (Hajdu &
Hajdu, 2021). Barreca et al. (2018) motBplyjy Za cBaku AOAaTHU JIaH y Mecelly ca
TIPOCEeYHOM TeMItepaTypoM BehoM oz 27°C y oHOCY Ha 1aH ca Temiepatypom 16°C — 21°C,
cMamyje cromy depTmunTera 3a 0,40% /eBeT Mecentr kacHHje, a Moodley et al. (2024) na
JIOZIATHYU WICTH TaKaB JIaH y Mecelly KOjU je IpeTxofuo 3adehy moehaBa BepOBaTHONY
nobauaja 3a 26%.

HcrpaxiBarme Be3e uamMel)y atmocdepcke Temieparype 1 JbyZCKe IJIOAHOCTH je BeoMa
CJIOKEHO YCJjIel] 3[py’KEHOT JiejcTBa MHOINTBA Apyrux ¢axropa koje Huje Moryhe
n30s10BaTH. Mak, oOCHOBHA HJieja OBOT Pasia jecTe Jja ce UCIIUTA JIa JI Ce30HATHOCT pal)arma
y Cpbuju mpary Bapujanuuje y IPOCEYHHUM TeMIlepaTypaMma BasjyXa M Ja JI IIOpacT
IIPOCEYHUX JTHEBHUX TeMIlepaTypa MMa yTHIaja Ha Opoj >kuBopoljema Kao MO3UTHBHOT
ucxoza tpyHohe. J[pyruM peurma, /ia Jii IpocevHa TeMIlepaTypa Baszyxa y BpeMe 3aueha
“Ma yTHIaja Ha 6poj *KUBOPOhEeHHX 30 /0 42 Hemebe KacHHWje? JelaH O/ BUKHHUjUX
apryMeHara 3a TocMaTpare yTUIaja TeMIepaType Ha caMOM IIOYETKY Tpy/iHOhe jecTe TO ja
ce KJbYYHH (peTayHU pas3Boj ZeliaBa TOKOM IPBHX Hezlesba TPyAHONhe kaza ce dopmupa
TocTeJbHIA KOja je Tazia HajocTe/bHBHja Ha er3oreHe yturiaje (Mehta, Basu & Ghosh, 2023),
Kao ¥ J1a ce TIPeKo 50% CIOHTaHUX mobavaja JelaBa y mpBuM JaHnuma TpyaHone (Liu et al.,
2014). BehrHa nocagansux HeTpaXkKUBamba UCTHYE /1A je YTUIA] KIIMMATCKUX U €KOJIOIIKUX
pu3HuKa Ha GepTIWINTET CTAHOBHUIIITBA 3HAYajaH U pacTyhu, IITO ce He CMe UTHOPUCATH Y
MOCTYTIKY (hopMyJIHcama xunoresa o OyayheM pasBUTKY CTAHOBHUINTBA. YKYIITHH YTHIIA] HA
depTuuTeT Ha HAMOHAJIHOM HUBOY y CpbOuju MoXKJa HUje BesqnKu (jour yBek), amu
JIOKAJTHA MTO/IPyYja BUCOKOT €KOJIOMIKOT ¥ KJIMMATCKOT pU3HKA Ce 3aCUTypPHO Beh cyouaBajy
ca HEraTMBHUM yTUIajeM (akTopa KUBOTHE CpPeAVHE Ha YKYIaH DENpOAyKTUBHU
kamanurer. OBaj yTunaj Moxke OUTH AUPEKTaH, HA HAUMH KOju je Beh momeHyT, amu u
UHAVPEKTAaH KpO3 IIOKPETale CeJIeKTUBHUX MUrpanuja u mnoBehaH MOPTAJIUTET
PENPOYKTUBHO CIOCOOHOT CTAHOBHUIIITBA.

Pernon CpOwuja-ceBep ce OJJIUKyje KapaKTEPUCTHKAMa KoOje IIOrojlyjy KBas3H-
€KCIIEpUMEHTAJIHO] aHaJIU3U MoMeHyTe Be3e. Hamme, depruinuteTHe npedepenije cy
CINYHE Ha ILIeJIOM KCTPAKHUBAHOM IOZAPYYjy, LITO MUHHMHU3UPA €BEHTYaJIHU YTHIIA]
3HAYAJHUjUX PA3JIUKA y GepTUIINTETY, OTHOCHO, cTapocHOM obpaciyy pahama. J[pyra rpymna
obesiexja UCTPAXKUBAHOT HOZAPYYja Ce OZHOCH Ha KIHUMAaTCKe, reorpadcke U eKOHOMCKE
KapaKTEPHUCTHKE CPEIUHE, T/IE CY PA3JIUKE Y IaIABUHCKOM PEKUMY, pebedy 1 eKOHOMCKO]
pasBujeHoCTH Mel)y yIIpaBHUM 00J1aCTHMa MHOTO MAap€ HETO IITO je TO CJIy4yaj y PETUOHY
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Cpb6uja-jyr. ¥ TOM cMUCITy ce MOXKe OUEeKHBATH Jja OU YTHIAj TEMIIEpATyPHUX Koyiebama Ha
PENpPOAYKTUBHU HUCXOJT MOTa0 OUTH BU/JBUBHjH, OJHOCHO, MaIbe ,,MAaCKUPAH" 3/IPYKEHUM
JleJIoBaEeM IpyTUX (pakTopa Koje Huje Moryhe n3010BaTH.

MeroagoJioruja

¥ oBOM pajy aHaIM3UpaHa je Be3a nu3Mel)y mpoMeHa y 6pojy ZjaHa ca TemIieparypama y mer
TeMIIepaTypHUX OIcera ¥ HmpoMeHa y Opojy TpyAHOha u »KuBopolerma Kao IO3UTHBHOT
rcxona THUX TpyaHoha. [lomMeHyTH TemmepaTypHu orcesu cy: 10 10°C; 10°C go 15°C; 15°C 1o
20°C; 20°C g0 25°C; u mpeko 25°C. ¥ HEKOJHKO JI0 €aJia JIOCTYITHUX Pa/ioBa KOjU Cy
HCTPOKUBAIN Be3y M3Mely PasjMYUTHX IapaMerapa Jby[CKe IUIOJHOCTH (Y4ecTasocT
CeKCyaJIHUX Of[HOca, 3adehe, mobauaju) M BapHjanyja y TeMIEpaTypH BasjyXa TOKOM
TIepHO/IA OJT HEKOJIMKO HeJlesha Mpe 3aueha, rma cBe 710 mopohaja, yobrduajeHo cy y3uMaHu Oar
OBaKBHU TEMIIEPATypHHU orce3u. Harme, moOMeHyTH pazioBu ce oHoce Ha Mahapceky (Hajdu &
Hajdu, 2021; Hajdu & Hajdu, 2021a) 1 Mo>ke ce cMaTpaTH /ja IpeACTaBbajy A00ap, OHOCHO,
yIIOpeuB IIPUMeP ¢ 003MPOM Ha CJIMYHOCTH KJINMe M (ermmTeTHOr obpacra usMmehy
Mabhapcke u perriona Cpbuja-ceBep. AHATU3UPAHE Cy U IPOCEYHE CEIMOTHEBHE (HE/IETbHE)
TeMIIepaType TOKOM [eproza 2015-2020. roxuHe. Tpeba pehu a oBakaB HauuH mpahera
BapHjalija y TeMIIepaTypy IOTEHNIMjaJTHO MacKHpa I10jaBy TEMIIEPATyPHUX €KCTpeMa, He
camo Ha HeJieJbHOM, Beh U Ha THEBHOM HHUBOY, C 003MPOM /1a IpHKasyje 6poj 1aHa uuja ce
[IPOCEYHA TEMIIEPATYPA, 4 He MAKCHMAJIHA WJIH MUHUMAJIHA, HAJIa3U Y HEKOM 07 TIOMEHYTHX
TEMIIEPATYPHUX OIcera. Y CBaKOM CJIy4ajy, CMaTrpaMo Ja mpocek (umajyhu y Bumy ocobume
HOPMAJTHOT paciiopena) y HajBehoj Mepu obyxBaTa BpeMe H3JI0:KEHOCTU /IaTOj BPEIHOCTH
TeMIIepaType y IOCMaTpaHOM JaHy. JIpyruM peuumMa, JbyAu Cy Y TOKy AaHa (1 y Hajehem
6pojy /aHa) HajBHINlE BpeMeHa H3JIOKEHU TeMIIepaTypy MPHOJMKHUjO] TPOCEKY, a He
MHHUMYMYy WK MakcuMyMy. OBO TOTBphyjy U CJIWYHE CTyAdje Y KOjUMa TPeKo 95%
OTICEpBUPAHUX TeMIlepaTypa He ojictyma Buiie o7 +2°C oz mpoceka (Wilde et al., 2017).
Takohje, y pajioBuMa Koju BpIlle aHAIN3Y U IpEIVIes JIUTEpaType Ha TeMy YTHIaja
aMOUjeHTaIHe TeMIlepaType Ha JbY/CKY IUIOAHOCT, HABOZM ce /ia 013y ITOJIOBUHE CTYZMja
YIIPaBO aHATTU3UPA ITPOCEYHY TEMIIEPATYPY, & CBEra OKO je[iHe TpehiHe MaKCUMATHY JTHEBHY
(Dalugoda et al., 2022; Nyadanu et al., 2024; Lakhoo et al., 2025).

Kaza cy y nutamy poljema, IbUXOBa TUCTPUOYIMja HA HeleJbHOM HUBOY je, HapaBHO,
MpUKa3aHa TpeMa HeleJbH y Kojoj ce goromuo mopohaj. HemesbHa aucTpubytipja
JKUBOpoherma y IIOCMAaTpaHOM IOAPYYjy JOHEKJIe OACTYIa Of  CE30HATHOCTH
KapakTepucTuuHe 3a CpOujy y IieTiHu, Mel)yTuM, 3a IOTpebe OBOT pajia GIUIo je HEOIXOTHO
TIPOIEHUTH TUCTPUOYITHjy 3aueha (Tpyamoha) mpema Hefie/bH ¥ K0joj ¢y ce moroausa. Jla 6u
ce TPOIEHWIa OBa AUCTpUOyIMja, OWI0 je TMOTpeOHO /AOAATHO paclojaraTd |
JIUCTPUOYIHjOM KUBOpOY)erba IpeMa recTalmjcKoj crapocTu (Koja ce yobudajeHo mpuKasyje
y HeZleJbaMa), aJTH U MOJeIOM (DeKOH/IUTETa, OAHOCHO, CTAPOCHO YCJIOBJbEHE IUIOTHOCTH
sxere. C 063upoM J1a ce yKymaH 6poj JKUBopoljerba 0CTBapyje Kao pesy rrar oapeleHor 6poja
TpyaHOha, 07 KOjUX Ce He 3aBplle CBe IIO3UTHUBHHM PENPOAYKTUBHUM HCXOOM
(>xuBOpOherbem), yesies orpanmyerha GeTaHux ryouraka, 6poj TpyaHoha (3aueha) y cBakoj
KaJIEH/IApCKOj HeZeJbM TOKOM ITOCMATPAHOT IIIECTOTOAMIIIHET IEPUOZA je TPOIEHeH Ha
OCHOBY MOJIeJIa CTapOCHO YCJIOBJbEHE TLIOZHOCTH KeHE KOju je mpeyser u3 pama “Fertility
Postponement between Social Context and Biological Reality: The Case of Serbia” (Vasi¢,
2021b). Haume, 0Baj MOzes YMHe TpU KaTeropuje OrpaHUYerha IUIOAHOCTU (CTEpIUINTET,
uHpepTHINTET U (eTaHN TYOUIM) Ha OCHOBY KOjUX je Moryhe mM3pauyHaTH YKyIaH 6poj
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3aueha (Tpyanoha) kaza ce pacrmosiake €Ta/bHOM AUCTPUOYI[HjOM KHBOpPOera mpema
crapoctu Majke. Tako mobujeH O6poj 3aueha ce Ha OCHOBY CTPYKType POheHHX mpema
TEeCTAIjCKOj CTApPOCTH y JIaTOj KaJeHJapCKOj TOAUHU JUCTPUOyHpa IpeMa KajleHIapCcKoj
HeJIeJbU Y K0jOj Ce IOTOIIO0 3auehe.

Melyyrum, npe qucrpubynuje 3aueha npema HeIe/bH Y KOjOj Cy Ce 0T iIa, Y IPBOM
KOpPAaKy je Ha OCHOBY Opoja >KuBOpOlera IpeMa CTapOCTH MajKe W CTApPOCHOr MOJesia
wrogHoctu (Vasi¢, 2021b) uspauyHat ykynma Opoj 3aueha Ha roauiiseM HHBOY 3a

Peny6siuky Cpbujy y nenuau (1).
adjSRx = adjPRx * adjIRx * adjLRx (1)

Tne adjSRx mpezicraB/ba CTOIY PEMPOAYKTUBHOT ycIlexa JKeHa CTapuX X TOAWHA Y
MoMeHTy 3aueha; adjPRx cromy 3aueha jkKeHa cTapux X TOIMHA Y MOMEHTY ITOKy1aja 3aueha
(orpaHHMYemRE XKEHCKe HEIIOAHOCTH); adjIRx croity 3aueha »KeHa CTapuX X TOJ[FTHA Y MOMEHTY
IoKymIaja 3aueha (orpaHnYere MyIIKe HEIUIOZHOCTH); U adjLRx cromy >KMBOpOhema of
CTpaHe KeHa CTapuX X TOJIHA Y MOMeHTY 3aueha (orpaHuuere peTaHuX ryOuTaKa).

Cam o6pauyH roauimer 6poja TpyAHOhA U3BPIIIEH je Ha ciiefehy HauuH:

YTx = Z(adl;,’:Rx) * adjPRx * adjIRx (2)

Tne YTx upezcraBpba yKynaH Opoj TpygHoha y KaJjieH/JapCKOj TOAMHU Of CTpaHe
JKeHa cTapux o7 15 10 49 roawHa (ykymaH (epTWINHU KOHTHHTEHT); Nx Opoj
JKMBOPOlEHUX O] CTpaHe »KeHa CTApUX X FOIMHA Y MOMEHTY MOKyIaja 3aueha, a ocrae
TpuU BeJIU4YnHe ¢y u3 ¢popmyie (1).

¥V tabenu 1. je mpukasaH 6poj 3aueha mpolieeH Ha OCHOBY MPeTX0aHe (popMyJie 1 6poj
JKUBOpOpera Kao pesysrar TpyAHoha 3a4eTHX O Jaroj KaJeHJapCKoj TOAMHU
(peanuzoBane TpyaHohe) y Pemybuiu Cpbuju.

Tabena 1. Bpoj mpyoHoha u scusopoherba (no2aedamu y eneneckoj 8ep3uju mexkcma, cmp. 479)

Jlasbe, Ha OCHOBY AUCTpUOyIIMje )KUBOPO)EHUX HA HeJIeJbHOM HUBOY W JUCTPUOYIIHje
’KMBOPO}) €HHUX ITPEeMa recTallkjCKOj CTAPOCTH Y HeflesbaMa (Tabesta 2) U3BpliieHa je pacozesia
TpyZAHOhA peaTn30BaHUX JKUBOpPOlEeM MpeMa KaJeHJapCKOj HeZleJbU y KO0joj Cy 3adere.
HapagHo, 360r 10jeJTHOCTaB/berha MOCTYIIKA AllPOKCUMATHUBHO je U3BPIIIeHa AUCTPUOYIHja
Ha OCHOBY TE€CTAIMjCKE CTAPOCTU Of 30. /I0 42. HEZIehe ¢ 003UPOM Jia Ce Y TOM PACIIOHY
OCTBapWJIO TPEKO 96% CBUX KUBOPONera y MOCMATPAHUM rofuHama. JlucTpubyrpja
skrBOpoljerba 13 TpyaHoha Kpahux o7 30 HeZlesba je 3aHeMapeHa (Mame o7 4%).

Tabena 2. XKusopoljeHu npema zecmayujckoj cmapocmu (no2nedamu y eHaaeckoj eep3uju mekema,
cmp. 480)

HaxoH Tora je u3BpIleHa JucTpubynyja yKynHor 6poja TpyaHoha (pauyHajyhu cBa
3aueha 6e3 063upa Ha KUCXO TPYAHONE) MpeMa Hee/bH y K0joj ¢y 3auere, yaumajyhu y
063Up MPOCEK Heme/hHUX AUCTPUOyIMja pohierba 30 70 42 Heme/be KacHuje. JIpyrum
peunma, pohema ocTBapeHa y ozapeljeHO] HenmesbU MPENCTaB/bajy pe3yJiTaT TpyzaHoha
3a4eTHX 30 JI0 42 Helesbe PaHMje, 0K ce TpyZAHOhe Koje ce 3aBpliaBajy mpe 30. HeZlesbe
rpaBUUTETa IO HPETIOCTaBIHM (M y OrpoMHOj BehuHM) 3aBpIIaBajy HeyclelrHo. Bpoj

2 Be3 mozparaka 3a KocoBo u Mertoxujy
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TpyAHOha mMpeMa HeZeJbH Y KOjOj Cy 3a4yeTe MPHUKA3aH je Ha CJIMIM 1. ca KOje je jacHO
BU/IJbUBO /1a HajBehu Opoj TpyAHOhA 3aIIOYHIbE Ha IPEJIACKY U3 je[IHE Y APYTY KaTEeHIapCKy
TO/IMHY Tj. TOKOM HOBOTOAMIIEGUX U 60KUNHUX IPa3HUKA.

Cauxa 1. Bpoj mpyoxoha npema Hedesu y kojoj cy 3aueme — Cpbuja (2015-2020) (noeaedamu y
eHaneckoj 8ep3uju mexkema, cmp. 480)

Meljytum, ca mrbeM I0jeIHOCTAB/bEHA IIOCTYIIKA, IPOIEHA HeZleJbHE AUCTPUOyIIHje
3aueha 3a HHUBO OKpyra je wu3BpiIeHa y3umajyhu y 003Up CTapOCHY YCJIOBJHEHOCT
orpaHuuerna QeTaTHUX TyOUTaKa U OJJHOC IIPOCeYHe CTAPOCTH MajKe Ha poljerby CBe fiere
y Cpbuju, 3a cBaku OKpyr mnojenuHadHo. OJIHOCHO, NPETIOCTAB/BEHO je J1a je OJIHOC
JUCTpUOyIIHje *KUBOpolema 1 AucTpubynyje 3adeha y mocMaTpaHUM OKPY3HMa HCTH Kao
u 'y Peny6iuniy y ieJTMHY, Y3 T0IATHO YBAXKABAHE PA3JIUKE Y IPOCEYHO] CTAPOCTH MajKe Ha
poljemy cBe mene. OCHOBHU apryMeHT 32 OBaKBO II0j€JJHOCTaBJbEHE IIOCTYIIKA IPOIEHE
IucTpubyIuje 3adeha 3a HUBO OKpyra jecTe CTapOCHA YCJIOBJBEHOCT OrpAaHHYEHa
(erayHNX ryduTaKa KOja ce HAaKOH 26. TOZITHE CTAPOCTH JKeHe TOTOBO JINHEAPHO IToBehaBa
(Vasi¢, 2021a) ummmnnupajyhu Behy cromy derannux ryouraka (SFG) y okpysuma y
KOjUMa je mpocevHa crapocT Majke Beha y ogHocy Ha PernyOsnky u o6pHyTO, HIKY SFG y
OKpYy3HMa y KOjIMa je ITpocevYHa CTapocT Majke Mama (Tabesna 3).

Tabena 3. [Ipoceura cmapocm majxe Ha pohersy cee deye (noz2nedamu y eH2neckoj eepauju
mexcma, cmp. 481)

IMocmaTpaHa 1ojaBa je aHanIu3uprHa 3a perviod CpOuja-ceBep W TO Ha HHUBOY OCaM
ynpaBHux obaactu (Beorpaacka, 3amagHobauka, Jy:kHODAaHATCKa, Jy»KHOOAUKA,
CeBepHobaHatrcka, CeBepHobauka, Cpenmebanarcka u CpeMcka), a MepHo/ aHAIN3E je
orpaHMYEH HA IIeCT ToAnHA (2015-2020) 3a Koje cy ayTopu 06e30eIiIn yIapeHe mojjaTKe
0 TPOCEYHHM TeMIleparypaMa Baz[yxa u Opojy KUBOpOl)eHUX Ha HE/IeJbHOM HUBOY.
OBakaB MPHCTYI MMa H3BECHO OrpaHHYEIbe KOje IIPOUCTHYE W3 IPETIOCTaBKE O
yHUGbOPMHOCTH CTPYKType >KMBOpOlera IpeMa TecTAI[HjCKOj CTAPOCTH TOKOM I[eJie
KaJIeH/IapCKe TOJMHE U PeTPOaKTHBHE TIpoleHe Opoja 3aueha ycien uvera Huje moryhe
aHAIU3MPATU TOCIIEIbe 42 HEZIE/hE Y 2020. TOUHH, jep Cy Ce KUBOpoerma Koja U3 EbHIX
MIPOUCTHIYY PeayM30Bajia U TOKOM 2021. TOUHE 3a KOjy HE PACHOJIKEMO IMOZANKUMA O
HeJle/bHOj UCTPUOYITHjH KUBOPOlerha 3a HUBO obiacTu. Takolje, Murparyja ;keHa TOKOM
mepuozia TpyAHohe Moxke OWTH H3BOp mpucrpacHoctd. Hawme, mecro 3aueha (ca
onpeljeHOM TeMIepaTypom) He MOpa GUTH U MECTO KaCHH]je U3JI0KEHOCTH TEMIIEPATYPHOM
PHU3HUKY, a Tako)e HU MeCTO Y KOMe ce PErHucTpyje poljere, IIITO je y HallleM pajly CIy4aj.
Unaxk, umajyhu y By /1a 3aHEMapJbUBO MaJIH yZie0 CTAHOBHUIITBA y 3eMJbH (2,0% 70
2,5%) ydecTByje y YHYTpAIIbHUM Ipece/baBarmbuMa, TO je Moryhe 3aHeMapuTH YTHUIA]
MUTpaIllfja Ha UCKPUBJbEIHE TOCMATPAHE Be3e.

Ha xpajy, mobujeHe AucTpuOyiidje Cy MOABPTHYTE KOPEJIAIMOHO] U PErpechuoHOj
aHAJIM3U KaKo OM Ce YCTAHOBHO CTENEH UM CMEp Cjlaramka IIOCMaTpaHWX Bapujabiu
(koedunujeHT KOpesalyje), yaeo IpoMeHa y 6pojy *KUBOpOleHUX KOju ce MOsKe 00jaCHUTH
IMpoMeHaMa y TeMIlepatypu Baszayxa (koedHUIUjeHT feTepMUHAIHje) U Y KOM HHTEH3UTETY
JIOZIATHU ZIaH y HEKOM OfI TEMIIEPATYPHUX OIICeTa Y HeZleJbu 3aueha Mema (moBehasa win
cMmatbyje) 6poj xxuBopoherba (koedUIjeHT perpecuje).
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PesyiaraTu

Ha ocHOBY mperxofHO O0jallllhbeHHX IIOCTyIlaka J00ujeHe cy Heze/bHe AUCTPUOYyIHje
3aueha y cBux ocam obsiactu (cauka 2).

Cauxa 2. Hedesnna ducmpubyuyuja saueha y nepuody 2015-2020 (noz2aedamu y eHaneckoj eepauju
mexcma, cmp. 482)

OHO WITO je ofMax YO4YBHBO, jecTe /aa, ¢ 0O3UpOM Ja ce3oHaIUTET paljama Ha
HEJIEJbHOM HHUBOY Y TOKY O/IMHE HE IIPATH Y MOTIYHOCTH CE30HATUTET y Permybiuiu, Tako
HU Ce30HAIUTET 3aueha He mpary AUCTpUbyIHjy Ha PermyOoJIMIKOM HUBOY. THTEpeCcaHTHO
je ;a ce, HH y jeJTHO]j Off ITOCMAaTpaHUX 00JIacTH, He Gestexky yobrudyajeHa u3pas3uro nopehana
KOHIIEHTpaIyja 3auyeha Ha MpeJIacKy U3 jeAHe Yy JIPYTY KaJeHJapCKy TOJIUHY. 3a IIecT
obsylactu y kojuMa je 6poj pahama u 3aueha mpomopIMOHAIIHO 3HAYAjHO MArbH HETO Y
Beorpanckoj u Jy:XHODauKoj 00JIACTH, TENIKO je YOIIITe TOBOPUTH O IPOMUINCAY
obpaciia Ce30HATHOCTH YCJIell BEJTUKUX HeleJbHUX OCHIIanuja y 6pojy *kuBopohema. Ca
JIpyre crpaHe, Beorpaacky u JykHOGauKy obyiacT je y IIOCMAaTpaHOM IIEPHOAY,
HeyobOHMUajeHo, KapakTepucaia nopehaHa KOHIeTpalja 3aueha cCpeITHHOM KaJleHIapCcKe
roauHe. Tako je, TOKOM JieTa MOoCMaTPaHUX TOMHA HA PEIyOJIMYKOM HUBOY 3a4eTo 23,8%
CBUX JKHMBOpolema, JMOK je y Beorpagckoj obsactu oBaj yzeo HU3HOCHO 26,0%, a y
Jy:kHO06auKoj yak 31,6% M TO ca KapaKTEPUCTHYHUM BPXYHIEM OAalll CPEIUHOM JIETa.
Onxrosapajyhu  yzmenu y 3amagnobauxkom, JyxkHobaHatckoMm, CeBepHOOAHATCKOM,
CeBepHobaukom, CpenmebanaTckom u CpemckoMm cy 6unu 26,8%, 28,2%, 27,7%, 27,2%,
27,8% u 27,0% pecrekTuBHO. be3 063upa Ha creluUUHOCTH ce30HaIUTeTa 3aueha y
peruony Cpbuja-ceBep, oBa 3aueha cy pesyntupana oapehenum 6pojem xuBopohema 30
JI0 42 HeZleJbe KacHHje. Y TOM CMUCITY PETaTUBHU OJ{HOC (M3paskeH y MIPOIEHTHMa) U3Mehy
6poja sxuBopolema o] crpaHe TpyAHOha 3aueTux ofpel)eHe HeJle/be U YKYITHOT 6poja THX
TpyAHOoha 6e3 003upa Ha BUXOB UCXOJ, IIPEJCTaB/ba CTOITY PEIIPOAYKTHBHOT yCIIeXa Uujy
cynpoTHocT npescrasiba SFG, a uspauynara je mo ¢popmysiu:

SFG = (1—22) * 100 3)

Ine je SFG - cromna ¢etanmnux ryoutaka; Ns — 6poj :kuBopolema Kao pesysTar 3aueha
y TOKy jemue ceamuie; u Cs — ykymaH 6poj 3aueha TokoMm oxrosapajyhe cemmwuiie.
ITocmatpajyhu penposyKTMBHM Heycnex Ha OBaKaB HAYWH, MOXKEMO HCTOBPEMEHO
TIPaTUTU KpeTame TeMIepaType Ba3yxa U kpeTame SFG.

Kako cMo mperxoziHO Harsiacuiau, 6poj /laHa YHja ce IPOCeYHA TeMIIepaTypa TOKOM
HesleJbe KpeTayia y Ofpel)eHOM TeMIepaTypHOM OIicery IpartuhieMo Ha OCHOBY IIET
kareropuja. IlocMatpase cy HeZiesbe y IEPHOAY O 2015. I0 2020. TOANHE, He padyHajyhu
HPBY HeJZIEJbY Y 2015. KOja je 3amouesia 2014. TOAMHE U TOCTIENIbE 42 HeleJbe Y 2020. jep ce
Jle0 JKUBOPOl)erba Kao pe3ysITar 3aueha U3 THX HeJlesba, 3aCUTYPHO, IPEHEO Y 2021. TO/IUHY.

CremeH peaiusanije CBHX 3aUeTWX TPyAHONA TMO3UTUBHUM PENPOIAYKTUBHIM
ucxoom (3kuBopolermeM) uMa cBoj uspas y SFG, offHOCHO yzery TpyAHoha Koje ce Hehe
3aBpIIUTH k1BopohemeM. SFG je y Tabesrama o 4 710 8 nprukaszaHa y ofHOCY Ha Opoj AaHa
y Hezesp (Y K0joj ce moroamsio 3auehe) y OKBUPY IIOCMATPaHUX TEMIIEPATYPHUX OIICETa.

IMoueBmu of Heme/ba y KOjUMa Ce JIelIaBajy JaHU xiuaaHuju of 10°C (taberna 4),
npumehyjemo na SFG jacHo pacre ca CBakuM JOJATHUM JAHOM Y OBOM TEMIIEPATyPHOM
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omcery. Pasnuke y Bucunu SFG melly obnactuma cy, usmel)y ocrajor, y3pOKOBaHe
CTapOCHUM MOJieJIOM (GEePTUINTETA, aTH Cy TPEHA0BU ¥ Kperaby SFG y omHOCy Ha 6poj
JlaHa y Hene/bU KOju cy xuamuuju on 10°C roroBo uaeHTHUYHU. Hamme, cBe obGJiacT
KCII0JhaBajy jaKy MO3UTHBHY KOPeJIAIjy Koja ce Kpehe y pacrony oz 0,659 110 0,806 u Koja
npoMeHama y 6pojy oBux faHa objamrmasa usmely 43,4% u 65,0% Bapujanyja y BUCHHU
SFG. Ha OCHOBY BHCOKOT ITO3UTHBHOT, CTQTHCTUYKH 3HAYAJHOT, JIMHEAPHOT CJIaramba
MozkeMo pehwm fja cBaku [OJaTHU JjaH y Helesbu, xuanaauju o 10°C, mosehasa SFG 3a
u3mel)y 0,58 u 0,88 MPOLEHTHHX ITOEHA.

Tabena 4. SFG npema 6pojy 0axa y Hedesmu koju ¢y xaadHuju 00 10°C (2015—2020) (noeaedamu y
eHeneckoj 8ep3uju mexcma, cmp. 484)

Cauxa 3. SFG npema 6pojy dama y Hedesu xoju cy xaadHuju 00 10°C (2015—-2020) (noeaedamu y
eHeneckoj 8ep3uju mexcma, cmp. 484)

Jaspe, y HeflespaMa ca JaHUMa YHja je IpOocevHa TeMIlepaTypa Basayxa usmely 10°C u
15°C, Takolje, mocroje pasnuke y BucuHu SFG, au ¢y TpeH/IOBH y CBUM 00J1aCTHMa IIOHOBO
ucru. Meljytum, TokOM Heflespa ca JaHMMA Y KOjJUMa Cce IPOCEYHA TeMIIEpaTypa Baszyxa
kpehe y matom oncery, BpeaHoctu SFG ¢y npuMeTHO HIIKe, a CBAKU JOAATHH JIaH UX jOIIT
Buile cHmkaBa. SFG TOkOM OBaKBHX Heziesba y pernoHy Cpbuja-ceBep M3HOCH 9,2%, 32
Pa3JIuKy O HeZlesba ca IaHUMa XJIafHujuM off 10°C Kaia u3HocH 11,4%. CremneH ciarama
je TakaB /1a je koedUIUjeHT Kopealfje U OBOT IyTa jaK, ajli HETaTUBAH, Y PACIIOHY Off -
0,657 1Mo -0,066. Y 3aBHCHOCTH Of] 00JIacTH, IpOMeHe y Opojy MOMEHyTHX JaHa
objammasajy usmely 43,2% u 93,2% Bapujanuja y Bucuau SFG, a cBaku JJ0AaTHY /1aH ca
TeMenpeatypoM usMmely 10°C u 15°C y cBUM nocMaTpaHuM obstacTuMa cHmkaBa SFG 3a
MPUOJIKHO jelaH IPOIEHTHH ITOeH. VIHTEpeCcaHTHO je 1a TOKOM ITOCMaTPaHOT IepUoJia y
Beorpasickoj obactu Huje 3a0esie’keHa HU jeHa HeJle/ba Y K0joj CY CBU IaHU OMJI OBOM
TeMIiepaTypHoM orcery (Tabena 5).

Tabena 5. SFG npema 6pojy daHa y Hedessu ca memnepamypom o0 10°C-15°C, (2015—2020)
(noznedamu y eneneckoj eepauju mexkcma, cmp. 485)

Cauxa 4. SFG npema 6pojy daHa y Hedesbu ca memnepamypom 10°C-15°C (2015—2020)
(noznedamu y eneneckoj eepauju mexkcma, cmp. 485)

Hapemuu TeMmmepaTypHU OICET 4YMHe He/e/be Ca JaHMMa 4Kja ce IPOCeYHa
TeMIlepaTypa Basayxa kperana usmely 15°C u 20°C U 1buX je, y 3aBUCHOCTH OJ 00JIaCTH,
6uno uamel)y 107 u 119. Meljyrum, 6poj AaHa y HeZleJbU Y OBHPY OBOT TEMIIEPATYPHOT
oIicera He WCIIO/baBa CTATHUCTHUYKH 3HAYajHy KOpEIalloHy Be3y ca BucuHOM SFG y cBUM
ImocMaTpaHUM 00JIaCTHMA, aJTM HU YKYITHO y 1ieJIoM peruoHy Cpbuja-cesep. /lecKpUITHBHA
CTaTUCTHKA CBaKako ykasyje 7a je SFG Bua y HeJleJbaMa ca JJaHUMa 4Mja je ImpocedHa
TeMmepatypa Basayxa 15°C - 20°C, kKao u Jia ce ca Behum 6pojeM OBaKBUX JJaHA BPETHOCT
SFG cHmkaBa, Me))yTHM, y mojequHuM obiactuma cy Bapujanuje SFG takBe 1a Huje moryhe
MTOTBPAIUTH KOpeJIauoHy Be3y (Tabena 6). Mmak, cBe mocMarpaHe 00jiacTu Oesieske UCTH
cMep Bese, aiu je oHa jennHo y Beorpasckoj, JyxkHobaukoj u CpembebaHaTckoj ob1acTi
CTaTUCTUYKU 3HavajHa. CBAaKM JOJATHU /IaH Y OBOM TeMIIEpAaTyPHOM OIICeTY je CMarbHUBao
BpenHocT SFG 3a u3Mmel)y 0,23 u 0,38 IPOIEHTHUX [TOeHAa Y TPU IIOMEHyTe 00J1acTH.

Tabena 6. SFG npema 6pojy 0aHa y Hedesu ca memnepamypom 00 15°C-20°C, (2015—2020)
(noznedamu y eneneckoj eepauju mekcma, cmp. 486)

Bes 063upa Ha peaTUBHO c1aby KOpeIanuoHy Be3y, BXKHO je ucrahu 7a je ieH cMep
WHIUPEKTaH, OZHOCHO, HETaTHBAH, &I Jla je HWHTEH3UTEeT CJIabuju Hero y ciiydajy
MIPETXO/IHA JIBa TEMIIEPATyPHA OIICera, Kao U Jja ce jenHo y beorpazckoj obactu Buiile of
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MOJIOBHMHE Bapwjaryja y BucuHu SFG Moke TymMauwTH nIpoMeHama y Opojy ZlaHa ca
TeMmnepaTypoM Bazzayxa 15°C - 20°C.
Cauxa 5. SFG npema 6pojy dana y Hedeswu ca memnepamypom 15°C-20°C (2015—2020)
(noanedamu y eneneckoj eepauju mekcma, cmp. 486)

JIaspe, y HelesbaMa ca JAHNMa Yrja je IpOcevHa TeMIlepatypa Basayxa usmelly 20°C u
25°C, SFG ce nomarHo nosehasa, anu Tpess Huje moryhe KopesaatuBHO HOTBpAUTH. TOKOM
Hesle/ba €a ZIAHMMA Y KOjHUMa ce IMPOoceyHa TeMIlepaTypa Basziyxa Kpehe y zaTom oricery,
BpenHoctu SFG cy mpHMeTHO BHIIlE, ca IMPOCEKOM 3a pernoH Cpbuja-ceBep on 12,3% 3a
pasiuKy o7 10,3% y Hele/baMa ca JaHUMA Y KOjiMa je IpocedHa Temieparypa usmely 15°C
u 20°C. Cnuyan obpasar, BaKU 3a CBaky obsacT 1moHaocob. OBaj IyT, TpPeHZ, je TeIIKO
YTBPAMTH ¢ 003upoM ja je BpenHocT SFG y HezerpamMa ca MUHUMAQIHUM U MaKCHMATHIM
6pojeM OBaKBUX JaHA MPHUOJIIDKHO HCTa y CBAKOj ON ImocMaTpaHux obsactu. Hawmme, y
HeZleJbaMa Y KOjiMa Cy CBH JIaHU Y OKBHPY OBOT ormcera, BpegHocT SFG je Hinka Hero y
HeZleJbaMa y KOjUMa HHUCY CBU JIAHU y IIOMEHYTOM TEMIIEPATYPHOM OIICery. JeIHO Of
objarnmera 61 MOIJIO /1a 6yzie y TOMe IITO Cy HeJlesbe Y KojuMa cy nanu 20°C-25°C Hajuernthe
HeJleJbe, TaKohe, ca JaHMMa YHja je mpoceyHa TeMIlepaTypa Basayxa Buina of 25°C, ma je
cacBUM JIOTUYHO JIa WCHOJbaBajy Buie Bpeanoctd SFG. Ho, To je camo cmekysamyja, a
LeJIOBUTO OOjalllberhe OM 3aXTEBAIO IIOTIYHO JIPYradyiji METOZOJIONIKH IIPUCTYII
ucrpaxuBaHoM ¢eHoMeHy. Takohe, jennHo je y JyKHOOaHATCKOj obsacté yTBpheHa
CTAaTUCTUYKHU 3HAYajHA, YMEPeHa, TUPEKTHA KopeJalioHa Be3a Opoja mana 20°C - 25°C u
BucuHe SFG, ¢ THM Jia je Ha oBaj HAaYMH Moryhe O0jaCHUTH Mame Of] IIECTHHE HheHHX
BapHjaIyja, a IOJATHHU OBaKaB JiaH je moBehaBao SFG 3a cBera 0,19 MPOIIEHTHHX ITOEHA.

Tabena 7. SFG npema 6pojy daHna y Hedesmu ca memnepamypom 00 20°C-25°C, (2015—2020)
(noznedamu y eHaneckoj sep3uju mexkema, cmp. 487)

Cauxka 6. SFG npema 6pojy daHa y Hedesbu ca memnepamypom 20°C-25°C (2015—2020)
(noznedamu y eneneckoj eepauju mexkcma, cmp. 488)

Ha kpajy, Heziesbe ca JaHuMa TorujuM o 25°C 6esexxe Hajpuiiie BpeaHoctu SFG, anu
TOHOBO, 6e3 yTBpheHe KopesaiuoHe Bese. [Ipoceuna Bpennoct SFG y pernony Cpbuja-
ceBep M3HOCWIIA je 13,8%, a y 3aBUCHOCTH Of1 06JIaCTH ce KpeTasa usMely 11,0% u 19,3%
(Tabena 8). Y oBoM ciyuajy yorite Huje Moryhe ycraHOBUTH TpeHA Kperamba SFG y
3aBHCHOCTH 07 Opoja JaHa y Hele/bU Koju cy Tomiuju ox 25°C. YuHM ce Jia je yTUIaj
atMocdepcke Temmeparype Ha SFG TakaB ia MpoceuHe TeMiiepaType Buiiie of 20°C Beh
MIPEJICTaBJbajy NPEJIOMHY TAYKy HEraTHBHOI YTHIIaja Ha PENpOAYKTHBHH ycrex. Te 6u
jenuHo nmpaheme MakCHMaTHUX JHEBHUX TeMIIEpATypa IIOTEHITNjaJTHO UCTAKIIO PA3JIHKE Y
Bucunu SFG.

Tabena 8. SFG npema 6pojy dama y Hedeswu ca memnepamypom npexo 25°C, (2015—2020)
(noznedamu y eneneckoj eepauju mekcma, cmp. 488)

Cauxka 7. SFG npema 6pojy 0axa y Hedenu ca memnepamypom npeko 25°C (2015—2020)
(noznedamu y eneneckoj eepauju mexkcma, cmp. 489)

Jduckycuja

Cesonannoct pahama y Cpbuju ucrnospaBa BeoMma creiiubuyaH u Jo0po mo3HaT obpasaii,
MelhyTHM, Ha OCHOBY IOZ]aTaKa O HeZleJbHOj AUCTPUOYIHju paljama y peruony Cpbuja-ceBep
VOYeHO je /a IMOCTOje Marbe TEPUTOpPUjaiHEe jeMHUIE KOje OZCTYIajy Of Perry6IHuKor
mpoceka. J[pyrum peurnma, Mel)ycobHe pasiuke y obpaciuma ce3oHaIHOCTU pahama Ha
HUBOY yIpaBHuUX obsiacTu usMmelly peruona Cpbuja-ceBep u CpOHja-jyr HaApOUHTO
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MpHUBJIaYe MAXKIby, HE CAMO Y I[WbY HCTPAKUBaIha yTHIlaja aTMocdepcke TeMieparype
Ba3/yxa Ha PENPO/yKTUBHH yCIIeX, Beh 1 Kpo3 COIUOKYITYPHY AUMEH3HU)Y U OCBET/hABAIHE
dakropa koju yruuy Ha Gopmupame cruenuduuHUx 00paszana ce30HATHOCTH palarba.
Pernon Cpbuja-ceBep y OBOM CMHCIY OeJIe’KU HEKOJIMKO OCOOEHOCTH Yy OJHOCY Ha
Peny6i1rKy, Koje ce orsiesiajy y Behem yzmeny poljeHux TOKOM 3MMe U JIETA U MAtbeM YIEITy
poleHIX TOKOM jeceHu, /IOK je yuecrasiocT paljama Tokom mposeha cinyna. [Tocmarpaso
Ha HeJIeJPHOM HUBOY, TO Pe3yJITHpa JUCTpUbyrjom 3aueha koja ce y omHOCy Ha Permy6iiuky
passukyje Behum ynesom 3aueha TOKOM 3uMe, IPUOJIMKHHAM TOKOM Iposieha, 3HauajHo
BehuM TOKOM JieTa ¥ MambUM TOKOM jeceHu. OBO je HAPOUMTO 3HAUAJHO U3 PA3JIora IITo je
KOHIeHTparija 3aueha Beha TOkOM 3uMe W JieTa KOje KapaKTepHIlle BHUIIM PU3HK 32
PenpoayKTUBHU HeycriexX. BehuHa Heziespa ca JaHUMA Koju ¢y Xy1agHuju o7 10°C Aemasa ce
TOKOM 3HMe, a Kapakrepuiie ux SFG 3a 2,2 nponenTHa moeHa Beha y ogHocy Ha mposiehe
u jeceH. Takolje, BUCOK y/ieo 3aueha Koju ce JieliaBa TOKOM JieTa y peruony Cpbuja-ceBep
JlelliaBa ce TOKOM HeJlesba ca JaHUMa YHja je mMpoceyHa TeMiiepaTypa Beha ox 20°C, a SFG
je BuIIA 3a 4,6 IPOLIEHTHUX IToeHa. Pasinke y Bucuan SFG Mel)y mocmarpanuM obsracTuma
jecy 3HauajHe, ajqu je TpeHJ, IeHe IMpPOMeHe y 3aBHCHOCTH Off NIPOCEYHEe JHEBHE
TeMIlepaType Baz/lyxa y cBUM obsiactiMa uctu (cauka 8).

Cauxa 8. SFG npema Hedebu ca 0aHUMA Yy memnepamypHom onceay (2015-2020) (nozaedamu y
eHeneckoj 8ep3uju mexcma, cmp. 490)

¥V ToM cMuCTy, JaHU ca MMPOCEYHUM TeMIlepaTypaMa Baszyxa usMmelly 10°C u 20°C ce
W3/IBajajy Kao IepHoJ] FOAMHE KOjU HOCH HajBehy IIaHCy 3a pENpOAYKTUBHU YCIIEX, IIITO U
nperxonHe cryavje morephyjy (Hajdu & Hajdu, 2023; Muttarak, 2021). Mehyonuoc
TeMIlepaType BasyXa U JbYACKOT 37paBiba popmMupa J AUCTPUOYLH]Y, UMILTHIMPAjyhu
TIpOCeYHe TeMIIepaType ofpel)eHOT KJIMMaTa Kao HajMakbe ,IIITeTHE 32 JHYZICKO 37[PaBJbe U
ucxozie TpyaHohe (Bruckner et al., 2014; Ngo and Horton, 2016; Khodadadi et al., 2022).
Jleo objarrmema OBaKBOT 00JIMKA BE3e TEMIIEPATYPe Bas/AyXa U JbY/ICKE TJIOTHOCTH MOKE
ce mpunucatu GU3NOJIOTHjU XyMaHe PeNpoAyKIuje rie xaaaHoha pemeru pas3Boj deryca
myTeM moBeharba TycTHHE KPBH U BaCKyJIADHOT IIPOTOKA YKMME Ce CMakbyje JOTOK KPBU Y
mwianeHty (Bruckner et al., 2014). Ca ipyre cTpaHe, n3j1araibe BUCOKOj TEMIIEPATYPH, YCIIeT
XOPMOHCKOT M MMYHOT OJITOBOpPA, HETaTWMBHO yTHUe HAa TKHUBO €HIOMETPHjyMa TOKOM
TPEeNMILIAHTAI[OHOT MTEPHOIA KOJT CBUX CHCApa, IIITO Pe3y/ITHPA OA0AIMBAEM 3UTOTA 1
TOoCJIEANYHO MarboM 1tonHoIrhy (pepruurerom) (Yiizen et al., 2023).

HayuyHu wuHTepec je, yoOM4ajeHO, yCMepeH Ha UCTPAKUBAE YTHI@ja BUCOKHUX
TeMIIepaTypa Ha JbYCKY IJIOZTHOCT, a jeZiHa 07 PEeTKHUX CTYAKja KOja je UCTpayKUBaJIa yTUIIA]
HUCKUX TeMIlepaTypa Baz/lyXa Ha WHcXozie TpyAHohe jecte ,Hucka ambujeHTayHA
TeMIlepaTypa U UCXOu TpyAHohe y Yiicanu, IlIBeacka, oz 1915. 10 1929.“ (Bruckner et al.,
2014). Ha mpumepy 14000 poljema, ayTopu Cy YCTAHOBWJIH J]a HUCKE TEMIIEPATYPE YTHUIY
Ha noBehare deTaTHuX IyOUTaKa U IPEBPEMEHO POl)erbe U TO HAPOUUTO KO MYIIKE Jielle.
Pacr BepoBatHOhe deTanHux rydburtaka yciaeq xiagHohe je TakaB Jja je TeMIiepatypa 3a
jenHy cTaHIap[Hy AEBUjalHjy HIDKA Of IPOCEKa pe3yITHpaia ca 22% BHIIOM CTOIOM
deranmuux rybuTaka, a yrumaj ce mopehasao ca moMeparmeM TeMIIEPATYPE HAHIDKE YaK 710
89%. Ha ocHOBY OBe, Ka0 U MHOTHX JAPYTUX CTy[Hja, YTBPHeHO je na je Be3a usmely
TeMIeparype U (eTarHUX rybUTaka JBOCMEPHA Y CJIyuajy TeMIIepaTypHUX ekcrpema. U
jaKo HHCKe U jaKo BUCOKe TeMIIepaType yTU4uy Ha noBehame dheTayHux ryouraka, Mehyrum,
Be3a HUje JuHeapHa. J[pyruM peunMma, 1mTo ¢y Behu excTpemu, To je yTUIaj javun.

506



Ca npyre cTpaHe, O/l BEJIMKOT Opoja CTy/iMja O YTHIAjy BHCOKHMX TeMIlepaTypa Ha
ucxozie TpyAHohe, BehuHa ¥X je ycreia 1a HOTBP/H jaKy IIO3UTHBHY Be3y [IPOCEUHE THEBHE
TeMrieparype u BucruHe SFG, mITo Hamra mperxo/Ha KOpeJalfioHa aHalu3a Hje ycIesa.
ITocraBsba ce MUTAmbE, KOja je TeCTAllHOHA CTAPOCT Y BpeMe U3JI0KEHOCTH HAJIIO/IJIOKHIja
VTHIIAjy TeMIlepaType U KaKBa BpCTa H3JIOXKEHOCTH MO)Ke OWTH HAjIITeTHUja Kaia cy y
nurawy detanmHu rybunu? /la Ju je TO jeTHOKpaTHA U3JI0KEHOCT €KCTPEMHMa, HJIH
MPOZy>KE€HA U3JI0KEHOCT YMEPEHUM TeMITEPATYpHUM aHOMatvjama? HakoH Buiie o7 30
TroZIHA UCTPAKUBamka U JeceTHHA (Moryhe W CTOTHHA) CTy/IHja, jOII YBEK HUCY JIaTH
KOH3HCTEHTHH METO/I0JIONIKK OAIrOBOpH Ha oBa nurama (Mehta, Basu and Ghosh, 2023).
JlpyruM pednMa, KakaB MeTOJOJIONIKHA IPHUCTYII UCTPAKHUBAY YTHUIIAja TEMIIEPATYPHUX
eKCTpeMa ca FOpIye CTpaHe TepMoMeTpa 6u 6uo HajmoxecHUju 3a Cpoujy?

Hanwme, BapujabusuTer npoMeHa y BpeHocT SFG 1 mpoMeHa y 6pojy faHa TOILTHjIX
or 20°C je 610 TakaB Jia JIMHUJCKO CJIarame HHje YOUEHO, a CTATHCTUYKA 3HAYAjHOCT je
He3asioBosbaBajyha. OuumieiHo je 1a nocroju et ¢pakropa Koju yTude Ha BUucuHy SFG,
a kKoje Huje Moryhe n3oyi0BaHoO mocMarpatu. Ca gpyre cTpaHe, IOCTOje OPOjHU HEITOCTAIIH
METO/TOJIOIIKOT IIPUCTYIIa UCTPAKHUBAha OBE Be3e Ha MpuMepy obsiactu y Cpouju, a Koju je
jemmau 6mo Moryh ycienm orpaHWYera HEOCTATKOM IoziaTaka. Hawme, camM HayuH
quctpubyuparsa 3aueha 1mo KayeHJapcKIM He/lesbaMa ce 3aCHHBA Ha [IPOLIEHHU M HEKOJIUKO
BeOMa PECTPUKTHUBHHX IpETIocTaBKu. KOHKpeTHO, Beoma je Moryhe fia je Tpajame
TpyZHONE Y TeCTAI[MOHUM HeJieJbaMa OHJTOo ITO/T jJAKMM YTHIIajeM aTMochepCcKe TeMIepaType
Ba3/yxa, ITO OM 3HAYWIO Jja TpyAHOhe 3aueTe y XJIa[HUjeM NEPHO/Y TOAUHE HE TPaAjy
O/Ije/IHAKO ZIyTO KA0 U TPY/{HONe 3a4yeTe TOKOM JIeTa, & TO OU [jajbe UMILIHIIMPAIIO 1A Hallla
TpoIleHa HeJle/bHe AUCTpUOyIMje 3aueha HHUje cacBUM TayHa, 300T 4era ce jaBiba
HacymuyHU Bapujabuiuter SFG. Mako He TOCTOje /MOKa3W KOjU yKa3yjy Ha TO Ja
TeMIeparypa y BpeMe 3ayeha M paHe TpyJHOhe yTHUe Ha AYKWHY TpyAHOhe, BHCOKe
TeMIIEpaType TOKOM KacHUX dasa TpyZHOhe Cy CBaKaKO Y CHAXKHO]j KOopeJIanuju ca Kpahum
recranujckum aykuHama (Tapia et al., 2021; Basu et al., 2010). MokeMO IIPeTIIOCTaBUTH
Jia je oppeheH neo TpyznHoha Koje cy 3aBpIIeHE TOKOM JIETa, a HAPOUUTO TOKOM JIYyTHX
TOIUIOTHUX Tajlaca, 3alpaBo Tpajao Kpahe IITO 3HAUM Jia Cy 3a4eTe HEIITO KACHUje HETOo
IIITO CMO MU IIPETIIOCTABIUIM. Y TOM CJIy4ajy MPETIIOCTaBKa O YHU(DOPMHO] AUCTPUOYIIHjU
TpyAHOha mpeMa TecTaIljcKoj CTapOCTH TOKOM KaJIeH/JapCcKe TOAVHE He BaKU U THMe
yTude Ha rpeuke y obpauyHy SFG, mehyTum, y HemocTaTKy IHOjelMHAYHMX II0/laTaKa
JIpyTauuju IpUCTyH Huje 6110 Moryh.

Vmajyhu y Buny na ce HajBuine BpenHoctu SFG zemaBajy ympaBo y Hezie/baMa ca
JaHUMa TOIIWjUM of 20°C (#Ba HajBUIIA TeMIlepaTypHa OICera), a 4Ydja Besa HHUje
KOpeJIaTBHO NOTBphjeHa, mocMaTpaheMo camMo HeZiejbe Y KOjUMa je YKyIHA IPOCEeYHa
HeyleJbHA (He THEBHA) TeMIlepartypa 6uiia Buia of; 20°C. OBe HeZieJbe Cy CKOHIIEHTPHCAHE
Hajuerthe y MecellMa ofi jyHa /o cenrteM6pa, obyxBatajyhu kacHo mposiehe, J1eTo 1 paHy
jeceH. Ha oBaj HauuH ce HajehuM zmesioM u3beraBa mocMaTpame Hele/ba y KOjuMa ce
jaBpajy manu Torinju of, 20°C 3ajesHo ca (JTomyIe peTKUM) JaHUMa KOjH Cy XJTaJHHUj! O
15°C, a KOjU JONPUHOCE HACYMHYHOM BapHjabuiautery. Y Tabelau 9. cy IpHUKa3aHe
BpenuocTu SFG 1o obsiacTrMa y HefieJbaMa ca ImpoceuHoM TeMiepaTypoM Behom ox 20°C.
OHo 1ITO je Hamepa jecte aa ce uaeHTUUKYje ma u ce Bucrua SFG kpehe y kopenanuju
ca BUCHHOM IIPOCEeYHe HeJle/bHE TeMIepaType Yy TOIUIHjeM Jiesly TofguHe. PesyntaTtu cy
TaKBH /I je yCTAaHOBJbEHA ITO3UTUBHA KOPEJIAIFIOHA Be3a o7 0,568 70 0,824 y 3aBHCHOCTH
071 OKpyTa, ajTy ycJie, Mayior Opoja orncepBaliija oBa Be3a HHUje CTATUCTHYKY 3HAYajHA TeE je
Hehemo komeHTapucaru. Mehytum, kaga ce mocmarpa peruosn Cpbuja-ceBep y IeJIMHH,
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Be3a je U Te KaKo 3Ha4yajHa, ca KoepHUIHjeHTOM Kopesaluje 0,455 (YMepPeHO ITO3UTHBHO
cy1arame) KOju o0jalmbaBa HEelllTo Mpeko 20% Bapujanyja y kperamwy SFG, a pact mpocedne
HenesbHe Temieparype of 1°C moBehaBa SFG 3a roroBo /iBa mporeHTHa moeHa (1,943).
CyIMyHU HaJIa3u Cy yCTAHOBJHEHH Y CTY/IUjHU KOja je obyxBarmwia 36341 Tpyanohy Tokom 18
roauna y Jy:kaoadpuukoj Pemybiuiy, rye je ca mopeharmeM mpoceuHe Temieparype o7 1°C
croma deranHux ryouTtaka pacia 3a 4% (Moodley et al., 2024). Takole, ucrpaxyjyhu
0o0pa3oBHE ¥ 3/IPABCTBEHE HCXOJE JIElle 3aYeTe TOKOM HM3PA3UTO TOIUIMX IEpUoja y
moycaxapckoj Adpumnu Wilde et al. (2017) Hanaze jake [10Ka3e O HETATHMBHOM YTHIA]Y
BHCOKHX TEMIIEpaTypa Ha IUIOZ yIIPaBO TOKOM IpBOr TpuMectpa Tpyanohe. ITopeherma
pajau, Ha peny0JINYKOM HUBOY je, Takole, 3a0eiekeHa O3UTHBHA KOpeJIalyja, HapaBHoO,
V3 BHUIIU CTEIEH ¢JIaramka U JIeTEpMHUHAIMje, Al je YTHIAj pacra MpOocevHe HefleJbHe
TeMIlepaType TOKOM JIeTa IBa U 110 IyTa caabuju (0,763 MpOIleHTHA IIOeHA).

Tabena 9. SFG mokom Hedesba ca npocewHoM memnepamypom suwiom o0 20°C (noenedamu y
eHeneckoj 8ep3uju mexcma, cmp. 492)

Buime myTa je y IpETXOMHOM TEKCTY IOBYYEHO /1a je MCTPAsKMBAFhE IMOBE3AHOCTH
TeMIIEparype Basiyxa U (eTaIHHX IyOMTaka BeoMa KOMIUIEKCHO, Jia Cy [I0CAIallEbu
MOKYIIIaji PEJIATUBHO PETKHA U Jia je, CJIEICTBEHO, METOOJIONIKK amapar HeCaBpIIEH.
IMTogary o CTPYyKTYPH »KUBOPOl)Erha IIPEMA eCTAIMOHO] CTAPOCTH y HeJle/baMa IIPUKa3aHU
Ha HeneJbHOM HUBOY y Cpbuju He mocroje. Takole, MOTIyHe MOAATKE O CBUM, Ma U
KJIMHWYKKA HEPErHCTPOBAHUM, (peTaHuM ryounyma Huje moryhe J00uTH, a OHO IITO je
HajBaXKHUje, HUje Moryhe B3HATH IyHYy W3JIOXKEHOCT TPYAHHUIA aTMOCHEPCKUM
TeMIeparypama Bazjyxa. pyruMm peurma, 6e3 o63upa Ha jaBibalbe TeMIIEpaTypPHUX
eKkcTpeMa (XJTafHUX M TOIUIMX) MM He MOXKEMO 3HATH KOjU Y/Ie0 CTAHOBHHILITBA M KOM
Tpajamy je OBUM TeMIeparypama 6uo usyioxeH. CBe Hac To ymyhyje /1a MOKeMO TOBOPUTH
caMo o Tpybo0j OIleHH yTUIIaja CIIOJFHUX TeMIIEpaTypa Basayxa Ha HUBO paljama y Cpbuju.
Kana ce anayisupa yTuIaj cospbHe TeMIleparype Ha JbY/ACKY IUIOHOCT, Tpeba UMaTH y
BUJIy Jla CTAHOBHUINTBO Ipuiarol)aBa cBoje akTUBHOCTH BPEMEHCKHM yCJIOBUMA. Y TOM
cMucty 6u 3a MyHO pasyMeBambe yTUIIdja CIIOJbHE TeMIIEpaType Basayxa Omiao Hajoosbe
HUCTP)XUBATU IOIMyJIAIHje KOje Cy YeCTO HBJIOMKEHE CIIOJbAIlllbUM YCIOBHUMa (KEHCKO
MOJbOTIPUBPEHO CTAHOBHUINTBO HIpP.) MelhytuM, npernmocraBka mpmiarohaBama
UMIUTAIUPA A2 O yTHUIA] IOojaBe TEMIIEPATyPHUX €KCTpeMa MOorao OGUTH yMameH ycJien
IIPOMeEHE Tpajara U yIeCTATIOCTH CIIOJPHIX AKTUBHOCTH. MU unak Bepyjemo sia he HacraBak
IOOTHOT 3arpeBama OWTH TakaB Jla IoBehame MBJIOKEHOCTH TeMIIEPATyPHUM
exkcrpemuMa Hehe 6utu Moryhe nsbehu y moTmyHoCTH.

Ha kpajy, Kako je OCHOBHHU LIMJb OBOT pajia OO 1a UCTPAKUMO (PEPTUIUTETHE IYOUTKE
yesen yrunaja atMocepcke TemiepaType Basayxa, Tpeba pehu ma ce aHaimsa omgHOCH
caMo Ha Jieo ryouraka Beh 3auerux TpyaHoha, ajid He M Ha JIe0 KOJU Ce MOKE IPUITACATH
cMmambeHo] moryhHocru 3aueha. TakBa aHanuza OW, y HEIOCTATKy IOJaTaKa, 3aXxTeBasia
HEINTO APyrauyuju MPUCTYI rae O6u 6mwio Moryhe MHIAMPEKTHO IPOBEPUTH KOjU YIEO
rybuTaka ce mpUIIKCcyje cMarbeHoj MoryhHocru 3aueha, a Koju yeo GpeTatHum ryounuma.
VHAMPEKTHO ce MOKe OLEHUTH JIa JIA Ce PasjiiKa y Opojy »KHUBOPOlera MOsKe IPUIINCATH
deramHuM ryounMMa Wik cMameHoj moryhaocru 3aueha (yesen temiepaTypHOr IIOKa),
Ha OCHOBY TOr'a IITO oBeharbe peTanHux ryduraka ysek Boau pahamwy seher Opoja sxeHcke
nere (Liu et al. 2014, Hernandez-Julian et al. 2014). Ha Taj HaunH 61 MeperbeM O/ICTyamha
KoedUIIMjeHTa MaCKy/IMHUTETA *KUBOPOL) eHe JIele, O] IherOBe OUEKHUBaHE BPEIHOCTH, OHIIO
moryhe oneHuTH yaeo peTayHuX r'ybuTaKa y yKyHuM (PepTIWINTETHUM I'yOUIMMA.
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3axk/pyuak

Yrunaj temmepatype BazAyxa Ha KCXOZe TPYAHOhE je BHIIECTPYKO MOTBpheH y
JIOCa/IAlb0] JIUTEPATYPH, MeQyTUM, yciie KOMIJIEKCHOCTH OBE BE€3e jOIll YBEK He
HOCTOjI/I KOHCEH3YC II0 IIUTalkby aJA€KBATHOI METOJAOJIOIIKOT IPUCTYyIIa UCTPAKUBAby
OoBe Be3e. Y3 CBe HeJOCTaTKe, MOKYIIAJU CMO Jia JaMO O[rOBOP HA MHUTAbE Ja JIU
npoMeHe y ¢eTaTHUM rybunuMa y peruony Cpouja-ceBep UCI0/baBajy BapUjaOUIUTET
KOjH je y CKJIaay ca MpoMeHaMa y IMPOCEYHOj AHEBHOj TeMIIepaTypH Basayxa. ¥ TOM
CMUCJILY, IOIILJIK CMO /10 cefehnx 3akpydaka:

1. Cesonasnuter pahama (1 3aueha) y pernony Cpbuja-ceBep ce pasjuKyje y OHOCY
Ha peIy0INIKH IPOCEK.

2. Kperawe SFG ucrospaBa yobuuajeHy ,J“ AucTpuOYyIUjy y OZHOCY Ha KpeTarbe
TeMIIepaType Bas/Iyxa.

3. Crarame Bapujabmnurera SFG 1 HUCKUX TEMIIEPATypa je jaKo U HEraTUBHO.

4. Bpennocru SFG cy HajHMKe Y HeJleJbaMa KaZia je IpocevHa TeMIeparypa usmely
10°C u 15°C (1 15°C-20°C)

5. CBaku JoZlaTHU J]aH y Heslesbu ca TemmeparypoMm usmely 10°C u 15°C (mpoceuHa
ToUIIEba TeMIepatypa y Pemy6suiu Cpbuju) cmamyje SFG 3a jenan
MIPOIIEHTHH TIOEH.

6. Beza uzmel)y SFG 1 BUCOKUX TeMIIepaTypa je yMepeHa-TII03UTHBHA.

Kopesanmona Besa cj1abu Kako TeMIlepaTypa pacre.

Pacr npoceuHe HepiespHe TeMIiepatype of 1°C TOKOM JIeTa, pe3yJITyje oBehameM

SFG or1 1,043 npoI1ieHTHA ITOeHa.

9. Pasinuke y BpegHoctu SFG usmel)y mocmaTpaHuX 00JIaCTH IIOCTOje, aau HUCY
Pe3yJITaT 3HAYajHO PA3JIMUUTOT YTUIAja IPOCEYHE TEMIIEPATYPE.

10. Hajjacuuja Besa TemmepaType u Bpemnoctu SFG ce youaBa y Beorpajckoj u
JyxkHOOaukoj obsactu (36or Beher 6poja olcpeBanuja W BUIIUX BPETHOCTH
IIPOCEYHE TEMIIEPATYPE).

%

Ha kpajy, nemorpadcku edexar ucrpaxuBaHor (eHOMEHA je PEeSIaTUBHO TEIIKO
KBaHTH(UKOBATH, aJIH je jacHO Jia je HeqesbHA AuCTpubynuja 3aueha y pernony Cpouja-
ceBep TaKBa Jla je HETaTHMBaH YTHIIAj TeMIeparype Ha 6poj »kuBopohjera Behu Hero y
octaTky Cpb6uje. HempomopIinoHaiHO BeJTUKU O6poj TpyaHoha 3amovyuibe TOKOM JieTa U
31Me KaJia je TEMIIepaTypHU PU3HUK 32 MojaBy deTaaHor ryoutka Hajehu. Ca jenHe cTpaHe,
TEMIIEPATYPHU eKCTPEMHU Y BpeMe 3ayeha yTHudy Ha BHIIH cTelleH GheTaTHnX rybruTaKa, a ca
JIpyTe cTpaHe, HECPa3MePHO BEJIHKH Y/Ie0 KaCHUX TPyZAHONA ce [ielaBa 6all y BpeMe JieTa
Ka/[a BICOKE TEMIIEPATyPe MOTY IOBECTH JI0 PEBPEMEHOT poljerba 1 BUCOKOT 3/[PaBCTBEHOT
pusuka 3a Majky u jgere. CBe KJIMMATCKe MPOTHO3€ TFOBOPE Yy MPWIOr moBehamy
YUYECTAJIOCTH TEMIIEPATYPHUX €KCTpeMa U IMOCJIEANYHO WHTEH3UBUPAIy HEraTHBHOT
yTHUIIaja HA JbY/ICKY IUIOTHOCT, Te GU M3BeCHA IPOMeHa obpacia ce30HaTHocTH pahama (1
3aueha) moruia yOJaKUTH HeraTuBHe epekre KIMMATCKUX MpOMeHa Ha (epTHINTET Y
peruony Cpouja-ceBep.
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3axBanHuna: McrpakuBame je cupoBeseHo y3 moapiiky PoHpa 3a Hayky PeryGiinke
Cp6wuje (Population dynamics under environmental challenges in Serbia — POPENVIROS)
[6poj mpojexTa: 7358], kao u y okBupy HUO (Yuusepsurer y Beorpagy —I'eorpadcku
dakynrer) koju je ¢duHaHCHpasO MHHHCTAPCTBO HAyKe, TEXHOJIONMIKOT pas3Boja H
HMHOBaIMja 32 2025. TOIUHY [6p0oj yroBopa 451-03-137/2025-03/200091].

Cyko0 mHTepeca: AyTopH U3jaBjbyjy Aa HeEMa cykoba MHTepeca.

Hamomena msnaBava: Cpricko reorpadCko ApPYIITBO OCTaje HEYTPATHO IO IHUTAHY
jypucaukiyje y o0jaB/beHUM MallaMa ¥ MHCTUTYIINOHAJIHUM Be3aMa.
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