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PREFACE ON THE INTERNATIONAL CONFERENCE  
 
"MILANKOVIĆ'S THEORY OF CLIMATE CHANGE - 
ONE HUNDRED YEARS LATER"

The Milutin Milanković Association continues its activities to affirm the work of 
the great Serbian and world scientist Milutin Milanković. The main activities in 
2024 were devoted to marking the hundredth anniversary of the publication of 
his Theory of Climate Change and the celebration of International Climate Change 
Day - November 4.

This significant anniversary was marked by the organization of the International 
Conference: "Milanković's Theory of Climate Change - One Hundred Years Later". 
The conference was held from November 4 - 5, 2024 in the Great lecture theatre, 
named after Milutin Milanković (Amfiteatar 227) at the Faculty of Civil Engineering 
in Belgrade. The organizers of the conference were the Milutin Milanković 
Association, the following faculties of the University of Belgrade: The Faculty of 
Civil Engineering, The Faculty of Mathematics, The Faculty of Geography, The 
Faculty of Security and the Belgrade Astronomical Observatory.

The conference was officially opened by academician, professor Zoran Knežević, 
president of the Serbian Academy of Sciences and Arts, , emphasizing the 
importance of Milanković's theory for the world science and the importance of 
this event for Serbia and the international scientific community. “This conference 
represents an important opportunity to recall the greatness of Milanković's 
scientific thoughts, which significantly contributed to the understanding of climate 
patterns and their connection with astronomical cycles. Milanković's work is 
valuable, because it helps us to understand more deeply the processes that shape 
the climate, which is more important today than ever".

The goals of the Conference were:

a. Use the fundamental contribution of Milanković's Theory of Climate Change 
in order to understand and predict what could be expected in the next 100 
years as a result of climate change, both due to natural long-term processes and 
anthropogenic factors;

b. Enable understanding of the impact that global changes in nature have on 
human lives and suggest practical measures that human civilization should take to 
prevent negative impact on the environment and human civilization, concerning 
public health and well-being, population migration, land use, food production, 
soil, water and air pollution and the survival of natural ecosystems.

At the conference some 40 scientific and professional papers were presented by 
authors from 11 countries: Belgium, Canada, China, Greece, Germany, Hungary, 
Italy, Poland, Serbia, Sweden, and the UK.
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The submitted works are classified into four thematic areas:

1. Quantification of the causes of the impact on climate change and weather 
extremes

2. Adaptation and resistance (resilience) to climate changes

3. Application of Milanković's Theory of Climate Change to the reconstruction and 
evolution of the past 

4. Climate change and public health and well-being

Based on the presented works, discussions, proposals and recommendations given 
during the conference, the scientific committee drew up the conclusions of the 
conference, which were published on the websites of the Milutin Milanković Association 
(www.milutinmilankovic.rs) and the Faculty of Civil Engineering (www.grf.bg.ac.rs).

At the closing session of the conference, the participants expressed a unique 
view that Milanković's theory, even after a century of its publishing, is extremely 
important for understanding today's climate challenges: 

"Thanks to the work of a great scientist, we today have a better understanding of 
planetary processes and opportunities to mitigate climate change. Milanković's vision 
and scientific contribution remain an inspiration, not only to scientists, but also to the 
entire society to take responsibility for the preservation of our planet Earth."

"It is the duty of all of us to preserve his legacy and continue to spread the 
knowledge and contribution of Milutin Milanković for future generations, with the 
aim of preserving our planet." 

"Climate change is no longer a future threat, but a present-day reality, with 
extreme weather events already significantly affecting human communities and 
natural ecosystems around the world. All of this represents a clear message that 
nature is responding / “paying us back” for our relationship with it. Nature is 
increasingly showing its untamed power, and climate change is warning that we 
are approaching the dangerous limits of survival."

On behalf of the organizers of the conference "Milanković's theory of climate 
change - one hundred years later", I express my gratitude to all the participants 
and authors of this publication - first for their participation in the conference, and 
then for their outstanding contribution in the respective thematic areas through 
the presented and published works and their comprehensive discussion. The 
organizers of the conference would like to especially thank Professor Andre Berger 
for his exceptional help, support and useful suggestions regarding the organization 
of the Conference.

Thanks again to everyone

Slavko Maksimović 
President of the Milutin Milanković Association
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Innovative approach to forest management to mitigate 
the impacts of climate extremes in forest ecosystems 
in Serbia

Ljiljana Brašanac-Bosanac1, Tatjana Ćirković-Mitrović2, Nevena Čule1, 
Goran Češljar2, Branka Pavlović3

ABSTRACT: The increase in annual maximum and minimum temperatures, 
the amount and distribution of precipitation during the growing season, the 
frequency of extreme weather events (drought, floods, superstorms, ice breaks, 
snow breaks) and other climate phenomena have a variety of negative impacts on 
forest ecosystems in Serbia. Most projections of future climate changes scenarios 
(SRES - Special Report on Emissions Scenarios, IPCC 1990, 2001, 2007, 2018, 2021, 
2022, 2023, Climate Change: Impacts, Adaptation and Vulnerability) indicates 
to temperature and precipitation significant changes, as well as increasing 
concentrations of greenhouse gases in the atmosphere, that will cause many 
ecological problems and affected on sustainable development across the world. 
Results of research on climate parameters in Serbia for the period 1972-2022, 
normalized deviations and linear trends of air temperature and precipitation 
amount indicate an increased risk of drying out forest crops and natural forests 
on larger areas. Unfavorable climatic conditions caused by a further increase in 
temperatures, occurrences of drought and extreme amounts of precipitation in 
a short period, can leave long-term consequences on the distribution, function 
and production of forest ecosystems. The main challenge in the management 
of forests is the development of innovative adaptation measures to reduce the 
vulnerability of forests and the consequences due to possible different scenarios 
of climate change. In order to reduce the vulnerability of forests and the possible 
consequences of different climate change scenarios and to preserve and protect 
forest ecosystems, an innovative approach to forest management is needed, 
applying the principle of integral environmental protection. By afforesting suitable 
species that are more resistant to climate change, improving the condition of 
forests and applying appropriate adaptive forest management, it is possible to 
significantly mitigate the negative effects of climate change.

Keywords: extreme weather events, climate changes scenarios, climate-smart 
forestry, adaptable forest management, Serbia.

1	 Institute of Forestry, Department of Environmental protection, Serbia 
2	 Institute of Forestry, Department of Forest Establishment, Silviculture and Ecology, Serbia 
3	 Institute of Forestry, Department of Forest Management Planning, Organizing and 
Economics, Serbia
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1	 Introduction

World is become dependent from the source of energy. Consume of natural 
resources, which sources are reduced, it’s unlimited, and from the other side, 
the necessaries of the society are growing. Forest ecosystems have the ability 
to sequester carbon dioxide, and a large influence on the structure and function 
of the human habitat, both locally and globally. They can store 20 to 100-fold 
higher quantities of carbon-dioxide per a unit of area than the agricultural areas, 
they have a very important role in the decrease of the concentration of this gas 
in the air, as one of the most important causes of greenhouse effect (Schoene 
and Bernier 2012). Since numerous studies on the global warming and potential 
changes of temperature and humidity point to the very wide range of the effects 
and impacts, both on the forest ecosystems in general (Botkin et al. 1992, Seidl, et 
al. 2017), and on the individual trees (Ćirković-Mitrović et al. 2013, Stojanović et al. 
2014, Češljar et al. 2022), the knowledge on these interrelations and interactions 
plant-climate parameter, is of the growing importance. Increased mean annual 
temperature, changes in the precipitation dynamics and quantity, and increasingly 
frequent extreme climate events, which occur with varying frequency, directly 
affect forest ecosystems and forest vitality (Brašanac-Bosanac et al. 2011, Bennett 
et al. 2015). According to Vacek et al (2023), the most significant consequences 
of climate change include more frequent and destructive large-scale forest 
disturbances (wildfire, windstorm, drought, flood, bark beetle, root rot), and tree 
species migration. Species distribution shifts and changes in tree growth rate have 
substantial effects on ecosystem carbon storage. Diameter/volume increment 
changed from −1 to +99% in Central and Northern Europe, while it decreased from 
−12 to −49% in Southern Europe across tree species over the last ca. 50 years. 
However, it is important to sharply focus on the causes of climate change and 
subsequently, on adaptive strategies, which can successfully include the creation 
of species-diverse, spatially and age-wise structured stands (decrease drought 
stress and increase production), prolongation of the regenerative period, or the 
use of suitable introduced tree species.

For forestry resources management in Serbia, the major challenge is development 
of adaptive measures, and reducing vulnerability under various climate change 
scenarios. From the need to understand the vulnerability of forests and forest 
ecosystems to climate change and to facilitate how they adapt to the changes, 
new challenges arise. As forests are affected by climate extremes and its 
associated disturbances, adaptation is needed for reducing their vulnerability to 
climate change. The continuous facilitating the transfer of best know-how, and 
applying the climate smart forestry and circular bioeconomy concept, are some of 
innovative methodologies for adequative response on climate extremes impacts. 
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2	 Materials and methods

The non-reactive method, as a special scientific method, was used for the 
collection of the data on climate characteristics during the period of the research. 
Collecting and systematization of the existing data, documents and their secondary 
analysis were used. Based on the collected data of Republic Hydrometeorological 
Service of Serbia from 28 main meteorological stations for the period 1972-2022, 
most significant climate parameters on the territory of Serbia and 3 ordinary 
meteorogical stations was analyzed: the data on mean annual air temperature, 
mean annual air temperature in the growing season, (April-September), extreme 
maximum and minimum air temperatures, annual sum of precipitation and annual 
sum of precipitation in the growing season. The multi-decade data obtained by 
the systematic meteorological measurements are the only way in which the valid 
assessment of the current condition and the comparison of it with the previous 
periods can be made. 

For the analysis of climatic characteristics in Serbia, the arithmetic mean values of 
the collected data in terms of time and altitude zone were used. In order to reduce 
the error rate, a mean value was calculated according to altitude, i.e. according to 
the altitude zones in which the meteorological stations investigated are located 
(zone up to 200 m above sea level, zone 200-500 m above sea level, zone 500-1000 
m above sea level and zone above 1000 m above sea level). During preliminary 
data processing, it was found that none of the 28 main meteorological stations are 
located in the zone of 500 to 1000 m a.s.l, which is important for forestry, so 3 more 
ordinary meteorological stations were selected: Novi Pazar (545 m), Trgovište (600 
m) and Rudnik (700 m). The criterion for their selection was continuity in work and 
availability of the necessary data. 

The normalized deviations, which point how many standard deviations the 
individual value is above or below the normal level, were used for the presentation 
of the deviation from the normal level. The territorial distribution of the trend 
values is based on the trend values in the points with the coordinates of the 
weather stations. The values between these points were interpolated by using 
Kriging’s method.

The proposed measures are based on the numerous realized projects results, as 
well as IPCC Reports, the suitable scientific papers, reports, and studies dealing 
with this problem. However, given the strategic nature of the paper, and the lack 
of scientific evidence on some of the issues, the analysis on expert knowledge and 
own understanding and views where based.
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3	 Results

3.1	 Climate change scenarios

Greenhouse gas (GHG) emissions from agriculture, forestry and associated land 
use changes, are responsible for a significant fraction of anthropogenic emissions, 
up to 30% according to the Intergovernmental Panel on Climate Change (IPCC 
2021). Most projections of future climate changes scenarios (SRES - Special 
Report on Emissions Scenarios) indicates to temperature and precipitation 
significant changes, as well as increasing concentrations of greenhouse gases in 
the atmosphere. The Intergovernmental Panel on Climate Change (IPCC 2018) 
has reported that if the global temperature continues to increase at the present 
rate, it may increase by 1.5°C between 2030 and 2052, altering the frequency and 
severity of natural disturbances and having potentially profound impacts on forest 
resources and species composition. According to IPCC’s Sixth Assessment Report 
(AR6 WGIII) (IPCC 2022), each of the last four decades has been successively 
warmer than any decade that preceded it since 1850. Global surface temperature 
was 1.09°C higher in 2011–2020 than 1850–1900, with larger increases over land 
(1.59°C) than over the ocean (0.88°C). Global surface temperature has increased 
faster since 1970 than in any other 50-year period over at least the last 2000 years 
(high confidence) (IPCC 2023).

Forests and forestry make a strong and important contribution to meeting the 
Sustainable Development Goals (UN 2020). They provide natural carbon sinks and 
their products can substitute for emissions-intensive materials, thereby reducing 
emissions. The management of carbon flows between reservoirs in the Earth’s 
system forms the basis for climate change mitigation.

3.2	 Climate parameters in Serbia

Climate changes are characterized primarily by an increase in temperatures, but 
also by changes in the precipitation pattern, their annual distribution and their 
intensity distribution, as well as by an increased frequency of extreme weather 
events and periods with extreme climatic conditions. Such changes clearly affect 
the environment, health of people and economy. 

It is known that the occurrence and survival of vegetation in certain area, its 
distribution and altitudinal differentiation, along with the other ecological 
conditions, to a great extent also depends on the climate characteristics of 
the area. If any of the climatic factors is not at least on the required minimum, 
especially during the growing season, a plant will not be able to survive. 

As a climate element, temperature has a dominant impact on vegetation and the 
possibility of the emergence and spread of a fire.
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Figure 1.  Trend of deviations in the average annual air temperature in Serbia 
for the period 1951-2021

(Source: www.hidmet.gov.rs/data/klimatologija/latin/2021.pdf)

From 1998 to 2020, every year was warmer than average (except for 2004-2005), so 
it is estimated that the trend of increasing average air temperatures will continue 
in the territory of the Republic of Serbia.

In order to study the variability of the mean monthly temperature in Serbia and 
analyze the deviation of the mean monthly temperatures from the average, the 
values ​​of the standard deviation of the mean monthly temperatures for 1972-
2022 were calculated (table 1).
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Table 1: Standard deviation of the monthly, annual and growing season air temperature 
in Serbia in the period 1972-2022 (°C)

Meteorological 
station

Altitude 
(m) I II III IV V VI VII VIII IX X XI XII An-

nual
Growing 
season

Negotin 42 2.5 3.0 2.4 1.7 1.4 1.5 1.6 1.9 1.6 1.3 2.2 2.0 0.9 1.6
Zrenjanin 80 2.4 3.2 2.2 1.8 1.6 1.6 1.6 1.9 1.8 1.6 2.4 1.9 0.9 1.7
Veliko Gradište 80 2.1 2.8 2.2 1.7 1.5 1.5 1.5 1.7 1.7 1.4 2.3 1.8 0.8 1.6
Kikinda 81 2.4 3.2 2.2 1.8 1.6 1.6 1.5 1.8 1.7 1.5 2.4 1.9 0.9 1.7
Srem. Mitrovica 82 2.3 3.0 2.1 1.7 1.5 1.4 1.3 1.6 1.7 1.5 2.2 1.8 0.8 1.5
Vršac 84 2.5 3.3 2.3 2.0 1.6 1.6 1.6 1.9 1.9 1.7 2.6 2.0 0.9 1.7
Novi Sad 84 2.4 3.2 2.3 1.8 1.6 1.5 1.4 1.8 1.7 1.5 2.4 2.0 0.9 1.6
Sombor 87 2.4 3.1 2.1 1.8 1.6 1.6 1.5 1.7 1.6 1.5 2.2 1.9 0.9 1.6
B. Karlovac 89 2.1 2.9 2.3 1.8 1.6 1.4 1.3 1.7 1.7 1.5 2.3 1.9 0.8 1.6
Palić 102 2.3 3.0 2.2 1.7 1.6 1.6 1.5 1.8 1.6 1.5 2.2 1.9 0.9 1.7
Loznica 121 2.3 3.0 2.1 1.7 1.5 1.6 1.5 1.7 1.6 1.5 2.2 1.9 0.9 1.6
Smed. Palanka 121 2.2 3.0 2.2 1.8 1.5 1.6 1.5 1.8 1.7 1.5 2.4 1.8 0.8 1.7
Ćuprija 123 2.1 2.8 2.1 1.8 1.5 1.5 1.5 1.8 1.7 1.5 2.4 1.8 0.8 1.6
Belgrade 132 2.3 3.1 2.3 1.9 1.7 1.8 1.8 2.1 1.9 1.7 2.4 2.0 1.0 1.9
Zaječar 144 2.3 2.9 2.2 1.6 1.3 1.4 1.4 1.6 1.5 1.3 2.1 2.4 0.8 1.5
Kruševac 166 2.2 2.9 2.2 1.8 1.4 1.5 1.4 1.7 1.6 1.5 2.6 2.0 0.8 1.6
Valjevo 174 2.2 2.9 2.1 1.8 1.5 1.6 1.6 1.8 1.7 1.5 2.3 1.9 0.9 1.7
Kragujevac 185 2.2 2.9 2.1 1.8 1.5 1.5 1.5 1.8 1.6 1.5 2.4 1.9 0.8 1.6
The area 0-200 m.a.s.l. 2.3 3.0 2.2 1.8 1.5 1.5 1.5 1.8 1.7 1.5 2.3 1.9 0.9 1.6
Niš 204 2.1 2.9 2.2 1.9 1.5 1.6 1.6 1.9 1.8 1.5 2.5 1.9 0.9 1.7
Kraljevo 215 2.1 2.8 2.2 1.7 1.4 1.5 1.5 1.8 1.7 1.5 2.4 1.8 0.8 1.6
Leskovac 230 2.2 2.8 2.0 1.7 1.3 1.5 1.5 1.7 1.5 1.4 2.4 2.1 0.8 1.5
Požega 310 2.0 2.6 1.9 1.6 1.3 1.3 1.1 1.3 1.4 1.3 2.0 1.9 0.7 1.3
Kuršumlija 383 2.1 2.8 2.1 1.7 1.3 1.3 1.4 1.6 1.5 1.4 2.4 2.0 0.7 1.5
Vranje 433 2.0 2.6 2.1 1.8 1.4 1.4 1.5 1.8 1.6 1.5 2.4 1.9 0.8 1.6
Dimitrovgrad 450 1.9 2.6 2.0 1.7 1.3 1.3 1.3 1.5 1.6 1.5 2.4 1.9 0.7 1.5
The area 200-500 m.a.s.l. 2.1 2.7 2.1 1.7 1.4 1.4 1.4 1.7 1.6 1.4 2.4 1.9 0.8 1.5
Novi Pazar 545 2.0 2.5 2.0 1.8 1.5 1.6 1.6 1.8 1.6 1.7 2.2 2.0 0.9 1.8
Trgovište 600 1.8 2.6 2.1 1.6 2.4 1.1 1.2 1.5 1.5 1.5 2.5 2.0 0.8 1.6
Rudnik 700 2.0 2.2 2.3 2.0 1.8 1.6 1.7 1.8 1.5 1.8 2.4 2.1 0.9 1.8
The area 500-1000 m.a.s.l. 2.1 2.9 2.2 1.8 2.2 1.6 1.5 1.9 1.9 1.7 2.5 2.0 0.9 1.9
Zlatibor 1028 2.2 2.9 2.3 2.1 1.7 1.7 1.6 2.0 1.8 1.8 2.5 1.9 0.9 1.8
Crni Vrh 1037 2.3 3.3 3.0 2.3 1.9 1.9 1.6 1.8 2.0 1.9 2.5 2.2 1.3 1.9
Sjenica 1038 2.2 3.2 2.8 2.2 2.0 1.7 1.4 1.7 2.0 1.9 2.4 2.3 1.3 1.8
Kopaonik 1711 1.2 2.4 2.3 2.3 1.5 1.5 1.7 1.8 1.7 1.7 2.2 1.8 0.9 1.8
The area above 1000 m.a.s.l. 2.4 3.0 2.6 2.1 1.9 1.7 1.6 1.9 1.8 1.8 2.5 2.4 1.1 1.8

The analysis of the values of standard deviations for 1972-2022 period, it indicates 
that trend of the increase of the main air temperature (about 0.9°C) and main air 
temperature in growing season (1.7°C) in most parts of the territory of Serbia, 
except for Belgrade, Crni Vrh i Sjenica. Higher temperature variability in the 
winter months is a consequence of the penetration of cold and warm air masses 
in certain years. It is expected that these trends of climate change in Serbia will 
continue in the future, which will significantly alter the structure and function 
of forest ecosystems, thereby imposing the need for the change of the previous 
forest management.

Together with the air temperature, precipitation is a necessary condition for the 
unhindered growth and development of plants. 
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Figure 2.  Mean month sum of precipitation in Serbia for the period 1972-2022

The occurrence of forest desiccation to a great extent depends on the high 
temperatures and amount of precipitation. More than 50% of the total annual 
precipitation occurs during the growing season. Along with the amount of 
precipitation and their distribution in the growing season, the lack of moisture 
in the soil has a great impact on the process of forest of desiccation. Fighting 
against the heavy drought, forest trees decelerate transpiration, which implies 
absorption of lower quantities of nutrients from the soil and deceleration of all 
other physiological processes. Under such conditions, if the period of drought 
is extended, the trees physiologically weaken and become less tolerant to the 
other anthropogenic, abiotic and biotic causes of forest desiccation. The increase 
in growth increment of vegetation occurs due to the increase in the amount of 
precipitation, while, on the other hand, drought which is the most common cause 
of damages and die-back of both individual trees and larger forest areas occurs 
due to insufficient amount of precipitation over a long period.  

3.3	 Impacts of climate changes on forest ecosystems in Serbia

Serbia is considered to be a medium forested country (Brašanac-Bosanac et al. 
2011). Acording to Ćirković et al. (2013), the beech, as the most dominant broadleaf 
species in Serbia, is a mesothermal species, well-adapted to the moderate 
temperatures, quantities of moisture, and shady conditions (sciophytes). In 
contrast to the beech, most oaks in Serbia are xerothermic (they grow at dry and 
warm sites) and light-loving species (heliophytes). Regarding conifers, pines are 
light-loving species, adaptable to the ecological condition of temperature, moisture 
and soil. The spruce and fir are sciophilic, i.e. shade-loving species. Serbian forests 
are characterized by the relatively high potential carbon-dioxide absorption from 
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the atmosphere and thereby they significantly contribute to the alleviation of the 
adverse effects of the climate change (Stojanovic et al. 2014).

The possibility and rationality of using some forest functions, as well as the rate of 
achieving the goals related to the forest management, depend on the pre-existing 
conditions, particularly in regard to the functional optimum determined for some 
primary purposes. The condition of forests in Serbia is unsatisfactory in several 
regards. There are the following disturbing factors of planning and permanent 
use of forest ecosystems: forest desiccation, wildfires, strong winds and storms, 
climate change, polluted air, as well as the process of soil acidification. 

Climate changes cause numerous problems and changes in forest ecosystems: 
degradation, deforestation, increased mortality rates, biodiversity loss, reduced 
forest ecosystem vitality due to cumulative impact of different stresses, changes in 
tree level processes (productivity), changes in species distribution, changes in site 
conditions (soil condition), changes in stand structure (density, height), changes 
in disturbance regimes (fires, pests and diseases). The vulnerability of a forests 
depends on its adaptive capacity. Even if the adaptive capacity of forests remains 
uncertain, many scientists are concerned that this innate capacity will not be 
sufficient to enable forests to adapt to unprecedented rates of climatic changes. 

The fact that the climate change occurs much more rapidly than it was anticipated 
has pointed out to the need to conduct the continuous researches and monitor the 
influence of the climate change on the vertical and horizontal zoning of vegetation, 
alternations in the current forest ecosystems and effects of this change during the 
establishment of new forests. The future activities aimed at reforestation, tending 
and regeneration of forest ecosystems must be based on the climate parameters 
from the previous multi-annual period but also on the recent climate extremes 
which was reported in Serbia as well.
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Table 2. Negative impact of climate changes on forest ecosystems

Area of negative impact Implications / disturbances

Forest ecosystems Rapid deforestation and forest degradation
Increased use of forest trees as a source of energy 

Forest ecosystems 
biodiversity 

Change in distribution of plant and animal communities
Biodiversity loss
Occupation of habitats by allochthonous species
Change in pollination system
Change in plant dispersion and regeneration

Forest ecosystem 
productivity

Change in forest growth and ecosystem biomass
Change in relation between species / habitat
Change in ecosystem nitrogen cycle

Forest ecosystems health 
condition

Increased mortality due to climatic stress
Reduced forest ecosystem vitality and health due to 
cumulative impact of different stresses

Land and water

Changes in seasonality and intensity of humidity
Changes in flood flow regime 
Increased possibility of extreme draughts occurrence
Increased terrain instability and soil erosion due to 
increased humidity
Early snow melting leading to change of period of 
maximum flow and amount of water in streams

Carbon cycle
Changes in forest CO

2 reservoirs and increased emission 
of CO2 from forest ecosystems due to change in forest 
growth and productivity

Direct forest benefits for 
people

Change in woodiness degree
Socio-economic changes 
Changes in specific forest products availability (timber, 
wood fuel, medicinal plants, fungi, etc)

Indirect forest benefits for 
people

Change in frequency of conflicts between people and 
nature
Income changes for forest owners and local population
Socio-economic changes
Changes of cultural, religious and spiritual values

3.4	 Climate-Smart Forestry concept

In order to mitigate the effects of extreme weather events on the forest ecosystem 
in Serbia and to eliminate the resulting consequences, innovative approaches to 
forest management should be applied. One of these is the concept of climate-smart 
forestry.
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Climate-Smart Forestry (CSF) is an integral approach of sustainable forest management 
that focuses on forest management in response to climate change (Bowditch et 
al. 2020). The fundamental focus of the CSF concept is on adaptation, mitigation 
and social dimensions. CSF is being interpreted in a number of ways, which mostly 
focus on adaptive forest management, the decrease of GHG emissions, and effective 
carbon sequestration (Nabuurs et al. 2018; Yousefpour et al. 2019).

Nabuurs et al. (2018) presented the following three pillars of the CSF approach:

•	 active forest management aiming to sustainably increase productivity and 
provide all benefits that forests can provide 

•	 adapting forest management to build resilient forests 

•	 reducing and/or removing GHG emissions to mitigate climate change.

•	 According to Verkerk et al. (2020), the concept of CSF goes beyond forest 
management measures, including GHG mitigation opportunities of wood use, 
carbon storage and substitution in its targets: 

•	 increasing carbon storage in forests and wood products, in conjunction with 
the provisioning of other ecosystem services; 

•	 using wood resources sustainably to substitute non-renewable, carbon-
intensive materials;

•	 enhancing health and resilience through adaptive forest management.

Figure 2.  A framework of climate smart forestry 
(Source: Chizmar & Parajuli, 2022)
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These components aim to increase the total forest area and avoid deforestation, 
connecting mitigation with adaption measures to enhance the resilience of forest 
resources, and using wood for products that store carbon and substitute emission-
intensive fossil and non-renewable products and materials. 

The integral nature of the CSF concept acknowledges all carbon pools and integrates 
forest management and wood use strategies to maximise mitigation benefits. 
Therefore, it should be considered that forest growth declines in aging forests, 
which leads to diminishing removals of CO2 from the atmosphere (Nabuurs et al. 
2013). Secondly, many existing climate impact studies suggest an increasing risk 
from abiotic and biotic disturbances (Seidl et al. 2017). Besides harvesting wood, 
active forest management allows for quicker and more controlled adaptation 
of forests to climate change (e.g., selection of tree species and provenances) to 
ensure resilience of forest ecosystems (Schoene and Bernier 2012).

It is important to note, that CSF includes a more efficient use of wood is needed, 
using the substitution potentials to maximise the positive climate impact that 
forests and the forest value-chain provide.

4	 Conclusion

Forest management activities are largely focused on providing desirable forest 
ecosystem functions, e.g. wood production, biomass, biodiversity, economic, 
wildlife habitat, etc., through the provision of forest structure in the present 
and the future. Comprehensive understanding of natural disturbance regimes, 
stand development pathways, and their combined effects on structural aspects 
that provide for forest functions is critical because the heterogeneity of natural 
disturbances influences a variety of ecosystem properties and processes.

Based on the obtained results and assessment of the different scenarios of climate 
change (global, regional), it was concluded that the territory of Serbia is one of 
the areas in which, due to the climate change, the sustainable use of natural, 
particularly forest, resources, is endangered. Due to the direct impact of higher 
temperatures, and changing precipitation patterns will change the composition of 
forests, and this will affect the provision of ecosystem services. Together with the 
air temperature, precipitation is a necessary condition for the unhindered growth 
and development of plants. If any of the above climatic factors is not at least on 
the required minimum, especially during the growing season, a plant will not be 
able to survive. Recent observations of elevated tree mortality following climate 
extremes, like heat and drought, raise concerns about climate change risks to 
global forest health. We currently lack both sufficient data and understanding to 
identify whether these observations represent a global trend toward increasing 
tree mortality. Extreme events underscore the fact that climate change may affect 
forests with unexpected force in the future.
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The latest results of research studies indicate that climate change has a direct 
impact on the following aspects of forestry and forest-based goods and services:

Forest health: climate-stressed trees will not be able to defend themselves as well 
against native and non-native pests and diseases.

Timber production: while increased atmospheric carbon dioxide may increase 
timber growth, this growth will be dependent on the availability of water.

Water quantity and quality: surface and ground water availability and usability 
will fluctuate with changes in precipitation.

Wildfire risk: increased instances of drought, extreme weather events, and forest 
stress will likely contribute to higher risks of wildfires.

Wildlife: temperature changes will alter wildlife populations through the timing 
and availability of forage.

Soil productivity: higher temperatures and increased instances and intensity 
of droughts can facilitate soil compaction if forestry best management practices 
are not used.

Emerging forest-based bioproducts and technology: the forest products industry 
continues to evolve through emerging products and technologies (applying the 
circular bioeconomy concept).

The complexity of forest ecosystems and numerous ways in which the society 
use and misuse them, as well as the fact that the forest ecosystems in Serbia are 
endangered by different factors, requires the application of the range of different 
protective measures and innovative approach to the problem. These measures, 
above all, include the suitable normative-legal and organizational-institutional 
mechanisms, suitable standards and practice in the domains of forestry, agriculture, 
water management, civil engineering, spatial planning, etc. 

Strengthening resilient of forest ecosystems in Serbia on future climate change and 
possible extreme weather conditions is posibble to achieve through the improving 
knowledge, applying of the new methodologies, as well аs deffining of  specific 
resiliant forest types. In that purpose it is neccesary to conduct an analysis of 
afforestation success by species, type and age of seedlings and planting technology 
in the conditions of climate change. The future researches and analysis aims to 
improve the knowledge necessary for adequate planning of the different forest 
species taking into account climate change vulnerability and risk assessments. In 
order to achieve this, it is necessary to develop models of different types of forests 
over the next 50 years under the conditions of climate change.
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By integrating all these measures and climate-smart forestry applying it is possible 
to achieve the higher degree of the environmental protection and sustainable 
forest management, even under the altered climate conditions, which are the 
results of the global warming.
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Milutin Milanković

28 May 1879–12 Dec 1958

The beginning of the life story of Milutin Milankovic is on 28 May 1879 in Dalj, a 
place near the Danube, in the vicinity of Osijek, the then capital of Slavonia, one 
of the southern provinces of the Habsburg Monarchy. Due to its size and flow, the 
Danube became an obsession of time and space for Milanković. The river near 
which he spent his whole life gave him the necessary security in life, in it he found 
sources of inspiration for his creative work.

Milankovic completed his primary education in his hometown. He continued his 
education in Vienna at the Technical High School. He completed his studies in civil 
engineering in 1902, and defended his doctoral dissertation on 3 December 1904, 
at the age of twenty five.

For Milankovic, Vienna was a place of growing up and maturing into a mature man 
and scientist. It was a meeting place of the scientific elite of the whole of Europe 
at that time and a centre for the exchange of scientific thoughts, which young 
Milankovic used extensively to acquire a broad education.

Although a civil engineer by education, a university professor of celestial 
mechanics by profession, Milankovic, with the strength of his talent, but above 
all with persistent and systematic work, expressed himself and created in various 
scientific disciplines and fields. Construction mechanics and civil engineering, 
astronomical theory of climate change, calendar reform, popular science works 



and the history of natural sciences are the areas in which Milankovic's scientific 
thoughts are reflected.

He had a very successful career as a civil engineer in Vienna, but his wish was 
to become a professor at a university, because there he could dedicate himself 
completely to scientific work.

In 1909, he accepted an invitation from the Faculty of Philosophy of the University 
of Belgrade, which offered him a position as a lecturer at the Department of 
Applied Mathematics, which included rational mechanics, celestial mechanics and 
theoretical physics.

Having chosen the climate of the distant past as the subject of his scientific 
research, he carefully planned his scientific journey through the "distant worlds 
and times". That journey he set out on will last for a full thirty years.

One of Milankovic's stops on his journey through the "distant worlds and times" 
was Budapest, where he spent the First World War (1914–1918) in internment 
as a Serbian citizen. As an already established scientist, he was enabled to work 
unhindered in the libraries of the Hungarian Academy of Sciences and the Central 
Meteorological Institute. The results of his four-year work are presented in the 
book "Mathematical Theory of Thermal Phenomena Caused by Solar Radiation", 
which was published in Paris in 1920. In it, Milanković presented the basics about 
the astronomical influence of solar energy and their connection with climate 
change on the planet Earth. The results of this research were the foundation of his 
world-renowned theory of climate change.

Milankovic continued his further work on the development of the theory of climate 
change in cooperation with one of the world's most famous climatologists, Wladimir 
Koeppen and his son-in-law, a well-known geophysicist, Alfred Wegener. After 
four years of successful cooperation in their voluminous work "Paleoclimatology" 
in 1924, Milankovic's insolation curves, later known as "Milankovic's cycles", 
were published. With this, it can be considered that Milankovic's work on the 
development of his theory of climate change was completed.

In 1941, the Serbian Academy of Sciences printed 600 copies of Milankovic's major 
work "The Canon of Insolation and the Ice Age Problem". It contains his entire 
long-term work and all the results of his work on the theory of climate change.

In 1923, the Congress of Eastern Orthodox Churches was held in Constantinople 
(today's Turkey), at which Milankovic's proposal for the reform of the Julian calendar 
was accepted. This calendar has gived the highest accuracy so far, whereby the 
calendar year differs by only 2 seconds from the current length of the tropical year.
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Milutin Milankovic was not only a scientist, but also a historian of natural sciences, 
a chronicler of scientific events of his time, a writer of popular science and literary 
works. Although he described different times, places of events, phenomena and 
personalities in his works, Milankovic's desire to vividly and clearly present the lives 
of great scientists, the most complex problems of science, the time in which they 
are born, as well as their application in the field of technology one can truly feel.

The end of the life story about Milanković is in his native Dalj, on the bank of the 
Danube - the paradise river Fison, from where he set out on a journey through the 
"distant worlds and times".
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МИЛАНКОВИЋ

Association Milutin Milankovic

The Association Milutin Milankovic is a scientific-professional association formed 
in 2007. It gathers members from the activities that Milankovic was engaged in 
(geophysical and technical sciences), but also a large number of deputies from the 
humanities (artists, writers, philosophers, journalists, film workers). The association 
was founded with the aim of popularizing the personality and valorization of the 
scientific work of Milutin Milankovic.

Since Serbia does not have a museum dedicated to Milutin Milankovic, the basic 
task of the Association is to collect, process and make Milankovic's legacy available 
to the domestic and foreign public.

Namely, behind Milankovic there is a rich legacy, which is still in archives, museums, 
libraries, establishements and institutions in the places where he lived and worked 
(Dalj, Osijek, Vienna, Budapest, Belgrade) as well as in other places, primarily in 
territories of Austria and Germany (Graz, Hamburg, Freiburg, Munich).

So far, over 1,500 different documents have been collected and digitized from 
these sources, as well as other artifacts about Milankovic's life and work (originals 
of old books, personal documents, paintings, drawings, photographs, diagrams, 
charts, professional and popular publications, video segments , newspaper articles, 
numerical databases and many other things).

The Association used the collected archival and museum material to organize 
10 scientific and professional gatherings, publish 15 publications, and shoot 10 
feature-length documentaries of various content and duration. 

For further information about the Association Milutin Milankovic, please visit 
website www.milutinmilankovic.rs.
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