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Abstract       The current global climate models were based on the data 
which prevents the detailed spatial structure of the variables, mainly 
temperature and precipitation above the homogenous areas. In the aim of the 
reduction of the disadvantages of the current global climate projections it is 
necessary to use the regional models and models of influnce in the forecasts 
in the aim of the quantification, accuracy and uncertainties . It is necessary to 
incorpate the results of these models in the activities which enable the timely 
adaptation to the climate change and their alleviation (if it is possible). Based 
on the models and scenarios it can be concluded that over a relatively short 
period the drastical change in the number and structure of the forest 
ecosystems in Serbia will occur. The previous concept of the multi-purpose 
planning system in each individual goal (general or specific) and methods for 
the achivement must be analyzed separately in regard to the climate change 
as one of the basic factors of risks. Given the above warning facts and the  
adverse effects of the climate change in the forest ecosystems and 
environment in general, these are not the goals for future but the obligations 
of the present. The guides to the forest management planning should 
determine the desirable characteristics of the management system at the 
operational level, and the guidelines for the forest management in a great 
detail determine the activities which should be used in the forestry. The paper 
presents the concept of sustainable use of renewable natural resources 
through adaptive activities focused on maintaining genetic variability and 
resistance of species to climatic changes; a change of technique and 
technogy of forest planting; protected natural areas; forest fire regimes; 
protection against insects and diseases; protection against erosion and 
floods; forest regeneration and sylviculture, etc. Additionally, an alternative 
use of natural resources through inclusion of the eco-centric approach into 
adaptive measures has been proposed.   
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The global changes are the changes in the inorganic 

world, as well as in the human activity and in the 

society in general, which occur as the result of the 

impact of the climate change, and intensify or weaken, 

which depends on their intensivity.  

The climate change significantly influences 

the occurrence of the new approaches in the forestry, 

caused by the effects of the global and regional climate 

change (as a result of the study of the different climate 

scenarios, changes in the concentration of the gas with 

the “glass house“effect condition of the ozone layer, 

changes in the intensity of the ultraviolet radiation, 

etc.).  

The results of these studies should be used for 

the determination of the following:  

• Reaction of the forest ecosystems to  the climate 

change;  

• Impact of the climate change on biodiversity;   

• Degree of the impact and reaction of the species to the 

climate change;  

• Impact of the global climate change and the possibility 

of the creation of new species and sub-species for the 

conditions of the altered clime;  

•Occurrence of weed and invasive species, insects, and 

plant diseases, etc.  

The Earth will be faced up with the new large-

scale extinction of the plant and animal species, similar 

to the extinction of the dinosaurs which occurred about 

65 million ago. By the human activity many sites were 

destroyed, which are most frequently fragmented or 

damaged by the long-term pollution by the various 

sources.  

In the previous century the increase of the 

global temperature pointed to the serious climate 

disturbances, caused by the anthropogenic influences, 

mainly by the combustion of the high quantities of 

fossil fuels and by the release of the carbon dioxide and 
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other gases in the atmosphere, which made the effect of 

the “glass house”. It is anticipated that it will cause the 

significant climate change in this century as well. The 

increase of the global average temperatures by 5 

degrees by 2050 is anticipated. This global warming 

will cause the melting of the polar ice caps and 

mountain glaciers, as well as the significant increase in 

the ocean and sea levels. The global warming by the 

end of the century might cause the extinction of the 

quarter of the land plant and animal species.  

By the application of the models the influence 

of the minimal, average and maximal possible global 

change of temperature on 1,100 plant and animal 

species, which inhabit certain regions, was determined.  

Under the very moderate scenario (which is 

considered to be unrealistic by most researches), about 

nine percentage of the species would be threatened 

with the extinction, whereas the other would migrate to 

new areas fabourable for inhabiting. It means that out 

of about 10 million species, about one million would 

be doomed. By using the climate model with the 

average change ( the moderate scenario) by 2050  

between 15 and 37 percentage of the species would be 

in danger of extinction. Under the extreme scenario 

(which is most feasible due to the current 

anthropogenic activities), between a third and half of 

the land plant and animal species will be faced up with 

the complete extinction. Therefore, it is necessary to 

take serious and urgent actions aimed at mitigation of 

the effects of the climate change. In this regard, the 

emissions of the glass house gases must be reduced. In 

addition, the felling of the tropical forests and 

destruction of the forest ecosystems must be stopped. 

Finally, it is needed to find new and efficient solutions 

in the domain of energy, as well as to find new strategy 

for the reduction of the current concentrations of 

carbon dioxide in the atmosphere.  

Previously recorded changes of climatic 

parameters and examination of various climate change 

scenarios (global, regional) indicate that the Serbian 

territory belongs to a group of regions in which 

climatic changes endangers sustainable use of natural 

resources and, consequently, threaten the state of the 

environment. In the following decades, even more 

adverse effects on biological diversity (genetic, species 

and ecosystem) may be expected in the entire region of 

south-east Europe, which will be manifested through  a 

change of vertical and horizontal vegetation zonality, 

an increased risk of extinction of species due to a 

synergic effect of climatic changes and habitat 

fragmentation, redistribution and migration or 

extinction of certain forest species, as a result of high 

temperatures and reduction of ground water level, etc.   

 
The change of the climate characteristics  

 
The average global temperature (of land and 

ocean) was by 2007 by 0.8
0
C higher than the average 

global temperature in the pre-industrial period (average 

values for the period 1850-1899). Only for the land the 

average global temperature was higher by 1
0
C. The 

growth of rate of the average global temperature 

increased by 0.1
0
C per decade over the last hundred 

years, and by 0.2
0
C in the previous decades. The best 

estimations for the projected global warming during 

this century are the further increase of the average 

temperature by 1.8 - 4
0
C for the different scenarios 

(under the scenario E, the global air temparure above 

the sea and mainland can by 2090 increase even by 

6.1
0
C, with the increase of CO2 concentration by 2030 

by +90 to +140%). 

Europe is getting warmer to a larger extent 

than the global average. The average annual 

temperature for continental Europe in 2007  was by 

1.2
0
C higher in comparison to the pre-industrial period, 

and for the combined areas of mainland and sea by 

1
0
C. Eight to twelve years between 1996 and 2007 

were the warmest since 1850. By using the climate 

models, obtianed by the different scenarios of climate 

change, it is anticipated that the annual temperatures 

will increase by 1 to  5.5
0
C in this  century. In winter 

the greatest degree of warming is expected to occur in 

East and North Europe, whereas in summer in 

Southwestern and Mediterranean part of Europe. 

The estimations, based on the climate 

modelling, under the moderate scenarios, point to the 

fact that the annual temperature in Europe by the end of 

the century will increase by 2.6
0
C. The melting will not 

be uniform over the year; summer will be warmer by 

3.5
0
C, autumn by 2.2

0
C, winter by 2.2

0
C, and spring by 

2.5
0
C. Under the most unfavourable scenario, it is 

expected that the annual air temperature will increase 

by more than 5
0
C. 

 
 

The extreme cold weather conditions will be 

less frequent, and the extreme heats will be more and 

more frequent, as well as the increase of the frequency, 

intensity and duration of heat waves. The number of 

the frost and rainy summer days (under this scenario) 

will continue to decrease.  

In Serbia, under the moderate scenario, the 

decrease of the quantity of precipitation by 15-25% is 

expected, whereas under the most unfavourable 

scenario the quantity of precipitation will decrease by 

even 50%.   

It is expected that the strong rains will be 

more frequent in Europe. The intensity of the strong 

rains has increased over the last 50 years, even in the 

areas will lower quantity of precipitation (Central 

Europe and Mediterranean). In addition, the duration 

and frequency of the dry periods in South and Southest 

Europe will be prolonged.  

The increase of the frequency, intensity, and 

duration of drought, which is the result of the increase 

of temperature, decrease of the summer precipitation 

and greater number of the longer drought periods, has 

been already registered in Serbia. This trend will be 

particularly expressed in Southeastern and Eastern 

Serbia.  
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The change of the climate parameters is more 

intensive than the natural ability of many species to 

adapt to the new conditions. It is particularly reflected 

in the fact that the areas have been fragmented, which 

will limit the shifts. The climate change during the 

mild winters caused the shift of numerous plant species 

in Europe to the north and higher altitudes. The 

mountain ecosystems in many parts of Europe are 

changing, the species which are adopted to the cold 

weather are being driven from their previous sites by 

the species which are adopted to the warmer climate. 

By the end of the 21st century, the distribution of the 

European plant species will have been shifted several 

hundred kilometers to the north, the range of the forests 

will be narrowed on the south and extended on the 

north, and 60% mountain plant species will probably 

disappear.  

The accelerated leaf formation and blooming, 

which is the result of the climate change, was reported 

in 78% species (averagely 2.5 days per decade over the 

period 1971-2000). These trends will be accelerated 

over  the following period.  
 

The climate change and forest ecosystems  

 
The adverse effects will be particularly 

reflected in the occurrence of the extreme atmospheric 

events, such as drought, storms, extremely high 

temperatures, intensive erosion processes, as well as in 

the occurrence of the plant diseases and pests. Serbia is 

located in the area with the most frequent droughts. It 

is expected that the growing season will be prolonged.  

Owning to the increase of the average annual 

air temperature the climate, and thereby, the vegetation 

zones, will shift to the poles and higher altitudes. The 

change of temperature by 1
0
C will cause the shift of the 

vegetation to the north by 200 to 300 km, as well as the 

shift to the higher altitudes by 150 to  200 m.  

Not only will the global warming cause the 

shift of vegetation to the poles and higher altitutes, but 

also the change of their structure. The desiccation of 

trees (forests) will be increased, due to the 

unfavourable ecological site conditions and the 

increase of the enthomological and phytopathological 

diseases. Furthermore, the climate change will also 

cause the alternations in the growth rate of some 

species,and  hinder the natural regeneration,owning to 

the change in the site moisture. It is also expected that 

the wildfires and atmospheric catastrophies will occur 

more frequently.  

The climate change will cause the changes in 

the natural ecosystems, not only in regard to their 

dislocation, but in their structure as well. The 

biological possibility of adaption will decrease, and the 

diversity will be limited. Therefore, the  associations 

and species with the limited possibilities of adaptation 

are most endangered.  

The greatest problem in the adaptation of the 

forests and shrub associations to the climate change is 

the rate of their alternations. However, it is expected 

that the application of the appropriate methods in the 

forest ecosystem management will alleviate the 

ecological and social-economical effects of the 

deterioration of forests.  
 

The model of the climate change based on the 

accumulated temperatures higher than 5.6
0
c 

 
 The system of classification of Serbian sites 

is based on EUNIS system of site classification. The 

site is defined as the “place inhabited by plant and 

animal species, which is above all characterized by the 

physical conditions (topography, plant or animal 

physionomy, soil characteristics, climate, water quality, 

etc), and then by the plant or animal species which live 

there“.  

It is very important to monitor the changes of 

the ecological site conditions and their spatial 

distribution during the climate change. In order to 

achieve this goal, the model of change of the 

accumulated temperature >5.6
0
C, depending on the 

increase of the anticipated temperatures by 1
0
, 2

0
, 3

0
, 4

0 

i 5
0
 (Table 1 and Graphs 1-6 ) is constructed.
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Table 1 
Model of the change of the accumulated temperatures >5.6

0
C

 
depending on the increase of the anticipated 

temperature 

Altitude 
Accumulated 

temperatures 

The increase of temperatures by 

1
0 

2
0 

3
0 

4
0 

5
0 

100  
     

200       

300       

400       

500       

600       

700       

800       

900       

1000       

1100       

1200       

1300       

1400       

1500       

1600       

1700       

1800       

1900       

2000       

Above 2100 The altitudinal zones registered in Prokletijske Mountain and Miroč 

 

 
 

 
Map 1: Accumulated temperature for the multi-

annual average  

Map 2: Accumulated temperatures for the increase by  1
0
 

in comparison with the multi-annual average  

  

Map 3: The accumulated temperature for the 

increase by 20 in comparison with the multi-annual 

average  

Map 4: The accumulated temperature for the increase by 

30 in comparison with the multi-annual average  
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Map 5: The accumulated temperature for the increase 

by 4
0 
in comparison with the multi-annual average  

Map 6: The accumulated temperature for increase by 

5
0 
in comparison with the multi-annual average  

 

Monitoring changes in ecological conditions 

of habitats and their spatial distribution under climatic 

changes is of critical importance. For that purpose, a 

model of change of accumulated temperature >5.6
0
C, 

contingent upon the increase of the forecast 

temperature by 1
0
, 2

0
, 3

0
, 4

0 
i 5

0 
, has been designed 

(30). Based on the designed model and scenarios, it can 

be concluded that a drastic change in number and 

structure of forest ecosystems in Serbia is about to 

occur in a relatively short period. 

The table presents the decline in number of 

forest habitats correlating to temperature changes. The 

total number of forest habitats in Serbia is 210. An 

increase of temperature by 1
0 

reduces the number of 

habitats to 198, whereas a 2
0 

increase reduces the 

number to 192. An increase of temperature by 3
0
 

reduces the number of habitats to 159, whereas a 4
0 

increase reduces the number to 131. A 5
0 

temperature 

increase reduces the number of habitats to 116, which 

is a decrease of 44.8%.  

Out of 72 sites of scrub sites, by the increase 

of temperature by 1
0
or 2

0, 
  the number of sites 

decreases at 70. By the increase of temperature by 3
0 

the number of the scrub sites decreases at 64, by 4
0
at 

51.  By the increase of temperature by 5
0 

the number of 

scrub sites decreases at 41, i.e. by 43.0% in comparison 

with the current situation. 

  

 

Table 2 

Тhe change in number of forest habitats correlating to the change of air temperature  

Habitats  
Number of 

habitats 

Number of habitats correlating to the change 

of temperature by  

1
0 

2
0 

3
0 

4
0 

5
0 

G1 Broadleaf coniferous forests 

G1.1 –Willow (Salix), alder (Alnus) and birch (Betula) 

riverine woodland 
11 11 11 3 2 0 

G1.2 – Ash-alder (Fraxinus)-(Alnus) and oak (Quercus)-elm 

(Ulmus)-ash (Fraxinus) forests along small rivers 
8 8 8 2 1 0 

G1.4 – Broadleaf fen forests which do not develop on acid 

moss  
3 3 3 0 0 0 

G1.5 – Broadleaf fen forests on acid moss 2 2 0 0 0 0 

G1.6 -  Beech (Fagus) forests 25 25 25 23 18(2!) 7(2?) 

G1.7 – Thermophilus deciduous forests  76 76 76 72 69 69 

G1.8 -  Acidophilus forests dominated by oaks (Quercus) 4 4 4 4 4 4 

G1.9 -  Non-riverine woodland with birches (Betula), aspen 

(Populus tremula), rowan (Sorbus aucuparia) or common 

hazel (Corylus avellana)  

6 2(4!) 2 2 2 2 

G1.A -  Meso- and eutrophic forests with  (Quercus), 

(Carpinus), (Fraxinus), (Acer), (Tilia), (Ulmus) and related 

forests  

24 22(2!) 21 21 21 21 

G1.B  -  Alder (Alnus) forests far from rivers  1 (1!)     

Total G1 160 153 150 127 96 96 
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G3 Coniferous forests 

G3.1 – Fir (Abies) and spruce (Picea) woodland 16 15(1!) 13 12 1 0 

G3.4 – Scots pine (Pinus sylvestris) woodland south of taiga 2 2 2 2 1 1 

G3.5 - Black pine (Pinus nigra) forests 9 8(1!) 8 8 8 8 

G3.6 - Subalpine Mediterranean pine (Pinus) forests 23 23 23 1 0 0 

G3.9 – Coniferous forests dominated by (Cupressaceae) or 

(Taxaceae) 
3 2(1!) 2 2 1(1!) 1(1) 

G3.E  - Nemoral wet coniferous forests 2 1(1!) 1 0 0 0 

Total  G3 32 28 26 24 11 10 

G4 Mixed deciduous and coniferous forests  

G4.1 – Mixed mire forests  2 2 1(1!) (1?) (1?) (1?) 

G4.6 – Mixed fir-spruce-beech (Abies) – (Picea) – (Fagus) 

forests 
8 8 8 1 0 0 

G4.7 -  Mixed Scots pine (Pinus sylvestris) and acidophilus 

oak (Quercus)  woodland 
1 (1!)     

G4.G  - Mixed forests of black pine (Pinus nigra) and  

calciphilic broadleaves 
3 3 3 3 3 3 

G4.H  - Mixed Heldreich pine-Macedonian pine-beech 

woodland  (Pinus heldreichii) - (Pinus peuce) - (Fagus) 
4 4 4 4 0 0 

Total G4 18 17 16 8 3 3 

Total 210 198 192 159 131 116 

 
Most species will react to climate changes by 

migration, which will cause the change in composition, 

structure and representation of plant communities. 

Some species and plant communities will migrate, 

whereas the others will simply become extinct, due to a 

more rapid shift of climatic zones as compared to a rate 

of migration of certain forest species and types. As the 

two thirds of the Serbian territory is comprised of 

mountain terrains, there are species the population of 

which is limited to mountain peaks, where there are no 

natural corridors for their migration. Those species will 

be among those worst hit by climatic changes, since 

they are already sensitive, on account of a low 

population and isolation. Most of these species on 

mountain tops are endemic or steno-endemic, hence 

there is a high probability of their extinction, which 

will significantly contribute to the decrease of 

biodiversity of the region (25). 

A change of climate creates favourable 

conditions for arrival and acclimatisation of new alien 

and invasive plant species. Invasive species exert 

adverse impact on biodiversity and they are considered 

globally a second most serious threat to biological 

diversity, immediately after a direct destruction of 

natural habitats. Invasive species drive out 

autochthonous species from their habitats, change the 

structure and composition of plant communities and 

reduce the entire richness of species. Ecosystems that 

have already been exposed to the adverse impact of 

human activities and have had their natural diversity 

reduced, manifest extreme sensitivity to invasive 

species.  

The expected effects of climatic changes with 

respect to forest ecosystems, forest communities and 

species of tree, shrub and ground vegetation, are the 

following: 

 

1. shift of boundaries of certain forest types 

with respect to geodetic latitude and altitude; 

2. different natural re-distribution of surface 

areas of various forest types with respect to geodetic 

latitude and altitude; 

3. considered from a long-term perspective, 

extinction of certain plant communities; 

4. different composition of certain plant 

communities with respect to a multi-storey and social 

position, involving extinction of some species and 

appearance of others; 

5. change of attitude of certain species 

towards light; 

6.  
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Table 3 
The change in number of scrub habitats in Serbia correlating to the change of air temperature  

Habitats Number of habitats  

Number of habitats correlating to the 

change of temperature by 

1
0 

2
0 

3
0 

4
0 

5
0 

F2.1 –Dwarf willow scrub habitats near snow patches 2 2 2 0 0 0 

F2.2 – Evergreen alpine and subalpine heaths  and scrub 

habitats 
12 11(1!) 11 8 5 0 

F2.3 – Subalpine and oroboreal scrub habitats 5 5 5 4 3 0 

F2.4 – Dwarf mountain pine scrub habitats (Pinus mugo) 3 3 3 3 1 0 

F3.1 – Moderate thickets and scrub habitats   2 2 2 2 2 2 

F3.2 – Mediterraneo-montane broadleaved deciduous 

thickets 
23 23 23 23 23 23 

F3.3 – Subcontinental and continental evergreen thickets  4 4 4 4 4 4 

F3.4 -  Montane and subalpine deciduous thickets  4 4 4 4 0 0 

F4.2 -  Dry heaths  2 2 2 2 1 1 

F5.3 - Pseudomaquis  1 1 1 1 1 1 

F7.4 – Hedge-hog heaths 1 1 1 1 1 1 

F9.1 – Riverine and lakeshore (Salix) scrub  6 6 6 6 6 6 

F9.2 -  Willow carrs and fen scrubs (Salix) 5 5 5 5 3 2 

F9.3 -  Southern riparian galleries and thickets 1 (1!)     

F9.4 – Desert false indigo (Amorpha fruticosa) thickets 1 1 1 1 1 1 

Total 72 70 70 64 51 41 
The marks in the table columns have the following meaning: ! – community not recorded in the region of Serbia, but its existence can 

be expected; ? – out of the scope of the model 

 
In addition to the above-stated, it is significant 

that a higher level of risk, related to the expected 

adverse effects, is associated to relict, rare and 

endangered forest communities and basic tree species, 

which make them distinctive. Considered cumulatively, 

the above-mentioned effects will have a direct impact 

on the possibility of preservation of biological diversity 

and viability of rational management of these 

resources. 

 
Adaptation of forest ecosystems to climatic 

changes 

 
The most significant problem in adaptation of 

forest and shrub communities to climatic changes is the 

rate of the change, i.e., the intensity of change of 

climatic parameters is higher than natural potentials of 

many species to adapt to newly-created conditions. 

This is particularly apparent due to a fragmented 

structure of terrains, which will limit the shifts. 

Climatic changes during milder winters have caused 

shifts of many plant species in Europe towards north 

and higher altitudes. Mountain ecosystems in many 

parts of Europe are changing, the species adapted to the 

cold are driven out from their present habitats by the 

species adapted to a warmer climate. By the end of 21 

century, the distribution of European plant species will 

be dislocated several hundred kilometres to the north, 

forested lands will be narrowed in the south and 

extended in the north, whereas 60% of the mountain 

plant species will most probably become extinct. 

 

Adaptive activities in forestry 

 
The existing concept of sustainable use of 

natural resources and, therefore, forest ecosystems, is 

experiencing a crisis. While developing a „new‟ 

concept of sustainable use of forest ecosystems, 

answers must be provided to a series of questions, 

among which the most important ones certainly are: 

 What are the types of research that will 

aid a development of the strategy for adaptation to 

climatic changes? 

 What are the educational needs aimed at 

raising awareness of climate changes and facilitating 

easier adaptation?  

 What must be known when estimating a 

level of forest response to climatic changes? 

 What activities in forest management can 

be performed without endangering ecosystem functions 

in future? 

 What are the obstacles to implementation 

of adaptation measures in forest management? 

 Do current monitoring systems 

adequately follow the changes caused by climatic 

changes and enable implementation of acceptable 

responses?  

 What forest ecosystems and species are 

capable of autonomous adaptation and where can we 

aid adaptation by intervention? 

Adaptation ought to reduce sensitivity of 

forest ecosystems towards climatic changes. Despite 

the fact that forest ecosystems will adapt to climatic 

changes on their own, bearing in mind the importance 
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of forests for the society, it is necessary to influence the 

course and dynamics of adaptation in certain fields. In 

many cases, the society will have to adapt to changes 

that it will not be able to influence directly.  

Activities related to a process of adaptation of 

forest ecosystems must be accomplished now, in order 

to obtain their full effect in future. Researches in 

forestry must estimate a long-term impact of climatic 

changes and determine how and in which habitats 

should be reacted to this threat. A sustainable forest 

management must include built-in elements of forest 

ecosystem adaptation (11), where it should be 

emphasised that the inclusion of adaptation to climate 

changes, as a part of sustainable management of forest 

ecosystems, does not require large financial 

investments into an unknown future.  

Even without a clearly established dependence 

between forests and climatic changes, it is even now 

possible to develop the adaptation strategy. Adaptation 

to climatic changes refers to adjustments in ecological, 

social and economic systems (34, 35). Having in mind 

the lack of understanding regarding the impact of 

climatic changes on ecosystems, the development of 

adaptation measures and social context must be highly 

speculative (Barton, I. at all., 2002). However, the 

applied adaptation measures must not have an adverse 

effect on the present state of forest ecosystem, 

therefore, an effective adaptation policy must provide a 

response to a broad spectrum of economic, political 

and ecological circumstances (36, 4, 11, 35, 38,). 

Adaptation requires:  

• establishing objectives for future forests, 

which will be under the influence of climatic changes 

• raising awareness of the importance of 

adaptation to climatic changes  

• determining a vulnerability level of forest 

ecosystems and forest communities 

• development of  present and future cost-

effective flexible activities 

• forest management aimed at mitigating 

vulnerability and improving conditions for 

rehabilitation 

• monitoring the state of changes and 

identification of a critical threshold for survival  

• a successful impact reduction, shortening 

of a rehabilitation period and reduction of vulnerability 

towards future climatic changes.  

The change of climatic characteristics will 

cause a shift of species areals towards  higher altitudes, 

along with a shift towards the north. Therefore, it is 

necessary to guide adaptive activities in afforestation 

towards maintaining genetic variability and resistance 

of species with respect to adaptation to these changes, 

as well as towards changing techniques and technology 

of planting:    

• determine the adaptability of species and 

genotypes in relevant climatic conditions, the 

boundaries of their transferability, and the development 

of climate-related characteristics of seed in the zones 

which are to be changed in the course of time (19, 21). 

Provenances should be tested at the boundaries of their 

ecological range, with understanding of relevant 

physiological processes (40). 

• planting of specific genotypes resistant to 

pests and showing a higher tolerance to climatic 

extremes (16, 41). 

• planting of forest fruit trees. With the change 

of climatic conditions, certain forest fruit trees will 

disappear from some forest ecosystems. As they 

represent the basis for a regular functioning of 

ecosystems, genotypes resistant to changes ought to be 

discovered (23).   

• in selection of species and planting type, forest 

stands of mixed provenances ought to be established 

(12). 

• change the principle of preservation and re-

introduction of rare and endangered plant species. Rare 

and endangered plant species usually have specialised 

ecological needs and low genetic variability (20, 9). A 

long-term preservation of certain rare species is easier 

to accomplish in archives (24), artificially established 

stands or arboreta, than in natural stands (19). 

• develop an afforestation technique and 

technology that will enable survival of seedlings in first 

years of life in newly-created conditions (mulching, 

use of polymers, etc) (22, 16). 

The existing forests are, for the time being, resistant to 

climatic variability, but their regeneration represents a 

phase that is very uncertain under the impact of 

climatic changes. By means of adaptation to climatic 

changes, spreading of genotypes or species adapted to 

new climatic conditions ought to be enabled. Spreading 

of non-commercial trees and vegetation will present a 

particular economic problem. Adaptive activities in the 

field of forest regeneration involve: 

• identification of genotypes tolerant to drought  

(6, 26). 

• aiding migration of commercial tree species 

from their present to future habitats by means of 

artificial regeneration (19). Shift of species towards the 

north or higher altitudes may be hindered by 

inadequate soil conditions, such as lack of nutrient 

matter, the depth, deficiency of mycorrhizal fungi, etc. 

• plantation of provenance growing in a broader 

spectrum of conditions as compared to current habitat 

provenances  (12). 

• control of undesired plant species, which 

become competitive species in conditions of changed 

climate (19). 

In near future, climatic changes may increase 

productivity of forests (3). However, in long-term, the 

availability of nutrient matter and adaptation of tree 

species to a higher content of carbon dioxide may limit 

productivity. In warmer habitats, stabilisation of 

productivity at the present level can be expected. 

Changes may also be expected in forest distribution 

border areas in the zone of scrub and grass habitats. 

Based on these changes in forest ecosystems, a change 
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of positions and procedures in the field of forest 

sylviculture is essential. Adaptive activities aimed at 

responding to changes are the following: 

• non-commercial thinning or selective removal 

of individually driven out, damaged or trees of poor 

quality, with a view to increasing light, water regime 

and nutrient matter, which would all be more 

accessible to remaining trees (33, 18). This adaptive 

measure, however, if applied on larger areas may have 

an impact on a current regular functioning of 

ecosystem. 

• reducing endangerment, with a view to 

decreasing disturbances in future, by controlling a 

stand thickness, type and structure of a forest (for 

instance, supplemental planting, planting of species 

from subsequent successive phases, etc) (4, 31). 

• planting of other species or genotypes, in 

cases which natural regeneration is not acceptable from 

the perspective of forest ecosystems in future  

• decrease of rotation period and plantation of 

adaptive species with a view to a more rapid 

establishment of resistant forest ecosystems.  

Natural protected areas present a specific problem, in 

the framework of which the adaptive measures involve:  

• reconsidering our current positions and 

approaches to protection of natural protected areas (by 

postponement, improvement, direct change) (14, 10, 

39). 

• identification and plantation of alternative tree 

species (39, 10, 30, 31). 

• preservation of biodiversity and maintaining a 

diverse and dynamic terrain, a function of which is to 

aid vegetation and migration of wild animals during 

climate changes through ecological corridors (17, 2, 

31, 32). 

• minimising fragmentation of habitats and 

maintaining association of habitats into functional units 

on larger areas (20, 17, 29).  

Rapid changes of forest age structure and changes of 

terrains can be caused by more frequent and intensive 

disturbances such as fire, stormy winds and outbreak of 

pests. There is a high possibility of occurrence of 

interaction between climatic changes (warmer and drier 

climate), pest outbreak and forest fires (7). 

Adaptive activities must be concerned with changes in 

the regime of forest fires, which involve: 

• focusing on protection of regions of high 

economic and social value (21, 29). 

• changing a forest structure (distance between 

trees, stand thickness, removal of dry upright trees, 

removal of dead trees) aimed at decreasing a risk and a 

degree of ecosystem disturbance (4). In the process of 

reduction and removal of dry trees, it should be borne 

in mind that this material has a particular ecological 

importance for functioning and preservation of 

ecosystems, therefore it is necessary to reconcile a 

threat of fire with the ecological component (31). 

• development of a „smart‟ fire landscape. By 

means of cut, regeneration, stand activities as systems 

of management of the amount of combustible material 

in the process of control of fire occurrence and 

spreading. For instance, an aspen stand, a species 

resistant to fire, can be planted in several localities in 

coniferous cultures or in natural forests, with the aim of 

mitigating vulnerability of ecosystems in large fires. 

This is an example of an adaptive activity, a positive 

effect of which will be felt for several decades (38). 

• increase of a rate of recovery of forest 

ecosystems after fires (32). 

Climate changes will increase warmth and humidity in 

present forest ecosystems, create conditions for 

increased occurrence of insects and diseases. Adaptive 

activities in protection of forests against insects and 

diseases may involve: 

• partial cut or thinning aimed at increasing 

stability and lowering sensitivity to attacks (42, 8). 

• sanitation cut of infected trees, where it should 

bear in mind that this practice may increase the 

sensitivity of ecosystems to other pests (33). 

• shortening of a rotation period with a view to 

decreasing the period of vulnerability of a stand to 

harmful insects and diseases (8), aimed at effecting a 

more rapid transition to more suitable species (13). 

• use of insecticides and fungicides in situations 

where other activities are ineffective of inappropriate 

(19). 

• use of genotypes grown for the purpose of 

increasing resistance to pests (16). 

Biological and climatic changes will also have 

implications on use of forests and forest ecosystems. 

An increased amount of precipitation during winter and 

a decrease in the summer period may have an impact 

on water resources in forest ecosystems, increase the 

risk from erosive processes and endanger fish habitats 

and hatcheries. Adaptive activities in the field of use of 

forest ecosystem resources are the following:   

• an increased amount of wood from sanitation 

cuts, which are carried out after fires and damage of 

stands inflicted by insects, along with a reduction of 

treatment in natural stands left to natural adaptation. 

• maintenance and rehabilitation of roads, 

damaged as a result of erosive processes due to an 

increased amount of precipitation and abrupt snow melt  

• mitigation of the impact upon infrastructure, 

fishery and reserves of potable water 

• inclusion of adaptive planning measures into 

forest certification, as a part of the risk management 

strategy  

• mitigation of climatic changes through carbon 

management  (19, 37, 43,  15, 7, 28). 

• an increased use of biomass as an energy 

generating product 

• development of policy aimed at facilitating 

creation and implementation of an adaptive response to 

climate changes (5, 36, 19, 1). 
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Conclusions 

 
The existing global climate models are formed 

on the basis of the data that prevent a on obtainment of 

detailed spatial structure of the variables, primarily 

temperature and precipitation, above heterogeneous 

areas. In order to reduce the drawbacks of the existing 

global climatic projections, it is essential, for the 

purpose of quantification of reliability and uncertainty 

of forecasts, to use regional climatic and impact 

models. It is necessary to build-in the results of these 

models into activities that enable timely adaptation to 

climatic changes, or their mitigation (if possible).  

For forest ecosystems to adapt to newly-

created climatic changes, it is necessary to preserve 

forests in their most natural form, with avoiding mono-

cultures and formation of mixed forests, with respect to 

both type and age. Maintaining natural or close-to-

nature regeneration is recommended, as the method of 

maintaining genetic diversity and, consequently, 

reducing sensitivity of forest ecosystems. It is also 

essential to strategically increase the size and number 

of protected areas, particularly in exceptionally 

valuable habitats, create artificial reserves or arboreta, 

with the aim of preserving rare species and providing 

multiple protection to climatic refugia, and to include 

climatic parameters into the models of forest growth 

and yield. It is necessary to aid changes in distribution 

of endangered and sensitive species by means of their 

introduction into new areas, with a view to preventing 

invasion of habitats by allochthonous species or 

autochthonous species which are not native for the 

relevant habitat, to constantly control those species, 

since they will enter a stronger competition with the 

species that are exploited. In artificially established 

forests and mixed cultures, natural genetic diversity 

should be fostered, the structure of surrounding forests 

should be imitated and a direct substitution of a natural 

ecosystem should be avoided. In order to increase the 

potential of an ecosystem to respond to climatic 

changes, it is essential to reduce stress factors that are 

not related to climatic conditions. With a view to 

preventing adverse changes in distribution of plant and 

animal communities, it is necessary to maintain seed 

sources (seed banks and seed facilities) and increase 

genetic diversity of trees that are used for 

establishment of plantation. With regard to seedling 

nursery production, seedling nurseries should be 

prepared for potential extension of their capacities, 

while intensifying  experimentation with various plant 

species and production, growth and plantation of 

genotypes resistant to drought and other climatic 

extremes, insects and diseases.    
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