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Abstract 

The idea of forest adaptation is new. Up until now the literature is 

quite few and trying to analyse the economic costs of a climate change 

by estimating the different type of infrastructure that might be 

needed against a future sea level rise. A new approach given, turned 

against to this perspective and present this method as a quite easy 

and away of the reality. According to them, the majority of the 

studies failed to compare the benefits of adaptation in terms of 

damages avoided against the costs of the measure needed to achieve the 

reduced damages. 

Europe as a whole is exposed to climate alteration, however there are 

certain areas that are at greater risk than others. These included: 

the Mediterranean Basin, mountain areas, densely populated floodplains 

and the Arctic. 

Nowadays, forests have to deal with climate change and at the same 

time, they meet the growing needs of human population.  

It is believed that adaptation and mitigation strategies of climate 

change can lead to a conflict with biodiversity goals and efforts to 

restore forest ecotypes and production. 

So far, although there is a management plan in Greek forests, it is 

not taken special consideration in climate change and the 

vulnerability of forests against the effects of climate change. 

Information and Communication Technologies can play a fundamental role 

in the environmental protection, environmental sustainability, 

environmental education, rural sustainable development goal and 

climate change strategies besides, European Union supports the 

development and promotion of new technologies. 
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Introduction 
 

Climate change is seen as a consequence of earlier and current human 

activities on Planet (IPCC, 2007). The average global temperature has 

risen by about 0,8°C (compared to pre-industrial levels) and export 

continues to grow. In Europe, the rise of temperature was even faster 

than the global average (1,3°C compared to pre-industrial levels). The 

whole of Europe is exposed to climate change, however, certain areas 

such as the Mediterranean Basin, mountainous areas, densely populated 

floodplains, coastal areas and the Arctic are considered particularly 

vulnerable and are more at risk than the other (COM, 2013). In the 

Mediterranean in particular, the temperature seems to be on the rise 
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and rainfall to decline statistically significant, during the winter 

and summer season (data for the last half of the 20th 

century)(Giannakopoulos et al., 2005). Green ICTs have been identified 

as a strategic tool in the monitoring and mitigation of climate change 

(Andreopoulou, 2012). 

 

Climate change can provoke increasing of air temperature, changing of 

precipitation regimes, changes in annual rainfall and snowfall  (IPCC, 

2013). The global warming of last years has already caused changes in 

forests (Lucier et al., 2009). Due to this climate change, some trees 

has been positively been effected as it was mentioned growth in 

locations were the temperature was altered as also the CO2 levels 

(Kelly and Goulden, 2008). But this is not what the majority of 

literature review support.  

 

It should, also, be mentioned the balance between forests and climate 

change. The global rise of climate change can affect forests in a 

numerous ways; but also forests impact on climate change is equally 

important. Forests can influence climate change because of the amount 

of carbon dioxide that can absorb. This is crucial in case of a fire, 

because this large amount of carbon dioxide will be released back in 

the atmosphere, influencing tho global carbon circle (FAO, 2005).  

 

The impact of climate change on forest ecosystems is expected to be 

direct (for example reduction of productivity and exhaustion of trees 

due to increased drought) or indirect (for example worsening health of 

the forest due to pests pathogens). Environmental Informatics can help 

in environmental protection and sustainability using monitoring, 

simulation and modelling techniques, database registration, online 

Decision support systems, etc either in private or government 

National, trans-national and international level (Andreopoulou, 2009). 

As an effect, the achievement of management objectives, but also all 

the services that forests provide are at risk (Working Group of LIFE+ 

AdaptFor project, 2014). 

 

Forests have the ability to absorb water, store it and release it 

gradually; limiting floods when it rains and storing water droughts. 

Trees not only provide habitat for animal and plant species, but also 

purify the air we breathe by removing dioxide, nitrogen dioxide sulfur 

dioxide, carbon monoxide and ozone, while store or absorb carbon in 

their wood (European Union, 2010). 

 

In the previous years forest was known primarily for its financial 

meaning, especially for the production of wood for different uses. 

Nowadays we know that the forest serves purposes, functions and has 

utilities on resulting the production of wood at the second place. The 

role of the forest to the hydrologic circle (which consists to 

regulate the river and the quality of the produced water), soil 

protection from wind and alluvial erosion, wind protection, noise 

protection, the influence of the climatic factors of the area 

spreading and the wider region, in the composition of air and 

atmospheric pollution and aesthetic, recreational, health impact are 

gaining ground and importance (IPCC, 2007). 

 

Nowadays, forests have to deal with the climate change and by the same 

time, it is important to cover the increasing demands of human 

population (Constanza et al., 2014). It can easily be perceived the 

difficulties that must be addressed by forest ecosystems, as they have 
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to cope with both the needs of humans and their adaptation to climate 

change (Staudt et al., 2013).  

 

It is believed that climate change adaptation and mitigation 

strategies can provoke conflict with biodiversity goals and efforts 

for restoring habitats in producton forests (Felton et al., 2016). 

 

As it was mention during the 90s, climate change affected the 

distribution of forest types the last 10.000 years (Prentice, 1991). 

Also, during that time scientist expressed a great fear of rapid 

changes the following 100 - 200 years as a cause of greenhouse effect 

(Houghton et al., 1990). It was stated the importance of the topic, 

mentioning the problems of species composition, production and biomass 

of forest landscapes that may occur in a rapid climate change and may 

change the forestial equilibrium (Prentice et al., 1991a). Although of 

the existence of a great concern of the equilibrium, scientists 

believed in natural disturbance. Ecosystems that come from forests, 

provide a wide variety if services not only from the products but also 

they offer a variety of goods such as wellbeing. Even more, forestial 

ecosystems contribute to the hydrological cycle, support the soil etc. 

(ΜΕΑ, 2005).  

 

According to that theory, in a forestial ecosystem exist patches 

(sometimes because of natural disasters; such as fires and winds, and 

sometimes because of harvesting different years) that may help in the 

development of a new equilibrium under a climate change (Prentice et 

al., 1991b; Pickett and White, 1985). 

 

So far Greek forest management exist without taking particular account 

of climate change, the vulnerability of forests in that and the impact 

that may have in the end (Working Group of LIFE+ AdaptFor project, 

2014). 

 

Forest Adaptation 
 

Climate change could damage forest ecosystems in a number of ways 

including through fire, infestation, disease and wind throw (Sedjo, 

1991). Forest could adapt naturally as they have done in the past by 

altering the ranges of important tree species, but a critical issue is 

the rate at which tree species would migrate under global warming 

(Sedjo, 2010). It is customary to classify adaptation measures into: 

anticipatory, reactive, autonomous and planned. Anticipatory, also 

referred to as proactive adaptation takes place before impacts of 

climate change are observed. Early warning systems to prepare for 

forest fires are a classical example of anticipatory adaptation. 

Reactive adaptation is that which takes place after the impacts of 

climate change have been observed (Robledo et al., 2005). For example, 

salvage logging after a storm (Garforth, 2012) or after a fire (Sedjo, 

2010). Behavioural changes taken by private actors as a reaction to 

actual or expected climate change are known as “autonomous” 

adaptation. For example, the change of date of planting / seeding and 

harvesting by the farmer, due to a change in rainfall patterns (FAO, 

2010). Planned adaptation is the result of a deliberate policy 

decision based on an awareness that conditions have changed and that 

action is required to return to, maintain, or achieve a desired state 

(Robledo et al., 2005). For example, tree planting and monitoring of 

forests (Bernier and Schoene, 2009). 
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Adaptation measures emphasized in the literature are: afforestation, 

reforestation and agroforestry. According to Sedjo (2010), in 2009 

there were 45,083 ha planted forests in China, 32,578 ha in Japan, 

17,340 ha in Russia, 16,238 ha in United States, 10,682 in India, 

9,871 ha in Indonesia, 4,892 ha in Brazil, 4,425 ha in Ukraine and 

2,284 ha in Iran. In southern Africa the afforestation rate is around 

11,000 hectares per year. Examples of adaptation measures are 

summarized within the report of Seppala et al. (2009), Specifically, 

some indicative adaptation measures include: the afforestation of 

areas to protect against drought and aridity and provide firewood, 

fodder, tannin, pulpwood, shelterbelts and soil improvement in Burkina 

Faso (UNFCCC 2008a) the planting of trees in Tajikistan to protect 

from erratic rainfall and stabilise eroding soils and slopes (UNFCCC, 

2008b) and the Five-year Action Plan for Mangrove Management in the 

Gulf of Thailand, which preserves mangrove forests and promotes 

sustainable use of mangrove resources (UNFCCC 2008c). 

 

In Europe, the key adaptation measures are afforestation and 

reforestation, through enhancing the natural regeneration or by 

planting seedlings or by seeding, and thinning and harvesting 

practices (Kolström et al., 2011). The pan-European assessment called 

‘SilviStrat’ (Kellomäki and Leinonen, 2005) explored the impacts of 

climate change on forest productivity, carbon storage and 

biodiversity. In general they found that forest productivity and 

carbon storage increased in northern and central Europe but declined 

in southern Europe due to drought impacts. They recommended planting 

new species that are drought-tolerant and frost-tolerant as an 

adaptation strategy. They also recommended increased intensity of 

thinning in areas where productivity was likely to increase (Johnston 

et al., 2010). The more diverse and larger the seedling population is, 

the more potential there is for populations to adapt to environmental 

changes. Adaptation measures in tending and thinning support mixed 

stands of well-adapted tree species, and/or uneven-aged/structured 

stands. Tending and thinning can also help to manage increasingly mal-

adapted stands in a changing environment (Kolström et al., 2011; 

Lindner et al., 2008). 

 

According to Adger et al. (2005) adaptation of climate change can be 

implemented by various agents; from individuals, firms and civil 

society, to public bodies and governments at local, regional and 

national scales and international agencies. In the case of the forest 

sector, the majority of adaptation measures are implemented at 

regional and local levels. The classification of projects in forestry, 

according to their scale, depends on the geographic coverage of 

project implementation, i.e. regional, national or local. The scale 

can refer to specific ecosystems or to political-administrative 

divisions. Indicatively, the Riparian Forest Restoration Project 

targets to the reforestation of 1 million ha of riparian rainforest in 

Brazil, with up to 800 native species. Finally, Chazdon, (2009) stated 

forest restoration efforts, whether at national, regional, or local 

scales, will take many decades, long-term financing, political will, 

labour, and personal commitment. 

 

Climate change and European forests 
 

The impact of climate change on forest ecosystems is expected to be 

diverse and affect the health and stability of forests. As a result, 

climate change is expected to negatively affect the functions, 

charitable effects of forests and the services provided by forests to 
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humans. For example, changes in the hydrological cycle (spatial and 

temporal changes in rainfall distribution patterns), is expected to 

reduce the availability of water production from forest and would 

impair its quality, reducing in this manner the protective role of 

forests with respect to soil erosion, floods, strong winds, etc. 

Climate change can have contrasting effects on forests: on the one 

hand, European forests faced with changes occurring in a gradual way 

as the modification or movement of forest species and ecosystems which 

form and changes in forest productivity. On the other hand, forests 

are likely to be found even more exposed to extreme weather conditions 

(such as forest fires, drought, pathogen epidemics). The impact from 

gradual variations and extreme conditions can act either jointly or 

independently to compensate and neutralize each action of the other. 

For example, the observed increase in productivity in northern Europe 

offset by the impact of increased frequency and intensity of phenomena 

such as storms and insect epidemics. By contrast, in southern Europe, 

the impact of climate change seems to act collectively, as the gradual 

decrease in productivity coupled with an increase in extreme events 

(such as droughts and fires), leading to increased mortality of trees, 

and even in forest replacement by new types of vegetation (Lindner et 

al., 2014).  

 

The forest ecosystems of the Mediterranean are expected to suffer to a 

greater extent of changes in climate parameters compared with forest 

ecosystems of other regions as the Mediterranean considered the center 

of climate change (climate change hotspot) (Giorgi, 2006). Moreover, 

in South Europe the abiotic conditions result in low productivity of 

forests, throught a combination of limited factors such as low 

fertility terrain, steep slopes and soil erosion risk. However, in the 

Mediterranean forests provide a wide variety of socio-environmental 

services, such as conservation of biodiversity, protection of the 

floods that make them of greater importance of forest ecosystems of 

Northern Europe (Linder et al., 2010). 

 

Management and strategies 
 

It is considered as a modern and universal definition of sustainable 

management (applying exclusively to natural resources)”The stewardship 

and use of forests and forest lands in a way, and at a rate, that 

maintains their biodiversity, productivity, regeneration capacity, 

vitality and their potential to fulfil, now and in the future, 

relevant ecological, economic and social functions, at local, 

national, and global levels, and that does not cause damage to other 

ecosystems.” (Helsinki Resolution H1, MCPFE, 1998). 

 

This lead to the six criteria of forest management, voted in Lisbon, 

in 1998. 1. Maintenance and appropriate enhancement of forest 

resources and their contribution them in the global carbon cycle 2. 

Maintaining the health and vitality of the forest ecosystem 3. 

Maintenance and encouragement of productive functions of forest (Woody 

and non-woody) 4. Maintenance, conservation and appropriate 

enhancement of biological diversity in forest ecosystems 5. 

Maintenance and appropriate enhancement of protective functions in 

forest management (in particular soil and water) 6. Maintenance of 

other socioeconomic functions and conditions. 

 

Forestry management is requested to give answers in two key questions: 

a) How to respond to climate change? b) How to incorporate the 

mitigation of impacts on service current practices and methods of 
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forest management; Therefore forest ecosystems must both protect 

themselves and secondly, to protect other ecosystems – including and 

man - from the effects of climate change, providing additional human 

and multiple environmental benefits. (Charachristos and Galatsidas, 

2015).  

 

A good way to answer these two questions is the calculation, 

measurement and recording of fixed carbon quantity on the basis of 

calculation of biomass (standing) and decumbent plant debris (leaves, 

twigs, fruits) with the aim of incorporating them in carbon storage, 

and monitoring of weight loss due to decomposition. Also, sample plots 

should be examined in order to give quality and quantitative data. 

Moreover it will be useful to establish a monitoring and research 

network, which will give information for the sample data using new 

technology systems and real time data (Brown et al., 1995). 

 

What is happening in Greece? 
 

According to a research performed on the maximum summer and minimum 

winter temperature, all regions of Greece is expected to have about 

1,5oC the 2021-2050 and the 2071-2100 3,5oC higher minimum winter 

temperatures. These results are in agreement with findings in a large 

scale, according to which in recent decades have witnessed a 

significant trend of increasing minimum temperatures. This warming 

will be greater in the more mountainous areas, particularly in the 

mountain ranges of the Pindos and Northern Greece. There, the 

temperature will rise to 2oC between 2021 - 2050 and 4oC during the 

2071 to 2100 (Zerefos, 2009). 

 

The rise of this parameter can affect forests, which are common in 

colder conditions. If conditions become prohibitive for certain 

categories of forests (eg spruce forests), they may begin to prefer to 

grow at higher altitudes. 

 

Forests in Greece cover approximately 3.9 million ha, representing 

approximately 30% of the country area. Although Greece has not a large 

percentage of forest cover, compared to Nordic countries, indicates a 

wide variety of forest ecosystems. This diversity is due to the 

particularly rich flora, the variety of climate types (from 

Mediterranean to continental climate), the orographic configuration, 

since Greece is a predominantly mountainous country, with 42 peaks 

over 2.000 m, the wide variety of geological formations and rocks, the 

variety of soil types, the historical and cultural development and 

last but not least due to economic and social structure of the country 

(FOREST EUROPE, UNECE and FAO, 2011). 

 

The effect of these parameters is giving 5-bioclimatic forest 

vegetation to Greece: 1. The mediterranean, 2. The subcontinental, 3. 

The mediterranean mountainous coniferous, 4. The broadleaves of high 

altitudes and coniferous trees 5. The coniferous trees of high 

altitude. There can also be the discrimination of the wetland forests, 

whose appearance is not dependent of climate conditions, but from the 

diet of the water (riparian forests) (Ntafis, 2010). 

 

Greece is thought to be one of the most vulnerable countries to 

climate change in Europe (CEC, 2007). Therefore, as to be protected of 

the consequences of the change in climate, it is necessary to 

implement the appropriate measures in all management measures in 

local, regional and national level. 
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Conclusion  
 

Mediterranean has been recognized internationally as a region 

vulnerable to the impacts of anthropogenic climate change. As shown by 

the results of a series of climate simulation, by the end of 21th 

century the temperature in Greece will make significant rise, while 

the amount of precipitation is expected to continue declining. In the 

coming decades is expected to grow significantly and the incidence of 

extreme temperature values and rainfall extremes. 

 

As it was discussed before, climate change could damage forest 

ecosystems in the following ways: fire, infestation, disease, 

dissertation and wind (Sedjo, 1991). Although forests can adapt 

naturally, it is crucial to give local, regional and national 

guidelines. 

 

We believe that it is necessary to create a strategic planning as 

adaptation measures and emission reduction measures in the context of 

the global mitigation effort is needed to tackle climate change and 

reduce its negative effects on welfare, environmental and economical 

development. 
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