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Abstract   The number of forest fire incidents has been increasing throughout the last decades and it is estimated that on average 600 000 ha of forests are burnt annually in Europe. In light of these developments and in view of the severe wildfire season in Russia during the summer of 2010, this study explicitly examines the forest fire situation in Central-Eastern Europe. Five hypotheses are formulated relating to the rising impact of forest fires, changing forest ownership structures and fragmentation, human influence on fire regimes, international cooperation, and public education. Scientific literature and specific country reports form the basis for a comparative analysis of the impacts and drivers of forest fires in the study region. The impacts are characterised by the category “Fire situation”, while the drivers are allocated to “Natural preconditions and trends”, “Forest Management”, and “Policy and legal frameworks”. Through the use of a questionnaire addressed to national forest fire experts, the study’s main focus is on six countries: Belarus, the Czech Republic, Poland, Romania, Slovakia, and Ukraine. Concerning the rising impact of fires it can be said that there is no uniform development of burnt area and number of forest fires in the region. This is due to the conversion of coniferous monocultures and more sophisticated fire fighting and forecasting techniques on the one hand. And on the other hand there is the locally varying influence of climatic changes, mostly by reduced precipitation and rising mean temperatures. Especially areas with neglected fuel management are recognized as threatened, for example the radioactively contaminated zones near Chernobyl in Ukraine and Belarus. Rural abandonment is identified as the most important socio-economic driver of wildfires in the region, with the additional problem of fragmented private forests, for example in Romania. Weak governance is a problem throughout the region and the legal measures in place are considered not to be effective enough to control human influence on forest fires. With regard to common framework approaches it is especially the EU member states which profit from further developments in this field. Public education measures receive an important status in Poland, where arson is a grave issue. The results indicate that prescribed burning will play a more prominent role in the future in achieving Integrated Fire Management. But legal and administrative frameworks must also be adapted to cope with changing ownership structures. Well prepared education campaigns can efficiently address anthropogenic influence on forest fires but cooperation with institutions outside the forestry or fire management sector is recommended. The possible development of an EU Fire Framework Directive will have positive impact on transboundary collaboration and also fuel management will be more affected by EU energy policies, as renewable forest biomass is growing in importance. The active involvement of NGOs and other stakeholders is necessary for successful fire management and also the issue of availability of reliable data is stressed with regards to further research.  





 
1 Introduction to Forest Fires from a European Perspective  Naturally, wildfires1 have been an integral element of European lowland forest ecosystems over much of the Holocene until the comparatively recent past (Niklasson et al. 2010). In most ecosystems without human influence, fire maintains dynamics and biological diversity. But almost since the dawn of mankind it has been either introduced into areas previously unaffected by it or, most prevailingly, suppressed in large areas where fire occurred naturally (Benson et al. 2009). Due to industrialization and urbanization the use of fire was abandoned for decades but nowadays it is rapidly re-gaining importance as a management tool to replace and imitate natural processes in forestry, agriculture, and nature conservation (Myers 2006, FAO 2007, Birot 2009). Yet urbanization, abandonment of rural areas and shrinking budgets of fire authorities have increased the destructive impact of wildfires not only in Europe but worldwide (FAO 2007). A distinct rise of the number of forest fires in Europe has been shown by Schelhaas et al. (2003): While during the 970s recorded fires averaged 40 000 annually, their umber rose to above 95 000 in the 1990s (Fig. 1). 1n 

 
Figure 1. Annual number of reported forest fires in 30 European countries2 from 1970-2000 (solid line). Upscaled number of fires 
                                                            
1 An uncontrolled fire in combustible vegetation that occurs in the countryside or a wilderness area. Other names such as brush fire, bushfire, forest fire, grass fire, hill fire, peat fire, vegetation fire and wildland fire may be used to describe the same phenomenon depending on the type of vegetation being burned (FAO 2005). 
2 Countries included: Albania, Austria, Belgium, Bosnia & Herzegovina, Bulgaria, Croatia, Czech Republic, Denmark, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Luxembourg, the FYR of Macedonia, The 

                                                                                                      

(dashed line) for total Europe (Source: Schelhaas et al. 2003, p. 1623).   An increase can also be seen for the average burnt forest area in Europe (Fig. 2). A rough estimation gives the annual area with 227 000 ha, over the period from 1991 to 2000 (Schelhaas et al. 2003). This translates into approximately 0.16% of the total forest area in Europe. Recent studies, relying on more accurate data, even estimated an average of 600 000 ha of forests that are burnt by wildfires in 23 European countries3 annually (Barbosa et al. 2009). More than 80% of the burnt area usually occurs in the Mediterranean region (San-Miguel & Camia 2009), where certain countries have experienced large and uncharacteristic fire events in 2003 (Portugal) and 2007 (Greece). In 2010, a total of 274 000 ha of forests were burnt in Europe according to the Joint Research Center of the European Commission (JRC), a figure which was well below the long term average. About 60% of that area was located in Portugal alone (Schmuck et al. 2010). The large share of forest fires in the Mediterranean countries justifies growing concerns within that region. But as the extreme climatic conditions of the recent past also affected other parts of a densely populated Europe, the question arises whether urrent policies and measures related to fire anagement are efficient enough (Birot 2009). cm 

 Netherlands, Norway, Poland, Portugal, Romania, Slovak Republic, Slovenia, Spain, Sweden, Switzerland, Turkey, United Kingdom, and Yugoslavia (now Serbia, Kosovo, and Montenegro). 3 Data from EFFIS database for the period 2000-2005 covered Austria, Cyprus, Czech Republic, Estonia, Finland, France, Germany, Greece, Hungary, Italy, Latvia, Lithuania, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, Croatia, Switzerland, Turkey, and Norway. 
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Figure 2. Burnt area of reported forest fires in 30 European countries4 from 1960-2000 (solid line). Upscaled burnt area (dashed line) for total Europe (Source: Schelhaas et al. 2003, p. 

 1623).   In Mediterranean countries where wildfires have a profound influence on ecosystem dynamics, authorities have developed effective legal regulations towards fire management5. On the other hand countries in Northern, Central or Eastern Europe still lack competent frameworks as destructive wildfires re a comparatively recent threat (Herrero et al. a2009, Montiel & Herrero 2010).   1.1 A Threat for Europe  One recent example of wildfires with severe large-scale impacts in Europe took place in Western Russia during the summer of 2010, when the region experienced a heat and drought period unprecedented in its documented weather records (Goldammer 2010). The resulting conditions 
                                                            
4 Countries included: Albania, Austria, Belgium, Bosnia & Herzegovina, Bulgaria, Croatia, Czech Republic, Denmark, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Luxembourg, the FYR of Macedonia, The Netherlands, Norway, Poland, Portugal, Romania, Slovak Republic, Slovenia, Spain, Sweden, Switzerland, Turkey, United Kingdom, and Yugoslavia (now Serbia, Kosovo, and Montenegro). 5 All activities required for the protection of fire prone forest and other vegetation values from fire and the use of fire to meet land management goals and objectives. It involves the strategic integration of such factors as knowledge of fire regimes, probable fire effects, values-at-risk, level of forest protection required, cost of fire-related activities, and prescribed fire technology into multiple-use planning, decision making, and day-to-day activities to accomplish stated resource management objectives. Successful fire management depends on effective fire prevention, detection, and pre-suppression, having an adequate fire suppression capability, and consideration of fire ecology relationships (FAO 2005). 

facilitated ignition and spread of wildfires during a particular episode from 21 June to 19 August 2010. The fires took place on an area pending between 300 000 to 400 000 ha, which is comparatively small in relation to the total Russian territory. Nevertheless, they affected about 14 million people by exceedingly high degrees of air pollution, including Moscow and its suburbs (Goldammer 2010, Schmuck et al. 2011). During the whole fire season the area burning nationwide amounted to 2.3 million ha (Schmuck et al. 2011). A daily mortality rate of 700 persons during days of extreme heat and smoke pollution was noticed in Moscow, where the average varies between 350 and 380 persons (Goldammer 2010). More than 200 000 fire fighters and 200 aircraft were deployed during these events, with fourteen ther countries providing further assistance t o(Schmuck e al. 2011).  Since the 1990s, forest fires in Russia have significantly increased (FAO 2006a, Goldammer et al. 2008), a trend that is mirrored on a worldwide scale and especially in the rest of Europe (Fig. 1). The 2010 Russian wildfires have gained broad public and political attention, not only within Russia but there it has been one of the rare events that forced officials to eact, as daily life in Moscow was seriously enced (rinflu Goldammer 2010).  1.2 Objectives, Hypotheses and Structure  The recent events in Western Russia have increased public attention to fire management not only in affected countries but over most of Europe. Impacts of wildfires are not limited to the respective areas or regions but affect ecosystems and livelihoods of people on a larger scale. With the 2010 wildfires in mind, this study examines the current forest fire situation in adjacent Central-East European (CEE) countries. This region exhibits comparable natural onditions and finds itself in a similar socio-e c .ceconomic transition phas  sin e 1990   The main question is the future importance of wildfires for forest management. Since fire weather conditions and tree species distribution, either due to natural or anthropogenic reasons, will be subjected 
 



tfo changes in the future the first hypothesis is ormulated as follows: Hypothesis IV: Common international framework approaches can strengthen the efforts directed at managing forest ires in CEE, especially within the scope of EU olicies.  
Hypothesis I:Due to the increase of average burnt area and number of wildfires, their active management will ecome an even greater aspect of the sustainable use f forests in CEE. 

fp  Throughout all these issues, reliable information impacts fire management, scientific research, and decision making processes. Heterogeneous methods for collecting and processing data on forest fires or scarce publications in English can thus further inhibit fire prevention. The importance of public education easures and long-term effects of lessons learned fter severe fire events seems obvious: 

bo  The ongoing transition of national economies has multiple effects. Directly related to forest fire anagement are land-use changes predominantly in ural areas, hence: mr ma 
Hypothesis II: Changing forest ownership structures and land ragmentation due to restitution  and privatization  n CEE affect present and future fire regimes. 

 
Hypothesis V: Public education and access to relevant data are mportant tools in fire prevention as human-caused f 6 7i i  As these changes can also lead to weakened governance in the forestry sector, it is important to find out whether this is addressed by existing olicies and whether fire management capabilities ill further decrease: 

fires prevail in CEE.  Scientific publications, case studies and country reports presented in the second chapter provided the fundamental data. Drivers and impacts of forest fires in Eastern Europe are closely examined in the third chapter. An additional questionnaire addressed to national forest fire experts laid the basis for a comparative analysis of the forest fire situation in different countries in the fourth chapter. The analysis is meant to address the formulated set of hypotheses in the fifth and lead to final conclusions in the sixth chapter.

pw 
Hypothesis III: Policies and law enforcement measures by official gencies in CEE are insufficient to control human nfluence on forest fire regimes. ai  Transboundary cooperation is mostly limited to emergency cases, as forest fires are still a matter of national legislative. Therefore, the fourth hypothesis ims at the highly diversified regulations within the tudy region: as 
                                                            6 Restitution of forests acknowledges the continuity of private ownership rights on forestland in returning them to the former owners or their heirs and/or to local communities and institutions chmithuesen & .(S Hirsch 2010, p  43). 7 Privatization refers mainly to the process of creating new private property rights on forest land within the scope of this study. Privatization increases competition and commercialization by reducing the role of the public sector and is concerned with transferring tenure and management rights to private individuals and corporate bodies (Schmithuesen & Hirsch 2010, p. 43). 
3 | P a g e  



 
2 aterial and Methods M 2.1 Evaluation Framework  For a start, the principles and strategic actions of the voluntary fire management guidelines by the Food and Agriculture Organization of the United Nations (FAO 2006b) provide a valuable orientation. Based on the literature review certain criteria are chosen to address the issues highlighted by the hypotheses. Up to a certain extent, these cover climatic and natural preconditions as well as silvicultural tools and measures employed by the respective forest services in the prevention of fires. Also, the development of policies and national frameworks in the field of forestry and land-use management is examined, as all of the CEE countries experience socio-economic changes since the 1990s. An identification of common wildfire problems and issues is the main reason for applying criteria that fit to all targeted countries. The factors, which could generally be described as framework conditions for forest fire anagement are arranged in four separate ategories: mc 
Fire situation, this category comprises causes of wildfires and its characteristics. It provides the basis o compare the current conditions for fire anagement. tm 
Natural preconditions and trends, which include cological factors, their influence on wildfire regimes nd the possible impacea t of climate change.  
Forest management, with the aim of identifying obstacles for forest owners and managers when dealing with wildfires. This includes fire prevention ut also the active use of fire to see whether existing easures are adapted to the rebm spective situation.  
Policy and legal frameworks, which stretches over different criteria. It targets structural problems of forest policies and its implementation. But also land-se changes, restitution and privatization processes uof economies in transition are of interest.  The criteria-based assessment of relevant forest fire factors and their continuous retention during the 

progression of the study allows for a comparative analysis on country level. This is based on three pillars: Scientific publications and country reports which are used to gather material are presented in the next two paragraphs. A questionnaire for national forest fire experts is described in the fourth paragraph. It is a method employed to gain additional knowledge and an assessment of local forest fire issues. The countries originally targeted by this study are Belarus, Bulgaria, Czech Republic, Hungary, the former Yugoslav Republic (FYR) of Macedonia, Poland, Romania, Slovakia, and Ukraine (Fig. 3). But since the questionnaires were not replied by Bulgaria, Hungary and the FYR of acedonia these three countries are omitted from he study. Mt 

 
Figure 3. Overview of study region with participparticipating and non-included countrie  r R  ating, non-s. 2.2 Scientific Lite ature eview In general, research mainly focuses on remote sensing for fire detection, carbon pools and fluxes affected by fire under anthropogenic and climatic influence (FAO 2007). Obtaining useful contributions with a focus on Central-Eastern Europe or merely Europe as a whole is complex work. According to Flannigan et al. (2009), almost 75% of the publications dealing with wildland fire and climate change stem from North America. In the paper they also concisely explain the correlation between 

 



climate and wildland fire on a global scale with prospect on climate change implications. The main source for publications related to the topic is the bibliographic database Scopus of Elsevier’s SciVerse, which is licensed by both BOKU University and the University of Eastern Finland. A short but comprehensive overview of the role of fire in Earth’s history is provided by Bowman et al. (2009), while Niklasson et al. (2010) attempt to reconstruct a fire history in the European temperate lowlands for the primeval forest in Białowieza, on the border between Poland and Belarus. Concentrating on Europe, a study on fire effects on forest resources in the French Mediterranean region under climate change scenarios is done by Meyer (2005) and an overview of fuel management8 in Europe is given by Xanthopoulos et al. (2006). One major European project is the “Fire Paradox” research, launched by the European Commission (EC) in 2005 within the Sixth Framework Programme. Its results are published by Silva et al. (2010) and Montiel & Kraus (2010) in collaboration with the European Forest Institute (EFI). Another EFI paper on the topic of fi ited by Birot (2009) to ri  processes. wild res in Europe is edcont bute to policy making 2.3 Country Profiles  Country specific data on forest fires including empirical fire statistics, climate conditions and policy frameworks are obtained from different sources. Sporadic country reports have been published by the Global Fire Monitoring Centre (GFMC) in its International Forest Fire News (IFFN) until 2007. These have been compiled in collaboration with the FAO/United Nations Economic Commission for Europe (UNECE) Team of Specialists on Forest Fire on behalf of the UNECE Timber Committee and the FAO European Forestry Commission. The countries covered by this study are further organized in two Regional Wildland Fire Networks under the auspices of the UN International Strategy for Disaster Reduction. One is the Regional Eurasian Wildland Fire Network, involving the northern temperate-
                                                            8 Act or practice of controlling flammability and reducing resistance to control of wildland fuels through mechanical, chemical, biological, or manual means, or by fire, in support of land management objectives (FAO 2005). 

boreal countries like Belarus, Poland, Russia and Ukraine since the late 1990s. The other is the Regional Southeast Europe/Caucasus Wildland Fire Network, uniting Romania and Ukraine among others. This network has been officially established as the Regional Fire Monitoring Centre by the GFMC and the Council of Europe in 2010. Relatively recent country reports are provided by these networks, although it has to be noticed that neither the Czech Republic nor Slovakia are part of the respective networks. The reasons for including all these specific countries in the study are on the one hand comparable ecologic and socio-economic conditions; and on the other hand the availability of reliable data and publications. To this, the annual European Forest Fire Information System (EFFIS) reports on forest fires in Europe by the JRC are a great contribution. The latest report on the 2010 fire season has been released on 18 August 2011 and provides official statistics on number of fires and burnt areas for the participating countries. For the countries of interest it dates back up to 1990. EFFIS has been established at the JRC in 2003 to conduct fire risk calculations and forecasts at EU-level for the Directorate General f the European Commission for Environment (JRC o2010).  2.4 Questionnaire for National Forest 
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Fire Experts  To account for an apparent lack of reliable scientific publications in English in the targeted region it is seen as necessary to conduct a special survey. This is addressed to selected forest fire experts from each of the respective countries. The questions are aimed at determining natural and socio-economic drivers of forest fires in each country. Furthermore, forest management and legislative frameworks are to be assessed according to the categories described in the opening paragraph of this chapter. In conclusion, indicators are chosen for the decisive criteria and organised according to the four categories, which result in altogether 22 questions. To obtain comparable answers for the following assessment, most answering options range from pre-defined choices in tables to short descriptions of certain given characteristics. The recipients themselves are selected from the current FAO/UNECE Team of Specialists on Forest Fire. As this group does not 



cover the entire target region it is supplemented with contributors to the annual EFFIS report. In the case of the Czech Republic, which does not have a representative in any of those groups, a search of cientific publications related to forest fires results in sa capable contact.  The first part (“1. Contact Information”) asks for contact details of the respondent to facilitate further direct enquiries. The second part (“2. Fire Situation”) aims at obtaining information about certain local forest fire characteristics. With the third segment (“3. Natural Preconditions and Trends”), the questionnaire compiles data about fire prone forest areas and the possible influence of climatic change on wildfire regimes. In the fourth part (“4. Forest Management”), biomass supply and issues of forest fire prevention are thematised. The last part with pre-defined choices (“5. Policy & Legal Framework”) aims at obtaining information about policy making nd implementation regarding forest fires. Lastly, in he sixth part the respondents have the opportunity 

to share their own opinion on additional important omestic issues in wildfire management and refer to 

at 

davailable publications on the topic.  The questionnaire is designed to collect information on a qualitative scale with exceptions, when questions 2.1 and 2.2 deal with quantitative attributes and questions 3.6 and 5.1 implicate a ranking of factors based on expert knowledge. The questions themselves are designed to address specific criteria each. This leads to variations in the pre-defined answering options, although these are arranged in a way to still allow for a comparative analysis. In questions that include estimations on future trends, the respondents are asked to picture the respective situation in about ten years. To use further leaps in time is not seen as realistic due to the spatial scope of this study and simple unpredictable aspects of natural dynamics. Using shorter periods might yield even less noticeable differences. All questions include text boxes that allow for remarks and further explanations by the respondent. 
3 Study Region: Central-Eastern Europe  In Europe, but also worldwide the fire situation is deteriorating and the impacts can be severe as the example of Russian wildfires has shown. But behind the current situation are different drivers responsible for favourable fire conditions. Natural and especially climatic factors usually predefine the stage for forest fires. Management effects in forests add another component and influence the accumulation of fuels9 due to fire suppression and the continually expanding wildland-urban interfaces10 (WUI) (Rigolot et al. 2009, Vélez 2009). Consequently, the pattern of forest fire distribution is not only determined by climatic conditions but also socio-economic factors (San-Miguel & Camia 2009). In many cases the limited availability of workers and fire fighters in rural areas leads to an increase of fires from agricultural clearance running out of control 
                                                            9 All combustible organic material in forests and other vegetation types, including agricultural systems, such as grass, branches and wood, which create heat during the combustion process (FAO 2005). 10 The transition zone where structures and other human development meets undeveloped wildland or vegetative fuels (FAO 2005). 

(FAO 2007). These problems are strongly influenced by national policies.  Taking into account the categories introduced in chapter 2, the “Fire Situation” is considered as the original impact caused by forest fires in the region. Therefore, the drivers are accordingly represented by “Natural Preconditions and Trends”, “Forest Management”, and “Policy and Legal Frameworks” in the following sections. A concise overview of forest ownership, forest fire statistics, prevention and extinction techniques, and damages caused by forest fires for each of the involved countries is included in the section “Fire Situation”. This is meant to provide a direct basis for comparison on the country level nd to put the overall regional findings into aperspective.  3.1 Fire Situation  Apart from natural factors, the fire situation in CEE is strongly influenced by socio-economic factors, which could be simplified with terms as, for example, gross domestic product, population density or livestock. 
6 | P a g e  



The explicit connections and interactions between these factors are examined mainly in the Mediterranean basin where, during the last decades, changes in fire occurrence have also closely reflected socio-economic changes (e.g. Catry et al. 2009, Koulelis & Mitsopoulos 2009, Montiel & Herrero 2010). Urbanization due to rural abandonment and agricultural mechanization leads to the problem of fuel accumulation (Moreno & Oechel 1994, Pausas & Vallejo 1999, FAO 2007). This is especially xperienced by economies in the transition phase Aetowards open-market conditions (F O 2007).  Agricultural burning, a common practice all over Eastern Europe during spring and early summer (Goldammer 2010), becomes more problematic as traditional know-how of burning methods is lost during the progressing changes (Montiel & Herrero 2010). In general, a shift in priorities from timber production towards nature conservation and recreation is taking place. Especially with cottages springing up on a huge scale in urban outskirts this development leads to an increased WUI (Montiel & Herrero in Silva 2010). All these factors and processes influence the fire risk on a general European scale, but it is also important to stress that compared to the Mediterranean basin consistent and ong-term fire records in Central European forests lare sparse (Niklasson et al. 2010, Vacik et al. 2011).  In general, investments made for wildfire prevention and suppression in CEE are not as high as in Mediterranean areas, e.g. EUR 2.5 billion annually for Greece, France, Italy, Portugal, and Spain combined (Birot & Mavsar 2009). Still the losses caused by severe wildfire events can be considerable. During the 2007 wildfires in Greece, 64 people lost their lives and damages of EUR 5 billion were caused (Birot & Mavsar 2009). While the conditions in CEE show no indication of reaching those dimensions it is important to know that wildfires also cause significant damages to ecosystems and their processes. Therefore they are usually underestimated (Birot & Mavsar 2009, Mavsar 2009). Furthermore, smoke from wildfires, along with emitted combusted organic matter and toxic particles (e.g. lead, mercury, cadmium), has serious impacts on human health (Goldammer et al. 2009a). And despite their usual distance form such events, 

air pollution stemming from wildfires can be as severe in urban areas as it is in rural areas (Schwela et al. 1999). Forest fires can have an impact over long distances, for example even several thousands of kilometres from the Canadian boreal forests to Central Europe (Forster et al. 2001). Niemi et al. (2005) prove that wildfires occurring in Eastern Europe and Russia have negative effects on air quality in central areas in Finland. This adds to a definition by Hardy (2005) stating that the spatial impact of wildfires ranges from site to continent, hile the temporal scale of its impacts can vary from inutes even to centuries. wm 
3.1.1 Belarus (BY)  
Forest area The total extent of the area covered by forests in Belarus amounts to 8.6 million ha, about 42% of the total country area (FAO 2010). Coniferous species are predominant, i.e. Pinus sylvestris (56%) and Picea abies (11%), while Betula spp. constitute the largest group of deciduous trees with 18% (Mysleiko & Shamal 2001). Even-aged forest stands as well as the composition of tree species are due to strong anthropogenic influences (Usenya & Katkova 2004). Private orest ownership does not exist in Belarus Mysleiko & Shamal 2001). f(  
Fire statistics For the period of 1990 until 2000, information about wildfires in Belarus can be found in the IFFN country report by Mysleiko & Shamal (2001). For the subsequent years until 2009, the fire statistics are obtained from the “Bellesavia” group within the Ministry of Emergency Situation of Belarus (D. Dziamyanau, personal communication, 5 July 2011). As data for forest fires alone are only partially available, the graph n figure 4 also includes fires occurring on other and-use forms than forests. il 
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F( igure 4. Annual number of wildfires (blue line) and burnt area red columns) for Belarus (Sources: Mysleiko & Shamal 2001; D. Dziamyanau, personal communication, 5 July 2011).   
Fire prevention and extinction Forests in Belarus are divided into five Fire Hazard Classes: The first two classes with the highest hazard classifications contain about 60%, while the class with the lowest hazard comprises roughly one percent of the forest area. The most endangered stands are middle-aged coniferous forests, especially when exhibiting rich understorey vegetation which facilitates crown fires. Common prevention measures include silvicultural activities, including the introduction of broadleaved tree species and thinning operations, along with the construction of fire- and fuelbreaks (Mysleiko & Shamal 2001). For an early detection and monitoring of forest fires, aerial patrols are regularly employed, while during the process of firefighting fire brigades can draw on sand blowers which can be deployed on sandy soils (FAO 2007). This technique is not mentioned as  fire extinguishment measure in other ountries. ac 
Damages caused by forest fires A damage assessment in 2004 by Usenya & Katkova (2004) concludes that annual financial damages from wildfires average USD 700 000. Further indirect damage to the actual 

cosystems is estimated with USD 340 000 nnually. ea 
3.1.2 Czech Republic (CZ)  
Forest area The total extent of the area covered by forests in the Czech Republic amounts to 2.7 million ha, about 34% of the total country area (Forest Management Institute 2007, FAO 2010). Due to restitution processes, which are drawing to a close, the share of forests belonging to the state has decreased significantly from 95.8% in 1991 to 60.1% in 2006 (Schmithuesen & Hirsch 2010). Nowadays, forest holdings greater than 100 ha represent around 50% of the total area owned by private persons or companies (Schmithuesen & Hirsch 2010), while holdings smaller than six ectares represent almost 30% (Hirsch et al. 007). h2 
Fire statistics For the period of 1995 until 2006 in figure 5, information about forest fires in the Czech Republic can be found in the EFFIS report on forest fires in Europe 2010 by Schmuck et al. (2011). For the subsequent years until 2009, the ire statistics are obtained from the Ministry of griculture of the Czech Republic (2010). fA 
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Figure 5. Annual number of forest fires (blue line) and burnt area (red columns) for the Czech Republic (Sources: Ministry of Agriculture of the Czech Republic 2010; Schmuck et al. 2011). 
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Fire prevention and extinction Aerial patrols are employed for early detection and monitoring as well as fighting of fires (Sisak et al. 2004). Other methods are applied as well ut without explicit reference in English ublications. bp 
Damages caused by forest fires A damage assessment by Sisak et al. (2004) concludes that for the period from 1996 to 2001 inancial damages from forest fires amounted to UR 3.39 million. fE
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3.1.3 Poland (PL)  
Forest area The total extent of the area covered by forests in Poland amounts to 9.3 million ha, about 30% of the total country area (FAO 2010). An increase of private forest area is mainly due to afforestation efforts on agricultural lands. The number of private owners increased only slowly, as neither privatization nor restitution of forest land has taken place so far (Schmithuesen & Hirsch 2010). Fragmentation is one of the basic problems of private forest ownership, as holdings smaller than six hectares represent almost 70% of the total area owned by private persons or companies (Hirsch et al. 2007, Schmithuesen & Hirsch 2010). Coniferous tree species dominate around 75% of the total forest area where even-aged monocultures of Pinus ylvestris are very common, especially on poor oils (Ubysz & Szczygiel 2002). ss 
Fire statistics For the period of 1990 until 2009 in figure 6, information about forest fires in Poland is btained from the EFFIS report on forest fires in urope 2010 by Schmuck et al. (2011). oE 
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Figure 6. Annual number of forest fires (blue line) and burnt area (red columns) for Poland (Source: Schmuck et al. 2011).   
Fire prevention and extinction Neglected forest management leads to an accumulation of fuels which means that especially private forests fall under the highest of the three existing fire danger classes. Forests are usually categorized on the district level in 10-year intervals according to site type, age structure, climatic conditions, and fire frequency. The proximity to urban or industrial areas and influences of industrial pollution are further important parameters (Ubysz & Szczygiel 2002). Common prevention measures include silvicultural activities as well as the construction of fire- and fuelbreaks (Szczygiel & Piwnicki 2011). Aerial patrols are employed for arly detection and suppression of fires (Ubysz  Szczygiel 2002, Szczygiel & Piwnicki 2011). e& 
Damages caused by forest fires Ubysz & Szczygiel (2002) conclude that forest fires have caused on average a direct annual loss of about EUR 61 million. The magnitude of these losses might further increase, as an assessment by Schelhaas et al. (2010) shows that Poland will xperience an increase in forest fire risk in a odelling time frame until 2100. em   



3.1.4 Romania (RO)  
Forest area The total extent of the area covered by forests in Romania amounts to 6.6 million ha, about 29% of the total country area (FAO 2010). The private forest area has strongly increased since 1990 and around two million ha are still about to undergo restitution, which will bring further changes to the presently predominant public wnership structure (Schmithuesen & Hirsch 010). o2 
Fire statistics For the period of 1990 until 2009 in figure 7, information about forest fires in Romania is btained from the EFFIS report on forest fires in urope 2010 by Schmuck et al. (2011). oE 
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Figure 7. Annual number of forest fires (blue line) and burnt area (red columns) for Romania (Source: Schmuck et al. 2011).  
Fire prevention and extinction Forest fire risk evaluation is based on norms developed by the French ‘Centre national du Machinisme Agricole, du Génie Rural, des Eaux et Forêts’ research institute due to similar forest structures in both countries (Mara 2003a). Common prevention measures include silvicultural activities as well as the construction of fire- and fuelbreaks. Aerial patrols are 

mployed for early detection of fires (Mara 003b). e2 
Damages caused by forest fires The fire season with most fires so far took place in 2000 and has led to estimated economic losses of USD 161 081 with one single fire event already causing damage of around EUR 70 000 (Mara 2003b). Nonetheless, figures estimated for country-wide forest fires in combination with a major storm event in 2002 equal a total economic loss of EUR 550 000 (Mara 2003a). Economic losses are comparatively low, as only the actual forest and timber values entered the amage calculation, and most fires only affected oung forest stands (Mara et al. 2011). dy
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3.1.5 Slovakia (SK)  
Forest area The total extent of the area covered by forests in Slovakia amounts to 1.9 million ha, about 40% of the total country area (FAO 2010). Before 1991, all forests have been managed by state forest enterprises which nowadays still represent a major share in the ownership distribution (Schmithuesen & Hirsch 2010). Privatization of public forest holdings has mostly come to an end, while the restitution process has not yet been completed. Individual forest plots remaining are of small size and thus not very attractive for private owners (Hirsch et al. 2007, Schmithuesen & Hirsch 2010). Future changes in forest ownership structure to a certain extent are thus still to be expected (Hirsch et al. 2007). In mountainous areas, forests are usually ominated by dense and even-aged coniferous tands (Majlingová & Sedliak 2010). ds 
Fire statistics For the period of 1994 (1999 for burnt area) until 2009 in figure 8, information about forest fires in Slovakia is obtained from the EFFIS eport on forest fires in Europe 2010 by chmuck et al. (2011). rS 



Slovak Republic (Slovensko)

0

200

400

600

800

1000

1200

1400

1600

20
09

20
08

20
07

20
06

20
05

20
04

20
03

20
02

20
01

20
00

19
99

19
98

19
97

19
96

19
95

19
94

Year

B
ur

nt
 a

re
a 

(h
a)

0

200

400

600

800

1000

1200

Nu
m

be
r 

of
 fi

re
s

Burnt area Number of fires
 

Figure 8. Annual number of forest fires (blue line) and burnt area (red columns) for Slovakia (Source: Schmuck et al. 2011).   
Fire prevention and extinction A fire pre-warning system for forests in Slovakia has not yet been set up, although the Slovak Hydrometeorology Institute has started to disseminate meteorological warnings by June 2010. Aerial firefighting units are especially employed in inaccessible mountainous terrain here fires occur on a usual basis (Majlingová & edliak 2010). wS 
Damages caused by forest fires On an experimental site in the Slovensky Raj National Park in the eastern part of Slovakia, occurrence and impact of wildfires are the main topic of a large number of studies (e.g. Tucek & Majlingová 2009, Majlingová & Sedliak 2010). The damage calculations vary from EUR 0.1 million to EUR 12.2 million for local fire events in 2007 and 2000, respectively (Majlingová & Sedliak 2010). On an overall scale, it is estimated hat forest fires cause on average an annual loss f about EUR 8 million (Tucek et al. 2004). to
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3.1.6 Ukraine (UA)  
Forest area The total extent of the area covered by forests in Ukraine amounts to 9.7 million ha, about 17% of the total country area (FAO 2010). The state 

owns up to 97% of the forest and its state forestry committee manages around 68% of these (Zibtsev 2007). Pinus sylvestris dominates the species distribution with 33%, of which the young and middle-aged monocultural stands (70%) are especially relevant for fire management (Zibtsev 2007, Zibtsev 2008). The other relevant species is Picea abies (7.5%) hose occurrence is lumped in the Carpathian ountains (Zibtsev 2008). wM 
Fire statistics For the period of 1990 until 2007, information about wildfires in Ukraine (Fig. 9) can be found in the RFMC country report by Zibtsev (2007). For the subsequent two years, the fire statistics are obtained from sources only published in krainian (Kuzyk & Popovych 2010, Y. Yanko, ersonal communication, 6 July 2011). Up 
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Figure 9. Annual number of wildfires (blue line) and burnt area (red columns) for Ukraine (Sources: Zibtsev 2007; Kuzyk & ; Y. Yanko, personal communication, 6 July 2011). Popovych 2010 
Fire prevention and extinction Fire risk predictions are based on the Nesterov Index for meteorological data (Zibtsev et al. 2011), but according to Zibtsev (2010), an efficiently working fire management system only exists for about 68% of the forests. Common prevention measures include the construction of 



fire- and fuelbreaks. Aerial firefighting units are specially employed in case of large wildfires Zibtsev 2007). e( 
Damages caused by forest fires A large forest fire (7 300 ha) in 2007 has caused a damage of about USD 15.8 million (Zibtsev 2007). For a whole period from 2004 to 2009 he damage of forest fires has been estimated to tamount to USD 36.9 million (Zibtsev 2010).  c n  3.2 Natural Pre onditions a d Trends Almost the entire study region lies within the temperate vegetation zone (Fig. 10), where natural forests on fertile soils are usually dominated by broadleaved trees (FAO 2007). In their western parts, the Czech Republic and Poland are temperate oceanic (Toc), with a gradual transition to temperate continental climate (Tco) towards the East of the region. While most countries exhibit temperate continental steppic characteristics in areas with low precipitation, Romania and Ukraine are defined even as temperate xeric steppic (Txest) close to the Black Sea. Only the south-eastern edges, stretches of land in Romania and Ukraine directly at the Black Sea coast, fall within the Mediterranean pluviseasonal continental steppic (Mpcst) bioclimatic zone (Rivas-Martínez et al. 2004). Accordingly, European beech (Fagus sylvatica) is the most common deciduous tree in the study region, while forests of oak (Quercus sp.) and other species can be found locally (Szczygiel et al. 2009). Fire prone forest ecosystems on dry sites are usually dominated by pines, mostly Scots pine (Pinus sylvestris L.) (FAO 2007). Coniferous species have been used by man to re- or afforest large areas in the study region for the last two centuries; apart from cots pine Norway spruce (Picea abies) is redominant (Szczygiel et al. 2009). Sp 

 
Figure 10. Bioclimatic zones in Central-Eastern Europe11, n characteristics (Source: Rivas-defined by climate and vegetatioMartínez et al. 2004; modified).  The ignition of and the environmental conditions for wildfires are directly influenced by climatic factors, which also determine the distribution and productivity of forests (Benson et al. 2009). A changing climate has direct implications on fire regimes through altered precipitation, temperature, and wind patterns. An indirect effect is the change of fire fuels through a long-term shift of tree species. Results from Seidl et al. (2011) already show that climate change is the most important driver behind the increase in area burnt in European forests from 1958 to 2001. As the regional studies on climate change in Europe usually focus on boreal (e.g. Goldammer 1996, Stocks et al. 1998, Flannigan et al. 2009) or Mediterranean forests (Moriondo et al. 2006), no specific scenarios exist for the CEE region. Although projected climate change scenarios for a larger region still lack accuracy, the intensity, duration and frequency of heat waves are expected to increase in Central Europe (Moreno 2009). This might lead to an increased length and severity of the fire season, plus an extension of areas with high fire risk. More specifically, Lorz et al. (2010) predict an increase of up to 90% of the forest areas with 

                                                            11 The names of the six countries covered by this study are abbreviated with the codes defined by ISO 3199. 
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high fire probability in Central and South-Eastern Europe. According to other studies on effects of global change in Europe (e.g. Maracchi et al. 2005, Schroeter et al. 2005) there is a clear trend towards warmer temperature recognizable that shows important regional variations. Concerning precipitation, results show a decrease of precipitation in southern Europe while the northern parts can experience n increase in rainfall, especially during the asummer season (Schroeter et al. 2005).   In the circumboreal zone, precipitation is the most important factor for wildfire regimes, especially for fire frequency according to Flannigan et al. (1998). Their study also suggests that climatic factors have a much stronger influence on fire frequency than human behaviour. In Russian boreal forests for example, the number of wildfires is expected to increase, as occurrence of fires usually depends on severe fire weather. However, the area burnt might not necessarily increase, as fire spread is more strongly influenced by topography, land-use, and ire fighting and suppression tactics (Malevsky-fMalevich et al. 2008).  Particularly in the temperate continental zone the impact of climate change can increase exposure and sensitivity to wildfires (Lindner et al. 2010) as well as wildfire risk in the mountainous Balkan region (Moriondo et al. 2006). Water availability for trees is expected to be more limited than in the past which, along with presumable increases in temperature, can esult in higher drought frequency (Moreno r2009, Lindner et al. 2010). 
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 3.3 Forest Management  According to Schmithuesen & Hirsch (2010), the CEE region has experienced considerable shifts in the ownership structure of forests since 1990, due to restitution and privatization processes. Yet it is also important to differentiate and 

consider the specific development of each country before the current transition period. Former nationalized forest areas have been returned to the original owners, or the respective heirs, or state-owned forest land has been privatized. In some cases both processes have taken place (Schmithuesen & Hirsch 2010). This means that in some countries the private forest sector is relatively young, with further changes in ownership patterns to be expected (Hirsch et al. 2007). The four EU member states included in this study still exhibit either dominant (CZ, RO, PL) or with around 50% even (SK) public ownership of forests (Hirsch et al. 2007). Private ownership is mainly characterized by fragmentation, as small-scale roperties prevail (Schmithuesen & Hirsch p2010).   The forest area in Europe itself is expanding especially in Belarus, Poland, Slovakia, and Ukraine as a result of afforestations due to soil preservation or land-use changes (Szczygiel et al. 2009). But the actual shifts in land tenure and ownership as well as the resulting fragmentation cause a neglection of management efforts (FAO 2007). Concerning wildfires this is especially relevant, as forest management also implies fuel management. According to Xanthopoulos et al. (2006), a great variety of management options exist as practices depend on local topographic, ecologic and socio-economic characteristics. The options range from horizontal isolation of fuels through firebreaks, fuel reduction through physical removal or prescribed burning to breaking the vertical continuity of fuels through pruning of trees. While the construction of firebreaks has always been a prominent measure and fuelbreaks have become common during the last decades, the use of prescribed burning is still very limited. Fire bans, complex land-use structures, scarce professional experience, and negative public perception interfere with its implementation in most countries (Xanthopoulos et al. 2006). The fact 



that exclusion of fire invariably leads to fuel accumulation and thus, to an increased intensity of fires has been named the paradox of wildland fire (Brown & Arno 1991). But apart from reducing forest fuels, it is also increasingly recognised that fire can be utilised as a management tool to substitute traditional land-use systems and burning practices. It can promote natural reforestation of fire-adapted species or improve natural wildlife habitats (Goldammer & Bruce 2005, FAO 2006a, Lázaro et al. 2008). Since a general abandonment of rural fire practices has taken place in Central Europe and the Baltic countries, prescribed burning nowadays plays an important reviving ole in these cultural landscapes (Lázaro et al. r2008).  
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3.4 Policy and Legal Frameworks  Economic transition, weakened governance and decreased fire management capabilities have led to an increase of uncontrolled forest use and wildfires in Eastern Europe (FAO 2007, Goldammer 2011). Unclear institutional responsibilities and inconsistent policies and legislation complicate fire management (FAO 2007), while restitution and privatization of forests result in inadequate forest and fuel management on small-scale and fragmented forest estates (Vuletic et al. 2010, Goldammer 2011). As most of the CEE countries have enacted new forest legislation relatively hastily after the first political changes (Cirelli 1999), it needed to be patched up over time. By 2002, many countries have reviewed the existing legislation already two times and were about to implement the second forest law after 1990 (Fredriksson 2003). Apart from changes in land tenure and market economy, either approach or actual accession to the EU have been reasons for innovations of forest policies and legislation in Eastern Europe (Fredriksson 2003). Nevertheless it has to be stressed that at that time the EU mainly regulated forestry subsidy 

programmes which have only been seen as one aspect of rural development (Cirelli 1999). Especially the involvement of multiple stakeholders, like civil society and Non-Governmental Organisations (NGOs) in decision-making processes has been characteristic for the second generation of forest and environmental policies (Fredriksson 2003). According to a study by Cirelli (1999), the growing participation of different stakeholders increases public support for administrative actions. Spreading knowledge of legislation and appropriate management in forests is thus beneficial for law enforcement, particularly because the respective officials are usually not equipped with strong powers. Furthermore, achieving a reduction of state involvement in forestry has been necessary to overcome inflated nd inefficient structures of state-owned aenterprises, and strengthen the private sector.  Nowadays, the EU has grown in importance as a policy-making institution within the overall forest policy framework (Schmithuesen & Hirsch 2010). It can identify policy priorities in the field of forest fires and, more specifically, provide financial assistance to wildfire-related activities (Morgera & Cirelli 2009). These measures and instruments are also relevant for candidate members or otherwise associated countries. One example is the common information system EFFIS (JRC 2009). All EU programmes aiming specifically at forest fires from 1988 until today have been listed by FOREST EUROPE (2010): ogramme 1. Community Forest Action Pr8/92 (1988-1992) 2. Forest Fire regulation 215(1992-2002) 3. Forest Focus 2152/2003 . on 617/2007 (2003-2006) Life+ Regulati4 (2007-2013)  Further instruments related to forest fires are the Rural Development Regulation 1698/2005, regional policies (INTERREG programmes) and 



research programmes. Other more recent actions by EU institutions include the Commission’s communication on a community approach on the prevention of natural and man-made disasters (EC 2009a); the White Paper on adapting to climate change (EC 2009b); the Green Paper on forest protection and information (EC 2010); the Council’s conclusions on prevention of forest fires within the EU (EU Council 2010); and the Biodiversity Strategy to 2020 (EC 2011). Although forest fires have been n the political agenda for more than 20 years in he EU, the main issues are still dealt with in 

national policies by the member states (Montiel & San-Miguel 2009). As indicated above, the EU exerts its major influence on prevention legislation or programmes for rural development and disaster management. For this, the National Forest Plans and Wildfire Defence and Protection Plans are the main planning documents (Montiel & San-Miguel 2009). Research on wildfires has also been active in Europe for over two decades now. This is especially due to EU funded projects within its Framework Programmes, for example the “Fire Paradox” research (Birot 2009). ot 
4 omparative Analysis of uestionnaC Q ire Results  The questionnaire has been sent to individual forest fire experts in CEE and in the end, six completed forms have been received. The results of the questionnaire are meant to further extend the results presented in chapter 3. Owing to their standardized nature, the answers are arranged to enable a comparative analysis of the four categories. Participating are experts from ational forest research institutes, universities nd ministries listed in appendix 1. na  4.1 Fire Situation  In CEE the usual size of forest fires does not exceed 10 ha in most cases (Tab. 1). In BY, CZ and PL the commonly burnt area is even below one hectare. The largest average size is around ive hectare in Romania according to the local  fexpert. Forest fires are mainly anthropogenically triggered (87% - 99%) in all of the countries (Tab. 2). The Czech Republic has the lowest share of human-caused fires with 87%. But it has to be noted that the Czech figures were only valid for state forests representing around 50% of the total forest area. Belarus reports an 

increase during the last 10 years, especially through fires caused by agricultural land-use. 
 Of all the human causes for forest fires, carelessness in fire handling is the most common reason (Tab. 3). Romania is the only exception where fire spread from land clearance is more significant, a cause that is also noted by the experts in SK and UA. In this context Ukraine is a special case as all the fire causes are marked as significant. Poland is the only country to pecifically report intentional fires, especially n c fsarson as a other main ause for forest ires.  In detail, unattended campfires and discarded cigarettes are a common cause in Belarus. The Czech expert stresses that especially visitors in the forests caused 75% of the fires. In Poland, carelessness accounts for 38% and arson for 45% of forest fires. The spread of fires to forests in Romania is mainly due to the uncontrolled ignition of dried harvest residues on agricultural lands. In Slovakia carelessness is exceptionally present with 86.5%. In the case of Ukraine the expert also names unattended campfires as an example for carelessness along with harvesting operations by private contractors. Arsonists are resent especially in areas with land tenure onflicts. 
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Table 1. [Question 2.1] - “What is the most characteristic size of a forest fire in your country?” 

Size BY CZ PL RO SK UA < 1 ha x x x - - - 1 - 10 ha 1  - - - - - - - - - x - - x - - x - - 0 - 50 ha> 50 ha 
 
 

 

Table 2. [Question 2.2] - “What is the share of human and natural induced forest fires, respectively, in your country?” 

F  ire causes (%) BY CZ PL RO SK UA Human causes 95 87 99 95 99 98 Natural causes (Unknown causes) - 5 13 1 16 5 35 1 8 2 2 0 
 
 

Table 3. [Question 2.3] – “Which of the following would you consider the most significant cause(s) of human-induced forest fires in your country?” 
Hum es an fire caus BY CZ PL RO SK UA Carelessness x x x - x x Accidental ignition Fire spread from land clearance - - - - - - - - x - x - - x - x x x Intentional fires  

Table 4. [Question 2.4] - What is the impact of forest fires on different stakeholder groups in your country? 
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Concerning the impact of forest fires on different stakeholders, the results show no clear tendency for any specific group (Tab. 4). Only forest industries seem not to be heavily impacted. In Belarus, this is due to the lack of private forests. The problem for the general public has been the smoke caused by large wildfires in recent years. The Romanian expert is the only one to name an additional stakeholder group: water managers. In montane areas and especially in the Carpathians, forest fires are difficult to control and increase also the risk of erosion and landslides. Management for watershed conservation is done on almost half of the total forest area. As the Ukrainian forests are almost exclusively state owned, national ministries and agencies as the actual managing institutions are also the most strongly affected “forest owners”. The timber or forest industry does not own forests and is thus not eminently affected. As the largest threat for all stakeholders the expert identifies wildfires in the radioactively contaminated zones close to the Belarussian order (300 000 ha) caused by the Chernobyl bdisaster in 1986.  Natural Preconditions and Trends 4.2  The main areas with high fire risk are consistently characterised as being composed of forests of coniferous species, mostly Pinus 
sylvestris (Tab. 5). The experts also remark that especially young stands are affected. Mixed forests of deciduous and coniferous species are affected only in PL and SK. Pure broadleaved forests appear to carry a higher risk in Romania. Forest areas in lowland altitudinal zones are characteristic for BY, CZ, PL, and UA. Concerning management type it is high forests that include the majority of areas with high fire risk, with the exception of Romania. The importance of natural disturbances like storms and bark beetles for the ccurrence of forest fires is emphasised for lovakia. oS 

While the picture does not change significantly for the near future in most countries (Tab. 6), the Ukrainian expert expects more fire incidents in the intermediate montane area (Carpathians) and the northern part of the country. This will affect especially Picea abies as well as additional deciduous species (e.g. Fagus sylvatica). In Belarus, the focus will shift even more to the adioactively contaminated zones (1.96 million rha) where fuels will further accumulate.  After evaluating a diagram of recent forest fire statistics (see chapter 3.1), the experts are asked to estimate the future trends of burnt area and number of fires separately for their respective ountries (Tab. 7). However, no estimations are cgiven for forest fire trends in Belarus.  Concerning burnt area, the other countries in the eastern part of the study area (RO, UA) expect either an increase or strong increase in the near future. CZ, PL and SK see a decrease or constant progression at least. Still, the Belarussian expert considers past trends and states that during the last few years the burnt area has been decreased due to more modern equipment of fire fighting services and successful early detection. The decrease in the Czech Republic is due to reduced burning of harvesting residues on clearcut areas, although the influence of changing climatic conditions has yet to be determined. In Poland, the conversion of coniferous monocultures into mixed stands, as well as further developments in early detection and fire management are supposed to decrease the burnt area. The increase in Romania is expected to be due to lower precipitation rates and rising mean temperatures. Socio-economic factors like fragmentation of private forests and agricultural burnings also play an important role. The Slovakian expert expects the efforts of implementing fire forecasts to be successful which might possibly lead to a stabilisation of the annually burnt area. In Ukraine especially the share of large fires is expected to increase. 
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Table 5. [Question 3.1] – “How would you describe the main forest areas with high fire risk at present according to the 4 characteristics (a-d) listed below?” 
Characteristics BY CZ PL RO SK UA 

a) Altitudinal zone Lowland + Colline Lowland + Colline Lowland Montane Int. montane + Up. montane Lowland + Int. montane b) Management type High forests High forests High forests Coppice with standards High forests High forests 
c) Forest type Coniferous forests Coniferous forests Coniferous forests + Mixed forests Broadleaved forests + Coniferous forests Coniferous forests + Mixed forests Coniferous forests 

d) Typical species Pinus sylvestris P. sylvestris, P. nigra, Picea abies 
P. sylvestris,  P. abies,  Larix decidua,  Betula spp. 

P. abies, Abies alba, P. sylvestris,  Fagus sylvatica, Quercus petraea 
P. abies, P. sylvestris, A. alba, F. sylvatica P. sylvestris,  Betula spp. 

  
Table 6. [Question 3.2] – “How would you picture the situation in ~10 years according to the same criteria? (See Question 3.1)” 

Characteristics BY CZ PL RO SK UA a) Altitudinal zone Lowland + Colline Lowland + Colline Lowland Montane Int. montane + Up. montane Intermediate montane 
b) Management type High forests High forests High forests Coppice with standards High forests High forests  + Coppice with standards c) Forest type Coniferous forests Coniferous forests Coniferous forests + Mixed forests Broadleaved forests + Coniferous forests Coniferous forests + Mixed forests Coniferous forests + Mixed forests 

d) Typical species P. sylvestris P. sylvestris, P. nigra, P. abies 
P. sylvestris, P. abies, L. decidua,  Betula spec. 

P. abies, A. alba, P. sylvestris, F. sylvatica, Q. petraea 
P. abies, P. sylvestris, F. sylvatica 

P. sylvestris, P. abies, Betula spp., F. sylvatica   



For the number of forest fires, all countries except CZ expect an increase. The reasons for the decrease in the Czech Republic are the changes in the treatment of clearcut areas mentioned above. PL and RO expect an increase due to changes in temperature and precipitation patterns. In Slovakia determining factors are the possible impacts of climate change in connection ith the likely spreading of bark beetles in areas wdamaged by a storm back in 2004.  Subsequently the experts are asked to rate natural factors by their importance as drivers for wildfire regimes. To date, especially precipitation exerts major influence on wildfire regimes in the study region followed by temperature (Tab. 8). The other factors (wind, fuel quality and fuel load) receive a considerably lower average rating. The Slovakian expert stresses the importance of meteorological factors (precipitation, temperature, wind) and remarks that the currently low importance of uel factors is partly due to insufficient a s rfconsider tion in re ea ch.  For the situation in the near future the fuel factors gain higher recognition from the experts, ranging closer to temperature (Tab. 9). Still, precipitation receives the highest rating. The importance of fuel load is emphasised for Belarus especially in the contaminated zones close to the Ukrainian border, where no management has been conducted since 1986. A clear importance of precipitation followed by fuel quality is visible for the Czech Republic, while in PL and RO precipitation and temperature are emphasised. In Ukraine, precipitation and wind receive a high rating already for present fire regimes, which will be supplemented by fuel load in the future. This is gain owing to the further build-up of fuels in he contaminated zones. at   

4.3 Forest Management  According to most experts’ opinions, the future trend of wildfires is expected to have no influence on the supply of forest biomass (Tab. 10; question 4.1), except for Slovakia where a negative impact is foreseen. An assessment from Belarus is not provided. In the Czech Republic, the fact that most forest fires appear only on clear cutting areas provides no threat to the actual supply of timber or biomass in general. The expected diametrical development of burnt areas (decrease) and the number of forest fires (increase) in Poland leads to the same conclusion. For RO and UA the relatively young ge of forests affected by fires is given as the areason for the low influence of wildfires.  The integration of forest fire risks and forest fire prevention in forest management and planning is described as strong by PL, RO and UA while it is seen as very weak in CZ and SK (Tab. 10; question 4.2). For Belarus the expert assesses integration as non-existent but provides the information that national forest fire regulations based on fire risk zoning exist. In the Czech Republic, forest fire prevention is focussed more on legislative measures and restricting the use of fire for leisure and working activities in the forest. The reason for the very weak integration in Slovakia is due to the fact that neither fire susceptibility nor risk reduction are taken into account for the species composition of forests. In Poland, forest management and forest fire risks are strongly interconnected to reduce fire susceptibility. An efficient cooperation between forest agencies and official institutions is the reason for the strong integration in Romania, while in Ukraine forest fire prevention methods ave traditionally been an important part of h
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forest management.  The use of fire as a management tool in forests is only allowed in CZ and PL (Tab. 10; question 4.3). Still its use in the Czech Republic is 



restricted to the burning of harvest residues on clearcut areas while in fact prescribed fires to reduce forest fuels are not allowed. In Poland, it can be used in justified cases but this has rarely been applied and then mainly for sanitary purposes to mitigate pest outbreaks. Romania is a special case, as prescribed burning is not allowed in forests but applied in the Danube delta to burn dry reed. In BY, SK and UA the use of fire is not allowed in forests but in the latter ase it can be authorised for experimental cpurposes.  4.4 Forest Management  Analogous to the rating of natural factors, the experts are asked to rate socio-economic factors in question 5.1. As can be seen by the average values, rural abandonment is identified as the most common socio-economic driver for present wildfire regimes (Tab. 11). Administrative reforms and restitution processes range close behind while privatization receives the lowest rating on average. In Belarus privatization and restitution do not play an important role as all forest ware state owned. Rural abandonment is a prominent factor in the rating of the Czech expert although it is placed at a comparatively ow level. In Romanian restitution is the most mportant factor, causing severe fragmentation 

of forests. Furthermore, the expert also adds a recent legislative initiative for agricultural subsidies with high importance to the predefined list. In order to receive financial benefits, agricultural land owners are obliged to clear their fields for planting preparations. In many cases this leads to a spreading of fires to nearby forests. For Slovakian conditions none of the available factors receive a high rating. The expert rather mentions local communities in one of the country’s national parks and their generally careless use of fire. Further factors are the accessibility of forests in the Carpathian Mountains and tourism. In Ukraine, administrative reforms and rural abandonment are identified as most important drivers for resent wildfire regimes with privatization in a 

li 

pmiddle position.  This rating does not change for the future situation (Tab. 12). Privatization and restitution are expected to be important factors in Poland, especially in the future. According to the expert, rural abandonment can possibly be reversed by urban citizens returning to the countryside. Although it is not expected to exceed moderate levels, privatization in Ukrainian forests can gain more importance in the future, while a legal basis for restitution does not actually exist. 
 

 

Table 7. [Questions 3.4 & 3.5] – “In comparison to the present situation, how would you estimate the overall future trend for burnt area / number of fires in ~10 years for your country?” 
 BY CZ PL RO SK UA 3.4: Burnt area I cannot answer Decrease Decrease Increase Constant progression Strong increase 3.5: Number of fires I cannot answer Decrease Increase Increase Increase Increase 
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Table 8. [Question 3.6.1] – “Please rank the following natural factors by their importance as drivers for the present wildfire regimes in fire prone areas. (From 1 - low to 5 - high).” 
N s atural factor BY CZ PL RO SK UA AveragePrecipitation 5 5 5 5 4 5 4,8 T  emperatureF  5 2 4 5 4 3 3,8 Wind uel qualityFuel load 4 5 5 3 4 3 1 3 2 5 4 4 2 1 1 4 3 3 3,2 

3,3 
3,0   

Table 9. [Question 3.6.2] – “Please rank the following natural factors by their importance as drivers for the estimated future wildfire regimes in fire prone areas. (From 1 - low to 5 - high).” 
N  atural factors BY CZ PL RO SK UA Average Precipitation 5 5 5 5 5 5 5,0 T  emperatureF  5 2 4 5 5 4 4,2 Wind uel qualityFuel load 4 5 5 3 4 3 1 3 2 5 4 4 5 5 5 5 4 5 3,8 

4,2 
4,0   

Table 10. [Question 4.1] – “What kind of influence will the future trend of wildfires have on the forest biomass supply?”  and prevention in forest [Question 4.2] – “How would you describe the integration of forest fire risksmanagement and planning?” [Question 4.3] – “Is the use of fires a management option allowed in your country?” 
 BY CZ PL RO SK UA 4.1: Future wildfires & biomass supply I cannot answer No influence No influence No influence Negative No influence 4.2: Integration in forest management No integr./ consideration at all Very weak Strong Strong Very weak Strong 4.3: Fire as a management option No Yes Yes No No No 

     
     



Table 11. [Question 5.1.1] – “Please rank the following socio-economic factors by their importance as drivers for the present wildfire regimes in fire prone areas. (From 1 - low to 5 - high).” 
Socio-economic factors BY CZ PL RO SK UA AverageAdministrative reforms 5 1 1 2 1 5 2,5 Privatization n ndonment 1 1 1 1 1 3 5 4 3 1 1 3 2,0 Restitutioa 5 3 5 2 2 - 1 5 - 2,3 Rural abOthers… 2,8 - - -   
Table 12. [Question 5.1.2] – “Please rank the following socio-economic factors by their importance as drivers for the estimated future wildfire regimes in fire prone areas. (From 1 - low to 5 - high).” 
Socio-economic factors BY CZ PL RO SK UA Average Administrative reforms 5 1 1 2 1 5 2,5 Privatization n ndonment 1 1 1 3 5 4 3 1 1 4 2,2 Restitutioa 1 1 - 5 3 5 2 2 - 1 4 - 2,3 Rural ab 2,7 Others… - -    The integration of forest fire risks and forest fire prevention in forest policy-making is described as strong to very strong by CZ, PL and RO while it is seen as very weak in SK and UA (Tab. 13; question 5.2). For Belarus the expert assesses the integration as non-existent and reduces the obligations of forest policy to the setting of financial means for fire protection. Apart from the very strong integration in policy-making the Czech expert stresses the strong affinity of existing legal documents towards fire prevention. For Slovakia on the other hand it is stated by the expert that results of a fire protection project were only partly included into forestry legislation. The project is conducted in a storm damaged forest area in the Carpathians and elaborates local fire management plans. The negative assessment in the case of Ukraine is due o the non-existent process of forest policy-tmaking.  The farsightedness of wildfire policies is assessed as long-term (more than five years) for 

BY, CZ, PL, and RO (Tab. 13; question 5.3). In accordance to the argument mentioned in the previous paragraph, the expert rates wildfire policies as non-existent for Ukraine, while it is described as short-term and with limited significance for Slovakia. In Belarus, fire revention projects even span 20 years paccording to the expert.  Decision-making processes in wildfire management are open to multiple stakeholders in CZ, PL, RO, and SK, while they are described as non-existent for BY and UA (Tab. 13; question 5.4). In Poland, forest management plans including fire management measures are accessible to the public. Whereas in Romania the participation is more restricted to the respective forestry and fire fighting agencies. The involvement of multiple stakeholders in Slovakia has been introduced during the elaboration of he previously mentioned fire management lans. tp 
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International guidelines for fire management are employed by BY, PL and RO in development and implementation of national legislation (Tab. 13; question 5.5). In the Czech Republic, which uses its own guidelines, and in Ukraine this is not the case. Similar procedures do not exist in Slovakia. The Polish expert explicitly names FAO as well as the two forest certification schemes Forest Stewardship Council and the Programme for the Endorsement of Forest Certification schemes, which have introduced certain standards in the field of forest fires. In Romania, the experiences and knowledge gained from forest fire research n France are incorporated into national ilegislative norms.  Fire management plans exist in all countries at the forest district level, while in the Czech Republic they also cover the county and, analogous to Belarus, the national level (Tab. 14). Different from state forests, privately owned plots in Poland are subjected to a simplified management plan which also includes fire protection measures. In Slovakia, fire management plans are only produced for the project area in the Carpathians, spanning state as well as private forests. In Ukraine, fire anagement plans only exist in state owned mforests.  Preventive measures are in all cases included in afore-mentioned fire management plans (Tab. 15; question 5.7). In Belarus, these actions are implemented annually and also in Romania several measures are considered as normally recurring tasks not necessarily being included in the actual fire management plan. On the other hand, in Slovakia preventive measures occur only in the fire management plans that are set up or said storm damaged forest area in the fCarpathians.  Concerning non state-owned forests, fire prevention measures are only subsidized or otherwise supported in CZ and RO (Tab. 15; 

question 5.8). That is not the case in PL, SK and UA, while in BY it is due to the non-existence of private forests. The Czech expert states that airborne fire monitoring and forest roads are among the supported measures for private forest owners. A different case is presented for Romania, where private forests still fall under the responsibility of state-owned forest enterprises. In Poland, private forest owners are eligible to receive subsidies for silvicultural measures which do not directly relate to fire prevention. Also in Slovakia preventive measures have to be financed by the individual owners; only the creation of before mentioned fire management plans has been supported by an environmental foundation. According to the Ukrainian expert, wildfire prevention measures re only applied in state forest and not a
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considered in the other 30% of the forested area.  As a concluding task, the experts are asked to assess the efficiency of existing measures in controlling the wildfire situation (Tab. 16). General legislative measures are rated as efficient to very efficient for most countries except Ukraine, where they are seen as being less efficient. An overall average rating for the whole study region as efficient can be ascribed. An even better value is derivated for general public information measures which are seen as efficient to very efficient in all countries. Information for qualified personnel is also rated as efficient on an average basis with exception for Ukraine. There the option is assessed as being not applicable. With a balanced rating between efficient and less efficient, information measures especially for private forest owners can altogether be described as being slightly efficient. The absence of private forest owners in wildfire issues makes the option not applicable in BY and UA. General economic incentives receive a very distinguished rating throughout the region. They are considered to be (very) efficient in BY and SK, less efficient in CZ and PL, and not efficient in Romania. For Ukrainian 
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conditions the option is again viewed as not applicable. The overall result is the lowest average rating of all measures included in this question. The next option (cooperation between responsible agencies) is again regarded as fficient to very efficient in most countries xcept fo

efficient. Altogether, it can be seen as an efficient measure similar to the last one (informal exchange between agencies). Here, the ratings are again very distinguished, including efficient to very efficient for BY, CZ and SK, and less to not efficient for RO and UA. The respective situation ee r Ukraine, where it is assessed as not in Poland cannot be judged by the expert.  ention in forest Table 13. [Question 5.2] – “How would you describe the integration of forest fire risks and prevpolicy making?” [Question 5.3] – “How would you assess the farsightedness of wildfire policies in your country?” [Question 5.4] – “Are decision-making processes in wildfire management open to the participation of multiple stakeholders?” [Question 5.5] – “Are any international guidelines for (forest) fire management used to develop and implement national or local legislation?” 
 BY CZ PL RO SK UA 5.2: Integration in forest policy-making No integr./ consideration at all Very strong Strong Strong Very weak Very weak 5.3: Farsighted-dfire ness of wilpolicies Long-term Long-term Long-term Long-term Short-term Do not exist at all 5.4: Open decision-making processes Do not exist at all Yes Yes Yes Yes Do not exist at all 5.5: International guidelines for local legislation Yes No Yes Yes Do not exist at all No 

Table 14. [Question 5.6] – “At which levels do forest fire management plans exist?” 
Administrative level B  Y C  Z P  L R  O S  K U  ANational x x - - - - County Forest district - x x x - x - x - (x) - (x)  
Table 15. [Question 5.7] – “If fire management plans exist, do they include fire prevention measures?” [Question 5.8] – “Are the measures specified in question 5.7 subsidized or otherwise supported by the government for private forests or other ownership types?”  

 BY CZ PL RO SK UA 5.7: Fire prevention measures included Y  es Yes Yes Yes Yes Yes 5.8: Subsidisation for private forest owners - Yes No Yes No No 
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Table 16. [Question 5.9] – “How efficient are the measures in place to control the wildfire situation in your country?” 
Control measures BY CZ PL RO SK UA Legislation Very  efficient

Very 
efficient Efficient Very  efficient

Ef t ficien Less 
efficient Information for the public Very  efficient Efficient Efficient Very 

efficient Very  efficient Ef t ficienInformation for qualified personnel V  ery
efficient Efficient Ef tficien Ef tficien Very 

efficient Not applicable Information for  private forest owners Not plicab eap l  Ef tficien Less  efficient
L

efficient
ess  Efficient Not applicable Economic incentives Very  efficient

Less  efficient
Less 

efficient Not  efficient Ef t ficien Not licab eapp l  Cooperation betweresponsible agencieen s Very  efficient
Very 

efficient Efficient Very  efficient
Very 

efficient Not  efficientInformal exchange etween agencies b Very 
efficient Efficient Cannot judge Less 

efficient Efficient Not 
efficient   

5 iscussion D The corresponding questionnaire results are discussed for each of the five hypotheses and set into perspective by additional comments from the forest fire experts and relevant findings of the literature research. The analysis is further supported by taking into account the underlying causes and effects of the Russian wildfires uring summer 2010, which serve as relevant xemplary cases for the study region. de 
Hypothesis I:  “Due to the increase of average burnt area and number of wildfires, their active management ill become an even greater aspect of the t b  Ewsus aina le use of forests in CE .”  In the questionnaire, the experts see no significant changes of fire regimes for the near future concerning either altitudinal zones or affected species (Tab. 6). But the expert for Ukraine stresses the higher exposure of forests in the Carpathian Mountains to fire risk. It has to be considered that this development can also be 

relevant for the ranges in PL, RO and SK. Still, a general increase of burnt area is acknowledged for RO and UA (Tab 7; question 3.4). This, and the decrease or constant progression for BY, CZ, PL, and SK is also backed up by the compiled fire statistics (Fig. 11). Yet it is important to consider the proportion of burnt area with reference to each country’s overall forest area. Within the specific timeframe of 2000 to 2009, the proportion of average annually burnt area does not exceed 0.1% of the overall forested area in any of the countries. From the survey comments it becomes clear that on the one side the conversion of coniferous forests, along with more sophisticated fire fighting and forecasting techniques, and on the other side climate change xpected to have the largest impact on future orest fire situations. are ef 
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Figure 11. Development of burnt area in the study region from 1991 to 2009. Countries that reported a future increase (RO, UA – black columns) were dissociated from the others (BY, CZ, PL, SK – gray columns). The values for each group were computed 
 

against the region’s total annually burnt area.  Analogous to the procedure for burnt area, the decrease in BY and CZ can be supported by fire statistics from 1991 to 2009, as is the increase for PL, RO, SK, and UA (Fig. 12). Opposed to the partly increasing fire incidents most experts see no effect on the supply of forest biomass (Tab. 10; question 4.1). But they also state that especially young coniferous forests are afflicted due to dense planting schemes and high concentration of burnable fuels. The lost potential of these young stands is difficult to assess. The relatively low figures of burnt area and number of fires in CZ and SK can be a reason why the integration of forest fire risks and prevention in forest management is seen as very weak (Tab 10; question 4.2). It has also to be onsidered that within the study region these o countries hold a relatively small forest area. ctw  
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Figure 12. Development of number of fires in the study region from 1991 to 2009. Countries that reported a future increase (PL, RO, SK, UA – black columns) were dissociated from the others (BY, CZ – gray columns). The values for each group were t
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computed against the region’s otal annual number of fires.  The growing number of fires is expected to be particularly caused by higher ignition probabilities, which themselves will be due to ‘positive’ fire weather conditions, e.g. the expected reduction of precipitation and rise of mean temperatures. The experts’ opinion on these developments is consistent with the findings of the literature research. Apart from the importance of meteorological factors fire fuels are identified as an important issue for future fire regimes (Tab. 9; question 3.6). The radioactively contaminated zones in Belarus and Ukraine are an illustrative example of how absent management can lead to fuel build-up. Another instance is the storm damaged region in Slovakia. And although these are extreme cases, fuels are the point where forest management becomes decisive. Fuel load can either be actively influenced by tending and harvesting operations or prescribed burning. Although Poland is the only country where this measure is actually allowed Tab. 10; question 4.3). But it can be expected that prescribed burning will play a much more important role in the future, if legislation and regulations are accordingly adapted. The reduction of carbon dioxide emissions can be a crucial argument in achieving those changes. In Europe, annual emissions from wildfires amount to approximately 11 million tons of CO2 over a 5-year period (Rego et al. 



2010). With efficient prescribed burning measures in place this figure can be reduced to almost 6 million tons (Rego et al. 2010). And it has to be taken into account that parts of the carbon emissions are subsequently sequestered again by regrowing plants (FAO 2007), which is another essential aspect of forest management. With regard to climate change as a driver of forest fires it is important to point out that the understanding of adaptive capacities and vulnerability of forests in Europe still requires more research efforts. This is especially the case when considering regional scales such as the Carpathian mountain ranges (Lindner et al. 2010). Increasing temperatures do not necessarily imply a greater disturbance by wildfires (Flannigan et al. 1998). But nevertheless, it has been outlined early by Goldammer (1996) and Stocks et al. (1998) that fire activity in Russian boreal forests will rise within the following years due to both climate change and budget constraints of fire fighting services. Projections by Malevsky-Malevich et al. (2008) show a doubling of the area of maximum fire danger risk by the middle and a definite increase of fire danger for Russia by the end of the 21st century. Therefore it has also to be considered as an indication of the future importance of fire management. Forest fires have already been classified as a threat to biodiversity for Eastern Europe in the latest ssessment of Europe’s environment (EEA 007). a2 
Hypothesis II: “Changing forest ownership structures and land fragmentation due to restitution and rivatization in CEE affect present and future pfire regimes.”  Based on the results of the questionnaire and the literature review, it can be said that on the whole neither restitution nor privatization processes are as significant for fire regimes as rural abandonment (Tab. 11 & 12). Nevertheless, 

restitution is ascribed a higher importance than privatization, particularly as the latter is not a very relevant topic for Belarus. For the present, administrative reforms rank highest in this former Soviet republic but at one time or nother privatization can become a part of these ameasures.  Despite changing ownership structures, binding fire management plans exist on the forest district level (Tab. 14). These also include fire prevention measures (Tab. 15; question 5.7), except for Ukraine where those measures are only applied in state forests (Tab. 15; question 5.8). Yet, actual fire prevention is only supported for non-state forests in CZ and RO although these financial incentives have not been assessed as efficient (Tab. 16). Missing financial support inhibits or even prevents private forest owners in the other countries from taking steps towards fire prevention within their own forests. Fragmented properties further enhance this effect. This is especially the case in PL and RO, where private ownership is very scattered and private owners are less experienced in forest management, as is stated in the questionnaires. However, at least for Poland the establishment of forest owner associations and developing relations of families to their forests are expected o have a positive impact on management tefforts.  The breakdown of socialistic systems has been the starting point for structural changes of property and use rights in CEE (Vuletic et al. 2010) and, for example in Poland, they are further influenced by accession to the EU in 2004 (Schmithuesen & Hirsch 2010). These changes continue to complicate forest management and thus, fire prevention. For the 2010 wildfire episodes in Russia neglected fuel management along with rural abandonment ere also two of the most important factors ccording to Goldammer (2010). 
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Hypothesis III: “Policies and law enforcement measures by fficial agencies in CEE are insufficient to control ohuman influence on forest fire regimes.”  Human-caused fires prevail in CEE. Carelessness in dealing with campfires or cigarettes by forest visitors is a very common cause (Tab. 3). Ranging closely behind these ‘recreational’ matters is fire spread from land-clearance. Intentional fires are also identified as a problem, for example in Poland. A rising number of fires (Fig. 12) can be an indication of weak governance caused by misdirected administrative reforms. These are recognised as important factors by BY and UA (Tab. 11 & 12). But although a reduction of personnel and insufficient funding for fire protection might be a fundamental reason for the rising number of ires in Ukraine, a reverse development is shown . ffor Belarus Preceding any reforming measures are the objectives of (forest or environmental) policies. The ability to integrate forest fire prevention into these objectives is assessed negatively by SK and UA but with different backgrounds (Tab. 13; question 5.2). While forest fires seem not to be a pressing issue in policy-making in Slovakia, the actual progress in advancing legal regulations appears to be very slow in Ukraine. This is also reflected by the assessment of the farsightedness of wildfire policies (Tab. 13; question 5.3). Another factor describing the flexibility of policies is the participation of different stakeholders in decision-making processes. This is also non-existent in Ukraine and Belarus, where old hierarchical structures seem to dissolve slowly (Tab. 13; question 5.4). The overall efficiency of legislative measures is assessed as less efficient by the Ukrainian expert (Tab. 16), which does not surprise given the information above. Yet, for all the other countries these measures are efficient to very efficient which might be connected to the last two points in the list (cooperation and exchange 

between different agencies). Those are also seen as quite efficient except for Ukraine. When considering that the number of fires in three of these countries (PL, RO, SK) is on the rise, the impression is created that policy and legal measures might be stretched to their limits. The llegedly efficient implementation is acontradicted by their seemingly ineffectiveness.  Human activities outrank natural factors as a source of ignition by far and directly determine the number of wildfires (Goldammer & Crutzen 1993, Silva & Harrison 2010). Because of that it is essential to consider the human influence on fire regimes in planning and setting up of institutional and policy frameworks. These are prerequisites for strategic planning and implementing fire management (FAO 2006b). However, in some countries like Slovakia forestry contributes a small fraction to the national economy and is thus only perceived as a minor issue in policy-making (Sulek 2002). And although wildfire prevention measures contribute to the avoidance of emergency situations and expensive fire suppression, they are slowly incorporated into national legislation. Low public recognition of these constant actions in comparison to more spectacular extinction rocesses is usually the reason (Montiel & p
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Herrero 2010).  A similar situation has been observed during the Russian wildfires in 2010. Smoke from fires burning on less than 400 000 ha affected the Moscow area, triggering a response from the public and politicians while the overall burnt area amounted to five million ha. The great majority of these fires burnt in remote areas in Central or Eastern Russia without causing international or even national attention. They were started mainly by negligent, accidental or even leisure use of fires by people. Understaffed fire brigades with insufficient or inadequate equipment further added to the situation. Behind these deficiencies stands the enactment of the Russian Forest Code on 1 January 2005 



which transferred responsibilities for forest fire protection from the state to the regions. These were neither financially nor structurally prepared for these tasks and could also not ensure the enforcement of fire protection esponsibilities on private concessions Goldammer 2010). r( 
Hypothesis IV: “Common international framework approaches can strengthen the efforts directed at managing orest fires in CEE, especially within the scope of fEU policies.”  The openness of decision-making processes to multiple stakeholders is stressed for all four EU member states in the study (Tab. 13; question 5.4). This can be interpreted as the result of a more Europeanised generation of forest laws mentioned earlier (Fredriksson 2003). Nevertheless, the general influence of international guidelines is also existent in Belarus (Tab. 13; question 5.5), while their bsence in Slovakia can be attributed to the slow aprocess in developing fire legislation.  It can be said that most member states favour a single EU measure dealing with forest fire prevention. But the existence of national forest policies and the EU’s insufficient mandate to act in a compulsory nature on forestry-related issues has so far been standing in its way according to the results of a working group on forest fire prevention (EC 2005). Wildfire strategies are created and implemented by the member states themselves resulting in a wide range of different and heterogeneous approaches. The EU Forest Focus programme from 2003 to 2006, which has at least been partly aimed at forest fires, was never proven to be efficient enough (Farmer & Álvarez-Baquerizo 2006) and even the currently ongoing LIFE+ measure has been deemed insufficient to tackle fire issues in European forests during its drafting phase (EC 2005). Nowadays, also 

growing wariness and scepticism towards EU integration processes threaten the goal of eaching more harmonized and coherent rstrategies (Aguilar et al. 2009).  To reverse this development, an EU Fire Framework Directive has been proposed to harmonise legal frameworks and achieve Integrated Fire Management12 (IFM) (Lázaro & Montiel 2010). It is meant to handle the issue of wildfires more efficiently and, in particular, further promote the use of fire for fuel management as opposed to the current restrictive regulations in most countries (Lázaro & Montiel 2010). Aguilar et al. (2009) stress that wildfire management is not exclusively affected by policies in the forest sector, but rather stretches over other areas as environment, natural resources, economy and even the energy sector. The policies in these external sectors can have unintended consequences, thus any approaches to an EU policy framework have to be cross-sectoral and involve different stakeholders (Montiel & San-Miguel 2009). Spatial planning can have negative effects on active fuel management through zoning and regulations in protected areas. Agriculture as the main policy field in the EU in terms of budget defines measures and financial support affecting forest management through the Rural Development Policy. Energy policy, although mainly left to the member states, sets the support for renewable energy. And finally environmental policy, which has been assessed with chronic implementation deficits (Aguilar et al. 2009, Montiel & Herrero 2010). All these olicies have to be taken into consideration to ight structural causes of wildfires. pf 
                                                            12 Integrated Fire Management involves integrating prevention, suppression and the use of fire with the key ecological attributes of fire, i.e. the ecologically appropriate fire regime, and the socio-economic and cultural necessities of using fire along with the negative impacts that fire can have on society (Myers 2006). 
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Still, the wide ranging effects of wildfires make it difficult to agree on a competent authority that complies with the Union’s principle of subsidiarity (González 2010). As fire occurrence and incidence differ between regions, legal and policy frameworks have to be efficiently adapted to the specific ecological and socio-economic characteristics (Montiel & Herrero 2010, Lázaro & Montiel 2010). One example is the use of prescribed burning in most European countries outside the Mediterranean region. In many cases legal frameworks do not exist due to a general ban on the use of fire in forests or other natural areas (Lázaro & Montiel 2010). Nevertheless, it is a very important tool for extinction strategies in Mediterranean countries. Large fires can occur during severe fire weather, thus exceeding he normal capacities for wildfire suppression Montiel et al. 2010). t( 
Hypothesis V: “Public education and access to relevant data are mportant tools in fire prevention as human-icaused fires prevail in CEE.”  As shown before, human causes of forest fires prevail in the study region and carelessness is the most common reason (Tab. 3). But arson is reported in the case of Poland as well. The experts also see a strong impact of forest fires on rural communities and private forest owners (Tab. 4). Conveying information on wildfires specifically for private forest owners has also been assessed as being less efficient than for the general public or qualified personnel (Tab. 16). As is the case for legal measures, information for he public and also private owners seems not to tbe effective.  The role of an integrated approach towards training, awareness-raising and structural prevention is emphasised by Rego et al. (2010). It is seen as fundamental that the communication process with the general public is accompanied by a proper use of wildland fire terminology and definitions (Hardy 2005). 

Sustained public awareness is a prerequisite for mitigating the problem of careless use of fire (Rego et al. 2010). Extending the general appreciation of forests by clear policy objectives and participation to support sustainable development is highlighted as an important factor in Slovakia (Sulek 2002). Rydzak & Trebecki (2009) show that an informational and educational campaign by the state forest service has significantly decreased forest fires caused by burning adjacent grass- and wastelands within three years. In the Czech Republic, the contribution of advanced training and adjusted education of forest personnel to the decline of orest fire incidents is stressed by Sisak et al.  f
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(2004). Within this context, science and technology transfer are of main importance for advancing wildfire management in Europe (Goldammer et al. 2009b). Knowledge of the ecological role of fire in Eastern Europe is poor as are capacities of human resources and technological approaches (Goldammer et al. 2009b, Lázaro & Montiel 2010). At the same time supplementary aspects of any research effort such as harmonized and internationally accepted procedures for data collection are still an issue. ‘Forest fires’, ‘wildfires’ and ‘wildland fires’ are not always distinguished by countries during the process of data collection and/or provision. Sometimes there is even no distinction made between forests and woodlands (FAO 2007). Other difficulties are availability and quality of the data which in most cases are rather poor, especially in evaluating the monetary impact of wildfires (Birot & Mavsar 2009). Therefore, the development of the EFFIS database can be seen as one successful outcome of the Forest Focus programme (Farmer & Álvarez-Baquerizo 2006). The comparison of data from Schelhaas et al. (2003) with the more recent publications based on EFFIS can be seen as one example. Although also the accuracy of the data available within this project has to be questioned due to possible flaws in recording and conveyance. 
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Concerning the countries outside of the EU the issue of available and reliable data is of even greater importance. The forest fire expert for Ukraine states that reliable fire statistics exist only for the forests managed by the state forestry committee (68%). For about three million ha those statistics are not available, as is any kind of fire management. Furthermore, small fires of 0.1 to 0.2 ha are usually not included in the statistics. For pre-warning purposes reliable information is extremely necessary, especially in the contaminated zones in Belarus and Ukraine. The radioactive deposits accumulated there in living and dead biomass can be stirred up into the atmosphere by forest fires and transported over great distances as far s Canada (Szczygiel & Ubysz 2006, Wotawa et l. 2006). aa  

 The general public might be easily impressed and satisfied by high-tech solutions for fire detection and fighting but more attention has to be given to the underlying causes of wildfires and society’s increasing vulnerability (Goldammer et al. 2009b). Funds allocated in basic fire suppression techniques are still considerably higher than those spent on prevention (Herrero et al. 2009). The main focus should be on continuous prevention actions rather than emergency suppression measures (Montiel & San-Miguel 2009). It is vital to uphold the long-term effects of lessons learned after fire events and not only rely on short-dated public pressure when daily life is influenced, as was the case during the Russian wildfires in 2010 (Goldammer 2010). 
6 Conclusions for Central-Eastern Europe  With regards to increased fire incidents and their impacts, the biggest challenge Belarus faces are the contaminated zones which are equally important in Ukraine. There, climate change as a driving factor might lead to a spread of fire risk to previously unaffected areas, such as the Carpathian Mountains. This range will also be a focal point in Romania and Slovakia, where the impacts of storm damages, followed by bark beetle attacks or erosion present further challenges to forest and fuel management. In Poland the conversion of pure coniferous stands is seen as an important responding task and will continue to be so. Except for problems that might arise in the foothills of the Carpathians or other mountainous areas in the Czech Republic its forest management seems to respond well to the effects of wildfires. Still, little information can be found on the imminent effects of forest fires on protected areas in CEE. The focus is usually on managed forests while nature conservation issues seem to be neglected within this setting. With the rising importance of 

prescribed burning in fuel management, natural fire and disturbance regimes will gain more attention. The integration of those experiences for IFM in forests will with certainty have substantial impacts. Within this approach the number of (deliberate) forest fires could further ncrease while the actual burnt area declines due ito fewer large-scale fires.  Concerning changing ownership structures and fragmentation, the two countries most affected by restitution and privatization processes are Poland and Romania. Fire regimes in Poland are at present strongly affected by neglected forest and fuel management of private owners. However, the change of forest ownership has yet to become an important factor in the near future. In contrast, the Czech Republic has not experienced significant changes in forest ownership just as Slovakia, although state support for private owners is scarce. In Ukraine, privatization has taken place mainly in the forest industry sector and private companies are 



contracted only for timber harvest. Restitution in CEE is not about to cease soon and also privatization has been a part of reform processes in many cases. The effects of privatization which primarily result in diminished influence of state institutions can be countered with an adaption of legal and administrative frameworks. Unlike obligatory restitution processes which return forest properties to their rightful owners. Resulting fragmentation in forest ownership can be countered with consolidations or improved support for forest owners and associations. Yet, these are usually voluntary measures meaning that more efforts have to be directed at ncreasing willingness and support of private iowners.  In terms of policy and law enforcement, only in Belarus and the Czech Republic appear the existing measures to be effective enough to cope with human influence on forest fire regimes. This seems not to be the case for all the other countries where the number of fires increased during the last years, particularly in Ukraine. Still, on the national level varying aspects play important roles. In Slovakia the significance of the forestry sector and the threat of wildfires seem to be underestimated by policy-makers. Further developments within the fire protection project in the Carpathians can help to change this perception. Another challenge for fire management is weak governance. As the Russian example shows, unclear lines of responsibility and underfunded government agencies result from misguided reforms. This can especially be the case when the main reason is to cut costs and reduce personnel of public administrations by any means necessary. Those measures result in administrative structures that cannot properly address issues like arson in Poland or uncontrolled agricultural fires in Romania. Still, problems can be approached. The cooperation of local authorities with ecclesial and educational institutions in one Polish district has led to substantial improvements. These efforts could be adapted on a wider base and serve as an 

example for other countries or regions. But the Romanian situation also shows that the focus should not only be on arson or careless behaviour but on instructions for the ppropriate use of fire as well, which is an aessential component of IFM.  Regarding diversified forest fire regulations, the four EU member states of the study region could make a significant step towards efficient regional and international collaboration provided that the development of an EU Fire Framework Directive exhibits further progress. Changing priorities in other fields will also have an influence on wildfire management in the EU. The Rural Development Policy can have positive impact on fuel management with forest biomass as an increasingly important renewable source of energy. Within this context it is also interesting to note that none of the addressed experts mentioned possible impacts of the Renewable Energy Directive (2009/28/EC). Main emphasis is laid on mobilisation of small dimension wood and harvesting residues as well as increased cooperation among small-scale forest owners for biomass supply. These measures have also been promoted by the EU Forest Action Plan. In general, coordination, capacity building and policy advice by EU institutions also include countries like Belarus and Ukraine, even more so through the FAO and other UN organisations. Coordinating measures help to harmonize fire fighting protocols which are important for transboundary support in fire prevention and suppression. But the question remains whether existing policies and strategies are adaptive enough to cope with the effects of global) changes in climate, socio-economics and (
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land-use.  Concerning education issues, participation in decision-making as applied by the EU member states, is an important feature to involve the public and generally raise awareness. The missing support for these processes in Belarus and Ukraine is a restraining factor in the 



prevention of wildfires. Especially the involvement of NGOs or grass-roots movements contributes greatly in achieving this goal. Moreover, availability of reliable data as well as the access to it will remain an important issue for wildfire research and scientific collaboration. e it for countries already involved in the EFFIS roject or others. Furthermore, the existence of 

many different languages within the study region can act as a barrier to cooperation in general. This became clear already during the literature review and is therefore important to onsider for any approach to the issue of forest ires in Central-Eastern Europe. Bp  
cf 
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