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           1.1   Introduction    

 Every year, around 45,000 wildfi res occur in Europe, burning an area of 0.5 million 
hectares (San-Miguel and Camia  2009  ) . Between 1995 and 2004, more than four 
million hectares were burned in the Mediterranean region alone, corresponding to 
an area larger than the Netherlands. In addition to social and environmental impacts, 
wildfi res also produce considerable economic damages due to: (i) the huge amount 
of resources spent in fi re suppression and prevention; (ii) the loss of commercial 
value of damaged wood products; (iii) the costs related to loss of public non-market 
services (i.e., biodiversity protection, water cycle regulation, supply of recreational 
areas, soil protection, carbon sequestration, etc.). 
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 The post-fi re management of burned areas has been given much less attention 
than fi re suppression and prevention in Europe and elsewhere. However, important 
questions raise public concern and require scientifi cally-based knowledge: how can 
we accurately evaluate fi re damages in economic terms? What are the most suitable 
short-term intervention techniques to minimise soil erosion and runoff? How should 
burned trees be managed? What is the best approach to long-term planning    for the 
rehabilitation of burned areas? Along side the damage they incur, wildfi res can also 
be regarded as an opportunity to plan and establish less fl ammable and more resil-
ient forests and landscapes in recently burned areas. What information is available 
on these topics and how should administrations and stakeholders react after large 
fi res? These questions are relevant not only in a southern European perspective, 
where wildfi res are more frequent, but all over Europe. In fact, climate change and 
land-use trends are expected to increase fi re incidence in Central and Northern 
Europe (Lindner et al.  2010  ) , and new geographical areas (and forest ecosystems) 
where wildfi res were infrequent are likely to become more fi re-prone. Thus, further 
knowledge is needed on how to manage the millions of hectares burned in Europe, 
including planning of post-fi re management, short-term intervention techniques 
to minimise soil erosion and runoff, and longer-term ecosystem recovery and 
restoration.  

    1.2   Wildfi res in Europe 

 Fire is an integral part of many terrestrial biomes including the Mediterranean ones, 
but is also a major factor of disturbance (Pausas et al.  2008  ) . Natural fi re regimes 
have been increasingly changed by man for many thousands of years, so that in many 
regions of the world human-caused fi res have become more frequent than natural 
sources of ignition (Goldammer and Crutzen  1993  ) . During the last decades, an 
increase in the number of fi res and the area burned is observed (Flannigan et al. 
 2009 ; Moreno et al.  1998 ; Piñol et al.  1998  ) . In the Southern European Mediterranean 
countries, the major driving forces behind this change in the fi re regime are land 
abandonment and afforestation of former agricultural land, leading to fuel accumulation 
and landscape-level connectivity of fl ammable patches. 
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 By the second half of the twentieth century, the process of extensive land use 
was halted and reversed in most regions of Europe. Rural exodus (Hill et al.  2008  ) , 
mechanization of agriculture, reduced livestock grazing, afforestation in many 
marginal areas and changes in life styles caused important changes in land-use 
and land-cover patterns (Arianoutsou  2001 ; Lehouerou  1992 ; MacDonald et al. 
 2000 ; Moreira et al.  2001,   2009a ,  2011 ). Poorly vegetated landscapes gave rise to 
others which gradually accumulated vegetation biomass, with growing trees or 
shrubs, and in which active management became occasional. This tendency to 
increase forest and non-managed land, that is, of increasing fuel loads in the land-
scape, has been observed in most countries (Fig.  1.1 ).  

 In addition to land cover changes   , the infl uence of climatic changes upon shifts 
in fi re regime cannot be ruled out (Pausas  2004 ; Pausas et al.  2008 ; Piñol et al. 
 1998  ) . In fact, climatic extremes, that are more frequently observed nowadays 
(Founda and Giannakopoulos  2009 ; Tolika et al.  2009  ) , may be more critical than 
fuel accumulation in controlling fi re behaviour (Cumming  2001  ) . Pausas and 
Fernandéz-Muñoz ( 2011    ) suggest that fi re regime changes in the western 
Mediterranean were different before the 1970s, where fi res were mostly fuel-lim-
ited, from the present, where they are mostly drought-driven. However, the effects 
of climate change on increased fi re occurrence are not always obvious. For exam-
ple, in Eastern Iberian Peninsula, Pausas  (  2004  )  found a positive correlation 
between summer rainfall and the area burned two years later, suggesting that this 
rainfall increases fuel loads for the subsequent fi re seasons. In this perspective, 
warmer and drier summers could decrease fuel loads and, thus, fi re hazard, which 
is supported by process-based simulations of fi re activity under future climates 
(Thonicke et al.  2010  ) . 

 Although forest fi re statistics are incomplete for the fi rst part of the twentieth 
century, available data indicate that wildfi res were not important until the middle of 

  Fig. 1.1    Change (%) in forest area in some Mediterranean countries of Europe during the second 
half of the twentieth century.  Pt  Portugal,  Fr  France,  Es  Spain,  It  Italy,  He  Hellas (Greece). (Source: 
FAOSTAT)       
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the century, at least in forested areas, which were the ones for which statistics were 
compiled. By the late 1960s wildfi res started to occur at an increasing rate in the 
Euro-Mediterranean countries (Alexandrian and Esnault  1998  ) . The number of fi res 
has continued rising, although part of this trend is due to a change in the compilation 
of statistics (Moreno  2010  ) . Additionally, an increase in ignition sources due to 
changes in socioeconomic and land-use cannot be excluded (Vélez  2009  ) . Therefore, 
while a climate effect cannot be ruled out, certainly other factors came into play 
(Moreno  2010  ) . Area burned, which is less sensitive to compilation procedures, 
increased during the 1970s and into the 1980s, by which time Spain and Italy had 
reached maximum values. Greece and Portugal followed with some delay (Moreno 
et al.  1998  ) . This increase occurred while fi re suppression was being strengthened 
in all the Euro-Mediterranean countries. 

 Around the Mediterranean most fi res ( » 95%) are caused by humans, either by 
accidents or intentionally (   EFFIS  2009 ). During the last decades the area burned 
in Spain, France and Italy has decreased, but that is not the case for Greece and, 
much less so, for other Balkan countries and Portugal, where the area burned per 
year has markedly increased. During 2009, fi res in these fi ve countries burned a 
total area of 323,896 ha (Table  1.1 ), which, although almost doubling the area 
burned in 2008, is still below the average for the last 29 years. The number of fi res 
that occurred (52,795) is also slightly below the average of the last two decades. 
Since the area of each country is different, and the area at risk within each country 
is also different, comparisons among countries are not straightforward. Fires also 
occur in other parts of Central and northern Europe, although with a much lower 
signifi cance (EFFIS  2009  ) .  

   Table 1.1    Number of fi res and burned area in the fi ve Southern States in the last 30 years   

 Number of fi res  Portugal  Spain  France  Italy  Greece a   Total 

 2009  26,119  15,391  4,800  5,422  1,063  52,795 
 % of total in 2009  49  29  9  10  2  100 
 Average 1980–1989  7,381  9,515  4,910  11,575  1,264  34,645 
 Average 1990–1999  22,250  18,152  5,538  11,164  1,748  58,851 
 Average 2000–2009  24,949  18,337  4,406  7,259  1,569  56,645 
 Average 1980–2009  18,194  15,335  4,951  9,999  1,569  50,047 
 Total (1980–2009)  545,805  452,848  148,531  299,977  47,058  1,501,409 

 Burned areas (ha)  Portugal  Spain  France  Italy  Greece a   Total 

 2009  87,416  110,783  17,000  73,355  35,342  323,896 
 % of total in 2009  27  34  5  23  11  100 
 Average 1980–1989  73,484  244,788  39,157  147,150  52,417  556,995 
 Average 1990–1999  102,203  161,319  22,735  118,573  44,108  448,938 
 Average 2000–2009  150,101  125,239  22,342  83,878  49,238  430,798 
 Average 1980–2009  108,956  177,115  28,078  116,534  48,587  478,910 
 Total (1980–2009)  3,257,886  5,313,457  842,332  3,496,005  1,457,624  14,367,304 

   a Provisional data for 2009 
 Source: EFFIS report 2009  



51 Setting the Scene for Post-Fire Management

 Large fi res represent a small fraction of the total number of fi res, but are responsible 
for a large percentage of the total land area burned in the Mediterranean basin 
(   Diaz-Delgado et al.  2004 ; Bermudez et al.  2009  ) . Large fi res are relatively new in 
the recent history of the Mediterranean Basin (Lloret and Marí  2001  ) . The recent 
exceptional fi re-seasons (e.g. 1978/79 and 1994 in Spain, 1998, 2000 and 2007 in 
Greece, 2005 in Portugal, 2003 throughout Europe) contributed to highlight the 
importance of large fi res in the Euro-Mediterranean (e.g. Oliveras et al.  2009 ; Pausas 
 2004 ; Piñol et al.  1998 ; Xanthopoulos  2007  ) . 

 A more detailed analysis of current fi re regimes is made in   Chap. 2    .  

    1.3   What to Do After Fire? 

 The traditional strategy for the management of burned areas, and other degraded 
lands, in the Mediterranean region was based on afforestation or reforestation with 
conifers, particularly since the nineteenth century. Massive plantations covering 
millions of hectares were carried out in many Mediterranean countries, mostly using 
pines, and reforestation rates have been further promoted by EU agricultural policies 
that aimed to convert marginal agricultural land into forested areas (Pausas et al. 
 2004 ; Vallejo  2005a  ) . These plantations provided jobs in rural areas, and aimed to 
increase forest productivity, protect watersheds and in some cases stabilize coastal 
dune systems. This strategy also assumed that the restoration of degraded areas 
involved a fi rst stage in which a pioneer conifer was used, followed by the posterior 
introduction of late-successional hardwoods (Pausas et al.  2004  ) . This traditional 
view ended up having a very low level of application, due to the cost of implementing 
it. In addition, changes in fi re regime since the last decades of the twentieth century 
strongly compromised the effectiveness of this strategy. 

 Nowadays, the range of alternatives, in terms of management objectives for 
burned areas and techniques available for restoration, is much wider, and the usual 
political response of “planting trees in 5,000 ha if 5,000 ha were burned” is a sim-
plistic approach no longer justifi ed. Previously, restoring a burned area was equivalent 
to carrying out a reforestation or afforestation. But in fact, depending on the local 
conditions and objectives for the burned areas, these are often not the best management 
alternatives. 

    1.3.1   Major Questions and Some Answers 

 After a wildfi re, forest managers and stakeholders face a series of questions that 
may not have an easy answer: should afforestations or reforestations be carried out? 
If so, in the whole area or just in part of it? Or is it better doing nothing? And if 
action is decided, when should it be taken? Using which techniques? Planting or 
seeding? Or wait for natural regeneration? But, more important than all the previous 
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questions, the key question is probably: “for which purpose?”. Which are the 
objectives defi ned for the burned area and its management? 

 The answers to these questions depend on two fundamental topics: (i) our capacity 
to predict how affected ecosystems will react to fi re; (ii) the defi nition of management 
objectives for the burned area (Vallejo  2005b  ) . Both will determine the restoration 
approach    and techniques that can be used (Fig.  1.2 ).  

 Ecosystem responses to fi re are dependent on the regeneration capacity of its 
plant species. But predicting how plant communities will respond to fi re is also 
dependent on the characteristics of the fi re itself. Even for the same vegetation type 
different response patterns are expected whether a fi re is quite intense and severe, or 
of low intensity and severity (e.g. Bond and van Wilgen  1996 ; Belligham and Sparrow 
 2000 ; Moreira et al.  2009b  ) . 

 The management objectives    for a burned area may be quite variable depending 
on the local situation. “Traditional” objectives included soil erosion prevention, 
water regulation, or increase forest productivity, but these have been replaced by 
new objectives such as biodiversity conservation, carbon storage, enhancing land-
scape values or reducing wildfi re hazard (Fig.  1.2 ). These objectives are mostly 
local and can be quite variable from place to place, depending on the severity of 
impacts, the geographic and climate context, and socio-economic and cultural 
drivers. In the case of woodland restoration in the Mediterranean, Vallejo et al. 
 (  2006  )  suggested that the main priorities should be soil and water conservation, 
improving the resistance and resilience of vegetation to fi re, increasing mature 
forests, promoting biodiversity and fostering the re-introduction of key species that 
might have disappeared.  

  Fig. 1.2    The defi nition of a restoration approach for a burned area depends on the expected 
 ecosystem responses, which will be determined by ecosystem type and by fi re severity, and on the 
objectives determined for the burned area. These are mostly set at on a local scale       
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    1.3.2   Key Concepts in Restoration Ecology 

 These concepts have been addressed in several publications and books (e.g. Society 
for Ecological Restoration International Science and Policy Working Group  2004  ) , 
thus we review them shortly with a focus on burned area restoration. 

    1.3.2.1   Restoration, Rehabilitation and Replacement 

  Restoration     is the “process of assisting the recovery of an ecosystem that has been 
degraded, damaged or destroyed” (SER  2004  ) . This defi nition is applicable to native 
forest ecosystems that were degraded or destroyed. Restoration aims to return an 
ecosystem to its historical condition, although setting this base reference is often 
diffi cult in a Mediterranean context where human management has been shaping 
landscapes for thousands of years. However, in the case of burned area manage-
ment, our goals may not include restoration at all, in particular if we aim to change 
the ecosystem type that was burned (e.g. because it had no conservation value, or if 
we intend to reduce the fuel load in a particular location, independently of the previous 
land cover). 

  Rehabilitation     shares with restoration a fundamental focus on historical or 
pre-existing ecosystems as a reference, but the two activities differ in their goals and 
strategies. Rehabilitation emphasizes the reparation of ecosystem processes, pro-
ductivity and services, but not necessarily the re-establishment of the pre-existing 
biotic integrity in terms of species composition and community structure. 

 In  replacement    , or re-allocation (Aronson et al.  1993  ) , the objective is to build up 
a new, productive ecosystem, often simpler than the original. 

 Forest restoration is a global concept that may have different degrees and intensities 
of management intervention, depending on the degradation stage of the forest and 
the specifi c management objectives considered. In the past, forest restoration has 
been mostly interpreted as planting trees, that is, afforestation or reforestation. 
Nowadays, this view is being replaced by a more holistic one, considering a wide 
set of restoration alternatives and approaches.  

    1.3.2.2   Active and Indirect Restoration 

  Active restoration     uses techniques including plantations and direct seeding. These 
are relatively expensive tools for restoration, as they require site preparation, equip-
ment, man-power, seedlings from nurseries, transport to the area, fertilizers, tree 
shelters, etc. (e.g. Moreira et al.  2009c  ) . The survival of planted seedlings is quite 
variable, and often quite low in the case of broadleaved trees (Pausas et al.  2004  ) . 
Direct seeding usually has lower costs compared to tree planting (Lamb and Gilmour 
 2003 ; Mansourian et al.  2005  ) , but often only a low proportion of seeds is able to 
germinate and thrive (e.g. Pausas et al.  2004  ) . 
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  Indirect restoration     implies the use of natural regeneration, and it can be either 
passive or assisted.  Passive restoration     is based on protecting the area from further 
disturbances and let ecological succession work (Lamb and Gilmour  2003  ) . In 
burned areas regeneration may occur from seeds (e.g. Pausas et al.  2004  ) , from 
resprouting of burned trees and stumps (mostly basal resprouting) (e.g. Espelta et al. 
 2003  )  or resprouting of burned shrubs or herbs. Tree resprouts, in particular, have 
signifi cant advantages over seedlings or planted trees because they have an estab-
lished root system which may confer higher probability of survival and better growth 
(e.g. Moreira et al.  2009c ; Simões and Marques  2007  ) . Further stages in natural 
regeneration management imply  assisted restoration     and may involve thinning   , the 
selection of shoots in coppices, and the control of unwanted vegetation or protection 
from grazing    animals (e.g. Lamb and Gilmour  2003 ; Moreira and Vallejo  2009 ; 
Vallejo et al.  2006 ; Whisenant  2005  ) . The use of indirect restoration has been often 
neglected by managers and policy makers, and some regional and national governments 
have even subsidised active restoration in burned areas where natural regeneration 
was occurring. 

 Mediterranean-type ecosystems are highly resilient to fi re when dominated by 
shrub and tree species that have the ability to resprout or produce seedlings after 
fi re. Thus, these traits should be used in post-fi re restoration, mainly through assisting 
natural regeneration that will likely result in less costly interventions and higher rate 
of vegetation recovery (Moreira and Vallejo  2009  ) .    

    1.4   A Framework for Planning Post-Fire Restoration 

 In this section we describe a framework that can be used in post-fi re management 
and restoration. It is based on fi ve major steps (Fig.  1.3 ).  

    1.4.1   Predicting Vulnerable Areas    

 Even before fi res occur, forest and landscape managers have the tools to map area 
vulnerability to wildfi res, and to identify priority areas for fi re prevention and inter-
vention after fi re. The key data to build these maps include soil information, topog-
raphy (slope in particular), vegetation type, and also the location of values-at-risk 
(infrastructures, buildings, valuable ecosystems). One example is the work done by 
Alloza and Vallejo  (  2006  )  for the region of Valencia (over two million hectares). 
Using a Geographic Information System (GIS), these authors have mapped vulner-
able areas based on the joint evaluation of the potential regeneration capacity of the 
vegetation and of the degradation risk (the environmental factors that condition the 
regeneration potential). Regeneration capacity was based on the combination of 
autosuccession potential (the ability to recover the pre-fi re vegetation type) and the 
rate of plant recovery, which determines how quickly vegetation recovers to protect 
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the soil and decrease excessive erosion and runoff risk, for different vegetation 
types. The degradation risk was estimated based on the erosion potential (based on 
the Universal Soil Loss Equation) plus the drought risk (an estimator of the length 
of the dry period). At the end, the combination of the regeneration capacity and 
degradation risk yielded a map of ecosystem vulnerability that enabled the identifi -
cation of priority areas for post-fi re intervention, in the event of wildfi res. These 
authors have found that 14% of the Valencia region is highly vulnerable in relation 
to forest fi res, i.e. in the event of a forest fi re some degradation of the vegetation 
cover can be expected in the short term. In Cape Sounion National Park, Central 
Greece, ecological and landscape data have been also integrated with decision-
support techniques in a Geographic Information Systems (GIS) framework to evaluate 
the risk of loosing post-fi re resilience in  Pinus halepensis  forests (Arianoutsou et al. 
 2011  ) . Criteria related to the signifi cance of several indicators (bio-indicators: plant 
woody cover, pine density and geo-indicators: fi re history, parent rock material and 
slope) were incorporated within a weights coeffi cient and then integrated into a 
multicriteria rule that was used to map the risk of loosing resilience. This map is 
useful for identifying ‘risk hotspots’ where post-fi re management measures should 
have priority. 

 This type of approach can be used all over Europe, in order to identify vulnerable 
areas and prioritise fi re prevention and post-fi re intervention actions after wildfi res.  

  Fig. 1.3    Framework to planning post-fi re management and restoration in burned areas       

 



10 F. Moreira et al.

    1.4.2   Evaluating Fire Impacts 

 Even if a given area was identifi ed as highly vulnerable to wildfi res, post-fi re soil 
erosion and degradation might be negligible if a wildfi re had low severity. The 
impact of a fi re upon a site will depend on fi re characteristics, and the key variable 
to evaluate how a given ecosystem will respond to fi re, fi re severity    (Fig.  1.2 ), can 
obviously be assessed only after a wildfi re has occurred. It is, therefore, important 
to evaluate severity levels as soon as possible after fi re, and this can be done either 
by fi eld inspections, by using remote sensing at high resolution (e.g. satellite 
images), or a combination of both. The use of remote sensing    to evaluate fi re severity 
will only be effective if the information is available for the forest managers in the 
short-term. Additionally, this technique has some inaccuracies (Lentile et al.  2006  ) , 
for example in forest areas remotely sensed burn severity is often highly correlated 
with fi re effects on the tree canopy but exhibits low correlation with ground and 
soil severity. Often, it is more practical to do fi eld checks in the fi rst couple of 
weeks after the fi re, to visually evaluate fi re severity. Several guidelines exist 
(e.g. USDI  2003 ) that can be used to quickly evaluate fi re severity and identify 
areas for emergency interventions.  

    1.4.3   Emergency Interventions 

 These emergency interventions, sometimes called fi rst-aid rehabilitation,    aim to 
stabilise the affected area, prevent degradation processes and minimise risks for people 
(Robichaud et al.  2000  ) . They may aim at soil protection to avoid erosion and 
decrease water runoff and risk of fl ooding, to decrease risks to people and property 
(e.g. hazard from falling burned trees), or to the prevention of tree pests and diseases. 
They should be undertaken as soon as possible, at most a few months after the fi re, 
and preferably before the fi rst autumn rains when in the Mediterranean region.  

    1.4.4   Long-Term Planning    

 This is related to setting the objectives for the burned area and the actions needed to 
accomplish these objectives. Depending on the situation, it may include facilitating 
the natural regeneration, carry out conversion to other forest types, afforestation or 
reforestation, landscape management to promote specifi c land covers, etc.  

    1.4.5   The Importance of Monitoring and Evaluation 

 Restoration projects are traditionally weak in monitoring    and evaluation   . This limits 
the opportunities to learn from past successes and failures (Vallejo  2005a  ) . A properly 
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planned restoration project or management action should attempt to fulfi l clearly 
stated objectives. Assessing whether objectives were fulfi lled, or how far we are 
from attaining these objectives, is only possible through monitoring and evaluation. 
What cannot be measured and monitored in an objective and unbiased way cannot 
be effectively managed (Corona et al.  2003  ) . Thus, objectives, performance stan-
dards, and protocols for monitoring and for data assessment should be incorporated 
into restoration schemes prior to the start of a project. 

 Post-fi re monitoring and evaluation is essential to gain understanding of forest 
ecosystems successional pathways after fi re and, accordingly, to plan appropriate 
restoration actions. It will also allow re-directing restoration actions in an adaptive 
management context. 

 According to SER  (  2004  ) , there are three strategies for conducting an evaluation: 
direct comparison, attribute analysis, and trajectory analysis. In direct comparison, 
selected parameters are measured in the reference and restoration sites. One example 
is to assess the plant composition of a post-fi re recovering forest and compare it 
with that of an adjacent unburned plot of the same forest type. In attribute analysis, 
a set of desirable characteristics for the project result are defi ned at the beginning 
and the measured parameters are compared with this set. In trajectory analysis, data 
are collected periodically and trends examined to confi rm that the project is following 
the intended trajectory. 

 Independently of the followed strategy, two major points should always be taken 
into account. The fi rst is the knowledge of the  baseline situation . As an example, 
consider how to assess the success of a given action in increasing soil cover if we 
did not measure it at the start? This implies assessing the current status of our 
parameter of interest before the start of the management action or experiment. The 
second point concerns the  monitoring of untreated control plots , which provide the 
only way of evaluating the net effect of our action. For example, the meaning of a 
50% increase in soil cover after a given treatment is totally different according to 
whether this increase in an untreated plot, during the same time period, was 5% 
(our treatment was highly effective, compared to the control) or 45% (denoting low 
effectiveness of the treatment, just 5% higher than the control). 

 Finally, the social impacts    of any restoration project should also be taken into 
account in the evaluation of its outcomes as, beside the ecological objectives, there 
are always more or less explicit social and economic objectives and implications. 
Bautista and Alloza  (  2009  )  have recently developed a protocol for evaluating 
Mediterranean forest restoration projects considering both biophysical and socio-
economic criteria. See also Table 3.5 (chapter 3).   

    1.5   Spatial Scales for Management and Restoration: 
From the Forest Stand to Land Use Planning 

 Post-fi re management and restoration actions can be taken at a variety of spatial 
scales   , from the forest stand level to landscape regional planning (Fig.  1.4 ).  
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    1.5.1   Stand-Level Silvicultural Practices 

 The planning and implementation of restoration actions in burned forest areas need 
to be spatially framed according to the stand-level variability in terms of fi re affected 
forest types and levels of fi re severity. In fact, restoration strategies should be put 
into place depending on fi re damage levels and post-fi re ecology of affected forest 
types, notably the post-fi re regeneration strategies (seeders, resprouters). Current 
post-fi re management practices and recommendations are proposed in the Chaps. 
  6–12     for the relevant fi re-affected forest types in Europe. 

 First of all, it is recommended to accurately plan the post-fi re harvest of trees, if 
needed. The pros and cons of salvage logging have been addressed in several studies 
(e.g. Lindenmayer and Noss  2006  ) . Once emergency interventions have been com-
pleted, there are basically three possible options for the restoration of forests 
impacted by fi re. 

 Indirect restoration    techniques are applicable where forest stand functional/ 
structural damage is limited and resilience is high. The fi rst option is the manage-
ment of burned forest (or shrubland) areas through natural regeneration (passive 
restoration)   . The exclusion or restriction of some land use activities (e.g. livestock 
grazing) for some years and the implementation of measures to prevent further 
degrading events (e.g. additional fi res) is generally enough to ensure satisfactory 

  Fig. 1.4    Spatial scales to carry out post-fi re management and restoration. At landscape level, it 
may include the defi nition of landscape-scale fuel breaks or area-wide treatments, implementation 
of policies for preventing land abandonment or keeping specifi c land covers, land cover conversion 
to less fi re-prone cover, specifi c regulations for the wildland-urban interfaces. At stand level, different 
options include passive restoration, assisted restoration, plantation and seeding (of the same forest 
species or converting to another tree species), or conversion to other non-forest uses       
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post-fi re regeneration. Management thus involves careful monitoring of the dynamics 
of recovery and verifying their coherence with the management objectives set in 
terms of forest structure and composition. The second option of indirect restoration 
is assisted restoration   , with the application of appropriate silvicultural techniques to 
support post-fi re natural regeneration in order to promote faster achievement of the 
mature stages of development. However, it has to be decided when to apply restora-
tion interventions: soon after the fi re or wait until the natural regeneration is estab-
lished? Early silvicultural interventions aim at creating favourable conditions for 
the establishment of natural regeneration, while latter interventions are intended to 
support the development of already established regeneration. Different approaches 
can be used: (i) to favour vegetative regeneration through stump undercutting and 
selection of shoots, namely when fi re affects wooded lands dominated by resprouting 
species like broadleaved evergreen or thermophilous deciduous oaks (coppices); 
(ii) to support regeneration of new individuals through pruning and thinning to 
stimulate seeding, by giving more light and potential growing space to dominant 
branches and crowns of dominant standing trees, whose seed production is gener-
ally higher than the other trees, and subsequent localised cleaning to favour seedling 
survival and growth, and, when necessary, localized planting to restore tree cover. 

 The third option is active restoration   , through active seeding and plantation in 
stand-replacing fi res. For a number of reasons (e.g. high fi re severity, post-fi re 
ecology of the affected vegetation, juvenile forest stand) natural regeneration may 
not guarantee the self-restoration of the fi re affected forest types, mainly in the case 
of pine stands. In these cases seeding    or planting    are suitable techniques to ensure 
long-term restoration, and may include the use of a wide variety of species, depending 
on the objectives. For example, if forest conversion, e.g. to a less fi re-prone compo-
sition, is an objective, plant species that did not exist before the fi re may be planted 
or sown. 

 One last alternative of management is the conversion    to other non-forest uses, 
usually within the scope of planning at a larger spatial scale (see Sect.  1.5.2 ). 

 As mentioned, several tree forest species, particularly Mediterranean ones, have 
high intrinsic resilience to fi re, and therefore are potentially capable of guaranteeing 
an effi cient natural recovery after fi re. Yet, the post-fi re woodland restoration methods 
currently practised in Europe mostly follow conventional practices and administrative 
regulations that do not always take into consideration the fi re ecology of affected 
forest types, as will be illustrated in the specifi c chapters (see Chaps.   6–12    ); thus they 
are often not the most suitable to facilitate the natural ability of the vegetation to return 
to the pre-disturbance stage, through the autosuccessional process.  

    1.5.2   Landscape Management Planning 

 Planning at the landscape-scale aims to reduce fi re hazard in order to produce 
landscapes that are less fi re-prone (Fig.  1.4 ). 
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 At landscape level, wildfi re initiation and spread result from the interaction 
among ignition sources, weather, topography and land cover (e.g. Mermoz et al. 
 2005 ; Rothermel  1983  ) . From a management perspective, land cover (related to 
vegetation composition and fl ammability) is the only variable that can be manipu-
lated by man. In general, agricultural areas and deciduous broadleaved forests are 
the least fi re-prone land cover, whereas shrublands and pine woodlands are the most 
fi re-prone in the Mediterranean basin (e.g. Moreira et al.  2009a  ) . A straightforward 
application of this knowledge lies in the defi nition of landscape-scale fuel breaks    
and area-wide (block) treatments   , whose main objective is to reduce fuel loads or 
change the spatial arrangement of fuels (i.e. the landscape structure), so that when a 
wildfi re ignites in a managed landscape, it spreads more slowly, burns with less 
intensity and severity, and is less costly to suppress. Thus, the main objectives of 
landscape fuel treatments are to break up the continuity of hazardous fuels across a 
landscape, and to reduce the intensity of wildfi res, providing broad zones within 
which fi re-fi ghters can conduct suppression operations more safely and effectively. 
In addition, these areas can also be used to provide other types of benefi ts (e.g. habitat 
diversity, landscape scenery, protection of heritage sites) (Agee et al.  2000 ; Cumming 
 2001 ; Rigolot  2002 ; Weatherspoon and Skinner  1996  ) . 

 The management implications of understanding the landscape-fi re relationships 
are not restricted to fuel break or block treatment designs. The defi nition of land use 
management rules and the design and implementation of policies to achieve specifi c 
landscape objectives, ranging from forest to agricultural, rural development or urban 
policies (mainly in the wildland-urban interface   ), all contribute to “making” land-
scapes with lower fi re hazard. For example, the “rural exodus syndrome” (Hill et al. 
 2008  )  is causing a widespread increase in vegetation biomass over large areas of the 
Mediterranean Europe, mainly in mountain areas, and a subsequent increase in fi re 
hazard. Population decline, agricultural and pastoral land abandonment (and the 
subsequent natural regeneration of forests), and policies promoting forest cover, 
particularly in former agricultural land, are the main driving forces of this process. 
This trend can only be counteracted effectively through policies enabling the 
improvement of the socio-economic conditions of people living in rural areas, pro-
moting new immigration to these regions, and implementing rural development 
policies    that foster activities contributing to reduce fi re hazard, such as agriculture 
and livestock grazing   . These policies are mainly related to agricultural, rural devel-
opment and economic issues, rather than forest management. 

 In the absence of other fuel treatment drivers, prescribed fi re    or controlled 
occupational burning (used by shepherds to renew pastures) can be useful tools to 
reduce fi re hazard. In this perspective, energy policies supporting the environmentally 
compatible use of renewable bioenergy potential from agriculture and forestry 
products (agricultural waste, crop mix for biomass production, complementary 
fellings and residues from silvicultural activities and/or fuel treatments) may also 
contribute to decrease fi re hazard, while providing job opportunities to rural 
populations. 

 At regional/local levels, these policies should be implemented mainly in areas 
where landscape-level planning to reduce fi re hazard identifi ed priority sites for fuel 
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treatments, such as wildland-urban interface areas surrounding villages. In fact, one 
of the most serious consequences of the abandonment of traditional practices is that 
villages in mountain areas, traditionally surrounded by a belt of farmland that acted 
as a landscape fuel break, nowadays have forests and shrublands in the vicinity of 
houses and other infrastructures, which greatly increase fi re hazard. 

 Under moderate to severe fi re weather conditions, fuel management should 
be focused on increasing the fi re suppression options and effectiveness by limiting 
fi re ignition and fi re spread in strategic locations. However, under exceptional fi re 
weather conditions, fi re may propagate throughout a whole landscape regardless of 
land cover and fuel management. Prevention strategies should therefore include 
self-protection options to limit fi re intensity and damages on both ecosystems and 
human assets, under the assumption that fi re fi ghting will not always be possible in 
these circumstances. This implies a major shift in the way fi re management is seen, 
and a cross sectorial approach integrating agricultural, forest and urban planning 
policies. Currently, the unbalanced fi re management being practiced in Europe, 
with too much resources being allocated to pre-suppression and suppression actions 
compared to poor fuel management measures (e.g. Fernandes  2008  ) , is increasingly 
questioned. Simultaneously, the “learning to live with fi re” objective is increasingly 
shared (Birot and Rigolot  2009  ) , by recognising that fi re cannot be excluded 
from the Mediterranean environment (Rego et al.  2010  ) . Under this objective, fuel 
management is not only devoted to limiting wildfi re spread, but also to lower fi re 
impacts on human resources and assets. 

 Land ownership    may be a problem when implementing landscape-scale manage-
ment. In situations where most of the land is private and property size is small, it 
may be diffi cult to coordinate the management of different land owners in order to 
achieve a spatial dimension that suits management objectives. In countries or regions 
where fragmented private property prevails, the only way of assuring effective 
management is to promote coordinated action among land and forest owners. In 
Portugal, for example, the government is promoting the association of land owners 
with contiguous properties, so that a joint management plant is implemented to 
achieve this objective.   

    1.6   Key Messages 

    The restoration of a burned area is not just a matter of how to carry out reforestations. • 
The post-fi re management approaches    and techniques that can be used are quite 
variable and depend on (1) our capacity to predict how affected ecosystems will 
react to fi re and (2) the defi nition of management objectives for the burned area. 
It is also important to adopt of an adaptive management approach which system-
atically integrates results of previous interventions to iteratively improve and 
accommodate change by learning from the outcomes of experimented practices;  
  The management objectives    for a burned area are mostly local and can be quite • 
variable from place to place, depending on the severity of impacts, the geographic 
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and climate context, and the socio-economic and cultural context. But the main 
priorities should always be soil and water conservation;  
  Ecosystems dominated by shrub and tree species that have the ability to resprout • 
or produce seedlings after fi re are usually highly resilient to fi re. These traits 
should be used in post-fi re restoration, mainly by assisting natural regeneration 
that will likely result in less costly interventions and higher rate of vegetation 
recovery;  
  We suggest a framework for planning post-fi re management and restoration based on • 
fi ve steps: (1) identifying vulnerable areas, (2) evaluating fi re impacts, (3) carrying 
out emergency interventions, (4) long-term planning, and (5) monitoring;  
  Spatial scales for post-fi re management range from the forest stand to landscape • 
management. At the landscape level, besides fuel break or area-wide treatment 
designs, the implementation of policies to achieve specifi c land management 
objectives, ranging from forest to agricultural, rural development or urban policies 
(mainly in the wildland-urban interface   ) is essential to promote landscapes which 
are less fi re prone;  
  The unbalanced fi re management being practiced in Europe, with too much • 
resources being allocated to pre-suppression and suppression actions compared 
to poor fuel management measures, needs to be changed to a greater focus on 
fuel management. Adoption of correct post-fi re management practices is the 
fi rst step towards adequate fuel management to decrease the damage caused by 
subsequent fi res.         
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