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Fire is an integral part of many ecosystems, including the 

Mediterranean ones. 

Forest fires are a major disturbance of Mediterranean 

ecosystems. 



“A disturbance is any relatively discrete event in time that

disrupts ecosystem, community, or population structure

and changes resources, substrate availability, or the

physical environment”
Pickett & White, 1985

Natural disturbances



Combustion

The fire triangle illustrates the relationship between the

three basic elements needed to establish fire: oxygen (O2),

combustible fuel (a form of (C6H10O5)n), and heat to initiate

and sustain combustion.

These three elements combined together in the proper ratio

lead to fuel ignition and combustion.



Fire behaviour is controlled by three interacting components:

• Fuels

• Topography 

• Weather

Fire behaviour

Photo Rivelli





There are three general modes of propagation by which a

fire can spread from one area to another:

Ground fires: restricted to the layer of duff, roots, and

buried or partially buried dead and decaying logs.

Surface fires: propagate through fuels less than two meters

high, which are commonly small trees, shrubs, herbaceous

vegetation, and litter.

Crown fires: advance through the aerial strata of the forest

more or less independently of surface fires.

Types of fire





Ground fire
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Ground fire
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Surface fire



Surface fire
Photo Marzano





Passive crown fire

Surface fire

Cesti and Cerise (1992)



Active crown fire

(dependent)

Cesti, 2002



Active crown fire 

(independent)

Cesti, 2002



Photo Cesti



Natural and human-caused fires associated with agriculture 

and grazing have historically defined the Mediterranean 

landscape. 

Wildfires contribute to increase the biodiversity and complexity 

of the Mediterranean vegetation communities. 

Mediterranean woody and scrub vegetation has been exposed 

to recurring fires for long periods, and has developed different 

adaptation strategies to survive. 

Fire-adapted plants are defined as pyrophytes (fire loving 

plants), in some cases requiring wildfire for their reproduction. 

They can be divided into passive and active types in relation 

to the feed-back responses to fire.



Passive pyrophytes Active pyrophytes

Resistence Resilience



The active pyrophytes are able to regenerate after a fire even 

if damaged.

Two main strategies are identified. 

One is vegetative regeneration through re-sprouting. These 

plants may store their nutrient reserves underground where 

they are protected from fires, and are heliophilous, so that the 

light of burnt areas stimulates their growth. Most of these trees 

and shrubs belong to the sclerophyllous vegetation group, such 

as oaks (Quercus coccifera, Q. ilex, Q.calliprinos, Q. 

pyrenaica), but also carob (Ceratonia siliqua), heath plants 

(Erica arborea, E. australis), myrtle (Myrtus communis), mastic 

(Pistacia lentiscus), Mediterranean buckthorn (Rhamnus

alaternus), etc.







The other active strategy is seed protection and the 

requirement for the stimulation of fire to germinate. 

This is the case for some of the Mediterranean conifers, such as 

Aleppo pine (Pinus halepensis), Turkish pine (Pinus brutia) and 

maritime pine (Pinus pinaster), which are unable to re-sprout, 

but develop cones which protect the seeds and which are 

opened by the heat of fires (serotinous cones).

The same strategy is also adopted by some rock roses of the 

genus Cistus, which have seeds protected by thick teguments.



Aronne and Mazzoleni, 1989



5 years after wildfire



Pinus pinaster - Liguria

After 1 year

After 5 years



CONE SEROTINY



Pinus halepensis (Aleppo pine)



http://www.floracatalana.net/pinus-pinaster-aiton

Pinus pinaster Ait.

Maritime pine

Pinus halepensis Miller.

Aleppo pine



(Pausas 2015)



Epilobium angustifolium

Fireweed

Massive post-fire flowering



Saponaria ocymoides

Massive post-fire flowering



On the other hand, the passive pyrophytes are plants 

adapted to avoid or limit fire damage.

These species can have thick or suberized barks which 

protect the cambium from heat damage, such as stone 

pine (Pinus pinea) or cork oak (Quercus suber). 

Some limit the exposure of the crown to fire thanks to rapid 

height growth during the juvenile period or to a strong self-

pruning habit which increases the height of the lowest part 

of the crown, adopted by various species of the genre 

Pinus. 

Others have leaves with low flammability due to high water 

or ash content, or lower amounts of resins; e.g cypress

(Cupressus sempervirens) or many broadleaves.



Pinus pinea L. – Stone pine



Quercus suber L. – Cork oak



Crown fire

Surface fire

Bark thickness

(Pausas 2015)



Pausas, 2017











Average fire size in the EU Mediterranean region
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Summer fires



Winter- early spring fires

Low to medium intensity surface fires



Cesti

Cause of ignition

Portugal, 2015

Italy, 2015

Lightning?



La Muda, Agordo (BL), 11/05/2011 





http://effis.jrc.ec.europa.eu/



09 July, 2017

http://effis.jrc.ec.europa.eu/static/effis_current_situation/public/index.html



“…Fire management policies in southern Europe remain 

strongly biased toward fire suppression.” 



When a country cannot give an appropriate answer to forest fires 

due to a lack of national capacities, other EU countries can show 

solidarity by sending assistance in the form of water bombing 

aircraft, helicopters, fire-fighting equipment and human resources.

The Emergency Response Coordination Centre (ERCC) is the 

emergency response hub of the EC. The centre coordinates 

assistance on the European level in the case of disasters. The EU 

Civil Protection Mechanism can also be used to facilitate and co-

finance the transport of assistance to the affected area.



S 64 skycrane

AB 412

Canadair



Portugal

17/06/2017

https://3c1703fe8d.site.internapcdn.net/newman/gfx/news/hires/2017/morethan50pe.jpg
https://3c1703fe8d.site.internapcdn.net/newman/gfx/news/hires/2017/morethan50pe.jpg


Daytime highs across the Iberian peninsula on Saturday, June 17. Map: Meteociel.fr

http://www.severe-weather.eu/wp-content/gallery/weather-maps/18062017_Iberia_daytime_highs.png
http://www.severe-weather.eu/wp-content/gallery/weather-maps/18062017_Iberia_daytime_highs.png


Dry thunderstorm

Dry air near 

ground 

evaporates 

rain on the 

way down.

Lightning hits 

ground; it can 

start wildfires.

Humid air 
feeds thunderstorm



https://3c1703fe8d.site.internapcdn.net/newman/gfx/news/hires/2017/4-portugalacou.jpg
https://3c1703fe8d.site.internapcdn.net/newman/gfx/news/hires/2017/4-portugalacou.jpg
https://3c1703fe8d.site.internapcdn.net/newman/gfx/news/hires/2017/heatwaveshav.jpg
https://3c1703fe8d.site.internapcdn.net/newman/gfx/news/hires/2017/heatwaveshav.jpg


Not only does climate (as reflected in dominant weather

patterns) directly affect the frequency, size and severity of

fires, it also affects fire regimes through its influence on

vegetation vigour, structure, and composition.

The general temporal and spatial patterns of fire behaviour

and effects within a particular vegetation type or ecosystem

over multiple fire cycles (decades to centuries) determine the

fire regime over a specific period for any given ecosystem.

Fire

Vegetation



Dominant Fire Regime Types in Priority Ecoregions 

Almost half of priority conservation ecoregions can be classified as "fire-dependent "

where wildfires are fundamental to sustaining native plants and animals



Fire Regime Status and Trend 

Fire regimes are degraded in over 80% of globally 

important ecoregions assessed in this report.





Climate change



The A1 storyline and scenario family describes a future world of very rapid 

economic growth, global population that peaks in mid-century and declines 

thereafter, and the rapid introduction of new and more efficient technologies. 

The A1 scenario family develops into three groups that describe alternative 

directions of technological change in the energy system: fossil intensive 

(A1FI), non-fossil energy sources (A1T), or a balance across all sources 

(A1B).

The scenario, E1, is an aggressive mitigation scenario that includes reduced 

fossil fuel use with the goal of keeping global mean warming below 2°C. In 

the E1 scenario, carbon dioxide increases to 435ppm by 2050 and then 

drops to 421ppm by 2099, with a global mean temperature increase of 

2.12°C

A1B Scenario in 2099: 774 ppm of CO2

4.41 °C global mean temperature increase

E1 Scenario in 2099: 421 ppm of CO2

2.12 °C global mean temperature increase



Climate models have predicted increases in both 

temperature and drought conditions in the Mediterranean 

(Giorgi and Lionello 2008; Somot et al. 2008 ). These 

changes are expected to result in increased frequency, 

intensity and duration of drought, especially during the 

warm season.

Climate change

Gaquelin et al.2016

Under climatic change, warmer and drier conditions are 

expected to increase the pressure from wildfires in the 

Mediterranean.



Difference of FWI annual averages between 2071-2100 and 1961-1990 simulations



Hanewinkel et al. 2012



Hanewinkel et al. 2012



“…pine-oak forest landscape composition dynamics in a

near future may be strongly influenced by a harsher fire

regime that may accelerate a shift towards landscapes

less dominated by pines but with more oaks and

shrubby vegetation.”

“….although forest ecosystem functioning may be locally

altered as a consequence of fire regime, ongoing

afforestation may counteract negative impacts at the

regional scale and suppression opportunities may arise

from forest landscape composition dynamics favouring less

fire-prone species (oaks) or fuel limitations (shrublands)

due to climate change.”

Gil-Tena et al. 2016



Many Mediterranean species have evolved strategies that 

allow them to survive periodic fires (Naveh 1975, Gill 1981).

However, although Mediterranean vegetation is able to cope 

with fire (Trabaud 1987, 1991, Pausas 1999), changes in the 

area burned and the consequent changes in fire recurrence 

(and inter-fire periods) are altering the fire regime generating 

important consequences. 

High fire recurrence may prevent seeders from replenishing 

seed banks (Zedler et al. 1983), may deplete resprouter bud 

banks (Canadell and López-Soria 1998), and/or may favour 

certain species with invasive characteristics (D'Antonio and 

Vitousek 1992, Vilà et al. 2001, Lloret et al. 2003). 



Turner MG, Baker WL, Peterson, CJ, and Peet RK.  
1998.  Factors Influencing Succession: Lessons from 
Large, Infrequent Natural Disturbances.  Ecosystems 
1: 511-523.



San-Miguel-Ayanz et al. 2012

Land use & land cover changes



“…The main driver of this shift was the increase in fuel 

amount and continuity due to rural depopulation (vegetation 

and fuel build-up after farm abandonment) suggesting that 

fires were fuel-limited ………fires are currently less fuel 

limited and more drought-driven than before the 1970s.”



CLIMATE HUMAN ACTIVITIES

FIRE REGIMES



Pausas and Fernández-Muñoz 2012



Pausas and Fernández-Muñoz 2012







Area 10 300 734 km²

Population 734 183 926 

Density 70,88 /km²

Europe



Area 7 617 930 km²

Population 24 145 600 

Density 2,79 /km²

Area 800 642 km²

Population 7 565 500

Density 9,45 /km²

New South WhalesAustralia



Italy

Area 301 340 km²

Population 60 592 548 

Density 201,32 /km²





www.infc.it





Ownership Type of forests



Coppice systems







Forest cover in Italy (1970-2015)

Area covered by forests in Europe has increased at a rate of

approximately 0.4% per year since 1990, as a result of afforestation

programmes, natural succession of vegetation and abandonment of

farming (EU MEMO, Sep.2013).



Overexploitation

Overgrazing

WWI & WWII

Floods, landslides, soil erosion





Afforestation in the 

Asiago plateau (VI) after 

the WWI and nowadays.

Pellegrini M.



Cultural landscape



HUMAN traditions

NATURAL environment

Semi-natural systems

CULTURAL LANDSCAPES

(Naveh, 1982,1995; Antrop, 1997)

interactions



Fire as a tool

www.sisef.org

Del Favero Del Favero



Summer grazing 

Lowered treeline

Tree regeneration cleared by fire

www.sisef.org
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active passive

Impact (severity)

Disturbance

Post-disturbance
management?



Salvage logging

= the harvesting of dead or 

damaged trees from sites 

after natural or human-

caused disturbance events 



Donato D.C., Fontaine J.B., Campbell 

J.L., Robinson W.D., Kauffman J.B., 

Law B.E., 2006, Post-wildfires logging

hinders regeneration and increase fire

risk. Science 313: 311-352

Donato controversy
Biscuit fire, USA (2002)



Spotorno 08/08/1998 



Study area locationFire perimeters

SAVONA FIRE

06/08/2003 (235 ha)

SPOTORNO FIRE

08/08/1998 (146 ha)



Spotorno 08/08/1998 



Spotorno 08/08/1998 (NO SALVAGE LOGGING) 



• Winter-early spring fire season 

(peak: February-March)

• Low/medium intensity surface fires

• Average size < 10 ha

• Longer fire season (increase in 

summer lightning fires)

• More stand replacing crown fires 

(mostly in coniferous forests)

• Increase in size and severity

Fire regime in the Alps

Photo Cesti

CLIMATE & LAND 

USE CHANGE



Photo Cesti

Long term research on wildfire effects and 

post-fire management in the Italian Alps



Study sites in the Italian Alps



Coniferous forests

High severity stand-replacing 

crown fires

Recent (less than 30 years)

Size range 25 - 3185 ha

Time span   1990 - 2016

Study sites in the Italian Alps



• Landscape

• Stand

• Seedling



• Field data

• GPS location

• Temperature and 
soil moisture

• Hemisph. photos

• Aerial photos

• Landsat images

• LiDAR data

Dataset implementation



No intervention Salvage logging

human impact

Post-fire restoration strategy and management

Salvage logging

+ plantation

- +

Cut and release



Dell (04/09/1995)





Dell 04/09/1995 



Dell 04/09/1995 



Main results

• High mortality of artificial regeneration

• Natural regeneration was more abundant where no post-fire 

intervention was realized

• Higher species and structural diversity of regeneration were 

found in not treated areas compared to logged and planted 

ones

• Natural regeneration structure was significantly influenced 

by post-fire restoration activities

• Deadwood in unsalvaged areas may have provided 

favorable sites for regeneration, given the high insolation 

and low precipitation in the areas



+

surface/ground fire crown  fire

Cesti

12/03/2005

- burned area: 257 ha (160 ha pure 
P. sylvestris forest)

- stand replacing fire

- high severity

Nus/Verrayes wildfire (AO)



No intervention Felling + no removal
(random direction)

Felling/branches removal
(fishbone)

Salvage logging

human impact

Post-fire restoration strategy and management

- +



Regeneration established 

close to deadwood. 

Deadwood enhances the 

probability of seedling 

establishment and 

survivorship (‘safe sites’).

Establishment probability up 

to 4 times higher 

(particularly for P.sylvestris).

Main results



Positive anisotropic spatial 

interactions (attraction) 

were found between 

deadwood and natural 

regeneration.

Shelter objects to south 

significantly increased 

odds of regeneration.

Stronger in early post-fire 

environment.

Main results



Isotropy vs anisotropy
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Isotropy

Anisotropy



Isotropy vs anisotropy



Salvaged sites were dryer 

than the other treatments:

• significantly higher mean 

soil temperature and near-

ground solar radiation

• lower soil moisture 

• higher daily and seasonal 

variability (highest extreme 

values) 

Deadwood elements provide 

shadow and wind protection 

to seedlings.

GLM, MO p<0.01



Salvage logging altered 

and/or slowed down 

natural dynamics 

(particularly in limiting 

conditions).

Post-fire management 

should take into account 

the ecological role of 

deadwood.

Main results



No intervention Felling + no removal
(random direction)

Felling/branches removal
(fishbone)

Salvage logging

- +

0 € 13.9 € 24.9 € 87 €

Cost of intervention (per m3)



Lanjaron Fire: Sierra Nevada Natural Park ,September 2005, 1,300 ha



NI = Non Intervention

PCL = Partial Cut plus Lopping (ca. 90% of burnt trees cut and felled, main branches 

lopped off but leaving all the biomass in situ) 

SL = Salvage Logging (trees were cut and the trunks cleared of branches)

Leverkus et al. 2012



• Given the expected alterations in fire regimes (climate/land 

use change interactions), scientists, land managers, and 

policy makers should devote more attention and efforts to the 

forest fire issue:

Conclusions

PREVENTION

RESTORATION SUPPRESSION

RISK/DANGER 
ASSESSMENT



• Taking advantage of natural restoration processes may be a 

preferred strategy to salvage logging and replanting in 

coniferous forests of the Alps 

• Current restoration activities for post-disturbance management 

altered natural forest structure and delayed its development

• Salvage logging and no intervention are not the only options!

Conclusions



Ecological and economical sustainability of 

current post-fire management 

Impact on ecosystem resilience!

Climate is changing; Land use is changing….. 

Management has to change too!

Conclusions



Thanks for your attention!

emanuele.lingua@unipd.it

raffaella.marzano@unito.it


