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 Fires across the world: 

 Are all the recent wildfires a new phenomena?

 If so, is global climate and land use change 

responsible?

Can we predict the future of fire ecosystems?

Photo credit: Miguel Ángel Lázaro, Ecological Monograph 
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A lot of this 
in the news 
in the last 
years



A lot of this 
in the news 
in the last 
years
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Italia 2023: 75k ettari in fumo



Hawaii, summer 2023



The Apple Fire, seen here burning on 
31 July north of Beaumont, Calif., was 
one of thousands of wildfires that 
burned across the state in 2020. 
Credit: Brody Hessin, CC BY 4.0

“California’s 2020 wildfire 

season was unprecedented, 

the latest tragedy in a 

decades-long trend of 

increasing fire. Six of the 20 
largest fires in state history 

burned during the calendar 

year.”

 Sidder, EOS 2021 

A lot of this in the news in the last years

https://commons.wikimedia.org/wiki/File:The_Apple_Fire_burns_north_of_Beaumont,_Friday,_July_31,_2020.jpg
https://creativecommons.org/licenses/by/4.0/legalcode
https://www.fire.ca.gov/media/4jandlhh/top20_acres.pdf
https://www.fire.ca.gov/media/4jandlhh/top20_acres.pdf
https://eos.org/research-spotlights/uncovering-patterns-in-californias-blazing-wildfires


Australia 2019-2020

The Dunn’s Road fire 
burns pine trees near 
Maragle, New South 
Wales (Australia), on 10 
January 2020. Credit: 
Matthew Abbott/New 
York Times/Redux/eyevine

Unprecedented burned 

area of 21% observed for 

Australian biome 

resulting from the 

2019/20 forest fires.

de Boer et al 2020, Nature CC



Amazon, summer 2020



This is worrisome..



Conseguenze degli incendi

 Danni a persone o cose (specie all'interfaccia urbano-

forestale) e alle attività agrosilvopastorali

 Emissioni rilasciate a seguito della combustione: 
significativo impatto su qualità dell’aria e salute umana

 Fenomeni erosivi

 Impatti sul bilancio del carbonio e radiativo     ->    sui 
cambiamenti climatici

Credit: Alex Ellinghausen/SMHFairfax 

Media via Getty

Canberra, Australia’s parliament 
building. Jan 5th 2020



This is worrisome..

Is this new? Why is it happening?



Is this new?

 Fires have been an 

integral part of the 
Earth system for the 

past 350 million 
years 
(paleorecords)

 Shaped plant 
evolution and the 

emergence of 
certain biomes, 
e.g.: savannas

Credit: D. D’Onofrio



Aleppo pine and shrubs (Spain)

Esperimental fire. Credit: CEAM foundation, Valencia

Fire response 
strategies



Credit: CEAM foundation, ValenciaHolm oak forest (Spain)

Fire response 
strategies



Fire response 
strategies



Fire maintains open savannas

Pellegrini et al 2016. Credit: C. Staver 

Cardoso et al 2018

• cover about 20% of the Earth’s land surface

• wide socio-economic importance 

(biodiversity, land-use).



Savannas: The grass-fire feedback

Humid savannas and forests observed for the 

same climate
Baudena et al. 2015 Biogeosciences



Fire can maintain savanna and forests as 
alternative ecosystem states in the tropics

savanna

Forest

Modified from Karavani et al, Ecol Monographs 2018

20same climate



So, it’s not new. But what about 

the news. Did something change?
Let’s take a look at how fire works



Climate change?

https://www.jpl.nasa.gov/edu/learn/video/nasas-earth-minute-

earth-has-a-fever/

C.2



Influenza del cambiamento
climatico: Mediterraneo

► Aumento temperature e 

diminuzione delle precipitazioni
estive

► Stagioni più lunghe e secche, più
giorni con condizioni meteo

eccezionali

%



► Aumento temperature e 

diminuzione delle precipitazioni
estive

► Stagioni più lunghe e secche, più
giorni con condizioni meteo

eccezionali

Conseguenza: aumento di incendi 
previsto in futuro con 
cambiamento climatico

Turco et al 2018 Nature Communications

Aumento area bruciata, %

%
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https://australianbushfiresandclimatechange.com

These unprecedented fires may indicate that the more 
flammable future projected to eventuate under climate 

change has arrived earlier than anticipated

Boer et al 2020, Nat ure Climate Change



Photograph: Planet

Land use change?



Amazon

© Brazilian things / WikiCommons
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Amazon, summer 2019

► even low‐intensity forest fires can kill up to 50% of the trees and reduce 
the value of the forests for locals 

► The number of active fires in August 2019 was nearly three times higher 
than in August 2018 and the highest since 2010 (Figure 1b). 

2019

2016-2018

deforestation

fires

Barlow et al 2019
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Italia: cambiamento del territorio

Elaborazione CFS 
dati Cra-Mpf

A
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a) + 5,8%

Cambiamenti di uso del suolo e socio-economici in aree montane

► Abbandono di vaste aree marginali

► Spopolamento e invecchiamento della popolazione 

► Abbandono pratiche tradizionali selvo-colturali, agricole e pastorali 

(incluso l’uso controllato del fuoco)

► Aumento delle zone di interfaccia urbano-forestale

Aumento delle superfici 

forestali e della continuità 

del combustibile vegetale



Future challenges: predicting fire 

ecosystems’ fate in a changing 

climate
MODELLING MEDITERRANEAN FORESTS (AND BEYOND)

31



How will wildfire be in the future? 
The fire-climate-vegetation nexus

Climate change

 Usually studied: increases droughts, 

flammability

BUT ALSO: 

 if too dry vegetation won’t grow 
enough, not enough fuel

Drought limits plant regrowth after 
fire



Can fire lead Mediterranean forests to lose 
resilience? 

33

Baudena et al 2020 New Phytologist
Vasques et al 2023 Ecosystems

of the literature on the degree to which fuel vs. weather

control fire regimes in the M editerranean. Broadly

speaking, forest fires from the point of view of fire

behavior may be classified as topography driven, wind

driven, or as convective fires (Duane et al. 2015). Topog-

raphy-driven fires are driven by the effects of local slopes

on the heating and cooling of local air and consequently,

air movement, over diurnal cycles. Wind-driven fires

have fast spread rates and often reach high intensities.

Convective forest fires result from large accumulations

of fuel interacting with specific atmospheric conditions

and lead to very high fire intensities that spread through

airstreams created through the convection created by the

fire. Fuel has been determined to be one of the major

determinants of convective fires, but landscape and cli-

matic factors have a more important effect over topo-

graphic and wind-driven fires (Duane et al. 2015). The

type of fire propagation has important effects on the fire

regime because, for instance, convective fires will burn

under high intensity but low frequency, whereas topo-

graphic fires will tend to burn under lower intensity and

higher frequency; although this is a simplification of

reality and topographic fires may also lead to high inten-

sities. Wind-driven fires will also lead to high-intensity

and fast-spreading fires.

ALTERNATIVE STATES IN POST-F IRE REGENERATION AND

PROCESSES CONDUCIVE TO DEFORESTATION

The general process of post-fire deforestation is sum-

marized in Fig. 2. In itssimplest form, fire-induced defor-

estation could be conceptualized as a three-step process

operating at a hierarchy of scales, where the fire regime

interacts with individual-, population-, and community-

level traits. The first step depends on the resistance of

individual trees to fire, i.e., for deforestation to occur,

individual trees must succumb to fire, a process affected

by fire intensity (energy release) and severity (ecological

impact; Keeley 2009), and by the type of fuels consumed.

After individuals perish, the second step toward defor-

estation depends on the resilience of the population, that

is, the ability of that species to regenerate after fire, where

fire recurrence plays a major influence. I f individuals die

after fire and the population fails to recover, then a spe-

cies replacement or state transition is likely, a process

dependent on burned patch size and fire seasonality

among others. I f the transition is toward a non-forest

state, the third step toward deforestation iseffectuated.

This conceptual model can further increase our under-

standing of the post-fire deforestation of M editerranean

ecosystems that, so far, has been mostly limited to Pinus

(pine)-dominated communities (M artın-Alcon et al.

2015, Torres et al. 2016). M editerranean pines lack the

capacity to resprout and their regeneration relies upon

post-fire seed germination. Deforestation in the region

could thus be considered as dependent on the concur-

rence of three conditions: (1) fatal damage to the trees

and to the seeds (e.g., no aerial or soil seed banks) after

the fire, (2) lack of adult conspecifics that may act as

seed sources within dispersal distances (usually <100 m

in pines; Rodrigo et al. 2007), and (3) absence of

resprouting trees in the understory. When only (1) and

(2) are met, but oaks (Quercus) are present in the under-

story, then a pine-to-oak transition is likely. However,

when conditions 1 and 2 concur, and no resprouting

trees are present in the understory, deforestation is the

final result of this process.

Additionally, although the bulk of post-fire deforesta-

tion so far has occurred in pine forests, we cannot ignore

deforestation in resprouting forests also under a warmer

and drier future. This is because, for instance, oak decline

is already occurring over a large proportion of the

M editerranean (Peguero-Pina et al. 2015, Barbeta and

Pe~nuelas 2016, Gomez-Aparicio et al. 2017) and

resprouting tree species are being displaced by seeder and

resprouting shrub species under drought (Pe~nuelas et al.

2017). Consequently, fire may further promote forest-to-

shrub state transitions in oak or resprouter forests.

Such vegetation changes have been classically framed

as advancing (pine-to-oak) or reversing (pine-to-shrub-

land) successional dynamics (Hanes 1971, Trabaud 1984).

This approach presents succession as a linear process

where vegetation advances, in the absence of disturbance,

toward an end point (climax) and, when disturbances

occur, vegetation returns to a previous state along that

linear pathway. However, we prefer to describe them

within a state-transition framework, because successional

trajectories are often difficult to predict and non-linear.

According to the traditional model of successional

dynamics, based on a phytosociological perspective,

F IG. 2. Concepual framework for the mechanisms of fire-
induced deforestation operating across three hierarchical scales:
resistance in individuals, resilience in populations, and transi-
tion to a new community. The first requirement for fire-induced
deforestation is the mortality of individuals. After individuals
perish, the second step toward deforestation requires a limited
resilience from the population, that is, an inability of that spe-
cies to regenerate after fire. I f individuals die after fire and the
population fails to recover, then a species replacement or transi-
tion to a new state must occur. In this third step, the community
could switch toward a more advanced successional stage or
toward deforestation, depending on different factors.

4 ASAF K ARAVANI ET AL. Ecological M onographs
Vol. 0, No. 0
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Forest

Karavani, et al.2018



1- A classical model for succession (Tilman 1994)

2-Fire:

 different plant functional types

 Stochastic fires 

 vegetation-fire feedback 

Calibration with data from: 

old-fields (no fire) or from sites with repeated fires
Baudena et al, 2020

Model ingredients



Predicted increase in aridity, decreasing post fire 
recovery, could drive Mediterranean forests 

towards open shrublands
 

Can fire lead Mediterranean forests to lose 
resilience? 

35shrubland
Forest

Karavani, et al.2018

Baudena et al 2020 New Phytologist
Vasques et al 2023 Ecosystems

This can be used for post-fire management
(planting of species with strong post-fire 
recovery), Santana et al in prep 



Plant post-fire responses determine the 
resilience of all fire ecosystems



Future challenges: predicting fire 

ecosystems’ fate under global 

change
A MULTI-FACETED APPROACH TO STUDY THE RESILIENCE OF 
MEDITERRANEAN FORESTS

37
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Coordinamento

CNR ISAC (Baudena) e 
Fondazione CIMA (Fiorucci)

Partecipanti

CNR IMATI
CNR-IGG
CNR IGAG
CNR IRET
UNIBO
UNIFI
UNISS
UNISapienza
CMCC
ISPRA (partecipante esterno)

11 Gruppi di ricerca che partecipano al tavolo tematico 
incendi e biodiversità del National Biodiversity Future Center
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Tavolo incendi e biodiversità NBFC: Master site 
Monte Pisano

• Ricostruzione della storia 
passata della vegetazione, 
incendi, uso del suolo nel 
periodo più lungo possibile.

• Misure multi-level e multi-
faceted, abiotiche e biotiche

• Intensità incendio, incendi 
ripetuti, gestione post-
incendio
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Modellistica per predizioni a lungo termine

• Dalla comprensione dei fenomeni 
alla predizione

• Ecosistemi e incendi in evoluzione 
verso?

• Nel medio-lungo termine, 
includendo interazione piante 
incendi, gestione forestale e 
cambiamento climatico

F
re

q
u

e
n

c
y In

te
n
s
ity

Im
p
a
tti s

u
l s

u
o
lo

Impatti sulla dinamica 

della copertura vegetale



Future challenges: invasive species 

and fires worldwide

41





RQ4: can 
invasive 

species cause 
tipping?

RQ3: do FGC traits 
determine 

Alternative Ecosystem 
States?

Emergence
and resilience

of fire
ecosystems
and regimes

Community and 
ecosystem

       RQ2: which FGC 
traits allow invasions?

Climate

WP2: modellingWP1: data analysis

RQ1: Relationships 
between FGC traits at 

species level

Alien
species

Species

“WiFin” project: Plant traits of native and invasive species in 
fire ecosystems across the world 

Funded project (PRIN 
PNRR 2022)
Co-PI: Marta Carboni, 
Univ. Roma III



Summary

 Fires are an integral part of the Earth system. However, 

several areas worldwide have observed exceptional fire 
seasons

 Climate change and land use change, and their 
interactions with plant responses, have increased the 

chances of such fires

 Land use and post-fire management actions can help 

restoring natural ecosystem resilience to wildfires
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