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FOREST FIRES:  AN UNDERESTIMATED 
CATASTROPHE 

More than 1/3 of the Italian area (301,336 sq. km) !!!!!!! 

Circa 132.985 kmq 
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22   The Role of Cypress in Controlling Forest Fires

EFFECTS OF FIRE ON THE VEGETATION 

- On individual plants 

- On forest populations  

 
Depend on: 

•  “The behaviour of the fire”: type of fire, speed of passage, 
temperature reached. 
•  Characteristics of combustible material (morphological 
characteristics of the species and structural characteristics of the 
populations). 

•  Climatic conditions (above all the wind). 

Characteristics of the combustible material: 
Influence: → flammability and behaviour of the fire 
 
• Physical characteristics (quantity, continuity, layout, 
compactness) 
• Chemical characteristics (relations between more or less 
flammable substances) 
• Physiological characteristics (water content) 
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The lesions or the direct necrosis of the vegetal tissues are 
caused by the rise in the internal temperature of the living 

cells, due to the transfer of heat emanated by the flame 
that is propagated. 

 
Normally, the vegetal cells are killed if the temperature 

rises to 65°C, but lower values may be sufficient if the time 
that they are exposed to the heat is particularly prolonged. 

 
The rise in the temperature of the cells also depends on 

their water content. 
 

Lastly, resistance to heat varies depending on the 
dimensions of the exposed organ: leaves and small 

branches are necrotised more easily because, due to the 
greater surface-volume ratio, they are heated to lethal 

temperatures more rapidly. According to the same 
principle, young plants as compared with adult organisms, 

are less resistant to heat. 

EFFECTS OF FIRE ON INDIVIDUAL PLANTS 

Chemical and physical properties of 
woody combustible material 

The chemical characteristics of wood are almost identical in the 
various forest species. 

 
The porosity is exceedingly variable. This characteristic has an 
influence on the water content and on the comburent (oxygen) 

content.  It also depends on the stage of development and vitality 
of the plants. A wood with greater porosity (less dense), with an 
equal water content, catches fire more quickly and has a greater 

combustion speed. 
 

Resins and essential oils in wood lower the quantity of heat 
necessary for triggering  combustion (but this is negligible in the 

economy of a fire). 
 

Instead, the presence of pockets of sub-cortical resin is important 
because they are closer to the flame in the case of fire with respect 

to the resin ducts. 
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In the Mediterranean area, the almost total absence of rainfall 
during the summer period, which often lasts for more than 2 
months, the temperature of the air which reaches 30-35°C (even 
45°C on the ground), and the low atmospheric humidity (even 
lower than 30%) have, in fact, repercussions on the hydric 
condition of the dead vegetal material on the ground (litter), but 
also on living material. 
 
The water content of dry (dead) forest combustible material, 
expressed as a percentage of the dry weight, varies from 50% after 
an abundant rainfall to only 5% in the middle of the summer. 
 
Living vegetal material, instead, lives during the year as a result of 
the vegetative phase, and varies from 500-600% at the moment of 
the foliation (early spring) to 150-180% when the leaves are well 
developed (summer); it descends to 20-30% when the leaves are in 
the senescent phase (fall for broadleaf). 

Water content of vegetal material 

defined as the flammabilitydefined as the flammability

COMBUSTION OR BURNING 

When the vegetal material is exposed to heat, at first there is 
liberation due to the evaporation of the “free” (i.e. contained) 

water and subsequently of the “bound“ (i.e. constitutive) water.  
The duration of this endothermic phase of desiccation depends 

on the water content of the vegetal material.
Many essential oils in which Mediterranean species abound are 

also evaporated during this phase.

A second, also endothermic phase follows, during which the 
desiccated vegetal material decomposes into a mixture of gases 

that catch fire.

The quantity of energy necessary for this process to develop is 
of the vegetal material. This quantity 

is low if the water content is low.
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DO CYPRESSES BURN MORE OR LESS THAN 
OTHER SPECIES?

Assumption: 

The considerable zero-

-

characteristics.

-

cteristics.

tolerance of this species, combined with 
a tolerance for high temperatures, the ability to go into a 

summer dormant state, and the capacity to vegetate in highly
deteriorated soils, if not actually on bare rock, signifies that 
cypresses succeed in adapting themselves to conditions in 
which few other arboreal species are capable of surviving.

For these reasons, a comparison is admissible only between 
cypress trees and several other species typical of the 

Mediterranean environment that have similar ecological 

Analysis of bibliographic data on cypress trees  

Exposure time at the triggering source for the appearance of the flame and the 
combustion: 
Pinus halepensis e P. pinea litter < twigs of Quercus ilex, Q. coccifera, 
Juniperus oxycedrus, P. halepensis, Rosmarinus officinalis, J. phoenicea < 
Cupressus sempervirens and C. arizonica.  
 
Heat value (thermal energy released by the combustible material linked to 
maintenance of the combustion): 
Twigs of C. sempervirens = 18,861 Kj/Kg, Erica arborea = 23,586; Q. ilex = 
19,568; P. brutia =19,283; Arbutus unedo = 19,070.  

 
Percentage content in ashes (the greater this value, the less able to burn is 
the organic part ): 
Twigs of C. sempervirens 3,14%; P. brutia (3,30%); Q. ilex (2,50%).  
 
Mineral content of the ashes (silicon, a catalyser that reduces the flammability 
of the gases):  
Leaves of C. sempervirens 4,73%; A. unedo 3,63%; Q. ilex 2,90%; P. brutia 
2,81%.  
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SPECIE INFIAMMABILITA’ 
MEDIA 

Abies cephalonica 1 

Cupressus arizonica 1 

Buxus sempervirens 1,5 

Cedrus atlantica 1,5 

Rosmarinus officinalis 1,5 

Arbutus unedo 2 

Pinus pinaster 2 

Cupressus sempervirens 2,5 

Quercus coccifera 2,5 

Pinus halepensis 3,5 

Erica arborea 4 

Quercus ilex 4 

Quercus suber 4 

Phyllirea latifolia 4,5 

Quercus pubescens 5 

Flammability index: combination of mean time (seconds) and frequency of 
flammability (%) 

MDI = mean ignition 
time. Time between 
exposure of the 
material (epiradiator) 
at 420° C and flame 
appearence. Beyond 
60’ the test is 
considered null. 

 

MDC = mean  
combustion time. 
Time during which the 
flame is visible. 

 

Frequency of 
flammability: 
percentage of positive 
tests. 

5795 cipreses cortafuegos.indd   26 24/09/13   09:26



Gianni Della Rocca – Roberto Danti   27

MDI = mean ignition time 

MDC = mean  combustion time 
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Principal characteristics of a species that are important in 
favouring the combustion and spread of a fire: 
 
- roughness of the bark 
 
- the presence of serotinous strobiles 
 
- architecture of the crown and habitus 
 

 
Curiosity: During a ‘usual’ fire, wind can reach the speed of 80 
Km/h and temperature can catch up 2000 degrees.  

Morphological, phenological and reproductive 
characteristics of a species: interactions with 

the “fire” factor  

BARK 
 

Burns on the trunk are really damaging if the cambial zone, 
which is delegated to the growth of the tree, has been involved. 

 
the resistance of trunks to fire is closely correlated to the 

thickness of the bark, which in turn varies in relation to the 
vegetal species, the diameter, the age, the distance from the 

ground, the characteristics of the habitat, the state of health, and 
the vigour of the tree. 

 
Furthermore, always depending on the species, with regard to 

heat transfer, bark has a different isolating power depending on 
its structure, composition, density, and water content. 
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The roughness of the bark considerably 
influences the combustion process. A rough 
bark has a surface exposed to the flame that 
is superior compared to a smooth bark, and 
inside the grooves of this the circulation of 

oxygen is very active. In this case, an 
optimal oxygen [comburent] level is 

guaranteed, and the combustible is more 
greatly exposed to dehydration (e.g. the 
suberous crests of the bark) and is thus 

more easily flammable. 

If a fire persists for a long time on a given 
formation, it can be more greatly damaging 

and lethal for a cypress tree (thin bark); 
however, in the case of fires the front of 

which passes rapidly into a vegetation, the 
possibility that entire cypress plants catch 

fire, like torches, and enveloped by flames is 
considerably less, compared to species with 

a thick but rough bark (like Pines).

ARCHITECTURE OF THE CROWN AND 
CROWN SHAPE

Normally, the crown is involved in burns caused 
by the mass of hot air that rises at the passing 

of the flame front. 

The crown shape of a tree influences the 
probability that parts of the crown will be 

damaged or killed by the fire. 

Important characteristics of the crown related to 
the severity of damages are: overall dimensions, 
density, relation between the live and the dead 
parts, the height of the insertion of the lower 
branches and the height of the understory. 

The cypress tree’s high capacity for self-pruning 
creates a clearance between the understory and 
the crown, thus avoiding the possible passage 

of the fire between the two layers.

2
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The flames develop easily and 
rapidly in a tree with a crown 

that is not very dense and 
well-aired. The crown of the 

cypress, which has a wide or 
intermediate habitus utilised 

in forestry, has a rather dense 
crown compared to the 

crowns of other conifers (e.g. 
pine trees). 

The cypress can slow down 
the advance of the fire front, 

because it has a reduced 
circulation of air at the level of 
the crown, which favours the 

maintaining of a greater 
humidity inside it.

The cypress can slow down 
the advance of the fire front, 

because it has a reduced 
circulation of air at the level of 
the crown, which favours the 

maintaining of a greater 
humidity inside it.

THE PRESENCE OF SEROTINOUS CONES

The cones of several forest conifer (e.g. Pinus halepensis, P. 
pinaster) possess an opening mechanism that is regulated by 

high temperatures. 

In the case of fire, the resins which burn cause the cones to be 
shot from the flames even to a great distance, thus contributing 
to an increase in the advancement speed of the fire and to the 

opening  of new fire fronts. 

Cypress trees also have serotinous cones that can remain 
closed on the plant even for several years and open up with the 

temperatures generated by the closeness of the fire. However, by 
remaining attached to the branch, they do not cause further 

propagation of the fire front.
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The ground combustible 
consists of vegatal 

necromasses, or litter. The 
dimensions of the elements 

which constitute the necromass 
influence the circulation of air in 

the thickness of the litter and, 
thus, the availability of oxygen 
and the capacity to absorb and 

retain water. 

LITTER 

In the cypress stand there is an 
important accumulation of non-
decomposed litter, due to the 

slowness and difficulty in 
humification and mineralisation. 
The cypress litter is very fine and 

characterized by a reduced 
circulation of air and consequently 
by a remarkable capacity to retain 
humidity as compared to that of 

pine trees.

The absence of understory in sufficiently dense stands of cypress trees 
is due to: 
- the ‘mulching action’ exerted by the thick layer of the litter 
- the acidity of the litter, which impedes the germination of plants, 
- the shading on the ground, which reduces the amount of light 
reaching the soil. 
 
Cypresses can thus limit the risk of skimming fires of litter, herbaceous 
layer and understory, compared with tree species which, instead, permit 
the development of a layer of vegetation under the crowns. 

2
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HEALTH CONDITIONS 

Stressed plants, whatever the 
cause, have a lower water 

content, and this increase their 
flammability. Cypress stands in 

which an attacked by bark 
canker have considerable 

amounts of dead crowns and 
also resin emissions on twigs, 
branches and trunks (the same 
can be said for pines attacked 

by insects). 

Resin easily catch fire because 
it consists of essential oils, 
alcoholic components, and 

hydrocarbons, which favours 
flammability markedly.

The traditional concept of 
“fire break” is being 
replaced by that of “fuel 
break”, through the division 
of forests into 
compartments in order to 
make the control, guided 
diffusion, and successive 
dowsing of the first easier. 
 
The fire can be “guided” 
into strategic zones of the 
forest, where it can causes 
lesser damages and where 
it can be slowed down and 
more easily extinguished. 

MANAGEMENT OF FOREST FIRE RISK 
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Information on the propensity of various vegetal species to catch 
fire more or less easily can serve to establish zones at risk of 

fire on the basis of vegetation maps and to process silvicultural 
managements that can locally suppress several species that 
have a greater risk of flammability and to introduce others of 

them that are less “dangerous”. 
 

Cypress is characterized by: 
- scarce flammability of the crown, 
- reduced vegetation of the understory, 
-  litter that is not very flammable, 
 

in addition to its remarkable tolerance to drought and to its own 
adaptive plasticity of different and deteriorated soils. 

Cypress trees can be considered to be one of the 
most adequate and promising species to be utilised 
in plantations that are ‘resistant to fire’. Thanks to its 
dense foliage and to the compactness of its crowns, 
Cypress trees is also an excellent wind-break, which 
can slowing down the speed of 70%, contributes to 
decreasing the intensity and diffusion of the fire. 
 
The Cypress crown is also capable of retaining a 
percentage of the radiating heat of the fire by 
slowing down the pre-heating and the loss of 
humidity of the vegetation surrounding  the fire front 
and thus hampering the advance of the fire. 
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Cypresses planted like a wind-break should be very 
usefull fire barrier beacuase its crown limit the spread of 
spark that could be trigger new fires.  

 

  
The number of rows of cypresses needed to constitute 
the barrier can vary from 1 to 7 on the basis of the risk of 
fire of the woodlands.   
The distance between the barrier may vary between 50-
75 metres and 100-200 metres, on the basis of the 
intensity and direction of the prevailing winds. In the 
barriers formed of several rows of cypresses, these must 
be planted in staggered manner, so as to avoid the 
formation of wind corridors. 

In addition to the setting-up
of these ‘green’ fire-break 
barriers of cypresses, the 

alternative is to reinforce on 
the edges, with cypress 

plants, the traditional fire-
break strip without 

vegetation. 

The planting distances 
between the cypress trees 
should indicatively be of 1 
meter on the line and of 1 –

1.5 meters between the lines.
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Cypress have a good potential as a species able to 
contributing to the control of forest fires in the 
Mediterranean environment and really useful in 
reducing the fire risk. 
 
Cypress may be planted along the access roads to 
the woodlands, among the plantings of other 
species, to constitute green barriers with low 
combustibility, in order to impede or at least slow 
down the spread of fire. 

CONCLUSIONS 

Cypresses in the Forest Fire Monte Amiata, Abbadia San Salvatore, Siena, Tuscany
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