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The history of man has been linked to the history of wood since prehistoric
times and because the forest is the main place where this resource is avail-
able, forest spaces are also directly linked to the evolution of human society.
The objective of this paper is to analyze the historical evolution of the func-
tions assigned by humans to forests, highlighting how they affect the produc-
tion of space from a diachronic perspective. Focusing our attention on some
European countries, we highlight that although historically, wood production
was the most important function provided by wooded lands, other functions
were also attributed to forests. The awareness of these functions emerged
when an overexploitation of forest resources produced a lack of a specific ser-
vice. When these services corresponded to a societal demand, they produced
welfare benefits for the society, which were recognized as forest functions.
Thus even the functions evolved in time according to the evolution of societal
needs. Evaluating when and how each societal demand emerged, and conse-
quently the moment each function was recognized, is an essential prerequisite
even for a more accurate interpretation of current forest management prac-
tices. Not only is the temporal dimension of forest functions relevant, so is the
spatial scale, which may differ considerably between them, ranging from the
specific forest area and its owner for the productive function; to the catch-
ment area and its inhabitants for the protective function; to a potentially
larger area for the cultural and biodiversity function; and to the entire globe
for the carbon-retention function. The strict, and sometimes competing, inter-
actions between these functions may also be recognized in the production of
space, which evolved in time according to the evolution of the corresponding
societal needs. A forest parcel assigned to a productive function is a material
space, marked in the field by colored signs, but it may also be virtually repre-
sented by a forest model or be part of some protected area. But this picture
would change if, instead of looking at the present, we consider the past and
the different sensations and representations concerned with forests. These
complex interactions, between different functions and spatial dimensions, jus-
tify the need to balance a segregative management system with a wider, multi-
functional integrated approach. What has emerged from our study is that to
reach this difficult equilibrium, it is useful to consider the production pro-
cesses of these forest spaces. Through this analytical approach, we can under-
stand the interactions occurring over time between the evolution of the
demands expressed by society and the main changes occurred on the forest
landscape.

Keywords: Forest Functions, Services, Production of Space, History, Sustain-
able Forest Management
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Introduction

The history of man has been linked to the
history of wood since prehistoric times and
since the forest is the main place where
this resource is available, the forest space
is also linked to the evolution of human so-
ciety (Rackham 1986).

From prehistoric wooden tools (Mourre
et al. 2010), to the use of wood for fire
(May-Tobin 2011) and for building, until the
most recent consideration of wood for car-
bon storage (Pilli et al. 2015), the forest
space has always provided some product
or service to man. Even if these benefits
were generally and for a long time “col-
lected” without any social awareness, the
forest has long been recognized as a spe-
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cific and distinct area, which was gradually
modified in order to satisfy human needs.
To use the words suggested by Lefebvre
(1974): over time societies realized a “pro-
duction of the space”. In the specific case
of forests, this space changed over time,
according to the change of the forest func-
tions. This mutual interaction, between
space, function and human society, already
highlighted by contemporary human geog-
raphy (Harvey 2006), was rarely considered
for the forest space.

Until the beginning of the 20" century,
the term “function’” was seldom used, be-
ing often replaced with different terms
such as “profits”. After the Second World
War, Dietrich described the interaction be-
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tween forests and man using the term
“benefits”, defined as some natural effects
provided by the forest and useful for man.
He coined the term ‘“forest function” to
describe the benefits that fulfill a societal
demand (Riegert & Bader 2010). Concepts
and definitions of forest functions and ben-
efits were, and still are, much debated,
above all in German academic circles (see
for example Pistorius et al. 2012, for a re-
cent overview), but three broad groups of
functions have generally been considered:
(i) the productive (or utility) function, fo-
cusing on the economic utilization of forest
resources; (ii) the protective function, in-
cluding the totality of physical, chemical
and biological effects of the forests within
the scope of the natural environment; and
(iii) the recreation function, including the
effect of the forest on human wellbeing
(Krott 2005). As indicated by Pistorius et al.
(2012), these well-established definitions
may be intersected with the concept of
ecosystem services (ESs), as expressed in
the Millennium Ecosystem Assessment
(MA 2005). According to this definition,
any given ecosystem includes a fixed stock
of capital that can provide a variety of ben-
efits to society, and ESs represent the
bridge between these two spheres inter-
acting with each other.

Although this theoretical framework has
been widely adopted, the European Envi-
ronment Agency recently proposed a Com-
mon International Standard for Ecosystem
Services (CICES), whose purpose was to
reconcile all the possible definitions and to
account for local relationships between
ecosystems and society (Haines-Young &
Potschin 2011). For the purpose of CICES,
ESs are defined as the contributions that
ecosystems make to human well-being, dis-
tinguishing three major themes: (i) provi-
sioning, (ii) regulating and maintenance
and (iii) cultural. Each of these themes in-
cludes different classes. For example, from
a forest perspective, the provisioning ser-
vice includes the material class, which in-
cludes in turn, raw materials production
that is mainly represented by wood.

Of course, all forests contain trees that
could provide wood for different material
uses, protection against water and wind
erosion or some cultural and social benefit.
Depending on societal needs, however,
some of these services may be completely
ignored while all the attention may be fo-
cused on one specific function. Because of
the complex interaction between these
benefits, forest management can maximize
one function and reduce or cancel another.
Today, at least at the European level, mod-
ern forest management tries to balance
different services while taking into account
these complex interactions and the needs
of our society. This approach, considers the
forest as a “multi-functional” system
(State of Europe’s Forests 2015). This may
be seen as an attempt to define the opti-
mal use of forest resources for the com-
mon welfare of the people (Krott 2005).
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But, what was the attitude in the past? Can
we simply assume that there was no
awareness of these functions and a passive
use of these resources? And, if so, when
and why did this attitude change? Since the
functions and benefits attributed to forests
respond to societal demands at certain
times, it is clear that these functions may
change according to the economic and so-
cial context.

The evolution of forest functions has ef-
fects also on the social production of the
forest space. Space, in this case, is not in-
tended as an objective and immutable ele-
ment but rather, as suggested by Lefebvre
(1974), as something that is strictly related
to the social context. Indeed, according to
Harvey (2006), apart from the absolute
space, defined and measurable through Eu-
clidean geometry such as the polygon de-
fining a forest parcel, we can identify other
spaces, strictly linked to social and power
dynamics. These include the relative notion
of space, measured in terms of time or
costs, and the relational concept of space,
embedded in social, political, economic
and cultural relationships. Since each for-
est function may have specific effects on
the production of space, we can also high-
light the evolution of the forest spaces
through a diachronic analysis of these func-
tions. What was in the past, and is now, the
relationship between forest functions and
the social production of forest spaces?

Leaving aside the complex debate on ESs
and forest function definitions, widely
treated in the literature (Krott 2005, Rie-
gert & Bader 2010, Haines-Young & Pot-
schin 2011, Pistorius et al. 2012), and taking
into account that forest scientists often ne-
glected historical forest functions in the
pre-industrialized society, such as the com-
plex interactions between these functions
and the forest space, the objective of this
paper is to analyze the historical evolution
of the functions assigned by humans to
forests, highlighting how they affected the
production of space.

Methodological assumptions

Given the complexity of defining the ESs
and ecological functions, the use of multi-
ple classification systems is still probably
necessary (Haines-Young & Potschin 2011).
For example, the “supporting services”
such as soil formation, photosynthesis and
nutrient cycling, originally considered by
the MA as an independent ES, are consid-
ered by the CICES as part of the process
and functions that characterize each eco-
system. Given these differences and the
dynamic nature of this process, we con-
sider, in addition to the main groups of for-
est functions traditionally taken into ac-
count by forest science (productive, pro-
tective and cultural), other categories (bio-
diversity and carbon retention), which
meet specific demands of modern society.
An overview of these functions is reported
in Fig. 1, highlighting, on the horizontal
axis, the historical evolution of each one

and, with the arrows on the right, the po-
tential competition between them. At the
same time, the two terms, functions and
services, will not be strictly distinguished in
the following pages, but further discussed
at the conclusion of the analysis, taking
into account the historical perspective sug-
gested by our study. In the next sections,
each function is analyzed from a diachronic
point of view in an attempt to identify the
roots of the functions attributed to the for-
est by modern society and the resulting ef-
fect on the production of space. Indeed,
this process evolves over time according to
the changes in knowledge, technical capa-
bilities, economic interests, and levels of
human pressure. In addition, while certain
features were already present and impor-
tant in ancient times and it is therefore
possible to identify their evolution over
time, others appeared in recent times (e.g.,
carbon storage-sink) or only assumed a
particular role in modern times (e.g., biodi-
versity). Due to the potentially wide scale
of this subject, the analysis is mainly fo-
cused on Italy and Central European coun-
tries.

Depending on the favored forest func-
tion, we may even detect different effects
on the production of space but, since dif-
ferent functions generally coexist in the
same area and result from the overlapping
of past and present functions over time,
the effect on the space will be due to the
complex and sometimes conflicting inter-
actions between these functions.

In the geographical disciplines, the pro-
duction of space is considered as a key cat-
egory to understand the mutual relation-
ships between human society and the envi-
ronment, such as the power dynamics
within a social system and between differ-
ent human groups within and between so-
cieties (Harvey 2006). As highlighted by
Lefebvre (1974), each society produces its
own space and, following Marx’s theories,
the production of space embodies the
power relationship of a given society (Gott-
diener 1993, Brenner & Elden 2009). Lefeb-
vre considers the production of space un-
der three different points of view, named
as dimensions: the material space; the rep-
resentation of space; and the space of rep-
resentation. The first one is a concrete
space and is linked to the material experi-
ences directly perceptible by our senses.
The second, the representation of space, is
linked to the way we think and represent a
space whether it be through maps, words,
graphs, pictures, etc. The third space,
which is the space of representation, is
linked to how the space is perceived, i.e.,
the lived space, including the emotions
(e.g., fears or wishes), imaginations (e.g.,
expectations and fantasies) and sensations
produced by the space in everyday life.

Through this conceptual triad we can
identify different dimensions for the forest
spaces: a forest parcel is a material space
that can be represented through a forest
map and may produce different emotions,
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Fig. 1 - The figure schematizes the historical evolution of the main functions attributed to forest (on the y axis), over time (on the x
axis) and their main links (in 21* century society), highlighted by the arrows and letters on the right. Apart from the main groups of
forest functions, traditionally considered in forest science (productive, protective and cultural) we also added a fourth group (oth-
ers), including subcategories (biodiversity and carbon) that answer specific demands of modern society. The grey graduated arrows
highlight the continuity over time of each forest function. Detailed explanations are given in the text.

such as fears or wishes, linked to the spe-
cific attitudes of each individual or human
society. The space production may have
different effects not only due to the actors
involved in these processes, but also in re-
lation to the purposes of each actor, i.e.,
the function attributed to the forest space.
Tab. S1 in the Supplementary Materials
summarizes, for each forest function,
some of these effects on the forest space,
focusing mainly on the material space and
the representation of space. Due to the po-
tentially broad aspects involving the space
of representation of the forests, i.e., the
emotions, imagination and sensations that
the forest environment has produced in
the past, and still produces, in our every-
day life, this aspect will only be mentioned
in the present work.

Historical and spatial evolution of
functions and forest spaces

In the following sections, the historical
evolution of each forest function, as intro-
duced in Fig. 1, is analyzed together with its
main effects on the production of space, as
summarized in Tab. S1 of the Supplemen-
tary material.

Productive functions
This category includes all the wood re-
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moved from the forests and used as timber
and as fuelwood, plus other possible mate-
rial uses of forest resources (i.e., cork). Ac-
cording to the CICES classification system,
these functions are grouped under the pro-
visioning theme, including both the materi-
als and energy service class. Since these
two products represent the main, some-
times competing, use of forest resources
they will be considered as two different
functions.

Timber production

Prehistoric wooden tools probably repre-
sent the first use of wood by humans
(Mourre et al. 2010) even if the prehistoric
objects made of wood are extremely rare,
due to the unfavorable preservation condi-
tions (Nadel et al. 2006). Apart from these
objects, including furnishings and simple
weapons, since Neolithic times wood was
essential for building huts, pile dwellings
and more complex buildings.

Detailed descriptions of the forest spe-
cies used for producing different tools and
furnishings, such as poles, plows, weapons
and statues, are reported by many Latin
authors such as Vitruvius and Theophrastus
(Di Bérengher 2010). More recently, some
authors described the historical utilization
of different tree species for the manufac-

ture of specific tools in regions such as
Great Britain and Moravia (e.g., Rackham
1986, Filkova et al. 2015). Apart from these,
one of the most relevant uses of wood was
for wheels and boats. Around 3,000 BC,
the invention of the wheel, consisting of a
solid wooden circle constructed by three
planks fastened together, revolutionized
human transport in the Euro-Asiatic area
(Diamond 1997). Possibly even more impor-
tant was the use of wood for navigation.
Indeed, for any society and until the 19™
century, wood was an essential raw mate-
rial, not only for building transport ships
but, above all, for war activities. Examples
include the Peloponnesian War, Punic
Wars, the Spanish Invincible Armada (Wing
2015) or the Venice Republic (Di Bérengher
2010). This huge demand for timber led to
increasing pressure on forests. The most
discerning governments began protection
policies for forest spaces. For example, in
the 14™ century, the Venetian Senate pro-
mulgated specific laws to guarantee a con-
tinuous supply of oak and beech wood for
the Venetian shipyards (Cacciavillani 1984).
This had a direct and increasing effect on
the forest space, since some of the most
important forested areas of the Venetian
territory (such as the Cansiglio plateau or
Montello hills) were identified, delimited,
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Fig. 2 - The upper panel reports the industrial roundwood removals from forests in
Europe from 1960 to 2012, in million cubic meters per year (excluding former USSR).
The crash in 1990 is due to the economic consequences of the collapse of the former
USSR. The peaks in 1999, 2005 and 2007 are indirect effects of large wind storms
affecting European forests during these years. The lower panel reports the fuelwood
production for the same area and period. Source: elaboration FAOSTAT (2015).

and mapped to preserve these resources
(Casti Moreschi & Zolli 1988).

The role of wood was also essential dur-
ing the Industrial Revolution: (i) directly,
for building frames and waterwheels; and
(ii) indirectly, in the fifteenth and the six-
teenth century, when in England the lack
of fuelwood and charcoal stimulated the
use of coal, that reduced the cost of en-
ergy and, at the end, this created a de-
mand for technology that substituted en-
ergy for labor (Allen 2009). But even when
coke replaced fuelwood and steel replaced
wood for building ships and steam engines,
an alternative demand for poles, needed
for mines and railway sleepers, gave a new
impulse to harvesting activities (Mokyr
1992). To satisfy this demand, starting in
the most developed German regions (Prus-
sia and Saxony) between the 18" and 19"
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century, scholars laid the foundations for
the so-called modern forest sciences (Cian-
cio 2014). Following the “high-modernist”
principles in the most economically ad-
vanced European countries, forests be-
came an economic resource to be man-
aged efficiently and profitability in order to
maximize wood production (Scott 1998).
During the 19" and 20™ centuries, these
new practices largely changed and simpli-
fied the original space and composition of
many European forests, above all in central
Europe where broadleaves were gradually
replaced by conifers (mainly spruce), while
the original mixed, uneven-aged forests
were replaced by pure, even-aged forests.
Where this phenomena took place, the for-
est space was geometrically divided into
roughly equal plots, named forest parcels.
These were carefully measured, mapped

and marked in the field by different colors
and numbers and grouped into larger for-
est compartments, managed by specific
forest plans. The theoretical, and at the
same time practical consequence on the
material space was planting simultaneously
in straight rows through seeding. Clear-cut-
ting the entire parcel was the gradual re-
placement of the original “chaotic” forest
with a new, uniform space (Scott 2010), as-
suming the appearance of the “pure even-
aged high forest”, as defined by modern
forest science.

This system was predominant until the
Second World War, but due to the long life-
cycle of the forest (generally greater than
100 years), the current forest space in
many European countries still largely re-
flects this management model, with a fo-
cus on the productive function attributed
to the forest. From the middle of the 20™
century, the biological limits of this system,
which increased the long-term vulnerability
of the trees to natural disturbances and
the new needs of the society, forced for-
esters to adopt other management sys-
tems. Some of them, founded on a mixed
and uneven-aged forest structure (Meyer
1933, Susmel 1956), had already been ap-
plied in the past and never completely
abandoned in some Alpine regions. The in-
creasing spread of these systems, even if
based on different theoretical and practical
assumptions (Ciancio 2014), led to the pro-
gressive replacement, in many areas, of
pure, even-aged structures by mixed, un-
even-aged forests. This is also gradually
changing, according to the long lifecycle of
the trees, the appearance of the forest
space in some European regions.

Despite the use of different raw materials
such as plastic, iron, etc., the industrial
roundwood removals, mainly used for the
production of sawn-wood and wood-pan-
els are still generally growing in the major-
ity of European countries (Fig. 2). This sug-
gests that, also from an economic point of
view, this is still one of the most important
functions provided by European forests.

Non-wood products

Forests also provide other non-wood for-
est products (NWFP), i.e., “goods of bio-
logical origin other than wood”, including
both plants and plant products (different
from wood), animals and animal products
(FAO 2005). Some of them, such as resin or
straw, were widely harvested in the past,
but are today only a marginal product. Oth-
ers, such as cork (mainly in Southern Euro-
pean countries), pine nuts (INC 2016) or
mushrooms, are still economically impor-
tant.

In the past, forests resources were also
widely used as food for humans and live-
stock. Chestnuts were an essential re-
source for mountain villages (Braudel
1979), while acorns and other minor forest
species were, and in some cases still are, a
fundamental feedstock for pigs and other
animals (Pistorius et al. 2012). This last use
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of forest resources, for pig feeding or cat-
tle grazing, is a typical example of the pos-
sible competition between different forest
services. For this reason grazing, inside the
forest area, was mentioned in the ancient
Latin legislation and strictly regulated by
Venetian law, as in all modern forest legis-
lations (Di Bérengher 2010).

Fuelwood production

Humans have controlled fire at least since
the Middle Pleistocene, 0.5 million years
BC, and this gave them important benefits
such as warmth, light and cooking (James
et al. 1989), indirectly favoring social activi-
ties and allowing pastures, cropland and
settlements to be enlarged through the
slash-and-burn technique.

Of course, where existing, the forest is
the place where wood for fuel can be more
easily harvested, both as dead wood and
as living biomass. This function was so im-
portant that, for reducing possible compe-
titions between the use of wood for en-
ergy and for other products, the Latin law
had already distinguished some forests to
be used for fuelwood, named cedui (i.e.,
coppices, in current silvicultural practice)
and for other products (Di Bérengher
2010). As highlighted in Fig. 1 (see arrow
“A” on the right), this was, and still is a rel-
evant topic in forest management, above
all considering the current challenges
linked to forest carbon storage (Pilli et al.
2015) and the increasing consumption of
wood pellets within the European Union
(Jonsson & Rinaldi 2017).

The use of timber promoted since the 19™
century by modern forest science also
sometimes had an indirect impact on local
fuelwood production. In some cases, the
broadleaves and other minor species used
for fuel were replaced by conifers used for
industrial roundwood production or the
coppice system, a management system
mainly designated to the production of fu-
elwood, was converted to a high forest. In
other cases the same geometrical order
promoted by modern forest science was
applied to the existing coppice system, and
this modified not only the material space,
but also the representation of the space
(i.e., the way we think and represent a
space), that was carefully mapped and de-
scribed to support the application of more
strict regulations. This sometimes limited
the previous rights to collect fuelwood for
the use of local communities.

Charcoal production is also strictly linked
with the use of wood for fuel. Its use is
documented since the 3™ millennium BC
and Theophrastus, in the 4™ century BC,
described the carbonization process in de-
tail (Agnoletti & Anderson 2000). Largely
used by both Greeks and Romans, charcoal
continued to be produced from wood until
the 19™ century, when it was gradually re-
placed by coke. In some regions, however,
such as in Sardinia, this production was still
common until the middle of the 20™ cen-
tury (Scotti & Cadoni 2007).

iForest 11: 79-89

As shown in Fig. 2, the use of fuelwood
generally declined after the Second World
War after being largely replaced by fossil
fuels in all European countries. Even if, dur-
ing the 1970s, this negative trend gradually
stopped due to the 1973 Oil Crisis, the de-
cline also had an impact on the forest
space. This was especially evident in areas
where coppices were widespread (i.e., in
the Apennines or Pre-alpine regions), modi-
fying the structure of these forests. As
these grew older, they assumed the aspect
of an abandoned high forest. This, for ex-
ample, is the case for many Italian beech
coppices that had often been used in the
past for fuelwood and charcoal production
and were progressively abandoned in the
1960s because of the spread of other en-
ergy sources and the depopulation of
mountain areas (Nocentini 2009). These
forests “naturally” converted to high for-
ests because of an ageing process that pre-
vents a further coppicing of the trees. They
are today, de facto, “unmanaged” and do
not have any specific “function”. More-
over, large areas that had been previously
recovered forest and were cultivated or
leased for grazing, are now abandoned.
This phenomena occurred in particular on
the mountains of southern Europe (Kuem-
merle et al. 2016). This opens an interesting
debate in academic circles, on the possible
future roles of these forests. In the last
decades, the use of fuelwood has progres-
sively increased in many European coun-
tries and many studies forecast a growing
demand of wood for energy in all devel-
oped countries in order to reduce the im-
pact of carbon emissions from fossil fuels
(Mantau et al. 2010). A particular aspect to
consider has been the gradual but signifi-
cant use of fuelwood and pellets in domes-
tic heating (Pra & Pettenella 2016), partly
as a result of rising coasts of fossil fuels
and tax incentives (especially in the early
21* century) and partly because of a cul-
tural attraction for the “gentle heat” from
fireplaces in modern homes. This suggests
that, in Europe, the production of fuel-
wood is still, and will remain, a relevant for-
est function, still, potentially competing
also with the timber production (Jonsson
& Rinaldi 2017).

Soil-conservation

As indicated by Williams (2000), deforest-
ation was one of the key processes in the
history of the human transformation of the
Earth. Since the establishment of the first
agricultural societies, in the Mesopotamia
region, the slash-and-burn technique has
been widely used to create croplands and
(later on) pastures (Diamond 1997). In-
deed, man understood quite early that the
forest soil may be easily cultivated, be-
cause of the richness of soil nutrients (in
fact the CICES classification system explic-
itly mentions the pedogenesis process as a
regulation and maintenance service) and,
even if it is still difficult to quantify the pre-
historic clearing, it was certainly not negli-

Forest functions and space

gible (Williams 2000). In the Mediterranean
Classical world, clearing was so common
that, in the 9" century BC, Homer com-
pared the noise of battle with “the crash-
ing sound where woodmen fell the trees”
(Williams 2000).

Unlike other forest functions, the acquisi-
tion of land through deforestation ex-
cludes any other services provided by the
forest, since this is generally a permanent
land use change. Moreover, and especially
under Mediterranean conditions with their
characteristic water erosion, high tempera-
ture and shallow soil depth, the soil de-
prived of its tree cover is quickly degraded
(Don et al. 2011). Therefore, historically,
competition with the protective function
was (and may still be) the most relevant
one (see arrow “B” in Fig. 1).

In general, deforestation has increased
proportionally with population density and
food demand in all human societies, and
has substantially altered the European
landscape until the Industrial Revolution
(Kaplan et al. 2009). This process could be
reversible under favorable climatic condi-
tions, thus a population decline could re-
sult in a new forest expansion as was re-
ported after the collapse of the Roman Em-
pire in the 5™ century or the so-called Black
Death in the 14" century (Kaplan et al.
2009). In Central and Northern Europe the
use of forest as soil-source has not gener-
ally been in competition with other func-
tions. This is due to the relatively large for-
est area compared with the population
density and demand for arable lands de-
spite a local reduction in forest area. From
the 15" century, however, in some Euro-
pean regions, such as in the Mediterranean
area, where high population density coex-
isted with particular morphological condi-
tions, the loss of forest cover produced the
first hydrogeological problems. This is the
case of the Pre-Alpine territory of the Ven-
ice Republic, where a specific law promul-
gated by the Venetian Senate in 1530 tried
to limit deforestation, in order to prevent
possible landslides and water erosion phe-
nomena and to ensure timber supply (Sus-
mel 1994).

From the 19™ century, the steady growth
in timber demand and the spread of new
silvicultural practices gradually reduced de-
forestation in Europe. Due to the economic
and social changes after the Second World
War, marginal croplands and pastures were
abandoned. This led to a continuous and
large forest expansion, especially in Medi-
terranean countries, where the total forest
area grew from about 51 million ha in 1990
to 61 million ha in 2010 (State of Europe’s
Forests 2015).

Clearly, any kind of deforestation has a di-
rect impact on the forest space. First, be-
cause of the substitution of a closed space
covered by trees, with an open space, pos-
sibly covered by other plants or used for
settlements. This also has an effect on the
representation of the space: a deforested
area is generally easier to map, enter and
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study and other natural resources may be
discovered. Moreover, it may trigger a
feedback process that can further alter the
remaining forested area: a new road
through a natural forest may open the
door to new villages, secondary roads, pas-
tures or plantations (fishbone deforesta-
tion pattern) which can modify the local
economy and change the cultural relation-
ship between the local community and the
forest. Since deforestation also implies the
release into the atmosphere of the carbon
stored by the trees, this function is also
strictly related (see arrow “C” in Fig. 1)
with the role of the forests in the carbon
cycle and will be further discussed under
this service.

Cultural function

The Celts in the German area, and the
Greeks and Romans in the Mediterranean
area, perceived nature, and in particular
forests, as a realm of divinities. As testified
by Brelich (2013) forested areas were (or,
in some cultures, are) special places for ini-
tiation rites and ceremonies. Apart from
the numerous examples of tree worship
(dendrolatry) reported since the Paleolithic
(Frazer 1922), in the Greek pantheon many
divinities, such as Dionysus, had a particu-
lar relation with the forest space. The
stone columns used in the temples repre-
sented the structure of a tree (Paci 2002).
In the Latin tradition, forests reserved for
activities of worship, named luci, were sub-
ject to specific management rules (Di Bé-
rengher 2010).

Instead, due to the spread of Christianity,
the collapse of the Roman Empire and the
abandonment of croplands during the Mid-
dle Ages, the forest became a dangerous
and “dark” place, as defined by Dante
Alighieri at the beginning of his Commedia
(“una selva oscura”). Because Pagan wor-
ship generally survived in marginal and
forested lands, so did the attitude of the
new, dominant, Christian culture towards
the forests change radically. A conflicting
perception appeared from the 1™ century
when religious communities started to con-
sider the forest as an additional value, to
guarantee not only the revenues of the
monastery, but also the silence and still-
ness that was essential for praying (Ro-
mano 2010). In this respect, we can men-
tion the experience of Camaldoli or St.
Francis of Assisi’s attitude to nature and his
retirement at La Verna (Central Italy). As a
consequence, a new sacralizing of the for-
est space was promoted, through crosses
and capitals dedicated to the Virgin Mary
and other Christian saints, often replacing
preexisting Pagan religious markers.

Starting from the 12™ century, together
with the economic and demographic
growth, man’s approach towards nature
also gradually changed. This led to new at-
titudes to and curiosity about forests. They
became a shelter, such as for “El ingenioso
hidalgo don Quijote de la Mancha” or a
place of pleasure, where man escapes the
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rules imposed by society, such as in some
of Shakespeare’s comedies (Paci 2002).

With the Renaissance, man’s attitude
changed again and, adopting an external
perspective, nature became an object at
the disposal of humans (Farcy & Devillez
2005). The Renaissance gardens, with their
geometric order and the use of ars topiaria,
well express this desire to shape nature
and reduce it to fit the human project.

During the Age of Enlightenment, scien-
tific knowledge increasingly affected man’s
attitude towards nature. The direct conse-
quence of this new approach, which domi-
nated all of Europe until the middle of the
20" century, was not only the attempt to
convert natural forests into a geometri-
cally-designed landscape aimed to maxi-
mize the economic yield, but also a power-
ful aesthetic stereotype. The visual sign of
well-managed forests was, and sometimes
still is, regularity and neatness (Scott
1998). This new landscape pattern also
changed the common aesthetic perception
of the forest space and within a few short
decades, at least in some areas, the collec-
tive memory had forgotten the pre-exist-
ing appearance of forests and accepted
this artificial space as a “natural” and well-
managed landscape (Schulze & Schulze
2010). The reaction to this artificial view is
given by Romanticism, which rediscovered
the charm of the forest through Grimms’
fairytales, Caspar’s paintings, and the artifi-
cial, but similar to nature, structure of the
Romantic garden (Paci 2002). As clearly
highlighted by Schelling, nature becomes
an unconscious expression of the spirit
that could no longer be explained with the
simple mechanistic approach proposed by
science (Schelling 1797).

The radical simplification of the forest
ecosystem imposed by the predominant
forest science started to show its limita-
tions after the First and, above all, the Sec-
ond World War, when, due to different bio-
logical reasons, the productivity of the new
forests that were often established during
the previous century, gradually declined
(Scott 1998). This forced forest scientists
to review their production-oriented ap-
proach (Ciancio 2014), also taking into ac-
count the new needs emerging in many Eu-
ropean countries. The economic and social
changes after the Second World War intro-
duced the idea that the forest space
should also satisfy new demands, related
to recreational activities, as requested by a
society where increasing numbers of in-
habitants left rural and mountain territo-
ries to live in urban areas. As an answer to
these new requirements, new close-to-na-
ture management methods were devel-
oped (Johann 2007) and specific forested
areas were included in natural parks,
tourist itineraries and viewpoints, specifi-
cally reserved for these activities.

Unlike the productive function, the bene-
fits provided by the recreational function
are not strictly limited to a specific forest
owner but involve a considerably wider au-

dience, including visitors or even those
who benefit from a view of this landscape.
Indeed, apart from possible debates on the
naturalness of the European landscape,
largely modified by centuries of human ac-
tivities, we can state that the landscape is
also part of the recreational forest func-
tion. Taking this aspect into account, since
the beginning of the 20" century, the legis-
lation of some European countries such as
Italy has provided specific recommenda-
tions in order to preserve the landscape
function of forested areas (Ceruti 2006).

Since in many cases, the areas richer in
biodiversity are also preferred by people
for recreational activities, this function is
clearly linked to (and sometimes in compe-
tition with) the biodiversity function (see
arrow “D” in Fig. 1).

A specific and recent development con-
cerns the transformation of the forest
space into “adventure parks”, i.e., with the
construction of suspended equipped
paths. Visitors are offered a radically differ-
ent view of the forest from above or even
from the treetops.

Of course all these cultural services not
only have a direct effect on the material
space and on representation of the space,
but even more on the space representa-
tion, since they are strictly linked to the
emotions and sensations produced by the
forest. From this point of view, the recre-
ational service requested from the forest is
not so different from the silence and still-
ness sought by the monks in the 11" cen-
tury. When people living and working in ur-
ban areas move to mountain and forested
areas, they look for some cultural and spiri-
tual benefit. The appearance of the so-
called “new rurals” in recent years, i.e.,
people who return to live and work in
mountain areas, perhaps devoting them-
selves to niche and certified products, inte-
grated with sustainable tourism activities,
is part of the same phenomena (Dematteis
2011). Many studies suggest that exposure
to a forest environment reduces the stress
induced by modern society and has a re-
storative function (Kaplan 1995, Shin et al.
2012). As suggested both by the Millen-
nium Ecosystem Assessment (MA 2003,
2005) and the CICES classification system
(Haines-Young & Potschin 2011), we can
therefore include the recreational function
under a broader cultural service provided
by the forest and defined as “nonmaterial
benefits people obtain from ecosystems
through spiritual enrichment, cognitive de-
velopment, reflection, recreation and aes-
thetic experiences”.

The protective function

This function, classified as a regulation
and maintenance theme according to the
CICES (Haines-Young & Potschin 2011), in-
cludes the direct protection of the soil
from wind and water erosion (i.e., an hy-
drological protection), the indirect reduc-
tion of avalanches and landslides and other
additional effects due to the tree cover,
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such as the capacity of roots and leaves to
reduce pollutants.

As a consequence of the strong reduction
of the forest surface that occurred in some
European regions, namely after the 14"
century in mountain areas, the protection
guaranteed by forest cover decreased dra-
matically. This pushed the authorities, such
as the Venetian Senate in 1598, to promul-
gate specific laws aimed at protecting
mountains from further deforestation.
These same principles also inspired the so-
called Colbert’s Ordinance (also known as
“I’'aménagement forestier”), disseminated
in France in 1669 by the Minister of Fi-
nances of Louis XIV. This was the first real
forest code applied in France and had the
purpose of halting the loss of forestry
cover by regulating forest practices (Tissot
& Kohler 2013). Even if, in both the Vene-
tian and French cases, these laws did not
have the expected effect, they clearly tes-
tify to the importance attributed by public
authorities to the protective function pro-
vided by forests and its strict link with de-
forestation. That same awareness inspired
the Austro-Hungarian legislature when, in
1852, it distinguished the forests providing
a specific protective function, generally on
high slopes, from other forests (Johann
2007). In this, such as in other similar cases,
the material dimension of the space, ie.,
the identification of a specific forest, with
the representation of this space through
maps and markers, is an essential pre-reqg-
uisite to translate the recognition of differ-
ent functions into specific silvicultural prac-
tices. These may include taller stumps left
after felling the trees in order to reduce
avalanches on a mountainside, or a forest-
ed belt to prevent possible flooding and
coastal erosion along a coastline,.

These principles, largely recognized by
modern forest science, were already
known to foresters, at least in those terri-
tories where, due to specific morphology,
the protective function was a useful ser-
vice provided to society. In other places
however, these benefits could have been
ignored or not adequately recognized be-
cause of the different morphological condi-
tions. This may be the case of Finland
where the protective function, as other
non-productive functions, was not consid-
ered by the local legislation until the last
decades of the 20™ century, when the
multi-functionality of forest resources was
explicitly recognized (Kotilainen & Rytteri
2011).

It is known that the protective functions
provided by forests is today widely recog-
nized and guaranteed by the current legis-
lation in all European countries, where
about one-fifth of the total forest area is
reported “to serve the protection of water
supplies and the prevention of soil ero-
sion” (State of Europe’s Forests 2011). The
fact that the benefits provided by this func-
tion affect an area considerably larger (i.e.,
at least the catchment area) than the spe-
cific forest surface justifies the limits im-
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posed by public authorities on the private
forest owners, and this also applies to the
biodiversity and carbon-retention functions
considered below.

Biodiversity as a forest function

The report of the United Nations Confer-
ence on Environment and Development,
held in Rio de Janeiro in 1992, declared that
“The vital role of all types of forests in
maintaining the ecological processes and
[...] in protecting fragile ecosystems [...]
and as rich storehouses of biodiversity and
biological resources [...] should be recog-
nized” (United Nations Conference on En-
vironment and Development - UN 1992).
This statement, along with the general con-
clusions of the Rio conventions, opened
the door to official recognition of the role
of forests as storehouses of biodiversity.
The legal and management consequences
following from this awareness, were
strengthened by a series of other interna-
tional agreements, such as the Helsinki
Conference in 1993, the Lisbon Conference
in 1998 and the Vienna Conference in 2006
(State of Europe’s Forests 2011). Since the
richness of biodiversity and its protection
are commonly considered as a benefit that
fulfills a societal demand, according to Di-
etrich’s definition, this may be seen as an
additional function performed by forests.
The recent CICES classification system
mainly included these services under the
“regulation of biotic environment”, further
including lifecycle maintenance, habitat
protection and gene pool protection (Hain-
es-Young & Potschin 2011).

The root of this function, however, does
not lie just in the 20" century’s attention to
environmental problems. Indeed, looking
back to the original meaning of the word
“forest”, from the Medieval Latin forestis
silvae, we see that this word was not
strictly related to a wooded area, but to a
banned area, reserved for hunting (Urbi-
nati 2009, Romano 2010). Medieval society
was fully conscious of the forest richness in
biodiversity, even if this interest was lim-
ited mainly to the game, and the benefits
were generally reserved for the noblemen
(Farcy & Devillez 2005). In some cases, we
may even identify a direct link between
those banned areas and the current envi-
ronmental measures. For example, the first
Italian national park (the Gran Paradiso Na-
tional Park) was established in 1922 on the
same area where the Italian king, Vittorio
Emanuele Il, had instituted a royal hunting
ground in 1856 (Framarin & Peracino 1982).
The original purpose of this area was to
preserve the Alpine ibex (Capra ibex L.)
from possible extinction. And indeed, as a
direct consequence of this ban, this species
was actually spared from the extinction. Al-
though in our society, hunting is still a
recreational activity, the purpose of mod-
ern nature reserves is not to preserve one
species for hunting, but the ecosystem and
its biodiversity (even if, at times, focusing
on some particular species), thus providing

Forest functions and space

benefits for the entire society.

The benefits provided by this function
may affect an area considerably bigger
than the forest itself. Indeed, if for the hy-
drogeological function the catchment area
is the area that benefits from the tree
cover, the area where large mammals, such
as bears, wolves or lynxes move, is consid-
erably bigger and may even transcend na-
tional borders (Wotschikowski & Heideg-
ger 1994). During the last decades Euro-
pean countries have thus instituted a net-
work of legally protected areas (also pro-
moted by the Natura 2000 network), which
often include forested areas, in order to
ensure the species conservation, dispersal
(also from a genetic point of view) and mi-
gration (European Union 2013). Thanks to
these legal constraints, about 10% of Euro-
pean forests (excluding Russia) are cur-
rently protected, with the main objective
of promoting biodiversity (State of Euro-
pe’s Forests 2011). If we consider that the
concept of ‘“sustainable forest manage-
ment”, as defined by the Helsinki Confer-
ence in 1993 (Second Ministerial Confer-
ence on the Protection of Forests in Eu-
rope 1993) and applied to the majority of
European forests, explicitly mentions the
conservation of biodiversity, we can con-
clude that this is one of the main functions
attributed to forests in Europe. As for the
protective function, since harvesting and
recreational activities may not always be
compatible with the conservation of some
species, this function may also be in com-
petition with other services provided by
forests (see arrow “D”, in Fig. 1). In some
cases, this might justify the exclusion of
harvesting, hunting, or tourist access from
a forest area, but it also opens an interest-
ing debate on the possible approaches to
integrate forest management and nature
conservation. Whereas in a “segregation
approach”, nature conservation is limited
to protected forest areas, in an “integra-
tion approach”, nature conservation coex-
ists with economic and social objectives in
the same area (Boncina 2011). Apart from
this debate, we can conclude that this
function had in the past, through the Me-
dieval banned areas, and still has through
the modern protected areas, a direct effect
on the production of space. We experience
the presence of natural parks and reserves
in the material space every day, made evi-
dent by signs in the field and in the repre-
sentation of the space on our maps. Over-
all, these signs make clear the limitations
imposed by the biodiversity function on
the other competing services provided by
the forests.

The carbon-retention provided by
forests

Nineteen ninety-two was a milestone also
for recognizing the role of forests with re-
spect to the emerging climate change chal-
lenges, as carbon reservoirs and sinks. In-
deed, in that year, the objective of stabiliz-
ing the greenhouse gas concentration in
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the atmosphere was officially assumed by
the United Framework Convention on Cli-
mate Change (UNFCCC 1992). Article 4 of
the Convention commits the Parties (i.e.,
the countries subscribing the document)
to implement the measures to mitigate cli-
mate change by addressing emissions by
sources and removals by sinks (UN 1992).
The role of forests, only implicitly men-
tioned in this document, was explicated in
1997 by the Kyoto Protocol where article 3
commits the Parties to quantify the net
changes in greenhouse gas emissions by
sources and removals by sinks resulting
from forestry activities, included deforesta-
tion (UN 1997). Starting from this docu-
ment, a long series of further international
agreements attributed an increasing role in
the international climate change negotia-
tions to forests (Hohne et al. 2007). This
role is mainly related to the amount of car-
bon stored by forest ecosystems (both in
living biomass and in dead organic matter
and soil) and removed from the atmos-
phere as carbon dioxide through photosyn-
thesis. Due to the increasing importance of
these issues, this is currently one of the
most prominent services attributed to the
forest ecosystem, also explicitly recog-
nized by the CICES as part of the regulation
and maintenance service (Haines-Young &
Potschin 2011). Given that deforestation is
the second largest anthropogenic source
of carbon dioxide to the atmosphere, after
fossil fuel combustion (Van Der Werf et al.
2009), the competition existing between
this function and the carbon-retention
function is clear (see arrow “C” in Fig. 1). In
particular, converting the forest area to
other land uses, the carbon stored by soil
and living biomass will be released into the
atmosphere. For this reason, since the Thir-
teenth Conference of the Parties (COP13)
promoted by UNFCCC, a number of coun-
tries developed strategies for Reducing the
Emissions from Deforestation and Forest
Degradation (i.e., the so-called REDD+ ac-
tivities — Murdiyarso et al. 2012).

Through the promotion of specific silvi-
cultural treatments, human activities may
also increase carbon removal from the at-
mosphere. Furthermore, if we consider
that part of this carbon may be even
stored outside the forest area as harvested
wood products or used as fuelwood in-
stead of fossil fuels (Pilli et al. 2015), we un-
derstand the complex and sometimes com-
petitive interaction (Nabuurs et al. 2015),
that exist between the carbon-retention
service and other productive functions
(see arrow “E” in Fig. 1),

Beyond this narrow interaction with the
productive function, this service is also
characterized by the large spatial scale.
While the benefits provided by other ser-
vices may affect an area considerably
larger than the forest itself, in this case,
since the atmospheric system is global, the
effects (positive or negative) provided by
each forest parcel on this system will ex-
tend to a global scale. Of course, our
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senses do not have a direct perception of
this effect because the material space is
generally not directly modified by this func-
tion. This is a consequence of the fact that
forests store and adsorb atmospheric car-
bon dioxide independently of human activi-
ties. However, because these activities can
improve this capacity, even the carbon-re-
tention function can in some cases modify
the material space. This, for example, is the
case of activities such as the so-called
Clean Development Mechanisms promot-
ing the afforestation or reforestation (IPCC
2003) of non-forested lands with the pur-
pose of storing atmospheric carbon diox-
ide in the trees or using the woody bio-
mass for energy in order to reduce fossil
fuel consumption. The Short Rotation For-
ests (SRFs), planted on cropland and pas-
tures using fast-growing tree species, have
the specific purpose of producing fuel-
wood. In some European countries, such as
in Ireland, the afforestation that occurred
during the last decades has considerably
modified the material space, increasing the
total forest area by 19% since 2000 (O’Leary
et al. 2000, State of Europe’s Forests 2015).
Of course, this will also have a direct effect
on the representation of the space in the
same areas.

Subscribing to both the UNFCCC and the
Kyoto Protocol, all European countries and
the European Union itself, with a specific
internal legislation, have officially recog-
nized the carbon-retention function pro-
vided by forests. For this reason, the esti-
mate of the carbon stored, removed from
or released to the atmosphere by forests,
and the rules to account these amounts,
are of crucial interest from both a political
and scientific point of view (Grassi et al.
2010, European Commision 2016). A partic-
ular representation of the forest space,
strictly linked to the need to quantify the
carbon-retention capacity of the forests
and correctly implement these rules, is the
virtual representation of the forest parcels
through forest growth models. The pur-
pose of these models is to estimate the
past, current and, above all, future carbon
sink of the forests, through different ap-
proaches, based on remote sensing and/or
field measurements. In many cases, they
provide a spatially-explicit or simply a
mathematical representation of the forest
space (i.e., of each forest parcel — Kurz et
al. 2009), which may be considered as a
particular, virtual, representation of the
space, strictly linked to this forest function.

Discussion and conclusions

Overall we highlighted that the use of for-
est resources changed over time, accord-
ing to different social needs and different
functions which have also been projected
into different forms of conceiving, building
and living the forest space. Even if, in the
past such as in the present, the timber and
fuelwood production was the most impor-
tant function provided by wooded lands,
other functions were also attributed to for-

ests. In most cases, the awareness of these
functions emerged when an overexploita-
tion of forest resources produced a lack of
a specific service. In these cases, to limit
the competition with the predominant pro-
ductive function, these additional services
were explicitly recognized and regulatory,
such as for the same cedui reserved for fu-
elwood production or the luci mentioned in
the Latin tradition, or the banned areas in
the Medieval society and the various leg-
islatives intervention to limit deforestation.
Today, due to the increasing complexity of
the social needs, these functions coexists
with more recent recreational and ecologi-
cal services. Due to the strong, and in some
cases competitive, interactions between
these services, a different, multi-functional
view of the forest resources has to be con-
sidered. Indeed, timber production may
compete with fuelwood production; over-
all the productive function may be in com-
petition with the other functions but it may
even increase the amount of carbon, by
storing the carbon removed by the atmos-
phere as harvested wood products or re-
placing fossil fuels with fuelwood. Of
course, all these services generally disap-
pear when, through deforestation, the
original forest cover is replaced by other
land uses, but reforesting the same area
with fast-growing tree species, we may
even increase the material production. The
cultural function, including the modern re-
creational service, may be in competition
both with the biodiversity function, since
excessive human pressure can damage
some protected species, and with the pro-
tective function. Indeed, replacing a forest
with a ski run will eliminate the tree cover
protection on the soil.

These strict interactions between differ-
ent functions may be also recognized in
the production of space, considered under
different and sometimes overlapping di-
mensions and under a diachronic perspec-
tive. A forest parcel assigned to a produc-
tive function is a material space, marked in
the field by colored signs affixed on the
stems and represented through a forest
map, which is part of a forest management
plan. But that same parcel may be included
in a protected area, made evident by signs
in the field limiting hunting activities. If it is
located on the top of a mountainside,
some legal constraint, reported in the for-
est management plan, can impose specific
silvicultural rules in order to reduce possi-
ble avalanches. In the meantime, since this
parcel is always adsorbing atmospheric car-
bon, it may be virtually represented by a
forest growth model to estimate the value
of the carbon credits generated over time.
Finally, if the same place is located near a
viewpoint, it will produce some positive
emotion in the people visiting the forest.
Of course this picture would change if, in-
stead of looking at the present, we con-
sider the past. The same forest parcel was
probably used for wood production even in
Medieval times, but instead of the colored
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signs affixed on the stem, the property
was probably bordered by stones or by
some big tree and, instead of modern signs
marking the presence of a natural park,
some other sign would advise people that
this was a banned area, reserved for hunt-
ing by the local nobility. Lastly, instead of
the positive sensations produced in 21*
century man, Medieval people could have
experienced fear and anxiety crossing the
forest alone, knowing that it was frequent-
ed by wolf packs and bandits. But these as-
pects, strictly linked to the emotions, imag-
inations and sensations produced by the
space, i.e., related to the space of repre-
sentation, need to be further investigated
in a specific research.

Due to the rapid changes during the last
decades, a relatively short period if com-
pared with the average lifecycle of the
trees, some of the functions historically at-
tributed to the forest need to be reconsid-
ered. This is the case, as already men-
tioned, of coppices abandoned because of
the decline of fuelwood and charcoal pro-
duction. These forests, not subject to any
direct management activity for some de-
cades, continue to provide a protective ser-
vice, through the tree cover of the soil, and
a biodiversity service, since the abandon-
ment of these areas indirectly promoted
the spread of some species, such as the
wolf on the Apennines (Fabbri et al. 2007).
Although it appears that they do not per-
form any productive function, if properly
measured, the carbon stored by these
stands can be accounted as a carbon-reten-
tion. This helps us to differentiate between
the concept of function and “good” (i.e.,
the things which people value) on the one
hand, and services (i.e., the things which
ecosystem generate) on the other (Haines-
Young & Potschin 2011). Even if both these
concepts are inherently anthropocentric
(De Groot et al. 2002), the historical per-
spective proposed by our analysis high-
lights that all forests, including abandoned
coppices, provide some potentially useful
service, such as protecting the soil or bio-
logical resources. But only when these ser-
vices correspond to a societal demand,
they produce welfare benefits for society,
which are recognized as forest functions
and can generate goods that people value.
In the specific case of the carbon-retention
service, the link between the service and
the corresponding societal demand is rec-
ognized also by the current international
agreements. Indeed, according to these
rules, only the additional amount of carbon
saved by forests, due to human activity,
can be accounted as a useful effort to miti-
gate climate change and under particular
conditions, has an economic value (IPCC
2003, Hohne et al. 2007). Evaluating, from
a correct historical perspective, when each
societal demand emerged, and was conse-
quently taken into account by forest man-
agement, is essential. So, for example an
ex-post evaluation of the “role” of forest
management to mitigate climate warming

iForest 11: 79-89

in the last centuries, as was recently pro-
posed by Naudts et al. (2016), could be crit-
icized if implicitly attributing to forest man-
agement a function that was only recog-
nized few decades ago (Pilli 2016).

Not only the temporal awareness but also
the spatial scale of each service can change
considerably. The benefits vary from the
specific forest area and its owner, for the
productive functions, to the catchment
area and its inhabitants, for the protective
function, to a potentially larger area and
number of people, for the cultural and bio-
diversity services and, finally, to the entire
globe, for the carbon service. This spatial
overlap between different and partially
competing functions and services may not
only justify the limits imposed by public au-
thorities on the private owners and man-
agement of these forests, but also the pay-
ment for some ecosystem service without
a direct market value, such as carbon se-
questration (Pistorius et al. 2012).

The complex interactions between differ-
ent functions and spatial dimensions justify
the need to develop an integrative, multi-
functional forest management system bal-
ancing a segregative approach with a wid-
er integrated management system (Kraus
& Krumm 2013). The first one, if strictly ap-
plied, allocates a certain amount of forests
for natural conservation, maximizing the
commodity production in the remaining
landscape. The integrative approach aims
to combine different forest functions
across the total forest area. Taking into ac-
count the historical evolution of European
forests, as highlighted by our analysis, a
balance is needed between these two ap-
proaches. This means that, some areas
have to be strictly reserved for specific for-
est functions, such as a productive func-
tion (e.g., SRFs), or to provide a protective
(e.g., in mountain regions), cultural (e.g.,
near a monastery), or biodiversity service.
But the majority of the forest area has to
be managed through an integrated ap-
proach, combining, even if within a difficult
equilibrium (Schulze & Schulze 2010), dif-
ferent forest functions in a way that main-
tains the biodiversity, the productivity and
the regeneration capacity of forest re-
sources, and their potential to fulfill, now
and in the future, the relevant ecological,
economic and social functions, at local, na-
tional and global levels (FAO 2016). As high-
lighted by our study, to reach this difficult
equilibrium it is even useful to consider the
production processes of these forest spa-
ces. Through this analytical key we can also
understand the interaction that has oc-
curred over time between the evolution of
the demands expressed by the society and
the main changes occurred on the forest
landscape. Referring to present and future
functions, the above-mentioned definition
of Sustainable Forest Management, implic-
itly takes into account a historical perspec-
tive: as these functions and services
changed in the past, they could also
change in the future.

Forest functions and space
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on the forests) related to different forest
functions and the consequent effects of
these actions on the forest space (product
space), highlighting the final change on the
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