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1. PERI-URBAN PINE FORESTS 
IN MEDITERRANEAN AREA
Pine species have been extensively used for land restorati on in the Mediterra-
nean basin, since the late 19th century. The traditi onal strategy for degraded 
lands reforestati on in the Mediterranean was fi rst to introduce a fast-growing 
pioneer species, usually a pine species such as black pine along the Italian 
Apennines. The main objecti ve of the reforestati on was to reconsti tute the 
forest cover especially where the scarce site ferti lity due to the too intense 
management of the forest, agriculture and mountain pastures, had led to a 
signifi cant soil depleti on.
The scare direct economic value of the pine forest products makes acti ve ma-
nagement episodic and limited to the sites with easier accessibility in order 
to contain costs for forestry acti viti es. On the other hand, the pine forests sti ll 
perform opti mally the protecti ve functi on for which they were conceived. Mo-
reover, they provide other functi ons and services of recreati onal and historical 
value, especially in the peri-urban areas and where the exclusive presence of 
the coppice makes monotonous the mountain landscape. The strong commit-
ment of initi al public investment for their realizati on can however be nullifi ed 
by the absence or incorrect executi on of the necessary culti vati on interven-
ti ons: the pine forests in the absence of acti ve management may face forms of 
degradati on.

Figure 1. Examples of degraded forests in Monte Morello and Xanthi 

The degraded forests are forest stands that have lost their resilience capacity, 
defi ned as the ability to recover their structural and functi onal capaciti es aft er 
a disturbance factor. A degraded forest shows loss of producti vity and density, 
reducti on of standing biomass and increase of deadwood. Degradati on in arti -
fi cial pine forests can be irreversible (when it is in a very advanced phase, for 
example as a result of repeated triggering phenomena such as repeated fi res 

over ti me) or reversible (when deriving from the absence of culti vati on treat-
ments in populati ons sti ll relati vely young). In fact, black pine has proved to be 
a very plasti c species, capable of reacti ng to interventi ons even when they have 
not been promptly carried out.

Table 1. Forest degradati on defi niti on 

The priority management choice for black pine forests – where it is admissible 
– is the progressive “re-naturalizati on” of arti fi cial stands through appropriate 
forestry treatments.
The pine forests can take advantage of thinning aimed specifi cally at impro-
ving their degree of stability. In fact, thinning, if conducted following a selecti ve 
approach and with an adequate intensity, leads to an increase in mechanical 
stability, favors structural diversity and contributes to create ecological condi-
ti ons suitable for the establishment of the renewal acti vity of more demanding 
species.
In protecti ve reforestati ons, the fi rst thinning has the priority objecti ve of im-
proving structural stability; in the process of “re-naturalizati on” they therefore 
represent an initi al phase. It is essenti al to evaluate also the quality of the en-
tering species, which in a “juvenile” phase of the pine forest could be represen-
ted from “minor broad-leafs” of litt le ecological and economic importance. The 
meaning of the fi rst thinning is therefore to obtain an increase of functi onal 
effi  ciency of the forest, preparing the populati on for future natural renewal.

 IUFRO

 IPCC



6 7

2. THE FORESMIT PROJECT 

2.a Project objectives
The general objecti ve of the project is to defi ne the guidelines of good silvicul-
tural practi ces for the restorati on of peri-urban degraded coniferous forests in 
Italy (Monte Morello forest) and Greece (Xanthi forest) with nati ve broadlea-
ved species, improving the ecological stability and climate change miti gati on 
potenti al of these ecosystems. The project tested and verifi ed in the fi eld the 
eff ecti veness of thinning treatments in degraded coniferous forests in meeti ng 
climate change miti gati on objecti ves. A multi disciplinary approach was applied 
to defi ne the impact of traditi onal and selecti ve thinning treatments on vege-
tati on structure, biomass increment, C accumulati on in all relevant pools of 
vegetati on and soil, and CO2 and other greenhouse gas fl uxes, thus giving a 
complete picture of miti gati on potenti al of management practi ces. At the same 
ti me the project aimed at ensuring more resilient forest ecosystems and crea-
ti ng benefi ts for local populati on and human well-being.

Figure 2. Conceptual scheme of the project

The role of forests in cli-
mate change mitigation

Since the industrial revoluti on, hu-
mans have acti vely changed the cli-
mate, by introducing billions of tons 
of greenhouse gases into the atmos-
phere. This is causing today the in-
crease in temperatures, sea levels 
and a greater frequency of extreme 
phenomena (droughts, fl oods, heat 
or cold waves).
Greenhouse gases are emitt ed both 
by human acti viti es and natural pro-
cesses, such as soil respirati on, and 
include carbon dioxide (CO2), meth-
ane (CH4) and nitrous oxide (N2O). 
Among them, CO2 is transformed by 
trees into organic carbon through 
photosynthesis, using water and light 
as energy source. Forests each year 
absorb 30% of the CO2 emitt ed by fos-
sil fuels globally and are huge carbon 
sinks. In fact, photosynthesis plants fi x 
the carbon of CO2 and release oxygen. 
The carbon is then transferred to the 
soil through the roots and plant res-
idues, such as litt er (small branches, 
leaves and fruits fallen to the ground) 
and deadwood (dead trees standing 

or laying on the ground). In the soil a 
part of the carbon remains stored for 
hundreds or thousands of years and 
a part returns to the atmosphere as 
CO2 due to the decompositi on of the 
organic substance. This process is es-
senti al to maintain soil ferti lity levels 
and sustain life.
When a forest is healthy, the balance 
is positi ve, because the CO2 removed 
from the atmosphere is accumulated 
in the trees and in the soil is greater 
than that emitt ed by decompositi on. 
When a forest is degraded, it does not 
grow and therefore does not remove 
enough CO2 from the atmosphere 
to compensate the greenhouse gas 
emissions due to the decompositi on 
of dead trees and soil organic mat-
ter. The thinning represents a correct 
management to have a healthier and 
more stable forest, with the aim of 
miti gati ng the climate by subtracti ng 
CO2 from the atmosphere and accu-
mulati ng it in plants and soil.
Furthermore, the plants we cut with 
thinning are a renewable energy 
source and can be used to produce 
“clean” energy and replace fossil fu-
els (oil).
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Demonstrative areas
The project Demonstrati ve areas were selected in Monte Morello (Italy) and 
Xanthi forests (Greece) and divided in 9 demonstrati on plots, considering three 
replicates for each of the silvicultural treatment applied: Control (no silvicultu-
ral interventi onal), Traditi onal (Thinning from below) and Selecti ve (Selecti ve 
thinning).
In each plot two monitoring sub-areas of 13 m radius were identi fi ed.

Figure 3. Demonstrati ve areas in Italy and Greece

Monte Morello
Monte Morello forest has been planted during 1910-1980 years on degraded 
soils aff ected by overgrazing, with the aim to restore the forest cover. The ove-
rall compositi on is typical of a coniferous plantati on, more than 80% of biomass 
is characterized by pines (Pinus nigra e Pinus bruti a) and cypress (Cupressus 
sempervirens e Cupressus arizonica) species. Moreover, an additi onal 10% of 
Turkey oak is present; it belongs to the main tree layer and was planted arti fi -
cially together with pines and cypresses. 
In terms of frequency, the overall compositi on resulted in an ash relati ve pre-
dominance in the understory layer. 
The climate is typically Mediterranean, with precipitati on concentrated in the 
period from autumn to early spring and a dry summer in which July is the driest 
month, while October and, especially, November are the rainiest months. From 
the early 1980s, the total annual rainfall is about 1000 mm and the average 

annual temperature is 13.9 °C A signifi cant reducti on of winter-early spring 
precipitati on of about 20 % occurred during the last thirty years compared to 
that of the previous period. Moreover, comparing these two periods, during 
the summer season a signifi cant drought period appeared, characterized by a 
water defi cit that in the previous thirty years was negligible.

From a geomorphological point of view, the substratum is calcareous fl ysch 
(turbidites), consti tuted by alternati ng limestones, marly limestones (“albere-
se”) marls, claystones and, subordinately, sandstones. The soil typologies were 
Calcaric Cambisols and Cambic Calcisols, the thermometric regime is mesic 
and the moisture regime is udic. The soils present a loam or clay loam textu-
re, showed moderately alkaline reacti on, usually high and very high carbonate 
content. Depth was very variable, ranging from less than 50 cm to more than 
100 cm. Soil organic matt er content of the site was typical of a Mediterranean 
forest site, with a clear verti cal distributi on of total N and total organic C. 

Xanthi
Xanthi forest is a part of Xanhti  – Gerakas – Kimerion public forest. The forest 
landscape is characterized by its steepness with diff erent geographic orienta-
ti ons and slopes ranging from 5 - 80% and the elevati on ranges from 100 up to 
630 m. The planti ng acti viti es began in 1936 and took place periodically up to 
2007, even though most of them were made ti ll 1973. In the reforestati ons P. 
bruti a was mainly planted. P. mariti ma, P. pinea, Cupressus spp. and P. nigra, 
as well as some broadleaves like Robinia pseudoacakia have also been used. 
In many areas there is an understory of broadleaves (Quercus spp., Carpinus 
orientalis etc.). 
The climate of the area is semi wet Mediterranean with tendency to dry and it 
is characterized by mild and rainy winters, relati vely warm and dry summers. 
Meteorological ti me series data were used for the period 1960-2002 in order to 
describe mean temperature, and precipitati on. The xerothermic period begins 
in the middle of June unti l the end of September. Τhe average temperature was 
comparable but the precipitati on during the study period was lower than the 
normal amounts received in the region. A signifi cant decrease in rainfall was 
observed in the last decade that is esti mated at around 25%, whereas in the 
study period the reducti on increased at 50%. 
The geological formati on of the Xanthi’s per urban forest is part of the Rodopi’s 
mountain formati on, consisti ng mostly by metamorphic rocks, Gneisses and Pa-
ra-gneisses. The soils are deep more than 60cm), approximately 10cm in depth 
well drained. The soil type is Cambisol with a moderately acidic pH (5.6) and a 
low content of carbonates (6.2%). Soils had a sandy clay to sandy clay loam tex-
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ture, with average values of sand and clay of 60% and 17.5% respecti vely. Soil 
organic matt er content of the study site was as expected, for Cambisol, with a 
clear verti cal distributi on of total N and total organic C. 

Table 2. Site characteristi cs. Climate: annual average precipitati on and tempe-
ratures for the period considered, Palmer drought severity index (PDSI) and 
Standardised Precipitati on–Evapotranspirati on Index (SPEI).

Project parteners

FoResMit project is organized with two partners for each Country, one from the 
scienti fi c side and one from the management side. 
The project is coordinated by CREA (Consiglio per la Ricerca in Agricoltura e l’a-
nalisi dell’economia agraria), a country-wide insti tuti on supervised by the Mini-
stry of Agricultural, Food, Forestry and Tourism Policies (Mipaaft ) and dedicated 
to agricultural crops, livestock, fi shery, forestry, agro-industry, food science – 
and socio-economics. CREA parti cipate with two research Centres: Agriculture 
and Environment (Firenze) and Forest and Wood (Arezzo and Trento). The two 
Centres cover research acti viti es on soil ecosystem functi ons and their conser-
vati on, and sustainable management of the forest environment. The research 
team was Alessandra Lagomarsino (Coordinator), Isabella De Meo, Alessandro 
Elio Agnelli, Giorgio Brandi, Ugo Chiavett a, Paolo Canti ani, Gianluigi Mazza.

The other partners of the project are:
Citt à Metropolitana di Firenze is the territorial enti ty acti ng in the various 
sectors that directly aff ect the development, such as planning, managing in-
frastructure for mobility, environmental policies. It operates with the main 
objecti ve of the creati on of development for employment and a bett er quality 
of life for people. The research team was Leonardo Ermini, Federico Panichi, 
Luciana Gheri.
The Democritus University of Thrace (DUTh) is a large university in Greece, 
consisti ng of over 18 departments, of 9 schools plus a central administrati on. 
The Department of Forestry and Management of the Environment and Natural 
Resources (FMENR) carries out research on the development, improvement, 
protecti on and management of forests and forest lands and the natural envi-
ronment. The research team was Kalliopi Radoglou (coordinator of DUTh wor-
king group), Elias Milios, Michail Orfanoudakis, and Kyriaki Kiti kidou.
The Decentralized Administrati on of Thrace (DAMT) is responsible for the pro-
tecti on, exploitati on and growth of forest resources aiming at the cover of ne-
eds of country in ti mber and other products and services of forest. Directorate 
for Forest in Xanthi is the superior authority responsible for the control and the 
proper operati on of the forest services and the implementati on of the forest 
policy in the region. The research team was Panagioti s Mouchtaridis (coordina-
tor of DAMT working group), Pantelis Theodoridis, Maria Triadafi llidou, Foteini 
Doukalianou, and Stavroula Kapsali.
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3. MONITORING PROTOCOLS

3.a Vegetation
Vegetati on was monitored before (2015) and two years aft er the treatments 
(2018) by measuring the main forest variables in 36 monitoring sub-areas (2 ar-
eas per each of the 3 treatment replicates) (Figure 6). Forest variable measured 
in circular 13 m – radius sample areas were: diameter at breast height (DBH), 
total height (H), species and positi on of all the trees with DBH > 3 cm.
The stem and larger branches total volume was esti mated through volume 
models from the Italian Nati onal Forest Inventory (INFC) of 2005.
Aboveground biomass was esti mated through species-specifi c biomass expan-
sion factors (BEF) and wood basal density coeffi  cients (WBD) which convert 
wood volume to biomass dry weight. Belowground biomass was derived from 
aboveground biomass using root/shoots conversion factors experimentally 
tested by several authors for diff erent species. 

Aboveground biomass calculati on followed the formula:

 AB=GS x BEF x WBD

LB=GS x BEF x WBD
where LB is the Living Biomass, GS is the Growing Stock (m³), BEF is the Biomass 
Expansion Factor, WBD is the Wood Basal Density (t m¯³).
Belowground biomass calculati on followed the formula:
RB = R * AB
Where RB is total root biomass (Mg ha-1), R is the proporti on of root biomass 
versus the aboveground biomass and AB is the aboveground biomass (Mg ha-1).

Table 3. Specifi c values of WBD, BEF and R parameters for the species sur-
veyed in Monte Morello site.

Figure 4.
Stake for monitoring 
plot identi fi cati on

In Xanthi forest for Pinus bruti a, BEF = 1.3, while for all other species occurred 
(Acer campestre, Acer sempervirens, Fraxinus ornus, Quercus coccifera, Q. da-
lechampii, Q. frainett o) BEF = 1.4 
For Pinus bruti a, BWD was calculated as follows: from a sample of 12 trees, 2 
disks were taken from each sampled tree (one at breast height, and one more 
higher). Aft er soaking the disks by completely submerging them in water, at 
room temperature, for three weeks, excess water was removed by wiping with 
a sorbent cloth and the discs were dried in an oven at 80°C for 13 days. BWD 
was calculated using the formula:

where n is the number of disks. BWD for Pinus bruti a was 0.57.
For Acer campestre, Acer sempervirens, and Fraxinus ornus, BWD = 0.52, and 
for Quercus coccifera, Q. dalechampii, and Q. frainett o) BWD = 0.58.
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FAS Method
In the sample plot of 13 m radius (531 
m2) all the deadwood pieces lying on 
the soil with a diameter equal to or 
greater than 4.5 cm will be consid-
ered and measured. For each dead-
wood in the sample plot the following 
informati on are collected: (1) diame-
ter in the minimum secti on (equal to 
or greater than 4.5 cm); (2) diameter 
in the end secti on; and (3) distance 
(length) between the minimum and 
the end secti ons. In each secti on, two 
perpendicular diameters are meas-
ured using a forest caliper, while the 
length between minimum and maxi-
mum diameter will be measured us-
ing a tape measure.
In additi on, the species and the de-

cay class are recorded, following the 
internati onal system of fi ve decom-
positi on classes (Table 4 and fi gure 7). 
The visual assessment of decay rates 
is executed by forest experts consid-
ering some key variables and visible 
characteristi cs: (1) structure of bark, 
(2) presence of small branches (diam-
eter < 3 cm), (3) soft ness of wood; (4) 
other visible characteristi cs (rot ex-
tension and development of fungus 
mycelium).
In the case of deadwood pieces 
strongly decomposed and/or incor-
porated into the soil (decay classes 
4 and 5) where it is not possible to 
measure the diameters with the for-
est caliper a visual assessment of the 

diameters is made.  

3.b Deadwood
The data concerning the deadwood in forest ecosystems was collected in sam-
ple circular plot of 13 m radius disti nguishing between three main components: 
lying deadwood (or logs), standing dead trees (or snags) and stumps. 
Standing dead trees include not only the dead trees intact but also uprooted 
and crashed trees with an angle of inclinati on less than 45°, while if the angle of 
inclinati on is greater than 45° they must be classifi ed as lying deadwood. Trees 
broken to a height of less than 1.30 m must be classifi ed as stumps.
For all deadwood components, the diameter threshold is 4.5 cm (5 cm dia-
meter class). For standing dead trees the diameter was measured at breast 
height (dbh), while for lying deadwoods the diameter was measured in the in-
tersecti on point of the transect or in the secti ons at one end and at the other of 
the log. The small woody debris not reaching the above menti oned threshold 
was considered as litt er.

Lying deadwood (logs)
The fi eld measurements on lying deadwood are conducted using two methods: 
FAS (Fixed Area Sampling) and LIS (Line Intersect Sampling). With the fi rst 
method all deadwood pieces lying on the soil (logs), standing dead trees (sna-
gs) and stumps were measured in the monitoring plot of 13 m radius (531 m2); 
with the second method All lying woody debris that intersect a transect are 
measured with a caliper at the point of intersecti on of the transect and the 
central axis of the log.

LIS Method
Two transects of 26 m are locat-
ed within the sample plot passing 
through the centre of it: the fi rst tran-
sect in the directi on North-South (N-
S), while the second transect in the 
directi on East-West (E-W), perpendic-
ular to the fi rst transect.

For each deadwood piece intercept-
ed by the transects the following in-
formati on are recorded: (a) two per-
pendicular diameters measured in 
the intersecti on point of the transect 
(cm); (b) species; (c) decay class con-
sidering fi ve decay classes. 
The collected data in the fi eld will be 
used to calculate the lying deadwood 
volume (Vl) using the following equa-
ti on:

where: 
Vl = volume (m3/ha);
L = length of the two transect in me-
ter (26 m);
di = diameter (mean of the two diam-
eters) of the i intersecti on point (cm).

From the methodological point of 
view results show that the use of 
Line intersect sampling (LIS) method 
or FAS (Fixed-area sampling meth-
od) to esti mate the volume of lying 
deadwood give the same results. In 
parti cular, with FAS the mean volume 
of lying deadwood was esti mated in 
m3ha−1 while LIS for the same plots 
esti mated 64,9 m3ha−1. The non-par-
ametric Wilcoxon signed-rank test 
shows that these diff erences are not 
stati sti cally signifi cant considering all 
36 plots (p value = 0.284, α = 0.05). 
The results confi rm that a good possi-
bility is too choose LIS instead of FAS 
for lying deadwood assessment when 
the volume of the lying components 
is very high, or the fi eld measure-
ments cover great surfaces.
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Standing dead trees and stumps
For all standing dead trees, the following informati on are collected: (a) two per-
pendicular diameters measured at DBH (cm); (b) height of standing dead tree 
or broken height (m); (c) species; (d) decay class considering fi ve decay classes.
For each stump the following att ributes are measured: (a) two perpendicular 
diameters measured on the cutti  ng plane or broken height (cm); (b) minimum 
and maximum height of the stump on the cutti  ng plane or broken height (m); 

(c) species; (d) decay class.

Table 4. Descripti on on the fi ve visual decay classes of deadwood.

3.c Litterfall
The litt erfall was collected through two traps (50 x 50 x 30 cm, at 1m height 
from ground) for each monitoring sub area placed close to the GHG collars 
(total 36 traps per site). The main litt er components (conifers vs. broadleaves: 
pine needles, deciduous leaves, twigs and branches with diameter < 4.5 cm, 
reproducti ve structures and bark) is collected every two weeks using the traps, 
sorted, dried and weighed, providing leaf dry mass per unit of ground area (g 
m¯²).

Figure 6. Traps for litt erfall collecti on close to collars for greenhouse gas fl uxes 
measurements in monte Morello and Xanthi forests

Figure 5. Examples of the fi ve decay classes considered in the fi eld survey

Decay class 1

Decay class 3

Decay class 2

Decay class 4 Decay class 5

Forest fl oor
Forest fl oor litt er was collected once a year in two positi ons within each sub-
plot by pressing a 700 cm² collar into the forest fl oor and collecti ng all litt er 
material above the soil.
Litt er was separated by hand sorti ng and sieving with progressive meshes into 
the following three representati ve fracti ons: The L fracti on is composed of fre-
sh or slightly discoloured, with no or weak breaking up, material (almost unde-
composed litt er). The F fracti on is composed of medium to strongly fragmented 
material with many mycelia and thin roots (recognizable, but fragmented). The 
H fracti on is a completely decomposed amorphous material un-recognizable.
Freshly fallen litt er is disti nguished from older litt er based on foliage color (bri-
ghtly or lightly colored litt er is considered fresh) and friability (friable litt er is 
considered old).
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Figure 7. Examples of the different fractions of the forest floor

3.d Soil
Soil is collected once a year from the same position as forest floor litter at depth 
of 0-10 and 10-30 cm within each plot. The samples were air dried and sieved 
through a 2-mm mesh. For C and N quantitative analysis and C chemical fractio-
nation, soil sub-samples were grinded and homogenized to 0.5 mm for carbon 
and nitrogen determination. 
Further, undisturbed soil samples were collected for soil bulk density (BD) me-
asurement, to calculate soil organic C stock for each depth. To this aim, undi-
sturbed 100 cm3 soil cores were collected from each pit with a hammer-driven 
liner sampler. The samples were dried at 105°C until constant weight and the 
BD calculated by the ratio between the dry weight and the soil core volume.

Figure 8. 
Soil sampling for 
bulk density

3.e Green-house gas emissions
GHG exchanges between forest soil and atmosphere were measured through 
the static closed chamber technique. This method is based on gas exchange 
ability between the soil below the chamber and the chamber headspace that is 
installed in a particular area of the soil in the experimental area. One collar (30 
cm in diameter) was randomly positioned and inserted in the soil in each plot, 
at least 5 cm depth. 
Gas sampling was performed biweekly or once per month, depending on we-
ather and adjusting sampling dates and frequency to include specific events 
such as thinning operations. 9:30 a.m. and 14:30 p.m. changes in soil effluxes 
associated with diurnal cycles. During each gas sampling event, chamber was 
closed for 30 minutes and gas samples were collected four times at intervals of 
0, 10, 20 and 30 minutes after closure. The gas was collected with a 30 ml pla-
stic syringe and transferred immediately in pre-evacuated 12 mL glass vial and 
the air temperature within the chamber was recorded. CO2, CH4 and N2O con-
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centrations were analyzed using a GC-2014 (Shimadzu Inc.) gas chromatograph 
and fluxes were estimated using the linear slope of gas concentration against 
chamber closure time and enclosed soil surface area. In order to estimate the 
cumulative of CO2, CH4 and N2O fluxes and global warming potential (GWP) for 
each replicate we summed the daily fluxes over time with linear interpolation. 
The GWP of CH4 and N2O was calculated in mass of CO2 equivalents (kg CO2 eq 
ha-1) using the climate warming factor on 100-year horizon, equal to 34 and 
298, respectively and the formula: 

  GWP (CO2 eq) = CO2 + 34 CH4 + 298 N2O

Figure 9. 
Collar for gas 
sampling

3.f Carbon credits calculation

rest and agricultural activities (art.7), 
while the Law n°221 of the 8th De-
cember 2015 delegates to the Gover-
nment the introduction of a remune-
ration system of ecosystem services 
with particular regard to the credits 
generated by the forest management 
activities in the public forests (art.70).
In the international and national po-

The forests play a key role in car-
bon dioxide (CO2) sequestration in 
atmosphere in order to achieve the 
objectives of Paris Climate Agree-
ment (CoP21). At national level, the 
new Italian Forestry Law (Law n°34 of 
the 4th April 2018) provides for the 
approval of institutional guidelines to 
generate Carbon Credits (CC) from fo-

licy, the forestry actions aimed to 
reduce the greenhouse gas (GHG) 
emissions or to increase the carbon 
dioxide storage compared to the ba-
seline scenario can be generated Car-
bon Credits (1CC = 1 tCO2eq). These 
CCs are potentially marketable on 
the voluntary Carbon Credit market. 
The Voluntary Carbon Credit mar-
ket stems from the will of profit and 
non-profit organizations, local admi-
nistrations and individual citizens to 
actively contribute to the mitigation 
of climate change through concrete 
actions to reduce and compensate 
their greenhouse gas emissions.
The Voluntary Carbon Credit market 
is based on the Carbon Credit (CC) 
which is equivalent to one ton of 
equivalent carbon dioxide (CO2eq) not 
emitted into the atmosphere by any 
activity carried out through specific 
investments, which can become ne-
gotiable on the market.

 Within forestry actions can generate 
CCs, the projects aimed to improve 
the forest management aimed to in-
crease the carbon storage in forest 
or forest products have a key role 
(Improved Forest Management-IFM). 
In IFM projects, The LIFE FoResMit 
project focused on the effects of both 
types of thinning (traditional and se-
lective thinning) in order to improve 
the management of Monte Morello 
forest with the aim of increasing of 
carbon sequestration (C-sequestra-
tion) in the medium-long term.
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In order to quantify the potential effect of silvicultural treatments on climate 
change mitigation and the potential CCs, the effects of two type of thinning on 
C-stock and C-sequestration were assessed comparing them with the baseline 
scenario. The changes in C-stock – considering above- below-ground biomass, 
and deadwood – were quantified the year following the thinning, while the 
C-sequestration was estimated considering two years after thinning.
The C-stock of above- below-ground biomass was calculated using the fol-
lowing equation:

Cstock-biomassa  = k . [(1 - b) . (Vi,SFM - Vi,baseline )  . BEF . WDB (1 + R)]

Where:
Cstock-biomass= tons of CO2 per hectare lost due to the thinning actions (tCO2 ha-1);
k = conversion factor from C to CO2;
Vi,SFM=biomass cubic meters post thinning (m3 ha-1);
Vbaseline=biomass cubic meters in the baseline scenario 
(m3 ha-1);
BEF=species-specific biomass expansion factor (1.33);
WBD= species-specific wood basal density (0.47);
R= species-specific root/shoot ratio (0.36);
b= carbon lost from emissions due to unplanned natural disturbances;
i=reference thinning method (i= TT or ST).

The C-stock of deadwood was calculated using the following equation that con-
sider the distribution of deadwood volume by decay class:

Cstock-deadwood = k . Σn[(Di,SFM - Di,baseline) . WBD] 

Where:
C-stock of deadwood are the tons of CO2 per hectare lost due to the deadwood 
harvesting (tCO2 ha-1);
k = conversion factor from C to CO2;
Di,SFM=deadwood volume post thinning (m3 ha-1);
Dbaseline=deadwood volume in the baseline scenario (m3 ha-1);
WBD= wood basal density of each decay class (kg m-3);
n=number of decay classes (5).

The C-sequestration of the soil was calculated as difference between carbon 
accumulation in the soil after thinning and the quantity of CO2 lost as emission 
considering the sum of CO2, CH4 e N2O.
  

Csequestration-soil = k . (Csoil post - Csoil pre) - CO2 eq emitted

Where:
Csequestration-soil = amount of CO2 accumulated in the soil net of GHG emissions 
(tCO2 ha-1 a-1)
k = conversion factor from C to CO2 
Csoil post = C stock in the first 30 cm 2 years after thinning (t ha-1)
Csoil pre = C stock in the first 30 cm before thinning (t ha-1)
CO2 eq emitted = sum of annual cumulative emissions in the second year after 
thinning multiplied for specific coefficients: CO2 + 34*CH4 + 298*N2O (CO2 ha-1 
a-1).

The C-sequestration in the above- and below-ground biomass was estimated 
two years after thinning considering separately the effects of the two types of 
thinning and comparing them with the baseline scenario:

ΔCt = Ct - Cb

ΔCs = Cs - Cb
  
Where:
Cb are the tons of CO2 sequestered by the annual wood increment in the base-
line scenario (no IFM actions);
Ct are the tons of CO2 sequestered by the annual wood increment after the 
traditional thinning method;  
Cs are the tons of CO2 sequestered by the annual wood increment after the 
selective thinning method.  
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4. THINNING TREATMENTS 
Thinning is the fundamental treatment for black pine forests. An appropriate 
regime of thinning involves frequent interventions (every 10 - 15 years), with 
the first intervention at a juvenile development stage of the forest populations. 
Unfortunately, especially for the costs, the first interventions (precommercial 
thinning) were almost never carried out in the pine reforestation, especially in 
the private owned pine forests.
In recent decades, experimental trials of thinning on adult populations have 
shown that the pine has a high plasticity and reacts positively also to interven-
tions carried out on adult populations (at the stage of young high forest). Rese-
arch has shown that the fraction of the structure of the pine forests sensitive to 
thinning is the dominant one. The black pine is a heliophilous species and the 
thinning has positive effects when it affects the crown (thinning from above). 

4.a Monte Morello
The practice of thinning in Italy was cutting from below and with low to mode-
rate intensity. This mainly for two reasons: i) to contain the costs of the inter-
vention (both cutting and hammering); ii) because the classic treatment with a 
frequent thinning over time would gradually raise the population in the forest 
life cycle. However, performing one-off interventions from below does not have 
the expected cultural advantages. With interventions of low intensity directed 
to the dominated plants alone, the structure of the forest is not positively af-
fected; in practice, only the plants that over time would have disappeared due 
to natural mortality (self-thinning) are thinned. Interventions of this nature, be-
sides not having a positive impact on the vigor of the forest, in practice repre-
sent only an element of disturbance (extraction, soil compaction) which cannot 
be justified at crop level.
In an attempt to reconcile the advantages of thinning from above with the ea-
siness and replicability of the intervention, which contains as much as possible 
the costs of hammering, a method of thinning from above has been developed 
as simple and effective as possible: "selective thinning".
The method involves two operational phases:

 1) Choice of candidate trees
Approximately 100 trees per hectare (the "candidate" trees) placed at a 
more regular distance as possible in the horizontal space (about 10 me-
ters distance between candidates) are selected and marked. The candidate 
plants must, first of all, have high mechanical stability characteristics (low 
ratio between the height of the tree and the diameter of the stem, the 
lowest insertion of the crown, regular and harmonious crown). The choice 
of the specific composition of the candidates depends on the structure of 
the forest. In the case of pine forest with a high degree of specific mixing in 
the dominant layer, autochthonous broadleaves species that demonstrate 

vigor and guarantee stability over time must be privileged as candidates. 
Where there is a group of contiguous candidate plants it is possible to leave 
pairs of candidates as single unit of stability. In the absence of species other 
than pine, the choice must be made on the phenotypes of pine trees to 
guarantee greater stability.
 2) Tree marking of the plants competing with the candidates
All the plants competing with adjacent candidates at a level of foliage are 
selected for cutting. The aim is to allow the crown of candidate tree to be 
directly in contact with solar radiation after cutting. Experimental tests on 
young forests show that usually each candidate plant has on average about 
3-4 competing plants. Although the dominated plants contiguous to the 
candidates do not affect the candidate itself, it is recommended to elimi-
nate them anyway, to create small openings in the coverage of the crowns 
between the dominant plane and the ground, in order to create disconti-
nuities in the solar radiation on the ground. This contributes positively to 
increase the biodiversity of the shrub and herbaceous plan (vegetation, 
mycological component, micro-and-meso fauna, etc.). 

Figure 10. Un-thinned forest and after traditional and selective thinning

Traditional Selective
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4.b Xanthi
In Greece, peri-urban forests were established mainly for the protecti on of fo-
rest soils in the slopes sounding towns and citi es. In those forests, pines were 
usually planted.  In north Greece, in many peri-urban forests, broadleaves were 
gradually established under the canopy of pines.
There have not been developed special silvicultural treatments regarding the 
aforementi oned peri-urban forests. At the present, the intensity of silvicultural 
treatments is usually light. However, in some cases, the treatments are of me-
dium to high intensity. The common characteristi cs of those treatments are the 
removal of dead trees and some pruning.
In the peri-urban forest of Xanthi, the traditi onal silvicultural treatment refers 
to cutti  ngs of conifers (which mainly consists of Pinus bruti a) in the overstory 
and to thinning of the broadleaves in the understory. In the cutti  ngs of the over-
story mainly the dead, damaged, bad formed, intermediate and suppressed 
trees were cut. In the understory the thinnings were applied in such a way as to 
achieve a uniform distributi on (if possible) of broadleaf species. 
In the peri-urban forest of Xanthi, special silvicultural treatments were introdu-
ced and proposed. Those treatments are named selecti ve treatments.
The main objecti ve of those treatments is the fast conversion of the peri-urban 
forest of Xanthi in a forest where broadleaves will dominate, and only in the 
worst sites pines will be the dominant component of the stands.
The selecti ve silvicultural treatment comprises rather intense cutti  ngs of over-
story pines aiming at the release of the broadleaved trees of the understory 
(and of middlestory, if there is) and thinning in the broadleaves of the lower 
stories (mainly of the understory). 
In the cutti  ngs of the overstory, the dead, damaged and bad formed trees will 
be removed. However, as a priority, bad formed trees with large dimensions 
will primarily be cut. The best formed trees will be retained. Those pine trees 
will exhibit high growth rates aft er the cutti  ngs. These cutti  ngs will be more 
intense over dense areas with broadleaves. The main target of the overstory 
cutti  ngs is the releasement of the broadleaf formati ons. During the applicati on 
of an overstory cutti  ng if aft er the removal of the bad formed trees (etc.) there 
is a need for the removal of a good - best formed tree in order for a group of 
broadleaves to be adequately released, then that best formed tree will be cut. 
The intensity of the overstory cutti  ngs depends on the density of the broadle-
aves in the understory and the need for their release as well as on the density 
of the overstory.

The selecti ve treatments of the understory will have the form of “positi ve se-
lecti on” thinnings, where the main competi tors of the best broadleaved trees 
will be removed. Best trees are considered the trees (or saplings) with high 
growth vigor, with verti cal stance, having large and symmetric crown and (if 
possible) good bole form. Through these thinnings more growing space will 

be available for the most dynamic broadleaved component. The trees that are 
going to be favored have to be distributed in all the area of the stand, if pos-
sible, since they are going to be the robust large dominant trees of the future 
stand. In the case, there are groups of sprouts, these will gradually be thinned 
in order to remain the best sprouts with verti cal stance. The aforementi oned 
thinnings of broadleaves will be applied even in groups of trees having rather 
small dimensions, since a rapid growth of broadleaves must be achieved. The 
applicati on of the “positi ve selecti on” thinnings must begin when the best tre-
es (saplings) having the aforementi oned characteristi cs are easily identi fi ed. 
The conversion of the peri-urban forest in a one where broadleaves will do-
minate must be done through a series of treatments where the redistributi on 
of growing space will take place gradually and the intensity as well as the cha-
racteristi cs of the treatment, are going to be decided on the basis of the condi-
ti ons prevailing each ti me.   
The proposed silvicultural treatments whose implementati on has begun in the 
peri-urban forest of Xanthi are applicable to forests with a similar stand structu-
re and similar ecological conditi ons.

Figure 11.
Traditi onal thinning (above) 
and selecti ve thinning (below)
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5. EFFECTS OF THINNING 
MONTE MORELLO
5.a Effects on forest stand
STRUCTURE 
Traditi onal thinning resulted to have a moderate intensity. Considering all tre-
es, the traditi onal thinning aff ected 35.2% of trees corresponding only to the 
25.2% of the basal area.
The selecti ve thinning resulted to have a higher intensity. It aff ected 42.5% of 
trees corresponding to the 40.3% of the basal area. 
Diff erences in basal area between thinning types are always signifi cant. They 
are signifi cant both for all trees and for the crop trees. That happens because 
during the selecti ve thinning largest trees directly competi ng with selected tre-
es are cut. This is demonstrated by the non-signifi cant diff erence in removing 
small trees.
Considering all the trees the mean diameter changes are signifi cantly diff erent 
only between the control and the traditi onal thinning. This is due to the signifi -
cant removal of small trees during the traditi onal thinning (mean DBH change 
is -25%) which causes an increasing of mean DBH (7.5%) considering all trees. 
At the same ti me, it is demonstrated that selecti ve thinning does not cause the 
same eff ect (1%) due to the release of most of the dominated smaller trees. 
This aspect has also repercussion on diameter variability as you can see further.
Regarding the mean height, the results confi rm what happens in terms of mean 
diameter. Parti cularly the traditi onal thinning reduces signifi cantly the mean 
height of small trees (- 10%) and increases the mean height of crop trees (3%). 
Nonetheless it results in an overall non-signifi cant change considering all trees.
Considering the structure heterogeneity, results demonstrated that in terms 
of both diameter and height the selecti ve thinning increased these variables 
variability signifi cantly (about 10%). The traditi onal thinning did not instead.

Tree suscepti bility to wind and snow 
damage depends on many physical 
and ecological factors including 1) soil 
characteristi cs, slope and climate; 2) 
species compositi on, density, diame-
ter distributi on, and verti cal structure 
and 3) the morphological and structu-
ral characteristi cs of individual trees. 

In the literature, many indicators 
were used to assess tree stability by 
morphological and structural cha-
racteristi cs at tree level. The most 
frequently used indicators are (a) 
the slenderness coeffi  cient (H/DBH); 
(b) the relati ve depth of the crown; 
(c) the crown projecti on; and (d) the 

STABILITY

The applicati on of diff erent thinning approach in the project demonstrati on 
areas showed a higher effi  ciency of the selecti ve thinning against the tradi-
ti onal thinning and the control. Selecti ve thinning showed a reducti on of the 
instable trees number of 33%, traditi onal thinning of 11%, control of 0%.
In general, the selecti ve thinning applicati on increased the mean single tree 
stability of 4% aft er two years from treatment, at the same ti me the traditi onal 
thinning showed a much smaller increase (0.3%).

Table 5. Main eff ects of thinning on stand characteristi cs

Resilience can be defi ned as the capa-
city of an ecosystem to recover aft er a 
perturbati on (e.g., the disturbance of 
drought), returning to the pre-condi-
ti on state following the perturbati on, 
although the defi niti on of resilience 

is under a conti nuous debate. This 
capacity of the ecosystem includes 
maintaining its essenti al characteri-
sti cs taxonomic compositi on, structu-
res, ecosystem functi ons, and process 
rates. 

RESILIENCE

crown eccentricity.
Among these indicators, only the H/
DBH shows experimentally tested 
thresholds values discriminati ng 
stables and unstable trees. In the li-

terature trees with a H/DBH > 100 
are considered instable.più adott ato. 
In lett eratura scienti fi ca le piante con 
rapporto H/D >100 sono considerate 
instabili.
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Through dendrochronological analysis we evaluated the site-specific effects of 
thinning on forest resilience. After defying drought as an extraordinary depar-
ture from mean yearly precipitation, lower than the mean by one standard de-
viation, raw basal-area increments during drought years were compared to the 
years before and after the drought to quantitatively analyze growth decreases 
and recoveries (percent growth changes). 
Q. cerris showed always positive growth changes with the lowest percentage 
values when drought years were compared with both 1 and 5 pre-drought ye-
ars. Moreover, Q. cerris showed the highest percentage of trees able to recover 
the growth level of pre-drought when comparing 5 year post drought with both 
1 and 5 year pre-drought years. 
Overall, Q. cerris trees were less affected by drought events and revealed a gre-
ater growth recovery capacity both in the short and long-term after drought.
In Monte Morello site Selective thinning, favouring the more drought resistant 
and resilient species (Q. cerris), appeared more appropriate for increasing and/
or improving the resilience at the stand level under future drought intensifica-
tion. 

Figure 12. (a) Means relative changes (%) in basal area increments (top) ba-
sed on five indicators of drought-related growth rates and percentage of trees 
(bottom) sharing the particular drought-related growth pattern. (b) Percentage 
increase of Q. cerris total biomass under traditional and selective thinning after 
treatment in different DBH (diameter at breast high) classes.
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5.b Effects on C pools 

VEGETATION
Before to evaluate the eff ect of silviculture on carbon sequestrati on by the ve-
getati on, it is necessary to understand the recent growth trend determined by 
the current environmental conditi ons in the Italian site. Starti ng from 2014, 
these conditi ons determined a decreasing tree radial increment. Nonetheless, 
aft er two years from the thinning, both thinning types showed to contain this 
reducti on meaningfully against the absence of thinning. At stand level - i.e. con-
sidering all the trees – there are not meaningful diff erence between the two 
thinning types: in both cases the observed yearly relati ve increment was 6% 
against the 2% in unthinned areas. These proporti ons remain the same both 
considering the aboveground and belowground biomass separately and consi-
dering the total biomass. Nonetheless, there are meaningful diff erence betwe-
en thinning types considering the mean radial increment of selected (eff ecti -
vely in the selecti ve types, potenti ally in the traditi onal and the control) trees. 
Precisely, the tree mean radial increment observed in the selecti vely thinned 
areas was 60% higher than the control areas, while in the traditi onally thinned 
areas the increment was 35% higher than the control areas.

Figure 13. Variati on of biomass and relati ve increments 
immediately aft er and 2 years aft er thinning

DEADWOOD
FoResMit results highlight huge volumes of deadwood in Monte Morello fo-
rests before thinning. This situati on is due to the absence of silvicultural in-
terventi ons during the rotati on period, with important consequences on tree 
mortality. Regarding the deadwood volume, results show that the total volume 
of deadwood is 75.1 m3ha−1, concentrated in the lying deadwood component 
(79,8%), while standing dead trees and stumps represent respecti vely 18.5% 
and 1,7%. Considering the distributi on of deadwood volume by decay classes 
results show that in Monte Morello the lying deadwood volume is concentra-
ted in the second and third decay class, contributi ng to 76.6% of total deadwo-
od volume.
C stock of deadwood of Monte Morello forest is 9.94 Mg C per hectare (7.29 
Mg C ha−1 in lying deadwood, 2.50 Mg C ha−1 in snags and 0.15 Mg C ha−1 in 
stumps). Aft er the thinning there is a decrease of the mean volume of dea-
dwood and consequently of the C-stock, which is 18.2 m3 in the plots under 
selecti ve thinning, and 9.5 in the plots under traditi onal. In parti cular, during 
selecti ve thinning trees standing dead trees and lying deadwood of 1st and 2nd  

decay class with dbh>20 cm were removed, while in the plots under traditi onal 
thinning only standing dead trees were removed during harvesti ng operati ons.

Figure 14. Deadwood distributi on in diff erent components and decay 
classes.
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LITTER
Compared to unthinned plots, under selecti ve thinning coniferous litt erfall 
fracti on decreased while deciduous litt erfall fracti on increased, in line with the 
project objecti ve to favor broadleaves nati ve species. 
Thinning basically increased litt er biomass in all fracti ons immediately aft er 
operati ons. The highest increase was observed in F fracti on with traditi onal 
thinning, refl ecti ng a high input of organic matt er in the forest fl oor. 
This eff ect was evident in the short term, whereas two years aft er thinning a 
reducti on of litt er was observed, more evident with selecti ve thinning.

Figure 15. Thinning eff ects on litt er, immediately aft er and 2 years 
aft er thinning

SOIL
Soil is a predominant component of C cycle, storing two-three ti mes more C 
than the atmosphere. The signifi cant role of soil in the global C balance depends 
on its potenti al to store C in pools with a slow turnover. Only small fracti ons of 
new C inputs into soils will become long-term SOC, whereas the largest fracti on 
will be respired back to the atmosphere.
The eff ect of thinning on soil carbon stock became evident two years aft er tre-
atments, with an increase of 29 and 33 % in Traditi onal and Selecti ve treatmen-
ts, respecti vely. Overall, 32.0 and 35.6 t CO2 ha-1 y-1 were sequestered into soil 
up to 30 cm depth with traditi onal and selecti ve thinning, respecti vely.

5.C Effects on green-house gas fl uxes
The eff ect of thinning was evident during interventi on, with a strong peak of 
CO2 emissions caused by a light soil compacti on and an increasing mineraliza-
ti on rate of freshly exposed organic matt er and detrital material as litt er and 
dying tree roots, which are easily decomposed. This eff ect disappeared aft er 
few months aft er thinning operati ons and for the following two years, with fi nal 
values of CO2 emissions lower in Selecti ve thinning than Control. Short-term 
eff ects of thinning on CO2 emissions were dependent on the ti ming of logging 
operati ons and organic matt er inputs and for this reason were higher at Monte 
Morello than Xanthi, where the impact of thinning was lighter.
Soil was a net CH4 sinks, existi ng aerobic conditi ons throughout the year and 
methanotrophy the prevalent process. Aft er thinning CH4 uptake was signifi -
cantly higher under selecti ve treatment compared to that measured both under 
traditi onal and control, unti l two years aft er treatments. N2O fl uxes were char-
acterized by low emissions with seasonal peaks independent of treatments. 
Soil CO2  effl  ux was the largest component of cumulati ve GHG emissions, deter-
mining a mean global warming potenti al of about 20 t CO2 eq ha-1 y-1. Although 
its large global warming potenti al (GWP), N2O contributi on to GWP was about 
131 Kg CO2eq ha-1 y-1. The contributi on of CH4-CO2 equivalent to total GWP 
showed a clear and signifi cant CH4 sink behavior under selecti ve treatment (36 
Kg ha-1 y-1 on average). Overall, GWP followed CO2 trend, which was the main 
contributor, with a short-term increase and without signifi cant diff erences due 

Figure 16. Variati on of organic C two years aft er thinning in Control, Tradi-
ti onal and Selecti ve plots. Results from 0-10 and 10-30 cm soil depth are 
reported.
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Figure 17. Eff ects of thinnings on CO2 and CH4 fl uxes (above) e conceptual sche-
me of bioti c and abioti c driving variables (below) 

to thinning aft er two years. 
The eff ect of thinning treatments on GHG exchanges was mediated by abioti c 
(temperature and moisture) and bioti c drivers, mainly C and N content of both 
forest fl oor and mineral soil. Soil temperature resulted the main driving vari-
ables for CO2 effl  ux and CH4 uptake. N2O fl uxes showed a positi ve correlati on 
with soil moisture under wett er climati c conditi ons only. Correlati ons between 
GHG fl uxes and C and N stock of both forest fl oor (F and H fracti ons) and min-
eral soil, especially in the deepest layers, suggest that it should be considered, 
together with environmental variables for accounti ng GHG fl uxes in degraded 
forests. 

6. EFFECTS OF THINNING  -
XANTHI 

6.a Effects on the forest stand
STRUCTURE 
Traditi onal thinning resulted in a moderate intensity. Taking all trees into ac-
count, in the traditi onal thinning 21% of the trees were cut and the basal area 
decreased by 21%. The selecti ve thinning resulted in a higher intensity. 29% 
of all the trees were cut, and the basal area decreased by 40%. Diff erences in 
basal area between thinning types were stati sti cally signifi cant. DBH and height 
distributi ons did not change drasti cally aft er thinning.

Figure 18. Distributi on of trees in DBH classes before thinning (left  graph) and 
aft er (right graph). 

Figure 19. Distributi on of trees in height classes before thinning (left  graph) 
and aft er (right graph).



38 39

Table 6. Main eff ects of thinning on the stand characteristi cs aft er two years 
of treatment.

Figure 20.
Aboveground 
biomass incre-
ment immedi-
ately aft er thin-
ning and 2 years 
aft er thinning.

STABILITY
The applicati on of selecti ve thinning improved the stability of the stands, regar-
ding the slenderness coeffi  cient. Aft er two years from treatment, in selecti ve 
thinning there was a decrease of the unstable trees (trees with a H/DBH > 100) 
by 5.3%, while in traditi onal thinning the decrease was much smaller (0.4%).

6.b Effects on carbon pools
VEGETATION
At stand level - i.e. considering all trees – there was a stati sti cally signifi cant 
increase of aboveground biomass in selecti ve thinning, with control as refe-
rence (p=0.028), aft er two years from treatment. The increase in traditi onal 
thinning was not stati sti cally signifi cant, with control as reference (p=0.190). 
Proporti ons of Figure 20 are the same for the belowground biomass. 

DEADWOOD
Regarding the deadwood volume, results showed that the total volume of 
deadwood was 11.7 m3/ha, concentrated in the lying deadwood componen-
ts (55%), while standing dead trees and stumps represented 7% and 38%, re-
specti vely. Two years aft er thinning there was a decrease of the total deadwo-
od volume of 35% and 36% in the traditi onal thinning and selecti ve thinning, 
respecti vely, with control as reference.
C stock of deadwood of the peri-urban forest of Xanthi is 6.10 tCO2/ha, and it all 
comes from lying deadwood (1.60 tCO2/ha from the fi rst decay class and 4.50 
tCO2/ha from the second decay class).

LITTERFALL
Compared to the unthinned plots, under selecti ve thinning coniferous litt erfall 
fracti on decreased, while deciduous litt erfall fracti on increased, in line with the 
project objecti ve to favor nati ve broadleaved species. 
Thinning basically increased litt er biomass in all horizons immediately aft er 
thinning, except from the H horizon in traditi onal thinning. The highest increa-
se was observed in the L horizon in selecti ve thinning. This eff ect was evident 
in the short term, whereas two years aft er thinning a reducti on of litt er was 
observed (except from the H horizon in traditi onal thinning), which was more 
evident in selecti ve thinning.

Figure 21. Distributi on of deadwood volume by component and decomposi-
ti on class
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SOIL
Soil is a main component of the C cycle, storing two to three ti mes more C than 
the atmosphere. The signifi cant role of the soil in the global C balance depends 
on its potenti al to store C in pools with a slow turnover. Only small fracti ons of 
new C inputs into the soil will become CO2 in the long term, whereas the largest 
fracti on will be respired back to the atmosphere.
The eff ect of thinning on soil carbon stock two years aft er thinning was an in-
crease of 5 % in both traditi onal and selecti ve treatments. Overall, 44.0 and 
47.6 t CO2 per ha per year were sequestered into soil up to 20 cm depth in 
traditi onal and selecti ve thinning, respecti vely.

Figure 24. Variati on of organic C two years aft er thinning in control, traditi onal 
and selecti ve plots. Results from 0-10 and 10-30 cm soil depth are reported

Figure 23. Thinning eff ects on litt er, 2 years aft er thinning

Figure 22. Thinning eff ects on litt er, immediately aft er thinning  depth [0-10] cm

 depth [10-30] cm
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Figure 25. Eff ects of thinning on CO2, CH4 and N2O fl uxes

6.c Effects on greenhouse gas fl uxes
Two years aft er thinning, CO2 fl uxes (74340 ± 2557 kg CO2 per ha per year) con-
tributed signifi cantly to Global Warming Potenti al (GWP) by 99.5%. This can be 
explained by the fact that, despite the large warming potenti al of CH4 and N2O 
(equivalents are 34 and 298 ti mes higher than CO2, respecti vely), CH4-CO2 equi-
valent uptake was able to off set N2O-CO2 equivalent emissions by about 65%, 
resulti ng in a net total of only 0.05%, accounti ng for the largest contributi on of 
CO2 on GWP. Mean GWP from all three GHGs (CO2 + CH4 + N2O) is 74667 ± 2555 
kg CO2eq per ha per year, ranking among treatments in the order control > tra-
diti onal > selecti ve. A comparison of GWP among thinning treatments showed 
that the selecti ve thinning was able to reduce CO2 emissions by 2939 kg CO2eq 
per ha (4%) with control as reference, and by 864 kg CO2eq per ha (2%) with 
traditi onal thinning as reference.
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7. BIOENERGY PRODUCTION
The circular economy is an economic system based on business models which 
replace the ‘end-of-life’ concept with reducing, alternati vely reusing, recycling 
and recovering materials in producti on/distributi on and consumpti on proces-
ses, thus operati ng at the micro-level (products, companies, consumers), me-
so-level (eco-industrial parks) and macro-level (city, region, nati on and beyond). 
The objecti ve of circular economy is to accomplish sustainable development, 
which implies creati ng environmental quality, economic prosperity and social 
equity, to the benefi t of current and future generati ons. 
The forest-wood chain in the Monte Morello study area was analysed taking 
into account the theoreti cal principles of circular bioeconomy paradigm. The-
refore, the study was conducted through two steps so synthesizable: (i) recon-
structi on of raw material fl ows along all phases of the local forest-wood chain; 
(ii) implementati on of circular bioeconomy indicators developed in the present 
study to forest-wood chain.
The raw material fl ow aft er the silvicultural treatments (selecti ve thinning and 
thinning from below) was identi fi ed disti nguishing between forest-wood chain 
phases: (1) felling and harvesti ng; (2) chipping; (3) woodchips and ti mber tran-
sport; (4) energy conversion in heati ng district plant (HDP). This fi rst step of 
the study has the aim to assess the performance of local forest-wood chain to 
provide informati on to forest planners and managers in order to improve the 
forest-wood chain effi  ciency in a circular bioeconomy perspecti ve.
In order to assess the effi  ciency of bioenergy producti on the carbon dioxide 
(CO2) emissions were quanti fi ed during all forest-wood chain phases net of 
avoided CO2 emissions deriving from the energy conversion of the woodchips 
and the consequent non-use of fossil fuels. This aspect is related to the “carbon 
neutrality” concept of bioenergy system in the carbon cycle. In other words, in 
this study the effi  ciency of the producti on process was assessed in term of CO2

emissions taking into account of green economy (an economy based on low CO2

emissions with an effi  cient use of resources and socially inclusive) principles.
In additi on, the rati o between deadwood used for energy purpose and total de-
adwood in forests was considered in the list of circular bioeconomy indicators. 
Therefore, the economic exploitati on of deadwood for bioenergy producti on 
was considered considering the impacts on biodiversity in forest ecosystem. 
In the Monte Morello case study – characterized by a high standing and lying 
deadwood volume – this indicator is suitable to highlight the energy savings 
deriving from the enhancement of deadwood component

Table 7. Process producti vity and CO2 emissions in the forest-wood chain pha-
ses in Monte Morello case study

The results show a positi ve balance concerning the CO2 emissions with special 
regard to the emissions avoided by the use of fossil fuels and the energy enhan-
cement of high amount of deadwood in forest ecosystem. 
The results of this study show a positi ve balance concerning the CO2 emis-
sions-sequestrati on: total carbon dioxide emissions from felling to energy con-
version in HDP phases are 7,2 kgCO2 m

-3, while the CO2 emissions avoided than-
ks to the use of a renewable source instead of fossil fuels are 278 kgCO2 MWh-1.
Considering the enti re producti on process, the CO2 balance for m3 of harvested 
wood is -626 kg CO2 m

-3. In additi on, the results of the present study show a 
fair effi  ciency of forest management as about a third of the deadwood stock in 
the forest has been converted into bioenergy. This considerati on is strictly re-
lated to the amount of deadwood volume in the fi rst decay classes, taking into 
account that the deadwood volume in the last decay classes cannot be used 
for energy purpose. Therefore, the positi ve result of energy enhancement of 
deadwood in the Monte Morello forest is due to the high deadwood volume in 
the fi rst two decay classes. Mechanical instability and the consequent potenti al 
accumulati on of deadwood in the reforestati on of Mediterranean and moun-
tain Apennine conifers is a common conditi on.

Table 8. Comparison between the use of woodchips and fossil fuels, consider-
ing 1,95 kg CO2 emission for m3 of methane and 2,8 kg CO2 emission for litre 
of gasoline.
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8. CARBON SEQUESTRATION 
AND C CREDITS MARKET

8.a Monte Morello
The results of LIFE FoResMit project show that thinning in the degraded black 
pine forests – such as Monte Morello forest – decreases the C-stock and at the 
same ti me increases the C-sequestrati on. The loss of C-stock depends on the 
intensity of thinning that in the Monte Morello case study was between 20% 
and 35% of initi al C-stock.
The C-sequestrati on in the degraded and unmanaged forests (baseline scenario 
of Monte Morello forest) was esti mated in approximately 17 tCO2 ha-1 yr-1 in 
the above- and below-ground biomass and -20 tCO2 ha-1 yr-1 in the soil. Two 
years aft er thinning the C-sequestrati on in Monte Morello forest was esti ma-
ted between 25 e 38 tCO2 ha-1 yr-1, while the balance sequestrati on-emission 
in the soil was between 12 and 18 tCO2 ha-1 yr-1 for the traditi onal and selecti ve 
thinning respecti vely. Thanks to the thinning, the C-sequestrati on in the abo-
ve- and below-ground biomass increased from 47% and 123% compared to the 
baseline scenario. Regarding the soil, the net contributi on between carbon ac-
cumulati on in the fi rst 30 cm of soil and the greenhouse gas (GHG) emissions 
was negati ve in the baseline scenario (source of CO2). The thinning has had the 
eff ect of transforming the forest into a net sink of CO2, fulfi lling its functi on of 
climate change miti gati on.
In order to recover the lost C-stock with thinning and use to bioenergy purpose 
between 3 and 5 years are required. Then, the results of LIFE FoResMit project 
show a positi ve increment of C-stock compared to the baseline scenario (un-
managed forest). 
 Aft er recovering the C-stock, the Monte Morello forest can start generati ng 
economic benefi ts (Carbon Credits) equal to between 16 and 43 € ha-1 yr-1 con-
sidering the current price of 1 CC (approximately 2.1 € for tCO2 - Voluntary 
Carbon Markets Insights 2018).
Finally, the results of LIFE FoResMit project show highlight how thinning in de-
graded forests, while leading to an initi al loss of the C-stock, can generate envi-
ronmental and economic benefi ts in the medium-long term period.

8.b Xanthi forest
The C-sequestrati on in the degraded and unmanaged forests (baseline sce-
nario) was esti mated in approximately 27 tCO2 per ha per year in the above-
ground and belowground biomass and -15 tCO2 per ha per year in the soil. Two 
years aft er thinning the C-sequestrati on in Xanthi peri-urban forest in the abo-
veground and belowground biomass was esti mated between 26 and 21 tCO2

per ha per year, while in the soil was between -3 and -4 tCO2 per ha per year, for 
the traditi onal and selecti ve thinning, respecti vely. The C-sequestrati on in the 
aboveground and belowground biomass is not yet increased, compared to the 
baseline scenario, but it is expected to be in a few years – there is a trend of in-
creased growth rate of the biomass in selecti ve thinning, compared to control, 
which is not yet stati sti cally signifi cant. Regarding the soil, the net contributi on 
between carbon accumulati on in the fi rst 20 cm of soil and the greenhouse 
gas (GHG) emissions was negati ve in all scenarios. Aft er a few more years, it is 
expected that the thinning will have the eff ect of transforming the forest into a 
net sink of CO2, fulfi lling its functi on of climate change miti gati on.

Figure 26. Changes two years aft er thinning in C-sequestrati on considering 
three forest management scenarios in Monte Morello forest
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The LIFE FoResMit project has the aim to identi fy the future sustainable fo-
rest management strategies – from the ecological, economic and social point 
of view – of the Monte Morello forest. In this context, the local community’s 
involvement is considered a priority objecti ve of the LIFE FoResMit project in 
order to defi ne forest management guideline able to consider the diff erent so-
cial needs and requests. For this objecti ve, the local community was involved in 
the decision-making process in three main steps:
Step 1 – Consultati on of benefi ciaries of the forest through questi onnaire sur-
vey
In order to collect the benefi ciaries’ opinions – tourists and hikers – about the 
silvicultural treatments applied (traditi onal and selecti ve thinning) and the fu-
ture forest management strategies, a sample of benefi ciaries (201 tourists and 
hikers) of the Monte Morello forest (e.g., hikers, bikers, pickers) was involved 
in the survey. The benefi ciaries of Monte Morello forest have been identi fi ed 
through a systemati c sampling in the three points with the highest tourist 
fl ow (i.e. parking, refreshment areas). A semi-structured questi onnaire was fa-

9. PARTICIPATORY FOREST 
MANAGEMENT STRATEGIES

ce-to-face administered to the benefi ciaries of Monte Morello forest in order 
to identi fy the main recreati onal acti viti es carried out, the persona opinions 
about the importance of goods and services provided by forest, and their ae-
stheti c-recreati onal preferences to Monte Morello forest landscape aft er the 
two silvicultural treatments. In order to understand the aestheti c-recreati onal 
preferences of respondents a set of photographs of Monte Morello forest land-
scape in three scenarios (baseline, traditi onal thinning and selecti ve thinning 
scenarios) have been shown to the benefi ciaries. The respondents assessed 
the diff erent Monte Morello forest landscapes comparing in pairs the photo-
graphs. The results of consultati on step show a clear preference for some forest 
ecosystem services (i.e. recreati on opportuniti es, biodiversity, climate change 
miti gati on) and for the Monte Morello landscape aft er the selecti ve thinning 
(Figure 1 and 2).
Step 2 – Involvement of organized groups through semi-structured interviews
Thirty-four representati ves of organized groups (public administrati on, environ-
mental NGOs, actors of forest-wood chain, universiti es and research insti tutes) 
were interviewed in order to collect their opinions and preferences about dif-
ferent forest management scenarios to apply to the Monte Morello forest. In 
parti cular, the respondents assigned a priority order to the ecosystem services 
provided by forest using the past, present and future ti me frame. 

Figure 28. Consultati on of benefi ciaries of Monte Morello forest

In additi on, the representati ves of organized groups indicated on the map the 
most important zones in order to enhance ecosystem services (parti cipatory 
mapping). The most important zones highlighted by respondents were aggre-
gated based on the scores assigned in order to identi fy the zones to focus on in 
future forest management interventi ons.

Figure 27. Changes two years aft er thinning in C-sequestrati on considering 
three forest management scenarios in Xanthi peri-urban forest
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Figure 29. Example of photographs of Monte Morello forest 
landscape showed to the benefi ciaries

Step 3 – Public meeti ng with the citi zens
In the last step of local community’s involvement, a public meeti ng was organi-
zed aimed at sharing the results of the LIFE FoResMit oroject and at gathering 
the citi zens’ opinions about future forest management guidelines of Monte 
Morello forest. Eighty-fi ve people – both representati ves of local associati ons 
and individuals – att ended the public meeti ng. During the public meeti ng, new 
contributi ons and opinions were collected in order to defi ne shared forest ma-
nagement strategies using parti cipatory decision-making techniques supported 
by a facilitator. The acti ve involvement of citi zens and local associati ons allowed 
identi fying the most important zones of Monte Morello forest to be developed 
in the future

Figure 30. Importance of ecosystem services provided by Monte Morello 
forest in the past, present and future ti me frame

Figure 31. Most important zones of Monte Morello forest indicated by 
representati ves of organized groups (parti cipatory mapping)

     Picture 1: Un-thinned

      Picture 3: Traditi onal
      thinning

      Picture 2: Selecti ve
      thinning
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✓

Table 9. Impact of selecti ve thinning on ecosystem services  + increase;
 - decrease; = no eff ect

10. CONCLUSIONS AND 
GUIDELINES IN MEDITERRANE-
AN ENVIRONMENT 
Overall, LIFE FoResMit project demonstrated the applicability of thinning tre-
atments based on positi ve selecti on to recover degraded coniferous forests.
Monitoring of eff ects aft er thinning allowed to highlight several driving factors 
related to vegetati on, soil, gas exchanges and citi zen percepti on, refl ecti ng 
ecosystem services provided by forests.

Magnitude and directi ons of these eff ects depend on site-specifi c pedological, 
climati c and vegetati onal factors, but some considerati ons can be drawn regar-
ding general guidelines:

The lack of interventi on in juvenile phase of pine forests may determine 
its degradati on on later stage, which request specifi c interventi on over-
coming current legislati on, always following the principle of hydrogeo-
logical protecti on. 

Pine plasti city allow positi ve response even in later stage when soil fer-
ti lity sustain pine growth, with an even faster recovery in case of harsh 
degradati on. 

Replicability of selecti ve thinning in Mediterranean environment is ef-
fecti ve in pine forest on diff erent types of geological substrates, soil 
types and degradati on degree.

 Selecti ve treatment aff ects the stand structure both in terms of specifi c 
compositi on and favoring the dominant component, thus increasing fo-
rest stability degree and forest longevity.

The initi al stand structure determines which species favor with selecti ve 
thinning: in case of natural vegetati on, such as Q. Cerris, its presence 
should be favored in order to increase forest resilience.

The initi al loss of C stck in aboveground biomass is recovered in few years 
because of the larger increment, faster in case of stronger degradati on. 

Deadwood amount and its distributi on in decompositi on classes  de-
termine the possibility of its use for bioenergy producti on: in case of 
deadwood > 50 m3 ha-1 the fi rst 2 decompositi on classes can be used 
without compromise ecosystem biodiversity.

The initi al carbon content in soil determines its sequestrati on capaci-
ty: soils with a low organic matt er content may experience much larger 
increase of carbon in the short term. This eff ect may be transient and 
disappear aft er few years.

Fine residues (< 4.5 cm diameter) management has a large impact on 
carbon cycle in soil, determining a short term increase of C input and 
CO2 emissions. Chipping fi ne residues may favor C losses.

✓

✓

✓

✓

✓

✓

✓

✓
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✓

✓

✓

✓

Thinning implementation method may affect C cycling: heavy machinery 
and prolonged operations influence CO2 emissions, with an increase 
proportional to intensity. 

Using wood as bioenergy is an effective choice in case of low wood qua-
lity unable to provide other uses.

The forest proximity to urban areas makes important the local commu-
nity’s involvement in silvicultural operations through a partecipatory 
process, to consider the different social needs and requests

Overall, advantages of selective thinning cover several ecosystem servi-
ces and are not exclusive of C sequestration recovery.
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