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The international climate change adaptation strategies provide the opportunity to account for carbon sinks in forests 
through the Kyoto Protocol. Globally, forests and wood products are considered important carbon sinks. Harvested 
Wood Products (HWPs) are receiving growing attention, considering their potentialities to be included in national 
Greenhouse Gas Inventories with practical and economic implications for both carbon accounting and timber 
market. In Italy, understanding the contribution of HWPs to the total carbon budget may have a positive role to 
further improve forest management and planning approaches, as well as the timber production (i.e. wood-energy 
chain), specifically oriented to the climate change mitigation and ecosystem adaptation. This work aims to deeper 
assess the main barriers and drivers for the HWPs implementation within the carbon accounting framework in 
Italy. After a preliminary survey on how climate adaptation policies are currently implemented at global and 
national scale, this work specifically addresses the most important opportunities to include the HWPs in carbon 
accounting for the forestry sector at landscape scales. Finally, this work mainly outlines the following challenges for 
including HWPs in forest management and planning processes at local scale: (i) improving the assessment of forest 
carbon budget in different pools through using proper simulation tools, and environmental impact analysis; (ii) 
further developing robust policies and regulations that make the carbon accounting approach more explicit and 
economically relevant; and (iii) implementing adaptive approaches to effectively consider climate change mitigation 
strategies in decision-making processes at landscape scale. 
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1. INTRODUCTION 
 

The capacity of forest ecosystems to face global changes, through e.g., reduc-
ing the atmospheric concentrations of greenhouse gases (GHGs), has a central 
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role in international climate negotiations (Barbati et al., 2014). In fact, forest eco-
systems are able to absorb atmospheric carbon and accumulate it for relatively 
long periods, in both above- and below- ground biomass, deadwood, and soil 
(Lindner et al., 2010; Pan et al., 2011; Kolström et al., 2011). According to the 
2010 Global Forest Resources Assessment carried out by FAO (FAO, 2010), 
forests cover 31% of total land area; these lands offer a global contribution in 
terms of carbon stocks of about 527 billion m3 C and absorb annually approxi-
mately 1.6 Gt C in woody biomass, soil and litter. In addition, the wood products 
obtainable with the forest utilization can retain a considerable amount of carbon 
for the duration of their life cycle (Kosir, 1999; Hillier and Murphy, 2000). Several 
studies demonstrate that they have a key role in the overall carbon budget, and 
climate mitigation options (Pingoud et al., 1996; Flugsrud et al., 2001; Poker et al., 
2002; Dias et al., 2005; Hofer et al., 2007; Canals Revilla; 2010, Pan et al., 2011).  
 
1.1. The Kyoto Protocol and the international carbon policy until Paris 2015 

The most important agreement for the environmental protection worldwide 
is the Kyoto Protocol (KP) (Pettenella and Zanchi, 2006; Colletti 2012). KP was 
approved in 1997 with the main aim to reduce the GHGs emissions, in compar-
ison with a common reference year. Through several meetings and the Confer-
ence of the Parties (COP), KP was implemented and the adoption of new com-
mitments promoted. The recent agreement still ongoing for a second Commit-
ment Period (CP; 2013-2020) was prepared during the COP17 in Durban in 
2011. COP17 makes mandatory for all developed and developing countries the 
reduction of their emissions through implementing effective policies and adap-
tation measures in forest management, and as a consequence by rewarding those 
countries that increase forest carbon sequestration capacity (Perugini et al., 2012, 
UNFCCC, 2011 a,b,c). Other important changes concerned the method of cred-
its counting generated by forest management and in particular the inclusion in 
the count of the carbon stored in Harvested Wood Products (HWPs). 

COP17 was interpreted as a transition scenario to the new international 
climate agreement, which was planned to be adopted at the COP21 in Paris in 
2015 and entered into force in 2020 (Byrne and Maslin, 2015). The success of 
the outcomes from COP21 will depend crucially on the participation of the 
world’s major economies, including the United States. A major weakness of 
KP has been its limited coverage (in terms of signatory countries), due both to 
the unwillingness of the United States to become a party and to the protocol’s 
lack of new mitigation commitments for developing countries, which now 
account for the majority of global emissions from GHGs (Bodansky, 2015). 
Promising signs come from the joint announcement by the USA and China in 
Beijing in November 2014 to effectively take part to the climate change 
mitigation mandate. The Clean Power Plan for the USA announced by Barack 
Obama on August 3, 2015 and the recent decision of the European Council 
reaffirmed their commitment to domestic action on emissions. Considering 
that USA and China together account for around half of global emissions, 
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these decisions are important and substantive steps towards a more effective 
agreement in Paris in 2015, in comparison with the previous ones (Stern, 2014).  

The EU has consistently pursued a global climate treaty and assumed a leader-
ship role. This has strongly promoted the policy of engagement against climate 
negative effects, through developing a set of operational tools, such as e.g., the 
European Union’s Emission Trading System (EU-ETS) (2003/87/EC) (Ronchi 
et al., 2012). For the second CP, EU is committed to reduce its emissions by 2020 
by at least 20% in comparison with 1990 levels, to increase to 20% the share of 
renewable energy in EU’s gross final energy, and to save 20% of the EU’s energy 
consumption through increasing the energy efficiency (European Council, 2009). 
To achieve these objectives, specific policies about the effective and sustainable 
use of resources are needful in Europe, and particularly for the forestry sector, to 
which a leading role in this context is attributed (Bucella, 2014). Accordingly, the 
new EU Forestry Strategy [(COM(2013) 659; SWD(2013) 343] supports the con-
cept of the “cascade use” of wood (Ciccarese et al., 2015).  

The “cascade-use” of wood principle implies the use of wood material 
according to a priority based on the added value that can be potentially 
generated. As a consequence, raw material from forests should be preferably 
used for building, furniture and other products with long life span, while 
bioenergy should preferably derive from the use of waste wood, wood residues 
or recycled products (European Parliament, 2013).  

 
1.2. C storage in wood products 

To mitigate climate change, global forest ecosystems represent a key solution 
(Chakravarty et al., 2015).  

Wood products can be considered a valid tool for extending the storage of 
the forest C sink, as its role has been recognized only recently by KP. In the first 
CP (2008-2012), forest harvesting was treated as an instantaneous emission of 
carbon dioxide, and the carbon stock effect of HWPs ignored (Chakravarty et 
al., 2015). In practice, wood-based materials may emit C over a long time frame 
(Pilli et al., 2015). For this reason, for the second CP (2013-2020), the accounting 
rules have been changed to include explicitly C stock changes in the HWPs pool 
(UNFCC, 2011a). However, the next commitment period from 2013 will be 
important for wood products, the carbon stock changes resulting from HWPs 
will be taken into account in the national inventories of GHGs (Tonosaki, 2009, 
Chakravarty et al., 2015).  

HWPs refer to the wood material that leaves the harvest area, and is used for 
producing commodities like furniture, doors, flooring, packaging, paper prod-
ucts, or others (Canals Revilla et al., 2014). HWPs behave as temporal storage of 
C, because they lock the carbon from the wood of the forest, delaying its emission 
to the atmosphere depending on its lifetime and the decay process of the product 
(UNECE/FAO, 2008; Bowyer et al., 2010).  

Nevertheless, actions increasing the HWPs contribution need to be evaluated 
as a part of life-cycle evaluation that include wood-related carbon change in the 
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forest, energy, and manufacturing sectors (Skog, 2008). As a consequence, we 
need to search for proper solution that increase the sum of carbon offsets by 
forests, such as e.g., (i) the substitution of manufactured materials (for example 
steel and alloys) by wood (decreasing emissions of CO2, presence of pollutants 
and waste during the whole product life cycle; Petersen and Solberg 2005; Gus-
tavsson et al., 2006), and (ii) the substitution of fossil fuels by combustion of 
woody biomass that is not usable for wood products or from the combustion of 
wood waste (Marland and Schlamadinger, 1997). Although these examples show 
that the expanding use of HWPs can contribute to increase the carbon sinks and 
minimizing carbon emissions, questions still remain on how HWPs can be in-
cluded in carbon accounting approaches (methods) to make adaptive measures 
more effective in the future from European to national scale (Tijardović , 2009). 
A key question is how to develop policy or market incentives to optimize this 
carbon offset additional contribution from forest resources. To study ways to 
optimize the sum of carbon offsets, the countries have to clarify their manage-
ment goals and constraints (Skog, 2008). 
 
1.3. HWPs in the carbon accounting: gaps and limitations  

Efforts to recognize C storage in HWPs within international protocols have 
been ongoing for the past several years (Bowyer et al., 2010). However, there is 
still no agreement regarding the potentialities for HWPs to be a more significant 
part of climate change mitigation options (Ingerson, 2011). Unfortunately, cur-
rently available C accounting approaches are difficult to be incorporated into 
national climate negotiations, mainly for technical reasons, regarding e.g., (i) how 
to assign carbon credits among countries, and to manage them at national scale; 
(ii) how to identify both emitting and mitigating countries; and (iii) how HWPs 
are used for carbon accounting. Considering the latter limitation, could the in-
clusion of HWPs in carbon accounting frameworks lead to more forest harvest-
ing? Could the longevity of stored C in discarded products within landfills en-
courage waste and discourage durability and recycling? These questions may ex-
plain part of the reticence in dealing with the stored carbon issue (Bowyer et al., 
2008). In addition, understanding the opportunity for C storage in wood prod-
ucts still remains a difficult task, due to a complex reality of competing industries, 
and conflicting national agendas (Bowyer et al., 2008). In fact, the national GHGs 
inventories reporting also the C stored in HWPs are inadequate to identify ef-
fective policy actions towards decreasing the emissions. One reason is that they 
do not identify the effect of changes in one element (e.g., HW carbon) on other 
elements like forest carbon stocks or emissions from energy and waste sectors 
(Ingerson, 2011).  

Furthermore, the national account of HWPs still requires more detailed 
information. In this way, the IPCC Guidelines for National Greenhouse Gas 
Inventories (IPCC, 2006) provides three calculation methods (stock-change 
approach, production approach, and atmospheric-flow approach; Nabuurs et al., 
2003; Tonosaki, 2009). Countries can use these estimates to report the annual 
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contribution that HWPs make (Skog, 2008; Kloehn and Ciccarese, 2005, 
Pingoud et al., 2006). The count should be made on the basis of the changes of 
carbon in wood products segment during the CP, through estimating each 
product category, and using the decay rates, as suggested by the IPCC Guidelines 
2006 (equation 12.1 in IPCC, 2006) with the possibility, in case of lack of national 
data specific, to use a half-life of default of 2 years for the paper, 25 and 35 years 
for the panels and the sawn timber, respectively (Perugini et al., 2012). These 
times refer to the number of years in correspondence of which assumes a loss 
of product equal to half of the initial one. However, incorporating HW carbon 
as a pool in forestry offset projects introduces technical complications that must 
be addressed to ensure accurate accounting and conservative crediting 
(Anonymous, 2006). 
 
 
2. NATIONAL POLICIES 

2.1. The implementation of KP in Italy 

Italy ratified the KP with Law 1st June 2002, n. 120 (Ciccarese et al., 2006). 
CIPE Resolution No. 123/2002 approved the National Plan for the reduction 
of GHGs emissions, a reference document for the implementation of the 
Kyoto Protocol. In this plan, particular attention is given to the agro-forestry 
sector and its potential contribution to the achievement of the national targets 
of reducing GHGs emissions (COP 12, Nairobi 2006). The reference levels for 
Italy correspond to a total of 465 Mt CO2 emissions (ISPRA, 2014), assuming 
business-as-usual conditions for the second CP equal to -22.16 Mt CO2 emis-
sions. These levels are defined on the basis of projections simulating an inten-
sification of forest exploitation of 20%, which is expected to decrease the C 
sink of 30%. Moreover, the target set for Italy to improve the use of renewable 
energy corresponds to 17%, in agreement with the European Climate-Energy 
Packages (EC, 2009a; EC, 2009b; Perugini et al., 2012). The Italian forestry 
sector is expected to have a double role in this context. On one hand, future 
management practices have to increase carbon storage capacity in comparison 
with the current one. On the other hand, other future adaptive policy measures 
have to be implemented for supporting the production of renewable energy 
from biomass, in the frame of the EU Climate-Energy Packages (EC 2009a, 
EC 2009b, Perugini et al., 2012). 
 
2.2. Wood storage policies and the anomalies of national system 

KP recognized forests as important ecosystems regulating the global carbon 
cycle and the GHGs atmospheric concentrations (Ciccarese, 2008; IPCC, 2014). 
Italian forests can play an important role as both sinks and sources of CO2, con-
sidering their average potential of carbon absorption of approximately 15 Mt 
CO2 year-1 (ISPRA, 2014).  
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2.2.1. Forest policy and management contexts 
According to the above-mentioned issues, forest management in Italy can 

have a significant influence on the ability of forest ecosystems to remove carbon 
from the atmosphere, and as a consequence to improve forest ecosystem resili-
ence and stability (Magnani and Matteucci, 2009).  

In particular, the accounting of carbon storage in HWPs may have positive 
implications for forest management, and production chain (Aulí, 2002; Hansen, 
2006; Voces et al., 2008), especially for the Italian wood industry sector (Winjum 
et al., 1998; Hashimoto et al., 2002; Pingoud et al., 2003; Kloehn and Ciccarese, 
2005). Since 20s, the national forest area has more than tripled, bringing Italy to 
have a forest area index higher than in Germany and France (Gasparini and 
Tabacchi, 2011; Pettenella, 2009). In the last three years, the consumption of 
wood in Italy has increased of approximately 16% (Gardino, 2001). Although 
the significant and growing uses of wood, the Italian forests are used in a limited 
way (Jaegers et al., 2013). Only one-third of annual increment of high forests is 
used, especially for the production of firewood (Romano et al., 2014). This seems 
to be in conflict with the cascade principle promoted by the EU that biomass 
for energy should come from the reuse of products at the end of cycle and pro-
duction waste (Pettenella and Romano, 2015), even considering that most of the 
domestic supply of raw material currently depends on foreign markets (Berti et 
al., 2009). The Italian forests that can potentially be used to produce wood for 
building are ageing, abandoned, or poorly managed and valued (Pettenella, 
2009). These difficulties require that a scientifically sound strategy and a locally-
tailored sustainable management should be implemented, as in the case of the 
adaptive forest management that reconciles environmental protection with local 
development (e.g. Borghetti, 2012). From the owner/entrepreneur point of 
view, the forest sustainability is related to the possibility to obtain higher incomes 
from forest goods and services, which in turn could be invested to enhance fu-
ture productivity. However, the implementation of sustainable forest manage-
ment measures is influenced by the availability of suitable programming tools 
and incentives.  

Italy has some difficulties to implement these measures. In Italy, there is a 
strong regime of regulations and restrictive political system to control and man-
age the resources produced or marketed (Pettenella et al., 2005). Moreover, so 
far, several national and local policies did not promote a market structure ensur-
ing a constant flow of raw materials from forest ecosystems to local communi-
ties. Even for the valuable and suitable size timber species, the forest owners are 
still not able to place such materials on the market. The lack of an adequate 
distribution network or collection points recognized by potential buyers actually 
prevents to supply on an ongoing basis our industries. 

This approach discourages the investments that, on the contrary, are neces-
sary to ensure the constancy of income over time. This has a direct impact on 
the land abandonment and the absence of active forest management, as well as 
originates an increasing erosion of forest ecosystem services (Berti et al., 2009).  
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National government and business leaders can contribute to develop and pro-
mote processes that encourage and create incentives for the use of more wood 
products and the increasing of the market share of wood products. Some strategies 
and policy actions should regard: (i) the maximization of the achievable wood in-
crement; and (ii) a further development of the wood products market, through 
promoting technical innovation and coherent policies encouraging the use of 
wood for buildings, or long-lived wood products manufactured using the timber 
harvested. These products may be recycled at the end of their lifetime and, finally, 
(end-) used to generate energy (Chakravarty et al., 2015). These objectives can only 
be achieved by using all available “policy tools” (Berti et al., 2009). 
 
2.2.2. Wood chain and C accounting 

Wood chain in Italy is considered unattractive by the industry, because the 
harvesting costs are always higher, according to possible revenues (Hippoliti, 
2007). The lack of integration between domestic forest activities and the wood 
working industry is therefore one of the basic problem and, at the same time, 
one of the main challenges for the Italian forestry sector (Pettenella et al., 2005). 
The harvesting systems and the limited organizational capacity of forest contrac-
tors are not sufficiently optimized (Berti et al., 2009). This generates a loss of 
professionalism linked to the protection of land and opportunities for employ-
ment and entrepreneurship for many inland areas.  

Furthermore, there is no standardized procedure for calculating the amount 
of wood potentially available for industrial production (Baskent and Keles, 2005; 
Kurttila, 2001) or energy purposes (Fiorese and Guariso, 2010; Gómez et al., 
2010; Sacchelli et al., 2013; Tenerelli and Carver, 2012). The combination of the 
above-reported factors does not allow having accurate estimates of carbon fluxes 
useful for reporting to KP, as well as those related to the different forms of forest 
management. In fact, a method for accounting for carbon credits on a national 
level has not defined yet. In addition, the Italian forestry sector is cut off from any 
incentive instrument of targeted absorption of CO2. At national level, the devel-
opment of payment mechanisms for environmental services is still a long way 
from being adopted (Berti et al., 2009). 

Nevertheless, the awareness that we have significant forest resources is ex-
pected to inspire industry operators towards identifying suitable strategies for the 
promotion of local timber markets. This aspect, in conjunction with the greater 
communication and comparison among the different public and private actors in 
order to identify shared lines of development and investment to focus future ef-
forts, will allow a legitimate recovery of production activity (Berti et al., 2009).  

The Voluntary Carbon Market is a line of development to invest for local gov-
ernments, companies, and forest managers. This makes the principle that “who 
provides an environmental service is paid”. In this way, forest managers (who pro-
vide several environmental services) can receive incomes from the sale of carbon 
credits obtained through their activities such as e.g., forest plantations, or the 
adoption of specific forestry techniques in the frame of sustainable forestry. 
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The Voluntary Carbon Market is therefore a great opportunity in the entre-
preneurially sense and for promoting the land conservation, the sustainable man-
agement of forest ecosystems, and the production of incomes in marginal areas 
(Romano, 2010). 

In addition, there is the interest of both farmers and foresters, and other land 
managers to diversify incomes through the establishment of tree plantations, ac-
cording to the Common Agricultural Policies reform and the Rural Develop-
ment Programme (RDP) post-2014 (Ciccarese, 2011). 

In this way, the national policy should force the development of Voluntary 
agreements that can formally contribute to the commitments under KP. 

 
 

3. POTENTIALS FOR FOREST PLANNING AND MANAGEMENT AT LOCAL SCALE 
 

Given the above considerations, the adaptation to climate change goes 
throughout a rethinking of forestry policies. Accordingly, the local scale seems to 
be suitable for implementing climate policies in an easier way. Forest management 
is immediate and one of the most effective methods to curb the rate of increase 
in CO2 in atmosphere, reorganization of the short wood chain and consequently 
less dependence on imports (Berti et al., 2009). The local forest owners have the 
potential to manage the present and future forest C sequestration for different 
purposes, such as conservation, storage and substitution. The goal of conservation 
is to preserve the existing C pools in forests as much as possible in order to protect 
forests in natural reserves and control the impact of other anthropogenic disturb-
ances. The goal of management for storage purposes is to increase the C seques-
tration in forest ecosystem through e.g., increasing the area of natural forest plan-
tations or durable wood products. The substitution management aims at increas-
ing the transfer of forest biomass C into products that can replace fossil fuel-based 
products (Brown et al., 1996). Selecting and integrating these management ap-
proaches according to the characteristics of the territory, the forest and the eco-
system services provided, refer to realize adaptive and sustainable forest manage-
ment. The implementation of sustainable forest management means higher costs 
for forest owners (Europe, Forest Resolution H1, 1993). In order to support the 
forestry sector, Regional Administrations could develop several initiatives to raise 
the forest-wood chain (D’Orlando et al., 2009). 

To support the forest-wood chain in the 2014-2020 period, RDP (Matthews, 
2011) will provide specific support to forest managers for environmental ser-
vices, even for developing wood-based energy supply chains (Cesaro et al., 2013). 
During the RDP preparatory phase, regional and other local administrations had 
the opportunity to allocate resources and identify concrete actions to set up a 
real “forest-wood system”, thus contributing to the climate change mitigation. 
Other developmental instruments providing financial envelope for this kind of 
actions are the European Regional Development Fund (ERDF), the European 
Social Fund (ESF), and the “Supply Chain Contracts” promoted by the Ministry 
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of Agriculture and Forestry (Ministero delle Politiche Agricole, Alimentari e Forestali - 
MIPAAF) (Agro-energy Plan for Molise region, 2010). Moreover, modelling 
techniques and simulation tools (e.g., decision support systems for sustainable 
forest management) should be adopted to effectively support adaptive manage-
ment strategies and wood supply chain from local to a broader scale (see e.g., 
Segura et al., 2014).  

In order to enable the recognition of wood products from the contribution 
of local level and improve the understanding on C stored in wood products, 
accurate and robust approaches have been developed. Scientific tools that pro-
vide the basic information must be adopted (Chakravarty et al., 2015). Accord-
ingly, it is necessary to have scientific recognised methods to be used to calculate 
the amount of CO2 fixed  (AA.VV., 2008). This is also useful to develop a vol-
untary C credit market. For example, CO2FIX is a stand-level simulation model 
that quantifies the C stocks and fluxes in and between the different biomass 
compartments (Schelhaas et al., 2004). This tool is very easy-to-use, in terms of 
input parameters required, and harvesting activities to be set up (Masera et al., 
2003). The adoption of the CO2FIX model would overcome the problem of C 
credits accounting, thus quantifying the C flow variations according to different 
Forest Management activities. The use of the model would provide a detailed 
information base, seen as a starting point to develop management and planning 
strategies appropriate to reinforce the wood supply chain and contribute to face 
climate change. Strengthening the supply chain may improve the knowledge 
about how much resource is available and less dependent on wood imports. This 
is demonstrated by Scarfò e Mercurio (2009) in a beech forest in Southern Italy, 
Cattoi et al. (2002) in Trentino, and ISPRA in 2011 (Ciccarese et al., 2011) in the 
Acerno municipality. These studies also provided indications to local policy mak-
ers about forest carbon storage and how changes in forest management deci-
sions modify the carbon content across space and time.  

In this context, the introduction of mechanisms for assessing the sustainabil-
ity of a process or a product such as certification or Life Cycle Assessment (LCA) 
is important to increase the value of products and services and communicate to 
consumers the importance and complexity of the sector (Cappellaro and Scalbi, 
2011). For example, LCA is the most reliable methodology for evidencing and 
analysing the environmental impacts along the detailed life cycle for wood prod-
uct, productive process and wood chain to supply (ISO 14040, 2006; ISO 14044, 
2006; Baumman and Tillman, 2004). LCA is also useful to identify key critical 
elements and best practices that can be implemented (Mirabella et al., 2014) and 
information about the net impact on atmospheric GHGs concentration. If applied 
to the product, LCA can be used to assess the substitution effect of using wood 
in place of other more fossil fuel intensive material (Lippke et al., 2010; Pingoud et 
al., 2010; Ingerson, 2011), in order to unravel the most suitable environmental 
profiles that the increased use of wood may have if compared to products from 
other materials with the same function has (e.g. Werner and Richter, 2007; Glover 
et al., 2002). These valuations may be taken as a guide for planning and support 
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the implementation of policies at local and regional level. In addition, LCA has the 
advantage to identify several action plans and related achievable targets. This 
makes it a great tool for policy-makers (Iraldo and Testa, 2014).  

An important phase in all these process is the continue dialogue between, as 
well as the crucial role of the professional associations, the institutions, the or-
ganizations and the agencies, as well as the universities, which are specifically 
called to impart more scientific teachings, training and guidelines. In addition, 
the activation of Local Action Groups (LAG) is important for disseminating the 
effective opportunity that the wood forestry sector offers, both for the anima-
tion of companies and interest groups in the area ( Agro-energy Plan for Molise 
region, 2010). The research and development projects that can arise from these 
collaborations create opportunities and new perspectives for forest owners 
(D’orlando et al., 2009).  

 
 

4. CONCLUSIONS 
 

It is clear that forest policies are strongly influenced by many agreements and 
commitments, as carried out both at global and national level, in Italy (Cesaro, 
2010). The opportunity of the new global climate agreement forces the Italian 
forestry sector to update the related national policy and gives finally the priority 
to the development of an important resource for Italy, such as e.g., the wood-
related benefit. In fact, as previously stated, the Italian forestry sector has a stra-
tegic potential for climate change mitigation policies.  

This implies the adoption of specific measures in forest planning and manage-
ment, with the primary purpose to meet the requirements of climate adaptation 
strategies. If properly managed and maintained, in terms of their resilience and 
adaptation, forest ecosystems in Italy can represent not only natural carbon reser-
voirs, but also fundamental basins for the investments in the related productive 
sector. In this way, the socio-economic development, and the maintenance of eco-
logical features, are guaranteed, especially in rural and marginal areas. 

Obviously, a landscape scale approach makes the land protection, the policies 
for climate mitigation, and the industry revitalization easier. Close cooperation 
between forest technicians and universities should be the basis for technical, sci-
entific and programme activities. Moreover, the use of technical support, such 
as e.g., the land modelling at local scale, is a great opportunity to reach specific 
programmatic action. It is useful to have a specific trend in land use, or land 
technically and actually available for C conservation and sequestration projects; 
possible interventions and their direct and indirect effects on future land uses 
and key barriers that may be encountered in attempting to implement forestry 
options for mitigation. 

This will provide to local policy makers the necessary knowledge about the 
opportunities related to carbon stock of their forests, in order to integrate the 
carbon fixation component in the management objectives and as a consequence 
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to “internalize”, with an economic benefit, the ecosystem services that local for-
ests provide for climate change mitigation. 
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RIASSUNTO 
 

Il sequestro di carbonio nei prodotti legnosi: conseguenze per la contabilità a scala nazionale e locale in Italia 
 

Le strategie internazionali di adattamento ai cambiamenti climatici forniscono l’opportunità di 
contabilizzare i serbatoi forestali di carbonio, al momento ancora attraverso il Protocollo di Kyoto. 
Su scala globale, i boschi e i prodotti forestali legnosi sono considerati importanti serbatoi di car-
bonio. I prodotti forestali legnosi (Harvested Wood Products, HWPs) ricevono attenzione e sono in-
seriti negli Inventari Nazionali dei Gas Effetto-Serra, con conseguenze pratiche ed economiche 
anche per il mercato del legno. In Italia, comprendere il contributo degli HWP al budget locale del 
carbonio potrebbe avere un ruolo positivo per migliorare ulteriormente gli approcci alla gestione e 
pianificazione forestali, in particolare per la filiera legno-energia, orientando le scelte verso la miti-
gazione dei cambiamenti e l’adattamento ecosistemico. Questo lavoro si propone di valutare in 
modo più approfondito i principali drivers e le limitazioni per l’adozione degli HWP all’interno dei 
meccanismi di contabilità del carbonio in Italia. Dopo uno studio preliminare su come le politiche 
di adattamento ai cambiamenti climatici sono attualmente adottate sia a scala globale che nazionale, 
si descrivono le opportunità per il settore forestale nazionale. Infine, le seguenti sfide per la gestione 
e la pianificazione forestali nell’integrare gli HWP sono ampiamente descritte: (i) migliorare la va-
lutazione del bilancio forestale del carbonio nei diversi serbatoi mediante l’uso di adeguati strumenti 
di simulazione, nonché l’analisi dell’impatto ambientale; (ii) sviluppare forti politiche e regolamen-
tazioni che rendano il conteggio del carbonio più esplicito ed economicamente rilevante; (iii) adot-
tare approcci adattivi per tener conto in modo più efficace delle strategie di mitigazione dei cam-
biamenti climatici nei processi decisionali a scala di paesaggio. 
 

REFERENCES 
 

AA.VV., 2008 - Programma Quadro per il Settore Forestale. Mipaaf, Mattm, Cfs, Inea, Ismea, Confe-
renza Stato-Regioni. Roma, 130 p. 

Agro-energy Plan for Molise Region, 2010 - Documento Propedeutico al Piano Agrienergetico della Re-
gione Molise prodotto nell’ambito del progetto di ricerca “Valutazione del potenziale bioenergetico della Re-
gione Molise”. Regione Molise. Assessorato Agricoltura Foreste e Pesca Produttiva, 225 p. 

Anonymous, 2006 - International Standard ISO 14064-2. First edition. Greenhouse gases. Part 2. Speci-
fication with guidance at the project level for quantification monitoring and reporting of green-
house gas emission reductions or removal enhancements. International Standards Organization. 

Aulí E., 2002 - Integración de los factores ambientales en las estrategias empresariales. Boletín Económico 
del ICE 800: 139-148. 

Barbati A., Ferrari B., Alivernini A., Quatrini A., Merlini P., Puletti N., Corona P., 2014 - Si-
stemi forestali e sequestro del carbonio in Italia. L’Italia Forestale e Montana, 69 (4): 205-212.  
http://dx.doi.org/10.4129/ifm.2014.4.01 

Baskent E.Z., Keles S., 2005 - Spatial forest planning: A review. Ecological Modelling, 188 (2): 145-173. 
http://dx.doi.org/10.1016/j.ecolmodel.2005.01.059 

Baumman H., Tillman A.M., 2004 - The hitch hiker’s guide to LCA. An orientation in life cycle assessment 
methodology and application.  Studentlitteratur, Lund, 142 p. 



268 A. PERONE ET AL. IFM LXX – 4/2015 
 

Berti S., Brun F., Corona P., Pettenella D., 2009 - Produzioni forestali: considerazioni generali in una 
prospettiva di sostenibilità e di organizzazione del mercato. Terzo Congresso Nazionale di Selvicol-
tura. Accademia Italiana di Scienze Forestali, Ministero delle Politiche Agricole, Alimentari e 
Forestali, Corpo Forestale dello Stato, Ministero dell’Ambiente, della Tutela del Territorio e 
del Mare, Regione Siciliana, Firenze, p. 711-716.  

Bodansky D., 2015 - Legal options for us acceptance of a new climate change agreement. Centre for Climate 
and Energy solution, 30 p. 

Borghetti M., 2012 - Basic principles, mosaic of knowledges and adaptive silviculture. Italian Society of Silvi-
culture and Forest Ecology (SISEF), 9 (1): 166-169. http://dx.doi.org/10.3832/efor0699-009 

Bowyer J., Bratkovich S., Howe J., Fernholz K., 2010 - Recognition of carbon storage in harvested wood 
products: a post-Copenhagen uptade. 

Bowyer J., Bratkovich S., Lindberg A., Fernholz K., 2008 - Wood Products and Carbon Protocols: 
Carbon Storage and Low Energy Intensity Should be Considered. Dovetail Partners, Inc, 12 p. 

Brown S., Sathaye J., Cannell M., Kauppi P.E., 1996 - Management of forests for mitigation of greenhouse 
gas emissions. In: Climate Change 1995 - Impacts, Adaptations and Mitigation of Climate Change: 
Scientific-Technical Analyses. Watson R.T., Zinyowera M.C., Moss R.H., Dokken D.J. (eds.), 
Contribution of Working Group II to the Second Assessment Report of the Intergovernmental 
Panel on Climate Change, Cambridge University Press, Cambridge, UK, p. 773-797. 

Bucella P., 2014 - L’importanza della multifunzionalità delle foreste in Europa. Italian Journal of Forest 
and Mountain Environments, 69 (3): 161-171.  

Byrne A., Maslin M., 2015 - Negotiating failure: understanding the geopolitics of climate change.The Geo-
graphical Journal. In: The History of Global Climate Change Governance. By Gupta J. Cam-
bridge: Cambridge University Press, 264 p. 

Canals Revilla G.G., 2010 - Análisis comparado y evaluación de la cantidad de carbono secuestrado por el 
sector de los tableros en Espa-a bajo el marco contextual del protocolo de Kioto. Doctoral thesis. Univer-
sidad de Vigo, Spain. 

Canals Revilla G.G., Gutierrez del Olmo E.V., Picos Martin J., Voces Gonzalez R., 2014 - Carbon 
storage in HWPS. Accounting for Spanish particleboard and fiberboard. Forest Systems, 23(2): 225-
235. http://dx.doi.org/10.5424/fs/2014232-04046 

Cappellaro F., Scalbi S., 2011 - La rete italiana LCA: prospettive e sviluppi del life cycle assessment in 
Italia. ENEA - Agenzia nazionale per le nuove tecnologie, l’energia e lo sviluppo economico 
sostenibile, Roma. 

Cattoi S., Ciccarese L., Pettenella D., Zanolini Z., 2002 - Gli investimenti nel settore forestale in attua-
zione del protocollo di Kyoto: una possibilità di valorizzazione economica dei boschi italiani? Monti e Bo-
schi, 53 (5): 12-17. 

Cesaro L., 2010 - I cambiamenti in itinere dei programmi di sviluppo rurale per contrastare i cambiamenti 
climatici. Agriregionieuropa, 6 (21): 31-34. 

Cesaro L., Romano R., Zumpano C., 2013 - Foreste e politiche di sviluppo rurale, stato dell’arte, oppor-
tunità mancate e prospettive strategiche. Studi e Ricerche Inea, Roma, 128 p. 

Chakravarty S., Puri A., Pala N. A., Shukla G., 2015 - Mitigate Climate Change and Use Processed or Value-
Added Harvested Wood Products. In: Value Addition of Horticultural Crops: Recent Trends and Fu-
ture Directions. Springer India, p. 245-267. http://dx.doi.org/10.1007/978-81-322-2262-0_14 

Ciccarese L., 2008 - Foreste e politiche di mitigazione dei cambiamenti climatici: quali opportunità di mercato 
per i proprietari forestali?. Istituto Superiore per la Protezione e la Ricerca Ambientale, Diparti-
mento Difesa della Natura, Roma. In: Atti del Terzo Congresso Nazionale di Selvicoltura. 
Taormina (ME), p 16-19. 

Ciccarese L. 2011 - Il calcolo della CO2 emessa e fissata. Gli accordi volontari per la compensazione della 
CO2. Indagine conoscitiva per il settore forestale in Italia. Compagnia delle Foreste, 238 p.  

Ciccarese L., Brown S., Schlamadinger B., 2005 - Carbon sequestration through restoration of temperate 
and boreal forests. Restoration of boreal and temperate forests. Chapter 7, p. 111-120. 

Ciccarese L., Cascone C., Cipollaro S., Giovannelli V., Crosti R., 2011 - Emissioni di gas serra e 
interventi compensativi nel settore forestale: un’applicazione ai boschi del comune di Acerno (SA). ISPRA 
Rapporto 146, 47 p. 



CARBON STOCK IN WOOD PRODUCTS 269 

 
Ciccarese L., Kloehn S., Lumicisi A., Magri L., 2006 - Gestione forestale e CO2. Il caso della Valle 

d’Aosta. Sherwood, 124: 5-10. 
Ciccarese L., Pellegrino P., Pettenella D., 2015 - A new principle of the European Union Forest Policy: 

the cascading use of wood products. Italian Journal of Forest and Mountain Environments, 69 (5): 
285-290. http://dx.doi.org/10.4129/ifm.2014.5.01  

Colletti L., 2012 - Il quadro internazionale sui temi forestali. Foreste e Sviluppo Rurale. RRN Maga-
zine, p.10-12. 

Dias A.C., Louro M., Arroja L., Capela I., 2005 - The contribution of wood products to carbon sequestration in 
Portugal. Annals Forest Science, 62 (8): 903-909. http://dx.doi.org/10.1051/forest:2005081 

D’Orlando M.C., Gottardo E., Stefanelli S., Vanone G., 2009 - Politiche della Regione Autonoma 
Friuli Venezia Giulia per il settore forestale. Atti 3° CNS, p. 1079-1083. 

EC 2009a - Decisione 406/2009/EC del Parlamento europeo e del Consiglio del 23 aprile 2009 concernente 
gli sforzi degli Stati membri per ridurre le emissioni dei gas a effetto serra al fine di adempiere agli impegni 
della Comunità in materia di riduzione delle emissioni di gas a effetto serra entro il 2020. Gazzetta uffi-
ciale dell’Unione europea, L140/136. 

EC 2009b - Direttiva 2009/28/EC del Parlamento europeo e del Consiglio del 23 aprile 2009 sulla promo-
zione dell’uso dell’energia da fonti rinnovabili. Gazzetta ufficiale dell’Unione europea, L140/16. 

European Council, 2009 - Directive 2009/28/EC of the European Parliament and of the Council of 23 
April 2009 on the promotion of the use of energy from renewable sources and amending and subsequently 
repealing Directives 2001/77/EC and 2003/30/EC. Official Journal of the European Union L 
140, 5 June 2009, p. 16-47. 

Europe Forest Resolution H1, 1993 - General guidelines for the sustainable management of forests in 
Europe. In: Second Ministerial Conference on the Protection of Forests in Europe, p.16-17. 

European Parliament, 2013 - Motion for a European Parliament resolution on innovating for sustainable 
growth: a bioeconomy for Europe. 2012/2295 (INI). 

Fiorese G., Guariso G., 2010 - A GIS-based approach to evaluate biomass potential from energy crops at 
regional scale. Environmental Modelling & Software, 25 (6): 702-711.  

Flugsrud K., Hoem B., Kvingedal E., Rypdal K., 2001 - Estimating the net emisión of CO2 from 
harvested wood products: A comparison between different approaches. Norwegian Pollution Control 
Authority (SFT). Oslo, 47 p. 

Food and Agriculture Organization of the United Nations (FAO), 2010 - Global forest resources assess-
ment 2010: Main report. Food and Agriculture Organization of the United Nations, 340 p. 

Gardino M., 2001 - Uso del legno nella edilizia residenziale in Italia - Analisi storica e tendenze all’anno 
2005. Promolegno. Dott. Paolo Gardino Consulting Company. Presentation 

Gasparini P., Tabacchi G., 2011 - L’Inventario Nazionale delle Foreste e dei serbatoi forestali di Carbonio 
INFC 2005. Secondo inventario forestale nazionale italiano. Metodi e risultati. Mipaaf, Cfs, Cra. 
Edagricole-Il Sole 24 ore, Bologna, 653 p. 

Glover J., White D., Langrish T., 2002 - Wood versus concrete and steel in house construction: A life cycle 
assessment. Journal of Forestry, 100 (8): 34-41. 

Gómez A., Zubizarreta J., Rodrigues M., Dopazo C., Fueyo N., 2010 - An estimation of the energy 
potential of agro-industrial residues in Spain. Resour. Conserv. Recycl., 54 (11): 972-8. 

 http://dx.doi.org/10.1016/j.resconrec.2010.02.004 
Gustavsson L., Pingoud K., Sathre R., 2006 - Carbon dioxide balance of wood substitution: comparing 

concrete and wood-framed buildings. Mitig. Adapt. Strateg. Glob. Change, 11 (3): 667-691. 
http://dx.doi.org/10.1007/s11027-006-7207-1 

Hansen E., 2006 - The state of innovation and new product development in North America lumber and panel 
industry. Wood and Fiber Science, 38 (2): 326-333. 

Hashimoto S., Nose M., Obara T., Moriguchi Y., 2002 - Wood products: potential carbon sequestration 
and impact on net carbon emissions of industrialized countries. Environmental Science and Policy, 5 
(2): 183-193. http://dx.doi.org/10.1016/S1462-9011(01)00045-4 

Hillier B., Murphy R., 2000 - Life cycle assessment of forest products - a good story to tell. Journal of the 
Institute of Wood Science, 15 (4): 221-232. 

Hippoliti G., 2007 - Fare selvicoltura oggi: i problemi. Annali Accademia Italiana Scienze Forestali,  p. 49-75. 



270 A. PERONE ET AL. IFM LXX – 4/2015 
 

Hofer P., Taverna R., Werner F., Kaufmann E., Thürig E., 2007 - The CO2 effects of the Swiss forestry 
and timber industry: scenario of future potential for climate-change mitigation. Environmental studies 
no. 0739. Federal Office for the Environment: Bern, 102 p. 

Ingerson A., 2011 - Carbon storage potential of harvested wood: summery and policy implications. Mitig. Adapt. 
Strateg. Glob. Chang., 16 (3): 307-323. http://dx.doi.org/10.1007/s11027-010-9267-5 

IPCC 2006 - Volume 4, Agriculture, Forestry and Other Land Use. Paustian K., Ravindranath N.H.,  
van Amstel A. In: 2006 IPCC Guidelines for National Greenhouse Gas Inventories. Pre-
pared to National Greenhouse Gas Inventories Programme (H.S. Eggleston et al., editors). 
Institute for Global Environmental Strategies (IGES), Hayama, Japan. IPCC National 
Greenhouse Gas Inventories Programme, Technical Support Unit, Institute for Global En-
vironmental Strategies, Kanagawa, Japan. 

IPCC 2014 - Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part A: Global and Sectoral 
Aspects. Contribution of Working Group II to the Fifth Assessment Report of the Intergov-
ernmental Panel on Climate Change [Field, C.B., V.R. Barros, D.J. Dokken, K.J. Mach, M.D. 
Mastrandrea, T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O. Estrada, R.C. Genova, B. Girma, E.S. 
Kissel, A.N. Levy, S. MacCracken, P.R. Mastrandrea, and L.L. White (eds.)]. Cambridge Uni-
versity Press, Cambridge, United Kingdom and New York, NY, USA, 1132 p.  

ISPRA, 2014 - Italian Greenhouse Gas Inventory 1990-2012. National Inventory Report 2014, 
507 p. 

Iraldo F., Testa F., 2014 - L’impronta ambientale di prodotto per la competitività delle PMI. LCA Life 
Cycle Assessment come supporto per l’ecodesign, l’innovazione e il marketing dei prodotti del Made in Italy 
e dei distretti industriali: LCA Life Cycle Assessment come supporto per l’ecodesign, l’innovazione e il 
marketing dei prodotti del Made in Italy e dei distretti industriali. Franco Angeli ed., 266 p. 

ISO 14040, 2006 - Environmental management - life cycle assessment - principles and framework. ISO, 
Geneva, Switzerland. 

ISO 14044, 2006 - Environmental management - life cycle assessment - requirements and guidelines. ISO, 
Geneva, Switzerland. 

Jaegers T., Lipp-Lingua C., Amil D., 2013 - High-technology and medium-high technology industries main 
drivers of EU-27’s industrial growth. Eurostat Statistics in Focus: Industry, Trade and Services. 
Luxembourg: Eurostat. 

Kloehn S., Ciccarese L., 2005 - Applying the IPCC GPG for LULUCF approaches for assessing changes 
in carbon stocks and emissions of green-house gas for harvested wood products in Italy. Report commis-
sioned by the Italian Ministry for Environment and Territory and Sea (MATTM). 

Kolström M., Lindner M., Vilén T., Maroschek M., Seidl R., Lexer M.J., Netherer S., Kremer A., 
Delzon S., Barbati A., Marchetti M., Corona P., 2011 - Reviewing the science and implementation of 
climate change adaptation measures in European forestry. Forests, 2 (4): 961-982. 
http://dx.doi.org/10.3390/f2040961 

Kosir B., 1999 - Life cycle assessment of products in forestry. L’Italia Forestale e Montana, 67 (4): 347- 358. 
Kurttila M., 2001 - The spatial structure of forests in the optimization calculations of forest planning - a 

landscape ecological perspective. Forest Ecology and Management, 142 (1): 129-142. 
 http://dx.doi.org/10.1016/S0378-1127(00)00343-1 
Lindner M., Maroschek M., Netherer S., Kremer A., Barbati A., Garcia-gonzalo J., Seidl R., Del-

zon S., Corona P., Kolström M., Lexer M.J., Marchetti M., 2010 - Climate change impacts, adap-
tive capacity, and vulnerability of European forest ecosystems. Forest Ecology and Management, 259 
(4): 698-709. http://dx.doi.org/10.1016/j.foreco.2009.09.023 

Lippke B., Wilson J., Meil J., 2010 - Characterizing the importance of carbon stored in wood products. 
Wood Fiber Sci., 42: 5-14. 

Magnani F., Matteucci G., 2009 - Selvicoltura e cambiamenti climatici. In: “Atti del Terzo Congresso 
Nazionale di Selvicoltura”. Taormina (ME). Accademia Italiana di Scienze Forestali, Firenze, 
p. 532-535. 

Marland G., Schlamadinger B., 1997 - Forests for carbon sequestration or fossil fuel substitution - a sensi-
tivity analysis. Biomass and Bioenergy, 13 (6): 389-397. http://dx.doi.org/10.1016/S0961-
9534(97)00027-5 



CARBON STOCK IN WOOD PRODUCTS 271 

 
Masera O.R., Garza-Caligaris J.F., Kanninen M., Karjalainen T., Liski J., Nabuurs G.J., Pussinen 

A., de Jong B.H.J., Mohren G.M.J., 2003 - Modeling carbon sequestration in aforestation, agroforestry 
and forest management projects: the CO2FIX V.2 approach. Ecological Modelling, 164 (2): 177-199. 
http://dx.doi.org/10.1016/S0304-3800(02)00419-2 

Matthews A., 2011 - Post-2013 EU Common Agricultural Policy, Trade and Development. A Review of 
Legislative Proposals. ICTSD Programme on Agricultural Trade and Sustainable Development; 
Issue Paper No. 39; International Centre for Trade and Sustainable Development, Geneva, 
Switzerland. http://dx.doi.org/10.7215/AG_IP_20111011 

Mirabella N., Castellani V., Sala S., 2014 - Forestry operations in the alpine context. Life cycle a ssessment to 
support the integrated assessment of short forestry. Part 1: wood supply chain. The International Journal 
of Life Cycle Assessment, 19 (8): 1524-1535. http://dx.doi.org/10.1007/s11367-014-0756-8 

Nabuurs G.J., Ravindranath N.H., Paustian K., Freibauer A., Hohenstein W., Makundi W., 2003 
- LUCF sector good practice guidance. Chapter 3: 3.1-3.312. In: Good Practice Guidance for Land 
Use, Land-Use Change and Forestry (J. Penman et al., eds.). The Institute for Global Envi-
ronmental Strategies for the IPCC and The Intergovernmental Panel on Climate Change. 
Hayama, Kanagawa, Japan. 

Pan Y., Birdsey R.A., Fang J., Houghton R., Kauppi P.E., Kurz W.A., Phillips O.L., Shvidenko 
A., Lewis S.L., Canadell J.G., Ciais P., Jackson R.B., Pacala S., Mcguire A.D., Piao S., Rau-
tiainen A., Sitch S., Hayes D., 2011 - A large and persistent carbon sink in the world’s forests. Science, 
333 (6045): 988-993. http://dx.doi.org/10.1126/science.1201609 

Perugini L., Vespertino D., Valentini R., 2012 - Conferenza di Durban sul clima: nuove prospettive per 
il mondo forestale. Forest@, 9 (1): 1-7. http://dx.doi.org/10.3832/efor0688-009 

Petersen A.K., Solberg B., 2005 - Environmental and economic impacts of substitution between wood prod-
ucts and alternative materials: a review of micro-level analyses from Norway and Sweden. Forest Policy 
and Economics, 7 (3): 249-259. http://dx.doi.org/10.1016/S1389-9341(03)00063-7 

Pettenella D., 2009 - Le nuove sfide per il settore forestale. Mercato, energia, ambiente e politiche. Edizioni 
Tellus, Roma, 146 p. 

Pettenella D., Klohn S., Brun F., Carbone F., Venzi L., Cesaro L., Ciccarese L., 2005 - Italy. 
Country studies. In: Jager L (ed.) COST E30 Economic integration of urban consumers’ de-
mand and rural forestry production. Forest sector entrepreneurship in Europe. Acta Silvatica 
and Lignaria Hungarica. Special Edition, p. 383-435. 

Pettenella D., Romano R., 2015 - Bio-economia ed economia circolare: implicazioni per la gestione delle 
foreste italiane? Agriregionieuropa, 11 (41): 9-11. 

Pettenella D., Zanchi G., 2006 - Inquadramento generale del protocollo di Kyoto. Opportunità e limiti 
per il settore forestale. Stima del carbonio in foresta: metodologie e aspetti normativi. Pub-
blicazione del Corso di Cultura in Ecologia. Atti del Congresso 42° corso. Università di 
Padova. 

Pilli R., Fiorese G., Grassi G., 2015 - EU mitigation potential of harvested wood products. Carbon Bal-
ance and Management,10 (1): 1-6. http://dx.doi.org/10.1186/s13021-015-0016-7 

Pingoud K., Perälä A.L., Soimakallio S., Pussinen A., 2003 - Greenhouse gas impacts of harvested wood 
products. Evaluation and development of methods. VTT Research Notes, 2189, 138.  

Pingoud K., Pohjola J., Valsta L., 2010 - Assessing the integrated climatic impacts of forestry and wood 
products. Silva Fennica, 44 (1): 155-175. http://dx.doi.org/10.14214/sf.166 

Pingoud K., Savolainen I., Seppälä H., 1996 - Greenhouse impact of the Finnish forest sector including 
forest products and waste management. Ambio, 25 (5): 318-326. 

Pingoud K., Skog K. Martino D.L., Tonosaki M., Xiaoquan Z. 2006 - Chapter 12: Harvested Wood 
Products. In: Volume 4: Agriculture, Forestry and Other Land Use. 2006 IPCC Guidelines for 
National Greenhouse Gas Inventories. In: Eggleston H.S., Buendia L., Miwa K., Ngara T., 
Tanabe K. (eds). The Institute for Global Environmental Strategies (IGES) for the Intergov-
ernmental Panel on Climate Change (IPCC). Hayama, Japan. 

Poker J., Dieter M., Thoroe C., 2002 - Integration of harvested wood products in accounting approaches in the 
carbon dioxide cycle in the forestry sector. Working Paper of the Institute for Economics 2002/3. Federal 
Research Institute for Forestry and Forestry Products (BFH), Hamburg, Germany, 19 p. 



272 A. PERONE ET AL. IFM LXX – 4/2015 
 

Romano R., 2010 - Gli investimenti volontari nel campo agricolo e forestale finalizzati alla compensazione 
delle emissioni di CO2. Agriregionieuropa, 6. 

Romano R., Marandola D., Di Pietro F., Maluccio S., Conterio M., 2014 - Il bosco e le sue filiere Un 
patrimonio comune. Osservatorio Foreste INEA, 23 p. 

Ronchi E., Barbabella A., Caminiti N., Federico T., 2012 - Dossier Kyoto 2013: “L’Italia ha centrato 
l’obiettivo del Protocollo di Kyoto - Prima stima delle emissioni di gas serra 2008-2012”. Roma. Fonda-
zione per lo sviluppo sostenibile, 32 p. 

Sacchelli S., Fagarazzi C., Bernetti I., 2013 - Economic evaluation of forest biomass production in central 
Italy: a scenario assessment based on spatial analysis tool. Biomass Bioenergy, 53: 1-10. 

 http://dx.doi.org/10.1016/j.biombioe.2012.11.026 
Scarfò F., Mercurio R., 2009 - Il calcolo dei crediti di carbonio: il modello CO2FIX v. 3.1 applicato ad una 

faggeta sotto Forest Management nel sud Italia. Forest@ - Journal of Silviculture and Forest Ecol-
ogy, 6 (4): 215. 

Schelhaas M.J., Van Esch P.W., Groen T.A., De Jong B.H.J., Kanninen M., Liski J., Masera O., 
Mohren G.M.J., Nabuurs G.J., Palosuo T., Pedroni L., Vallejo A., Vilen T., 2004 - CO2FIX 
V 3.1-description of a model for quantifying carbon sequestration in forest ecosystems and wood products. 
Alterra Report, 1068.  

Segura M., Ray D., Maroto C., 2014 - Decision support systems for forest management: A comparative 
analysis and assessment. Computers and Electronics in Agriculture, 101: 55-67.  

 http://dx.doi.org/10.1016/j.compag.2013.12.005 
Skog K., 2008 - Sequestration of carbon in harvested wood products for the United States. Forest Products 

Journal, 58 (6): 56-72. 
Stern N., 2014 - Growth, climate and collaboration: towards agreement in Paris 2015. Policy paper, 24 p. 
Tenerelli P., Carver S., 2012 - Multi-criteria, multi-objective and uncertainty analysis for agro-energy spatial 

modelling. Appl. Geogr. 32 (2): 724-36. http://dx.doi.org/10.1016/j.apgeog.2011.08.013 
Tijardović M., 2009 - Joensuu Forestry Networking Week 2009 Fighting Climate Change: Adapting Forest 

Policy and Forest Management in Europe. Šumarski list: znanstveno-stručno i staleško glasilo 
Hrvatskoga šumarskog društva, 9: 541-547. 

Tonosaki M., 2009 - Harvested wood products accounting in the post Kyoto commitment period. J. Wood 
Science, 55 (6): 390-394. http://dx.doi.org/10.1007/s10086-009-1052-2 

UNECE/FAO, 2008 - Workshop on Harvested Wood Products in the Context of Climate Change Policies. 
Chair’s conclusions and recommendations.  

UNFCCC, 2011a - Land Use, Land Use Change and Forestry. Draft decision -/CMP7. Advanced 
unedited version. 

UNFCCC, 2011b - Synthesis report of the technical assessments of the forest management reference level sub-
missions. FCCC/KP/AWG/2011/INF.2  

UNFCCC, 2011c - Report of the technical assessment of the forest management reference level submission of 
Italy submitted in 2011. FCCC/TAR/2011/ITA.  

Voces R., Herruzo A.C., Díaz Balteiro L., 2008 - La innovación en la industria forestal española. In: 
Caracterización de la industria forestal en España: Aspectos económicos y ambientales (Díaz 
Balteiro, dir). Monografías Fundación BBVA, Madrid, Spain, p. 187-218. 

Werner F., Richter K., 2007 - Wooden building products in comparative LCA: A literature review. Inter-
national Journal of Life Cycle Assessment, 12 (7): 470-479. 

Winjum J.K., Brown S., and Schlamadinger B., 1998 - Forest harvests and wood products: Sources and 
sinks of atmospheric carbon dioxide. Forest Science, 44 (2): 272-284. 


