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Abstract

The increasingly obvious impact of climate change, in recent decades, has produced numerous negative effects and a series of
measures have been imposed for reducing the emissions and for adaption to climate change. Forestry activities try to find a
balance between adapting forest regeneration practices to the needs imposed by climate change. Two important economic
activities: Forestry and logging and the second one the Wood processing and manufacturing play an important role on the
quality of environmental factors in general and on greenhouse gas emissions in particular. CO2, CH4, N2O resulting from
wood processing activities were used in this paper to evaluate the possible correlation between these emissions and the volume
of extracted wood. The data were collected by the National Institute of Statistics during 2008-2020. The volume of extracted
wood varies between 16,704 thousand cubic meters in 2008 and 19,652 thousand cubic meters in 2020, the analyzed period
average being 18,218 thousand cubic meters. The CO2 emissions from Wood processing and manufacturing are significantly
higher than the CO2 emissions from Forestry and logging, for example in 2008 the emissions from the first source were 230
thousand cubic meters compared to only 28 thousand cubic meters from the second source. The analysis of CH4 and N20O
emissions shows that the two activities have relatively the same impact on air quality. Until now, there have been extensive
studies on Romanian forestry activities from a qualitative and quantitative perspective, but it is important to observe the link
between the volume of wood extracted and the emissions of greenhouse gases.
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Introduction

Environmental protection, economic development and social aspect are the three key elements of sustainable development of a
society. Mostly, the forest industry has an essential role in national economies but should not be omitted the negative
environmental consequences of the production process of goods and the but also other related services resulting from silvicultural
activities [1]. Referring to the significance of the ecological repercussion of forestry the effects are differentiated, the most affected
being biodiversity [2,3], air [4,5], soil [6,7] and water [8,9]. In recent decades were brought into the foreground the key-role of
forestry in the climate change. Forests play a crucial position in mitigating climate change and its effects, in addition to ensure the
sustainable consumption and production patterns.

The greenhouse gas emissions (GHG) tend result in a growing yearly mean of air and surface temperature, abundant rainfall in
short periods, extreme weather, food supply disruptions and respiratory disease and what is more significant the negative effects
will be visible in all types of ecosystems [10].

Climate change, the decrease in the utilization of natural resources, the attempt to find renewable sources of energy, the recycle
of waste constituents and the innovations created to conserve the earth are targets of considerable concern to provide sustainable
development in a protected living condition. For climate change mitigation, Romania aims to reduce GHG emissions by 43.9%
until 2030 compared to the level in 2005 [11]. It is an assumed target for the achievement of which a series of steps and strict
measures are necessary, but also a permanent monitoring with clear reporting of the stages achieved and those that must be
accomplished. The increasingly obvious impact of climate change, in recent decades, has produced numerous negative effects and a
series of measures have been imposed for reducing the emissions and for adaption to climate change [12].

As stated by the National Forest Inventory the forestry fund in Romania is around 7,037,606 hectares of which 6,929,047 are
trees-covered land and 56,652 are lands for afforestation [13]. If we refer in percentages to the national area, we notice that the
forested area is 29% and although it seems a significant percentage, Romania is below the European Union (EU) average of 39%.
Given that Romania is the only state in the EU on whose area there are five biogeographical regions and an exceptional bio-
diversity of flora and fauna, having the whole trophic pyramid (notably by reason of the existence of populations of large
carnivores, extinct in several European countries), national forests representing a reservoir of biodiversity for the whole European
continent. Simultaneously, Romania in addition has significant forest regions with primary structures, wherefore exist a legislative
demand for rigorous identification and protection.

According to the national forest accounting plan for Romania, for the first period of employment (2021-2025) the large
majority of Romania’s forests are among 40 and 80 years old which indicates that, at present, it is in the most valuable moment to
be exploited. Despite that, the exploited quantity did not outstrip the increase of the forests, the volume of wood extracted being
less compared with the potential estimated by the forestry facilities and approved at the national level [14, 15]. The forestry
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arrangements are the documents that establish the maximum harvest level in accordance with the ecological and socio-economic
objectives, with the main objective being the conservation of biodiversity and the sustainable use of natural resources.

Notwithstanding the fact that in the most recent 30 years there have been important socio-economic transformations, the
administrative system of the forestry sector has persisted controlled by the pattern of an inflexible, normative legislative
framework, indistinguishable regarding the type of proprietorship, established practically completely on authority instruments and
control. Considering the actual scheme does not provide the predictable efficiency, there is an evident social pressure including all
communities involved in and impacted by forest management: private landowners, state and private forestry authority, forest
exploitation and timber manufacture corporations, eco-friendly protection associations, civil society etc. [16].

The lately adopted National Forest Strategy 2030 approaches the target to encourage the viable circular forest bioeconomy
using durable wood outputs and by means of reinforcing the function of the forest-based industry encouraging the commercial
expansion of regional associations. It is also mentioned in the same strategy the idea that the functional zoning of the state forests
provides, currently, to the primacy supply of water management, anti-erosion and climate protection ecosystem services, in the case
of 42% of the forests in the national forest fund [17].

Materials and Methods

The data underlying this study were collected between 2000 and 2020 by the National Institute of Statistics using the
methodology for carrying out statistical research in forestry approved in 2010.

The forest statistical indicators inserted in the statistical study in forestry consider the characteristics of the Romanian forest
resource management framework, with the purpose of adjusting and coordinating them with ones included in the statistical
procedure of the European Union having concomitantly the objective of sustainable and integral management, in compliance with
the requirements forestry agreements and the legislation of the forestry management, of the forest fund public possessions of the
state and private ownership, for the purpose of growing the contribution of forests to the amendment of environmental factors and
to provide the requirements of the national economy with timber, with other forest products and with specific forestry services.

The annual questionnaire through which the data was collected at the county level contains information about the gross volume
of wood per foot from the lots related to the year of production for which the statistical research is being prepared, collected until
December 31 of the respective year by certified legal entities or by private individuals.

The second group of information included in the questionnaire refers to the area covered with cuttings and their type
(regeneration cuttings, conservation cuttings, accidental product cuttings, hygiene cuttings, Care cuttings in young forests, cuttings
for the transformation of wooded pastures, etc.).

For the forest fund that is public property of the state, the questionnaires were collected by the State Forestry Departments,
through the Forestry Directorates of the National Forest Management - Romsilva and other institutions, and for the forest fund
and/or forest vegetation of private owners by the Private Forestry Departments. At the National Institute of Statistics level, the
verification, correction, validation of the data and the obtaining of the tables are carried out using IT applications made in Visual
FoxPro 6.0.

The indicators deriving from data management include information about the area of the forest fund by categories of use,
species and forms of proprietorship, by counties, development regions, macro-regions and at the national level; turnover of forestry
units by product category at national level; harvested wood by species and forms of ownership, by counties, development regions,
macro-regions and at the national level; the surface covered with cuttings by types of cuttings and forms of ownership by counties,
development regions, macro-regions and at the national level; forest regeneration works carried out in the forest fund, degraded
lands and other lands outside the forest fund by land categories, species and forms of ownership, by counties, development regions,
macro-regions and at the national level.

The Air Emission Accounts (AEA) methodology developed by Eurostat was implemented by the National Institute of Statistics
in Romania and data were collected on different sectors of economic activities. Emissions of the main greenhouse gases: carbon
dioxide (CO2), methane (CH4), nitrous oxide (N20) were collected based on annual questionnaires at national level, on economic
activities.

Results and Discussions

In order to get an overall picture, we created a map of Romania in which the volume of wood harvested by counties for the
period 2008-2020 was graphically (see Fig. 1). Depending on the amount of wood collected, we have colored each county in
different shades of green, dark green being the counties with the largest amounts of wood harvested and in shades of light green the
counties with the smallest amounts of wood harvested, the quantities being measured in thousands of cubic meters.
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Fig. 1. The volume of harvested wood in Romania between 2008 — 2020, by counties.

The first three counties with the largest quantities of wood collected are: Suceava 5477 thousand of cubic meters, Bacau 3786
thousand of cubic meters and Harghita 3453 thousand of cubic meters. The economic activities in these three counties are based on
the furniture industry, related activities of the construction, agricultural and energy sectors. Forest biomass provides heating for
households in Romania, but also the prospect of securing jobs, especially in rural areas. The first three counties where there was the
smallest volume of wood was extracted are: Olt 129 thousand of cubic meters, Giurgiu 131 thousand of cubic meters and Galati
255 thousand of cubic meters. The average of these quantities in the analyzed period was 1126, which represents approximately
1/10 of the total volume at the national level for the county where the lowest amount was recorded and approximately 5 times
higher in the county where the highest was recorded amount of the volume of harvested wood.

As the evolution over time of the volume of wood harvested by counties, there is an upward trend, the amount in 2008 being
16,704 thousand of cubic meters compared to 19,652 thousand of cubic meters in 2020 (Fig. 2).
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Fig. 2. The evolution of the volume of harvested wood in Romania between 2008 - 2020.

From the graphic analysis of the volume of harvested wood, it is obvious that larger quantities were extracted, over 19,000
thousand of cubic meters in the years 2012, 2013, 2018 and 2020, compared to the period 2008 - 2010 when quantities around

1,600 thousand of cubic meters were extracted.
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Not only the amount of wood extracted from the Romanian forests should be considered, but also the economic value of the
wood collected. In this sense, in Fig. 3 were represented the volume of harvested wood by species. The highest percentage, 38%, is
represented by softwood (pine, fir, spruce) and in second place, 32% beech.
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Fig. 3. The percent of harvested wood in Romania between 2008 — 2020, by species.

The small difference is then 12% various hard species (beech, walnut, oak, ash, maple, cherry), 10% oak tree and 8% various
soft species (pine, fir, spruce). Globally it is obvious that the cheapest wood comes from soft species (spruce, pine and fir). Spruce,
pine and fir grow quickly and are used as commercial timber, pulpwood for paper, including particle board, plywood and
fiberboard, so production and harvesting occurs on a larger scale than other types of wood. On the other hand, in Romania it can be
observed that the volume of various soft species (cedar, juniper) extracted in the thirteen analyzed years is only 8%, the lowest
percentage. Timber from hard species is most frequently used in furniture, floors, wood and veneer, and in Romania the percentage
of various hard species (beech, walnut, ash, maple, cherry) is 12%.

Forests have a crucial role in mitigating climate change and its effects; therefore, it is important to have a comparative analysis
of the volume of wood extracted and the amount of greenhouse gas emissions. At the national level, the two economic activities for
which carbon dioxide (CO2), methane (CH4), nitrous oxide (N20) emissions are collected are: Forestry and logging and Wood
processing and manufacturing. Forestry and logging close to nature play an important role in the development of an adequate and
environmentally friendly forest infrastructure, it has many beneficial effects and without which the sustainable management of the
forest is very difficult.

Fig. 4 indicates the evolution of the volume of harvested wood compared with the emissions of the main greenhouse gases:
CO2, CH4, N2O resulting from Forestry and logging, in the analyzed period. The three greenhouse gases are represented in the
turquoise color, area graph and the quantities of extracted wood are represented in the green columns (Fig. 4).
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Fig. 4. The evolution of the volume of harvested wood compared with the emissions of greenhouse gases: CO,, CHs, N>O resulting from
economic activity: Forestry and logging, in Romania between 2008 - 2020.
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The three greenhouse gases were summed for each year of the period 2008 - 2020. Both elements included in the graph have an
upward trend with values starting in 2008 from 28.1 thousand of tons (Gg) for CO2, 0.0123 thousand of tons (Gg) for CH4 and
0.038 thousand of tons (Gg) for N2O and which reach 50.75 thousand of tons (Gg) for CO2,0.0181 thousand of tons (Gg) for CHa
and 0.0101 thousand of tons (Gg) for N20O in 2020. The largest increases are observed for CO2, almost from single to double in the
thirteen years and in the case of N2O from single to triple. As the total amount of greenhouse gas emissions, there are variations
from 28.2 thousand of tons (Gg) in 2008 and 50.78 thousand of tons (Gg) in 2020.

Both the values of greenhouse gas emissions and the volume of wood extracted have increased values in 2012 and 2018 and a
decrease observed in both cases in 2014, the evolutions having the same pattern quite well overlapped.

In Fig. 5 were graphically represented the evolution of the volume of harvested wood compared with the emissions of the main
greenhouse gases: CO2, CH4, N2O resulting from Wood processing and manufacturing, in the analyzed period. The three
greenhouse gases are represented in the purple color, area graph and the quantities of extracted wood are represented in the blue-
black columns (Fig. 5).

Unlike the economic activity analyzed previously, in this case the trend of greenhouse gas emissions is a decreasing one, and
the trend of the volume of wood extracted is an increasing one.
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Fig. 5. The evolution of the volume of harvested wood compared with the emissions of greenhouse gases: CO,, CHa, N,O resulting from
economic activity: Wood processing and manufacturing, in Romania between 2008 - 2020.

In the case of Wood processing and manufacturing may be observed values starting in 2008 from 230.7 thousand of tons (Gg)
for COz, 0.0131 thousand of tons (Gg) for CH4 and 0.0038 thousand of tons (Gg) for N2O and which reach 153.1 thousand of tons
(Gg) for CO2, 0.0062 thousand of tons (Gg) for CH4 and 0.0023 thousand of tons (Gg) for N2O in 2020. The highest amount of
greenhouse gas emissions is 230.7 thousand of tons (Gg) the amount from 2008, and the lowest one is 151.61 thousand of tons
(Gg) from the year 2009.

The two categories of data analyzed in this graph are quite different from the point of view of evolution in the given period.
However, in the period from 2011 to 2013, increases can be seen both in the case of the volume of harvested wood and for Wood
processing and manufacturing, and in 2014 a decrease can be observed for the volume of harvested wood and for Wood processing
and manufacturing.

Indeed, during the period 2008-2020, Wood processing and manufacturing activity was reduced in Romania and there is a
limited final processing industry for furniture, raw materials for construction and housing. This decrease in industrial activity also
results in a decrease in pollutant emissions in the atmosphere.

Conclusion

Permanent monitoring and a correct analysis of greenhouse gases and the volume of wood extracted are the primary elements
for a sustainable development.

During the period 2008 -2020, Suceava is the county with the highest amount of the volume of harvested wood and Olt is the
county with the lowest amount of the volume of harvested wood and if we analyze this information from the point of view of the
relief forms, we can conclude that the largest quantities were extracted from the mountain and hill areas and the smallest quantities
from the plain areas. The evolution of the volume of harvested wood in Romania between 2008 — 2020 has an ascendent tendency,
similar to the emissions of the most important greenhouse gases analyzed: CO2, CHa4, N2O resulting from economic activity:
Forestry and logging and the opposite to the greenhouse gases: CO2, CHa, N20 resulting from economic activity: Wood processing
and manufacturing.

In the analyzed years the highest percentage of harvested wood is 38%, being represented by softwood (pine, fir, spruce)
compared with the lowest percentage, only 8%, the volume of various soft species (cedar, juniper).

Henceforth the whole forestry sector should be better link to the national economy and society, contributing to the generally
goal of climate neutrality and energy independence and the forestry activities ought to try to find a balance between adapting forest
regeneration practices to the needs imposed by climate change.

InzynieriaMineralna — STYCZEN-CZERWIEC 2024 JANUARY —~JUNE — Journal of the Polish Mineral Engineering Society 5
WMESS 2024 - World Multidisciplinary Earth Sciences Symposium



References

1.

10.

11.

12.

13.

14.

15.

16.

17.

IPCC, 2022: Climate Change 2022: Impacts, Adaptation, and Vulnerability. Contribution of Working
Group II to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change [H.-O.
Portner, D.C. Roberts, M. Tignor, E.S. Poloczanska, K. Mintenbeck, A. Alegria, M. Craig, S. Langsdorf,
S. Loschke, V. Moller, A. Okem, B. Rama (eds.)]. Cambridge University Press. Cambridge University
Press, Cambridge, UK and New York, NY, USA, 3056 pp., (2022).

M. Kithmaier, L. Kral, C. Kanzian, “Greenhouse Gas Emissions of the Forest Supply Chain in Austria
in the Year 2018”, Sustainability, 10.3390/su14020792, 14, 2, (792), (2022).

W. Xie, H. Yu, Y. Li, M. Dai, X. Long, N. Li, Y. Wang, “Estimation of entity-level land use and its
application in urban sectoral land use footprint: A bottom-up model with emerging geospatial data”,
Journal of Industrial Ecology, 10.1111/jiec.13191, 26, 1, (309-322), (2021).

S. Berg and T. Karjalainen, “Comparison of greenhouse gas emissions from forest operations in
Finland and Sweden”, Forestry 76: 271-284 (2003).

A. Bytnerowicz, K. Omasa, E. Paoletti. “Integrated Effects of Air Pollution and Climate Change on
Forests: A Northern Hemisphere Perspective”, Environmental Pollution 147(3): 438—445. 2007 Jun 1,
(2006).

V. B. Pridacha, T. A. Sazonova, E. V. Novichonok, D. E. Semin, Y. N. Tkachenko, A. N. Pekkoev, V. V.
Timofeeva, O. N. Bakhmet, A. V. Olchev, “Clear-cutting impacts nutrient, carbon and water exchange
parameters in woody plants in an east Fennoscandian pine forest”, Plant and Soil, 10.1007/s11104-021-
05058-w, 466, 1-2, (317-336), (2021).

M. Mayer, C. E. Prescott, W. E.A. Abaker, L. Augusto, L. Cécillon, G. W. D. Ferreira, J. James, R. Jandl,
K. Katzensteiner, J. P. Laclau, J. Laganiere, Y. Nouvellon, D. Paré, J. A. Stanturf, E. I. Vanguelova, L.
Vesterdal, “Review: Influence of forest management activities on soil organic carbon stocks: A
knowledge synthesis”, Forest Ecology and Management, 10.1016/j.foreco.2020.118127, 466, (118127),
(2020).

D. Binkley, H. Burnham, H. Lee Allen, “Water quality impacts of forest fertilization with nitrogen and
phosphorus”, For. Ecol. Manage., 121, pp. 191-213 (1999).

C. Duffy, C. O'Donoghue, M. Ryan, K. Kilcline, V. Upton, C. Spillane, “The impact of forestry as a
land use on water quality outcomes: an integrated analysis”, For. Policy Econ., 116 (2020).

F. D. Santos, P. L. Ferreira, ].S.T. Pedersen, “The Climate Change Challenge: A Review of the Barriers
and Solutions to Deliver a Paris Solution”, 10, 75 Climate (2022).

MMAP. “The 2021-2030 Integrated National Energy and Climate Plan, Ministry of Environment,
Waters and Forests: Bucharest, Romania, 2022. Available online: https://www.climate-
laws.org/geographies/romania/policies/romania-s-2021-2030-integrated-national-energy-and-climate-
plan (accessed on 17 March 2023).

E. Marinescu, I.LE. Marinescu, A. Vladut, S. Marinescu, “Forest Cover Change in the Parang-Cindrel
Mountains of the Southern Carpathians, Romania, in: Kozak, J., Ostapowicz, K., Bytnerowicz, A.,
Wyzga, B. (Eds.), The Carpathians: Integrating Nature and Society Towards Sustainability”, Springer
Berlin Heidelberg, Berlin, Heidelberg, pp. 225-238 (2013)

The Romanian Forest Research and Management Institute, “National Forest Inventory”
https://roifn.ro/site/rezultate-ifn-2/ (accessed on 15 March 2023).

A. Ciceu, R. Radu, J. Garcia-Duro, National Forest Accounting Plan for Romania, National Forestry
Research and Development Institute "Marin Drédcea" (INCDS). Voluntari, Romania. pp. 89. (2019)
http://www.mmediu.ro/app/webroot/uploads/files/National %20forestry%20accounting %20plan%200
f%20Romania.pdf (accessed on 11 March 2023).

M.D. Nita, C. Munteanu, G. Gutman, L.V. Abrudan, V.C. Radeloff, “Widespread Forest cutting in the
aftermath of World War II captured by broad-scale historical Corona spy satellite photography”,
Remote Sens. Environ. 204, 322-332 (2018).

A. C. Albulescu, M. Manton, D. Larion, P. Angelstam, “The Winding Road towards Sustainable Forest
Management in Romania, 1989-2022: A Case Study of Post-Communist Social-Ecological Transition”.
Land, 11, 1198. (2022).

MMAP. The National Forest Strategy 2030; Ministry of Environment, Waters and Forests: Bucharest,
Romania, 2022. Available online: http://www.mmediu.ro/categorie/strategia-nationala-a-padurilor-
2022-2031/386 (accessed on 30 March 2023).

Inzynieria Mineralna — S TYCZEN-CZERWIEC2024 JANUARY—JUNE — Journal of the Polish Mineral Engineering Society

WMESS 2024 - World Multidisciplinary Earth Sciences Symposium




