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Abstract 

Key message This collection reports the standing stock volume, increment, aboveground biomass, and biomass 
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1  Background
In order to realistically represent the current growth 
and sink processes in forests, the traditional yield tables 
libraries should be replaced by empirical growth models 
derived from data reported by latest available National 
Forest Inventories (NFI), or similar data sources (e.g., 
published results of sampling for tree species with local 
representation), or estimations attached to management 
plans (generally based on direct field measurements). 
However, data collected by EU Member States are not 
mutually consistent at EU scale, because they are based 
on country-specific definitions of growing stock, bio-
mass, and increment, which cannot be directly compared 
(Gschwantner et  al. 2019, 2022a, b). Moreover, these 
data may highlight stochastic variations (or outliers) due 
to the effect of country-specific silvicultural practices. 

Despite these differences, various studies already pro-
vide a harmonized assessment of some key parameters, 
at least at country or sub-national level, even if these data 
are not scaled at species level (e.g., Alberdi et  al. 2020, 
Gschwantner et  al. 2021 and 2022a, b, Avitabile et  al. 
2024).

The first objective of this data paper is to provide a 
library of country-specific data, when possible scaled 
at sub-national level, reporting the standing stock vol-
ume and cumulated net annual increment (NAI) by age 
classes (at least for even-aged forests) for the main forest 
types and management types reported by each EU Mem-
ber State.

To assess the forest biomass and carbon stock dynam-
ics, the typical indicators used in forestry are the stand-
ing stock and increment in volume. The conversion of 
volume to biomass and carbon stock is important not 
only in the context of Land Use, Land Use Change and 
Forestry (LULUCF) reporting (Korosuo et al. 2023) but 
also in bioenergy studies (Březina et  al. 2023). Origi-
nally, factors like biomass expansion factors (BEF, IPCC 
2003) and biomass conversion and expansion factors 
(BCEF, IPCC 2006) were recommended, while recently 
the allometric models, e.g., age or volume dependent, 
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are recognized as enhanced representation for the con-
version of volume to biomass (IPCC 2019). Old data-
bases and collections may not be accessible online 
anymore (Somogyi et  al. 2008). Sampling field data 
requires significant effort, i.e., the number of publica-
tions related to BEF and BCEF did not increase sub-
stantially after 2010 in Europe (for example, check of 
“biomass conversion and expansion factor” in the pub-
lications of “Forest Ecology and Management” before 
and after 2012), while they increased in the rest of 
the world (approx. 70% of total). Meanwhile, LIDAR-
based remote sensing techniques promise significant 
improvements, for example to assess forest above-
ground volume by reconstructing 3-D tree models from 
point cloud data (Demol et al. 2021). Therefore, a sec-
ond objective of this data paper is to provide a compi-
lation of harmonized data of the aboveground biomass 
stock per unit of area and the corresponding values of 
BCEF used to convert the volume to dry biomass.

Throughout the paper, we try to maintain consistency 
of terminology used along this line: “growing/standing 
stock” and “increment” to anything which is reported 
as volume and “aboveground biomass” and “growth” 
to anything which is mass. Also, growing stock, stand-
ing stock, and merchantable stock are interchangeably 
used, in order to keep consistency to various references.

2  Methods
2.1  General modelling framework
Our processing framework includes two main workflows 
and various steps, summarized on Fig. 1. To compile the 
standing/growing stock volume (in  m3  ha−1) and incre-
ment (in  m3  ha−1   yr−1) tables, we first collected various 
input data reported by NFI and country reports and we 
classified them according to a common framework, i.e., 
by administrative regions, forest types, management 
types, and management strategies (see workflow A, on 
Fig.  1). Then, we assessed the consistency of these data 
with ancillary information reported by the literature, 
deriving a harmonized database. The cornerstone of this 
data collection is the definition of forest types, which are 
defined for each country according to the leading spe-
cies, or species’ groups (i.e., an aggregate of species, one 
of which is dominant), as derived by NFI data or other 
ancillary data sources. A detailed description of the lead-
ing species or group of species associated to each forest 
type is reported in the file Forest_codes.csv, reported 
within the data collection described within this paper 
(Pilli et  al. 2024a). To exclude possible statistical outli-
ers, this database was further processed through species-
specific growth functions, deriving, for each EU Member 
State, a country-specific compilation including standard-
ized growing stock volume and increment tables.

Within the second workflow that focuses on above-
ground biomass density and BCEF, we combined the 

Fig. 1 Main steps applied within the present study, distinguished between the workflow A, focusing on the preparation of standing stock volume 
and increment data library, and workflow B, focusing on the preparation of the aboveground data and biomass conversion and expansion factors
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age-class dependent standing stock volume data with two 
different datasets (see workflow B, on Fig. 1): the first one 
including country-specific data on wood density (WD) 
and the second one including species-specific allometric 
equations derived by an independent library (Boudewyn 
et  al. 2007). By a systematic comparison between the 
results of these two types of estimations, we selected the 
best equation converting the standing volume to above-
ground (AG) biomass. These equations were finally used 
to derive the above ground biomass density (in t dry bio-
mass  ha−1) and BCEF data compilations (in t  m−3).

2.1.1  Standing stock volume and increment data
We collected, for each EU Member State, NFI data, 
reports (such as the countries’ National Forestry 
Accounting Plans submitted as part of EU LULUCF 
Regulation 841/2018) and other data sources, report-
ing detailed standing volume and increment data on age 
classes (at least for even-aged stands), distinguished by 
leading species (or species’ groups), management types, 
regions, and derived—when possible—from direct field 
measurements carried out within the period 2005–2015. 
As highlighted in Table  1, by focusing on this period, 
we could collect a relatively homogeneous set of data. 
Indeed, the majority of Member States (18 countries) 
compiled at least one forest inventory in the period 
between 2005 and 2010. For Greece or the Netherlands, 
we used information collected before 2005. For five coun-
tries, we used data collected after 2010. Thus, the entire 
dataset ranges between 1997 and 2017, but, taking into 
account the forest area reported by each country, at EU 
level, it can be referred, on average, to the year 2010 
(Table 1).

We mostly used public NFI data, or other data sources 
publicly available, eventually integrated by ancillary 
information directly collected by the Joint Research 
Centre (JRC) of the EC, through bilateral contacts with 
countries’ experts (e.g., in case of Hungary or Bulgaria), 
carried out within the last years (e.g., within the LULUCF 
annual workshops organized by JRC). Detailed informa-
tion on these data sources is reported in Pilli et al. 2024b. 
This activity was carried out as part of the calibration 
and updating effort of the JRC forest carbon model (EU-
CBM-HAT), an enhanced forest carbon model made 
available by the JRC (Blujdea et al. 2022).

All data sources were systematically revised according 
to a common classification system, aiming to define the 
forest type (FT, as defined above), and the main manage-
ment types (MT) reported at national level, when possi-
ble, further scaled at sub-national (i.e., NUTS 2) level and 
eventually distinguished between forest area available 
(FAWS) and not available (FNAWS) for wood supply. 
For most of the countries, MT essentially distinguishes 

coppices and high forests, further distinguished between 
even-aged and uneven-aged management strategies 
(MS). A complete list of the classification system applied 
to each country is reported within the data base Volume_
increment_database (see below). Since we could not col-
lect sufficient information for Malta and Cyprus, these 
countries were excluded from any further analysis.

To avoid possible inconsistencies due to different defi-
nitions used at national level, volume and increment 
data need to be further harmonized according to a com-
mon definition. For this reason, we excluded all non-
stem woody components from the volume data, i.e., 
branches, top, stump and bark, eventually accounted for 
within the original NFI data. To harmonize original input 
data, we collected from the NFI and from the literature 
(Gschwantner et al. 2019, 2022a, b) specific information 
on bark, small and main branches, and top and stump 
included within the country’s definition of volume (see 
Table 1).

As is the case for standing stock volume, increment 
data reported by NFI can also include various bio-
mass components. At times, the data may only include 
the merchantable biomass, while at others, it may also 
include other compartments, with varying theoretical 
definitions. According to specific work performed by the 
JRC in collaboration with the European National For-
est Inventory Network (ENFIN), hereafter referred to 
as SC20 and SC21 (reported as Gschwantner et al. 2021 
and 2022a, b), most of the increment values reported by 
NFI refer to the gross annual increment (GAI). For these 
cases, the GAI was scaled to net annual increment (NAI), 
excluding annual natural losses (ANL), which are due to 
natural mortality processes. As was done for the proce-
dure to harmonize volume, we first assessed the various 
biomass components included within the definition of 
increment applied at national level, and, if needed, we 
excluded ANL. When possible, we based our assessment 
on the information reported (for 10 Member States) 
within the SC20 and SC21 (see also Avitabile et al. 2023), 
and we harmonized the original increment values by 
applying, to each country, specific correction factors (see 
Table  1). For the remaining countries, we estimated the 
increment correction factors based on ancillary informa-
tion reported by the literature and according to an expert 
assessment.

Based on such pre-processing, we applied specific cor-
rection factors (reported on Table 1) to the original vol-
ume and increment data series collected by countries, in 
order to exclude bark and other non-merchantable bio-
mass components from volume data and ANL from gross 
annual increment data.

We posit that, although the correction factors were ini-
tially derived from information reported in the literature, 
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the final values applied at the country level were based on 
expert assessment, which also included an ex-post vali-
dation of the final results against ancillary information 
reported in the literature.

To factor out possible outliers, due to the stochastic 
disturbance events affecting forest inventories data, and 
to aggregate unrepresentative data (i.e., for forest types 
with few volume/increment data), the data produced 

within the previous step was interpolated, for each coun-
try and group of classifiers, through a Chapman-Richard 
function (or other exponential and power functions). At 
this purpose, we used the Marquardt method provided 
by the SAS®software (Motulsky and Ransnas 1987). In 
this way, we derived country-specific volume curves 
reporting, for each set of classifiers defined at coun-
try level, the average standing volume and net annual 

Table 1 Woody biomass components included within the national definition of biomass considered by each data source, and 
corresponding correction factor applied to broadleaves and coniferous species, for volume and increment data. The final correction 
factor reported on this table is partially based on the analysis of information reported by the literature (i.e., Gschwantner et al. 2019) 
and partially derived from an ex-post adjustment performed by JRC

[1] Gschwantner et al. (2019)

[2] NFI or other country’s data sources

[3] JRC assumption based on empirical assessment (no specific information available)

[4] Use of country’s specific data or JRC data already corrected
B Only for broadleaves species
V Various assumptions based on species (see [1])

Country NFI reference year Area (kha) Woody biomass components included within 
original data source

Reference Volume 
correction 
factor

Increment 
correction 
factor

Stem Bark Branches Top Stump Conif Broadl Conif Broadl

Large Small

AT 2008 3,992 X X X [1] 0.85 0.85 0.75 0.69

BE 2008 623 X X X [1]–[2] 0.78 0.68 0.88 0.88

BG 2010 3,737 X X [3] 0.85 0.85 0.85 0.85

CY - - - - - - - - - - -

CZ 2009/17 2,530 X X X [1] 0.82 0.82 0.90 0.90

DE 2011/12 10,520 X X XB X [1] 0.88 0.83 0.86 0.86

DK 2013 591 X X XB XB X X [1] 0.83 0.83 0.75 0.75

EE 2010 2,086 X X X [1] 0.86 0.86 0.70 0.70

ES 2004-18ǂ 18,343 X X [1]–[2] 0.88 0.88 0.40 0.40

FI 2009/13 20,267 X X X [1] 0.83 0.83 0.85 0.54

FR 2006/10 15,406 X X X [1] 0.85 0.85 0.90 0.90

GR  < 2000 3,079 X X ? [3] 0.60 0.60 0.65 0.65

HR 2005 1,860 X X X X [2] 0.73 0.73 0.76 0.76

HU 2015 1,870 X X X [1]–[2] 0.70 0.70 0.70 0.70

IE 2005 614 X X XB [1]–[4] [4] [4] [4] [4]

IT 2005-(15) 8,582 X X X [2] 0.85 0.85 0.64 0.64

LT 2010/14 2,119 X X X X [1] 0.85 0.85 0.65 0.65

LU 2010 85 X X X [2] 0.88 0.88 0.88 0.88

LV 2004/08 3,176 X X X [1] 0.86 0.86 0.60 0.60

MT - - - - - - - - - - -

NL 1997–03 307 X X ? [2] 0.82 0.82 0.82 0.82

PL 2010/14 9,178 X X [2]–[3] 0.85 0.85 0.88 0.88

PT 2015 3,210 X X XV XV XV [1]–[2] 0.75 0.75 0.90 0.90

RO 2010 6,421 X X X X X [1]–[3] 0.65 0.52 0.70 0.70

SE 2010 21,761 X X X [1] 0.85 0.85 0.72 0.72

SI 2009 1,186 X X X [1] 0.83 0.83 [4] [4]

SK 2010 1,908 X X [1] 0.96 0.96 [4] [4]
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increment per unit of area on age-classes of 10 years (at 
least for even-aged stands). Most of the original dataset 
included data on the standing volume by main species (or 
species’ groups) and, for even aged stands, by age classes. 
When the distribution of volume on age classes was not 
available, we derived the volume curves from a predeter-
mined collection, based on a large literature review on 
previous EU studies (see Pilli et  al. 2013, 2016). In this 
case, we selected the curve that minimizes the relative 
difference with the average volume reported at country 
level within the same age class interval reported by origi-
nal data sources from this library. In a few cases, where 
no data was available, we used growth curves applied to 
other comparable countries or similar FTs.

Similarly, when the distribution of increment versus age 
classes was not available, we derived the growth curves 
from a predetermined library, with the same approach 
applied to the volume growth curves. In a few cases, also 
for the increment data, where no data was available, we 
used the data derived from other comparable countries 
or similar FTs.

When relevant at country level, volume and incre-
ment data were also used to infer the average merchant-
able standing volume and NAI assigned to uneven-aged 
stands, where possible on sub-national scale. In this case, 
original data were harmonized by applying the same cor-
rection factors used for even-aged stands, but they were 
not classified by age classes.

The result of this workflow includes two libraries 
reporting, for each Member State, FT, MT, MS and, in 
most cases, region (defined, when possible, at NUTS 2 
level), a harmonized set of volume and net annual incre-
ment data, further distinguished, for even-aged stands, 
by age classes. In a few cases (i.e., for Austria, Finland 
and Sweden), data were also distinguished between 
FAWS and FNAWS, combining the information reported 
by country data sources, with an ancillary harmonized 
assessment of the forest area available for wood supply 
made available by the JRC (see Avitabile et al. 2023).

2.1.2  Aboveground biomass density and biomass conversion 
and expansion factors (BCEF)

Generally speaking, there are two solutions to convert 
volume to biomass: one relies on biomass conversion 
factors, the other, on dynamic, size-dependent allomet-
ric equations (e.g., Brown 2002). The first one, based 
on factors, involves general assumptions, i.e., uniform 
wood density and generally applicable BEFs values, 
e.g., discontinuous values on ranges/classes of age or 
volume. The dynamic one is very demanding in terms 
of sampled data to derive robust models of conver-
sion but reflects the stand’s structural harmony in the 
bioaccumulation process in all biomass components 

better. In our reported datasets we included both these 
approaches, as follows.

1. For each country, we first associated to each FT, spe-
cies-specific WD values, based on country-specific 
data reported by the literature or derived from simi-
lar species for comparable countries. WD reported 
by the literature are generally based on sampling and 
measurements. By definition, wood density repre-
sents a standardized coefficient reporting the ratio 
between the oven-dry mass of a wood sample and 
its fresh volume. Based on these parameters, we esti-
mated the merchantable biomass density associated 
to each age class and FT, using the harmonized vol-
ume data collected within the previous step. The data 
inferred from these WD values were used as refer-
ence biomass library (mR).

2. We derived a second biomass library (mEq) by com-
bining our harmonized volume database with 893 
species-specific allometric equations, built on vol-
ume dependent logistic models and based on direct 
field measurements collected by the Canadian For-
est Service on 83 different species (Boudewyn et  al. 
2007). For each equation, the original database 
includes a specific set of parameters converting the 
merchantable volume to biomass and other ancillary 
equations to add the non-merchantable tree compo-
nents (bark, branches, foliages). Since sapling-sized 
trees are generally excluded from NFI direct field 
measurements, we attributed zero to them in our 
exercise.

3. For each country and FT, we systematically com-
pared mR and mEq, and we selected the allometric 
equation that best represents the volume to biomass 
conversion, according to three subsequential criteria. 
We first selected a sub-set of mEq equations showing 
the smallest root mean square error (RMSE) between 
mR and mEq; then, we excluded from this sub-set, the 
equations where the fraction of stem wood to total 
aboveground biomass was not consistent with values 
provided by literature (or derived by an expert assess-
ment) for the same leading species associated to each 
FT; finally, we considered other taxonomic criteria, 
prioritizing the selection of allometric equations 
derived from the same species or genus or group of 
species (i.e., distinguishing coniferous and non-conif-
erous species groups).

4. Since allometric equations directly convert the mer-
chantable volume to total aboveground biomass, they 
implicitly include assumptions on wood density and 
the model output can be also used to back-calculate 
BEF and WD values (Kurz et al. 2009). In this case, 
the selected equation was used to derive the AG 
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biomass density by FT and age class and the corre-
sponding BCEF was estimated as:

where Vm is the merchantable volume reported by our 
growth curve library for each FT and age class, and AGs is 
the corresponding AG biomass density estimated by the 
allometric equation selected within previous step. In few 
cases (about 76 out of 56.4 k records), the biomass attrib-
uted to foliages by the final allometric equation associ-
ated to each FT was considered as not consistent with the 
corresponding stem biomass component (i.e., the ratio 
between the biomass estimated for foliages and stem > 
100%, or 300% for the first age class). In these cases, foli-
ages were excluded from the computation of the total 
AG biomass and of the corresponding BCEF (see Read_
me.txt on the Vol_to_biomass_BCEF_databse).

The script used for the selection of best volume-to-bio-
mass equation (selection_param_Boudewyn_eqs.py) is 
included in the Notebooks downloadable within the data 
page: https:// pypi. org/ proje ct/ eu- cbm- hat/.

2.2  Access to the data and metadata description
This paper includes the following database, freely acces-
sible through a Zenodo data collection (Pilli et al. 2024a), 
named “EU volume, increment, aboveground biomas,s 
and BCEF libraries”:

1. Volume and increment database, reporting the mer-
chantable standing volume (in  m3  ha−1 u.b.) and 
the net merchantable volume increment (in  m3 
 ha−1   yr−1 u.b.) of forest types identified at country 
level. All data, when possible, were further classified 
by regions, management systems, and distinguished 
between FAWS and FNAWS. For even-aged for-
est stands, data were further distinguished by age 
classes. All data and further details on the classifiers 
are reported within the folder Volume_increment_
database.

2. Aboveground biomass and BCEF database, report-
ing the total aboveground dry biomass (in t  ha−1) of 
the forest types identified at country level, further 
distinguished, for even-aged stands, by age classes. 
All data were further classified by regions, manage-
ment systems, and, when possible, distinguished 
between FAWS and FNAWS, according to the same 
classification system applied within the volume and 
increment database. The total aboveground dry bio-
mass is further distinguished between the following 
components: stem (i.e., merchantable wood biomass 
excluding bark), bark, branches (including both main 
and small branches), and foliages. The database also 

(1)BCEF =

AGs

Vm

reports the biomass conversion and expansion fac-
tors (BCEF, in t  m−3) derived from the ratio between 
the merchantable volume associated to each record 
and the corresponding total aboveground biomass. 
All data and further details are reported within the 
folder Vol_to_biomass_bcef_database.

3. An ancillary database (Vol_to_biomass_parms_JRC_
selection), including ancillary information on the 
parameters defining the allometric equations asso-
ciated to each FT and group of classifiers as defined 
above (see Boudewyn et al. 2007 for detail informa-
tion on allometric equations models used within the 
present paper).

A detailed description of all input data and of the clas-
sification scheme applied within this study is reported in 
Pilli et  al. (2024a), within the Volume_increment_data-
base, available at https:// doi. org/ 10. 5281/ zenodo. 11387 
301.

Detailed information on the data sources used for each 
country are reported as Annex 1, in Pilli et al. (2024b).

2.3  Technical validation
We validated our results against other studies including 
both a harmonization effort of the same statistics (i.e., 
including a harmonization of definitions and concepts, as 
defined by Rennolls et al. 2009) and a temporal alignment 
of various data sources. The volume and carbon stock sta-
tistics reported by the DIABOLO study (Vauhkonen et al. 
2019a), and the volume increment statistics reported by 
Avitabile 2023, include data referred to the same year, in 
this case 2015, which were preliminarily harmonized to 
a common base definition, consistent with our analysis.

Such as in other studies, also our data were not fully 
aligned in time even if they mostly refer to the period 
2005–2015. To align our dataset to a common base year, 
we used the same approach applied by Vauhkonen et al. 
(2019a), and we initialized a yield data driven forest 
model, with our volume and increment growth curves. 
We used the EU-CBM-HAT model developed by the 
JRC (Blujdea et  al. 2022), and we ran it, for each coun-
try, until a common base year (in this case 2015) starting 
from the base year assigned to the original data sources 
(see Table 1). Ancillary input data needed for the model 
initialization were generally inferred from the same data 
sources used to derive the growth curve libraries (Pilli 
et  al. 2024b). Then, we derived from the model output 
the same statistics reported by other data sources. When 
referred to FAWS, total aboveground volume and C 
stock have a good fit with other data sources (see Figs. 2 
and 3). Data on FNAWS are clearly affected by the lack 
of specific information made available at country level 
(for most countries we could not distinguish FAWS and 

https://pypi.org/project/eu-cbm-hat/
https://doi.org/10.5281/zenodo.11387301
https://doi.org/10.5281/zenodo.11387301
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FNAWS, so FAWS assumptions were applied also to 
FNAWS). Increment data generally have a good fit both 
when scaled against the total forest area and against the 
FAWS (Fig. 4).

Data on average WD and BCEF derived by model out-
put were compared with (i) the ratio between the total 
aboveground biomass stock and stemwood volume 
derived by DIABOLO, as reported by Vauhkonen et  al. 
(2019b) dataset (Fig. 5, plot A) and (ii) the ratio between 

the merchantable volume and total biomass stock derived 
by the State of Europe’s Forests data (Forest Europe 2020, 
hereafter referred as SoEF) (Fig. 5, plot B). The compari-
son on WD values highlights that DIABOLO data are 
generally higher than our WD. This can be because, for 
DIABOLO, the WD was estimated as the ratio between 
total aboveground biomass (including stemwood, logging 
residues, and stumps) and stemwood volume, defined as 
the part of tree stem from the felling cut to the tree top, 

Fig. 2 Regression plot between the total aboveground volume (referred to FAWS on plot A and FNAWS on plot B) derived by our yield 
table libraries (on the y-axis, using EU-CBM-HAT) and reported by DIABOLO project (Vauhkonen et al. 2019b) on the x-axis. The black dot line 
is the one-to-one regression line. All values are referred to 2015 and each dot refers to a specific country, reported as label
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including removed branches. Therefore, the two com-
ponents, in some cases, could not be fully comparable, 
and, for this reason, countries’ WD values derived by 
DIABOLO seem to be higher than most of the WD val-
ues reported for the main European species by other data 
sources, such as IPCC (IPCC 2006) or Vieilledent et  al. 
(2018). In the same way, in some cases, BCEF derived by 
SoEF seems to be quite high, compared to the IPCC ones, 

such as for example in case of Bulgaria and Spain, where 
they are equal to 0.86 and 0.92, respectively.

3  Reuse potential and limits
This compilation can be used both as direct input for cal-
ibrating yield-data driven models applied both at national 
and international level, either for directly assessing 
the current and potential growth or net carbon sink of 

Fig. 3 Regression plot between the total aboveground C stock (referred to FAWS on plot A and FNAWS on plot B) derived by our yield table libraries 
(on the y-axis, using EU-CBM-HAT) and reported by DIBOLO project (Vauhkonen et al. 2019b) on the x-axis. The black dot line is the one-to-one 
regression line. All values are referred to 2015 and each dot refers to a specific country, reported as label
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specific forest area, also at sub-national level. This is part 
of climate policy preparation, implementation and com-
pliance checks (Korosuo et al. 2023, Vizzarri et al. 2021). 
Consequently, this exercise supports the implementation 
of the JRC forest carbon model EU-CBM-HAT (Pilli et al. 
2024b; Blujdea et al. 2022).

An important highlight is that, despite age class 
is mentioned as a driver in the whole analysis, a key 

element addressed by our assessment is also given by 
the reciprocal consistency between biomass, volume, 
and increment data, associated to each forest type.

Since these data set provide volume, increment, 
and biomass data per unit of area, these values can be 
directly combined with other information reporting the 
forest area, as made available also from remote sensing 
data.

Fig. 4 Regression plot between the Net Annual Increment values (referred to the total forest area on plot A and to FAWS on plot B) derived by our 
yield table libraries (on the y-axis, using EU-CBM-HAT) and reported by Avitabile (2023) on the x-axis. The black dot line is the one-to-one regression 
line. All values are referred to 2015 and each dot refers to a specific country, or to EU-27, reported as label
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Even if the original data have been interpolated to 
exclude possible outliers, and further checked to ensure 
the overall consistency of the final output, because of 
the small number of input data reported for some coun-
try and FT, and the large number of records reported 
within the final database (about 57 k, distributed between 
25 countries, 222 FT, various MT and MS, and 20 age 
classes), in some cases, the final results may include some 

volume or increment values not consistent with the age 
class distribution. This is the case, for example, of some 
volume data attributed to the first age class, clearly over-
estimated (e.g., for the forest type LD in Italy), or to the 
final age classes. For these reasons, before using these 
data at local level, we recommend proceeding to a further 
expert assessment, including a systematic comparison—
and, eventually, recalibration—of volume and increment 

Fig. 5 Comparison between: plot A, the average wood density derived by our yield table libraries (on the y-axis, using EU-CBM-HAT) and inferred 
from DIABOLO data base (Vauhkonen et al. 2019b) on the x-axis; plot B, the average Biomass conversion and expansion factor derived by our yield 
tables libraries (on the y-axis, using EU-CBM-HAT) and inferred from SoEF (Forest Europe 2020), on the x-axis. Each dot refers to a specific country, 
or to EU-27, reported as labels
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data reported within the present collection, with similar 
information made available at local level (e.g., provided 
by forest management plans or collected by NFI plots). 
We also stress that, because of the lack of data made 
available at country level, only in few cases (Finland 
and Sweden) volume and increment data are specifi-
cally referred to FNAWS. For most of Member States, we 
could not distinguish FAWS and FNAWS.

The JRC is continuously working, in collaboration with 
MS, to collect new information made available by NFI 
and national institutions. Therefore, both these collec-
tions can be further updated, and refined, according to 
these new data.

Acknowledgements
We sincerely thanks two anonymous reviewers providing a careful revision of 
this paper and data collection.

Authors’ contributions
RP and VB designed the study and analyzed the data, in collaboration with PR. 
RP and VB wrote the paper, in collaboration with PR, GG, and SM. All authors 
read and approved the final paper.

Funding
This work was made possible by funding from the Administrative Agreement 
between DG RTD and JRC, “KCB SUPPORT 2,” No. 35895.

Availability of data and materials
The datasets generated and analyzed during the current study and the data 
collection are available in a Zenodo repository, accessible at the following link: 
https:// zenodo. org/ recor ds/ 11387 301.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 31 January 2024   Accepted: 30 August 2024

References
Alberdi I, Bender S, Riedel T, Avitabile V, Bouriaud O, Bosela M, Camia A, Cañel-

las I, Castro Rego F, Fischer C, Freudenschuβ A, Fridman J, Gasparini P, 
Gschwantner T, Guerrero S, Kjartansson BT, Kucera M, Lanz A, Marin G, 
Mubareka S, Hernández L (2020) Assessing forest availability for wood 
supply in Europe. For Policy Econ 111:102032

Avitabile V, Pilli R, Migliavacca M, Duveiller G, Camia A, Blujdea V, Adolt R, 
Alberdi I, Barreiro S, Bender S, Borota D, Bosela M, Bouriaud O, Breiden-
bach J, Cañellas I, Čavlovíc J, Colin A, Di Cosmo L, Donis J, Fischer C, 
Freudenschuss A, Fridman J, Gasparini P, Gschwantner T, Hernández L, 
Korhonen K, Kulbokas G, Kvist V, Latte N, Lazdins A, Lejeune P, Makovskis 
K, Marin G, Maslo J, Michorczyk A, Mionskowski M, Morneau F, Mysz-
kowski M, Nagy K, Nilsson M, Nord-Larsen T, Pantic D, Perin J, Redmond J, 
Rizzo M, Šeben V, Skudnik M, Snorrason A, Sroga R, Stoyanov T, Svensson 
A, Talarczyk A, Teeuwen S, Thürig E, Uva J, Mubareka S (2024) Harmonised 
statistics and maps of forest biomass and increment in Europe. Sci Data 
11(1):274

Avitabile V, Pilli R, Migliavacca M, Camia A, Mubareka S (2023) Forest Biomass 
Production. In: Mubareka S, Migliavacca M, Sanchez Lope J editor(s) EUR 
31415 EN, Publications Office of the European Union, Luxembourg, ISBN 
978–92–76–99070–3 (online), https:// doi. org/ 10. 2760/ 484748 (online), 
JRC132358, 2023 https:// publi catio ns. jrc. ec. europa. eu/ repos itory/ handle/ 
JRC13 2358

Avitabile V (2023) Forest Biomass dataset for Europe - Supplementary data. 
figshare. Collection. https:// doi. org/ 10. 6084/ m9. figsh are.c. 67871 40. v6

Blujdea V, Rougieux P, Sinclair L, Morken S, Pilli R, Grassi G, Mubareka S, Kurz 
W (2022) The JRC Forest Carbon Model: description of EU-CBM-HAT, 
EUR 31299 EN, Publications Office of the European Union, Luxembourg, 
ISBN 978–92–76–58867–2, https:// doi. org/ 10. 2760/ 244051, JRC130609. 
https:// publi catio ns. jrc. ec. europa. eu/ repos itory/ handle/ JRC13 0609

Boudewyn P, Song X, Magnussen S, Gillis MD (2007) Model-based, volume-to-
biomass conversion for forested and vegetated land in Canada. Canadian 
Forest Service, Victoria, Canada (Inf. Rep. BC-X-411). Available at. http:// cfs. 
nrcan. gc. ca/ publi catio ns/? id= 27434. (last access, December 2023)

Březina D, Michal J, Hlaváčková P (2023) Analytical study for the determination 
of the energy use potential of forest dendromass in the Czech Republic. 
Forests 14(9):1744. https:// www. mdpi. com/ 1999- 4907/ 14/9/ 1744

Brown S (2002) Measuring carbon in forests: current status and future chal-
lenges. Environ Pollut 116(3):363–372

Demol M, Calders K, Verbeeck H, Gielen B (2021) Forest above-ground volume 
assessments with terrestrial laser scanning: a ground-truth validation 
experiment in temperate, managed forests. Ann Bot 128(6):805–819. 
https:// acade mic. oup. com/ aob/ artic le/ 128/6/ 805/ 63625 25

Forest Europe (2020) State of Europe’s forests.  [Dataset]. https:// fra- data. fao. 
org/ asses sments/ panEu ropean/ 2020/ FE/ home/ overv iew. (last access, 
December 2023)

Gschwantner T, Alberdi I, Balázs A, Bauwens S, Bender S, Borota D, Bosela M, 
Bouriaud O, Cañellas I, Donis J, Freudenschuß A, Hervé J-C, Hladnik D, 
Jansons J, Kolozs L, Korhonen KT, Kucera M, Kulbokas G, Kuliešis A, Lanz 
A, Lejeune P, Lind T, Marin G, Morneau F, Nagy D, Nord-Larsen T, Nunes L, 
Pantić D, Paulo JA, Pikula T, Redmond J, Rego FC, Riedel T, Saint-André L, 
Šebeň V, Sims A, Skudnik M, Solti G, Tomter SM, Twomey M, Westerlund 
B, Zell J (2019) Harmonization of stem volume estimates in European 
National Forest Inventories. Ann For Sci 76(1):1–23. https:// annfo rsci. 
biome dcent ral. com/ artic les/ 10. 1007/ s13595- 019- 0800-8

Gschwantner T, Riedel T, Henning L, Ana A, Alberdi I, Cañellas I, Di Cosmo L, 
Fischer C, Freudenschuss A, Gasparini P, Henttonen H, Korhonen KT, Marin 
G, Morneau F, Neagu S, Nilson M, Pesty B, Schadauer K, Westerlund B 
(2021) Use of National Forest Inventories data to harmonize and improve 
the current knowledge on forest increment in Europe. Final Report, 
Specific Contract No. 20 in the context of the “Framework contract for 
the provision of forest data and services in support to the JRC activities 
and applications on forest resources” Contract Number 934340 (Joint 
Research Centre of the European Commission, Ispra, Italy, 2021)

Gschwantner T, Alberdi I, Bauwens S, Bender S, Borota D, Bosela M, Bouriaud 
O, Breidenbach J, Donis J, Fischer C, Gasparini P, Heffernan L, Hervé J-C, 
Kolozs L, Korhonen KT, Koutsias N, Kovácsevics P, Kučera M, Kulbokas G, 
Kuliešis A, Lanz A, Lejeune P, Lind T, Marin G, Morneau F, Nord-Larsen T, 
Nunes L, Pantić D, Redmond J, Rego FC, Riedel T, Šebeň V, Sims A, Skudnik 
M, Tomter SM, Tomter SM (2022a) Growing stock monitoring by European 
National Forest Inventories: historical origins, current methods and har-
monization. For Ecol Manag 505:119868. https:// www. scien cedir ect. com/ 
scien ce/ artic le/ pii/ S0378 11272 10095 92

Gschwantner T, Riedel T, Henning L, Adoltb R, Di Cosmo L, Freudenschussa A, 
Gasparini P, Kohn I, Kučera M, Marin G, Máslo J, Mionskowski M, Neagu S, 
Nilsson M, Pesty B, Pikula T, Schadauer K, Sroga R, Talarczyk A, Westerlund 
B (2022b) Use of National Forest Inventories data to harmonize and 
improve the current knowledge on forest increment in Europe. Final 
Report, Specific Contract No. 21 in the context of the “Framework con-
tract for the provision of forest data and services in support to the JRC 
activities and applications on forest resources” Contract Number 934340 
(Joint Research Centre of the European Commission, Ispra, Italy, 2022)

IPCC (2003) Good practice guidance for land use, land-use change and 
forestry. In: Penman J, Gytarsky M, Hiraishi T, Krug T, Kruger D, Pipatti R, 
Buendia L, Miwa K, Ngara T, Tanabe K, Wagner F (eds) Institute for Global 
Environmental Strategies (IGES), Kanagawa. Available at: https:// www. 
ipcc. ch/ publi cation/ good- pract ice- guida nce- for- land- use- land- use- 
change- and- fores try/

https://zenodo.org/records/11387301
https://doi.org/10.2760/484748
https://publications.jrc.ec.europa.eu/repository/handle/JRC132358
https://publications.jrc.ec.europa.eu/repository/handle/JRC132358
https://doi.org/10.6084/m9.figshare.c.6787140.v6
https://doi.org/10.2760/244051
https://publications.jrc.ec.europa.eu/repository/handle/JRC130609
http://cfs.nrcan.gc.ca/publications/?id=27434
http://cfs.nrcan.gc.ca/publications/?id=27434
https://www.mdpi.com/1999-4907/14/9/1744
https://academic.oup.com/aob/article/128/6/805/6362525
https://fra-data.fao.org/assessments/panEuropean/2020/FE/home/overview
https://fra-data.fao.org/assessments/panEuropean/2020/FE/home/overview
https://annforsci.biomedcentral.com/articles/10.1007/s13595-019-0800-8
https://annforsci.biomedcentral.com/articles/10.1007/s13595-019-0800-8
https://www.sciencedirect.com/science/article/pii/S0378112721009592
https://www.sciencedirect.com/science/article/pii/S0378112721009592
https://www.ipcc.ch/publication/good-practice-guidance-for-land-use-land-use-change-and-forestry/
https://www.ipcc.ch/publication/good-practice-guidance-for-land-use-land-use-change-and-forestry/
https://www.ipcc.ch/publication/good-practice-guidance-for-land-use-land-use-change-and-forestry/


Page 12 of 12Pilli et al. Annals of Forest Science           (2024) 81:35 

IPCC (2006) 2006 IPCC Guidelines for National Greenhouse Gas Inventories, 
Prepared by the National Greenhouse Gas Inventories Program. Volume 
4, Agriculture, Forestry and Other Land Use. Chapter 4, Forest Land. 
Eggleston HS, Buendia L, Miwa K, Ngara T, Tanabe K (eds). Published: IGES, 
Japan. Available at. https:// www. ipcc- nggip. iges. or. jp/ public/ 2006gl/ 
index. html. (last accessed December 2023)

IPCC (2019) 2019 Refinement to the 2006 IPCC Guidelines for National 
Greenhouse Gas Inventories. In: Calvo Buendia E, Tanabe K, Kranjc A, 
Baasansuren J, Fukuda M, Ngarize S, Osako A, Pyrozhenko Y, Shermanau 
P, Federici S (eds). IPCC, Switzerland. Available at: https:// www. ipcc. ch/ 
report/ 2019- refin ement- to- the- 2006- ipcc- guide lines- for- natio nal- green 
house- gas- inven tories/

Korosuo A, Pilli R, Abad Viñas R, Blujdea VN, Colditz RR, Fiorese G, Rossi S, 
Vizzarri M, Grassi G (2023) The role of forests in the EU climate policy: are 
we on the right track? Carbon Balance Manage 18:15. https:// doi. org/ 10. 
1186/ s13021- 023- 00234-0

Kurz WA, Dymond CC, White TM, Stinson G, Shaw CH, Rampley GJ, Smyth 
C, Simpson BN, Neilson ET, Trofymow JA, Metsaranta J, Apps MJ (2009) 
CBM-CFS3: a model of carbon-dynamics in forestry and land-use change 
implementing IPCC standards. Ecol Model 220(4):480–504. https:// doi. 
org/ 10. 1016/j. ecolm odel. 2008. 10. 018. ISSN 0304-3800

Motulsky HJ, Ransnas LA (1987) Fitting curves to data using nonlinear regres-
sion: a practical and nonmathematical review. FASEB J 1:365–374

Pilli R, Grassi G, Kurz WA, Smyth CE, Blujdea V (2013) Application of the CBM-
CFS3 model to estimate Italy’s forest carbon budget, 1995–2020. Ecol 
Model 266:144–171. https:// www. scien cedir ect. com/ scien ce/ artic le/ pii/ 
S0304 38001 30035 29

Pilli R, Grassi G, Kurz WA, Viñas RA, Guerrero NH (2016) Modelling forest carbon 
stock changes as affected by harvest and natural disturbances. I. Com-
parison with countries’ estimates for forest management. Carbon Balance 
Manag 11(1):5. https:// cbmjo urnal. biome dcent ral. com/ artic les/ 10. 1186/ 
s13021- 016- 0047-8

Pilli R, Blujdea V, Rougieux P (2024a) EU volume, increment, aboveground bio-
mass and BCEF libraries. Zenodo. https:// doi. org/ 10. 5281/ zenodo. 11387 
301, https:// zenodo. org/ recor ds/ 11387 301

Pilli R, Blujdea V, Rougieux P, Grassi G, Mubareka S (2024b) The calibration of 
the JRC EU Forest Carbon Model within the historical period 2010 - 2020, 
Publications Office of the European Union, Luxembourg, 2024, https:// 
doi. org/ 10. 2760/ 222407, JRC135639. https:// publi catio ns. jrc. ec. europa. 
eu/ repos itory/ handle/ JRC13 5639

Rennolls K, Päivinen R, San-Miguel-Ayanz J, Tomé M, Skovsgaard JP, Palahi M, 
Matthews R (2009) Harmonisation of european forest growing stocking 
data using a model-based conversion approach. For Biometry Model Inf 
Sci 1:1–34

Somogyi Z, Teobaldelli M, Federici S, Matteucci G, Pagliari V, Grassi G, Seufert G 
(2008) Allometric biomass and carbon factors database. iforest-Biogeosci 
Forest 1(3):107. https:// ifore st. sisef. org/ abstr act/? id= ifor0 463- 00101 07

Vauhkonen J, Berger A, Gschwantner T, Schadauer K, Lejeune P, Perin J, 
Pitchugin M, Adolt R, Zeman M, Johannsen VK, Kepfer-R S, Sims A, Bastick 
C, Morneau F, Colin A, Bender S, Kovácsevics P, Solti G, Kolozs L, Nagy D, 
Nagy K, Twomey M, Redmond J, Gasparini P, Notarangelo M, Rizzo M, 
Makovskis K, Lazdins A, Lupikis A, Kulbokas G, Antón-F C, Rego FC, Nunes 
L, Marin G, Calota C, Pantić D, Borota D, Roessiger J, Bosela M, Šebeň 
V, Skudnik M, Adame P, Alberdi I, Cañellas I, Lind T, Trubins R, Thürig E, 
Stadelmann G, Ditchburn B, Ross D, Gilbert J, Halsall L, Lier M, Packalen T, 
Packalen T (2019a) Harmonised projections of future forest resources in 
Europe. Ann For Sci 76:1–12. https:// annfo rsci. biome dcent ral. com/ artic 
les/ 10. 1007/ s13595- 019- 0863-6

Vauhkonen J, Berger A, Gschwantner T, Schadauer K, Lejeune P, Perin J, 
Pitchugin M, Adolt R, Zeman M, Johannsen VK, Kepfer-Rojas S, Sims A, 
Bastick C, Morneau F, Colin A, Bender S, Kovácsevics P, Solti G, Kolozs L, 
Nagy D, Nagy K, Twomey M, Redmond J, Gasparini P, Notarangelo M, 
Rizzo M, Makovskis K, Lazdins A, Lupikis A, Kulbokas G, Antón-Fernández 
C, Castro Rego F, Nunes L, Marin G, Calota C, Pantić D, Borota D, Roessiger 
J, Bosela M, Šebeň V, Skudnik M, Adame P, Alberdi I, Cañellas I, Lind T, 
Trubins R, Thürig E, Stadelmann G, Ditchburn B, Ross D, Gilbert J, Halsall 
L, Lier M, Packalen T (2019b) Data from: harmonized projections of future 
forest resources in Europe. Version 10 July 2019. Dryad Digital Repository. 
[Dataset]. https:// doi. org/ 10. 5061/ dryad. 4t880 qh

Vieilledent G, Fischer J F, Chave J, Guibal D, Langbour P, Gérard J (2018) New 
formula and conversion factor to compute tree species basic wood 

density from a global wood technology database. Am J Bot 105:1–9. 
https:// doi. org/ 10. 1002/ ajb2. 1175

Vizzarri M, Pilli R, Korosuo A, Blujdea VN, Rossi S, Fiorese G, Abad-Viñas R, 
Colditz RR, Grassi G (2021) Setting the forest reference levels in the 
European Union: overview and challenges. Carbon Balance Manag 
16(1):1–16. https:// cbmjo urnal. biome dcent ral. com/ artic les/ 10. 1186/ 
s13021- 021- 00185-4

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://www.ipcc-nggip.iges.or.jp/public/2006gl/index.html
https://www.ipcc-nggip.iges.or.jp/public/2006gl/index.html
https://www.ipcc.ch/report/2019-refinement-to-the-2006-ipcc-guidelines-for-national-greenhouse-gas-inventories/
https://www.ipcc.ch/report/2019-refinement-to-the-2006-ipcc-guidelines-for-national-greenhouse-gas-inventories/
https://www.ipcc.ch/report/2019-refinement-to-the-2006-ipcc-guidelines-for-national-greenhouse-gas-inventories/
https://doi.org/10.1186/s13021-023-00234-0
https://doi.org/10.1186/s13021-023-00234-0
https://doi.org/10.1016/j.ecolmodel.2008.10.018
https://doi.org/10.1016/j.ecolmodel.2008.10.018
https://www.sciencedirect.com/science/article/pii/S0304380013003529
https://www.sciencedirect.com/science/article/pii/S0304380013003529
https://cbmjournal.biomedcentral.com/articles/10.1186/s13021-016-0047-8
https://cbmjournal.biomedcentral.com/articles/10.1186/s13021-016-0047-8
https://doi.org/10.5281/zenodo.11387301
https://doi.org/10.5281/zenodo.11387301
https://zenodo.org/records/11387301
https://doi.org/10.2760/222407
https://doi.org/10.2760/222407
https://publications.jrc.ec.europa.eu/repository/handle/JRC135639
https://publications.jrc.ec.europa.eu/repository/handle/JRC135639
https://iforest.sisef.org/abstract/?id=ifor0463-0010107
https://annforsci.biomedcentral.com/articles/10.1007/s13595-019-0863-6
https://annforsci.biomedcentral.com/articles/10.1007/s13595-019-0863-6
https://doi.org/10.5061/dryad.4t880qh
https://doi.org/10.1002/ajb2.1175
https://cbmjournal.biomedcentral.com/articles/10.1186/s13021-021-00185-4
https://cbmjournal.biomedcentral.com/articles/10.1186/s13021-021-00185-4

	Volume, increment, and aboveground biomass data series and biomass conversion and expansion factors for the main forest types of EU Member States
	Abstract 
	Key message 

	1 Background
	2 Methods
	2.1 General modelling framework
	2.1.1 Standing stock volume and increment data
	2.1.2 Aboveground biomass density and biomass conversion and expansion factors (BCEF)

	2.2 Access to the data and metadata description
	2.3 Technical validation

	3 Reuse potential and limits
	Acknowledgements
	References


