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Acronyms

PLOT_18: 18m radius circular plot (1017 m?)
PLOT_13: 13m radius circular plot (531 m?)
PLOT_4: 4m radius circular plot (50 m?)

dbh: diameter at breast height (1.30 m)
AGB: Aboveground Biomass

Definitions

Basal density of wood (0): ratio between the weight of the dry substance contained in a
piece of wood and its fresh volume. It differs from specific weight because the two terms of
the ratio are not measured simultaneously in the same humidity condition, but at two different
times and precisely in the extreme states
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1. Considered carbon pools

For the purposes of the project, the following carbon pools identified by the IPCC guidelines
will be considered (Figure 1; IPCC 2006):

1. Living trees: this pool includes the living biomass of the above ground (stems,
branches, leaves) and roots (plants with dbh > 4.5 cm);

2. Shrubs: this pool includes the living biomass of the understory (stems, branches,
leaves) and roots (plants with dbh < 4.5 cm)

3. Grass (only for meadows and pastures): This pool includes the living biomass of
the herbaceous layer including roots.

4. Standing deadwood: this pool includes standing dead trees, branches and roots
(plants with dbh > 4.5 cm);

5. Stumps: this pool includes the biomass of stumps and their roots

6. Lying Dead wood: this pool includes the biomass of all woody residues lying on the
ground. In particular, we distinguish between coarse woody debris (diameter greater
than 10 cm), fine woody debris (2.5 cm < diameter < 10 cm) and very fine woody debris
(diameter< 2.5 cm).

7. Litter: this pool includes fresh litter (OL horizon), i.e. leaves, fruits still
undecomposed.

Branches and leaves
Standing
deadwood

Lving deadwood Litter

Figure 1 - Scheme of the carbon pools considered in the project

2. Ildentification of the center of the plot

Once reached the survey point, the center of each plot will be permanently marked using a
picket in order to guarantee its identification over time, at least for the duration of the project.
We recommend using tear-proof X-GRIP pickets measuring 360 mm in galvanized steel, shaft
@ 15mm, white-red plasticized from Eurotec SNC of Parma (Figure 2). Alternatively, you can
use iron construction nails, the head of which must be bent and covered for safety reasons. It
is also recommended to identify three reference points (e.g. rocks, trees or other elements)
clearly visible in the immediate proximity of the central point of the plot (if possible within 5-10
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m) and mark them in situ with permanent spray paint. The exact position of the center will then

be recorded with GNSS with submetric precision.
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Figure 2 - Eurotec snc X-GRIP picket to permanently identify the central point of the PLOT_13

3. Survey of standing trees and stumps

After the identification of the center of the plot and before proceeding with the dendrometric
measurements, the operator will proceed with a qualitative description of the stand considering
the following characteristics and filling out the plot survey form:

INSTITUTE CHAR Name of institution (abbreviation)
CHRONO_ID CHAR Chronosequence ID
SITE_ID CHAR Site ID within the chronosequence
Age since age of establishment (this can
TIME_SINCE_ABANDONEMENT INTEGER be derived by multi-temporal aerial
photos)
PLOT_ID INTEGER Unique plot ID within the site
LARGE PLOT R INTEGER Radius .of large plot used for censusing
- - trees with DBH > 10 cm
Radius of small plot used for censusing
SMALL_PLOT_R INTEGER trees with 4 < DBH < 10 cm
FOREST TYPE CHAR Fore§t. type according to the European
- classification
VERTICAL STRUCTURE CHAR Vertical strtfcture (single-layer, two-
- layered, multi-layered)
HORIZONTAL STRUCTURE CHAR Horizontal structure (random, regular,
- grouped)
COVERAGE CHAR Coverage (regular, full, incomplete, poor)
Management type (high forest, coppice,
MANAGEMENT TYPE CHAR temporary hlgh fores"c [i.e. conversion
- from coppice to high forest], not
determinable)
RECENT MANAGEMENT BOOL Signs of recent silvicultural practices (yes,

no)
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ASPECT

INTEGER

Main aspect of the plot expressed in
degrees from north (0-360)

SLOPE

DECIMAL

Average slope of the plot (expressed in %)

COORDINATES_N

DECIMAL

Coordinate of the center of the plot in
ETRS89/extended LAEA Europe
(EPSG:3035) coordinate system
(https://epsg.io/3035)

COORDINATES_E

DECIMAL

Coordinate of the center of the plot in
ETRS89/extended LAEA Europe
(EPSG:3035) coordinate system
(https://epsg.io/3035)

MARK1_DIST

DECIMAL

Distance in meters from the center of the
plot to the first reference object in the
field (optional)

MARK1_AZ

DECIMAL

Azimuth from the center of the plot to the
first reference object in the field
(optional)

MARK2_DIST

DECIMAL

Distance in meters from the center of the
plot to the second reference object in the
field (optional)

MARK2_AZ

DECIMAL

Azimuth from the center of the plot to the
second reference object in the field
(optional)

MARK3_DIST

DECIMAL

Distance in meters from the center of the
plot to the third reference object in the
field (optional)

MARK3_AZ

DECIMAL

Azimuth from the center of the plot to the
third reference object in the field
(optional)

For examples of plot survey form see attached WP3_survey_forms.xlsx file.

Living and dead standing trees and stumps

The operator will proceed to identify two concentric circular plots on the horizontal plane
through the use of the Vertex hypsometer in distance meter mode (see fig. 3). The largest plot
should be of approximately 1000 m? (i.e. a radius of 18 m; PLOT_18 — preferable option). In
the case this size is not achievable, a plot of at least 500 m? (i.e. with a radius of 13 m) can be
considered (PLOT_13). The preferable shape for PLOT_18 and PLOT_13 would be circular
in order to minimize the perimeter of the plot, however rectangular plots of 1000 m? (or 500

m? will be also accepted as a back-up solution.

The smaller concentric plot will be of around 50 m? (i.e. radius of 4 m; PLOT_4). Within the
PLOT_18 (or the PLOT_13) all trees with dbh greater than or equal to 10 cm will be measured,
while within the PLOT_4 all trees with a diameter between 4 and 10 cm will be measured.
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Figure 3 - Example of concentric plots: the PLOT_18 or PLOT_13 in green; the PLOT_4 in blue

For each sampled tree, the following information will be recorded on the appropriate survey
form (‘Tree Survey Form'). For examples of tree survey form see attached
WP3_survey_forms.xlIsx file.

Tree survey form:

INSTITUTE CHAR NA mandatory

CHRONO_ID CHAR NA mandatory

SITE_ID CHAR NA mandatory

PLOT_ID INTEGER NA mandatory

TREE_ID INTEGER NA mandatory

STEM_ID INTEGER NA mandatory

MULTI_STEM ENUM NA mandatory

LIFE ENUM NA mandatory

MORT_MOD ENUM NA mandatory

SPECIES VARCHAR NA mandatory

DBH INTEGER cm mandatory

HOM DECIMAL m optional, standing only
optional for standing trees,

HEIGHT DECIMAL m mandatory for snags and stumps

DECAY ENUM NA mandatory, dead only

AGE INTEGER NA optional

COORD_X DECIMAL m optional

COORD_Y DECIMAL m optional

COORD_Z DECIMAL m optional
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Description of individual attributes of standing trees
INSTITUTE — Name of institution (abbreviation)

CHRONO_ID — Chronosequence ID

SITE_ID — Site ID within the chronosequence

PLOT_ID - Unique plot ID within the site

TREE_ID —Unique identifier of the tree individual in the site/plot from the database
perspective. A tree may have one or more stems.

STEM_ID — Distinct identifier for individual stems within one tree, separated up to a height of
1.3 meters (for more see MULTI_STEM). For single stem STEM_ID = 1, for multi-stemmed
trees the range is 1:n.

TREE_ID=785
STEM_ID=2

TREE_ID=785 ‘
STEM_ID=1 f \ /

Figure 4. Example of ID coding.

MULTI_STEM - value identifying stem multiplicity within single tree.

SGL Single. One stem per one tree individual. Figure 5.

Forked. Stems branching at a height of 0-1.3 m above the ground; there is one tree-base on
FRK the ground. Figure 6 a).

Polycormic. Stems of one biological individual, originally shoots resulted from coppicing

PLC mainly, but for some broadleaves (e.g. linden) also of natural origin. Figure 6 b)
Mother tree. A lying tree, which is still alive (possibly rooting along the stem), produces
MTR measurable orthotrophic shoots growing from it. Figure 7.

From mother tree. Shoots with orthotropic growth originating from the mother tree. Figure
MTX 7.
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horni tloudtka (HTL)
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Figure 5: Single stems
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Figure 7. Mother tree (MTR) and shoots from mother tree (MTX).
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LIFE - Stem is alive (A) or dead (D).
MORT_MOD - Mortality mode, type of tree death.

Uprooted At least a part of the root system has been torn out of the ground.

Stump Stem broke at a height < 1.3 m above the ground. Figure 5f.

Artificial stump  [Stem cut at a height < 1.3 m above the ground.

Break Stem broke at a height > 1.3 m above the ground. Figure 5 d.

DALB Dead Above Live Bellow. Tree is live at a height < 1.3 m, but at a height > 1.3 m is dead. Figure 5e.
Withered Standing dead complete stem (died standing). Figure 5 b.

NA Living tree. Figure 5 a, c.

SPECIES - Six character abbreviation derived from scientific name

DBH — Diameter at breast height (1.3 m) in cm. Measured by tape preferably rather than
caliper. In the case of stumps, in correspondence with the upper section, the two diameters
will be measured crosswise and averaged.

HOM - Height of (DBH) measurement. Default is at 1.3 m above the ground. Important when
HOM significantly deviates from breast height because of stem malformations. Figure 8.

HEIGHT — Height of the tree or snag, in meters with one decimal place. In the case of stumps,
the height from the ground of the upper section (i.e where diameter is measured) will be
measured.

Figure 8. Types of HOM on stem with bulge.

DECAY — Numerical value of the decay class.

10
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Freshly dead (0-5 years for many species); branches of 3rd order are present; the full
height of stem is present unless there was damage prior to the mortality event or
caused during the mortality event; fully barked (usually 280 % of stem surface). The
species is still recognizable;

Branches of the first order are present; full tree height unless there was damage prior
2 to or during the mortality event; partly barked - usually <80 % of stem surface,
broadleaved trees should bestill fully barked; the species can usually still be identified;
Only short basal rests of main branches; full height unless there was damage prior to
3 the mortality event; bark missing or absent (usually <20 % of stem surface) in the case
of coniferous species;

No branches or small basal rests; height <80 % of height curve (according to DBH);

5 Stumps or short snags; the wood is at a stage of advanced rot.
1 2 3 4 S
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Figure 9. Decay classes. 5-class classification visual representation.

AGE - Age of the tree.

COORDS - Tree coordinates, if measured, in ETRS89/extended LAEA Europe (EPSG:3035)
coordinate system (https://epsq.io/3035).

11
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4. Lying deadwood

Coarse woody debris

Measurement of downed coarse woody debris (diameter = 10 cm) follows the same method
as the measurement of standing stems. Therefore, a full census is conducted on the PLOT_18
(or PLOT_13) plot of all pieces of coarse woody debris with a lower end diameter exceeding
the threshold of 10 cm and a length exceeding 0.5 m. Additionally, the upper end diameter is
measured. Each lying stem coarse woody debris is classified into a decay class and its species
is identified, when possible. In case species is not identifiable, at least, deciduous / coniferous
categories will be reported. This method provides accurate data on coarse woody debris,
which represents the largest proportion of dead biomass. Volume of lying stem is determined
using software from the volume tables of tree species according to DBH and length (Ambroz
et Janik, 2024).

12
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Survey form for coarse woody debris

INSTITUTE CHAR NA mandatory
CHRONO_ID CHAR NA mandatory
SITE_ID CHAR NA mandatory
PLOT_ID INTEGER NA mandatory
PIECE_ID CHARJ[1] NA mandatory
DIAM_LOW INTEGER cm mandatory
DIAM_UP INTEGER cm mandatory
LENGTH DECIMAL m mandatory
DECAY ENUM NA mandatory
GROUND_CONT BOOLEAN NA mandatory
DATE DATE (YYYY-MM-DD) NA mandatory
COORD_X DECIMAL m optional

COORD_Y DECIMAL m optional

COORD_2z DECIMAL m optional

Description of individual attributes of lying deadwood

DIAM_LOW - Lower (wider) diameter of piece of lying log in cm.
DIAM_UP — Upper (thinner) diameter of piece of lying log in cm.
LENGTH - Length of piece of standing snag in m rounded to one decimal digit.

DECAY — Numerical value of the decay class.

Freshly fallen dead tree (usually windthrow or a basal rot); wood intact; branches of
1 2nd order are attached; fully barked (usually >80% of stem surface); species is still
recognizable;

Wood intact to partly hard or soft; branches of first order are partly attached; partly
barked; the species can usually still be identified,;

Wood hard but in large pieces; the wood is not compact any more along the entire stem
3 length with the core or outer mantle subjected to rot. The genus can often be
recognized, but species identification is difficult;

Wood chunks small, soft, and blocky; the wood is not compact and the cross-section is
4 either elliptical or circular; results in stem breakage, there are often just “little graves”
with the patchy vegetation.

The wood is at a stage of advanced rot; wood chunks soft and powdery; deadwood no
5 longer has a cylindrical shape; the species cannot be identified any more, a kick into a
stem

GROUND_CONTACT - Ground contact of the lying log. Identifies suspended (hanging) logs.
Piece of log is assessed as a whole.

13
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1 A piece of the log is in contact with the ground > 50% of its length. Figure 12 b), c)
0 A piece of the log is in contact with the ground < 50% of its length. Figure 12 a)
a) b) c)
INTHE AIR ON THE GROUND

Figure 10. (a) Ground_cont 0. (b) Ground_cont 1 prevail. (c) Ground_cont 1.

DATE — Date of measurement as YYYY-MM-DD.

COORDS - Tree coordinates, if measured, in ETRS89/extended LAEA Europe (EPSG:3035)
coordinate system (https://epsq.io/3035).

Fine woody debris

The survey of fine woody debris (diameter 2.5 cm < x < 10 cm) will be carried out according
to the line intercept method proposed by Harmon et al. (1996) along three linear transects of

10 m. Such transects will be placed in the plot as an equilateral triangle as shown in Figure
11.

N
/// ‘\\\\
/ \L
_/"/ "\.\
‘ A l
\‘\ /,‘;
SO / SE
\ /

Figure 11 — Identification of the transects (red) for laying woody debris survey within the plot

The equilateral triangle will be materialized with a 30 m tape using the center of the plot as the
top vertex and then positioning the linear transects one after the other moving clockwise. The
diameter of all pieces of dead wood with a diameter =2 2.5 cm intersecting each transect will
be measured. The decay class will be also determined according to the scale reported for
coarse woody debris.

14
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Survey form for fine woody debris

INSTITUTE CHAR NA mandatory
CHRONO_ID CHAR NA mandatory
SITE_ID CHAR NA mandatory
PLOT_ID INTEGER NA mandatory
TRANSECT_ID INTEGER NA mandatory
PIECE_ID CHAR[1] NA mandatory
DIAM INTEGER cm mandatory
DECAY ENUM NA mandatory

Description of individual attributes of lying fine woody debris

TRANSECT_

ID — transect ID within the plot (from 1 to 3)

DIAM - diameter of piece of fine woody debris intersecting the transect in cm.

DECAY — Numerical value of the decay class.

Freshly material; fully barked (usually >80% of stem surface); species is still
recognizable;

Wood intact to partly hard or soft; partly barked; the species can usually still be
identified;

Wood hard but in large pieces; the wood is not compact any more along the entire stem
length with the core or outer mantle subjected to rot. The genus can often be
recognized, but species identification is difficult;

Wood chunks small, soft, and blocky; the wood is not compact and the cross-section is
either elliptical or circular; results in stem breakage, there are often just “little graves”
with the patchy vegetation.

The wood is at a stage of advanced rot; wood chunks soft and powdery; deadwood no
longer has a cylindrical shape; the species cannot be identified any more, a kick into a
stem

5. Fuel Biomass

Shrubs and grass

Fuel biomass of shrubs and grass will be assessed along the three linear transects of 10 m

used for fine

woody debris (Figure 11).

Every 2 meters along each of the three 10-m transects, the operator will position a folding
meter stick vertically with respect to the ground. The operator will observe whether the fuels
of the different fuel classes touch the folding meter stick. In this way their presence or absence

15
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will be detected at the point where the meter was positioned along the transect. In the case
that the fuel of the j-th class does not touch the folding meter stick in the i-th point, that specific
class of fuel will be considered as "absent", otherwise as "present". The operator will also have
to note if there is the presence/absence of rock and soil at the i-th point.

After having detected the presence/absence of each fuel class, the operator will detect for
each fuel class the maximum height (cm) from the ground reached by the specific class (Figure
12).

The fuel classes to detect the presence/absence and height from the ground are as follows:

o Litter;
e Grass (Gr);
e Shrub (Sh)".

In the case of shrubs, the operator must report also the scientific name of the shrub species
(e.g. Calluna vulgaris).

The survey here described will allow to calculate percent coverage of the different fuel
categories in order to calculate grass and shrub biomass with species specific allometric
equations (only for shrubs) that uses height*cover. In particular, the percentage coverage of
the fuel classes and of rockiness and soil for each transect (Co; %) will be calculated as the
number of intersections of the j-th fuel class (or rock or soil) over the total number of
intersections of each transect (10 m : 2 m = 5).

Survey form for shrubs and grass fuel biomass

INSTITUTE CHAR NA mandatory
CHRONO_ID CHAR NA mandatory
SITE_ID CHAR NA mandatory
PLOT_ID INTEGER NA mandatory
TRANSECT_ID INTEGER NA mandatory
DISTANCE INTEGER NA mandatory
ROCK_PRESENCE BOOLEAN NA mandatory
SOIL_PRESENCE BOOLEAN NA mandatory
LITTER_PRESENCE BOOLEAN NA mandatory
LITTER_DEPTH INTEGER cm mandatory
GRASS_PRESENCE BOOLEAN NA mandatory
GRASS_DEPTH INTEGER cm mandatory
SH_PRESENCE BOOLEAN NA mandatory
SH_DEPTH BOOLEAN NA mandatory
SH_SPECIES CHAR NA mandatory
DATE DATE (YYYY-MM-DD) NA mandatory

1 Shrub with a diameter at breast height <4cm

16
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Description of individual attributes of shrubs and grass fuel biomass

TRANSECT_ID - transect ID within the plot (from 1 to 3)
DISTANCE - distance from the origin (from 0 to 30, every 2 m; 15 sampling points in total)
ROCK_PRESENCE - presence of rock (0 = no; 1 = yes)
SOIL_PRESENCE - presence of bare soil (0 = no; 1 = yes)
LITTER_PRESENCE - presence of litter (0 = no; 1 = yes)
LITTER_DEPTH — depth of the litter (cm)
GRASS_PRESENCE - presence of grass (0 = no; 1 = yes)
GRASS_DEPTH - depth of the grass layer (cm)
SH_PRESENCE - presence of shrub (0 = no; 1 = yes)
SH_DEPTH - depth of the SH layer (cm)

SH_SPECIES — dominant species of the SH layer

17
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Figure 12 — Sampling scheme of the different fuel categories. Above, the positioning of the three linear transepts
in an equilateral triangle. Below an example of the measurement of the presence/absence and depth with respect
to the ground of the fuel biomass in a coniferous forest.

Very fine woody debris and litter

The collection of very fine woody debris and litter is included in the soil protocol. For further
details, please refer to paragraph 4.1.3 “Disturbed soil and forest floor samples for physical
and chemical analysis” (https://wildcard-project.eu/wp-
content/uploads/2024/03/WILDCARD WP2 WP3 Soil_sampling protocol v4.2 FINAL no

QR.pdf).

18


https://wildcard-project.eu/wp-content/uploads/2024/03/WILDCARD_WP2_WP3_Soil_sampling_protocol_v4.2_FINAL_noQR.pdf
https://wildcard-project.eu/wp-content/uploads/2024/03/WILDCARD_WP2_WP3_Soil_sampling_protocol_v4.2_FINAL_noQR.pdf
https://wildcard-project.eu/wp-content/uploads/2024/03/WILDCARD_WP2_WP3_Soil_sampling_protocol_v4.2_FINAL_noQR.pdf

Funded by
the European Union

Aboveground biomass survey protocol for chronosequences

References

Ambroz, M., Janik, D. PraleStat Software — Calculation of stem parameters in the software
PraleStat. Naturalforests.cz. Accessed on March 2024. URL
https://naturalforests.cz/research-pralestat-software#v4.

Harmon, M.E., Sexton, J., Brook, H., 1996. GUIDELINES FOR MEASUREMENTS OF
WOODY DETRITUS IN FOREST ECOSYSTEMS.

IPCC, 2006. Generic methodologies applicable to multiple land-use categories, in: Guidelines
for National Greenhouse Gas Inventories.

19


https://pralesy.cz/vyzkum-historie-metodika-pralestat/
https://pralesy.cz/vyzkum-historie-metodika-pralestat/

