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Abstract

Within the framework of the monitoring of natural forest reserves in Switzerland, tree data have
been collected on permanent plots for over 50 years. These data characterize tree stands in
terms of species distribution, mixture by basal area or stem number, stand density, height dis-
tribution, dead wood quantity and habitat for flora and fauna. Thus growth and survival of every
individual tree can be tracked over time. The data can be compared with existing domestic
and international data from forest reserves as well as with data from experimental forests (e.g.,
growth-and-yield plots). The survey technique should be applicable to all permanent plots and
should remain constant over time. This document provides a manual for the monitoring of the
permanent plots in Swiss natural forest reserves. It describes the field survey in detail. The
variables are defined and the field methods are described in such a way that the field crews can
use this manual as a reference guide.

Keywords: Natural forest reserves, monitoring, forest structure, permanent plots, forest inventory,
Switzerland





1 Introduction

1.1 Inventories of permanent plots in the natural forest reserves

Inventories in Permanent Plots (PPs) are part of the monitoring efforts in Swiss Natural For-
est Reserves (NFRs) (Brang et al. 2008). The recorded data describe forest condition and its
composition. Through repeated surveys, forest development can be investigated over time and
compared with the development in managed forests as well as in other NFRs in Switzerland and
abroad. Today we already have time series of more than 50 years in some of the PPs.
The former Professorship of Silviculture at ETH Zurich established PPs of 0.1 to 3.3 ha in a
network of 39 NFRs. A PP represents a specific section of the respective NFR. Within the PP,
all tree individuals that reach the calliper threshold were recorded during the initial and subse-
quent inventories. The Diameter at Breast Height (diameter at 1.3 m height) (DBH) measuring
point was marked with paint and all trees were tagged. Approximately 160 of these initial PP
are still monitored today as part of the NFR network. Since 2006, the network is monitored in a
joint project of Swiss Research Institute for Forest Snow and Landscape Research (WSL), Swiss
Federal Institute of Technology (ETH) and Federal Office for the Environment (FOEN).

1.2 Aim of the manual

This manual describes the monitoring process of PPs in NFR. It contains the definitions of the
monitored variables, defines the standards for the surveys in PPs and serves as a reference
book for the field teams, each of which consists of two persons. Both persons are responsible
for compliance with the standards layed out here and thus for the accuracy of the data.

1.3 Basis of the manual

This manual is based on the manual previously used for monitoring PPs in the NFR-network of
ETH and on the manual used on WSL Experimental Forest Management (EFM) plots (Forrester et al.
2018). The two methods have been mostly standardised, but there are still NFR specific features,
e.g. the description of Tree related Microhabitats (TreMs), which are specifically described in this
manual.

1.4 Structure of the manual

The manual is divided into the preparatory work (chapter 2), selection and maintenance of PP
(chapter 3), measurements (chapter 4) and documentation and data storage (chapter 5). The
unit and range of measurement are provided in brackets for every variable.
The data are collected using a field computer. Data collection is based on the software «Stand-
Inv», developed at WSL. The instruments in use are calliper, diameter tape, compass (Bussole),
Vertex, measuring tape and inclinometer.

2 Preparation of field work

2.1 Data basis

The PP to be measured are defined in Brang et al. (2008). The calliper threshold usually is 4.0
cm. A change of this value may be needed in exceptional cases and must be agreed upon by
the project team (the principal investigators at ETH and WSL) before the start of the inventory
and the reasons leading to this decision must be documented in the technical report.
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New PP can be established only after consultation with the project team. Usually, the approxi-
mate position of a new PP is determined during a field visit to the NFR.
In the case of a remeasurement of a PP, the inventory is based on the existing data of the PP:

• The data of the previous inventory have to be exported from the Database (DB) and im-
ported to «StandInv». Trees that could not be found during the previous inventory are not
imported. The data exported from the DB must be ordered according to the respective
ordering id (ORDNR) to sort the trees according to their position on the PP.

• A printout of all trees (including those not found during the last inventory) allows to solve
inconsistencies, e.g. in case trees that have disappeared but are found again.

• The «TreeApps» web application can be used to generate a list of all tree numbers already
assigned to trees on the PP. This prevents tree numbers that have already been assigned
from being re-used.

• A map of the reserve showing the location of individual PP within the NFR. This map helps
to locate the PP. If tree coordinates have already been measured on the PPs of the NFR,
a map of the tree positions strongly facilitates finding the trees.

• Information on the marking of the Boundary Points (BPs) from the archive or from the
Access DB «Versuchsflächenverwaltung».

The procedure of setting up new PPs is described in section 3.2.

2.2 Calibration of instruments

The vertex has to be calibrated to 10.00 m with the measuring tape at the beginning of each
workday.
Before the coordinates of the trees are measured, the deviation of the compass used must be
determined by a calibration measurement in «StandInv».

2.3 Inventory period

Normally the measurements of Tally Trees (TTs) and Tariff Trees (TaTs) are carried out during
vegetation dormancy, i.e. before or after the completion of height and radial growth, at higher
elevation as late as possible before the onset of winter (August/September).
In larger reserves, the work should be preferably designed in such a way that all PP are recorded
in the same year, or in the same sequence of PP, if the previous measurement lasted several
years.

3 Selection and maintenance of permanent plots

3.1 Maintenance of existing permanent plots

3.1.1 Maintenance of boundaries

The boundaries of PPs are generally marked with blue colour, boundaries of compartments with
red colour. If geobotanical plots exist in a NFR, these are marked with yellow colour.
First, the boundaries of a PP are determined. Trees close to the boundary are marked on the
side facing away from the PP with the appropriate colour (blue for PP). If necessary, BPs are
replaced and marked. BP of PPs are marked on at least two vigorous trees or on rocks with blue
lines at stem base or on the rock, respectively. The distance between the BP and the markings
as well as the azimuth from the BP to the marking and ancillary information useful for retrieving
the BP are recorded. This information is stored in the Access-DB «Versuchsflächenverwaltung».
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All BPs are located using a Global Navigation Satellite System (GNSS)-device that has an accu-
racy of ≤ 10 cm. Usually, a Trimble Geo Explorer or a Trimble Geo XH are used for this. When
using these devices, at least 300 measurements are required for the desired precision.

3.1.2 Maintenance of DBH-markings and tree numbers

On all trees that are included in the inventory, the DBH measuring point is marked. Before the
marking, the measuring point is cleaned using a steel brush and, if necessary, a billhook. An
additional marking of the measuring point using a tree scribe may only be applied if the cambium
is not damaged by this marking. Existing measuring points are in any case used, even if not
located at a height of exactly 1.3 m. If the previous measuring point cannot be determined, a
new measuring point is defined following section 4.2.3.
Generally, the tree number is stamped above the point of measurement. If the PP lies close to a
hiking path, the tree numbers of the trees close to the path are stamped on the side facing away
from the path.

Figure 1: Left: Freshly marked tree numbers and measuring point. Right: Faded marking of
previous measuring point.

3.2 Establishment of new permanent plots

First, the BPs of the new PP are determined and the boundaries are marked (see section 3.1).
Starting from the lower right corner of the PP, all living and dead trees meeting the DBH calliper
threshold are numbered provisionally. To achieve this, the whole PP is walked through in strips
(figure 2). Finally, the tree numbers and the measuring points of the DBH are permanently
marked (see section 3.1.2).

4 Permanent plot inventory

4.1 Reconstruction

Depending on the condition of the markings and the order within the PP, it can be helpful to
perform a «reconstruction» of all trees prior to the measurements. Based on the order within the
plot and the map of the tree positions, each tree is numbered with the corresponding tree number
using a waterproof pen. Trees that have reached the calliper threshold since the last inventory
(ingrowth) are assigned a tree number that has not been used yet.
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Figure 2: Establishment of a new PP.

4.2 Tally tree inventory

During the TT inventory, every tree with a DBH ≥ calliper threshold is measured. Trees measured
during previous inventories are measured even if the DBH is smaller than the calliper threshold.
The assessment is based on the variables and codes of EFM adapted to the needs of NFR.

4.2.1 Tally trees

The TT population includes:
• All trees that were measured during the previous inventory.
• Living standing and lying trees and shrubs with a DBH ≥ calliper threshold whose center

at stem base lies within the PP.
• Dead standing trees (snags) with DBH ≥ calliper threshold whose center lies within the

PP. A leaning dead tree is considered standing if the stem axis deviates less than 50g (=
45°) from vertical and if the stem is still connected to the stump.

• Standing stumps with a height of 0.50 to 1.29 m and a diameter ≥ DBH at the breakage
point. The height of stumps is only measured to the position where the cross-section is
intact to 75% (see figure 3).

• Dead lying trees with DBH ≥ calliper threshold whose stump-centre lies within the PP and
which, based on the tree number, can still be identified and were alive during the previous
inventory (AHC DEC = 35).

4.2.2 AHC DEC

The combination of AHC and DEC describes the status of the tree (living / dead) and additional
characteristics depending on its status.

AHC The AH-code describes the status of the tree and partially depends on its status in the
previous inventory.
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Figure 3: Measurement of a standing stump. The red line identifies the point at which the height
is measured. Left and right: Cross sections at different stem heights with the percentage of the
cross section still intact indicated.

1 Living tree
2 Tree obviously cut
3 Tree dead, in previous inventory living
4 Tree not found, in previous inventory living
9 Tree dead, in previous inventory dead

DEC The DE-code provides additional information on the tree. A snag is a dead standing tree

1 Tree standing Only if AHC = 1
2 Tree obviously cut Only if AHC = 2
4 Tree not found Only if AHC = 4
5 Tree lying Only if AHC = 1, 3 or 9
6 Snag with entire crown Only if AHC = 3 or 9
7 Snag with main branches Only if AHC = 3 or 9
8 Snag If AHC = 3 or 9
9 Tree not found If AHC = 9

Table 1 contains the allowed combinations of AHC and DEC. Figure 4 provides an overview on
the possible development of the AHC throughout multiple inventories.
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Table 1: Allowed combinations of AHC and DEC. A snag is a dead standing tree.

AHC DEC Description Status previous inven-
tory

1 1 Living, standing tree Living
1 5 Living, lying tree Living
2 2 Tree obviously cut Living
3 5 Dead, lying tree Living
3 6 Snag with entire crown Living
3 7 Snag with main branches Living
3 8 Snag Living
4 4 Tree not found Living

9 5 Dead, lying tree Dead
9 6 Snag with entire crown Dead
9 7 Snag with main branches Dead
9 8 Snag Dead
9 9 Tree not found Dead

Figure 4: Development of AHC throughout multiple inventories.

4.2.3 Diameter at breast height (DBH) [mm]

The diameter of TT is measured on a height of 1.3 m and given in mm. The scale of the calliper
must be centred on the measuring point (cross). The range of the calliper extends to 700 mm.
Larger DBH values are measured using a diameter tape, using the scale with the adjusted DBH
values and not the circumference in cm. Detailed instructions for measuring the DBH are pro-
vided in figure 5.
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Figure 5: DBH measurement
1. Fundamental approach: The DBH is measured radially: measuring point on the tree coin-
cides with 1

2 DBH (on scale of calliper).
2. On slopes, the ruler is always parallel to the contour line. The height of 1.3 m is determined
on the upslope side of the tree. Existing measuring points must be used.
3. The calliper is always placed at a right angle to the stem axis.
4. Trees forking above 1.3 m are considered to be one tree. Add remark «F7 (Forked tree)».
5. Trees forking below 1.3 m: consider all stems with DBH ≥ threshold as separate trees. Add
remark «F4 (double/multiple stem)».
6. DBH is measured at a distance of 1.3 m from the stem base and measured in parallel to the
stem axis.
7. For the determination of the DBH measuring point, the stem base is decisive, even if it is not
located on the ground.
8. Combination of 6. and 7.
9. On trees forking at exactly 1.3m, the measuring point must be chosen at a lower height and
the DBH is measured using the diameter tape. Add remark «F7 (Forked tree)». In case of old
measuring points that cannot be measured anymore, choose a new measuring point and add
remark «A4 (new measuring point)» and «F7 (forked tree)».
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4.2.4 Stump diameter [mm]

On dead standing stumps (status 38) of 0.50-1.29 m height, the diameter is measured at 1
2 of the

stump height using the calliper or the diameter tape for diameters ≥ 70 cm.

4.2.5 Tree species [Code]

The tree species is encoded according to table A (cf. Appendix). Whenever possible, the species
is determined at the species-level.

4.2.6 Measuring method DBH and stump diameter

If the DBH can be measured neither using the calliper nor the diameter tape according to the
rules specified above, the DBH is measured either at a higher or lower location and the deviation
from 1.3 m is noted in the ZBEM field.
If the marking of the measuring point is no longer visible, the measuring point is provisionally
marked with a waterproof pen and the remark «A4 (new measuring point)» added.
For shrubs according to table A, IUFRO codes (section 4.2.7) and social status (section 4.2.8)
are not assessed.

4.2.7 IUFRO-classification [Code]

IUFRO -codes (6 digits in total) are assessed on living trees only.

IUFRO 1: The first 3 digits of the IUFRO -classification contain the biological characteristics,
i.e. the height class, the physical class and the dynamic class. The actual state of the tree is
assessed, not the expected development.

Height class [1-3]: The top height is the mean height of the 100 biggest tree per ha.
1. Upper layer: Part of the canopy with a height > 2/3 of top height.

2. Medium layer: Height 1/3 - 2/3 of top height

3. Lower layer: Height < 1/3 of top height.

Physical class [1-3]: The physical class is assessed according to the health state of the tree
considering species and site factors.

1. vigorous: Only vigorous crowns

2. normal: All trees with «normally» developed crowns.

3. stressed: Leafs very sparse.

Dynamic class [1-3]: The dynamic class is assessed in comparison with the neighbouring trees
of the same height class.

1. Strong growth: tree shows more vigorous growth than other trees of the same height class,
top shoot is well developed.

2. Average growth: height increment corresponds to the average of trees in the same height
class.

3. Restrained: height increment is distinctly lower than in other trees in the same height class.
The crown is often flat or damaged. Trees with a visible top shoot must not be assessed
as «restrained».
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IUFRO 2: The second 3 digits of the IUFRO classification contain the economic characteristics
of the tree. The actual state of the tree is assessed, not the expected development.

Silvicultural class [4-6]: The silvicultural class is assessed in relation to the neighboring trees of
the same height class.

4. Future crop tree: tree one would select and cultivate in a commercial forest as a future crop
tree with high economic value.

5. Useful secondary tree: all trees that are neither 4 nor 6

6. Harmful secondary tree: (e.g. whip tree, tree rubbing against or growing into the crown of
a neighbouring potential crop tree; would be removed in a commercial forest in the course
of a selective thinning).

Stem quality class [4-6]
4. Flawless: straight, without any faults; could be used for high grade special assortments.

5. Average: suitable for saw timber of normal quality.

6. Flawed: suitable only as fire or industrial wood.

Crown class [4-6] The length of the crown is assessed from the crown base to the top (see
section 4.3.2).

4. Long crown: Crown longer than 1/2 of tree height.

5. Medium crown: Crown 1/4 - 1/2 of tree height.

6. Short crown: Crown shorter than 1/4 of tree height.

4.2.8 Social status [Code, 1-4]

The social status is assessed for living trees only.

1. Dominant: includes trees which are part of the upper canopy, having a good height growth
and a well-developed crown.

2. Co-dominant: Trees that are part of the upper canopy but whose crown is less well devel-
oped and less uniformely distributed in horizontal space.

3. Dominated: Trees that are not part of the upper canopy and whose tops do not receive
direct light but are still in contact with the crowns of the dominant trees.

4. Suppressed: Trees whose tops are no longer in contact with the crown of the main stand.
The tops are no longer free standing, but overgrown by one or more branches of neigh-
bouring trees.

4.2.9 Remarks, including Tree related Microhabitats [Code]

Up to three remarks can be recorded. The comments consist of a two-digit code and a size
specification. If no size specification is required, a 0 is entered as the third digit.
Remarks are assessed on all trees, but on dead trees only a subset are assessed.
If a tree bears multiple features and would require more than three remarks, all TreM that occur
are recorded first. Then, the observations that affect the vigour of the tree most are recorded.
Occurrences at different locations on the tree with different causes are recorded individually.
TreMs are only recorded only once if they occur at the same location and due to the same cause.
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Thus a hollow stem containing decayed wood is not additionally recorded as cavity with decayed
wood. The following tables 2 to 10 list the different remarks.

Table 2: A: Technical remarks (L = assessed on living trees; D = assessed on dead trees).

Code TreM Status Description Size / Meaning

A1 No L/D Bark loss e.g. on Douglas fir, larch. DBH therefore declined
since previous measurement.

A3 No L/D DBH not measur-
able

DBH is not measurable, e.g. not accessible

A4 No L/D New measuring
point

Measuring point of trees that were measured dur-
ing the previous inventory not found or changed

Table 3: S: Damage features (L = assessed on living trees; D = assessed on dead trees).

Code TreM Status Description Size / Meaning

S0 Yes L Bark injury of un-
know cause

Bark injuries, wood visible.
Injuries can either be extensive or
strip-shaped (less than 10 cm wide)
1: narrower than a hand or
less than 0.5 m long
2: 1-4 hand widths or 0,5 to 1,0 m long
3: greater than 4 hands widths
or longer than 1 m.
Multiple damage in the same place
is added together.
Bark injuries are assessed along the
stem, in dissolved crowns as well along
the main branches.

S1 Yes L Bark injury by
stone impact

S2 Yes L Bark injury caused
by falling trees

S8 Yes L Bark injury, game,
peeling damage

S3 No L Sunburn 1: Wood not visible
2: Wood visibleS5 No L Burn, fire, damage

S6 No L Lightning Long cracks along stem, splintered wood around
tree.

S7 No L Rodents Bark injuries on trunk
S9 No L Erosion, flood
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Table 4: G: Crown (L = assessed on living trees; D = assessed on dead trees).

Code TreM Status Description Size / Meaning

G1 Yes L Crown breakage Entire crown broken off , tree alive, below break-
age only epicormic branches. Note: The remark
«Crown breakage» is equivalent to the feature
«Stem breakage» in the sample plot inventories
0: Crown breakage without additional characteris-
tics
1: Splintered fracture
2: Substitute crown
3: Substitute crown and splintered fracture

G2 Yes L Top breakage Broken crown section
1: Loss between 10 and 50% of the crown volume
2: Loss > 50% of the crown volume

G5 Yes L Top dry / dead
wood in crown

Parts of the crown dead
1: Dead main branches less than 50% of crown
volume
2: Dead main branches more than 50% of crown
volume
3: Dying tree but not yet dead.

G6 No L Old broken top Only if G2 in previous inventory

Table 5: K: Crown (L = assessed on living trees; D = assessed on dead trees).

Code TreM Status Description Size / Meaning

K1 No L Sparse crown
K2 No L Crown yellowish Does not include fall colouring of broadleaved

species / larch.
K3 No L Epicormic

branches
Only as long as epicormic branches are smaller
than main branches and not part of the crown.
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Table 6: P: Parasites (L = assessed on living trees; D = assessed on dead trees).

Code TreM Status Description Size / Meaning

P0 No L Site specific dis-
ease detection,
e.g., bark necroses

1: small round black spots on the trunk bark, but
no necrosis and no bark rips; sap flow possible,
damage at least hand width.
2: Between 1 and 3: More black spots and more
sap flow (not compulsory). The bark has cracks
but still sticks to the trunk when one knocks on it.
3: Strong necrotic bark. The bark flaps off and falls
off when one knocks on it. Under the bark, the rhi-
zomorphs (flat-shaped mycelial mats) of Armillaria
are visible. The wood is still healthy.

P0 Yes L Site specific dis-
ease detection

4:Open wound. The bark has fallen. The wood is
rotting and dissolves on finger pressure.

P0 Yes L/D Site specific dis-
ease detection

5: Open hole in the stem with strongly decayed
wood and partially dismantled (sawdust).

P1 No L Mistletoe on stem
P2 No L Cancer at the trunk
P3 Yes L/D Polypores on stem Large polypores, minimal width 5 cm. A sample of

the polypore is brought back to WSL for species
identification. The sample is stored in a paper
bag labelled with reserve, permanent plot and tree
number.

P4 Ja L/D Holes in stem Hole/holes with a minimum diameter of 3 cm
1: One hole on stem
2: Multiple holes on stem

P6 No L Cancer on
branches

e.g. witch brooms

P7 No L/D Ivy on stem If diameter of ivy is ≥ calliper threshold, it must as
well be recorded as separate tree.

P8 No L Mistletoe in crown
P9 Yes L/D Insect Insect damage to crown/stem.

1: Needles / leaves affected, < 50% of crown vol-
ume.
2: Needles / leaves affected, ≥ 50% of crown vol-
ume.
3: Bark falling off, insect galleries visible < 1 hand
width.
4: Bark falling off, insect galleries visible 1-4 hand
widths.
5:Bark falling off, insect galleries visible ≥ 4 hand
widths.
Unconnected damage traces are summed up if
they lie in the same location on the tree (trunk,
stem, crown).
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Table 7: F: Shapes (L = assessed on living trees; D = assessed on dead trees).

Code TreM Status Description Size / Meaning

F1 No L Coppice Only if clearly visible as coppice.
F2 No L Tilted, bent 0: Trees where the line connecting the stem base

to the top shoot deviates more than 15g from the
vertical
9: Saber growth

F3 No L Stiltroots Hollow space in trunk / on stem basis indicating
that tree grew on stump or on rock.

F4 No L Double-/Multiple
stems

Stem divides below 1.3 m. At least 2 stems with
DBH ≥ calliper threshold but may have status 36,
37, 38 or 96, 97, 98.

F5 No L Cracks / Fissures 1: To 1 m total length (Cracks / fissures)
2: more Than 1 m total length (Cracks / fissures)

F5 Yes L Cracks / Fissures 3: 1-2 m long crack
4: > 2m long crack
5: multiple cracks
Closed cracks and fissures are not taken into ac-
count. Cracks are summed up if they are located
on the same part of the tree (trunk, stem, crown).

F6 No L Beads, warts Development out of bucklings / overgrown cracks.
Warts: cancer-like excrescence or overgrown
branches.

F7 No L Bifurcation, forks Bifurcation on stem < 10 m or at lower end of
crown, if crown begins < 10 m. If one part of bifur-
cation is dead, record as bifurcation. Smaller part
of bifurcation must be 1/2 as thick as larger part.

F8 No L Bayonet

Table 8: H: Cavities (L = assessed on living trees; D = assessed on dead trees).

Code TreM Status Description Size / Meaning

H0 Yes L/D Hollow stem Assessed on trunk and stem up to a height of 1.5
m. Minimal extension 50 cm parallel to stem axis,
opening to exterior, at least 50% of stem cross
section affected..

H1 Yes L/D Cavity with de-
cayed wood

Opening at least size of a fist with decayed wood
inside. Assessed on trunk and stem up to a height
of 1.5 m. Presence of decayed wood must be
checked.
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Table 9: V: Regeneration (L = assessed on living trees; D = assessed on dead trees).

Code TreM Status Description Size / Meaning

V1 No L Regeneration on
dead tree, trunk.

V2 No L Browsing Top shoot of tree browsed.

Table 10: W: Thrown (L = assessed on living trees; D = assessed on dead trees).

Code TreM Status Description Size / Meaning

W0 No L Toppled, cause un-
known.

W1 No L Toppled by wind,
snow, frost (rime).

4.2.10 Additional remarks

Additional remarks serve to record additional characteristics, such as a shift of the DBH measur-
ing point due to obstacles that prevent the measurement of the DBH at 1.3 m (e.g., shift of the
DBH measuring point to 1.2 m due to bifurcation: Record «-10 cm»in additional remarks).

4.3 Tariff tree assessment

Tariff trees are chosen from living, standing trees (AHC/DEC 11) which are not tilted (Remark
F2*), are not bifurcated (F70) and whose crown is intact (Remark not G1*, G2*, G60 or G7*). The
100 thickest trees per ha are selected as tariff trees and in addition, equally distributed across the
DBH range and the species present, 20% of the remaining trees. Tariff trees are automatically
selected by «StandInv».

4.3.1 Tree height [dm]

Measurement: One team member attaches the transponder at a height of 1.3 m to the tree to be
measured, the other team member identifies a spot where the visibility of both the transponder
and the top of the tree is satisfactory. The Vertex is pointed to the transponder and then to the
top of the tree (top shoot of the tree, figure 6). The value automatically includes the 1.3 m below
the position of the transponder. The total height is recorded to a precision of 0.1 m in the field
«HTOT».

4.3.2 Height of crown base

The height of the crown base is defined by the lower boundary of the insertion points of the
branches of the living crown. The «insertion point» is the point where the lowest green branches
branch off the stem. Epicormic branches and the lowest, sparsely leaved/needled and dying
branches are not considered (figure 7). Epicormic branches are only part of the crown, if they
are approximately as thick as the branches of the crown and are integrated in the silhouette of
the crown. On bifurcated trees, the crown normally does not begin at the bifurcation but at the
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Figure 6: Source of error when measuring tree height (from Keller 2011).

insertion point of the green branches. The height of the crown base is recorded to a precision of
0.1 m in field «KAG».

Figure 7: Measurement of beginning of crown. The dashed line defines the height of the crown
base.

4.3.3 Height of trunk

The height of a trunk is measured on snags, trunks and stumps with AHC 38 and 98. Trunk
height is measured up to the position where the cross section of the stem is intact to 75% and
recorded to a precision of 0.1 m in field «HTOT». The field «KAG» indicates the lowest part of
the splintering on trunks with splintered breakages. If the breakage is not splintered, the value
entered in «HTOT»is entered a second time.

4.4 Coordinates

On all PP for all trees coordinates are measured using a tripod, a compass for angular and a
Vertex for distance measurements. First, a point of view is determined based on the known
coordinates of a BP or a TT. For all trees not yet having been stem mapped, the azimuth and
horizontal distance are recorded. This procedure is repeated until all trees are mapped.
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5 Documentation and data storage

After the inventories have been completed, the work performed is documented in a techni-
cal report. It contains the information relevant for the replicability of the measurements, such
as the time of recording and the recording team. It also describes any deviations from the
present instructions and any exceptional cases. The data are imported to the relational database
«TreeDB».
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A Tree species list

Broad-leaved trees

Code English name of tree species Latin name of species Growth habit

443 Field Maple Acer campestre L. Tree

440 Maple Acer L. Tree

446 Montpelier Maple Acer monspessulanum L. Tree

444 Italian Maple Acer opalus Mill. Tree

442 Norway Maple Acer platanoides L. Tree

441 Sycamore Acer pseudoplatanus L. Tree

731 Horse Chestnut Aesculus hippocastanum L. Tree

491 European Alder Alnus glutinosa (L.) Gaertn. Tree

492 Grey Alder Alnus incana (L.) Moench Tree

490 Alder Alnus Mill. Tree

470 Birch Betula L. Tree

471 European White Birch Betula pendula Roth Tree

472 Downy Birch Betula pubescens Ehrh. Tree

561 European Hornbeam Carpinus betulus L. Tree

460 Chestnut Castanea Mill. Tree

461 Sweet Chestnut Castanea sativa Mill. Tree

571 Nettle Tree Celtis australis L. Tree

231 False Cypress Chamaecyparis Spach. Tree

410 Beech Fagus L. Tree

411 Beech Fagus sylvatica L. Tree

431 European Ash Fraxinus excelsior L. Tree

430 Ash Fraxinus L. Tree

432 Manna Ash Fraxinus ornus L. Tree

481 English Walnut Juglans regia L. Tree

602 Scotch Laburnum Laburnum alpinum (Mill.)
Brecht.et J. Presl

Tree

601 Common Laburnum Laburnum anagyroides Medik. Tree

611 Wild Crab Malus sylvestris (L.) Mill. Tree

631 Medlar Mespilus germanica L. Tree

581 European Hop Hornbeam Ostrya carpinifolia Scop. Tree

451 White Poplar Populus alba L. Tree

450 Poplar Populus L. Tree

453 Black Poplar Populus nigra L. Tree

454 Aspen Populus tremula L. Tree

452 Grey Poplar Populus x canescens (Aiton) Sm Tree
continued
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Code English name of tree species Latin name of species Growth habit

521 Wild Cherry Prunus avium (L.) L. Tree

520 Cherry, Plum Prunus L. Tree

424 Turkey Oak Quercus cerris L. Tree

420 Oak Quercus L. Tree

422 Sessile Oak Quercus petraea (Matt.) Liebl. Tree

423 Downy Oak Quercus pubescens Willd. Tree

421 English Oak Quercus robur L. Tree

425 American Red Oak Quercus rubra L. Tree

701 Black Locust Robinia pseudoacacia L. Tree

532 White Willow Salix alba L. Tree

534 Goat Willow Salix caprea L. Tree

538 Crack Willow Salix fragilis L. Tree

530 Willow Salix L. Tree

540 Purple Willow Salix purpurea L. Tree

531 Osier Salix viminalis L. Tree

551 Whitebeam Sorbus aria (L.) Crantz Tree

552 Mountain Ash Sorbus aucuparia L. Tree

553 Service Tree Sorbus domestica L. Tree

550 White Beam, Mountain Ash Sorbus L. Tree

554 Wild Service Tree Sorbus torminalis (L.) Crantz Tree

556 Hybrid Mountain Ash Sorbus x hybrida L. Tree

501 Little Leaf Linden Tilia cordata Mill. Tree

500 Lime, Linden Tilia L. Tree

502 Large Leaved Lime Tilia platyphyllos Scop. Tree

511 Scotch Elm Ulmus glabra Huds. Tree

510 Elm Ulmus L. Tree

513 Russian Elm Ulmus laevis Pall. Tree

512 European Field Elm Ulmus minor Mill. Tree

800 Other broadleaves Tree
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Coniferous trees

Code English name of tree species Latin name of species Growth habit

121 European Silver Fir Abies alba Mill. Tree

120 Silver Fir Abies Mill. Tree

161 European Larch Larix decidua Mill. Tree

160 Larch Larix Mill. Tree

100 Spruce Picea A. Dietr. Tree

101 Norway Spruce Picea abies (L.) H. Karst. Tree

144 Arolla Pine Pinus cembra L. Tree

140 Pine Pinus L. Tree

142 Mountain Pine Pinus mugo Turra subsp. mugo Tree

147 Weymouth Pine Pinus strobus L. Tree

141 Scots Pine Pinus sylvestris L. Tree

201 Common Yew Taxus baccata L. Tree

390 Other coniferous Tree
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Exotics

Code English name of tree species Latin name of species Growth habit

122 Pacific Silver Fir Abies amabilis (Douglas ex
Loudon) Douglas ex Forbes

Tree

123 Balsam Fir Abies balsamea (L.) Mill. Tree

124 Colorado Fir, White Fir Abies concolor (Gordon et
Glend.) Lindl. Ex Hildebr.

Tree

125 Pacific White Fir, Sierra White Fir Abies concolor Lowiana Grp. Tree

126 Japanese Fir, Momi Fir Abies firma Siebold et Zucc. Tree

127 Grand Fir Abies grandis (Dougl. ex D.Don)
Lindl.

Tree

128 Nikko Fir Abies homolepis Siebold et Zucc. Tree

129 Caucasian Fir Abies nordmanniana (Steven)
Spach

Tree

130 Noble Fir Abies procera Rehder Tree

131 Sakhalin Fir Abies sachalinensis (F. Schmidt)
Mast.

Tree

132 Veitch Fir Abies veitchii Lindl. Tree

761 Ailanthus altissima Tree

476 Japanese White Birch Betula platyphylla var. Japonica
(Miq.) Hara

Tree

211 Incense Cedar Calocedrus decurrens (Torr.)
Florin

Tree

711 Shagbark Hickory Carya ovata (Mill.) K. Koch Tree

462 Japanese Chestnut Castanea crenata Sieb. et Zucc. Tree

468 Hybrid Chestnut Castanea Mill. X Tree

463 Chinese Chestnut Castanea mollissima Blume Tree

221 Indian Cedar Cedrus deodara (Roxb.) G. Don Tree

751 Katsura Tree Cercidiphyllum japonicum Sieb.
et Zucc.

Tree

771 Cinnamomum camphora Tree

241 Japanese Cedar Cryptomeria japonica D. Don. Tree

412 Oriental Beech Fagus orientalis Lipsky Tree

433 American Ash Fraxinus americana L. Tree

482 Black Walnut Juglans nigra L. Tree

162 Japanese Larch Larix kaempferi (Lamb.) Carrière Tree

163 American Larch, Tamarack Larix laricina (Du Roi) K. Koch Tree

164 Hybrid Larch Larix x eurolepis Henry Tree

741 Tulip Tree Liriodendron tulipifera L. Tree

251 Dawn Redwood Metasequoia glyptostroboides
Hu et W.C. Cheng

Tree

continued
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Code English name of tree species Latin name of species Growth habit

107 Sakhalin Spruce Picea glehni (F. Schmidt) Mast. Tree

105 Black Spruce Picea mariana (Mill.) Britton,
Sterns et Poggenb.

Tree

102 Serbian Spruce Picea omorika (Panc.) Purk. Tree

103 Colorado Spruce Picea pungens Engelm. Tree

104 Sitka Spruce Picea sitchensis (Bong.) Carrière Tree

153 Jack Pine Pinus banksiana Lamb. Tree

148 Lodgepole Pine Pinus contorta Douglas ex
Loudon

Tree

145 Corsican Pine Pinus nigra Arnold Tree

146 Macedonian Pine Pinus peuce Griseb. Tree

149 Ponderosa Pine Pinus ponderosa Dougl. ex P.. et
C. Lawson

Tree

150 American Red Pine Pinus resinosa Aiton Tree

151 Northern Pitch Pine Pinus rigida Mill. Tree

152 Himalayan Pine Pinus wallachiana A. B. Jacks. Tree

721 London Plane Platanus x hispanica Münchh. Tree

455 Balsam Poplar Populus balsamifera L. Tree

456 Canadian Poplar Populus x canadensis Moench Tree

524 Sour Cherry Prunus cerasus L. Tree

181 Douglas Fir Pseudotsuga menziesii (Mirb.)
Franco

Tree

426 Quercus castaneifolia C.A. Mey. Tree

427 Pin Oak Quercus palustris Münchh. Tree

781 Rhus typhina Tree

535 Grey Willow Salix cinerea L. Tree

536 Violet Willow Salix daphnoides Vill. Tree

537 Bitter Willow Salix elaeagnos Scop. Tree

539 Bay Willow Salix pentandra L. Tree

533 Almond Leaved Willow Salix triandra L. subsp. triandra
(Salix amygdalina)

Tree

253 California Redwood Sequoia sempervirens (D. Don)
Endl.

Tree

252 Wellingtonia Sequoiadendron giganteum
(Lindl.) Buchholz

Tree

557 Sorbus latifolia Tree

558 Sorbus mougeotii Tree

261 Western Red Cedar Thuja plicata Donn ex D. Don Tree

271 Western Hemlock Tsuga heterophylla (Raf.) Sarg. Tree
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Shrubs

Code English name of tree species Latin name of species Growth habit

493 Green Alder Alnus viridis (Chaix) DC Shrub

902 Amelanchier ovalis Medik. Shrub

903 Common Barberry Berberis vulgaris L. Shrub

473 Betula humilis Schrank Shrub

474 Dwarf Birch Betula nana L. Shrub

936 Buddleja Shrub

904 Box Buxus sempervirens L. Shrub

937 Chamaerops humilis Shrub

911 Old Man’s Beard Clematis vitalba L. Shrub

912 Cornelian Cherry Cornus mas L. Shrub

913 Common Dogwood Cornus sanguinea L. Shrub

901 Hazel Corylus avellana L. Shrub

938 Cotinus coggygria Shrub

914 Cotoneaster integerrimus Medik. Shrub

915 Cotoneaster tomentosus (Guss.)
K. Koch

Shrub

939 Crataegus Shrub

916 English Hawthorn Crataegus laevigata (Poir) DC. Shrub

917 English Hawthorn Crataegus monogyna Jacq. Shrub

908 Scotch Broom Cytis scoparius susp. scoparius Shrub

907 Broom Cytisus Desf. Shrub

918 Common Spindle Evonymus europaeus L. Shrub

919 Broad Leaved Spindle Evonymus latifolius (L.) Mill. Shrub

940 Ficus carica Shrub

930 Alder Buckthorne Frangula alnus Mill. Shrub

920 Ivy Hedera helix L. Shrub

941 Sea-buckthorn Hippophae rhamnoides Shrub

921 Sea Buckthorne Hippophae rhamnoides L. Shrub

591 English Holly Ilex aquifolium L. Shrub

191 Juniper Juniperus communis L. Shrub

922 Zwergwacholder Juniperus communis subsp.
alpina (Suter) Celak.

Shrub

923 Sabine Juniperus sabina L. Shrub

924 Common Privet Ligustrum vulgare L. Shrub

925 Alpine Honeysuckle Lonicera alpigena L. Shrub

926 Blue Honeysuckle Lonicera caerulea L. Shrub

927 Lonicera nigra L. Shrub
continued
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Code English name of tree species Latin name of species Growth habit

928 Woodbine Lonicera periclymenum L. Shrub

929 Fly Honeysuckle Lonicera xylosteum L. Shrub

143 Dwarf Mountain Pine Pinus mugo Turra subsp. pumilio
(Haenke) Franco

Shrub

525 Mahaleb Cherry Prunus mahaleb L. Shrub

522 European Bird Cherry Prunus padus L. Shrub

526 American Bird Cherry Prunus serotina Ehrh. Shrub

523 Blackthorne Prunus spinosa L. Shrub

621 Wild Pear Pyrus pyraster Burgsd. Shrub

931 Rhamnus alpina L. Shrub

932 European Buckthorne Rhamnus cathartica L. Shrub

933 Rhamnus pumila Turra Shrub

934 Stony Buckthorne Rhamnus saxatilis Jacq. Shrub

942 Ribes Ribes sp. Shrub

935 Rose Rosa spec. Shrub

905 Common Elderberry Sambucus nigra L. Shrub

906 Red Elderberry Sambucus racemosa L. Shrub

555 False Medlar Sorbus chamaemespilus (L.)
Crantz

Shrub

943 Bladdernut Staphylea pinnata Shrub

909 Wayfaring Tree Viburnum lantana L. Shrub

910 European Cranberrybush Viburnum opulus L. Shrub
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B List of material

Material for reconstruction

• Map
• Table with tree numbers and attributes (species, DBH, AHC/DEC) of previous inventory.
• Blotting pad and pencil; pens (for numbering of trees)
• Ranging rod (for marking of BP)
• Steel brush (for cleaning of bark)
• «Garden hoe» (for numberplates at stem base)
• 4 cm-Calliper (for identification of new trees)
• Barrier tape (for marking of BP)

Material for marking

• Colour
• Brush
• Stamps
• Bill hook
• Tree scribe
• Steel brush
• List of trees, if available map of tree positions
• Black pen
• Diluter (Cleaning of stamps / brush)
• Container for used diluter
• Tub, Rags for cleaning of stamps

Material for TT assessment

• Inclinator SUUNTO
• Measuring tape 20 m
• Transponder (Vertex)
• Pocket knife
• Diameter tape
• Paper bags for polypores
• Waterproof pen
• Vertex
• Wyssen-Compass (Bussole)
• Non-magnetic tripod
• Spare batteries (Vertex/Transponder, GPS and tablet-computer)
• Calliper 80 cm (with mm-scale) and diameter tape
• Computer
• Charger for computer, USB stick for tablet computer, USB stick for Backups
• This manual
• Chalk, pencil and paper
• Map with BP / position of trees
• List of trees
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