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Summary 

In the Swiss National Forest Inventory (NFI) the volume of the stem and of large (≥ 7cm in 
diameter) and small branches is estimated based on allometric functions. These functions were 
developed based on data collected within the permanent plot network of the Experimental Forest 
Management (EFM) sites at WSL. To obtain information on the origin of these data, the project 
“Validierung und Sicherstellung der bestehenden Datengrundlage für Biomassefunktionen” was 
carried out in 2018 to 2019. The project results were reviewed in 2021 and additional information 
was collected in 2022.  

The data review in 2022 clarified and expanded the information of the project in 2018-2019 on 
the two known digital datasets on stem- and branchwood volume. In particular, the measurement 
methods were reviewed to evaluate the completeness and accuracy of the data in the digital 
datasets. Further the origin of the digital datasets was identified. The dataset on stemwood 
volume contains 38’864 single tree data for the mean crosswise diameter at two meter sections 
along the stem plus an additional measurements at 1.3 m (i.e. DBH) where the diameter is greater 
than or equal to 7 cm (i.e. threshold of merchantable wood) and the lengths of the stem from the 
base to the threshold of merchantable wood and to the tree top. The measurements were collected 
on 768 EFM sites in the period 1888 to 1974. The stemwood dataset was converted from 
handwritten field recording forms to punchcards in the mid-1970s and later into a digital format. 
The dataset on branchwood is based on a subset of the stemwood data and contains in the raw 
format information on 14'712 single trees. It includes aggregated data from the stemwood dataset, 
i.e. the DBH, the stem-diameter at 7 m from the base, and the tree height from the base to the top, 
as well as the measured volume of large and small branches. The dataset was built in the mid-
1980s by merging the digitized branchwood data with the existing stemwood dataset. In addition 
to the stem- and branchwood datasets, the 2022 review identified digital datasets containing 
aggregated stemwood measurements, stemwood-diameter measurements along the stem over and 
under bark, and the handwritten field recording forms with data on foliage mass. The latter are 
the basis of the allometric equations to estimate needle and leaf biomass in the NFI. 

In this review, both datasets were checked for plausibility and duplicated entries. Duplicates were 
removed as far as possible and the branchwood volume data were appended to the stemwood 
dataset to obtain a final, single file with matching single tree data. Furthermore, additional 
datasets that were identified in the course of the review were evaluated. 
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 Introduction 

In the Swiss National Forest Inventory (NFI) the volume of the stem and of large (≥ 7 cm in 
diameter) and small (< 7 cm in diameter) branches is estimated based on allometric functions 
(Herold et al. 2019). These functions were developed based on data collected within the 
permanent plot network of the Experimental Forest Management (EFM) sites at WSL (Forrester 
et al. 2019; Forrester et al. 2021b). Two separate datasets were available for the volume functions 
described in Herold et al. (2019): i) the dataset to derive the functions for stemwood volume with 
38’864 single tree data for the crosswise diameter at two meter sections along the stem where the 
diameter is greater than or equal to 7 cm (i.e. threshold of merchantable wood) plus an additional 
measurements at 1.3 m (i.e. DBH) and the lengths of the stem from the base to the threshold of 
merchantable wood and to the tree top; ii) the dataset to derive the function for branchwood 
separately for large branches and for small branches with 14'712 single tree data for the DBH, the 
stem-diameter at 7 m from the base, the tree height from the base to the top, and the measured 
volume of large and small branches. 

To obtain information on the origin of these data, the project “Validierung und Sicherstellung der 
bestehenden Datengrundlage für Biomassefunktionen” was carried out in 2018 to 2019 (Liechti 
2019). The project results were reviewed in 2021 by M. Didion. This review identified several 
knowledge gaps and, consequently, additional information was collected in 2022. This report 
presents the outcome of the additional data review in 2022. The main objectives of this second 
review were to i) double-check information in the initial survey of Liechti (2019) particularly 
regarding the origin of the data and the measurements units, ii) evaluate the plausibility of the 
information contained in the two datasets, iii) identify the link between the stem- and 
branchwood data, and iv) locate additional data alluded to in Liechti (2019). 

The review in 2022 followed up on the findings of Liechti (2019) and the identification of 
knowledge gaps presented and discussed in a meeting on 6th April 2022 (Appendix I). The main 
knowledge gaps were related to the derivation of the volume of large and small branches in the 
branchwood dataset including the meaning of the large number of zero (‘0’) values for the 
volume (i.e. NULL for not measured or true zero for not present), the measurement units, and the 
possibility to link the stem- and branchwood data at the level of individual trees as the 
branchwood dataset was lacking the relevant information. To this end catalogued handwritten 
field recording forms of the EFM-Archive with single tree measurements as well as uncatalogued 
handwritten, printed, and digital material were searched to obtain additional information. The 
progress and conclusions were discussed in additional meetings on 20th May and 14th July 2022 
(Appendix I). 
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 Background and motivation 

The Swiss NFI is the main source of nationally representative information on the state and state 
changes of forest volume, biomass, and carbon stocks in Switzerland. Data from the NFI are the 
basis for several research, monitoring, and reporting programs such as national and international 
forest reports and greenhouse gas reporting. It is therefore important that data and methods for 
estimating the forest resources are well documented. The methods applied in the Swiss NFI are 
continuously improved and regularly documented (e.g., Brassel and Lischke 2001; Fischer and 
Traub 2019). The volume of the stem and of large and small branches is estimated using various 
models fitted based on data collected on EFM sites (Herold et al. 2019). To address identified 
shortcomings on the origin of these data, the project “Validierung und Sicherstellung der 
bestehenden Datengrundlage für Biomassefunktionen” was launched in 2018 (Liechti 2019; 
https://www.wsl.ch/de/projekte/datengrundlage-fuer-biomassefunktionen.html ) with the 
objectives of obtaining metadata for the available datasets, and validating and documenting the 
data. It should be noted that Liechti (2019) had access to only a incomplete branchwood dataset 
with missing information on site details. 

 Consolidated findings 

This section presents the knowledge gained in the review in 2022. 

 Existing datasets for developing the NFI functions 

To develop the volume functions for stemwood and branches greater than or equal to 7 cm in 
diameter Kaufmann (2001) had access to two datasets with single tree data from EFM sites on 
stemwood and branchwood. The volume function for small branches (< 7 cm in diameter) was 
developed later and is documented in Herold et al. (2019). The stemwood dataset includes 
detailed information on the sample site, the forest stand, and diameter and height measurements 
of the stem. The branchwood dataset includes only basic site and tree information in addition to 
the measured volume of large and small branches (Table 1; Figure 1). Until the second data 
evaluation reported here, the definitions and units of some variables including stemwood and 
branchwood volume were not conclusively identified. Also, the link between the two datasets 
could not be established, and duplicates of tree records remained in the branchwood dataset. 
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Table 1. Contents of the stemwood and branchwood datasets available to (Kaufmann 2001) for 
developing volume functions for stemwood and branches ≥ 7 cm in diameter. 

ID Variable Unit included in 
   stemwood branchwood final linked 

dataset 
1 tree number1 - ascending order  BANR 

 
 

2 code2  CODE 
 

 
3 site pre‐number2  FLVORZ FV FV 
4 site identifier2  FLNR FN FN 
5 plot identifie2, 3  TEILFLNR TFL  
6 year of observation3 year AJAHR AJ AJ 
7 postal code3  PLZ 

 
 

8 geographic unit2  GEBIET GEBIET GEBIET 
9 slope2  NEIG 

 
 

10 aspect2  EXPOS 
 

 
11 tree species composition2  BAZUS 

 
BAZUS 

12 stand age composition2  ALTAUFB 
 

ALTAUFB 
13 tree age year AGE ALT ALT 
14 tree number - site specific  BNRKORD BNR BNR 
15 estimated stemwood volume2 dm3 VKEG SVOL  
16 tree position in the forest stand2  SOZSTEL1 SOZ  
17 stump rot2 m STOCKF1 

 
 

18 tree species2  BARTSM BART BART 
19 estimated tree top volume2 dm3  GSVOL  
20 volume of branches >= 7 cm in diameter dm3  ASTDHVOL ASTDHVOL 
21 volume of branches < 7 cm in diameter 0.1 * dm3  REISVOL REISIGVOL 
22 match between datasets4   LD7  
23 DBH - mean of two crosswise 

measurements 
mm BHD BHD BHD 

24 length of stem from tree base to diameter 
of 7 cm 

dm DERBHL 
 

DERBHL 

25 length of stem from tree base to tree top dm BHOH SH SH 
26 stem diameter at length 1m from the base  mm DM1 

 
DM1 

27 stem diameter at length 3m from the base  mm DM3 
 

DM3 
28 stem diameter at length 5m from the base  mm DM5 

 
DM5 

29 stem diameter at length 7m from the base  mm DM7 D7 DM7 
30, 
31, 
etc. 5 

stem diameters at additional two meter 
sections to stem length where diameter = 
7 cm  

mm DM9, DM11, 
..DM59 

 
DM9, DM11, 
..DM59 

1 Tree numbers do not necessarily match the tree numbers in the EFM dataset in treedb ; 2 See Appendix II for 
additional details; 3 Data were not consistently entered; 4 See section 4.1.2; 5 The digital dataset contains extrapolated 
diameters for further sections above the measured 7 cm threshold; see section 3.2.2.1.  
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Figure 1. Measurements along the stem. DM1, DM3, DM5, etc. indicate the crosswise measured diameter 
at the midpoint of 2 m sections along the stem below the threshold of 7 cm diameter. 

 Documentation of the stemwood and branchwood datasets 

 Materials 

The stemwood and branchwood datasets used in the NFI (section 3.1) can be traced back to data 
collected on EFM sites. In total, the raw stemwood dataset contains information on 38’864 and 
the raw branchwood dataset on 14’712 individual trees (Table 2). Following the approach 
described in Liechti (2019), handwritten originals of the field recording forms were reviewed. 
These are available in the research collection of the WSL archive under “Wissenschaftliche 
Sammlung Ertragskunde” (https://archportal.wsl.ch/objects/10). In addition uncatalogued 
documents available in the EFM archive and from members of the EFM team in form of paper 
copies and in digital format were reviewed. Besides the field recording forms, the most valuable 
information was available in paper copies of correspondence, manuals, and protocols from the 
mid-1970s and mid-1980s on converting the measured data from field documents to punchcards 
that were found in the EFM archive as well as in the uncatalogued collection of the Directors 
Board. 
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Table 2. Summary of the raw stemwood and branchwood datasets. 

 Stemwood dataset Branchwood dataset 
Number sampling sites [N] 768 585 
First and last year of observation 1888-1974 1888-1961 
Number of observations [N] 87 69 
Single tree data [N] 38’864 14’712 

1 see Table 1 and Appendix II for details 

3.2.1.1 Field recording forms 

For each site several field recording forms (FRF) were used to record different data such as site 
descriptions, measurements, and calculated data. In the early years, detailed reports about the 
development of stands in EFM sites between inventories (years of observation) was documented 
in “Bestandesbeschreibungen” forms (FRF ‘E’). However, in most cases very little information 
was documented about the methodology used during the measurements. 

Field measurements were recorded on paper copies of FRF until electronic recording of data 
became possible in the 1980s using Husky field computer (A. Zingg, personal communication). 
No specific and detailed field instructions could be identified. The most valuable information 
comes from several reports published in the ‘Mitteilungen der Schweizerischen Centralanstalt für 
das forstliche Versuchswesen’ from the late 1800s and the early 1900s, which are available as 
scans in the Digital Object Repository at WSL (www.dora.lib4ri.ch/wsl/) including 

• Flury (1898): general description of the measurements of lying harvested trees (chapter 
1), including a definition of the diameter threshold for to distinguish between large (i.e. 
merchantable-sized wood;‘Derbholz’) and small branches (p. 135). 

• Flury (1907): general description of available sites and stands (chapter 1) and of 
measurements (chapter 2), including the separate diameter measurements along the 
merchantable-sized part of the stem in 2 m sections and of the merchantable-sized 
branches in 1 m sections (pp 30-31), and of small branches below the threshold for 
merchantable sized wood (p. 32). 

• Flury (1892): Derivation of conversion factors to obtain the volume of small branches 
from the weight measured in the field. 

Site and stand description, single-tree specific measurements, and aggregated tree and stand data 
were recorded in separate forms. Based on the number of plots (Table 1; plot identifier, variable 
ID 5) separate copies of the forms were maintained. Further for each survey year and examined 
tree species (Table 1; year of observation and tree species, variable IDs 6 and 18) new copies 
were started. The relevant data for this report, i.e. single tree data on diameter and height 
measurements and on branchwood volume, can be found in FRF ‘B.2’ on lying trees after harvest 

http://www.dora.lib4ri.ch/wsl/
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(‘Vermessung und Inhaltsberechnung der liegenden Probestämme’) and FRF ‘J’ . In FRF ‘B.2’ 
(Figure 2) the measurements of the stem of each single tree were recorded (Table 1; variable IDs 
22 and higher). FRF ‘B.2’ contains also data (Figure 2), which was not transferred to punchcards 
and thus to digital format presented in Table 1: 

• diameter of branches measured at half the lengths of 1m sections if equal to or greater 
than 7 cm 

• length and diameter at half the length of the last section of the stemwood where the 
diameter is equal to or greater than 7 cm if less than 2 m 

• length and diameter at half the length of the stemwood section where the diameter is less 
than 7 cm to the tree top 

• length and diameter of the tree crown 
• stump height measured on uneven terrain on the upslope facing side and stump diameter 

measured at the top; not consistently measured. 
• diameter measured at 0.65 m from the base of the stem; not consistently measured. 
• weight and volume of smaller branches.  

Although stem and branch diameters were always measured crosswise, in the majority of cases 
only the mean of the two crosswise measurements was recorded. 

FRF ‘J’ contains calculated data on the volume of the merchantable part of the stemwood and 
merchantable-sized branchwood (Figure 3). The data on merchantable-sized branchwood volume 
in FRF ‘J’ are the source of the data in the branchwood dataset. 

Note that over time the format of the field recording forms was modified while the contents 
remained the same with minor differences particularly in FRF ‘B.2’, e.g. for tree number and 
diameter at 0.65 m (Appendix III for examples). 

Liechti (2019, chapter 2.3) provides a detailed overview of the field recording forms in the in the 
EFM-Archive. 
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Figure 2. Example of field recording form ‘B’ with data on diameters of 2 m sections along the stem, stem lengths, and on small branch (< 7 cm in 
diameter) volume. The third column includes the diameters measured at 2 m sections along the stem and diameters measured at 1m sections along 
the larger branches separated by a horizontal line. Note that red markings stem from the conversions of measured data to punchcards.
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Figure 3. Example of field recording form ‘J’ with data on calculated merchantable-sized (≥ 7 cm 
diameter) volume based on diameters of 2 m sections along the stem and 1 m sections along branches 
from FRF ‘B.2’ (Figure 2). The example shows data for trees no. 1 and no. 2. 
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3.2.1.2 Conversion to punchcards and electronic formats 

Stemwood data from the field recording forms were converted to punchcards in 1974. Detailed 
information on this process is contained in uncatalogued documents (Appendix IV). Over time 
the data were also converted to a digital format (i.e. the source of the NFI stemwood dataset, 
section 3.1).  

Branchwood data were digitized the mid-1980s in a project lead by C. Hoffmann with the 
purpose of developing volume functions for large (‘Astderbholz’) and small branches (‘Reisig’) 
and also to estimate whole tree volume including merchantable-sized and non-merchantable-
sized elements of the stem (Appendix V). The resulting file ‘SGAR’ of this work is the source of 
the NFI branchwood dataset. 

Note that the stemwood and branchwood data are not part of the EFM database ‘treedb’. A copy 
of the stemwood dataset exists in the collected digital copies on the EFM server (N:/prj/EK) 
named ‘D_BIS.DBF’. 

 Findings on measurement methods and field documents 

3.2.2.1 Volume of the merchantable part of the stemwood and merchantable-sized 

branchwood 

The volumes of the merchantable part of the stemwood and merchantable-sized branchwood in 
FRF ‘J’ (Figure 3) are calculated based on the sectionwise diameter data from FRF ‘B.2’ (Figure 
2) as illustrated conceptually in Figure 4. For the calculations, first the area corresponding to 
measured section diameters were calculated and summed, and then converted to volume. For 
example for the stemwood volume, the first entry for tree no. 1 in column ‘Stamm’ of FRF ‘J’ 
(0.1152 m2) corresponds to the area of the first stem section diameter contained in column 4 
‘mittlerer Durchmesser uebers Kreuz gemessen der1 oder 2 m. langen Sektionen’ in FRF ‘B.2’ 
(38.3 cm), the second entry (0.1012 m2) to the diameter of the second section (35.9 cm), and so 
forth up to the last entry (0.0047 m2) for the diameter of the last section (7.7 cm). The areas were 
summed (0.8457 m2 for tree no. 1 in row ‘sect.’) and multiplied by 2 m (i.e. the section length) to 
obtain the cylindric volume of 1.6914 m3. If the length of the merchantable part of the stemwood 
did not correspond to a multiple of 2 m, the length of the last section was recorded as well as its 
diameter at half the length (cf. Figure 1). These data were then used to calculate a cylindric 
volume also of the last section of the stemwood where the diameter is equal to or greater than 7 
cm but the length is less than 2 m. This is illustrated at the example of tree no.2 with a length of 
the merchantable part of the stem of 29.8 m (column 7 ‘Höhe des Baumes bis zur 
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Derbholzgrenze’), which results in a length of 1.8 m of the last merchantable-sized section of the 
stem (column 5 ‘Laenge des Enstuecks’) with a diameter of 8.4 cm (column 6 ‘mittlerer 
Durchmesser des Endstuecks’). The diameter corresponds to an area of 0.0055 m2 with a volume 
of 0.0099 m3 (row ‘Endstk.’ for tree no.2 in FRF ‘J’). 

 

Figure 4. Derivation of merchantable stem- and branchwood volume calculated in field recoding form ‘J’ 
based on sectionwise diameter measurements of 2 m stem or 1 m branch sections Ds1 to Dsn where D is 
>7 cm from FRF ‘B.2’ . Stemwood sections started at the base of the stem and branchwood sections at 
the contact with the stem. 

The volume of merchantable sized branches was calculated accordingly, i.e. first the areas 
corresponding to the 1 m branch sections were derived (column ‘Aeste’ in FRF ‘J’). For example, 
tree no.1 had several branches with a section diameter ≥7 cm as indicated by the diameter values 
separated by vertical dashes found below the horizontal line separating diameters of the stem- 
and the branchwood sections: a first branch with two sections of 9.0 cm and 8.2 cm, a second 
branch with five sections of 14.2, 10.8, 9.9, 8.6, and 7.9 cm and so forth (entries in column 4 in 
FRF ‘B.2’). The sum (0.0816 m2 in the final row in column ‘Aeste’ for tree no.1) of the 
corresponding areas in FRF ‘J’ (0.0064, 0.0053 m2, etc. in column ‘Aeste’ for tree no.1) 
corresponds due the 1 m length sections to the cylindric volume. 

At the example of tree no.2 the volume of the entire merchantable sized stem- and branchwood 
(1.4718 m3 in row ‘Derbholz’) was then derived by addition of the volume of all full 2 m stem 
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sections (1.4192 m3 in row ‘sect.’), the volume last incomplete section (0.0099 m3 in row 
‘Endstk’), and the volume of large branches (0.0427 m3 in the final row of column ‘Aeste’). 

Note that uncatalogued documents make reference to slight modifications to the measurements 
starting in the mid-1970s including decisions to not further measure the last section of the 
stemwood where the diameter is equal to or greater than 7 cm if less than 2 m, and a shift from 
measuring large branches in 2 m rather than 1 m sections (Figure A6.1 in Appendix VI). As the 
datasets described here are based on data measured until 1974, these changes are not relevant. 

3.2.2.2 Volume of small branchwood 

While for wood of merchantable-sized parts of the stem and branches diameters could easily be 
measured in 2 m and 1 m sections, respectively, this was not possible for small branches. Small 
branches of a tree were collected and formed to bundles (‘Wellen’) of 1 m length and 1m 
circumference as described in Flury (1892). These were weighed in the field. The weight was 
converted to volume (eq. 1) based on conversions factors using the fresh weight measured in the 
field (absolute weight) and the specific weight as already identified by Liechti (2019, p. 9-10). 
Following an uncatalogued document from March 1940 (Figure 6) the factors after Gayer and 
Fabricius (1935) were used, which corresponded well to the general factors recommended by 
Flury (1892, p. 24: 0.9 for conifers, 1.0 for Fagus sylvatica and 0.8 for Fraxinus spp.). 

 

The conversion factors represent a mean of many (following Flury (1892) 20 to 30) measured 
absolute weights and volumes of bundles of small branches.  

Note that it was not possible to identify the completeness of the measurements, i.e., whether all 
small branches could be collected. It can be assumed that some small branches and twigs were 
left out. 

The data and comments in the field recording forms (Figure 5) strongly indicate that ‘0’ values in 
the case of small branch volume in the branchwood dataset indicate that no measurements were 
made and that, thus, it should be represented as NULL. As reasons for no measurements were 
given, among other, time constrains, no separation between individual trees possible as small 
branches were scattered on the plot after harvest. For large branches, ‘0’ values indicate with a 
high probability that a tree did not carry any. This can be inferred from the entries of 
measurements in FRF ‘B.2’. These conclusions are supported by the information in the 
documentation of C. Hoffmann on the treatment of ‘0’ values (Appendix V, p. 1). Nevertheless 

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑏𝑏𝑏𝑏𝑠𝑠𝑏𝑏𝑏𝑏ℎ𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑣𝑣𝑤𝑤𝑠𝑠𝑣𝑣𝑠𝑠𝑒𝑒 =  
𝑠𝑠𝑏𝑏𝑠𝑠𝑤𝑤𝑠𝑠𝑣𝑣𝑎𝑎𝑒𝑒 𝑤𝑤𝑒𝑒𝑤𝑤𝑤𝑤ℎ𝑎𝑎
𝑠𝑠𝑠𝑠𝑒𝑒𝑏𝑏𝑤𝑤𝑠𝑠𝑤𝑤𝑏𝑏 𝑤𝑤𝑒𝑒𝑤𝑤𝑤𝑤ℎ𝑎𝑎

 (eq. 1) 



15 

 

the digitized data contain ‘0’ values rather than NULL values. The reason why they appear as ‘0’ 
rather than as NULL may be that the FORTRAN routines used at the time were not able to 
handle NULL values. 

According to the process flow described in the Appendix of the project description (Appendix V, 
pp. 24-25), the data for large and small branches were collected in separate processes and were 
merged with the stemwood data in the project by C. Hofmann in the mid-1980s. In this merging 
process, 1’697 of all 14’712 of which the volume of large and small branches was digitized could 
not be matched. This was likely due to computing limitations at the time as it was possible to find 
correct matches in the analyses for this report (section 4). 
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Figure 5. Example of field recording form ‘B.2’ with comment that small branches were not measured. 
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Figure 6. Specific weights by tree species to convert fresh weight of small branches to volume; document 
in folder ‘Hochwald – Beispiele’, which is part of signature WSEK D/1 in the WSL archive. 
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3.2.2.3 Conversion of field data to electronic format 

Possibly due to technical limitations not all data available on the field recording forms were 
transferred to electronic formats (punchcards or digital tables). Also, the data dimensions were 
converted to different units (see section 4.1.2). For the stemwood data not transferred were the 
diameter and height of the stump, the length and diameter at half the length of the last section of 
the stemwood where the diameter is equal to or greater than 7 cm if less than 2 m, and the length 
and diameter at half the length of the stemwood section where the diameter is less than 7 cm to 
the tree top.  

It is important to note that the digital stemwood dataset contains extrapolated values for 
diameters of sections above the merchantable part of the stem (Figure 7). Their derivation could 
not be identified. It is thus important to consider this fact when using the data as the extrapolation 
can result in artefacts such as values > 7 cm. The extrapolated diameters were not used in the 
volume estimation of stemwood contained in the stemwood and branchwood datasets (Table 1), 

According to the project description by C. Hoffmann (Appendix V), the data on the volume of 
merchantable-sized and small-sized branchwood were transferred in separate processes to two 
separate files. This may explain the small inconsistencies in the information on plot identifier, 
year of observation, and DBH that were identified. These inconsistencies were likely also the 
reason, that not all single tree data on branchwood could be matched with the stemwood data at 
the time, and for duplicates in the branchwood dataset (see section 4). 
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Figure 7. Extrapolated diameters of stem sections above the measured length of the merchantable-sized 
part of the stem, i.e. 7 cm. The top of the figure (a) shows the field recording form ‘B.2’ with, among other, 
measured diameters of the 2 m stemwood sections, the length of the merchantable-sized part of the stem, 
and total tree height of the first two trees. The central part (b) shows the corresponding entries in the 
stemwood dataset. For example tree no. 1 (first row in the field recording form and in the table), the values 
match with the exception of the stem diameters at 29 m and 31 m (columns ‘DM29’ and ‘DM31’). They do 
not exist in the form because they were not measured as they are above the length of the merchantable-
sized part of the stem of 28.0 m in the form (column ‘Höhe des Baumes bis zur Derbholzgrenze’’’) and 280 
dm in the table (column ‘DERBHL’), respectively. The lower part (c) shows a note extracted from an 
uncatalogued document indicating that diameters above the threshold of 7cm are extrapolated.  

 Data analysis and processing 

The two available digital datasets were evaluated for plausibility and accuracy, were cleaned 
from replicated trees, and finally merged into a single dataset. All computations were done using 
the language and environment for statistical computing R (version 4.2.1; R Core Team 2022) and 
the packages data.table (Dowle and Srinivasan 2020), ggplot2 (Wickham 2016), and dplyr 
(Wickham et al. 2022). 
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 Plausibility checks and cleaning of digital copies of punchcard data 

In a first step obvious duplicates were removed before proceeding with the further plausibility 
and accuracy examination (Table 3). 

Table 3. Initial, intermediate, and final sample sizes (i.e. individual trees) of the stemwood (‘SHOLZ) and 
the branchwood (‘SGAR’) datasets during processing, see sections 4.1.1 and 4.1.2. 

Sample size N SHOLZ SGAR 
Initial dataset 38’864 14’712 
Initial cleaning  38’845 14’568 
Quality assessment 38’845, incl. 37’067 unique trees 

identified with high confidence 
14’568, incl. 13’726 unique trees 
identified with high confidence 

Final evaluation 38’841, incl. 37’063 unique trees 
identified with high confidence 

14’568, incl. 13’726 unique trees 
identified with high confidence 

 Removing replicates 

In the stemwood dataset obvious replicates were identified by examining site and tree attributes. 
In a first iteration 19 duplicates were identified, 13 of which on the same sample site and in the 
same observation year. These 13 single tree entries were duplicated due to inconsistent 
information of the postal code data. 6 single tree entries on 5 different sites were duplicated due 
to inconsistent age and/or site information. Since all other data, including all section diameters 
were the same, it was assumed that the inconsistent site and age, respectively, information were 
the result of errors in the process of entering the data on punchcards. After double-checking the 
correct postal code and the age information, the 19 duplicates were removed preserving the 19 
entries with the presumably correct site and age information (initial cleaning; Table 3). 

In a second step replicates were identified by comparing single tree data by site attributes and all 
measured variables, i.e. DBH, height, section diameters etc. but ignoring tree number, tree age, 
site pre‐number, site identifier and plot which were found in some cases to be inconsistently 
transferred to the electronic format. This approach yielded 699 pairs of trees with the same 
attributes, 98 with three-fold replication, 11 with four-fold, 4 with five-fold, and one each with 
six-, seven-, and nine-fold replication (for an example see Table 4). Hence, the resulting total of 
1778 potential replicates may represent only 815 single trees. For selected examples, the field 
recording forms were consulted, which indicated that some trees were part of two plots (Figure 
8). The method and reasoning behind this could not be conclusively clarified but these trees were 
likely to have been in a plot which was extended or integrated into another following a change in 
the research questions or management strategies. These trees could be identified with high 
confidence as they were on the same site and consequently be removed. However, there was also 
a number of such cases where the site identifier differed. This was exemplary examined for trees 
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that were part of the potentially nine-fold replication (first group of trees in Table 4). Based on 
the field recording forms it could be verified that the three trees on site FV 41 - FN 36 were 
duplicates of the three trees on site FV 41 - FN 37 (Figure 9). Attempts to clarify this based on 
additional information from further field recording forms on standing trees (FRF ‘A’) and site 
descriptions (FRF ‘E’) failed but it is possible that in special sites numbers  change several times 
as a result of re-formations alluded to above.. It was not possible to verify this for all cases, thus 
for consistency the identified duplicates were not removed. Instead to document this potential 
replication, a new attribute ‘Quality’ was added to mark trees that to the best of our knowledge 
are unique (Quality = 1) or potential replicates (Quality = 2). In addition. individual groups of 
potential replicates were given a unique identifier ‘replicateID_sholz’ ranging from 1 to 815 
where a unique ID represents a particular set of replicates with the same tree data. For unique 
trees, the value of replicateID_sholz is set to ‘NA’. The clean stemwood dataset thus consists of 
38’845 single tree data of the original 38’864. 37’067 (quality assessment; Table 3) are with a 
high confidence unique entries, and 1’778 entries are potential replicates of 815 single trees. 

The branchwood dataset was examined for replicates using the same iterative approach. From 
data evaluation and cross-checking with field recording forms it was known that DBH in the 
branchwood dataset was derived by rounding up the two crosswise measured tree DBH values 
while it was rounded down in the stemwood dataset. It was also known that tree age was not 
always consistently copied from the field recording forms. The initial data evaluation also 
showed the initial two datasets for large and small branches were not exactly matched for all trees 
resulting in pairs of equal tree data where one individual had a value for small branches but not 
for large branches and vice-versa. Cleaning of these cases resulted in removing 144 trees. The 
remaining 14’568 (initial cleaning; Table 3) of the initial 14’712 were then checked for further 
replicates were the replication was not conclusive, i.e. measured tree attributes were the same but 
site identifier and plot differed. Similar to the approach described above for stemwood, the new 
attribute ‘Quality’ to mark these trees as potential replicates (Quality = 2). This affected 842 trees 
including 324 pairs of trees with the same attributes, 62 with three-fold replication, and 2 with 
four-fold. Also, individual groups of replicates were identified using the new attribute replicateID 
as described above. The clean branchwood dataset thus consists of 14’568 single tree data of the 
original 14’712, and includes 13’726 trees that were identified with high confidence as unique 
entries (quality assessment; Table 3). 842 entries were identified as potential replicates of 388 
single trees, i.e. the dataset may represent only 14’114 unique trees. Trees that could not be 
matched in the project by C. Hoffmann were not especially examined in this cleaning process as 
it was expected that matches can be identified in the process of merging the stemwood and 
branchwood dataset and missing attributes in the branchwood data can be assigned (see section 
4.2). 
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 Plausibility and accuracy 

Since the units of the data in the field recording forms were different from those in the available 
digital datasets, the correctness of the units and the unit conversions has been verified. The units 
of the data in the two datasets are given in Table 1. With the exception of the volume of small 
branches the findings correspond to those from Liechti (2019). The volume of small branches is 
given as 0.1 *dm3 rather than dm3. This could be verified based on data in the field recording 
forms.  

All data were evaluated for plausibility examining whether i) length of the stem from tree base to 
diameter of 7 cm (ID 24) was equal or less than the length of the stem from tree base to tree top 
(ID 25), ii) diameter measured at 1m is greater than or equal to DBH, iii) section diameters 
decrease from the first stem-section at 1m to the last stem-section, iv) diameter range, v) height 
range, and vi) branchwood volume.  

4.1.2.1 Stemwood 

In the stemwood dataset, six cases were observed where the length of the stem from tree base to 
diameter of 7 cm (ID 24) was equal to the length of the stem from tree base to tree top (ID 25). 
Based on data from the respective field recording forms the data are correct, altough it was not 
clear whether the stem was broken or cut below the threshold of 7 cm. Further, 1055 trees were 
identified where the length of the merchantable-sized part of the stem was zero and where a 
plausible tree height existed. 1042 of these trees had a DBH of less than 7cm and nine of the 
remaining 13 trees had a stem diameter at 1 m from the base (DM1) between 7.0 and 7.3 cm. For 
these 1051 trees a value of zero for the length of the merchantable sized part of the stem was 
considered plausible. For four trees that came from the same plot and were measured in the same 
year it was found that no value was entered in the field recording form and these four trees were 
consequently removed as further no section diameters were measured (final evaluation; Table 3). 

Inconsistencies in the stemwood dataset were found regarding DM1 and DBH. This affected 732 
trees, but in only 21 cases was the DBH more than 2 cm greater than the DM1. Random checks 
showed that in the majority of cases the data were correct but there were also few cases were the 
data did not match the values in the field recording forms. As it was not possible to cross check 
all 732 trees. it was assumed that the differences between DBH and DM1 were plausible.  

Since the derivation of the stemwood section diameters above the threshold of 7 cm (see section 
3.2.2.1) could not be clarified and to avoid potential erroneous use since in some cases modelled 
diameters were greater than 7 cm (see section 4.1.2), all diameters of sections above the length of 
the stem where the measured diameter is 7cm were set to 'NA'. 
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The volume estimates included in the two datasets for stemwood, tree top, merchantable-sized 
and small branches (variable IDs 15, 19, 20, 21 in Table 1) were reproduced. As described in 
sections 3.2.2.1 and 3.2.2.2, the volume of merchantable-sized branches is based on section 
diameters and the volume of small branches is derived from the weight of bundles of small 
branches. The stemwood volume (ID 15) corresponds to the entire stem from base to tree top, and 
the volume of the tree top (ID 19) represents the part of the stem above a diameter of 7 cm as a 
cone (see Appendix II for details). It should be noted that estimating the first 2 m section from the 
base of the stem as cylinder may result in an underestimation of the volume. The lower part of the 
stem has a large taper (Kublin et al. 2013). To account for this, possibly the diameter at 0.65 cm 
was measured. 

4.1.2.2 Branchwood 

To evaluate the plausibility of the branchwood data, first results from the WSL Project 
‘Swissbiomass’ by E. Thürig were identified as potential source. Due to differences in the 
methodology, i.e. large branches are not measured in 1 m sections, and the still small sample size, 
the data were found not suitable yet (as Swissbiomass is still ongoing the data will become 
valuable in the future). In the literature only data from Austria (Eckmüllner 2006) could be 
located. Considering methodological differences (among other sampling of branches and not 
separation in large and small branches, unknown branch diameter), the total branchwood volume 
for Norway spruce and European beech agreed well. 

A moderate to high uncertainty can be expected particularly for the volumes of small branches. 
This uncertainty derives from a) the use of bundles (section 3.2.2.2) to measure weight while the 
size (volume) of the bundles is likely not constant, and b) the conversions factors to derive 
volume (cf. Flury 1892) and section 3.2.2.2. 
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Table 4. Examples of trees with triplicated or duplicated data for the measured dimensions (BHD, D7, SH, DERBHL, DM1, DM3, etc) and observation 
year (AJ) but slight differences in the age (i.e. ±2 years), different tree numbers, and different site information. The column ‘replicates’ gives the 
number of the trees with the same measured data, for the remaining variable (columns) definitions see Table 1. 

R
ep

lic
at

es
 

FV
 

FN
 

A
J 

A
LT

 

B
N

R
 

VK
EG

 

B
H

D
 

D
ER

B
H

L 

SH
 

D
M

1 

D
M

3 

D
M

5 

D
7 

D
M

9 

D
M

11
 

D
M

13
 

D
M

15
 

D
M

17
 

D
M

19
 

D
M

21
 

D
M

23
 

nine 41 15 1889 24 13 8 50 0 78 52 37 22 6 0 0 0 0 0 0 0 0 

nine 41 36 1889 26 5 8 50 0 78 52 37 22 6 0 0 0 0 0 0 0 0 

nine 41 36 1889 28 6 8 50 0 78 52 37 22 6 0 0 0 0 0 0 0 0 

nine 41 36 1889 28 7 8 50 0 78 52 37 22 6 0 0 0 0 0 0 0 0 

nine 41 37 1889 26 6 8 50 0 78 52 37 22 6 0 0 0 0 0 0 0 0 

nine 41 37 1889 28 7 8 50 0 78 52 37 22 6 0 0 0 0 0 0 0 0 

nine 41 37 1889 28 8 8 50 0 78 52 37 22 6 0 0 0 0 0 0 0 0 

nine 41 39 1889 31 8 8 50 0 78 52 37 22 6 0 0 0 0 0 0 0 0 

nine 41 39 1889 29 9 8 50 0 78 52 37 22 6 0 0 0 0 0 0 0 0 

four 21 61 1889 28 3 219 185 118 152 190 173 162 146 125 84 51 6 0 0 0 0 

four 21 62 1889 28 3 219 185 118 152 190 173 162 146 125 84 51 6 0 0 0 0 

four 21 63 1889 28 3 219 185 118 152 190 173 162 146 125 84 51 6 0 0 0 0 

four 21 64 1889 28 1 219 185 118 152 190 173 162 146 125 84 51 6 0 0 0 0 

four 42 13 1921 150 20 721 277 200 230 285 262 236 241 228 209 202 159 130 113 46 0 

four 42 14 1921 150 8 721 277 200 230 285 262 236 241 228 209 202 159 130 113 46 0 

four 42 15 1921 150 8 721 277 200 230 285 262 236 241 228 209 202 159 130 113 46 0 

four 42 16 1921 150 8 721 277 200 230 285 262 236 241 228 209 202 159 130 113 46 0 

three 4 10 1937 36 1 392 233 140 184 243 224 208 189 171 134 94 51 24 0 0 0 

three 4 12 1937 36 1 392 233 140 184 243 224 208 189 171 134 94 51 24 0 0 0 

three 4 12 1937 36 11 392 233 140 184 243 224 208 189 171 134 94 51 24 0 0 0 

three 42 13 1921 150 19 817 292 200 228 304 272 260 249 243 220 202 186 160 104 45 0 

three 42 14 1921 150 7 817 292 200 228 304 272 260 249 243 220 202 186 160 104 45 0 

three 42 15 1921 150 7 817 292 200 228 304 272 260 249 243 220 202 186 160 104 45 0 
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Figure 8. Example of trees appearing on two plots a) main site ‘2 B’ and b) control site ‘2 
Vergleichsfläche’ with the same measured dimensions but different tree numbers.  
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Figure 9. Example of trees appearing on two sites (‘Gemeinsame Probestämme’) dimensions but different 
tree numbers. For the measurements of the affected trees see the three trees on site FV 41 - FN 36 were 
duplicates of the three trees on site FV 41 - FN 37 in Table 4). 
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 Merging the stemwood and branchwood datasets 

The cleaned datasets were merged to obtain a single dataset comprising all measured variables in 
order to easily derive complete above-ground tree wood volume. The link between the datasets 
was established based on the common variables (cf. Table 1). Due to the known inconsistencies 
in the datasets (rounding of BHD, transferring of plot identifier, observation year, and tree age; 
see section 4.1.1), and trees that could not be matched in the initial development of the 
branchwood dataset (section 3.2.2.3), the merged datasets was examined for duplicates and 
inconsistencies of trees between the initial two datasets. Following this evaluation the final 
dataset consisted of a total of 38’841 trees including 14’038 trees with measured branchwood 
data, i.e. 530 trees (14’568 (from Table 3) – 14’038) from the branchwood dataset had no match 
in the stemwood dataset. 

The stemwood data for 38’841 trees (Table 5) in the final dataset come from 768 sites collected 
in 87 annual observation (1888 to 1974) resulting in a total of 1720 observations. The 14’038 
trees with measured branchwood data come from 584 sites and 69 annual observations (1888 to 
1961) or a total of 888 observations. 

The final dataset comprises 56 variables, including 44 from the initial stemwood and branchwood 
datasets (Table 1) and 12 new variables (Table 6). Of the 14’038 matched trees with measured 
branchwood volume, 13’981 matches were identified with high confidence as unique and correct 
matches of which 13’048 are also unique with high confidence in the stemwood and branchwood 
datasets (Table 5). Hence, for applications to estimate above-ground whole tree wood volume and 
requiring a highest degree of accuracy, a restriction to these 13’048 trees is recommended. 200 
are either a potential stemwood (179) or a potential branchwood (21) replicate, and 733 are the 
match of potential stemwood and branchwood replicate. Of the 38’841 trees with stemwood data 
37’063 were identified as unique trees with a high degree of confidence. Of the 14’038 trees with 
branchwood data 13’284 were identified as unique trees with a high degree of confidence. 

Table 5. Summary of final linked dataset. 

Dataset sample size N 
full 38’841 

with stemwood and branchwood data 14’038 
high confidence of unique stemwood data entry 37’063 
high confidence of unique branchwood data entry 13’284 
high confidence of also unique stemwood and branchwood data 13’048 
high confidence of unique match 13’981 

The final cleaned datasets for stemwood and branchwood as well as the final linked dataset are 
included in the archive of this documentation. For the majority of sites contained in the datasets, 
metadata including central coordinates, elevation, and year of stand establishment can be 
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obtained from the EFM database ‘treedb’. Metadata are not available for some sites (n=170 of the 
total of 768 sites in the linked dataset) including clearcuts. The metadata file is also included in 
the archive of this documentation. 

Table 6. New variables in the final dataset in addition to maintained variables of the initial stemwood and 
branchwood datasets (column “final linked dataset” in Table 1.). 

Variable Definition 
species full species name 
LFI_hbart species ID used in NFI ‘hbart’ 
LFI_prodreg NFI production region 
EK_region region as defined in EFM 
key_sholz unique identifier for a tree originating from the stemwood dataset 

quality_sholz 
identifier of potential replicates in the stemwood data set; value ‘1’indicates a 
unique entry, ‘2’ a potential replicate 

replicateID_sholz unique identifier for groups of replicates in the stemwood dataset 
key_sgar unique identifier for a tree originating from the branchwood dataset 

quality_sgar 
identifier of potential replicates in the branchwood data set – value ‘1’indicates a 
unique entry, ‘2’ a potential replicate 

replicateID_sgar unique identifier for groups of replicates in the branchwood dataset 

quality_link 

identifier of the quality of the link between trees in the branchwood and 
stemwood datasets; value ‘1’ indicates trees identified as unique and correct 
matches with high confidence, ‘2’ indicates the link may not be correct 

stemdata_only 
indicates whether only stemwood data are available (‘1’) or both stemwood and 
branchwood data 

 Representativity of the tree data in the final linked dataset 

Since the data are to be used to establish allometric functions for trees measured in the NFI, the 
representativity regarding spatial distribution of the sample sites, the forest type, and the DBH 
range was evaluated for the main tree species in the NFI. The cleaned datasets were used for this. 
The results showed that  

• particularly the Southern Alps region is not well represented with only few sites in the 
Valais and none in Ticino (Figure 10). 

• the mountain forest at higher elevations are poorly covered (Figure 11) in comparison to 
the NFI (Figure 12). 

• the majority of the data comes from homogenous, even-aged forests (Table 7).  
• trees with DBH greater than ca. 50 to 60 cm are underrepresented particularly for beech 

(Fagus sylvatica) the second-most important species in the NFI (Figure 13). 
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Table 7. Number of sites by age structure. Note that the numbers may not sum up to the total number of 
sites contained in a dataset (N, cf. Table 2) because a site may consist of several plots which were not 
consistently transferred to the digital datasets and plots may have different age structures. 

Dataset N even aged N uneven-aged 
final stemwood (N=768) 744 22 
final branchwood (N=585) 571 13 

 

Figure 10. Spatial distribution of the sample sites – 768 sites with stemwood data, 585 sites with 
stemwood and branchwood data. Note that sites may overlap and are not visible. 
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Figure 11. Distribution of measured trees based on the geographic unit used as spatial stratification of 
EFM sites (see Table A2.2 in Appendix II). 
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Figure 12. Distribution of measured trees on sites (accessible forest without brush forest) in the fourth 
national forest inventory (NFI4) by production region and three elevation strata. 
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Figure 13. DBH distribution in 5mm DBH bins of sample trees by main tree species found in the national 
forest inventory (NDI). Vertical blue, orange and red lines indicate the lower 120 mm threshold of the NFI, 
75% and 100% (i.e. maximum) of tree dbh found in the NFI4. 

 

 Further expansion of the data 

Potentially, additional measurements might be available which could help to fill gaps mentioned 
above, and/or extend the tree data with the their growth history. These trees can only be identified 
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using the following criteria: i) Inventory before 1970 ii) mixed stands (most of the data stems 
from even-aged, monospecific stands) iii) geographic unit. For the identified sites that might be 
of interest, one will have to check FRF ‘E’ of the sites regarding data availability.  

 Further data 

In the process of locating data for this report, further datasets were found. As particularly 
valuable identified were 

• the data on foliage biomass collected by Burger (1929, 1935, 1937, 1940, 1941, 1942, 
1945, 1947, 1948, 1950, 1951, 1952, 1953). These data were used by Perruchoud et al. 
(1999) to derive functions to estimate needle and leaf biomass based on tree dbh. These 
functions are used in the NFI. A re-analysis of the data using advanced methods is 
expected to improve current estimates, which would also be scientifically valuable due to 
the poor availability of such data. The data were available to Perruchoud et al. (1999) in 
an electronic format but they do not exist anymore (D. Perruchoud, personal 
communication). Hence, the data need to be digitized again to make them available for 
analysis. The field recording forms are available in the WSL archive under signature 
‘WSEk C/26 :: Untersuchungen von Hans Burger: Holz, Blattmenge und Zuwachs’. 

• the data on diameter measurements over and under bark of 2 m stem sections. The 
measurements were conducted on a subset (n=4’635) of the stemwood dataset described 
previously. The original dataset is currently available in the archive of the EFM group 
under the name ‘DATABIR.TXT’ and a copy with column headers is available from M. 
Didion. Early methods and data are described in Flury (1897). The data would be valuable 
to improve or replace the currently applied but undocumented estimation of bark 
percentage of NFI tally trees. 

For complete sake, three further datasets that were located should be mentioned. Since at the 
time writing there content could not be conclusively identified, they are not further described 
here: MBUCH, DBIL, Höhentriebmessungen 

 Recommendations and further development 

Currently several copies of the same data exist in different folders of the group 
Ressourcenanalyse and in folders of the EFM group under different names and in different 
formats. Data required to reproduce previous functions by E. Kaufmann should be properly 
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archived and duplicate copies be deleted. For the final dataset resulting from this work shared 
responsibilities and ownership between NFI and EFM should be clarified. The data can then also 
be made publicly available as they extent on the data published by Forrester et al. (2021a). As of 
November 2022 it is planned to create a database containing the cleaned datasets on stemwood 
and branchwood as well as the merged dataset under the responsibility of the EFM team 
(Christoph Tellenbach). 

The data can be used for re-analyzing and further development of existing functions to estimate 
volumes of different tree elements in the Swiss NFI. Also, based on the stemwood dataset it was 
found that data are available in the field recording forms for trees with larger DBH. Such data 
would be valuable for improving the accuracy of current functions for NFI tally trees with DBH 
greater than 50 to 60 cm. Similarly data for trees < 12 cm DBH are available to extent current 
functions to smaller trees. The further data can be valuable to further improve existing 
estimations of needle and leave biomass, and of the bark fraction of the stemwood. A position to 
make the further data available in digital format is advertised. 
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Appendix I– Meeting protocols 

Protocols of the meetings in 2022 on the organization of the further review of the EFM data 
following the documentation by Liechti (2019); in German only. 

I) Meeting 06.04.2022 

Kurzprotokoll: Besprechung - Archivprojekt Datengrundlagen Biomassefunktionen 

Datum: 06.04.2022 

Ort: PL C40 -Hybrid 

Teilnehmer: Anne Herold, Esther Thürig, Zeljka Vulovic, Jonas Stillhard, Jonas 
Glatthorn, Jürgen Zell, Markus Didion, Meinrad Abegg 

 

1) Projekt Astderbholz - 2018/19, Hintergrund und Arbeit S. Liechti  
2) Übersicht vorhandener Informationen im EK-Archiv als Grundlage für eine 

Diskussion zum weiteren Vorgehen  
• 4 Datensätze, die sich teilwiese verknüpfen lassen; vermutlich mit 

Ausnahme der Burger Daten; teilweise lassen sich auch das Wachstum 
über die Zeit verfolgen 

• weitere Erschliessung der Daten und Methodik notwendig: 
o 2 Aspekte: Metadaten und Methodik (einschl. Änderungen über 

Zeit) sowie Verknüpfungen erschliessen sowie Auswertungen mit 
Ziel Datapaper und Umsetzung-/Statistikspaper 

o zeitl. eng miteinander verknüpft damit Publikationen in enger zeitl. 
Folge erfolgen können 

o Fokus auf Schaft- und Astholz 
o Burger Daten, die nicht digitalisiert und vermutlich auch separat 

erhoben wurde als 2. Priorität 
 aber wäre eine Sichtung und Digitalisierung der Laub- und 

Nadelmassedaten nicht wünschenswert, da die LFI-Funktionen 
darauf basieren? 

 Zustand und möglichen Aufwand während der Recherche 
beurteilen 

o auch nach möglichen Daten zu Wurzeln suchen 
o Personen und Zeitplan für Datenaspekt: 

 MD als Hauptverantwortlicher mit Hilfe von AH 
(Kenntnisse der aktuellen Umsetzung im LFI), JS (EFMD 
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Daten), ZV (Archiv), JZ (Plausibilieren) und ggf. Jens 
(Aufnahmemethoden im EFM) 

 Ziel: Datensätze soweit als möglich methodisch prüfen und 
(auch über die Zeit: Bestandesgeschichte) zu verknüpfen, 
allfälligen Bedarf für Zusatzprojekte identifizieren), 
Methode identifizieren und beschreiben, einschl. Einheiten 
(z.B. Reisig dm3 oder dm3/10) 

 Zeitplan: Zwischenbericht Juni/Juli 2022 
 Endbericht: abschliessende Erkenntnisse Hebst 2022 
 Ziel Termin datapaper Ende 2022/Beginn 2023 oder offen 

wegen Verknüpfung mit Statistikpaper? 

 

3) Beispielhaft für bestehende Wissenslücken und Informationsbedarf - 
Plausibilisierung der Daten zu Astderbholz und Reisig und der sektionsweisen 
Vermessung 2022 

• sind ‘0’ Werte Nullwerte oder NA 
• ist hohe Variabilität beim Reisig evtl. Folge von Änderungen in der 

Messung und der Einheit (dm3 vs. dm3/10? 

 

II) Meeting 20.05.2022 

Kurzprotokoll: Besprechung - Archivprojekt Datengrundlagen Biomassefunktionen 

Datum: 20.05.2022 

Ort: EP D1 -Hybrid 

Teilnehmer: Anne Herold, Esther Thürig, Zeljka Vulovic, Jonas Stillhard, Jürgen Zell, 
Markus Didion, Meinrad Abegg 

 

1) Herkunft und Fazit zu den Daten der sektionsweisen Vermessungen am Schaft 
a. Haben eine digitale Entsprechung im EK-Archiv mitgleichem Inhalt.  
b. Daten sind vertrauenswürdig und zuverlässig. 

2) Herkunft und Fazit zu den Daten zu Astderbholz und Reisig 
a. bisher bekannte Datei ist nicht vollständig, weshalb eine Verknüpfung auf 

Einzelbaumbasis mit Schaftdaten nicht möglich ist. 
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b. die Datei ist eine unvollständige Kopie einer Datei, die von C. Hoffmann 
erstellt wurde – es fehlen entscheidende Angaben wie Flächeninformation 
und Baumidentifikation, die für die Verknüpfung mit den Schaftdaten 
notwendig sind. Zudem bestehen kleine Unterschiede bzgl. Anzahl der 
Bäume nach Baumart. 

c. die Untersuchungen von C. Hoffmann waren beschränkt auf eine Auswahl 
der vorhandenen Messdaten. Das heisst nicht alle der für das Schaftholz 
digitalisierten Flächen und Aufnahmejahre wurden berücksichtigt und es 
fehlen z.T. Information zu einzelnen Bäumen auf einer Fläche, die in den 
Schafdaten vollständig vorhanden sind. Die Frage, ob für alle Bäume, die 
in den Schaftdaten vorkommen, auch entsprechende Messungen für 
Astderbholz und Reisig gemacht wurden kann bejaht werden. Dies mit der 
Ausnahme von Fällen wo kein Astderbholz vorhanden war und wo Reisig 
nicht gewogen wurde; für Astderbholz kann angenommen werden, dass 
insbesondere für Fichten, aber für andere Nadelbäume der Grossteil der 
Bäume kein Astderbholz besass. Reisig konnte in manchen Fällen nicht 
gewogen werden; dies ist in den meisten Fällen in den Feldformularen 
entsprechend vermerkt.  

d. die Annahme von C. Hoffmann, dass 0-Werte für Asterbholz in der Datei 
bedeuten, dass kein Astderbholz vorhanden war am Baum ist plausibel. 0-
Werte für Reisig allerdings entsprechen praktisch immer einer fehlenden 
Messung. 

e. AH hat noch eine Datei gefunden, die der Originaldatei von C. Hoffmann 
mehr entspricht als die bisher bekannte Datei. Eine erste Einschätzung ist, 
dass diese Datei wichtige weitere Information enthält, die Probleme der 
Verknüpfung mit Schaftdaten auf Einzelbaumbasis nicht lösen kann. 
Zudem stellt sie ebenfalls nur ein unbekanntes Subsample der insgesamt 
vorhandenen Messungen dar, und 0-Werte sind ebenfalls nicht 
differenziert in reale 0-Wetre und Null bzw. nicht gemessen. 

f. die bestehende Annahme, dass Astderbholzvolumen in dm3 und Reisig in 
dm3/10 vorliegen, konnte verifiziert werden. 
 

3) weitere Daten 
a. gemäss der Zielsetzung der Besprechung vom 6.4.2022 konnten weitere 

Daten identifiziert werden. Diese bisher nicht plausibilisiert Daten 
enthalten 

i. sektionsweise Schaftdaten mit Durchmessern über und unter Rinde 
ii. Schaftdaten mit variablen Sektionslängen, die vermutlich in 

Verbindung stehen mit den bisher bekannten sektionsweisen 
Schaftdaten. Gemäss A. Zingg könnte es sich um wiederholte 
Messungen an stehenden Bäumen handeln. 
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iii. einer Datei ‘DATABIL’, die ebenfalls sektionsweise 
Datenbeinhaltet. 

iv. die Daten zu Laub und Nadelmasse, die von H. Burger erhoben 
wurden und die Grundlage der im LFI verwendeten 
Biomassefunktionen sind (Perruchoud et al. 1999) sind gemäss A. 
Zingg und S. Liechti im EK-Archiv analog vorhanden.  

4) weiteres Vorgehen 
• plausibilisieren der entdeckten Datei zu Astderbholz und Reisig (MD & 

AH) 
• die weiteren Daten werden plausibiliert, um deren Bedeutung und Eignung 

für weitere Analysen festzustellen (MD mit Hilfe von JS). 
• die Daten von Burger zu Laub- und Nadelmassen werden lokalisiert, um 

die Möglichkeit und Aufwand einer Digitalisierung abzuschätzen (MD mit 
Hilfe von ZV). 

• für die nächste Besprechung. wird der Aufwand geschätzt, der  für eine 
neue und vollständige (aller vorhandenen Messungen entsprechend der 
Schaftdaten für Astderbholz und Reisig) Digitalisierung Aufwand 
notwendig ist (MD). 

• basierend auf den vorhanden in der EFM-Datenbank vorhandenen 
Informationen zu den Flächen wird die Abdeckung versch. 
Bestandestypen, die für das LFI relevant sind, ermittelt (JS mit Hilfe von 
MD). 

• nächste Besprechung am 28.6.2022 im EP D1. 

 

III) Meeting 14.07.2022 

Kurzprotokoll: Besprechung - Archivprojekt Datengrundlagen Biomassefunktionen 

Datum: 14.07.2022 

Ort: EP D1 -Hybrid 

Teilnehmer: Anne Herold, Esther Thürig, Zeljka Vulovic, Jonas Glatthorn, Jonas 
Stillhard, Markus Didion, Meinrad Abegg 

 

1) Datei ‘SGAR’ – vermutliche Kopie der unter der Leitung von  C. Hoffmann in 
1983/84 erstellten verknüpften Datei mit Daten aus den 3 Dateien zu sektionsweise 
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Vermessungen (Version aus den 1970ern, vgl. auch Besprechung vom 20.05.2022), 
sowie den beiden neu digitalisierten Daten zu Reisg- und Astderbholzvloumen. 

a. Herkunft: zurückzuführen auf vermutlich technische Limitierungen in 
den 1980er finden sich in der verknüpften Datei Inkonsistenzen. Deren 
Bereinigung ist möglich. 

b. Verknüfung: Nach Bereinigung verbbleiben ca. 12'000 bis 13'000 
verlinkte Einzelbaumdaten mit Informationen zu Baumalter, BHD, D7, 
Derbholzlänge, Scheitelhöhe, Schaftholz-, Astderbholz- und 
Reisigvolumen. Ca. 1600 Bäume noch nicht knüpft. Falls BHD-
Differenz beim Verknüpfen auf +- 1 mm gesetzt würde, könnten ca. 
850 Bäume zusätzlich verknüpft werden. 

c. Repräsentativität: Die Repräsentativität der Daten im Vergleich zu 
Daten aus dem LFI4 ist eingeschränkt insbesondere bei BHDs > ca. 50-
60 cm, ungleichaltrigen Beständen, der räumlichen Verbreitung (keine 
Daten im Tessin, nur (sehr) wenige im Wallis und im Jura, sowie in 
Höhen > 1000m). Die Astderbholzfunktion der Buche basiert nur auf 
Bäumen < 60 cm. Das heisst, das Astderbholz grosser Buchen wird 
unterschätzt. Basierend auf der Datei der sektionsweisen Messungen, 
kann die Repräsentativität moderat verbessert werden durch die 
Digitalisierung weiterer Daten zu Astderbholz- und Reisgvolumen. 

 
2) weitere Daten 

a. MBUCH: Die Datei MBUCH umfasst 244'490 Einzelbaumdaten zu 
BHD, D7, Derbholzlänge und Scheitelhöhe. Sie enthält keine  
Informationen zu Astderbholz- und Reisigvolumen. Sie bietet daher 
keinen Mehrwert für die Erstellung von Volumenfunktionen. 

b. Rinden: Die Datei zu Rindenmessungen umfasst 4'635 
Einzelbaumdaten zu Messungen von BHD und Durchmessern in 2m 
Schaftsektionen mit und ohne Rinde. Die Messungen wurden an den 
gleichen Bäumen, die in den sektionsweise vermessen wurden 
durchgeführt, allerdings separat, so dass die Messungen mit Rinde 
nicht exakt den Daten der sektionsweisen Vermessung entsprechen. 
Die Information sind allerdings sehr wertvoll um das existierende 
Modell von E. Kaufmann zur Schätzung des Rindenanteils zu 
plausibilieren, und ggf. zu verbessern, auch weil international keine 
entsprechenden Informationen vorhanden sind.  

c. DBIL: Der Inhalt der Datei ‘DBIL’ konnte nicht entschlüsselt werden. 
d. Laub- und Nadelmasse: die Daten zu Laub und Nadelmasse, die von H. 

Burger erhoben wurden und die Grundlage der im LFI verwendeten 
Biomassefunktionen sind (Perruchoud et al. 1999) sind analog 
vorhanden und katalogisiert. Aufgrund der Bedeutung der Blattmasse 
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für das THGI und der steigenden Bedeutung auch für das LFI, wird 
eine Digitalisierung der Daten erwogen. 

 
3) Beschlüsse / Arbeiten 

• Ein Datapaper zu den Daten der sektionsweise Vermessungen sowie den 
beiden neu zu Reisig- und Astderbholzvloumen wird parallel zur 
Dokumentation erstellt basierend auf dem aktuellen Kenntnis- und 
Datenstand. Allfällige Verbesserungen und Erweiterungen werden ggf. vor 
einer Publikation berücksichtigt. MD klärt mit den involvierten Personen 
die Verantwortlichkeiten und Autorenschaft ab, mit dem Ziel einer 
Submission bis Frühjahr 2023. 

• MD klärt mit Martin und Christoph die Möglichkeiten ab für einen 
Projektantrag beim LFI über die Finanzierung eines Praktikanten für >= 6 
Monate zur Digitalisierung weitere Daten mit der Priorität 

o Daten BHD > 50cm 
o Blattmasse 
o Daten BHD < 12cm, da hier zunächst der Anteil von Einzelbäumen 

mit Messungen von Astderbholz- und/oder Reisigvolumen geklärt 
werden muss. 

• JS klärt das Potential für weitere Daten in ungleichaltrigen Beständen und 
Beständen > 1000m ab, die dann im Rahmen der vorgesehen 
Digitalisierung weiterer Daten verarbeitet werden können. 

• JS klärt das Potential zur Verknüpfen von Schaftdaten und DB mit 
lebenden Bäumen weiter ab. Falls in zwei Tagen möglich, macht JS es 
selber und wir nehmen es im Datapapier auf.- Falls es mehr Aufwand ist, 
wird es im Projektantrag von Markus als «Option» aufgenommen. 

• Weitere Untersuchungen der Daten der Rindenmessungen erfolgen im 
Rahmen der regulären Arbeit an der kontinuierlichen Verbesserung des 
LFI bzw. der Daten für das THGI. 
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Appendix II – Definition of site variables in stemwood and 
branchwood dataset 

Additional details to variables in Table 1. 

Code (ID 2)  
4 digit coding as brief identifier of i) tree numbering system, ii) information on tree 
conditions in punchcards, iii and iv) survey method. The review of the stemwood dataset 
and the field recording forms as well as information in uncatalogued documents (e.g. 
Figure A2.1) indicate that the code was not applied consistently. 

Site pre‐number (ID3) 
Defines the site type into 49 categories based on tree species, management, and trial type 
(Table A2.1). 

Site identifier (ID4) 
Number of sample site. 

plot identifier (ID 5) 
Number of plot. On some sites several plots were established. Plots are identified on field 
recording forms. The information was not transferred to the punchcards and is thus not 
available in the datasets. 

Geographic unit (ID 8) 
The geographic unit identifies 12 spatial strata (Table A2.2). The derivation of the strata 
could not be identified. 

Slope (ID 9) 
Categorical identifier of 4 slope classes: 0°-9°, 10°-19°, 20°-29°, and >29°. 

Aspect (ID 10) 
Categorical identifier of 5 aspect classes: even terrain, northwest to northeast, northeast to 
southeast, southeast to southwest, southwest to northwest. 

Tree species composition (ID 11) 
Categorical identifier of 4 tree species composition type: pure, conifer mixed, broadleaved 
mixed, conifer-broadleaved mixed. 

Estimated stemwood volume (ID15) 
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Defined as tree volume in dm3 based on cylindric volume of the stem sections 
(“Baumvolumen gemäss Zylinderformel (Walzenformel) aus den Sektionsmessungen). 
Thus, therefore presumably applies stemwood volume equals the sum of i) the cylindric 
volumes of all 2 m sections of the merchantable stemwood based on the section diameters 
(variable IDs 26, 27, 28, etc), ii) the cylindric volume of the last section of the 
merchantable stemwood if the length is less than 2 m based on the length and the mid-
diameter (data not included in dataset; cf. section 3.2.1.1), and iii) the conic volume of the 
tree top above the merchantable part of the stem based on the length (i.e. the difference 
between variable IDs 24 and 25) and a base diameter of 7 cm. However, the so calculated 
volume does not exactly correspond to the data in the stemwood dataset, nor does the value 
from field recording form ‘J’. The values in the stemwood dataset are generally < 1% 
higher. The causes for the disagreement could not be identified, and may be rounding 
errors. Due to the small difference they can be deemed negligible. 

Stump rot (ID 17) 
Heart rot extending from the stump in meter; 99 in the case of no information. Note that 
this variable contains values other than ‘0’ for only 191 of 38’864 trees in the dataset, 
including 91 cases with ‘99’. Since the method to obtain this measurement and its origin in 
the field recording forms could not be identified, the plausibility cannot be evaluated. 

Tree species (ID 18)  
The stemwood dataset includes 27 tree species, the branchwood dataset 9. The species 
codes are defined in an uncatalogued document (Figure A2.2) and in the metadata file for 
EFM sites available from the EFM research group. 

Estimated tree top volume (ID 19) 
Volume of the tree top, i.e. part of the stem above 7 cm diameter estimated as cone based 
on a diameter of 7 cm and the measured length from field recording form ‘B.2’ (data not 
included in dataset; cf. section 3.2.1.1), which corresponds to the difference between the 
length of stem from tree base to diameter of 7 cm (variable ID 24) and the length of stem 
from tree base to tree top (variable ID 25). 
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Table A2.1. Site pre‐numbers for sites in the stemwood and branchwood datasets. The definitions are 

also included in Appendix IV in Forrester et al. (2019) but they do not correspond to the site pre-numbers 

in EFM-treedb for 06 and 07 which have not been imported to treedb. 

Site pre‐
number 

Type Tree species / 
Management 

Stemwood 
dataset 

Branchwood 
dataset 

01 Yield (Ertrag) Conifers X X 
02  Conifers and Broadleaves X X 
03  Broadleaves X  
04  Thinning (Astung) X  
05  National Park X  
06  Clearcut X X 
07  Trial site for wood samples X  
21  Norway Spruce (Picea 

abies) 
X X 

22  Silver Fr (Abias alba) X X 
23  Scots Pine (Pinus sylvestris) X X 
24  European Larch (Larix 

deciduous) 
X X 

25  Weymouth Pine (P. strobus) X X 
26  Douglas Fir (Pseudotsuga 

menziesii) 
X  

29  Sitka Spruce (P. sitchensis) X  
30  Corsican Pine (P. nigra) X  
31  Grand Fir (A. grandis) X  
32  False Cypress 

(Chamaecyparis) 
X  

33  Japanese Cedar 
(Cryptomeria japonica) 

X  

34  Western Red Cedar (Thuja 
plicata) 

X  

35  Serbian Spruce (P. omorika) X  
41  European Bech (Fagus 

sylvatica) 
X X 

42  English Oak & Sessile Oak 
(Quercus robur & petraea 

X X 

43  Ash (Fraxinus spp)  X X 
45  Poplar (Populus spp) X X 
47  Birch (Betula spp) X  
11 Provenience 

(Provenienz)  
Spruce (Picea spp) X  

13  Larch (Larix spp) X  
61  cultural trials X  
62  fertilizer trials X  
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Table A2.2. Geographic units used as spatial stratification of EFM sites. The difference between Mid-Alps, 
1000-1500 m (7 sites in the stemwood dataset)) and Alps, 1000-1500 m (6 sites in the stemwood dataset) 
is not clear, the latter are confined to the eastern part of Switzerland. 

ID Region Elevation range [m a.s.l.] 
11 Central Plateau (Mittelland) not applicable 
21 Pre-Alps (Voralpen) < 600 
22 Pre-Alps (Voralpen) 600-1250 
23 Pre-Alps (Voralpen) > 1250 
31 Alps (Alpen) < 1000 
32 Mid-Alps (Zwischenalpen) 1000-1500 
33 Alps (Alpen) 1000-1500 
34 Alps (Alpen) 1500-1900 
35 Alps (Alpen) > 1900 
41 Jura < 600 
42 Jura 600-1250 
43 Jura > 1250 
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Figure A2.1. Copy of an uncatalogued document explaining the variable CODE (Variable 2 in Table 1) in 
the stemwood dataset. 



49 

 

 

Figure A2.2. Copy of an uncatalogued document explaining the variable tree species in the stemwood 
and branchwood datasets.  
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Appendix III – Field recording forms 

Examples of different forms over time. 

 

Figure A3.1. Examples of three versions of field recording form ‘B.2’: the most comprehensive 
measurements were included in b) including fields to record diameter at 0.65 m height and of stump height 
and diameter. For examples a) and b) copies with minor modifications were produced.
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Appendix IV – Instructions to convert measured data from field recording forms to punchcards 

Example of instructions; document contained in folder B1/B2 available from the EFM team. 
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Appendix V – Project C. Hoffmann to digitize branchwood data
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Appendix VI – Modifications of measurements starting in the 1970s 

 

Figure A6.1. Decisions from 5.11.1970 relevant to measurement of the stems after the harvest (‘liegend’) 
of to i) not further measure the top diameter of stumps, and ii) not round the length of the last section of 
the stemwood where the diameter is equal to or greater than 7 cm if less than 2 meters to 2 m if the length 
is > 1 m or to ignore it. 
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