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Abstract: In any forest stand, the theoretically modelled output of sawlogs (the most valuable
roundwood assortments) will differ from what is actually obtained. The aim of this study was to
assess whether it is possible to characterise this difference by site properties or inventory parameters
of forest element for birch, black alder and aspen. The differences in yield of sawlogs varied among
soil types, and was increasing with age and average diameter of the forest element. The theoretical
model for assortment grading predicted a lower yield of sawlogs compared to actually obtained
yield at a lower age and at a lower average diameter, but overestimated output of sawlogs as age
and diameter increase. The results highlight necessity to consider decreasing wood quality with
increasing age to account for damage, such as stem rot, in assortment tables.
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1. Introduction

The importance of sawnwood in the circular bioeconomy lies in its potential to serve as a
sustainable, renewable, and environmentally friendly high-value building material that aligns with
the principles of circularity, resource efficiency, and climate change mitigation [1-3]. As wood
products like sawnwood are utilized in construction, they effectively sequester carbon over the long
term [4], hence contribute to mitigating climate change by reducing atmospheric carbon dioxide
levels [5]. Sawnwood has the potential to substitute fossil-based materials in various applications,
contributing to the reduction of dependence on non-renewable resources [6]. The production of
sawnwood generally requires less energy compared to alternative building materials like steel or
concrete. On average, one kilogram of carbon in wood products reduces ca. 1.2 kg of carbon, when
substituting non-wood products [7]. This characteristic aligns with the principles of the circular
bioeconomy by promoting energy-efficient and sustainable manufacturing processes [5].

Therefore, the ability to accurately estimate the proportion of high-quality assortments,
particularly those suitable for sawnwood, is important in determining the potential for long-term
carbon storage, in addition to optimized harvesting process and enhanced wood chains [8]. Birch,
aspen, and black alder, as commercially valuable species in the Baltic region, contribute significantly
to the timber industry. Silver birch (Betula pendula Roth) is a dominant broadleaved species in the
region in the context of wood production, playing the key role in the highly developed plywood
industry [9,10]. Meanwhile aspen and black alder are used in mixed-species products, having
potential to be combined with birch in plywood manufacturing [11]. Traditional predictions of
roundwood assortments, however, often rely on theoretical models with dimensional sorting that
assume a consistent quality distribution over the tree's lifespan, rarely accounting for quality [12].
This approach may overestimate assortments, especially with increasing age, as it neglects various
stem defects such as false heartwood, decay, and damage caused by browsing, among other factors
[13-16]. Such damage may often affect the bottom log the most of all, which is the most valuable
section for sawn wood. Often, such damage predominantly affects the bottom log, which represents
the most valuable section for the production of sawn wood [17]. In Norway, butt rot in Norway
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spruce (Picea abies L. Karst) is estimated to cause reduction in saw log volume by 48 %, resulting in
ca. €18.5 million economic losses annually [18]. For broadleaf species, comprehensive assessment of
the impact of internal decay (e.g. stem rot) on merchantable volume and carbon stocks is still lacking
[15,19,20]. Besides, disturbances by various pathogens are predicted to intensify with expected
warmer and wetter conditions, likely to amply disturbances as they interact [21].

Understanding and addressing these deviations between theoretical predictions and actual
harvested assortments are crucial for optimizing management activities as well as carbon
sequestration strategies. This study aims to estimate the difference between theoretical predictions
and actual harvested assortments for birch, aspen, and black alder in Latvia.

2. Materials and Methods

A comparison was made between the theoretically modelled output of saw logs and the volume
of saw logs actually obtained in final felling. This comparison has been made for birch (Betula spp.),
black alder (Alnus glutinosa L.) and Europeans aspen (Populus tremula L.). Actual assortment
outcomes were obtained from JSC “Latvian State Forests”, using data from final fellings in years 2017
-2020. Only stands with area of at least 0.5 ha and not more than 5.0 ha were included in the study.
We assumed that in smaller felling areas, some atypical trees may cause bias in the outcome of the
prepared assortments, while in larger fellings, due to the heterogeneity of the forest, the mean values
of the field inventory data of the forest element and the type of soil may not objectively describe the
different conditions in the felling area. In order to avoid the impact of certain atypical trees, the
analysis only uses data from the felled forest elements where the volume of prepared assortments is
at least 30 m?. The study used data from 4,745 forest elements from 3,543 final fellings: birch 3,042,
black alder 684 and aspen 1,019.

Data from final fellings were combined with forest inventory data from the State Forest Register
(Table 1). The analysis used data from stands with only one element of the corresponding species, so
there are no forest elements of two different ages of the same species or forest elements of the same
species from two different storeys. We excluded such stands from the analysis because the felling did
not list separately the assortments by forest element, but only by tree species.

Table 1. Characteristics of data by species. Number of observations for categorical variables, range
and mean * standard deviation (SD) for continuous variables.

Stand Element
. Description  Classes / Parameter Birch Black Alder Aspen
Characteristics

Average age Range 10-141 10-134 10-144
of trees
Age, years belonging to
Mean + SD 694265 692+237 71.6+20.9
one forest
element

Average Range 8-36 8-35 8-35
height of

trees
belonging to Mean + SD 23.9+5.5 22.8£4.7 27.8£4.8

one forest

Height, m

element

DBH, cm Range 8-49 8-42 8-60
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Average
DBH of trees
belonging to Mean + SD 251+7.3 25+5.7 33.9+84
one forest
element
the volume Range 30-1015 30-753 30 - 1567
of
Volume, m3 assortments
Mean + SD 145+ 110 116 +91 195 +200
prepared in
the felling
Range 0.5-5.0 0.5-5.0 0.5-5.0
Area, ha Felling area
Mean + SD 1.7+09 1.7+0.7 19+1.0
Site type Dry mineral soil 1229 158 555
groups, Wet mineral soil 369 109 119
based on the Peat soil 137 40 22
) depth of the  Drained mineral soil 816 194 252
Site type
peat layer
and
) Drained peat soil 491 183 71
moisture
regime
Birch— Betula pendula Roth. and B. pubescens Ehrh., Black Alder— Alnus glutinosa (L.) Gaertn., Aspen— Populus

tremula L.

From the inventory data, theoretical outcome of the tree assortments has been calculated using
assortment model developed by Latvian State Forest Research institute “Silava”, which is the stem
assortment model developed by Ozolins [22] and modified by Donis (unpublished). This model
estimates the outcome of assortments of healthy trees (assumes no decay, no wood defects, no
damage, etc.). The study used the dimensions of the assortments of saw logs used in practice (Table
2).

Table 2. Assortment dimensions used in final fellings of birch, black alder and aspen stands.

Minimum diameter of the assortment,

Type of assortment Species  Assortment length, m m
Thick saw logs Birch 2.8 18.0
Black alder 2.5 24.0

Aspen 25 24.0

Thin saw logs Birch 24 12.0
Black alder 24 12.0

Aspen 24 12.0

Birch— Betula pendula Roth. and B. pubescens Ehrh., Alder—Alnus glutinosa (L.) Gaertn., Aspen— Populus
tremula L.

The soil type, the average diameter and the age of the forest element have been tested to
characterise the difference in the output of the actual and theoretical sawn logs. The study divided
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the soil type into five groups: mineral soil, wet mineral soil, wet peat soil, drained mineral soil and
drained peat soil.

The statistical analysis was performed using the Generalized Linear Model tool in SPSS for
Windows. A linear model was employed with the maximum likelihood estimate for the scale
parameter method. The analysis type was set to Type III, and Chi-square statistics were computed
using the Wald method. Confidence intervals were determined using the Wald method with a
confidence level of 95%. The log-likelihood function utilized was the Full method.

3. Results

On average, the difference between theoretically modelled and practically obtained saw log
outcome was —24.32 + 0.52 percentage points for birch, -37.85 + 1.05 percentage points for black alder
and —60.96 + 0.82 percentage points for aspen. Our results show that the difference in yield of sawn
logs is not the same for all soil types, and it also varies depending on the average age and average
diameter of the forest element. Namely, the theoretical model predicts a lower yield of sawlogs
compared to the practically obtained yield at a lower age and at a lower average diameter, but as age
and diameter increase, it predicts a higher output of sawlogs (Figure 1). Moreover, for both age and
diameter, this relationship is non-linear. Consequently, the analysis includes the logarithmic values
of those inventory parameters.
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Figure 1. Changes in assortments of sawlogs depending on soil type, mean age and diameter of the
forest element. Delta sawlogs (percent point) = theoretical sawlogs (%) — practical sawlogs (%). Soil
types: A —dry mineral soil, B — wet mineral soil, C — peat soil, D — drained mineral soil, E — drained
peat soil. Age decade is mean ages group of forest element (1 — 1-10 age, 2 — 11-20 age, ...15 — 141-150
age), DBH is the mean diameter of the forest element at a height of 1.3 m, rounded into 1 cm groups.
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The difference in yield between the theoretical model and the actual assortments is significantly
influenced by the soil type, age and average diameter of the forest element for birch, and by the age
and average diameter of the forest element for black alder and aspen (Table 3).

Table 3. Test of generalized linear model effects. Dependent variable Delta sawlogs percent point
(theoretical sawn logs (%) — practical sawn logs (%).

. Type III
Species . .
Wald Chi-Square df Sig.
Intercept 3749.430 1 <0.001
. Soil Type 113.935 4 <0.001
Birch

In(Age) 345.079 1 <0.001

In(DBH) 227.568 1 <0.001

Intercept 592.336 1 <0.001

Soil Type 7.174 4 0.127

Black Alder

In(Age) 6.424 1 0.011

In(DBH) 162.596 1 <0.001

Intercept 1123.854 1 <0.001

Soil Type 5.385 4 0.250

Aspen

In(Age) 139.033 1 <0.001

In(DBH) 79.407 1 <0.001

Birch— Betula pendula Roth. and B. pubescens Ehrh., Black Alder— Alnus glutinosa (L.) Gaertn., Aspen— Populus
tremula L.

Values for linear model coefficients have also been calculated to better characterise the impact
of each factor (Table 4).

Table 4. Generalized linear model parameter estimates. Dependent variable Delta sawlogs
perecentage point (theoretical sawn logs (%) — practical sawn logs (%).

95% Wald
Species Variable Estimate Standard Confidence Interval Sig.
Frror Lower Upper
Intercept -174.119 2.8368 -179.679  -168.559 <0.001
DrainedPeatSoil 8.238 0.9136 6.447 10.028 <0.001
DrainedMineralSoil 6.161 0.7700 4.652 7.670 <0.001
Birch PeatSoil 4.571 1.5711 1.492 7.650 0.004
WetMineralSoil 6.062 1.0179 4.067 8.057 <0.001
DryMineralSoil - - - - -
In(Age) 24.237 1.3047 21.680 26.794 <0.001
In(DBH) 29.791 1.9748 25.920 33.661 <0.001
Intercept -195.027 8.2000 -211.098  -178.955 <0.001
DrainedPeatSoil 4.714 1.8675 1.054 8.374 0.012
Black DrainedMineralSoil 2.186 1.8406 -1.422 5.793 0.235
Alder PeatSoil 2.062 3.0761 -3.967 8.091 0.503
WetMineralSoil 0.861 2.1506 -3.354 5.076 0.689

DryMineralSoil - - - - -
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In(Age) 6.804 2.6847 1.543 12.066 0.011
In(DBH) 63.606 4.9882 53.829 73.383 <0.001
Intercept -160.370 4.7425 -169.665 -151.075 <0.001
DrainedPeatSoil -3.540 1.8369 -7.141 0.060 0.054
DrainedMineralSoil -1.145 1.1144 -3.329 1.040 0.304

Aspen PeatSoil -4.020 3.1718 -10.236 2.197 0.205
WetMineralSoil -0.398 1.4762 -3.292 2.495 0.787
DryMineralSoil - - - - -
In(Age) 29.344 2.4887 24.467 34.222 <0.001
In(DBH) 28.382 3.1851 22.140 34.625 <0.001

Birch— Betula pendula Roth. and B. pubescens Ehrh., Black Alder— Alnus glutinosa (L.) Gaertn., Aspen— Populus

tremula L.

4. Discussion

In the study, we initially hypothesized that quality and the output of the sawlogs' assortments
relative to the potentially possible is decreasing over time. It should be stressed here that we are not
analysing the absolute or relative volume of the assortments, but the reduction in percentage points
relative to the potential. The hypothesis was confirmed - the age and average diameter of the forest
element has a significant impact on the reduction of the assortments of sawlogs relative to the
potentially predicted. In addition, all species tend to see an increasing reduction in the assortments
of sawn logs relative to potentially modelled yield over time with increasing diameter and, in
particular, at a higher age (Figure 1). Thus, the longer birch, black alder and aspen stands are grown,
the greater the reduction in sawlog assortments relative to what is potentially possible. In the Baltic
sea region, middle-aged stands (usually up to 60 years old) could be characterized with fast growth
and high carbon uptake [3], yet still without intensive development of wood damage [16]. For
instance, notable reduction in wood quality due to heart rot in black alders appears at the age of 60
to 70 years [23], while birch faces decreased vitality and increasing susceptibility to decay and other
defects after the age of 50 years [24]. The highest difference between theoretically modelled and
actually obtained saw log outcome was observed for aspen (-60.96 + 0.82 percentage points), likely
due to relatively short lifespan of the species [25], hence higher proportion of roundwood with
damage caused by, for instance, large poplar borer and subsequent spread of rot into the tree [26].

Impact of numerous environmental factors on assortment structure may be highly variable. The
linear equation developed in the study was not intended to calculate the reduction in the yield of the
assortments of sawlogs due to different wood defects (e.g. decay, stem curvature, stem cracks,
branchiness, etc.). Nevertheless, soil type and age worked as reasonable proxy in the analytical model
for cumulative effect of number of unknown factors, which certainly have an impact on the stem
quality and its reduction (e.g. the deer population in a particular location, the genetics of the trees,
the historical forestry regime of the stand, etc.). Often wounds from damage by ungulates (e.g. bark
stripping) serve as entrance for fungi causing decay [14,27]. In Norway spruce, butt rot reported to
reduce saw log volume of 48 % [18]. Similarly, diverse exogenous damaging agents can trigger
formation of false heartwood in birch, considered as defect when grading [13]. Spanish studies in
pedunculate oak revealed that sawn wood for planks of structural dimensions decreased from 43.4%
to only 8.4% of log volume due to wane and biotic damage (including insect damage) [28,29].
Meanwhile, negligible value loss is expected from fire-caused injuries in oaks if the damage is not
exceeding 50 cm height and 20 % of basal circumference [30].

Meanwhile theoretical models (including our model) for traditional assortment tables are based
on sorting by dimensions, without accounting for quality characteristics. Thus, increasing reduction
of obtained sawn wood assortments relative to theoretically modelled highlights disregarded
damage by various agents with increasing age and diameter, especially for the most valuable bottom
logs of large dimensions [18]. There have been only occasional attempts to include criteria of wood

doi:10.20944/preprints202312.0719.v1
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quality in assortment predictions, for instance, considering age and combining models of assortment
tables and wood quality and damage for poplar clones in Slovakia [12]. For birch, height of the lowest
dry branch was found to be significant predictor for grade distribution in Norway [31]. In Canada,
tree age, quality and presence of fungi were among the factors used to predict the proportion of
decayed volume in trembling aspen (Populus tremuloides Michx.) assortments [15].

For smaller and younger forest elements, the yield of the assortment of sawn logs relative to the
potential was negative (Figure 1). This means that the assortment model predicts the outcome of
fewer assortments of sawlogs as realistically achievable in nature. This may be explained by stand
structure, when individual trees or groups of trees can grow in the vicinity of different types of
openings or edges, and their dimensions may be larger than the tree distribution models used in our
assortment model can predict [32]. If the effects of internal edges of gaps or skid trails in not
accounted, estimates of stand yields may be underestimated [33].

Soil type as proxy for different forest types [34] did not show statistically significant effect on
difference in modelled and realized saw log assortments (Table 3) for aspen and black alder, hence
estimation bias regardless growing conditions. For birch, soil type was a statistically significant factor
(p <0.001) affecting the studied differences — underestimations of sawn wood assortments tended to
be the highest on drained peat soil, followed by drained mineral soil and wet mineral soil compared
to dry mineral soil (Table 4). Although both birch species were not separated in the study, the
differences might be somewhat explained by higher abundance of downy birch on peat soils and in
wet sites, since this species generally could be characterized with lower wood quality, for instance,
more severely crocked stems, compared to silver birch [24,35]. For both birch species, the recovery of
the veneer logs observed to be higher in stands on dry mineral soils than on drained mineral and peat
soils [36], likely associated with also higher stem rot incidence in wetter conditions.

5. Conclusions

Our findings indicate that the theoretical model tends to underestimate saw log yield at lower
ages and smaller diameters but predicts higher yields as age and diameter increase. The difference in
yield between the theoretical model and actual assortments is significantly influenced by soil type,
age, and average diameter for birch. For black alder and aspen, the difference is primarily impacted
by age and average diameter. These insights highlight the complexity of predicting saw log yield and
underscore the importance of considering factors such as soil type, age, along with commonly used
diameter in refining theoretical models for more accurate assessments. Further studies should
attempt to build models for predicting quality reduction associated to various damage.
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