
Citation: Matisone, I.; Šn, epsts, G.;

Kaupe, D.; Hein, S.; Rieksts-Riekstin, š,
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Abstract: In the Eastern Baltics, climatic changes are expected to alter forest composition favouring
broadleaved species. The height growth of trees influences the productivity of stands and the
competitiveness of species, particularly in mixed sites, thus emphasising the necessity for accurate
projections. Accordingly, height models are paramount for projecting productivity and yields of
stands. As tree height growth dynamics vary regionally, regional or even local models are needed.
Based upon 214 National Forest Inventory plots and 510 individual canopy trees, dominant height
growth for small-leaved lime (Tilia cordata Mill.) and Norway maple (Acer platanoides L.) in Latvia were
analysed. Height growth was modelled using a generalised algebraic difference approach, testing
several non-linear equations. The Sloboda (for lime) and Hossfeld I (for maple) models showed the
best fit and were the most realistic, predicting slower initial and middle-age (maturing period) growth,
yet also displayed higher asymptotes compared to Western Europe. The predicted height at the age
of 80 years was 14–33 m and 13–34 m for lime and maple, accordingly. A longer establishment period
and later growth culmination suggest longer rotation, highlighting the assessment of long-term risks.
In this case, supplementation of the models with climatic effects appears advantageous.

Keywords: height models; small-leaved lime; Norway maple; generalised algebraic difference approach

1. Introduction

The accelerating environmental changes are challenging the adaptability of forests
and diverging and diversifying growth and productivity patterns at regional and local lev-
els [1,2]. In this regard, mixed forests in Northern Europe, especially those with broadleaves,
appear superior to monospecific stands due to risk diversification, diversity and comple-
mentarity of structural elements, while contributing to close-to-nature forest management
and sustainably [3,4]. Deciduous and broadleaved species are projected and are already en-
tering conifer-dominated stands in the hemiboreal forest zone [5–7]. However, the species
with a high economic importance (e.g., European beech Fagus sylvatica L. and Quercus
spp.) are potentially vulnerable to the adverse effects of climate change [8]. Accordingly,
the commercial potential of the indigenous currently non-commercial species, which are
less sensitive to disturbances and their legacy effects, such as Acer and Tilia appears to
increase [9,10]. Still, the applicability of their wood is specific compared to, e.g., beech, due
to their properties (density, tensile strength, hardiness and elasticity) [11,12].

Norway maple (Acer platanoides L.) is the most widespread native maple in Central and
Northern Europe [11] and in Latvia occupies < 1% of the total forest area; however, it is often
an admixture species in eutrophic medium fresh sites which account for ca. 20% of the forest
area [13]. The small-leaved lime (Tilia cordata Mill.) is the most common lime species in
Europe [12]; however, in Latvia, its stands occupy < 1% of the total forest area. Nevertheless,
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it is also a common admixture species on mesotrophic fresh sites [14]. The standing volume
of both species, though, comprises approximately 0.5% of the total [9]. During the last
decades, Norway maple has been preferred for forest regeneration in dry sites in Central
Europe due to higher drought tolerance compared to sycamore maple (A. pseudoplatanus
L.) and European beech [15–17], soil erosion mitigation [18] and fast growth [11]. Due
to warming, Norway maple is spreading into extensively managed broadleaved and
coniferous forests, particularly in disturbed and peri-urban pine stands [19]. The abundance
of small-leaved lime mostly increases in rich, mixed stands of high water supply variations
due to drought, as well as short-term flooding tolerance in sites with varying moisture
regime [10].

Both species can tolerate a broad range of site conditions, including temperature,
moisture availability and soil types [11,12,20]. However, both species are thermophilic,
being limited by low temperature [11,12] but are likely to become suited to more northerly
regions and higher elevations than they are at present [21]. Small-leaved lime and Norway
maple both together or separately are often present in sites where other native tree species
(e.g., Ulmus, Fraxinus) have declined [22,23]. Lime is known to successfully compete with
oaks in moist sites [12]. Both lime and maple can be valuable in a changing climate for their
broad ecological amplitude, as well as the numerous silvicultural benefits that they provide
in mixed stands [21,24]. Based on the predicted climate-driven changes in the composition
of forest stands, the assessment of the productivity based on height growth as a proxy for
Norway maple and small-leaved lime is advantageous for adaptive management in the
Eastern Baltic region. Height growth is also a proxy for the competitiveness of genotypes,
indicative of their sustainability in a mixed stand [25].

Considering climatic and local ecological conditions, height growth patterns can
vary regionally [26,27]. Using one model (one site productivity indices) for all regions
in Poland showed biased estimates [27]; therefore, a regional approach is preferred. The
generalised algebraic difference approach (GADA) [28] is advised for the mixed-effects
modelling to develop height growth/site index models with high accuracy [29]. This
approach allows more than one model parameter to be site-specific, and models can
therefore be polymorphic with multiple asymptotes [30–32]. For calibration of GADA
models, both short-time series data with no common base age of the age–height series
(National Forest Inventory (NFI), permanent sample plot data) [33,34] and long-time series
data with common base-age series [35] can be used. The Chapman–Richards, Sloboda
and Hossfeld base models have been commonly used for modelling tree height growth in
Northern Europe [27,36].

Our study aimed to develop height growth models for A. platanoides and T. cordata
according to the growth conditions in Latvia using the data from the NFI and to compare
the height growth pattern of both species with relevant growth curves from other regions
in Europe.

2. Material and Methods
2.1. Study Area and Measurements

For the development of height growth models, data from the National Forest Inventory
(NFI) 2004–2021 were used. The dataset represented three five-year census cycles. The NFI
permanent sample grids were systematically located in a 4 × 4 km grid across Latvia [37].
In each grid, four circular 250 m2 plots were established and re-measured (height of each
tree and age) every fifth year. Tree height was measured using a Vertex clinometer (Haglöf
Sweden AB, Långsele, Sweden) with an accuracy of 0.1 m, but, for age determination, incre-
ment cores from two to three dominant trees at a height of 1.3 were sampled with a Pressler
increment corer. In this study, only the plots with forestry land-use type and Norway maple
or small-leaved lime as the canopy species were selected. The selected 214 plots (86 for lime
and 145 for maple; both species can coexist in one plot) were equally distributed across
Latvia (Figure 1). The average stand age estimates of the maple and lime were 39 (from 4
to 120) and 47.5 years (from 3 to 103), respectively (Table 1). The selected stands generally
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represented mesotrophic and oligotrophic stands on freely draining mineral soils; some
stands (<10%) grew on drained peat or oligotrophic mineral soils.
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Figure 1. Location of the studied sites used for the development of height growth models for Norway
maple and small-leaved lime in Latvia. Circles denote sites of Norway maple; triangles denote sites
of small-leaved lime.

Table 1. The basic characteristics of small-leaved lime and Norway maple datasets used for the
calibration and cross-validation of height growth models in Latvia based on the National Forest
Inventory.

Variable
(Unit) Statistic

Small-Leaved Lime Norway Maple

Calibration Cross-Validation Calibration Cross-Validation

Age (year)

Mean 47.5 49.2 39.0 35.7

St. dev. 22.7 23.7 24.8 19.6

Min 3 3 4 4

Max 103 103 122 120

Height (m)

Mean 19.5 19.3 17.1 17.0

St. dev. 6.2 6.5 5.9 5.5

Min 3.5 4.4 3.9 5.3

Max 31.5 32.5 33.6 32.7

Sample plots (-) Number 81 47 126 70

Trees (-) Number 197 87 224 92

Measurements of trees (-) Number 277 100 300 100
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The climatic conditions of the studied area can be described as moist continental [38],
though with explicit coastal features due to the proximity of the Baltic Sea. According to the
Latvian Environment, Geology and Meteorology Centre data, the mean annual temperature
ranged from 5.7 ◦C in the more continental eastern part to 7.5–7.9 ◦C in the coastal areas.
The mean monthly temperature ranged from −3.1 ◦C in February to 17.8 ◦C in July. The
mean annual precipitation in Latvia was 685 mm, the highest monthly precipitation fell
during the vegetation period (May–September; ca. 75 mm/month), yet April is the driest
month (36 mm).

2.2. Model Fitting

Data on living trees (according to the latest survey) without top damages with a
height of 70–130% of the mean canopy height were used in the analysis. In total, data
on 510 individual canopy trees, each re-measured one to three times (mostly once), were
used, resulting in 377 and 400 height measurement pairs for lime and maple, respectively.
For calibration, 277 and 300 measurement pairs were randomly selected for lime and
maple, respectively (Table 1). For each species, 100 randomly selected re-measurement
data pairs were used for the cross-validation of the approximated models. To develop
the height growth model, the most common growth functions (base models, cf. [39] trans-
formed according to the generalised algebraic difference approach (GADA) were used,
thus making them independent of the base age [28]. In total, six different GADA models
based on Chapman–Richards, Hossfeld, Hossfeld I, Hossfeld IV, Sloboda and Strand base
models, which have been successfully used for national forest inventory datasets within
the region [27,36], were tested (Table 2).

A nonlinear fixed-effects approach (e.g., neglecting spatial and temporal issues) was
applied for modelling, as it was considered more adaptable, flexible and accurate than the
mixed-effects approaches (similar to [27,40,41]. The short time-series of tree heights were
reorganised to height difference for each observation period, where H1 was the height at
age A1, and H2 was the height at age A2 (in metres and years, respectively). The models
were developed for dominant heights above 1.3 m. The mean age, when the studied trees
had reached the breast height, was assumed to be three years, irrespective of species.

The modelled height growth curves were visually compared with the trajectories of the
observed heights, thus evaluating the biological realism. The base age of 100 years, which
is common for growth models in the Eastern Baltic region, was used for the construction
of the estimated height growth curves. The model residuals were checked for compliance
with statistical assumptions by the diagnostic plots. A visual assessment of the models’
behaviour outside the range of the modelled values was carried out as well. As fit statistics,
mean residual (MR), coefficient of determination (adj. R2), root-mean-square error (RMSE)
and the Akaike information criterion (AIC) were used. The estimated models were graphi-
cally compared to the yield tables from Lithuania [42], Germany [43] and Poland [44] for
small-leaved lime and from Romania [45] for Norway maple. Data analysis was performed
in R v. 4.2.2 [46].

Table 2. The generalised algebraic difference approach (GADA) models tested in height growth
model development for small-leaved lime and Norway maple.

Base Model Solution for Theoretical Variable χ
Generalised Algebraic Difference

Approach Model

Chapman–Richards:
H = 1.3 + a1·[1 − exp(−a2·A)]a3

χ = 1
2 ·
[
ω +

√
ω2 − 4·b3·φ

]
with ω = (lnH1 − b2·φ) and

φ = ln(1 − exp[−b1·A1])

[47]

H2 = 1.3+(H1 − 1.3)
(

1−exp[−b1·A2]
1−exp[−b1·A1]

)(b2+
b3
χ )

Hossfeld
H = 1.3 + a1

1+a2·A−a3

χ = H1−b1

1−b2·H1·A1
−b3

[30]
H2 = 1.3 + b1+χ

1+b2·χ·A2
−b3
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Table 2. Cont.

Base Model Solution for Theoretical Variable χ
Generalised Algebraic Difference

Approach Model

Hossfeld I
H = 1.3 + A2

a1+a2·A+a3·A2
χ =

A2
1·(1−b1·H1)−b1·H1
A1·H1·(1+b2·A1)

[34]
H2 = 1.3 + A2

2
b1·(1+A2

2)+χ·A2·(1+b2·A2)

Hossfeld IV
H = 1.3 + Aa1

a2+a3·Aa1 X =

A
b1
1

H1−1.3 −b2

b3+Ab1
1

[47]

H2 = 1.3 + Ab1
2

b2+b3·χ+χ·Ab1
2

Sloboda
H = 1.3 + a1·exp

[
−a2·exp

(
a3

(a4−1)·A(a4−1)

)]
X =

ln
(

H1
b1

)
exp

(
b2

(b3−1)·A
(b3−1)
1

) [48]

H2 = b1·
(

H1
b1

)exp( b2

(b3−1)·A(b3−1)
2

− b2

(b3−1)·A(b3−1)
1

)

Strand
H = 1.3 +

(
A

a1+a2·A

)a3

X =
A1·
(

H
− 1

b3
1 −b1

)
1+b2·A1

[34]

H2 =
(

A2
χ+A2·(b1+b2·χ)

)b3

a1, a2, a3 and a4 are parameters in base models; b1, b2 and b3 are parameters in dynamic models; H1 and H2 are
heights (in m) at breast high age A1 and A2 (in years), respectively.

3. Results

All of the six tested models (Table 2) converged and showed realistic fit with the NFI
height data (Figure 2). The developed height growth models showed good fit statistics with
only slight differences between them for small-leaved lime, as well as for Norway maple,
for which the fit statistics ranged somewhat wider (Table 3). Model residuals complied
with the statistical assumptions (Supplementary Material, Figures S1 and S2). All models
explained more than 98% and 97% of the total variance in the fitting phase for maple and
lime, respectively (Table 3). For lime, Chapman–Richards and Sloboda showed the best fit
as, for both of them, the errors were similar (MR ≤ 0.01 m and RMSE = 0.84), but, according
to the AIC, the Sloboda model appeared better. During the cross-validation, Sloboda and
Chapman–Richards models showed the lowest bias as well. For maple, the fit statistics
showed the smallest errors for the Chapman–Richards and Sloboda models (MR = 0.01 m
and RMSE = 0.94), and they showed the best AIC as well. However, during the cross-
validation, both models showed relatively larger errors (MR = 0.10 m and RMSE = 1.04),
but the lowest bias was estimated for the Hossfeld I model.

The predicted growth curves (Figure 2) showed good conformance with the biological
realism principle. For lime, the Sloboda and Chapman–Richards models showed the
most realistic dynamics, as their curves followed the measured trajectories of top growth
following the measured time-series throughout the reference period (Figure 2). The curves
of the Sloboda model showed better agreement with the dataset for the highest site indices
(Figure 2). Both these models predicted slow height growth of the lower site indices in the
initial stage of the stand (first 20 years) and steady gradual growth thereafter, reaching site
indices ≤ 32 m in 100 years. However, the Hossfeld and Hossfeld IV models indicated
optimistic (with little dispersion) height growth of the lower site indices in the initial
stage (first 20 years). The Hossfeld I and Strand models apparently overestimated the
height increment for the lower site indices after 100 years for lime, while the Strand model
predicted rapid initial growth.
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Table 3. Models fit statistics and cross-validation: mean residual (MR), root-mean-square error
(RMSE), adjusted R2 value and Akaike information criterion (AIC) for height growth model develop-
ment of small-leaved lime and Norway maple in Latvia.

Species Model MR (m) RMSE (m) adj. R2 AIC

Fit statistic

Small-leaved lime
(N = 277)

Chapman–Richards 0.01 0.84 0.980 −95.7
Hossfeld 0.08 0.86 0.979 −79.7

Hossfeld I −0.04 0.86 0.980 −83.5
Hossfeld IV 0.06 0.86 0.979 −80.0

Sloboda 0.01 0.84 0.980 −96.2
Strand 0.02 0.84 0.980 −97.3

Norway maple
(N = 300)

Chapman–Richards 0.01 0.94 0.984 −37.1
Hossfeld 0.18 1.02 0.982 14.0

Hossfeld I 0.08 0.99 0.983 −5.5
Hossfeld IV 0.10 1.01 0.982 8.1

Sloboda 0.01 0.94 0.984 −34.5
Strand 0.07 0.99 0.983 −6.8

Cross-validation

Small-leaved lime
(N = 100)

Chapman–Richards 0.04 0.95 0.976 −8.8
Hossfeld 0.15 0.96 0.977 −6.9

Hossfeld I 0.01 0.96 0.976 −6.7
Hossfeld IV 0.13 0.95 0.977 −7.1

Sloboda 0.05 0.94 0.976 −9.3
Strand 0.06 0.96 0.976 −5.5

Norway maple
(N = 100)

Chapman–Richards −0.10 1.04 0.981 10.5
Hossfeld 0.06 1.08 0.979 16.8

Hossfeld I −0.02 1.05 0.980 11.3
Hossfeld IV −0.02 1.07 0.979 16.4

Sloboda −0.10 1.04 0.981 9.6
Strand −0.04 1.05 0.980 12.6

For Norway maple, the Hossfeld I model appeared to be the most realistic, as the
modelled curves followed and encompassed most of the measured time series throughout
the reference period (Figure 2). However, the Strand model predicted a similar scenario,
although the curves for the top site indices appeared excessively optimistic. Similarly, to
lime, Chapman–Richards and Sloboda models for maple predicted slow height growth
in the initial stage of the stand (first 20 years), showing pessimistic tendencies regarding
the lower site indices, which obviously contradicted the observations. All four models
mentioned, however, showed optimistic height growth for the lowest site indices when
age exceeded 80 years. However, the Hossfeld and Hossfeld IV models indicated the
opposite, as all site indices were estimated with intermediate height growth (without slow
or fast-growing trees) from the initial stage of the stand, yet the increment of the top site
indices reduced after the age of 80 years.

The estimated height growth models showed overall weak conformity with predictions
for other Baltic countries and Central Europe (Figure 3), indicating local specifics in growth
dynamics. Generally, models estimated for countries within the same regions, however,
predicted faster early growth and culmination while the growth curves in Latvia were
flatter. These differences, however, were not explicitly distance-related. The estimated
models showed the highest conformity of the growth of lime with the growth dynamics for
Poland (cf. [44]), as the bias was the smallest, and the conformity was good for trees <20
and >80 years old. The conformity of the estimated model with the height growth model
(yield tables) from Lithuania (cf. [42]) was weak for all site indexes especially at tree age
20–80 years (Figure 3). Still, the Lithuanian and Polish models showed underestimation
at younger age (<100 years) and small overestimation at the older age (Figure 3). For
these models, the bias was stronger for the lower site indices, whereas the German model
indicated the opposite. Stronger bias for the younger trees (ca. <50 years old) and higher site
indices was observed with the German model (cf. [43]). Regarding maple, the conformity
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of the estimated models with the growth curves for Romania and Denmark was poor,
supporting regional growth differences; generally, maple in Latvia was estimated with
slower growth during the maturing period (30–50 years, Figure 3). Still, high similarity
was evidenced with predictions for Northern Germany, particularly for the highest site
indices (cf. [49]; Figure 3).
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Figure 3. The differences between small-leaved lime and maple dominant height predicted by the
best-developed Sloboda and Hossfeld I models of Latvia and yield tables for small-leaved lime
of Lithuania [42], Germany [43] and Poland [44] in addition to Norway maple of Romania [45],
Sycamore of Denmark [50] and Germany [49] according to stand age and site index.

4. Discussion

The estimated height models aided clarification of the regional gaps in height growth
dynamics of the north-spreading nemoral species. The fit statistic (RMSE, adj. R2, AIC in
Table 3) and range of estimated parameters (Table 4) of the developed height growth models
for lime and maple in Latvia were comparable with those for similar estimates [29,34]. The
fit statistics, cross-validation (Table 3) and biological realism (Figure 2) indicated the Sloboda
and Chapman–Richards models as the best for estimating the height of lime in Latvia.
However, the Sloboda model apparently better corresponded to species characteristics,
particularly the rapid height growth when young (15–25 years), which slows afterwards [20].
Although the curves of Chapman–Richards and Strand models for the highest site indices
corresponded to fast-starter ecology and were comparable to European models [42–44],
both models apparently exaggerated the dynamics for the top site index, adding to the
uncertainty of prediction. The slow initial growth estimated for the lower site indices visible
in Chapman–Richards, Sloboda and Strand models can, however, be explained by shade
tolerance [51]. Also, this might be an artefact of competition for the lime growing in the
understory of mixed stands [20]. The developed dominant height models showed rather
poor conformity with others [42–44], indicating explicit bias. Marginal conformity was only
with the highest site index trees from the Polish model. This confirms the importance of
regional models for the accuracy of height growth prediction [27]. The estimated higher-
age acceleration of height growth for the lower site indices (Figure 2) might be related
to the ameliorating effects of climatic changes and eutrophication/nitrogen deposition,
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particularly in poor sites [52]. Such differences might also be related to an unbalanced
coverage of data as well as different behaviours of the models (polymorphic with various
or partially various asymptotes; [30]). Alternatively, this might be an artefact due to the
underrepresentation of the data.

Table 4. Parameter estimates (b1, b2, b3) of the fitted dynamic height growth models of small-leaved
lime and Norway maple in Latvia.

Model Parameter
Small-Leaved Lime Norway Maple

Estimate Standard Error Estimate Standard Error

Chapman–
Richards

b1 0.0091 0.0026 0.0254 0.0025
b2 −417.22 11.49 −80.60 17.49
b3 1585.68 3.01 284.27 60.35

Hossfeld
b1 63.57 10.17 50.62 7.93
b2 −44.32 0.0111 −16.2958 0.0481
b3 0.8537 0.0453 1.0402 0.0502

Hossfeld I
b1 0.0283 0.0011 0.0255 0.0015
b2 −0.0061 0.0004 −0.0053 0.0005

Hossfeld IV
b1 0.8405 0.0469 1.0338 0.0564
b2 −1449.54 50.22 −2451.73 94.81
b3 970.38 75.08 1264.81 182.70

Sloboda
b1 45.12 9.29 34.82 2.69
b2 0.1387 0.0212 0.1781 0.0248
b3 0.5589 0.0688 0.5024 0.0597

Strand
b1 0.0098 0.0046 0.0342 0.0125
b2 −0.0063 0.0005 −0.0054 0.0005
b3 0.7799 0.0670 1.0769 0.1000

The weak verification of the models with the best-fit statistic (Chapman–Richards and
Sloboda models) means that the estimated height growth probabilities did not correspond
to naturally occurring growth patterns (Table 3). Both models showed obviously poor
height growth prognosis for trees from the best site index in the first 60–70 years of growth
(Figure 2). The lower height growth curves of both models showed slow growth until
the age of 40 years that were not supported by the data and are opposite to that of the
fast-growing species characteristics [11] and the early growth culmination observed in
Europe [45,50]. The late culmination of growth predicted for the highest site indices were
also observable in the Strand model, indicating that longer time appeared necessary for
establishment. The Hossfeld and Hossfeld IV models indicated rapid growth for low site
indices trees when young (to 25 years) that generally are substantiated by the dataset, but
in considering that maple is a highly shade tolerant [53], and therefore it may have stunted
initial growth, such a growth pattern of all trees appears questionable. Even though the
bias is minor, it might have large consequences if the height growth of mixed young stands
is simulated and other species lose in competition with maple [36]. The Hossfeld I model
appeared the most realistic and validated well, and though it had ≤0.99 m error, it can be
recommended as the best model for the height growth of maple in Latvia. Differences in
the precision of the parameter estimates of assessed models (Table 4) were likely caused
by the limited dataset [34]. The average age of stands of maple was 39 years and datasets
has relatively few trees over 80 years; therefore, the optimistic projections after the age
of 80 predictions of four models (except Hossfeld and Hossfeld IV) could be possible
bias. Similar to small-leaved lime, maple had slow growth at the initial and maturing
phase (Figure 3) likely due to under harsher climatic conditions in Latvia compared to
Western Europe. Accordingly, a longer time was necessary to establish (similar to European
beech, [54]) causing growth curve to be flatter. The stronger coincidence with higher site
indices, especially from Northern Germany, however, is difficult to explain.

The initial and middle-age height growth of lime and maple from Latvia was slower
than in Western Europe, implying longer rotation. Height models are very successfully used
to describe tree growth in forestry [39], and the estimated models indicated high forestry
potential for both assessed species in Latvia. High regional differences due to slower
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establishment and later growth culmination in Latvia compared to European models [20,45]
could more likely be explained by climate and local site indices. Differences in height
growth between northern and southern regions have been noted before [20,52]. The age
dependent conformity of the model, however, indicated improving growing conditions for
both species in Latvia, which could be related to climate change when the current climate is
comparable to that in Europe [21]. The main shortcoming of the GADA approach is the lack
of climatic data which could improve the suitability of the models for regions with different
climates [55]. Hence, incorporation of the climatic effects in the equations might increase
their scalability [56]. Also, the models can be biased for the growth dynamics of individual
trees in more complex stands (increased competition between trees) [36]. Unfortunately,
models integrating quantitative climatic measures in their influencing factors are not
available for these species and ought to be included in future studies. Furthermore, the
genetic diversity of populations can have a large effect on the height growth [57]. High
genetic diversity of lime populations [14] and a moderate genetic diversity of maple
populations [13] have been reported in Latvia. Still there is a lack of studies regarding
genetic effects in height growth of maple and lime [20], suggesting necessity for future
investigation.

5. Conclusions

The height models for small-leaved lime and Norway maple indicated the moder-
ate commercial potential of the species in Latvia. The poor conformity of the developed
with other European dominant height models, though, indicated regionally specific height
growth of lime and maple. As both species could be approbated for wider application in
commercial forestry within northern Europe, the estimated models are able to provide a
census of growth potential in Latvia and potentially in the Baltics. Though the climatic
component(s), which also contribute to the site index, should be incorporated into the mod-
els for more accurate predictions under rapidly changing environments. Supplementation
of the models with climatic effects might also improve the scalability of the projections.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/f15010007/s1, Figure S1: The residuals of the calibration height
growth models of small-leaved lime according to age classes. Age classes are divided by 10 years.
H—tree height; Figure S2: The residuals of the calibration height growth models of Norway maple
according to age classes. Age classes are divided by 10 years. H—tree height.
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