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ABSTRACT

The cultivation of African mahogany (Khaya spp.) has expanded in Brazil. However, studies focused on the
management and dendrometric characteristics of this species are still scarce. This study aimed to evaluate
the influence of age on the height-diameter ratio in a young African mahogany stand. The data used for
the study came from a 100% forest inventory from 2016 at 24 months of age, with remeasurements at
39, 53, 89 and 111 months, located in the municipality of Curvelo, Minas Gerais. Two approaches were
evaluated: (Analysis 1) fitting four linear models with complete data, considering only diameter (original
models) or diameter and age (adapted models); and (Analysis 2) fitting the original models for each age
separately. When analyzing general models with and without the inclusion of the age variable, model
3.2 (InH=p0+p1.InDBH+B2. AGE+¢) presented the best performance, highlighting the significant influence
of age on the height-diameter ratio. In addition, when comparing the different models for the different
age groups, Model 3 (InH=p0+B1.InDBH+¢) stood out as the most appropriate, presenting statistically
significant differences (p-value < 0.05) between the age groups. These results demonstrate that age is a
determining factor in the modeling of the height-diameter relationship for the African mahogany stand,
and this strategy is more interesting than adjusting equations by age.

Keywords: Dendrometry; Khaya spp.; Dendrometry modeling; Forest inventory; Generalized linear models.

RESUMO

O cultivo de mogno africano (Khaya spp.) tem se expandido no Brasil. No entanto, estudos focados nas
caracteristicas de manejo e dendrométricas dessa espécie ainda sdo escassos. Este estudo teve como objetivo
avaliar a influéncia da idade na relagdo altura-didametro em um povoamento jovem de mogno africano. Os dados
utilizados para o estudo foram oriundos de um inventario florestal 100% de 2016 aos 24 meses de idade, com
remedigoes aos 39, 53, 89 e 111 meses, localizado no municipio de Curvelo, Minas Gerais. Foram avaliadas duas
abordagens: (Andlise 1) ajustar quatro modelos lineares com dados completos, considerando apenas didametro
(modelos originais) ou didmetro e idade (modelos adaptados); e (Analise 2) ajustando os modelos originais para
cada idade separadamente. Ao analisar modelos gerais com e sem a inclusdo da variavel idade, o modelo 3.2
(InH=p0+p1.InDBH+B2.AGE+¢) apresentou o melhor desempenho, destacando a influéncia significativa da idade
na relagdo altura-didmetro. Além disso, ao comparar os diferentes modelos para as diferentes faixas etdrias, o
Modelo 3 (InH=B0+B1.InDBH+¢) destacou-se como o mais apropriado, apresentando diferencas estatisticamente
significativas (valor-p < 0,05) entre os grupos etarios. Esses resultados demonstram que a idade é um fator
determinante na modelagem da relacdo altura-didmetro para o povoamento de mogno africano, sendo mais
interessante esta estratégia, do que ajustar equagdes por idade.

Palavras-chave: Dendrometria; Khayaspp.; Modelagem dendrométrica; Inventdrio florestal; Modelos lineares generalizados.
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Effect of age on the hypsometric relationship in the young African mahogany population in the central region of Minas Gerais

1. INTRODUCTION

The growing interest in the cultivation of African mahogany
(Khaya spp.) has encouraged investments in several regions of Brazil
(Ribeiro et al., 2017). Despite this, research on the management
and biometric characteristics of this species in the country is still
limited. Studies have addressed specific topics, such as growth under
different irrigation regimes (Alves Jtnior et al., 2016), transpiration
measurements with thermal probes and lysimeters (Sérvulo et al.,
2017), and the quality of plantations in monoculture and intercropping
systems in the Eastern Amazon (Gongalves et al., 2023). However,
more specific information on the hypsometric modeling of young
African mahogany stands is still needed, especially to support height
estimates in growth and production studies.

In forest inventories, the height-diameter ratio is an essential
tool for estimating the height of trees from diameter measurements,
reducing field effort and operating costs (Machado and Figueiredo
Filho, 2003; Rodriguez et al., 2010; Sanquetta et al., 2015). However,
the precision and accuracy of the inventory are mainly associated
with the method, process, and intensity of sampling (Nakajima et al.,
2011; Miranda et al., 2022). Thus, in the context of hypsometric
modeling, the appropriate choice of hypsometric models does not
determine the accuracy of the inventory in isolation, but contributes
to improving height estimates. Well-adjusted regression equations
allow for more accurate estimates, optimizing time and reducing
costs in data collection (Schneider et al., 2009).

Recent studies have expanded the knowledge about the hypsometric
modeling of African mahogany in Brazil, focusing on the development
and validation of equations for height estimation. Among these studies
stand out: the evaluation of height prediction strategies in Khaya
ivorensis stands using local and generalized models (Ribeiro et al.,
2018); adjustments of hypsometric models for a three-year-old
young Khaya ivorensis (Stolle et al., 2018); the modeling of the
height-diameter relationship and the volume of Khaya ivorensis and
Khaya anthotheca in agroforestry systems (Santos et al., 2019); and
finally the evaluation of hypsometric models in commercial stands
of Khaya grandifoliola (Matias et al., 2023). These studies reinforce
the progress of research aimed at improving dendrometric estimates
for species of the genus Khaya.

Although it is recognized that the height-diameter relationship
varies with the age of the stand (de Azevedo et al., 1999), there is still
limited information on how this relationship changes throughout the
initial development of the same young stand of Khaya grandifoliola,
especially based on successive remeasurements. Thus, the contribution
of this study is not only to confirm that age influences the hypsometric
relationship, but to quantify this effect over ages in a young stand of
African mahogany (Khaya grandifoliola C. DC.), comparing models
with and without the inclusion of age as an explanatory variable
and to evaluate whether a single equation can adequately represent
different stages of population development.

The work seeks to answer: (Q1) Which hypsometric models
have the best fit? (Q2) Does the inclusion of age as an explanatory
variable improve the predictive performance of general height-
diameter equations? and (Q3): Is it feasible to use a single model
for different ages?

Considering these issues, it is expected that the inclusion of age
as an explanatory variable will increase the predictive performance
of the models in relation to equations based only on diameter.
It also assumes that the height-diameter relationship presents
differences between the ages evaluated, indicating that equations
adjusted for a specific age should not be applied indistinctly to
other stages of development. In addition, models with greater
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biological significance represent better the tall growth pattern of
young African mahogany stands.

Thus, the objective of this study was to evaluate the influence of
age on the hypsometric relationship of a young African mahogany
(Khaya grandifoliolaC. DC.) stand in the central region of Minas Gerais.

2. MATERIAL AND METHODS

The study area is located at Fazenda das Pedras (Figure 1),
located in the municipality of Curvelo, central region of Minas
Gerais, with the geographic coordinates 19°02’04” S 44°35'17” W,
at an average altitude of 698 m. The Koppen climate classification
is type Aw, characterized as tropical savanna with a dry season in
winter (Alvares et al., 2013).

The stand of African Mahogany (Khaya grandifoliola C. DC.)
occupies an area of 20 ha and was planted out in 2014, with a spacing
of 5 x 5 m. The data used in this study were obtained from a 100%
inventory (census) of individuals, in 2016, at 24 months of age, with
remeasurements aged 39, 53, 89 and 111 months. These inventories
provided information on the total height (H), in m, and the diameter
at breast height (DBH), in cm, of each individual, obtained with the
aid of the Haglof hypsometer and tape measure, respectively.

For Analysis 1, we used the database with all measurements for
height estimation, and four linear hypsometric models, considering
two approaches: models that used only DBH for estimation
(original model), and the model with DBH and age as explanatory
variables (adapted model) (Figure 2).

The models were adjusted by the method of ordinary least
squares, and diagnostic tests of the assumptions for the residuals
were performed. The normality of the residuals was evaluated by the
Shapiro-Wilk test, by the Shapiro.test()function of the stats package
(Shapiro & Wilk, 1965; Midway & White, 2025), in the R software
(version 4.5.0) (R Core Team, 2025). Heteroscedasticity was verified
by the Breusch-Pagan tests (Breusch & Pagan, 1979; Velten et al.,
2024), using the bptest() function of the Imtest package (Zeileis &
Hothorn, 2002), and White, applied by auxiliary regression of the
quadratic residuals as a function of the adjusted values and their
quadratic terms (White, 1980). The multicollinearity between the
explanatory variables was analyzed by the variance inflation factor
(VIF) (<10) (Gujarati & Porter, 2011) using the viff)function of the car
package (Fox & Weisberg, 2019).

In quadratic models, DBH was centralized before the inclusion
of the term DBH?, in order to reduce the non-essential collinearity
between linear and quadratic terms (Dalal & Zickar, 2012;
Lacobucci et al., 2016). Detecting the violation of any of the
assumptions evaluated, the models were readjusted by weighted
least squares (Gregoire & Dyer, 1989).

The selection of the best model was based on the biological
realism of the trend of estimating Has a function of DBH, followed by
the result of quality statistics: adjusted coefficient of determination
(R?aj), standard error of estimation (SEE) and coefficient of variation
(CV). In logarithmic models, the estimates were transformed to the
original height scale and corrected by the Meyer factor (Meyer, 1941;
Schneider et al., 2009), allowing the comparison of fit statistics in the
same unit of the response variable.

Finally, the model identity test proposed by Graybill (1976) was
performed, comparing the original model and the model adapted
to the model with the best height estimate, in order to identify
the influence of the age variable. The level of significance adopted
was 5% (a = 0.05). For Analysis 2, we used the database at each age
separately to estimate heights, with the original model of the four
models previously used (Figure 3).
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Figure 1: Area of the African Mahogany (Khaya grandifoliola C. DC.) stand at Fazenda das Pedras, Curvelo-MG.

The selection of the best model was based on biological realism,
and the result was quality statistics (R?aj, SEE, CV%). The likelihood
ratio test (LRT) was used to compare nested models and verify whether
a single equation could adequately represent the height-diameter
relationship at the different ages evaluated. The test statistics were
calculated from the difference between the log-verisimilitudes of the
models, obtained by the /ogLik() function of the stats package, and
its significance was evaluated by the chi-square distribution, using
the pchisq() function.

3. RESULTS

3.1. Influence of the age variable on the hypsometric model

The diagnostic tests showed deviations in the assumptions of
the models initially adjusted by the ordinary least squares method.
The Shapiro-Wilk test indicated no normality of the residuals for
all models (p < 0.05). The Breusch-Pagan and White tests were also
significant for the models evaluated (p < 0.05), indicating the presence
of heteroscedasticity and justifying the readjustment by weighted
least squares. The multicollinearity analysis indicated a VIF lower
than 10 for most models, ranging from 2.66 to 8.16. Only model 4.2
presented a VIF greater than 10 for one of the terms (VIF = 11.74),
although the centralization of the DBH reduced the collinearity
between the linear and quadratic terms.

Scientia Forestalis, 54, e4188, 2026

The models adjusted by the weighted minima method showed
good performance for the height estimate, with an adjusted coefficient
of determination above 0.77. The analysis of the quality statistics
shows that the inclusion of the age variable improved the predictive
performance of the equations. The adapted model (4.2) showed
better overall performance, corroborated by the high explanatory
power (R?3j = 0.87) and low residual dispersion (SEE = 2.11 m; CV =
18.50%). On the other hand, model (2.1) was the one with the lowest
performance when compared to the statistics of the other models
(Table 1).

Although the weighted least squares adjustment was adopted
to reduce the effects of heteroscedasticity on the estimation of the
coefficients, the graphical analysis of the residuals still showed
important differences between the functional forms of the models,
especially regarding the presence of clusters, systematic trends, and
dispersion in certain ranges of estimated height (Figure 4).

The dispersion of the residuals of model 1.1 showed a systematic
trend of the residuals, especially at the lowest estimated heights,
evidencing the limitation of the simple linear shape to represent
the height-diameter relationship in the entire range of the data. The
inclusion of age in model 1.2 reduced part of this pattern, although
residual dispersion was still observed in some estimated height ranges.

Models 2.1 and 2.2 were unsatisfactory. with discontinuous distribution
of waste. However, model 3.1 showed better homogenization of the residues,
atrend according to the biological behavior of growth in height of the trees.
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The inclusion of age in the model (3.2) improves the predictive capacity by shape, it cannot accurately represent the height estimate, especially for

capturing the difference in tree growth over time. While models 4.1 and smaller trees (Figure 4). Models 1.2 and 2.2 showed clustered patterns in
4.2 show a reduction in bias observed in model 1.1, due to its quadratic the distribution of residuals, indicating the grouping of estimates by age.

Table 1: Estimated parameters for the models adjusted by the weighted least squares method and fit statistics of the original and adapted models, from Analysis 1.

Model po p1 B2 B3 RZaj SEE V%
(1.1) -0.2789° 0.8273* - - 0.83 2.42 21.25
H=p0+B1.DBH+¢
(1.2) -0.6493* 0.5517* 0.0683* - 0.86 2.20 19.32
H=p0+p1.DBH+B2.AGE +¢
(21) 3.0945* -8.4224* - - 0.77 2.86 25.05
InH=B0+B1.(1/DBH) +¢
(2.2) 3.3004* -2.4101* -37.4711* - 0.85 2.30 20.16
InH=p0+B1.(1/DBH) +p2.(1/AGE) +¢
(3.1) -0.3256* 1.0351* - - 0.83 2.44 21.36
InH=p0+B1.InDBH+¢
(3.2) -0.9935* 0.7259* 0.3603* - 0.86 2.26 19.81
InH=R0+B1.InDBH+B2.InAGE +¢
(4.1) 11.0383* 0.8170* 0.0064* - 0.82 2.50 21.92
H=B0+p1.DBHc+B2.DBHC*+¢

(4.2)

6.0207* 0.4193* -0.0091* 0.0921* 0.87 211 18.50

H=p0+p1.DBHC+32.DBHC+B3.AGE +&

Where: (*) indicate significant results by the t-test with a p-value < 0.05.
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Figure 4: Dispersion of percentage residuals as a function of height estimates (H). for the original models (1.1, 2.1, 3.1 and 4.1) and adapted models (1.2, 2.2, 3.2 and 4.2),
adjusted by the weighted least squares method, in Analysis 1.
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Models 3.1 and 3.2 showed better performance, due to their
biological realism, statistics, and dispersion of the residuals.
Mathematically, the logarithmic transformation of the model (3.1)
allows stabilizing the variance of the errors, capturing a global
trend of the height estimate. The inclusion of age in the model (3.2)
allows us to capture the intraclass variations of heights, ignored
by the model that considers only DBH increases biological realism,
translating the asymptotic behavior of growth in height of arboreal
individuals (Figure 5).

The identity test of the Graybill F model showed that the addition
of the age variable contributes significantly (F = 7,305.84; p <0.001)
to the height estimates, with an absolute mean percentage difference
(MAPE) between the two models of 5.54%, indicating that the complete
model estimates the heights more accurately than the observed values.
This emphasizes the importance of considering the age of trees in
hypsometric models.

3.2. Modeling by age of the stand

Hypsometric models adjusted separately by age, by weighted least
squares, show variations in the explanatory capacity and accuracy
of the models as trees grow (Table 2). All models showed significant
parameters (p-value < 0.05).

In general, the models showed an adjusted coefficient of
determination (R?aj) that was moderate for early ages (24 and 39)
and low as age advanced (53, 89 and 111). This behavior indicates
that, with advancing age, the height-to-diameter ratio becomes more
variable and less explained by diameter alone.

The precision in the adjustments of the models had a similar behavior,
with better precision in the estimates for young trees to the detriment
of older ones. Suggesting that as trees grow, the height-to-diameter
ratio becomes more complex. requiring the inclusion of additional
variables to maintain the accuracy of the estimates.

The analysis of the percentage residuals of the weighted models,
adjusted separately for age, revealed differences in the dispersion
pattern between the hypsometric equations tested (Figure 6).

In(H) = B0 + B1 * In(DBH) + ¢

40

30 1

20 1

H (m)

10 1

0 10 20 30 40
DBH (cm)

The fit of model 1 showed greater dispersion of the residues at
the lowest estimated heights, especially at the initial ages, indicating
a limitation of the simple linear shape to represent the full amplitude
of the height-diameter relationship. The same behavior is expressed
by model 2, indicating that both models cannot adequately capture
the initial phase and stabilization of tree growth over time, reflecting
the limitation of the mathematical form of model 1 in relation to
the nonlinear pattern of tree growth, and the mathematical rigidity
of model 2.

Model 3, adjusted for ages 24 and 39 months, showed more
balanced dispersed residuals, and overestimation of heights at older
ages (53, 89 and 111). The logarithmic form expresses growth close
to biological realism, but with bias as trees age, demonstrating that
the model does not have the flexibility to capture all hypsometric
curvatures at older ages.

For ages 39 and 111, the intercept parameters (0) and 24 months
for B2 were not significant (p-value > 0.05) in model 4, although
the results of quality statistics were satisfactory when compared to
the other models (Table 2). In addition, there is a limitation of the
model in estimating higher height values, a characteristic linked to
the mathematical structure of the model. The introduction of the
quadratic term in model 4 (B2.DBHc?) allows capturing the asymptotic
trend of taller trees, this characteristic underestimate the estimates
of larger trees, identified by the flattening of the residues for trees
larger than 15 meters in height.

Through these results, model (3) InH=p0+B1.InDBH+¢ was selected
as the one that best estimates tree heights at different ages, due to
its biological realism in height estimates. Despite the reduction in
precision and accuracy at heights with an increase in the age range of
the trees, this aspect supports the hypothesis of the need to add other
dendrometric variables to the model, for better accuracy of the estimates.

Thus, model 3 was submitted to the likelihood ratio test in order
to evaluate whether it is possible to use a single model to estimate
height at each age (Table 3). The results show that the models differ
statistically between ages (p < 0.001 in all cases). This suggests that
the height growth of trees is strongly dependent on age and therefore
it is not suitable to use a single equation for all ages.

In(H) = B0 + B1 * In(DBH) + B2 * IN(AGE) + ¢

40 4

Age (months)
24
39
53
89
111

(X N NN

0 10 20 30 40
DBH (cm)

Figure 5: Scatter plot of height (H) as a function of diameter (DBH). considering the ages, in months (24, 39, 53, 89 and 111) of measurement, for the original model (considers

DBH) and adapted (considers DBH and age).
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Table 2: Estimated parameters and fit statistics of the hypsometric models adjusted by weighted least squares, separately by age, in the Analysis 2.

Model Age (months) Bo p1 p2 R%; SEE CV%
(1) 24 0.9175 0.5270* - 0.62 0.44 11.84
H=pO+1.DBH+e

39 1.0171* 0.6878* - 0.53 0.89 11.45

53 4.2844* 0.5140* - 0.32 133 12.24

89 10.0427* 0.2529* - 0.11 2.21 14.59

111 10.7442* 0.3899* - 0.13 3.54 18.17

2) 24 1.8279* -2.7067* - 0.55 0.47 12.81

InH=RO+B1.(1/DBH) +¢

39 2.7960* -7.2918* - 0.53 0.89 11.51

53 2.5584* -2.1646* - 0.19 145 13.35

89 3.0315* -6.4064* - 0.14 2.19 14.41

111 3.3609* -8.9273* - 0.14 3.51 18.01

3) 24 0.0637* 0.7461* - 0.62 0.44 11.89

InH=p0+B1.InDBH+¢

39 0.0894* 0.8561* - 0.53 0.89 1143

53 0.8178* 0.6127* - 0.33 132 12.14

89 1.7085* 0.3333* - 0.13 2.20 14.50

111 1.5710* 0.4457* - 0.13 3.53 18.09

(4) 24 3.6629* 0.5488* 0.0164* 0.62 0.44 11.84

H=p0+p1.DBHc+B2.DBHC*+¢

39 7.7961* 0.6560* -0.0146* 0.53 0.89 11.42

53 10.9970* 0.4874* -0.0441* 0.35 1.30 11.99

89 15.3165* 0.2332* -0.0158* 0.13 219 14.45

111 19.7566* 0.3513* -0.0225* 0.14 3.51 18.02

Where: (*) indicate significant results by the t-test with a p-value < 0.05.
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Figure 6: Graph of the dispersion of percentage residuals as a function of heights estimated by age-adjusted weighted hypsometric models in Analysis 2.
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Table 3: Likelihood ratio test (LRT) model (3) InH=B0+B1.InDBH+¢, at different ages.

Model Age (Months) Log-Likelihood (LogLik) Chi-Square (Chisq) p-value
24 5315.5 - -
39 5554.6 3362.3 <2x1071"
L A— 53 48217 23328 <2x107*
89 3850.8 752.3 <2x1071*
m 2341.8 4531.7 <2x10716*

Where: (*) indicate significant results by the likelihood ratio test with a p-value < 0.05.

4. DISCUSSION

The results of the quality statistics considering Analysis 1 indicate
that the inclusion of the age variable (adapted model) in the hypsometric
models (original model) significantly improved the fit. This is an
expected behavior, since the inclusion of other variables in the DBH,
such as age, dominant height, site index, competition, stand density,
among others, provide more accurate estimates of tree height than
the exclusive use of the DBH(Hess et al., 2015; Mendonca et al., 2018;
Hofico et al., 2020; Gongalves, 2022; Lafeta et al., 2023). However,
it is necessary to know the effect of independent variables on the
response variable (Dantas et al., 2024).

The 4.1 (original model) and 4.2 (adapted model) models showed
greater accuracy in the height estimates according to the quality
statistics, in relation to the models analyzed. However, the distribution
of the residuals was considered problematic, being more evident
when adding age (4.2). The fact is associated with the compression
of the estimates of the higher heights, characteristic of the parabolic
shape generated by the model, not capturing the actual biological
growth of the trees. This means that the model establishes a decrease
in the estimates as the diameter increases (Sanquetta et al., 2015;
Nascimento et al., 2020).

The 3.2 model, which includes the age variable, showed better
performance both in terms of biological realism and quality statistics,
compared to the model that considers only the DBH (3.1), which
is proven by the significance of the Graybill F test. The addition of
age allowed for an increase in the accuracy of the model (3.2), and
substantial improvements in the distribution of residuals, reducing
trends in gaps and bias in the estimates (Sena et al., 2015).

Observing the prediction and accuracy statistics of the models
adjusted for each age (Analysis 2), we identified a decrease in these
with advancing age in all four models. Studies with the genus Khaya
sp.in Mato Grosso do Sul, with the same spacing, at 36 months of age,
resulted in values similar to those of the present study when considering
younger ages (24 and 39) (Stolle et al., 2018). Studies show that linear
models produce more accurate estimates of dendrometric variables
for young stands, to the detriment of older stands (Santos et al., 2019;
Rocha et al., 2025).

The drop in accuracy with advancing age can be explained by
the aging of the trees, which reduces the increase in height relative
to the diameter by flattening the hypsometric curve (Pelissari et al.,
2014). This is a reflection of the slowdown in height growth, typical
of mature trees, a characteristic that linear models cannot capture.
Thus, hypsometric models adjusted for more developed K. grandifoliola
stands tend to show a decrease in quality statistics.

Furthermore, genetic variability influences the hypsometric
relationship (Mendonga et al., 2015). Therefore, silvicultural
characteristics such as the seed origin of the K. grandifoliola stand,
generate greater variability in the data and, therefore, greater error
associated with height estimation at older ages.
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Model 3. as in Analysis 1, presented a satisfactory performance for
the height estimates for Analysis 2, considering the statistics of quality,
waste distribution and biological realism. Even with a reduction in the
precision of the estimates in the older age groups, (which was confirmed
by the likelihood ratio test which indicated that the adjusted models
using databases of different ages (24. 39. 53. 89 and 111 months)), there
were statistically significant differences in the adjustments, evidencing
the specificity of the hypsometric relationship by age. In line with these
findings, recent evidence for planted forests indicates that the use of a
single equation for height estimation under different planting conditions
(age, species, thinning, stratum) does not result in accurate estimates
(Murta Janior et al., 2020; Carielo et al.,, 2022; Rocha et al., 2025).

However, the general model (Analysis 1), adjusted with the database
thatintegrates all ages, showed superior performance (R%aj=0.86), not only
in comparison with the other general models, but also when compared
to the age-adjusted models. This result is associated with the constitution
of the database used; as general equations tend to benefit from larger
samples for the accuracy of the estimates (Pearl, 2022; Rocha et al., 2025).
In this context, despite the recommendation of specific equations for
different ages, a single equation with the age variable can offer more
accurate estimates of height in young stands of K. grandifoliola.

The variable performance between the models analyzed is due to their
different mathematical nature. The choice of appropriate models capable
of capturing the hypsometric curves of rapid growth for young trees and
the reduction in growth as the age of the tree increases (Marziliano et al.,
2019), combined with the identification of explanatory dendrometric
variables, which contribute to the accuracy of the estimates, can reduce
the number of adjusted equations (Alves et al., 2017).

5. CONCLUSIONS

Age influenced the hypsometric relationship of the young African
mahogany stand. The inclusion of this variable in the models improved
the height estimate, confirming that the use of diameter alone does
not adequately represent the hypsometric variation when different
ages are analyzed together.

Model 3.2 presented a better balance between statistical adjustment,
residual distribution and biological realism, and is recommended for
general estimates when there are data of different ages.

The age-adjusted models differed significantly from each other,
indicating that an equation obtained at a specific age should not be
applied indistinctly to the other phases of population development.
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