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ABSTRACT

Background and Objectives: Accurate measurement of stem size is a fundamental component of forest mensuration,
as it directly underpins the estimation of basal area, timber volume, aboveground biomass, and carbon stocks in forest
ecosystems. In tropical forests, however, standard protocols for measuring stem girth or diameter at breast height
(DBH) are frequently complicated by the presence of buttresses. These structural adaptations alter stem geometry,
causing girth measurements taken at the conventional height of 1.30 m above ground to deviate from the idealized
cylindrical form. Consequently, measurements that include buttresses tend to overestimate stem girth and propagate
systematic bias into subsequent calculations of forest structure and ecosystem services. To avoid this issue,
conventional practice recommends measuring stem size above the buttress. Nevertheless, this alternative approach
introduces a different form of bias, as stem diameter typically decreases with height due to tapering. In many tropical
species, such as Lagerstroemia floribunda, buttresses may extend continuously along much of the lower stem, making
it difficult or impractical to define a consistent measurement position. These challenges are particularly critical in
permanent plots, where monitored must be conducted at the same position. Despite the widespread recognition of this
issue, practical and standardized methods for correcting buttressed stem measurements remain limited. Therefore, this
study aimed to (1) develop a regression model relating measured buttressed girth to girth derived from the actual basal
area of L. floribunda, (2) evaluate the accuracy of the developed model, and (3) assess its applicability to other tree
species with similar buttress morphology.

Methodology: The study was conducted in lowland tropical forest areas in eastern Thailand, where buttressed tree
species are common. L. floribunda was selected as the focal species due to its well-developed ridge-type buttresses that
often extend along the lower stem. A total of 50 trees were sampled using a size-class stratified sampling design to
ensure representation across a wide range of girth classes. For each tree, stem girth including buttresses was measured
at 1.30 m above ground. At the same height, the actual cross-sectional shape of the stem was captured by tracing the
outer bark surface, including buttress contours, using a flexible aluminum strip to conform to irregular surfaces. The
traced shapes were transferred onto reference sheets, scanned, and digitized in a geographic information system (GIS).
The true cross-sectional area was then calculated from the digitized polygons. Based on the calculated area, an
equivalent circular girth was derived mathematically to represent the girth corresponding to the actual basal area. The
relationship between measured buttressed girth (denoted as GBH _mb, cm) and girth derived from actual basal area
(denoted as GBH_pred, cm) was analyzed using simple linear regression based on the least squares method. Model

performance was evaluated using the coefficient of determination (R?) and the statistical significance of regression
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parameters. To assess the robustness and applicability of the model, it was further validated using independent datasets
of L. floribunda and additional buttressed species, including Markhamia stipulata var. stipulata and Irvingia malayana.
Residual analysis was performed to evaluate systematic bias across girth classes and to examine model behavior at the
lower and upper extremes of observed data.

Main Results: A strong linear relationship was observed between measured buttressed girth and girth derived from
the actual basal area for L. floribunda, with the regression model explaining a high proportion of variance (R? = 0.989,
p <.001). The fitted equation was: GBH_pred = 3.266 + 0.874 x GBH_mb. The regression slope of less than unity
indicates that measurements buttress systematically overestimate true girth, reflecting the lateral expansion of buttress
structures rather than proportional increases in cross-sectional area. Validation using independent datasets showed no
significant difference between predicted and observed values, with residuals symmetrically distributed around zero,
indicating the absence of systematic bias within the calibrated range. When applied to other species with similar buttress
morphology, the model maintained low mean prediction errors and showed consistent performance. However, when
applied to species with distinctly different buttress morphologies, prediction errors increased substantially, highlighting
the influence of stem architecture on model applicability. Residual analysis across girth classes revealed no consistent
trend of bias, supporting the use of a single correction model across the observed size range. Nevertheless, for smaller
trees with measured buttressed girth values below approximately 26 cm, the model tended to slightly overpredict girth
derived from actual basal area. This pattern reflects the influence of positive intercept of the regression equation and
the limited development in smaller trees.

Conclusion: This study demonstrates that stem girth measured including buttresses at breast height can be effectively
corrected to approximate true cross-sectional girth using an empirical regression approach. The proposed model
provides a practical and field-applicable alternative to conventional measurement above buttresses, enabling consistent
and repeatable measurements at a fixed height. This is particularly advantageous for long-term monitoring in permanent
sample plots, where measurement consistency is essential. The model performs reliably within the calibrated girth
range and for species with similar buttress morphology. However, caution is required when applying the model to small
trees (GBH < 26 cm) or to species with different buttress forms. Overall, the approach reduces systematic measurement
bias and enhances the accuracy and consistency of basal area, biomass, and carbon stock estimation in tropical forest
inventories. Further research incorporating additional species and environmental conditions would help improve the
general applicability of the model. This approach provides a standardized and practical solution for improving the
accuracy of forest inventory and carbon stock estimation in tropical forests affected by buttressed tree forms.

Keywords: Buttress correction, forest mensuration, girth—area relationship
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Table 1 Paired comparison between observed and predicted stem girth across species.

Buttressed stem Mean paired SE of
Species n

girth range (cm) difference (cm) difference
L. floribunda 38 14-215 —0.44 0.71
M. stipulata var. stipulata 10 70-150 0.75 1.62
1. malayana 7 53-425 14.6 7.02

Note. Positive values indicate underestimation by the model.
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Figure 2 Relationship between measured buttressed GBH and girth derived from actual basal area in L.

Sfloribunda (A) and boxplots showing paired differences between observed and predicted stem girth for three

tree species (B).
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