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Abstract: This study aimed to develop allometric equations to estimate the biomass of understory vegetation by
vegetation type in Korean pine forests. A field survey was conducted in a 61-year-old Korean pine forest on Mt.
Taehwa in Gyeonggi Province. Understory vegetation was classified as young trees or herbaceous layers, and regression
models were developed to estimate the total biomass at the individual plant level for each vegetation type. For young
trees, the product of the diameter at the root collar squared and height emerged as the most effective predictor (adjusted
R? = 0.9506). For the herbaceous layer, a combination of stem number and stem length provided the most accurate
biomass estimates (adjusted R* = 0.7168~0.8580). Conversely, the use of vegetation height alone as an independent
variable achieved low estimation performance because of measurement difficulties and environmental influences (adjusted
R? = -0.0721~0.4392). Furthermore, the application of mixed-effects models to the biomass allometric equations enabled
the integration of differences among vegetation types within a single model. This approach mitigated sample size
constraints while improving the accuracy of biomass estimation. This study provides fundamental data for assessing
understory biomass in Korean forests, and these findings are expected to help enhance the accuracy of forest resource
and carbon stock evaluations by expanding future research to encompass diverse stand structures and tree species.
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Figure 1. Study site and sampling plots in a Korean pine forest on Mt. Tachwa, Gwangju-si, Gyeonggi-do, Republic of Korea.
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Table 1. Definitions and measured morphological traits of each understory vegetation group.

Classification Definition Morphological trait
Tree Woody plants with a diameter at breast height of 6 cm or more Species, Diameter at breast height, Height
Young tree Woody plants with diameter at breast height of less than 6 cm Species, Diameter at root collar, Height

(or height under 5 m), including saplings and seedlings

Layer of herbaceous plants and ground cover, including grasses, Type’, Number of stems, Length of main stem,

Herbaceous layer forbs and ferns Height

* The herbaceous plant types were classified into herbs and ferns.
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Table 2. Number of understory vegetation samples by species or type.

Classification Species / Type Number of samples
Pinus koraiensis 13
Castanea crenata 6
Fraxinus rhynchophylla 3
Quercus mongolica 2
Young tree
Zanthoxylum schinifolium 2

Lindera obtusiloba 1

Prunus sargentii 1

NA? 10
Total 38
herbs 76
Herbaceous layer
ferns 15
Total 91

* Some samples could not be identified to the species level due to their small size or other limitations.
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Table 3. Dependent and independent variables used in biomass allometric equations for understory vegetation.

Classification Dependent variable Independent variable
Young tree . DRC?, Hb, DRC - H, DRC? - H
Biomass d
Herbaceous layer Nstem®, Lstem®, H, Nstem - Lstem, Nstem - H

* DRC: Diameter at root collar, ® H: Height, ¢ Nstem: Number of stems, 4 Lstem: Length of main stem.
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Table 4. Parameters, standard errors, and performance metrics of biomass allometric equations based on the power function model

for the young tree group by independent variables.

Independent Parameters SEE'  Adjusted > RMSE MBE®
variable a By Ba
DRCY 28.1402 2.0293 - 1.5210 0.8935 100.0943 3.6273
He 0.0011 23236 - 1.5060 0.1898 276.0763 84.3704
DRC - H 0.1966 1.1910 - 1.2100 0.9047 94.6881 29.4355
DRC: - H 12131 0.7651 - 1.2670 0.9506 68.1624 16.8551
DRC, H 0.1256 1.1019 12940 1.2240 0.8645 111.3303 36.4808

* SEE: Standard error of estimate, ® RMSE: Root mean squared error,

¢ H: Height.
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Table 5. Parameters, standard errors, and performance metrics of biomass allometric equations based on the power function model
for the herb group by independent variables.

Independent Parameters SEE® Adjusted R>  RMSE" MBE®
variable a By Ba
Nstem® 0.0882 12956 ; 0.9027 0.3805 0.2863 0.0033
Lstem® 0.0074 1.0656 - 0.7498 0.4535 0.2689 -0.0160
H' 0.0283 0.7572 - 0.8813 0.2394 03172 -0.0173
Nstem - Lstem 0.0092 0.8711 ; 0.6380 0.7168 0.1936 -0.0062
Nstem - H 0.0255 0.6866 - 0.7751 0.4807 0.2621 -0.0148
Nstem, Lstem 0.0090 0.8439 0.8853 0.6422 0.7124 0.1937 -0.0061
Nstem, H 0.0292 0.9444 0.5778 0.7692 0.5174 0.2510 -0.0077

* SEE: Standard error of estimate, ® RMSE: Root mean squared error, ©° MBE: Mean bias error, 4 Nstem: Number of stems,
¢ Lstem: Length of main stem, " H: Height.

Table 6. Parameters, standard errors, and performance metrics of biomass allometric equations based on the power function model
for the fern group by independent variables.

Independent Parameters SEE® Adjusted R>  RMSE MBE®
variable a By Ba
Nstem 2.3453 0.5762 - 12350 0.4195 7.6755 3.8132
Lstem® 0.0037 2.0825 ; 0.7115 0.3475 8.1375 202441
H' 0.4815 0.8695 ; 1.0920 200721 10.4313 2.5942
Nstem - Lstem 0.0517 0.9297 ; 0.8780 0.5364 6.8597 3.2699
Nstem - H 0.4593 0.5753 ; 1.0570 0.4898 7.1961 2.9820
Nstem, Lstem 0.0019 0.5177 2.0404 0.5496 0.7487 4.8521 0.4955
Nstem, H 0.3526 0.3872 0.7702 1.0780 0.2391 8.4430 3.1802

* SEE: Standard error of estimate, ® RMSE: Root mean squared error, ©* MBE: Mean bias error, 4 Nstem: Number of stems,
¢ Lstem: Length of main stem, " H: Height.

Table 7. Fixed and random effects, and performance metrics of biomass allometric equations based on the mixed-effects model
for the herbaceous layer by independent variables.

Independent Fixed effects Random )\ 1 Gied R RMSE? MBE®
variable a By Ba effects

Nstem* -0.7003 1.3855 - 1.9419 0.7676 2.6661 9.90e-16
Lstem® 2.7093 0.0808 - 5.8357 0.4432 4.1267 -1.87e-16
Hf 3.0963 0.1168 - 5.8983 0.4392 4.1414 2.7%e-15
Nstem -+ Lstem 0.4868 0.0300 - 2.0019 0.8580 2.0838 5.73e-16
Nstem - H 0.6561 0.0483 - 2.0615 0.7766 2.6139 -1.04e-16
Nstem, Lstem -1.2553 1.3575 0.0231 1.7745 0.7674 2.6520 -6.12e-17
Nstem, H -1.1516 1.3609 0.0331 1.7839 0.7671 2.6539 1.14e-15

* Random effects: Standard deviation of random intercept, ® RMSE: Root mean squared error, © MBE: Mean bias error, ¢ Nstem:
Number of stems, ¢ Lstem: Length of main stem, " H: Height.
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