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Abstract: In the national greenhouse gas inventory, a settlements category has never been included owing to the
lack of activity data. Therefore, this study was conducted to obtain basic data for estimating biomass carbon storage
in settlements. Nondestructive stem analysis with a laser dendrometer was performed on four major street tree species
(Metasequoia glyptostroboides, Prunus armeniaca, Ginkgo biloba, and Acer buergerianum) in Wonju city, South Korea.
Allometric equations of the aboveground volume were developed using five models, and allometric equations of crown
area were developed with diameter at breast height (DBH) as an independent variable. The best performing allometric
equations were aD*+bD+c for M.glyptostroboides and G. biloba, aD+bD? for P. armeniaca, and a+bD? for A.
buergerianum. Regarding the allometric equations of crown area with DBH as an independent variable, G. biloba and
A. buergerianum exhibited low coefficients of determination (R?), i.e., < 0.364, whereas M. glyptostroboides and P
armeniaca exhibited satisfactory R? values, i.e., > 0.767, probably due to different street tree management practices.
The allometricequations in this study will support the carbon inventory of settlements and urban tree monitoring in
management practices.
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Figure 1. Schematic diagram of stem analysis using laser dendrometer. A stem and branched stems were
indicated with black. Primary and secondary branches were indicated with blue and red, respectively.

a, b : The inclination angle of the branch; h—h;

(m); Hy, H, : Branch length (m); Dy, D

: The measured height of each part of the branch
: Diameter of each part of the branch (cm); The volume of

the H; is V; (m®); The volume of the H, is V, (m’).
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Table 1. Measured diameter at breast height (DBH), tree height (H), crown area (CA), and above-ground volume (V) of four street

tree species in Wonju.

) DBH (cm) H (m) CA (m?) vV (m’)
Species - - - -

Min. Max. Mean Min. Max. Mean Min. Max. Mean Min. Max. Mean
Acer buergerianum 30 9.5 389 232 4.4 10.5 7.0 3.0 16.4 6.9 0.019 0.666 0.246
Ginkgo biloba 30 11.8 373 219 5.4 15.4 8.8 2.5 45.1 17.0 0.042 0.876 0.263
Metasequoia 30 195 507 334 85 219 152 193 944 500 0.112 2.106 0.710
glyptostroboides
Prunus armeniaca 30 11.3 49.3 25.0 4.1 10.4 7.6 6.3 95.8 353  0.032 0.725 0.288
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Table 2. Allometric equations using diameter at breast height (DBH) and/or tree height as an independent variable (s) for each
street tree species (p<0.001).

DBH Parameters

Species Models R? RMSE
(cm) a b c

aD 0.00010 2.3471 0.763 0.0829

95 aD+bD? -0.00140 0.0005 0.780 0.0768

Acer buergerianum — aD*+bD+c 0.00004 0.0185 -0.2053 0.804 0.0716

38.9 atbD? 0.00330 0.0004 0.783 0.0754

at+bD+cH -0.2826 0.0176 0.0170 0.814 0.0697

aD 0.0002 2.2631 0.825 0.0850

118 aD+bD? -0.0014 0.0006 0.824 0.0850

Ginkgo biloba — aD™bD+c 0.0006 -0.0033 0.0205 0.825 0.0846

373 atbD? -0.0159 0.0005 0.824 0.0847

at+bD+cH -0.3923 0.0233 0.0162 0.836 0.0817

aD" 0.00005 2.6837 0.777 0.2208

' 19.5 aD+bD? -0.01103 0.0009 0.783 0.2165

gl%%‘gfggglfses — aD*+bD+c 0.00073 0.0011 -0.1892 0.784 0.2161

50.7 atbD? -0.17092 0.0007 0.784 0.2161

at+bD+cH -1.07024 0.0285 0.0544 0.819 0.1979

aD 0.000253 2.135400 0.830 0.0958

113 aD+bD? 0.000348 0.000393 0.840 0.0877

Prunus armeniaca — aD*+bD+c -0.000001 0.021880 -0.25920 0.869 0.0774

49.3 atbD? 0.029110 0.000364 0.839 0.0859

atbD+cH 0352304 0.019612 0.01969 0.881 0.0738

In aD®, aD+bD?, aD*+bD+c, and a+bD?, the values with the highest coefficient of determination (Rz) and the lowest root mean
square error (RMSE) are marked in bold. The values of the formula using DBH and height (H) as independent variables are
marked in italic.
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Figure 2. Residual plots of allometric equations between measured and predicted volume along diameter at breast height (DBH).
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Figure 3. Comparison of above-ground allometric equations of street trees reported
in this study and previous studies. V: Above-ground volume, DBH: Diameter at breast height.
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Figure 4. The relationship between crown area (CA) and diameter at breast height (DBH).
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