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Abstract: Using the logarithmic methods and the generalized method of moments (GMM), this study developed
carbon storage equations for maple trees (Acer palmatum Thunb.) planted in an urban settlement area. A total of 20
maple trees of various ages and diameters were destructively harvested to determine their dry weight and carbon
concentration by component. The allometric equations with DBH and DBH*xH as independent variables were
developed to estimate the carbon storage for each tree component. The carbon concentration of tree components was
the highest in stem wood (49.8%) and lowest in stem bark (46.5%). Allometric equations to estimate the carbon
storage of tree components (stem, root, aboveground, and total) showed a similar coefficient of determinations (R’)
between the allometric equations of the logarithmic method (0.7494-0.9036) and the GMM (0.7085-0.8847). However,
the R’ values of the leaves and branches were in the range of 0.3027 to 0.6380, lower than those of the R’ of the
other tree components. These results indicate that the carbon storage of maple trees growing in urban settlement areas
can be efficiently predicted from the equations of GMM methods in the case of a small sample size or the
heteroscedasticity of logarithmic equations.
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Figure 1. A pruned and grafted sample tree (a) with branch and leaf biomass (b).
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Table 1. General characteristics of the sampled Acer palmatum.

A28 A1E (2023)

(n=20).

Tree age (yr) DBH (cm) Height (m) Crown width (m) Clear bole length (m)
17+0.9/13~26 * 11.7+0.8/6.1~18.6 4.9+0.2/2.7~7.4 3.34£0.3/1.8~6.5 1.2+0.1/0.6~1.8
* meantstandard error/minimum~maximum
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Figure 2. Scatter plots of tree component biomass in Acer palmatum (**P<0.001, ***P<0.0001).
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Table 2. Soil physical and chemical properties of the sampled Acer palmatum sites. (n=10).

dg;lslil;y ﬁ(;;iziit Soil particle distribution (%)  Soil  Soil EIC Organis Extractabl_? p ]?:;lgrclgi?l;
(@em®  (gg)  sand Silt  Clay pH (s e’} carbon (%)~ (mg kg™) K ca®*  Mg”
0.81£0.05° 0.24+0.03 62+13 30+0.8 8+0.6 6.1+0.3 31145 1.23%0.2 11.3£1.2  0.24+0.05 5.81+1.18 0.75+0.07

* meantstandard error
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Table 3. Allometric equations (log;oY=a+bxlog;oX) to estimate carbon storage (g) of tree components in Acer palmatum.

Variables  Tree component

Regression coefficient

Methods R RMSE P-value CF
X) Y) a b
Log 1.8234 1.8892 0.8450 0.1180 <.0001 1.0162
Stem wood
GMM 1.4097 2.2779 0.8087 0.1311 - 1.0200
Log 0.8025 1.6926 0.6376 0.1861 <.0001 1.0407
Stem bark
GMM 0.3977 2.0558 0.6012 0.1952 - 1.0448
S Log 1.8596 1.8791 0.8378 0.1206 <.0001 1.0169
tem
GMM 1.4435 2.2691 0.8009 0.1336 - 1.0208
Log 1.1364 2.1944 0.4436 0.3584 0.0013 1.1594
Branch
DBH GMM 0.9040 2.4992 0.3989 0.3725 - 1.1732
(cm) Leaf Log 0.9446 1.7751 0.3858 0.3266 0.0035 1.1307
ea
GMM 0.2661 2.4798 0.3027 0.3480 - 1.1496
Log 1.9580 1.9680 0.7494 0.1660 <.0001 1.0322
Aboveground
GMM 1.4848 2.4258 0.7085 0.1790 - 1.0376
R Log 1.6315 2.1289 0.7500 0.1792 <.0001 1.0377
oot
GMM 1.2098 2.5024 0.7188 0.1901 - 1.0425
Total Log 2.1056 2.0502 0.7786 0.1595 <.0001 1.0297
ota
GMM 1.5873 2.5355 0.7339 0.1748 - 1.0358
Log 1.4918 0.8317 0.9069 0.0914 <.0001 1.0097
Stem wood
GMM 1.1308 0.9620 0.8847 0.1018 - 1.0120
Log 0.4024 0.7822 0.7542 0.1533 <.0001 1.0274
Stem bark
GMM -0.0587 0.9414 0.7186 0.1640 - 1.0314
S Log 1.5241 0.8293 0.9036 0.0930 <.0001 1.0100
tem
GMM 1.1482 0.9649 0.8794 0.1040 - 1.0125
Log 0.3285 1.1183 0.6380 0.2891 <.0001 1.1010
Branch
DBH2xH GMM 0.2816 1.1630 0.6083 0.3007 - 1.1097
(cm®m) Leaf Log 0.2754 0.9103 0.5619 0.2759 0.0001 1.0916
ea
GMM -0.3953 1.1672 0.5055 0.2931 - 1.1040
Log 1.5228 0.8987 0.8654 0.1216 <.0001 1.0172
Aboveground
GMM 0.9340 1.1130 0.8158 0.1423 - 1.0236
R Log 1.2221 0.9501 0.8272 0.1490 <.0001 1.0259
oot
GMM 0.8977 1.0613 0.8138 0.1547 - 1.0279
Total Log 1.6756 0.9278 0.8830 0.1159 <.0001 1.0156
ota
GMM 1.1116 1.1292 0.8412 0.1350 - 1.0212

R?: coefficient of determination. RMSE: root means squared error. CF: correction factor. Log: logarithmic transformation with
DBH or DBH?<H as independent variables; GMM: GMM with DBH or DBH?<H as independent variables. Tree age and
crown width were used as the instrument variables for moment conditions of GMM. *: not determined.

Ebgt}. SARSE A7tE Wang et al(2018)2 = ZHdU

(Quercus aliena Bl. var. acuteserrata) B}o| Quj2s 278

913t Log g g21e] 27 A15== 0.9516, GMM 73

AL 094142 F 1w Aolo] 2 Ao] G8L M
=

ub otk AT A S 2 A

QlojA] HEE 47 AL, ARG F B WS
o] ATFEISIA e B Log AL o 2R ¥
A 4 Qi AR ol BARYS] AL Sla) Ewise
ERBO| ARir S ALGT GMM AThAgAle] of
gol e Akt
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