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Development of Carbon Emission Factors and Biomass Allometric Equations
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Abstract: This study aimed to develop biomass allometric equations and estimate carbon emission factors, such as
the wood density, biomass-expansion factor, and root-to-shoot ratio, for Platanus occidentalis and Metasequoia
glyptostroboides planted in urban areas. Twenty M. glyptostroboides and 25 P. occidentalis trees were harvested, and
the dry weights and stem volumes of stems, branches, leaves, and roots (>5 mm) were measured. The wood densities
of M. glyptostroboides and P. occidentalis were 0.293 + 0.008 g cm™ and 0.509 + 0.018 g cm>, and the
biomass-expansion factors were 1.738 + 0.031 and 1.561 + 0.035. The root-to-shoot ratios were 0.446 + 0.009 and
0.402 £ 0.012. The uncertainty tests (coefficient of variation, %) gave 2.8% and 3.5% values for wood density, 1.8%
and 2.3% for biomass-expansion factor, and 2.1% and 2.9% for root-to-shoot ratio, respectively. Among the developed
allometric equations, Model I using the diameter at breast height (DBH) was suitable. The allometric equations of
M. glyptostroboides and P. occidentalis above ground were y = 1.679 (DBH)'*" and y = 0.505 (DBH)"*, and the
allometric equations of the root and total were y = 0.746 (DBH)'°"°, y = 0.301 (DBH)'”', y = 2.422 (DBH)'*'¢,
and y = 0.787 (DBH)'#%. If the carbon-emission factors of this study and biomass allometric equations of the three
developed models are used to estimate the carbon storage and biomass of urban forests, errors caused by not
considering the use of fixed factors and the environmental differences can be reduced.
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Figure 1. Locations of the study sites.
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(Intergovernmental Panel on Climate Change, 2006; Fujiwara
et al.,, 2007; Pyo et al., 2010; Kang et al., 2016; 2] 1).

X " Twidth
Uncertainty = 1/2 (95‘7;C'Iwzdth) > 100 )

(C.I. width : Confidence interval, p : Average of emission

factor)

Table 1. Average age and sizes of harvested sample trees in urban forests.

Species Age Diameter at 1.2m (cm) Height (m) Number of logging
M. glyptostroboides 20.9/15-30 27.5/15.5-33.2 12.9/10.5-15.6 20
P. occidentalis 24.9/16-35 15.7/10.5-26.1 14.2/10.3-21.1 25

- Numbers in the parentheses are maximum and minimum values.

Table 2. In this study’s allometric equations forms.

Model type Form of allometric equations
I Y(Biomass of tree component) = ax(DBH)"
II Y(Biomass of tree component) = ax(DBH?x H)"

I Y(Biomass of tree component) = axb(DBH) X c(DBH?)
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Table 3. Carbon emission factors calculated in this study and uncertainty test results (CV, %).
Species WD CV(%) BEF CV(%) Root/shoot ratio CV(%)
M. glyptostroboides 0.293(0.008) 2.8 1.738(0.031) 1.8 0.446(0.009) 2.1
P. occidentalis 0.509(0.018) 3.5 1.561(0.035) 2.3 0.402(0.012) 2.9
- mean(standard deviation)
Table 4. Basic wood density(WD) one sample t-test results.
Species WD n P-value
M. glyptostroboides 0.293(0.008) 0.48(Fixed coefficient by forest type) <0.001
P. occidentalis 0.509(0.018) 0.65(Fixed coefficient by forest type) <0.001

- u is the coefficient used during the calculation of urban forest carbon stocks(Son et al., 2008; Park and Jwa, 2009).

Table 5. Biomass expansion factor(BEF) one sample t-test results.

Species BEF

M. glyptostroboides 1.738(0.031)

P. occidentalis 1.561(0.035)

n P-value
1.29(Fixed coefficient by forest type) <0.001
1.22(Fixed coefficient by forest type) <0.001

- u is the coefficient used during the calculation of urban forest carbon stocks(Son et al., 2008; Park and Jwa, 2009).

Table 6. Below to aboveground ratio(Root/shoot ratio; R) one sample t-test results.

Species Root/shoot ratio u P-value
M. glyptostroboides 0.446(0.009) 0.28(Fixed coefficient by forest type) <0.001
P. occidentalis 0.402(0.012) 0.41(Fixed coefficient by forest type) >0.05

- p is the coefficient used during the calculation of urban forest carbon stocks(Son et al., 2008; Park and Jwa, 2009).
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Table 7. Coefficients of allometric equations for estimating biomass by tree part component M. glyptostroboides’s diameter at breast
height(DBH), diameter at breast height and height(DBH’xHeight), and polynomial using diameter at breast height(axb(DBH)xc(DBH?).

Species Model ~ Tree component Coefficients R RMSE Povalue
types () a b c

Volume (m¥/tree) 0.000539 1.876 - 0.821  0.033 < 0.001

Stem wood (kg) 0.437 1.528 - 0.820 6.948 < 0.001

Stem bark (kg) 0.118 1.254 - 0707 0952 < 0.001

Stem (kg) 0.540 1.495 - 0.822  7.564 < 0.001

I Branches (kg) 0.569 1.290 - 0.704  5.376 < 0.001

Foliage (kg) 1.414 0.679 - 0.679  1.000 < 0.001

Roots (kg) 0.746 1.315 - 0.860  4.772 < 0.001

Aboveground (kg) 1.679 1.315 - 0.826  10.884 < 0.001

Total (kg) 2.422 1.316 - 0.882 13.959 < 0.001

Volume (m’/tree) 0.000634 0.799 - 0.854  0.028 < 0.001

Stem wood (kg) 0.448 0.627 - 0.851  6.357 < 0.001

Stem bark (kg) 0.034 0.539 - 0.787  0.793 < 0.001

Stem (kg) 0.483 0.616 - 0.841  6.754 < 0.001

M. glyptostroboides I Branches (kg) 0.054 0.567 - 0.819  4.022 < 0.001

Foliage (kg) 1.414 0.293 - 0.761  0.834 < 0.001

Roots (kg) 0.301 0.538 - 0.866  4.535 < 0.001

Aboveground (kg) 0.505 0.556 - 0918  7.541 < 0.001

Total (kg) 0.787 0.551 - 0.931 9974 < 0.001

Volume (m'/tree)  -0.056152 0.006629 0.000193  0.792  0.032 < 0.001

Stem wood (kg) -23.404 3.300 0.003 0.791  6.843 < 0.001

Stem bark (kg) 6.102 -0.342 0.014 0.732  0.888 < 0.001

Stem (kg) -17.302 2.958 0.017 0.794  7.511 < 0.001

I Branches (kg) 73.750 -5.540 0.158 0.878  3.613 < 0.001

Foliage (kg) 12.803 -0.429 0.016 0.750  0.881 < 0.001

Roots (kg) 34.664 -1.651 0.091 0.871  4.353 < 0.001

Aboveground (kg) 69.251 -3.010 0.191 0.865 10.079 < 0.001

Total (kg) 103.915 -4.661 0.282 0.895  12.595 < 0.001
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0.679~0.882 2 AJAE]$] 1, RMSE: 0.033~13.9598 ©& oz 9olde 3913l THTable 8). FHZL}E]

ST ¢lo] 0.679= B oo wlsl W2 AAA gh& Model 194 918 A G2 0.798~0.9252 &
HItH(Table 7). o= F3127 tiv] 9 vfo]eufjarzh  Gl5L, B £-9f tju] =ujefl A 0.798% 7Hg w2 AR A
Fdid ez AA SAEN7] otk Model TIoA= gh& BT ujoA W2 A gh& B A2
0.761~0.9319] AA & HFaL 0.028~9.9749) oA A7152 AN T2 a7t fAE o] vikH |
RMSE7} fe& = 3ltt. Model 13} W]alslgl S off B= 79 FolM Fe7h do 2 & o2 dhdEnh 9, Model
oA AAAL ol F71ekGIc) A 2O & Model Mo Mol A& 0.842~0.953 0.2 Model LT} 2% Ab53 R°ZE
A 0.732~0.8952] AAAIG gHe H a1, 0.032~12.5959] S Hglon] Model 1T} et Hlo] QujAS APYE 4
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Table 8. Coefficients of allometric equations for estimating biomass by tree part component P. occidentalis’s diameter at breast
height(DBH), diameter at breast height and height(DBH’xH), and polynomial using diameter at breast height(axb(DBH)xc(DBH?).

Species Model Tree component (Y) Coefficients R? RMSE P-value
types a b c

Volume (m’/tree) 0.000634 1.904 - 0.914  0.033 < 0.001

Stem wood (kg) 0.448 1.754 - 0.894  21.759 < 0.001

Stem bark (kg) 0.034 1.760 - 0.798  1.767 < 0.001

Stem (kg) 0.483 1.755 - 0.894  22.850 < 0.001

I Branches (kg) 0.054 2.188 - 0.883  15.232 < 0.001

Foliage (kg) 1.414 0.679 - 0.876  4.861 < 0.001

Roots (kg) 0.301 1.751 - 0.858  25.969 < 0.001

Aboveground (kg) 0.505 1.896 - 0.925 38.794 < 0.001

Total (kg) 0.787 1.858 - 0917 62.450 < 0.001

Volume (m’/tree) 0.000148 0.821 - 0.953  0.030 < 0.001

Stem wood (kg) 0.125 0.749 - 0.915  20.094 < 0.001

Stem bark (kg) 0.008 0.769 - 0.856  1.506 < 0.001

Stem (kg) 0.133 0.751 - 0.918 20.825 < 0.001

P. occidentalis I Branches (kg) 0.013 0.919 - 0.873  15.261 < 0.001

Foliage (kg) 0.910 0.293 - 0.842  5.366 < 0.001

Roots (kg) 0.091 0.738 - 0.854  26.529 < 0.001

Aboveground (kg) 0.133 0.803 - 0.931 37.261 < 0.001

Total (kg) 0.215 0.756 - 0.921 61.956 < 0.001

Volume (m’/tree) 0.109885 -0.012076 0.000779  0.971  0.024 < 0.001

Stem wood (kg) 65.695 -6.943 0.382 0.944 15.153 < 0.001

Stem bark (kg) 1.712 0.135 0019 0882 1629 < 0.001

Stem (kg) 67.407 -7.078 0.402 0.945 16.152 < 0.001

I Branches (kg) 26.541 -3.923 0.226 0911 11.910 < 0.001

Foliage (kg) 5.517 -0.824 0.066 0.920  3.905 < 0.001

Roots (kg) 98.148 -11.288 0.440 0.942 12.875 < 0.001

Aboveground (kg) 99.465 -11.826 0.694 0.948  27.559 < 0.001

Total (kg) 197.613 -23.114 1.134 0.952 38.294 < 0.001
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Table 9. M. glyptostroboides’s allometric equations by tree components and the highest R*(Compared with Model I and Model III).

Species Tree component(Y) Y=a(DBH)" R*>  Best equation(Compared with Model I and Model III) ~ R?
Volume (m’/tree) Y=0.000539(DBH)'47¢  0.821 Y=0.000539(DBH)! 476 0.821
Stem wood (kg) Y=0.437(DBH)"2 0.820 Y=0.437(DBH)' 2 0.820
Stem bark (kg) Y=0.118(DBH)'-** 0.707 Y=6.102x(-0.342)(DBH)*0.014(DBH?) 0.888
Stem (kg) Y=0.540(DBH)' 4% 0.822 Y=0.540(DBH)' 4% 0.822
M. glyptostroboides Branches (kg) Y=0.569(DBH)'-*° 0.704 Y=73.750%(-5.540)(DBH)*0.158(DBH?) 0.878
Foliage (kg) Y=1.414(DBH)"¢7° 0.679 Y=12.803%(-0.429)(DBH)x%0.016(DBH?) 0.750
Roots (kg) Y=0.746(DBH)!-3!3 0.860 Y=34.664x(-1.651)(DBH)*0.091(DBH?) 0.871
Aboveground (kg)  Y=1.679(DBH)'3" 0.826 Y=69.251x(-3.010)(DBH)x0.191(DBH?) 0.865
Total (kg) Y=2.422(DBH)'3!¢ 0.882 Y=103.915%(-4.661)(DBH)*0.282(DBH?) 0.895

Table 10. P. occidentalis’s allometric equations by tree components and the highest R*(Copmared with Model I and Model III).

Species Tree component(Y) Y=a(DBH)" R?>  Best equation(Compared with Model I and Model III) ~ R?
Volume (m¥tree)  Y=0.000634(DBH)"*** 0.914  Y=0.109885x(-0.012076)(DBH)x0.000779(DBH?) 0.971
Stem wood (kg) Y=0.448(DBH)""** 0.894  Y=65.695%(--6.943)(DBH)x0.382(DBH?) 0.944
Stem bark (kg) Y=0.034(DBH)" 7% 0.798  Y=1.712x(-0.135)(DBH)x0.019(DBH?) 0.882
Stem (kg) Y=0.483(DBH)""** 0.894  Y=67.407%(-7.078)(DBH)x0.402(DBH?) 0.945
P. occidentalis ~ Branches (kg) Y=0.054(DBH)*'*® 0.883  Y=26.541x(-3.923)(DBH)x0.226(DBH?) 0.911
Foliage (kg) Y=0.037(DBH)>""’ 0.876  Y=5.517x(-0.824)(DBH)*0.066(DBH?) 0.920
Roots (kg) Y=0.301(DBH)""”' 0.858  Y=98.148x(-11.826)(DBH)x0.694(DBH2) 0.942
Aboveground (kg)  Y=0.505(DBH)"** 0.925  Y=99.465%(-11.826)(DBH)x0.694(DBH?) 0.948
Total (kg) Y=0.787(DBH)"*%* 0917  Y=197.613%(-23.114)(DBH)x1.134(DBH?) 0.952
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