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Abstract: The aim of this study was to quantitatively evaluate a new stem volume table for estimating the growth,
carbon storage, and greenhouse gas (GHG) absorption in Cryptomeria japonica and Chamaecyparis obtusa stands and
to provide suggestions for improving the domestic GHG inventory. Carbon storage and GHG absorption were
estimated using growing stock data obtained from invariable sub-sample plots between the 6" and 7" national forest
inventories. We assessed changes in growing stock using the parameters employed by Kozak (1988) and Versions 1
and 2 of the stem volume table. Version 2 has new stem tables for 16 species, including Cryptomeria japonica, which
were unavailable in Version 1. Version 2 also includes new data for trees with diameters at breast height equal to
or greater than 30 cm. We found greater growing stock values using Version 2 than Version 1 for both stands, and
the differences were statistically significant (»<0.001). Applying the new stem volume table increased GHG absorption
by 22% for the Cryptomeria japonica stand and 13% for the Chamaecyparis obtusa stand. The growing stock
estimation method used in this study should therefore be applied to re-estimate GHG absorptions in the forestry sector
to produce accurate statistics for the IPCC guidelines.
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Table 1. Descriptive statistics of Cryptomeria japonica and Chamaecyparis obtusa stands (mean *+ standard error).

Species Category Plot ]()ci})l Hz;g)ht Age class Stan(d n/ﬁ:;l ity
v
swia EN Mmoo Mo
Cryptomeria . - m — VI .
Jjaponica \V4
7 NFI 61 2541 14.72 1,446.11
+ 0.37 + 0.30 m — VI + 93.24
I
o w o S D B
Chamaecyparis ) ’ I -V )
obtusa v
7h NFI 56 22.18 13.05 1,285.49
+ 0.81 + 0.42 I —V + 74.35
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Figure 1. Distribution of sub-plots in Crypfomeria
Jjaponica and Chamaecyparis obtusa stands.
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Table 2. The equation of the Kozak’s stem taper model used in this study (Kozak, 1988).

Model Taper equation
by 7% by In(Z40.001) + b, ﬁﬂ“ezﬂh(%)
d=a,DBH"a?" X ’ a
. . h
where Z = relative height (=§)
Kozak 1988

a,, b, = parameters

(p = inflection point)

d = diameter(estimated) when h/H

Table 3. Parameter estimates of Kozak’s stem taper model for Ver.l (2009 stem volume table) (KFS, 2009).

Para-  Pinus densiflora  Pinus densiflora Pinus Pinus Larix Chamaecyparis Quercus Quercus
meter in Gangwon region in central region rigida koraiensis kaempferi obtusa acutissima mongolica
a 1.1886 1.1619 1.0598 0.9417 0.8946 1.0636 1.1434 1.3380
az 0.8869 0.8751 0.9629 1.0201 1.0208 0.9741 0.9162 0.8840
az 1.0010 1.0014 0.9998 0.9970 0.9975 0.9987 0.9995 1.0000
b; -0.6203 -0.5110 -0.1955 0.7667 0.6159 1.1647 0.2044 0.7584
b, 0.0736 0.0972 0.0111 -0.1556 -0.1052 -0.2864 -0.0907 -0.1833
bs -1.5224 -2.0307 -0.9354 1.1785 0.2387 1.3298 0.1243 1.0931
by 1.1230 1.1866 0.6401 -0.5214 -0.0987 -0.7236 0.1248 -0.4576
bs -0.0087 0.0419 0.0522 0.1235 0.1512 0.1247 0.0948 0.1651
)4 0.22 0.28 0.14 0.18 0.17 0.12 0.20 0.16

Table 4. Parameter estimates of Kozak’s stem taper model for Ver.2 (2021 stem volume table) (NIFoS, 2021).
Para-  Pinus densiflora  Pinus densiflora  Pinus Pinus Pinus Larix  Cryptomeria Chamaecyparis ~ Quercus — Quercus — Quercus — Quercus Betula  Liriodendron
meter in Gangwon region in central region thunbergii  rigida  koraiensis kaempferi  japonica obtusa issima  variabilis li serrata  playphyll tulipifera
a; 1.0742 1.0046 0.9834 1.0693 1.0332 0.9817 1.1858 1.0991 1.4721 1.3095 1.1996 1.0838  1.1202 1.0925
a 0.8968 0.9217 0.9722  0.9470 0.9370 0.9690 09117 0.9526 0.8104 0.8613 0.9141  1.0095 0.9070 0.9099
as 1.0013 1.0009 0.9972  1.0003 0.9998 0.9988 0.9997 0.9983 1.0046 1.0016 0.9985 0.9911  0.9991 0.9984
b; -0.0123 -0.1732 -0.0809 0.2309 0.6748 0.5749 1.3045 1.3792 0.8144 0.7293 1.3611 2.0063 0.7334  -0.1338
by -0.1073 -0.0876 -0.0997 -0.1019 -0.1551 -0.0857 -0.3416 -0.3023  -0.2510 -0.1883 -0.3368 -0.4896 -0.1566  -0.0181
bs 0.4714 0.4003 0.5580 0.7172 1.0178 0.3104 1.9306 1.5786 1.8770 0.6833 2.2856  3.6518 1.1076  -0.2964
by 0.1232 0.2271 0.0653 -0.0978 -0.3670 -0.0934  -0.9738 -0.8785  -0.7478 -0.2647 -1.1219 -1.8286 -0.3902 0.4614
bs -0.0220 -0.0408 0.0315 0.0162 0.0628 0.1238 0.0795 0.1159 0.0422 0.0817 0.1378 0.0797 0.1726 0.1212
p 0.3 0.3 0.25 0.2 0.3 0.25 0.2 0.2 0.2 0.2 0.2 0.18 0.25 0.25
100 100
mVer.l] OVer.2 m Ver.l OVer.2
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Figure 2. Number of trees by DBH used in the development
of Cryptomeria japonica stem volume tables for two versions.

Figure 3. Number of trees by DBH used in the development
of Chamaecyparis obtusa stem volume tables for two versions.
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Table 5. Country specific factors and carbon factors for two species for carbon stock calculation in Korea (GIR, 2021).

Species Basic wood density

Biomass expension

Root to shoot ratio Carbon fraction

(g/em’) factor
Cryptomeria japonica 0.35 1.31 0.23 0.51
Chamaecyparis obtusa 0.43 1.34 0.20 0.51
C =V x WD x BEF x (I+R) x CF @ QEATUR, AZUR 9 ey dRs A n
£ 2As AP Ao A= Ver.l Hr}; Ver2o|A o w2
C : carbon stock (Cton) CQ,%%— 22 Ab23}9Ich(Kang et al,, 2014a, 2014b; Ko et

V : stem volume (m®)

WD : basic wood density (g/cm’)
BEF : biomass expansion factor
R : root to shoot ratio

CF : carbon fraction
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Table 6. Forest growing stock volumes and results of the t-test for two versions (mean + standard error).

Forest stand Category (r\r’lifh}i) (:s/r}'i) t value p value
Cryptomeria 6" NFI 27129 + 16.18 325.70 + 19.82 11.45 <0.001
Japonica 7" NFI 313.31 + 17.52 376.85 + 21.49 12.94 <0.001
Chamaecyparis 6" NFI 176.62 + 16.02 208.12 + 18.44 11.00 <0.001
obtusa 7" NFI 239.75 + 17.60 279.58 £ 20.00 12.50 <0.001

Table 7. Carbon stock of Cryptomeria japonica and Chamaecyparis obtusa for two versions (mean *+ standard error).

Forest stand Category (tvce/r}fa) (Zg/r}'é) t value p value
Cryptomeria 6" NFI 78.03 + 0.60 93.68 + 0.73 14.67 <0.001
Japonica 7" NFI 90.11 + 0.65 108.39 + 0.79 15.71 <0.001
Chamaecyparis 6" NFI 62.28 + 0.76 73.39 + 0.87 12.03 <0.001
obtusa 7" NFI 84.54 + 0.83 98.59 + 0.94 15.05 <0.001

Table 8. Greenhouse gas (GHG) removals of Cryptomeria japonica and Chamaecyparis obtusa for two versions (mean + standard error).

Forest stand Ver.1 Ver.2 Increment
(tCOy/halyr) (tCOy/ha/yr) (%)
Cryptomeria japonica 8.86 = 0.06 10.79 + 0.07 21.73
Chamaecyparis obtusa 16.32 + 0.08 18.48 = 0.08 13.19
20099 of] M ¥ JEpIHA S Agskal ik 2 A 2 Q=] AL gsfor gtk IPCC 7to] =2}l
AT waE AR 247 JHER = T4 A A7 MBS H7shs 7| 2AR Em O
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Aeide 552 AEAAE S 2art ik A ARE Al 20216 Al AEp A RS sk, 24
TogetoR WA, BMYAAY ALY QuALY  shx QliEe] Brh o] AN uet drAel A4
FE2ae] YHE YRSZAHEL B ghe AW AL Fush] dstel A /o] BH 2AzA QEe
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