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ABSTRACT

This study was conducted to suggest application of a new stem volume for the forest carbon stocks in South
Korea. We recalculated stem volume using the Kozak parameter and equations based on the old stem volume
(approach one) and new stem volume (approach two). Also, we calculated carbon stock and changes using the
estimated stem volume and country-specific emission factors. As a result, growing stock with approach two was
higher than that with approach one, and there was a statistically significant difference (p<0.05). The result indicates
that the new volume table (approach two) will reduce error when assessing wood resources of the middle DBH
class or higher and also will improve the accuracy of forest growing stocks. The annual carbon stock change
(m*/ha/yr.) by tree species was 5.7 + 0.74 in Pinus densiflora, 5.65 + 0.37 in Quercus mongolica, and 9.54 + 1.08 in
Larix kaempferi by approach two, for which the annual carbon stock change (Ct/ha/yr.) was 2.28 + 0.30 for Pinus
densiflora, 3.98 + 0.26 for Quercus mongolica, and 3.79 + 0.43 for Larix kaempferi. According to the Paris Agreement,
there is a need to improve the accuracy of greenhouse gas inventory in the forest sector. Moreover, the current
estimation algorithm for stem volume of the National Forest Information System (NFIS) should be enhanced by
updating the stem volume table. Then it is necessary to estimate the growing stocks based on new stem volume
table. This study is a pilot study for Gangwon province, and nationwide pilot research is needed in the future.
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Fig. 1. Spatial distribution of sampling plots used in
this study on Gangwon province (Black circle
is indicator of the overlapping sampling points).
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Y = %y]] + %yk’“ (eq.1)

y; . volume per ha in sub-point plots (i)
: volume of the tree (g, ;, DHB<30) in sub-point plots

: volume of the large tree (o, ., DHB>30) in sub-point

(W
plots
a ; : Area of the tree (q; ;, DHB<30) plots

a; , . Area of the large tree (¢, ,, DHB>30) plots

Table 1. Stand attributes of sampling plots for three species used in this study

Cateso Species N Tree number DBH Height Basal area Ace Stand age
0y P (w/ha) (cm) (m) (m/ha) g class
Laris kaempferi | 112 868.83 18.85 14.86 22.99 30.02 v
anx raempyjert +36.45 +0.53 +0.35 +0.95 092 | T —VI
The 5 national forest Pinus densiflora 226 1107.99 19.55 11.52 30.98 38.59 v
inventory +36.24 +0.4 +0.18 +0.79 +0.78 o—VI
Ouer ica | 400 1283.09 16.52 10.73 26.98 41.99 \Y%
ercus mongotica 430.52 +0.22 +0.1 +0.47 4065 | II —XI
Laris kaemgferi | 112 829.56 20.64 17.00 25.49 35.17 v
P +38.33 £0.51 +0.34 £0.91 +0.89 o-V
The 6™ national forest Pinus densiflora 226 1000.41 21.71 12.74 32.99 43.67 \Y
inventory +36.96 +0.41 +0.18 +0.84 +0.78 - X
Ouer . 400 1208.11 17.87 11.81 2935 47.03 \Y%
ereus mongotica 42815 +0.22 +0.09 +0.48 4065 | II— XI
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7oA R FH EX7|EUE, vlo] @ u ASEYA|SE, approach one and two
Hajgheka]el IPCC 2006 7ho|=efelof| AAE B4 57 = : Standard error of mean difference
2o ghgsto] AMASIGITH (Table 5; IPCC, 2006; GIR,
2016) 3. Za} o pE
2.4 EHEN 3.1 =M E M0 E UAESH £
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o, SAS 94 AXEQO]E Z-8sto] EASHYITE (SAS oJ3} 20| 2 Wit} (Table 6). A6} A7 HAFIRARAL 7]
Institate Inc., USA). O SURYL 43%, AZRYL 12.6% ARIZIR

1.0%°2 Apo7} wrom (Table 6), A%|F7gof B85t

N

Table 2. Form of Kozak's stem taper model used in this study

Model Taper equation

528+ b, I0(Z+0.001) + b,VZ + by e? + b, (PBH )

d=a,DBH"a}""X

where Z = relative height ( = %)

ol

—Vp (p = inflection point)

Kozak(1988)

ai, bi = parameters
d = diameter(estimated) when h/H

Table 3. Parameter estimates of Kozak’s stem taper model for approach 1 (KFS, 2009)

Pinus densiflora Pinus densiflora Pinus Pinus Larix Chamaecyparis Quercus Quercus

in Gangwon region in central region rigida Koraiensis kaempferi obtusa acutissima mongolica
al 1.1886 1.1619 1.0598 0.9417 0.8946 1.0636 1.1434 1.3380
a2 0.8869 0.8751 0.9629 1.0201 1.0208 0.9741 0.9162 0.8840
a3 1.0010 1.0014 0.9998 0.9970 0.9975 0.9987 0.9995 1.0000
bl -0.6203 -0.5110 -0.1955 0.7667 0.6159 1.1647 0.2044 0.7584
b2 0.0736 0.0972 0.0111 -0.1556 -0.1052 -0.2864 -0.0907 -0.1833
b3 -1.5224 -2.0307 -0.9354 1.1785 0.2387 1.3298 0.1243 1.0931
b4 1.1230 1.1866 0.6401 -0.5214 -0.0987 -0.7236 0.1248 -0.4576
b5 -0.0087 0.0419 0.0522 0.1235 0.1512 0.1247 0.0948 0.1651
p 0.22 0.28 0.14 0.18 0.17 0.12 0.2 0.16
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Table 4. Parameter estimates of Kozak’s stem taper model for approach 2 (KFS and NIFos, 2018)

rigida  Koraiensis kaempferi

Pinus densiflora Pinus densiflora  Pinus Pinus Larix  Chamaecyparis ~ Pinus ~ Quercus  Quercus  Quercus  Betula

in Gangwon region in central region obtusa thunbergii acutissima mongolica variabilis playphylla

Lirio-
dendron
tulipifera

al
a2
a3
bl
b2
b3
b4
b5

1.0742
0.8968
1.0013
-0.0123
-0.1073
0.4714
0.1232
-0.0221
0.30

1.0045
0.9217
1.0009
-0.1732
-0.0876
0.4003
0.2271
-0.0409
0.30

1.0693  1.0332 0.9655
0.9470  0.9370 0.9773
1.0003  0.9998 0.9984
0.2310  0.6748 0.5759

-0.1019  -0.1551 -0.0877

0.7174  1.0180 0.3327

-0.0979  -0.3671 -0.1010

0.0162  0.0628 0.1207
0.20 0.30 0.25

0.9880 0.9834  1.4720 1.1996 13095 1.4030 1.1370
0.9900 09722 08104 09141 0.8613 0.7510 0.9160
0.9980 0.9972  1.0045 0.9985 1.0016 1.0140 1.0000
1.1140 -0.0809  0.8145 1.3612 0.7292 0.4520 0.3870

-0.2380 -0.0997 -0.2509 -0.3368 -0.1883 -0.1170 -0.1730

1.2980 0.5580  1.8771 2.2859 0.6832  0.6650 1.5200

-0.6970 0.0654 -0.7479 -1.1220 -0.2646 -0.1980 -0.4450

0.1400 0.0315 0.0422 0.1378 0.0817 0.2620 0.0710
0.20 0.25 0.20 0.25 0.25 0.25 0.25

Table 5. Country specific emission factors used for the estimation of carbon removal and emission in Korea (GIR,
2016 and IPCC, 2006)

Basic wood density (g/cm3) Biomass expansion factor Root to shoot ratio Carbon fraction
Larix kaempferi 0.45 1.34 0.29 0.51
Pinus densifiora 0.42 1.48 026 0.51
in Gangwon reigon
Quercus mongolica 0.66 1.60 0.39 0.48

Table 6. Result of paired t-test for growing stock volumes by two approaches.

Category Forest stand n Mean difference  Standard error t value p value

Larix kaempferi 112 -0.8354 0.2904 -2.88 0.0048

The 5" national forest inventory Pinus densiflora 227 -7.0534 0.3312 -21.3 <0.001
Quercus mongolica 400 -19.1229 0.4150 -46.08 <0.001

Larix kaempferi 112 -2.3917 0.3293 -7.26 <0.001

The 6™ national forest inventory  Pinus densiflora 226 -8.8825 0.4037 -22.00 <0.001
Quercus mongolica 400 -22.0052 0.4352 -50.56 <0.001
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2014; Ko et al., 2019a; 2019b). ©]<]o| = ,j.,—__LHoPt,':.ﬂOﬂ/\1§
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Table 7. Comparison of annual growing stock volumes by tree species for two approaches (mean + standard error)

n Approach 1 (m3/ha/yr.) Approach 2 (m3/ha/yr.)
Larix kaempferi 112 9.23 £ 1.06 9.54 £ 1.08
Pinus densiflora 226 534 £ 0.72 5.70 £ 0.74
Quercus mongolica 400 5.07 = 0.33 5.65 £ 0.37

Table 8. Carbon stock changes by tree species for approache 2 (mean + standard error)

The 5" national forest inventory  The 6™ national forest inventory

AC (Ct/halyr.)

(Ct/ha) (Ct/ha)
Larix kaempferi 112 75.91 £ 3.65 94.84 + 4.20 3.79 £ 043
Pinus densiflora 226 75.25 + 2.37 86.88 + 2.71 2.28 + 0.30
Quercus mongolica 400 118.99 + 2.30 138.88 + 2.45 398 £ 0.26

Journal of Climate Change Research 2019, Vol. 10, No. 4
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