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ABSTRACT

The purpose of this study was to quantify the uncertainty in the estimation of forest growing stock and carbon stock that occurs as DBH
(Diameter at Breast Height) and HT (Height) are rounded when locating stem volumes in a stem volume table, and to present a case study
using the Hongcheon-gun NFI (National Forest Inventory) data. We quantified the uncertainty of the estimated value of the stem volume obtained
from the stem volume table, assuming that the stem volume calculated by the stem taper equation is the true value, and the resulting bias in
carbon stock estimation, using two indicators. In all the indices, as DBH and HT increased, a trend was observed in which the absolute values
of these indicators increased. BIAS appeared as a positive value in all sections, which means that the stem volume table with rounding DBH
and HT underestimated stem volumes. BIAS was found to range from 0.0134 17 to 0.0178 ni® depending on the species. RMSE (Root Mean
Square Error) was about 4 ~7 times greater than BIAS with the same tree sizes. The increase rate of stem volume was almost constant regardless
of HT, but increased as DBH increased. This indicates that DBH is more effective in reducing rounding-induced uncertainty when using stem
volume tables. Note that rounding DBH combined with this characteristic led to systematic underestimation of stem volume. As a result of
estimating the growing stock in the forests of Hongcheon-gun, Gangwon-do using the stem taper equation and the stem volume table, it was
confirmed that the stem volume table underestimated the growing stock by 1,475,606 n7’, and accordingly, did the carbon stock by 860,232 tC.
Even if the figure was limited to Hongcheon-gun, it was difficult to consider it a small value. As projects related to greenhouse gas reduction
are expected to become more active in the future compared to the past, uncertainty in such estimates may affect the reliability of such projects.
Therefore, it is necessary to provide a tool that can calculate stem volume and carbon stock by directly inputting DBH or HT values.
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Table 1. Descriptive statistics of sample trees
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35,901 ha(24.2%)0]EKES, 2021a). AFS A6k 420
F= AU (Quercus mongolica), 25 Pinus densiflora),
BYLEL(P. koraiensis), ZUEH(Q. variabilis), YA
(Lo fanpfory} 32 B, 48 A 2

820] JJSEAFS Table 19] AT

Number of trees | Number of species | Number of clusters

Number of subplots

DBH (cm) Height (m)

13,872 86 91

18.9 13.4
6-114 2.9-39.2
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Fig. 1. Geometric forms of a tree stem used to estimate
the stem volume using the Kozak’s stem taper
equation
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2 32 7 ui2 Hglsl= XAl 42749 WA (inflection
point) o} FEo|A= AR o] EA(neiloid frustum), Z5F
Ftree tip)s AT WHIGH oY FELS EZEUA
(paraboloid frustum) 25FRE g982 7HYsto] O ¥
AL, oSG B PASle] YR ST AS B
Rt U zol=A), ZEHA 9 &) A2e Aklsh= &
A2 o}29] Eq.1 ~Eq.3%} Zth(Kershaw et al., 2017).

Volume of neiloid frustum (Eq. 1)
L 3 3

= Fla+iaia,+ {aat+ a)

Volume of paraboloid frustum (Eq. 2)
L

= ?(Ab + Af)

Volume of cone = é(AbH) (Eq. 3)

A,: area of buttend,
A,: area of topend,
L: length of frustum,
H: height of cone
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ot T1F0] Y=o AE AAFE 2 A5 HAaTdE
FUAH o RE o o] 4 (eq. 4y °-&sto] A
= Ak

C= VX WDx BEFX (1+ R)< CF (Eq. 4)

C- carbon stock,

V. stem volume,

WD: wood density,

BEF': biomass expansion factor,
R: root-shoot ratio,

CF': carbon fraction.
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A 35 H]E)2 Son et al.(2014)0] AAE +=FE 1TxGk
AHgSt o, did £E9 gho] gl Als
A Aol A&3A AR gle =5 @ A
A AL 712 (KFS and NIFoS, 2021y THA| whgtch.
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HIKBIAS)T Al FTEHAAE 2 Root mean square error:
RMSE)E ofFfjo] Alof] we} AAFSIATHEG.S ~ Eq.6). BIAS=
D29 394 Aole] HEH Hol2 lulote] Wy

. 21
O

. =A .
UES s

Ho
0x

(biasedness)y& H7FoH=Tl ARGEITE. RMSE= of® F7450]
A HeF AlFe] Pl Ala= F3t FHEA, 45t
& R4} BUT Tsloly] o] 289l 4HHel
W7} 7hsstH, s AT w9 e d(precision)=
SAo &451= X2 ARSIt (Mehtitalo and Lappi, 2020).
A9 o= BIASH RMSEE AWK tofl= #EA|0A 74
A5 Aok FEE Foto] AXRS =38ttt 19 £ A<
EA42 Zoko] {0 wE A 9] BT 119
e easd 249 QA5 Hhslol= Aol710l, Bk 4
851 Q= SRRl S Y 2T BEAR 15
s oke Ao PRI o] AH 22
TR 15510 T 7] e ARE ALt

BIAS, = ni ) (V; (Eq. 5)

1j=1

- I/z'jﬁ f,ablc)

j, taper

1 &
RMSFE i ; E ( I/ij, taper

ij=1

I/U, tuble)2 (Eq 6)

i: the ith set of trees with different DBHs and HTs but the same stem
volume by rounding DBH and HT in stem volume table,
j: the jth tree in the ith set,
n,;: the number of trees in the ith set,
Vi taper® the stem volume of the jth tree in the ith set obtained by using
stem taper equation,

Vij.tabte: the stem volume of the jth tree in the ith set obtained by using

stem volume table

Table 2. Examples of DBH and HT rounded up/down in stem volume tables

DBH
HT DBH rounded

HT
rounded 71 [ 72 ] | 80 [ ] 89 9.0

8.0

4.6

47

5.0 5.0 S,

5.4

5.5

34.6

347

35.0 35.0 Sin

354

35.5

(Note) S; means a set of trees with DBHs and HTs which are considered as the same DBH and HT when locating a stem volume value

in a stem volume table. In other words, all the trees in a set .9, will have the same stem volume.
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9] LA k(centered difference approximation for numerical

Larix kaempferi

Quercus mongolica

Stem Volume (m’)

Pinus densiflora

Quercus variabilis

differenciation)s AAFSFATHBurden et al., 2016).

vy fla+h)—fl@—h)
flla)= o

f: stem volume with a tree size of I,

(Eq. 7)

f'(x): approximation for the derivative of f at I,

h: a small value, which was 0.01 for this study.
25 24 7

B ageld 49E BE B4 FARN Zzad R
version 4.1.2 (R Core Team, 2021) ¥ R E37&t3H4 RStudio
version 2021.9.2.382 (RStudio Team, 2022)S 53} o]Fo%
Oh E RHS 9fg R SR SR AR e

Pinus koraiensis

30
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Fig. 2. Stem volume from stem taper equation by species and DBHs as HT increases

Pinus densiflora Pinus koraiensis

Larix kaempferi

Quercus mengolica Quercus variabilis .2

Stem Volume (m')

S

Fig. 3. Stem volume from stem taper equation by species and HTs as DBH increases
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Fig. 4. BIAS by species and HTs in stem volume estimation introduced by rounding DBHs and HTs

when using a stem volume table
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Fig. 5. RMSE by species and HTs in stem volume estimation introduced by rounding DBHs and HTs

when using a stem volume table
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Fig. 7. Rate of change in stem volume by species and HTs as DBH increases

Table 3. Forest growing stock and carbon stock estimates in Hongcheon—-Gun by estimation methods

Estimation methods

Estimates
Stem taper equation Stem volume table
per hectare(m’/ha) 274.21 264.09
Growing stock
total(m’) 39,980,033 38,504,427
per hectare(tC/ha) 154.36 148.46
Carbon stock
total(tC) 22,506,040 21,645,714

0|+ HTS vlFitha &
AlFoll vFFeaL & 5= 4 Aotk o] EALZ S
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=
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