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Abstract: This study was conducted to examine the uncertainty analysis of the stem density and biomass
expansion factor for Pinus rigida in Korea. A total of 57 representative sample trees were harvested. The age
class in Pinus rigida forests was divided into two, which were stands with less than 20 years and more than
21 years. The influence of stand ages on biomass expansion factor showed that it was statistically significant
(p=0.0001), but it was not significant on stem density (p=0.8070). The results of this study based on the
uncertainty evaluation method which were suggested by IPCC guide line indicated that stem density of the stand
with less than 20 years were 30.92%, while were 25.12% the stands with more than 21years. The uncertainty
in biomass expansion factor of less than 20 years and more than 21 years were 60.32% and 22.42%,
respectively. The uncertainty of less than 20 years was higher compared to those stands with more than 21
years. In the case of old stand, it showed the lowest uncertainty results but younger stands showed the highest
uncertainty results. This study could be applied to our country's emission factor by using stem density and
biomass expansion factors which were less than 20 years and more than 21 years for Pinus rigida in Korea.
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Figure 1. Location of the study site.
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Table 1. The summary of observed statistics for the Pinus rigida stands.

Age No. of trees Age Diameter Height Density BA

(years) (Total Discs) (years) (m) (tree/ha) (m%/ha)

<20 18 13.4 4.1 3,500 5

- (66) 8.0-20.2 13-11.8 1.7-8.8 2600-5,200 2.0-6.0

91 39 35.7 14.8 625 23.6
(315) 21.0-44.0 9.7-39.5 7.1-19.0 1,162—2,300 13.9-34.7
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Figure 2. Relationships between tree age and stem density in
Pinus rigida (Vertical bars represent + S.D. of the means).
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Figure 3. Relationships between tree age and biomass
expansion factor in Pinus rigida (Vertical bars represent +
S.D. of the means).
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Table 2. The summary of statistics for stem density (g/cm’)
and uncertainty in Pinus rigida.

Age . C.V.  Uncertainty
(years) Mean Std.Dev. Min. Max. %) %)
<20 046  0.07 029 059 15.87 30.92
>21 0.46 0.06 0.36 0.59 12.72 25.12

Table 3. The summary of statistics for biomass expansion
factor and uncertainty in Pinus rigida.

Age . C.V.  Uncertainty
(years) Mean Std.Dev. Min. Max. (%) %)
<20 201 080 1.01 344 39.74 60.32
>21 1.17 015 1.00 153 1272 2243

2. E7|d=e} Ho|20HA SHEAIS0| Chst S5t It
27|tk e 7145 tig B8-S Bt
Az}, 2034 o]3}oll A 30.92%, 2134 o) Aol A 25.12%
o2 Yetton, MolAF(C.V.)= 2094 o] &el A
15.87%, 21348 o)4ell A 12.72%= YeERt, 2194 o]
Aol 20348 o) skETE 22 W o] 7t LFERGTH Table 2).
Z7|4 5] JFE B3-S BE 30% o[ E YER
3, IPCC7F BAEHE 30% W9 et &3l A0 EH o)
= FAO7Z} A8k %] 10~40% ] <k 9lom A4~
X*—%l Bt Ao g ALEET oA A v
o] A BA7| 2o B34S 72%E e 8
FoXE 42%S Ve oH, 2 Ao} 2}o]2 el
T8 A0 tHAe] Fds JES UPFe R FEo| I
7t Bol 9x17t Ze Ao 7 ALEH UH(Takeshi ef al.,
2007).
uto] Quj 2 GGA ol gk BSAA S Bk A
2034 o]3loll A 60.32%, 21134 o] Aol Al 22.43%0 2
Ueb o, 20848 o]slrt o] E T} 2v) T we ¥
o] & UEtdlth. 204 o]atellA dE ®Wolzt =LA o
]:)rw)r 0_]o 0 g].ﬁx%o] oo]J,]_ A1—1;H240 _LE_O] _,_7]_
s 7] ] 2¢1 Ao ALEETHTable 3). BE=ox] A
® v, THERIURE, AR 7 B A o
QF 10% WelZ Yelst o™ (Lehtonen et al., 2003), &
2 2o A9 2084 ool = 6.3%F UHERH AL
216948 ool 2.2%E b}E}kEE}(%%‘&%S’J@%,
2008). AT=9} o] A4 2 AFET B4
e FAR YER L, %%‘ﬂé HSLE 20034 ©] 3l 21
WA o dHETE B8] 2 Ao YT o=
A FA 71 el o) gt g)7Ivkav Ty el A Wolrt

- Aste] A7)E Aow AT, BIAALS Fo)
7] QX E F7He Ee A9d 14 AS NS 4
8ok &9 (Takeshi ef al., 2007), Y7ol W A5 &

o Bag Aoz e

A|1004 A25 (2011)

N
M

B AT 27ItkAauF 20848 olste] 3 AR
I 21dA o) Asdws EH*JQE -34S AAIS
T =714 E9} vlo| Qui X SPgAlre] BEAEAS BTt
ST 271 EE 2034 16}01]*1 046022 VFeEbEL,
21348 o) dellA] 045602 JFE xpol7} LA ke
HHH (p=0.8070), HFo] Lmj 2 2 %ﬁ—’ﬁb 206948 o] 3ol A
201302 eI, 2194 ol AE 1.1719 A=
eht 958 ZolE YERATH(p=0.0001). 71H=9] &
a8 20 A o] sl A 30.92%, 2113 A o] Aol A
25.12%= YERE o, vlo] Quj 2 Al B
L 20348 o]kl A 60.32%, 21134 o)Akl A 22.42%%
Uehsth 7145 B3 JFE 2 2olE e
WA etow, uto] omj 2 A o] B8 I
W 2 Aol & YEHTE &, A5 o]
Aoz A Yeiston, v -5
ok wEbA, 2lritkaevr g e 2714 S
AT B34S Fol7] 3l =M e A
fr Al S e sliof s, 208448 o) ste]
QA oo JFS FEstelof & Ao AL H T

=
Al A

HAlel =2

B = edrAge] A s
(20110014677)A1A 2] L.

S8 9419

=
—_

e

QIE=3

1. = HARZE. 2004, IPCC $FABAR -EXolE, E
Alol-gHst 5 A pp. 423.
2. YA sk, 2007, $-2vkel A

H7}. pp. 105.

3. =k Aet. 2008, AHEATE 24V FE - wlE
Alg g WUt pp. 94

4.2k, 2010 wEOGAM tE A-HGRAR 7 75

AT pp. 463.

2HEA. 2010, AASAIAE. http://www.forest.go.kr/

6. FAO. 2004. Global Forest Resources Assessment Update
2005-Specification of National Reporting Table for FRA
2005. FRAP Working Paper No. 81.

7.1PCC. 2003. Good Practice Guidance for Land Use,
Land-use Change and Forestry Institute for Global Envi-

F/] H]—O]OUH/\ ;(]_

b4

ronmental Strategies. Kanagawa, Japan. pp. 576.

8. IPCC. 2006. 2006 IPCC guidelines for national green-
house gas inventories. Volume 1. General Guidance and
Reporting. IPCC National Greenhouse Gas Inventory Pro-
gramme. Institute for Global Environmental Strategies.
Chapter 3.6-3.7.



9.

10.

11.

12.

13.

27| R b ] 2710} ho] Qs Sl ol e Bt %

Lehtonen, A., Makipaa, R., Heikkinen, J., Sievanen, R.
and Liski, J. 2003. Biomass expansion factors(BEFs) for
Scots pine, Norway spruce and birch according to stand
age for boreal forests. Forest Ecology and Management
188: 211-224.

Macfarlane, D.W., Green, E.J. and Valentine, H.V. 2000.
Incorporating uncertainty into the parameters of a forest
process model. Ecological Modelling 134: 27-40.

Monte, L., Lars, H., Ulla, B., John, B. and Rudie, H. 1996.
Uncertainty analysis and validation of environmental mod-
els : The empirically based uncertainty analysis. Ecologi-
cal Modelling 91: 139-152.

Peltoniemi, M., Palosuo, T., Monni, S. and Makipaa, R.
2006. Factors affecting the uncertainty of sinks and stocks
of carbon in Finnish forests soils and vegetation. Forest
Ecology and Management. 75-85.

Refsgaard, J.C., van der Sluijs, J.P., Hojberg A.L and
Vanrolleghem, P.A. 2007. Uncertainty in the environmen-

14.

16.

17.

o

7} 153

tal modelling process-A framework and guidance. Envi-
ronmental Modelling & Software 22: 1543-1556.

SAS Institute, Inc., 2004. SAS/STAT 9.1 User's Guide.
SAS Institute, Inc. Cary. NC.

. Takeshi, F., Yamashita, K. and Kuroda, K. 2007. Basic

densities as a parameter for estimating the amount of car-
bon removal by forests and their variation. Bulletin of
FFPRI 6(4): 215-226.

Rypday, K. and Winiwarter, W. 2001. Assessing the uncer-
tainty associated with national greenhouse gas emission
inventories : A case study for Austria. Atmospheric Envi-
ronment 35: 5425-5440.

Woolley, T.J., Harmon, M.E. and O'Connell K.B. 2007.
Estimating annual bole biomass production using uncer-
tainty analysis. Forest Ecology and Management. pp. 202-
210.

o11d 149 59 A4 20119 19 179 A1)



