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Abstract: The purpose of this study was to develop allometric equations for identifying the amount of wood
and building biomass statistics of L. tulipifera by density, biomass expansion factors and root ratio. For this
purpose, total of 40 trees were sampled, which were used consideration the area and the DBH class. As a
results, the wood density was 0.43 g-cm™, biomass expansion factors were 1.2, root ratio was 0.2 and uncertainty
were 3.9%, 4.6%, 24.1%, respectively. Allometric equations for above ground of L. tulipifera trees were
W=0.060D****, Total and underground allometric equations were W=0.063D*>"%, W=0.010D**"', respectively.
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Table 1. Location and characteristics of L. tulipifera plantations.
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. . . Altitude . Slope Density
Site Latitude Longitude (m) Bearing ©) (treesha ™)
S I 126° 57" 59" 37°14' 43" 72 NE 3 725

awon 1 126° 550" 37°15'28" 92 NE 8 1,000

I 126° 49' 38" 35°27' 49" 404 NW 30 1,900

Jangseong 11 126° 49’ 39" 35°27' 48" 408 SW 36 1,500
I 126°49' 41" 3527 47" 410 SW 43 1,600

I 126° 51’ 53" 34°33' 4" 135 NW 3 1,000

Gangjin I 126° 51’ 53" 34°33' 4" 170 NW 8 600
I 126° 51" 53" 34°33"4" 117 N 5 375
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Table 2. Calculation forms for tree biomass component.

Tree component Calculation Forms

2 HEF A 465

Table 3. Equations for wood density and biomass expansion
factor.

Biomass Contents Calculation Forms
Stem total FW x Total disk DW Stem total density Stem total DW(g) / Stem total V(cm®)
Stem Total - : 3
Total disk FW Stem wood density Stem total DW(g) / Stem wood V(cm’)
Stem total FW x Stem wood DW Stem bark density Stem total DW(g) / Stem Bark V(cm®)
Stem Wood - . .
Total disk FW Biomass expansion factor Tree component DW(g) / Stem DW(g)
Stem Bark Stem total DW - Stem wood DW DW: dry wight, V: volume(cm?®)
Branch FW x Sample branch DW
Branch Samole B TEW
ampee orane $e] e FEap] Aol & & ok 29
Root FW RootxSample DW Root ) o oL oLo ZoL
00 Sample Root F'W A2 A S IPCC THolERkIe LeXA) e kol
FW: fresh weight, DW: dry weight XE3HE FE0] 95%=, 95% AR o8-8 Z1S AL
3L ATHIPCC, 2006). A2 7 B4 A7]9] F
BA(95% 2 CHE FHEe A (Wo= i Ape] dnt
£ o= AYEYor, BHANS UREE YehY oy

SRS AP f1sl =718 % (Wood density),
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H](Root ratio)s 43ttt E71dEe 719 AT
o S bt AR oH, S71AA S A9 =

oo e HBL ol RAUE AHS He

e
Sy

A

S5 A2 Huberd) & ol8-sted T-shalal, A5-v]s
A& ol838te] 2 A A2 A ESiTt vol evf 2~ 2
Age 9 AT 27] AT veR AEsl,
A B2 o g A A S AR SHATH(Table 3).
B A4 AR 247k FelEAls
Helell oM Fogk Fi Foll shtelH, At o) g
g TE, A%, 7F SO BT AR S 84 A}
o] 5ol 9t =& gl yehd & vt =239
Hke 2R AR AT, 48 ket vhs e =

213} ZFCHIPCC 2006).

0,
Uncertainty(%o)= Q_S__x_(_‘_)_j_@_(_j_l__) %100

C.I. : Confidence interval

[ : Average of emission factor
ulgh R 91 vlo] 2 ATl S 155 9

o log& Fst ti3]A2 o2 weskd Ad FH=E
345191 CHTable 4).

2 €] vlo] Quj 2 A A2 S A7) flEl 871
2o 3t 3| AAARAG(R?), ZHAFAF2] FHerror sum
of squares : SSE), ¥ ¢ % 2 XH(mean square error : Sﬁ ),
ETF74 2 2K(standard error of the estimate : S)E AH
3} THTable 5).

Table 4. Allometric equations from regression models with variables.

Equation forms Regression model Variable
W=a+bD? Y=a+bX X=D?
W=aD-+bD" Y=aX,+bX XD
1 2 X2=D2
2 X1=D
W=a+bD+cD" Y=atbX,tcX, XD
W=aD" logW=loga+blogD Y=a+bX X=logD
W=aD’H Y=aX X=D’H
W=a+bD’H Y=a+bX X=D’H
—a(D?H)° — 2 _ X=logD’H
W=a(D"H) logW=loga+blogD’H Y=a+bX Y=logW
X,=logD
W=aD"H* logW=loga+blogD=clogH Y=a+bX,+cX, X,=logH
Y=logW

D: diameter at breast height(DBH), H: height, W: total biomass (dry weight), Y: dependant variable, X, X,, X,: independent variable, a, b, c:

parameters
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Table 5. Accuracy estimation of developed allometric equations.

Calculation forms

Validation statistics

Simple linear regression model

Multiple regression model

Y=a+bX,

Y=a+bX,+bX,,

Coefficient of determination (R?)

Error sum of squares (SSE)

Standard error of the estimate (S,)

Mean square error (Si )

n A2
SSE= Y (Y;-Yi)

i=1

n A2
SSE= % (Y;-Yi)

i=1

2 i=1
S, =

n-p

Y,: dependent variable(the observed values of Y), Y : arithmetic mean of Y, {(1 : estimate of Y, X: independent variable, n: number of

data, p : degree of freedom
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Table 6. Stand descriptions of the plantations.

Site No.of  Ages DBH Height
data (year) (cm) (m)
1 13.5 13.2
Suwon 0 13 359794 6.6-195
Jangseon 15 34 17.1 ......1..9..9..._
gseong 33.34  63-296 79-221
. 31 278 228
Gangjin S 35031 197387 145266

Table 7. Biomass of the plantations. (Unit : kg)
Suwon Jangseong Gangjin
Tree component (n=10) (n=15) (n=15)
St 41.2 86.5 262.2
em (388127 (5.8-259.4) (78.9~516.6)
St d 36.3 76.5 2334
em woo (32~723) (4.5-223.4) (67.2~471.3)
5.0 12.7 28.8
Stem bark 0.6-89)  (12-359)  (11.7-52.0)
Branch 7.6 7.9 34.5
(0.8~15.9) (0.17-23.1)  (5.9~96.1)
Foli 3.5 1.9 5.5
ohage (0.5~6.8)  (0.06~6.5)  (1.3~12.6)
Above eround 52.3 78.1 302.3
& (52~952) (5.2~1502) (86.2~624.9)
Root 16.3 19.9 62.4
00 (03~26.1) (3.0~522) (16.6~159.7)

“minimum and maximum values, n : number of data
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et al.,, 2011) 2|71k UF- 0.46 grem™ (Seo et al., 2011)
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Figure 1. Proportion of each component in the three sites.
GJ: Gangjin, JS: Jangseong, SW: Suwon
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olg3t AFHF A4S

and Korzukhin, 1997). vlo] Quj2 A g2 o 2 ol
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1979), ol&f gk W22 st A+E Fall A= <
A RSt tH(Avery and Burkhart et al., 2002; Husch et al.,
2003).

A3, e, A vpo] euj 2o thek 3| EA At
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Table 8. Statistics and uncertainty of wood density, biomass expansion factor, root ratio for L. tulipifera.

n Mean Min. Max. SD SE 95% C.I. U(%)
WD 40 0.430 0.356 0.633 0.052 0.008 0.413 ~0.446 3.86
BEF 40 1.185 1.019 1.745 0.169 0.027 1.131 ~1.239 4.56
R 21 0.199 0.063 0.484 0.106 0.023 0.151 ~0.247 24.09

WD: wood density(g-cm™), BEF: biomass expansion factor(g/g), R: root ratio = root dry weight/above ground dry weight, C.I.: confidence
interval, n: number of data, SD: standard deviation, SE: standard error, U: uncertainty

Table 9. Models with DBH, height for biomass allometric equations.

D W=a+bD? W=aD+bD? W=a+bD+cD? W=aD’
R? 0.908 0.957 0.911 0.983"
Above ground F 376.467 419.040 189.051 2136.955"
p <0.001 <0.001 <0.001 <0.001
R? 0.821 0.919 0.894 0.863
Root F 87.084 107.457 75.751 119.249"
p <0.001 <0.001 <0.001 <0.001
R? 0.939 0.978" 0.966 0.977
Total biomass F 292.455 417215 252.631 815.383"
p <0.001 <0.001 <0.001 <0.001
D,H W=aD’H W=a+bD’H W=a(D*H)" W=aD"H®
R? 0.958 0.914 0.975 0.983
Above ground F 897.791 406.200 1471.388" 1048.774
p <0.001 <0.001 <0.001 <0.001
R? 0.884" 0.798 0.847 0.863
Root F 153.082" 75.145 105.377 56.610
p <0.001 <0.001 <0.001 <0.001
R? 0.963 0.931 0.962 0.977
Total biomass F 524.326" 257.757 480.528 387.448
p <0.001 <0.001 <0.001 <0.001

D: diameter at breast height, H: height, W: dry weight, R% coefficient of determination, F: F-statistic, p: p-value, a, b, c: parameters, ":

statistically significant
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N 2 ax Foludk 2po] 7t 31923}(;» 0.05). k&t Q13 Zh F-9d wlo] QufAEgS FEUMFR sl ©E3
A drde] el Anal & ¢ AeRE AeE At(Table 10, 11). F2AE o183 oM 271, &
A7 W=aD’H] 2]& Abg3te &40] EEski= A, A= W=aD", 9], 7H4], 9, Bhe], HA| vio] L
W=a+bD+cD? XA Hlo] Quf 2 Ao = A4 ad] p Bl i% W=aD+bD’ 280 ¥ AAAFR)E Yt
kol p>0.05 o] 22 W=aD+bD?2] 2]& AL&-3lE Zlo] (Table 10). FLA7 3} FIE 0|83 B M= 7=
A5}, W=a(D’H)’# W=aDH', 52 %, 7}A], A/dF-= W=aD'H,

2 Aske F9e) BH FUA4L WER S AU FuE WeaDH), 2 IS WoaDH 7b 2 RS U

A2 = W=aD+bD™ W=aD" ©&o] Hge Aoz EPTH(Table 11).
e o™, 3473 FaLE TR g A2 ol A WP AL S o] &3t 7|EATE AT E
= W=aD’H#} W=a(D’H)* 23o] H3}st 2102 vpepsir), Wiant(1977)= W=a+bD?, W—a+bD+cD2 W=aDb 2.3
AHgt] AN S FHAOH W=D ZF2 o]

o mlo r

2) -9 A2 gk 24 vlo] Quj & BB S5 tfgk RS 27}
SR o] Fop ulo] Qulj A A A4S A1) 0.99, 0.97, 0.990.2 X314, 7R = W=a+bD+cD? &

Table 10. Validation tests and parameters for biomass allometric equations, tree components with DBH.

Models Tree Parameters R? SSE s S
component a b c € N
Stem 28,671 0.354 0.924 57,303 1,508 39
Xylem 28212 0318 0918 50,210 1,321 36
Bark -0457 0.036 0.929 548 14 4
WeatbD? Branch 4364 0.047 0.716 7,998 210 15
Foliage 0.656 0.006 0.626 131 3 2
Above ground 32381 0.407 0.908 93,202 2,453 50
Root -14.782 0.106 0.821 6.627 174 13
Total ~74.945 0.586 0.939 59,818 1,574 40
Stem -3.058 0.423 0.964 194,790 5,126 7
Xylem -3.052 0.387 0.961 48,114 1266 36
Bark -0.006 0.035 0.971 553 15 4
WeaDibD? Branch -0.489 0.058 0.843 4,695 124 1
Foliage 0.057 0.005 0.851 132 3 2
Above ground -3.490 0.486 0.957 90,457 2380 49
Root -1.943 0.155 0.919 5410 142 12
Total -8.758 0.795 0.978 41,908 1,103 33
Stem 4158 -3.454 0431 0926 55,497 1460 38
Xylem 8.407 -3.853 0404 0922 47,992 1,263 36
Bark 4251 0.399 0027 0932 527 14 4
WeatbDcD? Branch 3.011 -0.776 0064 0721 4,672 123 1
Foliage 1237 -0.061 0008 0627 132 3 2
Above ground 8.400 4291 0503 0911 90,308 2377 49
Root 47.117 -6.360 0248 0.894 4,061 107 10
Total 117.557 -19.779 1028 0.966 31,827 88 29
Stem 0.042 2.587 0.983 61,223 1,611 40
Xylem 0.030 2,650 0.983 52,850 1,391 37
Bark 0.016 2227 0.963 631 17 4
WeaD? Branch 0.003 2.758 0.796 4,807 126 11
Foliage 0.005 2.092 0.584 140 4 2
Above ground 0.060 2.524 0.983 95,486 2,513 50
Root 0.010 2.591 0.863 6,590 173 13
Total 0.063 2.578 0.977 53,148 1399 37

- - - - - 2
D: diameter at breast height, W: dry weight, R*: coefficient of determination, SEE: error sum of square, S : mean square error, S_: standard
error of the estimate, a, b, ¢ : parameters
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Table 11. Validation tests and parameters for biomass allometric equations, tree components with DBH and hight.
Parameters 5
Models Tree component R? SSE S, S,
a b c
Stem 0.014 0.967 53,905 1,419 38
Xylem 0.012 0.965 43,876 1,155 34
Bark 0.001 0.954 2,787 73 9
We=aDH Bra.nch 0.002 0.842 5,254 138 12
Foliage 0.0003 0.812 167 4 2
Above ground 0.016 0.958 88,679 2,334 48
Root 0.004 0.884 8,121 214 15
Total 0.021 0.963 71,088 1,871 43
Stem 1.450 0.013 0.931 53,557 1,409 38
Xylem -1.366 0.012 0.929 43,921 1,156 34
Bark 2.818 0.001 0.907 1,671 44 7
W=atbD?H Brapch -0.383 0.002 0.720 5,173 136 12
Foliage 1.242 0.0002 0.604 147 4 2
Above ground 2.307 0.015 0914 88,571 2,331 48
Root -3.982 0.004 0.798 7,546 199 14
Total -17.737 0.021 0.931 68,361 1,799 42
Stem 0.020 0.957 0.988 53,580 1,410 38
Xylem 0.014 0.980 0.987 46,605 1,226 35
Bark 0.008 0.825 0.972 671 18 4
W=a(D?H)' Bra.nch 0.002 0.985 0.747 4,731 125 11
Foliage 0.004 0.730 0.522 155 4 2
Above ground 0.030 0.927 0.975 97,553 2,567 51
Root 0.006 0.941 0.847 8,593 226 15
Total 0.034 0.937 0.962 106,326 2,798 53
Stem 0.025 2.117 0.674 0.988 52,205 1,411 38
Xylem 0.018 2.192 0.658 0.988 45,223 1,222 35
Bark 0.009 1.717 0.732 0.971 583 16 4
W=aD'EF Branch 0.020 4.452 -2.430 0.846 6,501 176 13
a Foliage 0.072 4.401 -3.313 0.702 207 6 2
Above ground 0.055 2.450 0.105 0.983 93,878 2,537 50
Root 0.012 2.688 -0.139 0.863 5,299 143 12
Total 0.066 2.626 -0.067 0.977 52,174 1,410 38

D: diameter at breast height, H: height, W: dry weight, R coefficient of determination, SEE: error sum of square, Si : mean square error,

S,: standard error of the estimate, a, b, c: parameters

3 sto] R=0.732 X 323}% T} Brenneman et
al.(1978)2 12¥-9] tsle] W=aD" 280l th3] R*=0.982
RIS 3, Alexander(1977)= W=a(D’H)" 239l logEs
3 52 S o]-&sto] AT no] om & &7], B
T3, 7HA1 9] A AHgsiaien zhzkel R
0.99, 0.99, 0.99, 0.98, 0.930.2 X 73} c) B A 3}
R*Z 0.90 o2& A A5 7o, RPo] W
olfr= A Aol = aLEFHA| Bg] nvlo] Q.
UH’\ i}ol At

27 AAolA S o] g0l
At S4o] ofHaL

Al Zbat Bl ] 71

= °ol&

ek

0o olg

o= -

oA el %
sh=tl

(11

o]_,_

B3k o] duraoltt. mehy S Sl B A7

3} H)g, 2le] el vlmslwm AAreol A §<)

& 5 92 Ame] oapye) OB FRAATE WeE

AR 210l Apgel FFsole. $ABEE A8 A 3
HH

ot W—an 2] O] 7 VL =0 O}X] s W—aD+bD2 2ol A &
257 12 om o]} Hho] @27t (R LheE Aol
WSl e 2 W=aD" 282 A Hsl= Ao] 7H vlEHE &
th. W=aD+bD?e} W=aD" 2]¢] A& o] 97.8%%} 97.7%
2 9] fARE AREE TRIHAL & 5 lenw A
AN 02 W=aD' 22 o] g1l W=aD+bD® 4} 5
o3t 2ol 7} gtk AR WY % UrkTable 12).



470 R 211058 A4 (2016)

Table 12. Allometric equations by tree components by W=aD" and the highest R”.

W=aD" Best Equation
Tree component -
Equation R? Equation R?

Stem W=0.042D** 0.983 W=0.025D*'""H*6™ 0.988
Xylem W=0.030D*% 0.983 W=0.018D*'?H"¢ 0.988
Bark W=0.016D** 0.963 W=0.008(D*H)"** 0.972
Branch W=0.003D*"* 0.796 W=0.020D*432H>43 0.846
Foliage W=0.005D*"* 0.584 W=0.057D+0.005D? 0.851
Above ground W=0.060D*** 0.983 W=0.055D***H*!% 0.983
Root W=0.010D**" 0.863 W=-1.943D+0.155D? 0.919
Total Biomass W=0.063D*""® 0.977 W= -8.758D+0.795D? 0.978

D: diameter at breast height, W: dry weight, R?: coefficient of determination, a, b: parameters

o] B AL 3.9%, 4.6%, 24.1% ©|UT}. W
A2 W=aD" B3 o] HFstH o, HA| vlo] Qul
225 W=0.063D>8 |44 wlo] @ 2= W=0.060D>*,
A BHE W=0.010D>*" o] 2333t

712 7H AR (S111314L100110)
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