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Abstract: This study was conducted to develop an allometric equation for Forsythia koreana and

Syringa oblata var. dilatata, commonly planted in settlements, and to identify suitable variables for this

model. F. koreana and S. oblata var. dilatata are widely planted across Korea and are used in landscaping

and rooftop greening. The allometric equation is primarily based on growth characteristics such as
tree diameter, height, and canopy area to estimate carbon storage. For F. koreana and S. oblata var.
dilatata variables like diameter, height, and canopy width were measured. The plants were divided
into sections (leaves, branches, stems, and roots) for biomass measurement. Using these measurements

and carbon content ratios, carbon storage was calculated, and the importance and correlations of each

variable were evaluated, with Root collar diameter identified as the primary variable. Height and

canopy width also showed significant correlations in some indicators. The developed allometric
equation achieved the highest explanatory DW=ax" of the power form based allometric model. These
findings can serve as foundational data for quantifying carbon storage in settlements and supporting

national carbon neutrality policies.

Keywords: Shrub, Allometric Equation, Carbon Storage, Settlement

LAE

Atelo sptels B2A0)4 E37] A1
1 B9 Bt el A4, el £
T, %4]0] 419 theul Aodo] Sekow Alge
(ark 2023). 52 }el = A2 o] 4] 184 o]
78] S A58t AR E 88 4 90P (Shin & Li
2014), A4 0.2 o} BThE EA S 7M1 Qo] 24
4 5ol Hol 851 9lth(jung 2019). E3F thA
A, AAo] £, F4]o] 41¢] thatl= Aol A4

T3 Itk (Lee et al. 2011).

PGS 2R Y S 55 o] A4
o] (Al etal. 2015), 5-%9] 27, 0|9 22 WY &
HARE o §8 B AFY AL et

= 1 O [OIPN
AEEEBS S
o
T

!
il

Sl AL 2
Sad R B85/ Azl 716tsto]
5 b bt 5, A} 85
J6ol AL A Aol 8 TLEle W Tlekal.
Ui 2 PP O R AEFS 2 T
7,53, 2 Ao] 7 ol AT, ol
o) 4 Apefel Bha A g ARl 4 HH e 9L
171, 5 70] 248 27] Rk AR T BaA
o] Z7}s}7] wj&o]th(Nowak & Crance 2002). =T
42 115.9] 7hx]9k Qo] A5t B7+S frstl,
2o 4 5L WAL 2 ARl %

d
)
o,

>.
2
>‘

=

N,

[e]
=

|
1o 4
ox iy K

(]

3l

o= T o

Ne
2
ol

of

p

=] o _‘Em ]

L rE ol

ol
™

55
rlo
o2
1o
9,
[
y
[
N
]

p

Y

rlo

v

_1

1o 1%

ox

U
>

o
HE of 1%

A
ox,
%0 ol By B o ook )

wlh > omx

o ek, W7t et 3ol
ol A2 T Al F8
2 aoE g}
stol AR 2 24
THWang et al. 2021b).

L8
'
i)
)
N,

P
f

o
)
)
o

Hmﬁ.

AT
gul

o
i)
]
o
Fu
i

oL
rE
L
)
o
1o

rir

ARRRA S LS f= A A, 0L, s HHA 9
o= R He, o WA 59 e 1T 5
At ol2gt eSS FEY AFEL L HAAL
52 IT S YE 242 ZEH, o] 5 55 o
ekt A G Al S LT 4= T (Navarro et al.
2013)

WEZ ARG A A BEEL A E719 H]
£-0] o} =119} F 1A 7 (Diameter of breast height;
DBE)S Aeste] AH§3}a Sl chil, TE-2
7F 22 797} %ol DBH o4l 947 (Root collar
diameter; R)ZF ARE-5F3L QI THWang et al. 2021a).

IPCC(2006)°] A= A Aol A] BFAA A AP S
1 AP A A R E O Tier 2a: 2T
I3} Tier 2b: SHURA RS A B Sl 2
Aol A= T AZNA A S A Esto] et
opelol A AR Bk BT T
ek v M8 TS A B A AL A

il



424 SHFEFEIL M33H He=

B8 7 Qe 7Io| ERRIE A A SR} .

1 A4 1T Aefe] ol ket
Y SFY A EA = AT AT TS 35t
ok ABAE Woks 5 4% ool S g2
AR ANAE HED o] 2 F6HAe APAF
(Weber et al. 2017)S 115} 39A] 0|uto] Al &4+

3 et B (3-15948) 9] A EAE FHst] A
72 23514}t ZA A 2= fEl(F. Koreana), 5
FRUE(S. oblata) 5 2501, 42 51704, 52704 &
071AS Sstel st

S AEA NS Yol &7
(Root collar diameter; R), =11, S TE, A 2] B X
Hedo] oot ZHAA L 27 ERA7HA|
SAston, ZHAFZ Al 52

o
<k
&
N
N
o
(E
4l>

732 w0l e AR Rel9t E7]7 27
URE 2} ST BV B AER B
RE 2R E S U
23 B2 24000 BAAT YAHS
271 (Perfection. V700, Epson, Japan)2} A E
(Winseedle, Regent Instruments Inc, Canada) & &
ol /i doF= o g o 10715 AF5to] 3
oIt o= AR 2 RE B 24 E S
3R A= Btttk

FE A A Aol A EAE 47
+24], 744, £71, fe)) = F-Eote] ASd= St
At Zt Al g ol B S ofojd 5o A|Ask, 1L
& AZ7191A 85°CE g2 W7t Az A
|2e FHER FAE g HE S5 2
| %= A YAH2mm) 7] o]5tz waf skt
(KFRI 2007).

R AR SAT S 98] Rana)
(Vario Macro Cube, Elementar, Germany)E- -5 1,000°C
ol 107 ABARI T 7|A1E 7k A =2vtE

¢
J

&
B
AL

2 fr 4 K T oy ow
2 & orlomd rl e rf

oo o
ol
ol

BT
ol ol

A
A

B5 A g e 153} o) ojoje 4
ol 290] ATAEE FHLE AFTHSAH T
St 7|20l 4 12 ATE B0 493
Ak, B2 77 Bo] F8Y % Y& ALY =4
BES Ao A A o) e St
(Wang et al. 2021a; Kim et al. 2022; Kim et al. 2024). £-3],

o

B A8 FarEE S AA TEAB S
A 7N Al 71 Akt 5 2 A A 5FA . Wang et al.
20212} 55 W T52 g d4FA 51 &
& 7t - AT I A S LS
o, 7|E Z ol AAIE A4 3} H o
Miranda et al.(2022)2 G 112]£0 & W4 A= A5
TS A O, Ye et al.(2021)2} Huy et al.(2022)+=
NS Tgatol Ao HeHes ol

M4 5 7] 7+ (Food and Agriculture Organization
of the United Nations; FAO)= W-2-9] A& AT A7
A AP 9Jgt 7ol EEkelE Al XIS o, HE ¥
T e A5 B7HE 1 R 22 R: RMSE, AIC
(BIC) 52 AMAISHATHFAO 2012).

AL U] Hol, 2 FH, A41A] 8.9
of e era 4= 910 0 Slketal. 2013), 4, 2,
A2 A e, SHSA, A ED, 98 WSk EYE,
WEh AETYA S 22 8210 oA HakH
o= A o] AJA| = A tH(Muller-Landau, 2004; Mani &
Parthasarathy 2007; Woodcock 2000; Keduolhouvonuo
& Kumar 2017). t F-22] W& 532 DBHS YW
SR ST ARG SR A S et

HTh $18 SYUSE 276, AR 5014 4
€

oz
o



Table 1. Results of Growth Charitertics for Variables Selections

Species R (mm) HP (cm) CW¢ (cm) RLY (cm) LA® (cm?)
F koreand® 10.69+5.32 95.3+52.5 98.2+50.3 25.3+7.4 6.9+1.5
’ 3.50-25.88 19.5-254.0 11.0-226.5 14.0-51.5 3.4-10.0
S. oblata 17.27+7.46 142.0£51.2 50.2+25.8 16.7£6.0 23.749.3
var. dilatata 5.30-29.27 32.0-234.5 14.0-114.0 8.5-46.0 4.9-50.3
a b ¢ d e MiSD
Note: *Root collar diameter, *Height, ¢ Crown width, “Root length, “Leaf area, m
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Table 2. Comparison of Importance Scores for Variable Selection

o = Variable
ecies e
g b R* H* Cwe¢ RL! RWF LA'
MRMR 0.00 0.00 0.00 2.22e-16 1.11e-16 -
F-Test 4.88 7.34 6.07 3.54 8.48 -
RReliefF 0.004 0.01 0.02 0.01 0.01 -
F. koreana -
Commonality 0.83 0.81 0.71 0.51 0.80 -
Fator Component 091 0.90 0.90 0.84 082 -
Analysis
KMO:0.82 Barlett x*:189.62, df: 15, p <0.001 No. of Ingredient : 1
MRMR 0.21 0.03 0.12 0.00 0.00 -
F-Test 8.80 12.39 8.00 3.36 0.97 -
S, oblata RReliefF 0.01 0.009 0.02 0.00 0.00 -
var. dilatata Commonality 0.80 0.77 0.64 - - 0.60
Fator Component 0.89 0.88 0.80 0.77 0.63 0.61
Analysis
KMO: 0.85 Barlett x*:140.68, df': 15, p < 0.001 No. of Ingredient : 1

Note: * Diameter of root, ®Height, © Crown width, ‘Root length, °Root width, ‘Leaf area
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(Table 3), =L 3t =22l 3-11W A L7l A] 7Lt
Bt 89.06+98.51g, 2 TH = 166.334+144.03gC.

2 4=t E3], MU 4 2A A5 vl&o]
B2(39.44%)001 A 718 A YeRoH, pEtte]
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e S e e My
Table 3. Biomass by Parts
Species (y) Biomass (g)
CC1CS
& Y Total Leaf - Twig Brunche Stem Root
F. koreana 89.06£98.51 201942105 16.67431.10 183242333 35.12432.32
(3-11) 2.93-520.26 22.67%" 18.72% 20.57% 39.44%
vi %ﬁfgt’:m 166.334144.03 22.91425.12 40.14+53.29 61.02+49.54 422543257
A 5.46-566.79 13.78% 24.14% 36.69% 25.40%

* Percentage by part



Table 4. Carbon Fraction and Storage of Dry Matter by Species

Species (y) Type* Mean Leaf Twig Brunche Stem Root
F Koreana CF(%) 44.42+1.80 46.20+0.71 45.97+1.29 45.79+1 21 42.66+1.16
(3-11) CS(gC) 18.25+20.29 4.14+4.32 3.39+6.50 3.86+4.91 6.86+6.31
S. oblata CF(%) 44.97+0.80 43.29+1.07 45.56+0.53 45.28+0.67 43.79+1.40
var. dilatata
G-11) CS(g0) 32.87+28.87 4.39+4.91 7.97+10.61 12.38+10.21 8.13+6.28

* CF : Carbon fraction (%), CS : Carbon storage (gC)

5 E ST A 2 IH(Table 4), 7HH] 9] T4
SHFH] = 44.42%2, IPCC(2006) 7] 5(50%) E o= %

11, A8 =L(Kim et al. 2022; Kim et al. 2023; Kim et al.
2024) A3} H 9] (42-48%) Qo= 2 E = Ao 7 S
A= e} 3HA )= dollA 7 =& eATeF
< Uehllon, aeZud s 7oA 7P 2 '
2 FFE UET

o A gg AP A uE =49 3-11d
Ay 7]& Hat 18.25+20.29gCE Aot A 0= YEL
ok e ETEE 1 31194 71 Bt 3287+
28.87gCE Aok A 0= QI E et oA 7yt

Qo] a7} g ko AL el
ol 71 7 AP EIieh whetA] e] mo @ 24
= GO I, HAAYFE Gt el
A ol Ag4o] Srels|gitk SoTrkelt gl

Tk Q) S, e 2 24 S T et
obE AL B om, HaAYFL 2717} 74

MAE gaxdde TY9473 H4E -8 A
AA;2] wdle] A3 Table 5, Figure 1), 7] U 4=

Table 5. Allometric Equations by Species

®R rirr)lg:l,erim) P(a;*)ts Allometric equation a B° R2° RMSE! P
Leaf-Twig (35) DW=ax" 0.13 1.80 0.98 2.10 ok
Branch (38) DW=ax’ 0.002 342 0.99 2.58 ok
Stem (39) DW=ax" 0.03 235 0.98 2.40 ok
Root (37) DW=ax’ 034 1.60 097 3.30 ok
% ’;02‘35“’9“;’ A-B(36) DW=ax’ 0.10 233 0.99 6.08 work
[.(46) | DW=aexp(bx) 9.16 0.14 0.86 26.06 ok
o LG9 DW=ax+b 11.10 63.16 0.98 9.13 ok
I.(43) | DW=dlog(x)th 56.66 -87.94 0.88 24.10 ok
V. (34) DW=ax’ 0.34 2.04 0.98 8.79 ok
Leaf-Twig (49) DW=a exp(bx) 0.61 0.13 0.64 6.70 ok
Branch (34) DW=ax’ - 4.63 0.97 435 ok
Stem (32) DW=ax’ 0.16 1.73 0.97 416 ok
S oblata Root (35) DW=a exp(bx) 240 0.09 0.96 3.07 ok
var. dilatata A-B (34) DW=a exp(bx) 3.69 0.13 0.97 8.95 ok
(53-29.3) V.(@44) | DW=aexp(bx) 4.69 0.13 0.89 22.20 ok
ol | VL9 DW=ax+b 5.64 2941 0.56 43.76 ok
VI.(49) | DW=dlog(x)th 81.85 -151.20 0.60 41.73 wok
VI (36) DW=ax’ 0.02 2.64 0.97 11.17 ok

Note: “®Parameters, ¢ Coefficient of determination, ¢ Root mean squared error, ¢* <0.05, ** <0.01, ***<0.001, " Above-ground,
&1, 1,1V (R:3.523.8mm), Il (R:3.5-18.3mm), V, VI, VI, VIl (R : 5.3-29.3mm)
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Carbon Storage(gC)

R(mm)

F. Koreana

300
— : DW=0.020°*
R2 : 0.97
RMSE : 11.17 °
P<0.001

200

Carbon Storage(gC)

R(mm)

S. oblata var. dilatata

Fig. 1. Results of Allometric Equation of Shurbs in Settlemnt
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