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ABSTRACT

Quantitative evaluation for carbon storage of trees planted in an urban area is important for carbon sequestration management.
This study was conducted to develop allometric equations to estimate the carbon storage of three representative urban tree
species [Ginkgo biloba Linn., Zelkova serrata (Thunb.) Makino., and Prunus X yedoense Matsum.] planted in Jinju,
Gyeongsangnam-do, Korea. Carbon concentrations in tree components were significantly different among three tree species,
except for roots and branches. Allometric equations for carbon storage using generalized method of moments with diameter
at breast height (DBH) or DBH? x height (H) as independent variables were significant in all three species with high coefficient
of determination (R’>=0.92—0.99). There was little difference of coefficient of determination and root mean squared errors
(RMSE) between allometric equations using DBH and DBH? x H as independent variables. Generalized allometric equations for
foliage, branches and aboveground carbon storage for three tree species were significantly different (P <0.05) in regression
coefficients (slope). These results suggest that the accuracy of estimates for carbon storage of three tree species planted in an

urban area could be improved by using species-specific carbon concentration and species-specific allometric equations.
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(Rosa multiflora Thunb.), SHF3Z(Humulus japonicus Siebold
& Zucc.), M2 F(Lespedeza spp.) O] AASIAATE

22, BES NE MY ¥ 2auY
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S 5 71 Wil AT S S8k
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olfe £ AtoMs YT HEE SE F F1AF 15
cm O[5}2] 32 2ARE A H A|GofA AFEom,
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Z(Yoon et al, 2013; Dorendorf et al., 2015) §i11Z7
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55 Ao EYYEEEE HISAH(Kalra and Maynard,
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735-P, Korea)¥} ECH|E](Orion 3 star conductivity, Singapore)
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71l 16417t B9t A5 & $(Kalra and Maynard, 1991)
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B TO) BEAL S SEOR AR 47} 47 2
11 AL o] AR (heteroscedasticity)©] WAYE 4= Q)
7] ol 47w EREe] Ao Hgt o
42 YutkslA-8-57H (generalized method of moments)o]|
OJgt AAIAFAI(BI et al., 2004; Wang et al., 2018)2 SAS9]
Proc Model Procedure (SAS Institute Inc., 2003)= AAFRIY
O 5% 70 EE QR 29N wlolons HRuIET B
e BEE Y-S FHO|E Sh= FJEAREAE SASY
Proc GLM Procedure® -394 A% F(P<0.05), Least
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Fig. 1. Location of the study site and samplings of
Ginkgo biloba (a), Prunus x yedoense (b),
root biomass of Zelkova serrata (c), and
branch biomass of Prunus x yedoense (d)
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~1.07 gem® (Yoon et al., 2016)7} 2 Zjol= gigick EF 94
B 9 A P2 ARRE RelERl o7t giglom of= A
TH B7FA HRPlA AR AAJE]e] HHo| Fo] FA] o] |
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3.3. =2 B2E HO|0A A 22X H|

EEZ0] vlo|ouls F FARE FRAROIA Z7|ut e
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B 2Y50] FAH|ZL 064 g om’, B 059 g o’
(Chong and Park 2008), £ = 0.47 gem™ ~ 0.51 g em™
2 B 1E H} QlcKPurusatama et al., 2018). A3} 7R = 23
W7E SEURL QU] Bls) 7 W g2 Eolil
UoH, o= 2PUF tFEY] B FEAY H TR
Fo- Q191 Fol A UE7] diEl® AlRdH:. olE
W FIA0] 7P 2 5% A SBBL LPIT 55
LEUF 92 m, FHUF 9.9 mE(Table 1) =EJLHRe}L F
L= 23Ul Hlsf oF 178 ol =LA Yl
HE5] BoE Pt ol ulAe E7] Y& A9
o E7] FER, 7HA, o, B, AR 2 Hol A
T T SEURTE P A UEiReY, €71 ule
Gy 7h & gt SPUEH(Fig. 2) =E v S
Fof vlg] E2 e Btk gt fBEE o|FE 7K
o 92 LEURI 7P w2 F2 ol gloH, ol=
LEURE 0o dgo] A5t B AHEY 7HA
FHiFo] ¥7] el = 42A SUtH(Chen et al., 2021).
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Table 1. General characteristics of the three sampled tree species

Species No. of sample tree | Tree age (yr) DBH (cm) Height (m) Crown width (m) | Clear bole length (m)
Ginkgo biloba 5 23 (7.1)/11-45*% | 17.6(5.1)/5.4-31.3 | 7.8(0.9)/4.3-9.7 3.5(0.7)/2.0-5.5 2.6(0.6)/1.5-4.9
Prunus x
5 14(3.3)/6-26 15.6(4.6)/4.3-31.1 | 7.7(0.9)/5.7-10.3 | 6.2(1.3)/3.3-9.9 2.0(0.5)/1.4-4.2
yedoense
Zelkova serrata 5 21(2.7)/12-27 | 16.8 (4.1)/6.1-27.9 | 9.5(0.8)/7.6-11.7 | 6.6(0.8)/4.5-9.2 2.0(0.3)/1.6-3.6

*mean (one standard error of the mean)/range

Table 2. Soil physical and chemical properties of tree sampling sites

Bulk Coarse |Soil particle distribution 0
. . o . EC Organic | Total N | Extractable Exchangeable (cmolc kg™)
Species density | fragment (%) Soil pH . )
3 a . @S em™)| C (%) (%) |P (mg kg™) N 2 2
(gem™) | (gg) Sand Silt Clay K Ca Mg

Ginkgo 1.03 0.17 39.3 38.3 22.3 7.29 324 1.29 0.28 7.40 0.31 9.60 0.75
biloba |(0.04) ab| (0.03) a [ (0.7) a|(1.7) a|(1.5) b[(0.07) a| (58.0) a| (0.12) b | (0.02) b| (1.4) a | (0.04) a [(1.02) a| (0.15) b

Prunus % 1.06 0.28 31.3 38.7 30.0 5.84 126 1.09 0.29 1.53 0.27 3.67 1.40
yedoensis | (0.05) a | (0.07) a |(4.4) a|(44) a|(1.2) a|(0.2]) b| (8.0) b | (0.19) b | (0.02) b| (1.53) b | (0.03) a |[(0.97) b|(0.19) ab

Zelkova 0.87 0.21 31.3 38.9 30.3 5.85 127 2.46 0.38 3.50 0.23 5.74 1.71
serrata | (0.05) b | (0.03) a | (5.7) a|(4.1) a|(2.1) a[(0.10) b| (13.0) b | (0.39) a | (0.02) a | (1.26) ab | (0.02) a [(0.76) b| (0.24) a

Values in parenthesis represent one standard error of the mean. Different letters at each column indicate a significant difference among three

tree species at P <0.05.
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Table 3. Mean biomass in tree components of sampled tree species

) Stem wood l Stem bark l Branches l Foliage l Roots l Above-ground | Total
Species N
(kg tree™)
52.6 (25.5) 9.0 (4.6) 23.0 (11.3) 2.5 (0.8) 46.8 (25.8) 87.2 (41.9) 133 (67.2)
Ginkgo biloba
/3.2-115.6 /0.41-22.8 /2.1-54.9 /0.9-5.1 /2.3-127.3 /6.5-192.9 /8.8-313
40.9 (23.1) 4.0 (2.5) 54.1 (32.9) 7.5 (3.3) 55.0 (37.2) 106.5 (61.8) 116.5 (98.9)
Prunus x yedoense
/2.8-130.7 /0.24-14.0 /1.0-181.5 /0.3-19.5 /0.7-201.4 /4.3-345.7 /4.9-547
63.5 (26.9) 79 (3.2) 97.7 (52.5) 8.9 (4.2) 74.8 (38.4) 178.0 (86.1) | 252.9 (124.1)
Zelkova serrata
/5.5-140.8 /0.76-16.0 /2.4-278.8 /0.9-22.6 /3.9-213.7 /9.6-457.5 /13.5-671.3

*mean (one standard error of the mean)/range

Ahn (2012)2 LELR7eL FEILETO] Hlo|QuflA ZIL -2
27 41% ~ 4% 2] 26% ~ 30% 7] 21% ~ 26%, A 4% ~ %
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34. #% A B9E BA Sk HW
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YR Y] Hls) fjHoR worort, o g
S LEUS} e Lol vl folHom Her
ChFig. 4). U0 T Bk R4 2H AIS0| 4BAE
of wet k] e 2102 Febd SiekBert and Danjon,
2006; Martin et al., 2015; Kim, 2019). & 5 £7] B&50o
St Sl B QI 20t fASH HEFE B4Rl v
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o =2 5 @A 55 7= Z2E ¥EA Uti(Thomas
and Martin, 2012; Ma et al,, 2018). ©J2jgt 5% 7+ gha 510
Aol Hio| @PA SRR 2| Ido U AEZ 0 ATV 5 F
U= FMHE TRt Blolg Hoy] WigoR HuEw gtk
(Bert and Danjon, 2006; Ma et al, 2018). = B4, £7] B&R
9] 7Y kS “EJLRFE 22.5%, HUE 19.1%(Chong and Park,
2008)°]] B8} 2= 33%(Timell, 1960)E, 2 HALollA
ERt SRR EHR0] =0 Bhh F o 7) Bl ol
Aot 4RI 7157de] ek o W B s LEWTF 23
UL JeiUEo]) vl Uhe- ZES H9jom, o= Rk oz 9
W SRRt oA B Alo] Fof Aol k22 arefet mi(Kim,
2019), E E/Jo] 23t A Holx|(Table 2) 453t “E[LHO]
B St A et A0 AleEct e BER ] 5
9] A= Frajof] Al ol 2l R 52 A2t g
-5}k 2oz} Yh9l(Herrero de Aza et al., 2011; Thomas
and Martin, 2012; Morhart et al., 2016)°& 4=A 3tk
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Fig. 4. Carbon concentration for tree components in three tree species. Vertical bars indicate one
standard error of the mean. Different letters on the bar of each tree component represent a
significant difference at £<0.05 among three tree species

Table 4. Allometric equations by generalized method of moments with DBH (cm) as independent variables
for carbon content in tree components in three tree species

Tree Regression coefficient 5 Slope
i Tree component (y) R RMSE CF
species a b P-value
Stem wood (kg) 0.5928 2.1424 0.9965 0.0466 1.0025
Stem bark (kg) -0.3908 2.2402 0.9773 0.1259 1.0184
Ginkgo biloba BranAches (kg) 0.4998 1.9254 0.9674 0.1302 1.0197
Foliage (kg) 0.8395 0.9834 0.9451 0.0873 1.0088
(@=5) Roots (kg) 0.0192 2.4661 0.9666 0.1690 1.0334
Aboveground (kg) 0.9657 2.0205 0.9931 0.0621 1.0044
Total (kg) 0.9593 2.1491 0.9854 0.0965 1.0108
Stem wood (kg) 0.8926 1.8760 0.9814 0.0977 1.0111
Stem bark (kg) -0.1866 1.8991 0.9713 0.1235 1.0177
Prunus % Branches (kg) 0.0791 2.5739 0.9960 0.0620 1.0044
yedoense Foliage (kg) -0.0983 2.1070 0.9811 0.1107 1.0142
(n=5) Roots (kg) -0.2532 2.8111 0.9886 0.1142 1.0151
Aboveground (kg) 0.9343 2.1563 0.9940 0.0634 1.0046
Total (kg) 0.9032 2.3083 0.9928 0.0744 1.0064
Stem wood (kg) 0.7347 2.1536 0.9983 0.0278 1.0009
Stem bark (kg) -0.0693 2.0317 0.9901 0.0630 1.0046
Branches (kg) -0.2589 3.0154 0.9781 0.1400 1.0228
Zelkova serrata -
Foliage (kg) -0.0562 2.0453 0.9342 0.1684 1.0332
(@=5) Roots (kg) 0.3649 2.4532 0.9744 0.1232 1.0176
Aboveground (kg) 0.6938 2.5057 0.9905 0.0763 1.0067
Total (kg) 0.8592 2.4916 0.9871 0.0884 1.0091
Stem wood (kg) 0.7435 2.0568 0.9719 0.1033 1.0124 0.15
Stem bark (kg) -0.2491 2.0881 0.9406 0.1549 1.0280 0.39
. Branches (kg) 0.1696 2.4502 0.8724 0.2766 1.0921 0.01
Generalized -
Foliage (kg) 0.2768 1.6654 0.7874 0.2554 1.0780 0.01
(n=15) Roots (kg) 0.0068 2.6058 0.9410 0.1926 1.0436 0.45
Aboveground (kg) 0.8937 2.2036 0.9488 0.1511 1.0266 0.04
Total (kg) 0.9208 2.3050 0.9508 0.1548 1.0280 0.31

Allometric equation is logiy =a+ b x logio(DBH). The R’ is the coefficient of determination. P-values represent the significance of the equations.

RMSE: root means squared error. CF: correction factor.
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Table 5. Allometric equations by DBH (cm)? x H (m) of generalized method of moments with DBH (cm) as

independent variables for carbon content in tree components in three tree species

Tree Regression coefficient ) Slope
. Tree component (y) R RMSE CF
species a b P-value
Stem wood (kg) 0.2449 0.8862 0.9811 0.1088 1.0137
Stem bark (kg) -0.7551 0.9269 0.9625 0.1618 1.0306
Ginkgo biloba Bragches (kg) 0.2008 0.7922 0.9423 0.1733 1.0352
Foliage (kg) 0.6876 0.4043 0.9192 0.1060 1.0130
(n=5) Roots (kg) -0.3554 1.0120 0.9365 0.2329 1.0644
Aboveground (kg) 0.6433 0.8340 0.9735 0.1217 1.0172
Total (kg) 0.6226 0.8852 0.9618 0.1560 1.0284
Stem wood (kg) 0.4738 0.8087 0.9798 0.1018 1.0120
Stem bark (kg) -0.6190 0.8215 0.9764 0.1119 1.0145
Prunus x Branches (kg) -0.4858 1.1064 0.9887 0.1035 1.0124
yedoense Foliage (kg) -0.5522 0.9029 0.9681 0.1437 1.0241
(n=5) Roots (kg) -0.8701 1.2084 0.9815 0.1456 1.0247
Aboveground (kg) 0.4561 0.9285 0.9903 0.0807 1.0075
Total (kg) 0.3915 0.9939 0.9889 0.0922 1.0098
Stem wood (kg) 0.1225 0.9458 0.9968 0.0379 1.0017
Stem bark (kg) -0.6439 0.8914 0.9866 0.0734 1.0062
Zelkova Branches (kg) -1.1313 1.3289 0.9833 0.1220 1.0173
serrata Foliage (kg) -0.6742 0.9093 0.9559 0.1378 1.0221
(n=5) Roots (kg) -0.3457 1.0814 0.9802 0.1085 1.0136
Aboveground (kg) -0.0292 1.1037 0.9949 0.0560 1.0036
Total (kg) 0.1393 1.0978 0.9919 0.0701 1.0057
Stem wood (kg) 0.2897 0.8787 0.9773 0.0927 1.0099 0.04
Stem bark (kg) -0.7135 0.8932 0.9483 0.1445 1.0243 0.65
. Branches (kg) -0.3829 1.0505 0.8835 0.2643 1.0837 0.01
Generalized R
Foliage (kg) -0.0890 0.7110 0.7907 0.2534 1.0768 <0.01
(0=15) Roots (kg) -0.5683 1.1133 0.9464 0.1836 1.0396 0.48
Aboveground (kg) 0.4023 0.9431 0.9574 0.1378 1.0221 0.06
Total (kg) 0.4087 0.9859 0.9582 0.1426 1.0237 0.24

Allometric equation is logpy =a + b x log;o(DBH? x H). The R* is the coefficient of determination. P-values represent the significance of the

equations. RMSE: root means squared error. CF: correction factor.
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