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Assessment of Carbon Stock and Uptake by Estimation of
Stem Taper Equation for Pinus densiflora in Korea

Kang, Jin-Taek*, Son, Yeong-Mo, Jeon, Ju-Hyeon and Lee, Sun-Jeoung

Division of Forest Industry Research, National Institute of Forest Science, Seoul 02455, Korea

ABSTRACT

This study was conducted to estimate carbon stocks of Pinus densiflora with drawing volume of trees in each tree
height and DBH applying the suitable stem taper equation and tree specific carbon emission factors, using collected
growth data from all over the country. Information on distribution area, tree age, tree number per hectare, tree volume
and volume stocks were obtained from the 5" National Forest Inventory (2006~2010) and Statistical yearbook of
forest (2016), and method provided in IPCC GPG was applied to estimate carbon stock and uptake. Performance

in predicting stem diameter at a specific point along a stem in Pinus densiflora by applying Kozak’s model, d =

b, 2%+ byln (Z+0.001) + by VZ +be?+ r»,(DBH> . . . . . . .
a,DBH"a?? X ' ‘ 7, which is well known equation in stem taper estimation, was evaluated with

validations statistics, Fitness Index, Bias and Standard Error of Bias. Consequently, Kozak’s model turned out to be
suitable in all validations statistics. Stem volume table of P. densiflora was derived by applying Kozak’s model and
carbon stock tables in each tree height and DBH were developed with country-specific carbon emission factors (WD
= 0.445 t/m°, BEF = 1.445, R = 0.255) of P. densiflora. As the results of analysis in carbon uptake for each province,
the values were high with Gangwon-do 9.4 tCOy/ha/yr, Gyeongsandnam-do and Gyeonggi-do 8.7 tCOy/ha/yr,
Chungcheongnam-do 7.9 tCOy/ha/yr and Gyeongsangbuk-do 7.8 tCO,/ha/yr in order, and Jeju-do was the lowest with
6.8 tC/ha/yr. Total carbon stocks of P. densiflora were 127,677 thousands tC which is 25.5% compared with total
percentage of forest and carbon stock per hectare (ha) was 84.5 tC/ha and 7.8 tCO./ha/yr, respectively.
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Table 1. Data summary of stem analysis of Pinus densiflora used in this study

Age (yr) DBH (cm) Height (m)
Species
Min. Max. Mean Min. Max. Mean Min. Max. Mean
Pinus densiflora 8.0 107.0 40.2 24 50.4 21.7 1.7 26.2 13.8
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Fig. 1. Growing space distribution of Pinus densilfora
stand in Korea.

Table 2. Applied stem taper equation for fitting of Pinus
densiflora in this study

Model Taper equation
d=
alDBHﬂ_ZaSDBHXbIZQerZIn(Z+UA001)+b;\/Zi+b,1ez+l%(%{)
Kozak  Where Z = relative height ( = %)

L[
H HI

X = ﬁ = I HI; inflection point)

a;, b; = parameters
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1988; Max and Burkhart, 1976).
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Table 3. Fit statistics for evaluating taper equation

Statistics Equation

)2
Fitness index (FI) FI=1— ZM

(Yi— 1)?
_ Y,-Y
Bias = !
D=, -
2
Standard error of estimate as %
percent of the mean (SEE%) SEE% = =
Y100
Mean absolute difference |_| Z | ( Y, — )7) |
(MAD) -
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C : Carbon storage (tC)

V : Volume (m’)

D : Basic wood density (t + dm/m’)
BEF : Biomass expansion factor

R : Root to shoot ration

CF : Carbon fraction
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Table 4. Carbon emission factors of Pinus densiflora
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Table 5. Parameter estimates for three taper equations
of Pinus densiflora

Species Model Kozak
ag 1.6642
a 0.7331
a: 1.0055
by —0.2962
Parameter

b; —0.0063
Pinus bs —0.7539
densiflora by 0.6297
bs 0.0769

FI 0.9739

SEE 1.5406

Bias —0.0129

MAD 1.1282

Basic wood density (D)

Biomass expansion factor Root-shoot ratio

Species (Unit: t - dnv/m’) (BEF) R)

Gwangwon regional Pinus densiflora” 0.420 1.480 0.260
Jungbu regional Pinus densiflora”™ 0.470 1.410 0.250
Pinus densiflora”™ 0.445 1.445 0.255

* Gwangwon regional Pinus densiflora: 739 %
eta gk

- Jungbu regional Pinus densiflora: 7rAe A
A Rk

™ Pinus densiflora: ZFQA A&

£
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Table 6. Estimation stem volume table using the suitable Kozak’s taper equation of Pinus densiflora (Unit: m’)

H(m) DBH(em)" ¢ 8 0 12 14 16 18 20 2 24 2 28 30
5 0.0106 0.0163 0.0230 0.0305 0.0390 0.0483 0.0587 0.0700 0.0825 0.0960 0.1108 0.1268 0.1442
6 0.0128 00197 0.0277 0.0368 0.0470 0.0583 0.0707 0.0844 0.0992 0.1153 0.1329 0.1518 0.1723
7 0.0149 00231 0.0325 0.0432 00551 0.0683 0.0828 0.0987 0.1160 0.1348 0.1551 0.1770 0.2007
8 0.0171 0.0264 00373 0.0495 0.0632 0.0783 0.0950 0.1132 0.1329 0.1544 0.1775 02025 0.2293
9 0.0193 0.0298 0.0420 0.0558 0.0713 0.0884 0.1071 0.1276 0.1499 0.1740 02000 02280 0.2581
10 0.0215 0.0332 0.0468 0.0622 0.0794 0.0984 0.1193 0.1421 0.1669 0.1937 02226 02537 02871
1 0.0237 0.0366 0.0516 0.0685 0.0875 0.1085 0.1315 0.1566 0.1839 02134 02452 02794 03161
12 0.0258 0.0400 0.0563 0.0749 0.0956 0.1185 0.1437 0.1711 02009 0.2331 02679 03052 03452
13 0.0280 0.0433 0.0611 0.0812 0.1037 0.1286 0.1559 0.1857 02180 02529 02906 03310 03744
14 0.0302 0.0467 0.0659 0.0876 0.1118 0.1387 0.1681 02002 02351 02727 03133 03569 0.4037
15 0.0324 00501 0.0706 0.0939 0.1200 0.1487 0.1803 02148 02522 02926 0.3361 0.3828 0.4329
16 0.0345 00534 00754 0.1003 0.1281 0.1588 0.1926 02293 0.2693 03124 03589 0.4088 0.4623
17 0.0367 0.0568 0.0802 0.1066 0.1362 0.1689 02048 02439 02864 03323 03817 04348 04916
18 0.0389 0.0602 0.0849 0.1130 0.1443 0.1790 02170 02585 03035 03521 04045 04607 0.5210
19 0.0411 00636 0.0897 0.1193 0.1524 0.1891 02292 02731 03206 03720 04273 0.4868 0.5504
20 0.0432 0.0669 0.0944 0.1257 0.1606 0.1991 02415 02876 03377 03919 04502 0.5128 0.5798
21 0.0454 00703 00992 0.1320 0.1687 0.2092 02537 03022 03549 04118 04730 0.5388 0.6093
2 0.0476 0.0737 0.1040 0.1384 0.1768 02193 02660 03168 03720 04317 04959 0.5649 0.6387
23 0.0498 0.0771 0.1087 0.1447 0.1849 02294 02782 03314 03892 04516 0.5188 0.5909 0.6682
2 0.0519 0.0804 0.1135 0.1511 0.1930 0.2395 02904 03460 04063 04715 0.5416 0.6170 0.6977
25 0.0541 0.0838 0.1183 0.1574 02012 02496 03027 03606 04234 04914 0.5645 0.6431 0.7272

" DBH(cm): Diameter at breast height, H(m): Height.

Table 7. Stock of carbon by DBH and height class in a Pinus densiflora (Unit: tC)

DBH(cm) ¢ 8 10 12 14 16 18 20 2 24 26 28 30
H(m)

0.0043 0.0066 0.0093 0.0123 0.0157 0.0195 0.0237 0.0282 0.0333 0.0387 0.0447 0.0512 0.0582
0.0052 0.0079 0.0112 0.0148 0.0190 0.0235 0.0285 0.0341 0.0400 0.0465 0.0536 0.0613 0.0695
0.0060 0.0093 0.0131 0.0174 0.0222 0.0276 0.0334 0.0398 0.0468 0.0544 0.0626 0.0714 0.0810
0.0069 0.0107 0.0151 0.0200 0.0255 0.0316 0.0383 0.0457 0.0536 0.0623 0.0716 0.0817 0.0925

O 0 9 N W

0.0078 0.0120 0.0169 0.0225 0.0288 0.0357 0.0432 0.0515 0.0605 0.0702 0.0807 0.0920 0.1041
10 0.0087 0.0134 0.0189 0.0251 0.0320 0.0397 0.0481 0.0573 0.0673 0.0782 0.0898 0.1024 0.1158
11 0.0096 0.0148 0.0208 0.0276 0.0353 0.0438 0.0531 0.0632 0.0742 0.0861 0.0989 0.1127 0.1275
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Table 7. Continued
Hem) DBH(em)" ¢ 8 0 12 14 16 18 20 2 24 2 28 30
12 0.0104 00161 0.0227 0.0302 0.0386 0.0478 0.0580 0.0690 0.0811 0.0941 0.1081 0.1231 0.1393
13 0.0113 00175 0.0247 0.0328 0.0418 0.0519 0.0629 0.0749 0.0880 0.1020 0.1173 0.1336 0.1511
14 00122 0.0188 0.0266 0.0353 0.0451 00560 0.0678 0.0808 0.0949 0.1100 0.1264 0.1440 0.1629
15 0.0131 0.0202 0.0285 0.0379 0.0484 0.0600 0.0728 0.0867 0.1018 0.1181 0.1356 0.1545 0.1747
16 0.0139 0.0215 0.0304 0.0405 0.0517 0.0641 0.0777 0.0925 0.1087 0.1261 0.1448 0.1650 0.1865
17 0.0148 0.0229 0.0324 0.0430 00550 0.0682 0.0826 0.0984 0.1156 0.1341 0.1540 0.1754 0.1984
18 0.0157 0.0243 0.0343 0.0456 0.0582 00722 0.0876 0.1043 0.1225 0.1421 0.1632 0.1859 0.2102
19 0.0166 0.0257 0.0362 0.0481 0.0615 00763 0.0925 0.1102 0.1294 0.1501 0.1724 0.1964 0.2221
20 0.0174 0.0270 0.0381 0.0507 0.0648 0.0803 0.0974 0.1160 0.1363 0.1581 0.1817 0.2069 0.2339
21 0.0183 0.0284 0.0400 0.0533 0.0681 00844 0.1024 0.1219 0.1432 0.1662 0.1909 02174 0.2459
2 0.0192 0.0297 0.0420 0.0558 0.0713 0.0885 0.1073 0.1278 0.1501 0.1742 02001 02279 0.2577
23 00201 0.0311 0.0439 00584 0.0746 00926 0.1123 0.1337 0.1570 0.1822 02093 0.2384 0.2696
2 0.0209 0.0324 0.0458 0.0610 0.0779 0.0966 0.1172 0.1396 0.1639 0.1903 02185 0.2490 0.2815
25 0.0218 0.0338 0.0477 0.0635 00812 0.1007 0.1221 0.1455 0.1708 0.1983 02278 02595 0.2934

" DBH(cm): Diameter at breast height, H(m): Height.

Table 8. Carbon stock and uptake by region of Pinus densilfora

Carbon stock

Carbon uptake

Total carbon stock

Region (tC/ha) (tCOx/halyr) (t0) Total carbon uptake (tCO,/yr)
Gangwon-do 109.8 9.4 27,378,953 2,334,639
Gyeonggi-do 87.4 8.7 1,741,064 172,538

Chungcheongbuk-do 76.3 7.9 5,469,885 489,177
Chungcheongnam-do 80.0 6.8 1,294,518 758,225
Jeollabuk-do 76.3 7.2 7,821,535 735,358
Jeollanam-do 76.3 7.4 15,078,872 1,454,979
Gyeongsangbuk-do 81.0 7.8 37,447,328 3,613,339
Gyeongsangnam-do 87.4 8.7 23,793,343 2,357,899
Jeju-do 85.9 6.8 1,294,518 103,186
Average (Total) 84.5 7.8 127,676,680 12,019,340

tC/ha =02 A Uepkon, Mepdte, Aepaert 212t 763
tC/haz 717 WA UEpstch vide] olalsleta F4egdol| 9L
o] A= Y% 9.4 tCOy/halyr, %7 %=}

AAPSE 8.7 tCOy/
halyr, 239 7.9 tCOy/ha/yr, ZAHEE 7.8 tCOy/halyr 420

2 Yephor, A7t 6.8 tCOy/halyr= 71 WA UERTY.

AUpRO] B had BRAAAERS: 84.5 tC/hai Lee ef al.
(2009)9] U= 28] 147.6 MgC/ha, AU} 222 1414 Mg
Chhar} W] LFERIT]. T3k Kim ef al.(2014)2] BH34=0] &t
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2AA2F 93.8 tC/ha®} Kim er al.(2010)Q] LEJLFE S-p 0]
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U Bt U5 409489] §HAg<45F 7.8 tCOy/ha/yri= KFRI
(2012)2] 8 AFHE0 I TAFEolA] AU 404
2Y9o] 7.2 tCO/ha/yrity F-AFSHA LFEFGTE. Son et al.(2014)9]
2534 of7kAILERS] A7 ojAlksletAgeRko] 13.8 tCOy/ha/
yret Kang er al.(2015b)2] 3448 2] SR o] ilsheta: &
S 14.8 tCOy/ha/yrH th= WA UERgTh o]2fgh FhHsH
Of oA YT AU H|gte] 7| EH o2 EA7| i E
(Wood density; D), v}o]ujA3F2}A1<~(Biomass Expansion
Factor; BEF) 12|11 #2]s}teH]|(Root-shoot ration; R)2] EkA
iEAg7E EA 5] gl AoR wokEch

2 ArollA] 95 Aol FRAAATES 127,6777 tC
0.2 KOFPI(2003)2] g159] ARAL 17} 1 uAjoflA] w3eh
138,445% tCHT}= oFF WA =00} E3F Lee er al.
(2015)0] F74% A ARo] BhaAeRe 12,5364
ICOR FAslet, & AolM= 27,3793 (Co= = vj
ool ztolE Kt o]#fgh 2ol & Aol A= 2016
o 213 A=t AURHE g R HAol 23t tlofE =3
of o3 =T AS AR e RN F o HETt TAA
RS APAEl 0L, Lee ef al(2015)2 A5} 62} /A
HARAZEAH2006~2013)0] Btghe o]-83H%7] wiol A7t
of w2 kel zfo|e}h AA| AAFAol| ot WA SH
of| A tt27] WiEl Ao wotEch A B F whags
& 47,0007 tCOy(GIR, 2016)0] Blwste] & uf, izt 4
H2] 25.9%(156%t hayE AFAJSIAL Q= aLHfo] F olikalet
A T2 12019H COR fEuet FEAEEO
25.6%0°] =, O] AFRIHZA(25.9%)3 FAHA U
ERTE o]H® £33 150 SAHEARE U] AMS-
ol EX Yt AP AS TS AT 4 Sk ol
AF o] Ak A 9l SaevkS AP
o] 7P AR 7R AIRE Y B
OB, FF AAXOR B2 F70| AV FAARES

Ase 4= U= Aotk
4.2 E

IPCC 5 7|58} el SA7| ol A 27k 247k 2l
wlEe] A A SAIE 7o) uhe Aakslal A=l ol 3
AR} L G0] LATRA FaEARe] 28] e
nEAe) h A AL aFeli k. 71Fskger

£ 2Wks e Y iEEe Y] A e
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ofat #zle] 57134 Sl olste] ARE 4
ok PEARet 7k 15 SAEASE of
2 Gl AR U G4 APRS Shck Abie] of
7 [e]

b oolAlslEbs Take Hot 7.8 tCO/halyr2 LEREOM,
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hl

of X
BN

o
o

A H R 7R 9o] 9.4 tCOyha/yrZ 71 =7 Uehge.
o, SHHE, SA=E A90] 94 (CO/halyr2 7P S|
ERtT S et o] F oikeleta R AH
Hol AA T4ake] 25.5%°] digsh= 12,0194 CO.2 U}
W s A 2hE 9l 25.9%(1567 ha)= 71 B2 2
EHAG ARSI o, AU RAASE R g vs)
2 @2 Ao] ARMAAL Qi ERE feluRks AV
=] 690:RE (CO,(GIR, 2016) A|A| 12919] HuliE=C.
2, SAZA g ST mE AedekE fEuet A
TEef o] APolA el A RE ekl e
Z=A|o|th(Park and Moon, 1999). @A ZpFFo] Hirmz]
2 AA| AFgHE ] 242%(KFS, 2016b)2 AU thEoz
wom M3 =il Qe wh, o] HAle 2]
A S7tel et A EolEal e ATk webd AR
Syt AHeE F 7P B 1AE ARIEkAL Qs A
ol st 5 S 5o AR d

21 o Sgo] W3 Alolck & A
5% 5 AR Ml nE 4
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Al AL

=
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