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Indicators of Carbon Storage and Uptake by Tree
Growth in Natural Ecosystem’
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ABSTRACT

This study derived indicators of carbon storage and uptake by tree growth in natural
ecosystem, and estimated carbon storage and uptake by forest type and age class for Yongin. In
carbon storage and uptake of a coniferous tree, there was no significant difference(p>0.05)
between middle and southern growing regions. However, a broad-leaved tree showed greater
carbon storage and uptake in southern regions than in middle regions. Carbon storage and
uptake of a broad-leaved tree were greater than those of a coniferous tree in the same diameter
sizes, and the difference between both species increased as the diameter sizes got larger. Mean
carbon storage and uptake per unit area in natural ecosystem of Yongin were greater in older
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age classes, and for the same age classes except age class [, were greater in broad-leaved forest
than in coniferous and mixed forests. A broad-leaved tree with DBH of 20cm growing in middle
regions stored the amount of carbon emitted from gasoline consumption of about 175 liter.
Broad-leaved forest of age class IV of 1 ha stored the amount of carbon annually emitted from
fossil fuel use by about 57 persons. Indicators of carbon storage and uptake from this study can
be used to evaluate easily the value of atmospheric carbon reduction by diameter growth of

forest trees.
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Table 1. Sources of biomass equations selected to calculate carbon storage and uptake of major tree
species by growing region in natural ecosystem

Region Species DBH range(cm) Reference
Quercus dentata ~11.7 Park et al.(1996)
Quercus mongolica 6.0~42.0 Song and Lee(1996)
6.9~18.6 Lee and Park(1987)
*15.0 Park et al.(1996)
Quercus variabilis ~14.9 Park et al.(1996)
Middle Pinus densiflora 12.4~429 . Park and Lee(1990)
4.3~26.0 J0(1999) :
Pinus koraiensis 5.0~22.0 Jo{1999)
9.3~20.8 Lee and Park(1987)
Pinus rigida 7.2~16.5 Lim et al.(1982)
4.1~10.9 Lim et al.(1982)
o aTIX leptolepls 477152 Lim et al.(1981)
Quercus acutissima “14.3 Park and Moon(1994)
Quercus mongolica ~12.9 Park and Moon(1994)
Quercus serrata ~12.6 Park and Moon(1994)
Southern Quercus variabilis ~14.6 Park and Moon(1994)
General hardwoods 1.5~28.5 Park(1985)
Pinus densiflora 6.4~33.7 Park and Lee(1990)
6.7~34.1 Park and Lee(1990)
Pinus rigida 5.3~15.9 Lim et al.(1982)

~ Mean value
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Table 2. Mean annual DBH growth of hardwood and softwood trees in natural ecosystem

Species

DBH growth{cm) Age N

Reference

Betula platyphylla 0.65 40 91  Chung et al.(1983)
Cornus controversa 0.85 40 92 "
Fraxinus mandshurica 0.58 65 106 "
Juglans mandshurica 1.09 - 40 104 ”
Hardwood- Populus davidiana 0.56 60 104 4
Quercus mongolica 0.49 78 83 Son et al.(1997)
Quercus mongolica & aliena 0.38 29 10 Jo(1999)
Tilia amurensis 0.62 60 135  Chung et al.(1983)
Ulmus davidiana 0.53 65 102 ”
................................. Mean o 08T 82T

Abies holophylla 0.43 205 167  Chung(1985)
Larix leptolepis 0.69 90 231 ”
Pinus densiflora 0.72 40 80  Park(1987)

0.45 40 80 ”

0.51 20 10 Jo(1999)

Softwood  Pinus densiflora for. erecta 0.63 110 185 Chung(1985)

Pinus koraiensis 0.81 65 182 "

0.73 40 80  Park(1987)

0.58 40 80 ”

0.65 58 97  Son et al.(1997)
Mean 0.64 1,192
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Figure 1. Trends of carbon storage by DBH and
growing region for hardwood and
softwood trees in natural ecosystem
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Table 3. Carbon storage indicator by DBH and growing region for hardwood and softwood trees in

natural ecosystem(kg/tree)
Species-region DBH (cm)
P °8l 5 10 15 20 25 30 35 40
Middle 3.5 19.0 51.6 104.7 181.3 284.1 415.2 576.9
Hardwood :
Southern 3.9 21.4 58.0 117.8 204.1 319.8 467.5 649.5
Softwood 3.0 13.3 31.7 58.6 93.9 142.0 198.2 256.4
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Figure 2. Trends of carbon uptake by DBH and
growing region for hardwood and
softwood trees in natural ecosystem

Table 4. Carbon uptake indicator by DBH and growing region for hardwood and softwood trees in

natural ecosystem(kg/tree/yr)

Species-region DBH (cm)
5 10 15 20 25 30 35 40
Middle 1.0 2.9 5.2 80 111 14.4 180 219
Hardwood o thern 1.1 3.2 5.9 9.1 127 16.7 209 255
Softwood 06 = 1.8 3.2 5.1 8.0 11.2 148 189
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Figure 3. Relationship between DBH and age for
hardwood and softwood trees in
natural ecosystem
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Table 5. Density and basal area of trees by forest
type and age class in Yongin'

Forest  Age Density Basal area

type class (tree/100m?) (cm?/100m?)

I 29.8+£3.0 2,4041+148

Coniferous i 28.4+54  2,7621350

N 25.8+4.0 3,101x203
............................... V180423 3578+482

I 38.3+3.5 1,886x182

Mixed I 31.8+55 2,315+88

............................... N 234420 28434259

1 29.0+3.8 1,593%x142

Broad- I 285+44  2,3991237

leaved v 24.3+5.8  2,620+242

V 15.0x4.9 2,935£769

"Meanztstandard error(the same with
subsequent tables)
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Table 6. Carbon storage by forest type and age class for Yongin(t/ha)

Forest type I I Age class TV v
Coniferous 44.3+2.4 52.8+6.1 61.61t4.9 70.419.2
Mixed 38.8+3.5 61.8+2.8 72.2%+4.9 -
Broad-leaved 42.7+3.6 73.1x7.2 85.0£5.3 111.5+30.7
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Table 7. Carbon uptake by forest type and age class for Yongin(t/ha/yr)

Age class
Forest type I 0 i
Coniferous 5.6+0.3 6.5+0.6 6.5+0.4 6.6+1.0
Mixed 58+0.4 6.5+0.4 6.7+0.3 -
Broad-leaved 5.5+£0.5 7.2+0.7 7.1£0.8 6.9+1.7

I 95€ Aeta Agseivte EAY], ER
drte E4YY dLAF Tl v S B @
ARA T B @2EFFFS JATHT EAHAA
ol EoEA Yy Frlagoy, BHTH
o A% I € V9374 F718it7t VEgaixe

238 ~Zoz gaste AYE Yebdrh(Table

7). 1 € Vg9 8d5dL 1 9839 JAHsd
9 ERYEY ¢ 28 @2 FS5FE B

el g2xyd 2 F4Y 25 1989
A VEgEnAEY [9833% 19330004 & &9
2718 vehdEd, ol #3839 A ARkl
FEPuc & Ad 7Y, IFY VI
g2EeHe] [ 2= NIFEY 3L olfe 43
8 ool E At Aol HAE =A]7] W&
Q) Aoz wddt) 9Fd wE SeHyd g
AF L Fre Az 7|AEH 9 Hsle fa33
o} 284, F45-de G998 AqHHe] &
deygun Fdx BFEn, aRe aixdFg ¢

TE AAF] Aoz GAFPRT 23] A
o SuAY gaAF @ F5Po] JFoR
g e dFd AN F 8HSE V2 VEF
2 e Fe dAEY ¥ HFAHU BES Y8R
get,

#HE2(F2AA 2cm P9 B2AZ 2 F4F
£ AN A7 24IFYFE(REL,
1999)& g&3lod AbE e A3 FEBL GLAAF
o] B3 A AG ¥ F d47E 2 dFd
2 1~3%E, @28 5% 3% 04~08%& 3
At B2 gxAY € F54F Avle &
Aol FPJFRG G Fho} a1 L vu|F
Ro g vy}

324 128 2vle 9 0.6kge @4 E, 22
ARl 1912 BN AR A2 A7 1.5t g@x28 4
7} w2 dcHzEd, 1999). FRA QA st
v F233 20cme] €495 15 & 1752159
AR 2o el §AFE AA3a, 1hadl
VE5 845,EL A9 5790] A7t wlddle g
g Adste 7INE Adoh & AFdA AA g

o5 dEe g2AY £ &5 ARe £3E 4%
o Be YrigissE A 7HXE &l FA8
€ =R #88 F 3. £, AHATE 5
=3 HEe 974 e v T daAF %
¥ 9rte AR ded £ e a2 71
o 3l nAE A&z, ALY IS F&
3 AR Aol & F A& Reolrt.

teriAe WEE T8 3 AAF, AT A
8% E R Ba¥Fg S L BE] A¥HE I
oA golx ¥ Bt op}, AFFY 4P
A3} v &-E a7 FF UE WHoRA F
YA7t=E 718 ) 4F £59 CO, F5% AT
g 12¥ & en, o& F3 2 A7l wEE
&4 A& vlw HES utE 287 U

pE=ZH

w2 (1987) AT 2o} AAAE3 Key-
yeard] % A7 Zdd¥m e A=
£, 31%,

I (1985) HEAAq AAHAAHAY HP 7=

9 BN B AF. Aedistn gt uha
el =8, 48%.

By, EFH(1994) F8 PR Ay 234
A2 EEFFENA B A3 FFIHIYA
83(2): 246-253.

9y, oET, o1AE, FF(1996) FHF-F A
7 3 ERAYLN B AF(1). 4R
85(1): 76-83.

eIy, o]4W(1990) 34 470 A 9% 25 B4
Hel BN 2 AT FF4AYA) 79(2):
196-204.

EFR, 3%, FFR(1997) Y AAHFE o
43 BT 4. @42 A 86(2): 135-
145.

+49Y, o1¢5(1996) AT 2HUT A4H A
HAS dEF 2 FFYIY B A7 B3



182 293 - A=Y

3] 85(3): 443-452.

F49, Foe, WS, 0)59(1997) ABUFe
FUE Jd¥9 @2uFF BN F2AE3A
86(1): 35-45.

£A41(1998) £AEAAE. 577F,

o] AA, WIY(1987) Arl= FFAE 22494 A
5 g AZnrge] AY T BIGYER. o
A A} 7(1): 11-21.

A4, A, o173A, A&, WY, A, ols
T, 2hEA(1981) 1564 dESU R 4F R A
ATz GApdR 1(1): 4-12.

U4, oA, dHjE, 9l (1982) Ui
AEzYPR 9 EFAL A B A7, JAtdlyA]
2(2): 1-12.

AHETH(1998) A9 A7t AzBet. dHdd
79 AFAE A]143%, 2075,

343(1985) BEAW FeAY9sd FBFAH =4
o B¢ A7, 2% 68: 5259,

A, AT, o)24(1983) AW FoEYFT
AR B ZAATF. FFAEA] 600 24-
29.

ZH7(1999) BY= 4F=A e A WY e85 ¢
& =AY 98, §32383R 27(1):
39-53.

Ajtay. L. L., P. Ketner, and P. Duvigneaud(1979)
Terrestrial production and phytomass. In: B.
Bolin, E. T. Degens, S. Kempe, and P.
Ketner(eds.), The Global Carbon Cycle, SCOPE
Report No. 13, John Wiley & Sons, New York,
pp. 129-181.

Birdsey, R. A.(1992) Methods to estimate forest,
carbon storage. In: R. N. Sampson and D.
Hair(eds.), Forests and Global Change (Volume
1), An American Forests Publication,
Washington, D.C., pp. 255-261.

Chow, P. and G. L. Rolfe(1989) Carbon and
hydrogen contents of short rotation biomass of
five hardwood species. Wood and Fiber Science
21(1): 30-36.

Ciborowski, P.(1989). Sources, sinks, trends, and
opportunities. In: D. E. Abrahamson(ed.), The

FIAA YN 2A 14(3) 2000

Challenge of Global Warming, Island Press,
Washington, D.C., pp. 213-230.

Detwiler, R. and C. Hall(1987) Tropical forests and
the global carbon cycle. Science 239: 42-47.

Karl, T. R., N. Nicholls, and J. Gregory(1997) The
coming climate. Scientific American May: 78-83.

Kemp, D. D.(1990) Global Environmental Issues:
A Climatological Approach. Routledge, New
York, 240pp.

Melillo, J. M., T. V. Callaghan, F. [. Woodward, E.
Salati, and S. K. Sinha(1990) Effects on
ecosystems. In: J. T. Houghton, G. J. Jenkins,
and J. J. Ephraums(eds.), Climate Change.
Cambridge University Press, Cambridge, pp.
285-310.

Milne, R. and T. A. Brown(1997) Carbon in the
vegetation and soils of Great Britain. Journal of
Environmental Management 49: 413-433.

Pingrey, D. W.(1976) Forest products energy
overview. In: Energy and the Wood Products
Industry, Forest Products Research Society,
Madison, WI. pp. 1-14.

Post, W. M., T. H. Peng, W. R. Emanuel, A. W.
King, V. H. Dale, and D. L. DeAngelis(1990)
The global carbon cycle. American Scientist 78:
310-326.

Reichle, D. E., B. E. Dinger, N. T. Edwards, W. F.
Harris, and P. Sollins(1973) Carbon flow and
storage in a forest ecosystem. In: G. M.
Woodwell and E. V. Pecan(eds.), Carbon and
the Biosphere, Proceedings of the 24th
Brookhaven Symposium in Biology, US Atomic
Energy Commission, Office of Information
Services, Upton, NY, pp. 345-365.

Rodhe, H.(1990) A comparison of the contributions
of various gases to the greenhouse effect. Science
248: 1217-1219.

Schneider, 8. H.(1990) The changing climate. In:
Managing Planet Earth, W. H. Freeman and
Company, New York, pp. 25-36.



