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Relationships between Above-ground Carbon Stock and Species and Structural Diversity in South Korean
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Abstract To analyse the relationship between above-ground carbon stocks, species diversity and broadleaved
forests structural diversity of South Korean forests, we collected vegetation inventories from environmental
impact assessment projects over the past 10 years. The available data were selected and organised including tree
species, DBH and area each projects. The data was classified by forest type, aboveground carbon stocks were
calculated and compared, and the correlation between aboveground carbon stocks and biodiversity and structural
diversity was analysed. The results showed that above-ground carbon stocks were higher in mixed forests
and broadleaved forests and lower in needleleaved forests, similar to previous studies. However aboveground
carbon stocks of mixed forests were higher in natural forests than in plantations. Aboveground carbon stocks
in broadleaved forests were higher in plantations than natural forests, and there was no statistical different of
between natural and plantations in needleleaved forest. This could be the result of a variety influences including
biological and environmental factors in the study area, and further research is needed to analyse the effects on
carbon sequestration. Correlation analysis showed no correlation between biodiversity and above-ground carbon
stocks, but a positive correlation between structural diversity and above-ground carbon stocks. This indicates
that above-ground carbon stocks in forests are associated with unevenness diameters and the proportion and
evenness of tree species by diameter. In addition, it has been analysed that the high succession stages in forest
have higher species diversity and structural diversity, and greater efficiency in the utilization of resources required
for plant growth, leading to increased plant productivity and storage. Considering that the study sites were young
forests with an average DBH of 14.8~23.7 cm, it is expected that carbon stocks will increase as biodiversity
and structural diversity increase. Further research is needed to develop techniques to quantitatively assess the
relationship of diversity to carbon stocks for policy use in assessing and increasing carbon stocks in forests.
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A A2 2A7k40] A7 HlEF2 20199 7)E 59+
6.6 GtCOz-eqZ, 2010 HH] 12% Z7}81¥1L, 1% CO,
SEx 410ppme] 23 ol 17509 °|F 47% &5
Zolth(IPCC, 2021). o] AH X &Aoo 2 F7}sl= 247}
2 &S At 7] ste] diAs7] s A AA=
e =8 7]&ola itk S uhEt= 2050 ©aFH AL
gz olgs AASH] % AIH Rt HaFY =
YA 7| EAE (2023~2042) /& 5t 247FA T
9 o]3) 79t 73 AMS AAIstL it o] F HEH
SASUR A S AR Sy 4 -dF A
= 7 9 AAAY Yy B Y E
SYIAZ At LA AE BE olWS wus)
3t 20159 713 W3 2F (UNFCCC, UN Framework
convention on climate change)o| A A 2% u}2] A (Paris
agreement) & 2 2A7}A WSS S A4S o E
o A4 2°C 01”’ ”AO]'X] UEE =5t E3] 7Hs3t
1.5°C A52 Aske AL 272 st Qoh(IPCC, 2018).
ESH %‘%‘-%Eﬂ% GB (Global B10d1vers1ty Framework)
£ AEUYY B39 7|THE i3S Y3l gaAgL
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o

Seue WA 2E WY o 64%E AT AL
ol wha Aol Fogdolth Sk} AL
201949 7] <F 199 349 9] ©AE ARSI 9l
Azt 43237 E& F53TH(NIFOS, 2022). ¥4 B H 7t
A% g5 7% AL AAE Ad BEY 245
#a)7h " e st} ol 7| E M sE oF (UNFCCC)S 20094
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d, He A 1z 5
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%Jfﬂ A 7159 §A -
o2 REGY] AF
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oo we} g FFu FETF Y] FHHAE W
sl2s A7 @ds] XYL Utk (Tran ef al., 2013;
Sullivan et al., 2017; van der Sande et al., 2017). & A
T A mEH AR 123 oy 4 F ool
=& AHES AT daAgTge]l woha dEA A
T} (Tilman et al., 1997; Liang et al., 2016; Mohanta et al.,
2020). vl AF HiE AES S Z RCP 8.5 AU
25 A8t 7|4 7] E 2 E (Community Land Model,
CLM)Z O3t A3, FAA o2 g AP 50| 11
Y 7he T 22 vl &7 #dto] Fefdo] *E A
< Telsn olele A Ao EYe 4B % o
g3 ARl £, WESAYI) AT FEE AAAR
A 223 7% 533t dth= Aot (Buotte ef al.,
2020). Van Der Sande et al. (2017)2 AETIFAT} g4
Ag-Backe] BAS B gskel Qe 384

T A8 24T A% F 54 Ee 2o Edd A
S0 SA0 FAART Ee FFl 9= A
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al., 2009).
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Table 1. Allometric equations of tree species.
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Allometric equations

Species Reference
Components Equations a b c
Stem W=aD 0.07 2.379
Pinus densiflora Branch W=aD" 0.001 3.341
Leaf W=a+bD+cD’ 1.564 -0.095 0.014
Son et al., 2011
Stem W =a+bD +cD? —51.453 4913 0.227
Quercus variabilis Branch W=a+bD+cD? —8.684 0.121 0.089
Leaf W =a+bD +cD? —1.598 0.215 0.005
Quercus mongolica AGB logW =a+blogDBH 2.076 2.579 Son et al., 2007
Pinus koraiensis AGB logW =a+blogDBH —0.5432 2.0553 Ryu et al., 2014
Quercus acutissima AGB logW =a+ blogDBH 2.094 2417 Park and Moon, 1994
Broad-leaved tree AGB InW =a+blnDBH —1.4134 2.4581
Lee, 2003
Needle-leaved tree AGB InW =a+blnDBH —1.047 2.1436
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3. & C}YM (Species diversity) AP

2 AN F HFEL S5 YR T FHRES
Species richness)€} & %A X|4=(H'; Shannon index), &
5= (J'; Shannon evenness)S AYHZ AHA3IF o
(Magurran, 1988) o|& A|/§ S 124 o
Ae] A B4 of &85ttt
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(Vegetation structure-species diversity)

gtz oz Ao HioleuA AL 7|5 2 FH ¢
A 5 98 ele] JFL ol W Aoz UeiA ot
(Tran et al., 2013). 28y StHO 2 ulo] A= A=
o] +3A Zx P £7] AB v s &
< W 8o YAz AE 4 Utk o] & V2= &
gyt S AR ASE daARTL F oS
of BAS our] Ystol BaAYEE P4 A%
(BS; Biomass-Species diversity index)?} £ FH -4
AATF-F oA A4 (ABS; Abundance-Biomass-Species
diversity index)®] 27}A] A& AMA ST (Tran et al.,
2013; Martinez-Sanchez et al., 2016). ©tA A A F-£ o}
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F A BSYE 2 FRAAFA A A daAT
F Q1 (facton) ] gk ZF F31
(factor)®] < ©3t Aolth(A 1).
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5. SHEA

6]-93\:}. A]-f.f—%.‘xé (Post-hoc)2 Tukey2] HSD (Honestly
Significant Difference)2 &3ttt ttFA A= (H', J,
BS Z12]31 ABS)9F AR S F] A= dHE
4] (Pearson’s correlation coefficient)2 3| £45}Hch &

3t SAEA 2 REZ T3 (ver. 4.3.1, www.r-project.org)=
-85ttt
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Table 2. Basal area, above-ground carbon stock, average DBH and tree density each plant community in study areas.

Species Baszal aﬁ:a Above-ground L DBH (cm) Density

(m“ha ) carbon stock (MgC ha ) Mean+S.D. Trees ha™!
Pinus densiflora 10.9 27.7 20.4+8.7 282.8
Quercus mongolica 6.0 28.0 16.7+£5.8 245.4
Quercus variabilis 5.4 16.3 18.9+5.3 166.6
Pinus rigida 2.3 5.0 17.4+5.2 87.7
Quercus acutissima 2.0 5.7 19.6+5.3 60.8
Castanea crenata 1.3 8.4 18.9+6.6 41.8
Robinia peudo-acasia 1.3 7.7 154+53 63.1
Larix kaempferi 1.3 4.0 23.7+6.7 26.5
Quercus serrata 1.0 6.0 17.5+£6.2 35.5
Quercus aliena 0.9 5.9 189+7.0 28.3
Pinus koraiensis 0.6 1.9 15.8+4.8 29.9
Platycarya strobilacea 0.5 2.8 17.5+4.9 18.1
Pinus thunbergii 0.2 0.5 16.2+4.1 10.4
Salix koreensis 0.2 1.4 14.8+6.4 10.9
Quercus dentata 0.2 1.4 19.6+5.0 6.8
The others (34 species) 2.0 12.1 - -




Categorize of projects
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[ Extraction of earth, sand, gravel, minerals, etc.
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Fig. 1. Geographic location of the study site. The panels show the
categorize of projects.

9] % HZ 9 32 5.86ha, FE2 6,9385 (1,184 trees
ha™)& AH4 ﬂ‘ii"\ll G HAY 7| AHA L GE
/\11 beFe 747 36.0m” ha™', 134.8 Mg ha™' 2 AP = Q)

T} (Table 2). %8 7|AHHL £U4F(10.9m” ha™'), 4
ZUE(6.0m* ha™), 2FUF(5.4m” ha™), 27 EriL}
223m* ha ), A48 U4E (2.0 m? ha™"), ¥ (1.3 m?
ha™) 59 &olgith. AR SaAgFe AZyR
(28.0 Mg ha™"), 21U (27.7 Mg ha™), 23U (16.3 Mg
ha™'), YHE (8.4 Mg ha™), OFZHAILFE (7.7 Mg ha™), A<
AU (5.7 Mg ha™) 59 |tk 95 BEE LRIt
1,6573 (2828 trees ha HE 7F&F gk A ZUE 1,438
Z (2454 trees ha™!), 2R 9763 (166.6 trees ha™), &
7|tk U 5143 (87.7 trees ha™'), OFZFA VR 3703 (63.1
trees ha '), A= U 3563 (60.8 trees ha ') 5] £:0]9]
t}. B¢ DBH= YE2UZUR7E 23.7+6.7cmZE 7HY 3
I AUE7) 204+8.7 cm, AFEEUE 19.6+5.3cm, =23+
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Fig. 2. Compare above-ground carbon stock between forest types.
Alphabets on the bars mean significantly different among the for-
est types.

A2E AA 3]—91\1]—(Lee etal,2015). 3Q= THF 4 4
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2R Ao %}fﬂT% (2,956 Cton), =&Y (2,060 A

Cton), g4 (958 A Cton)
H] <=3}t (Son er al., 2006).
SHREE 294 SP39Y S 2 28y ©®
A A2 (619.49, 625.58 CO, ton ha )T} g slof
AP TETHEY B9 4 R EY ST (619.71,
886.54 CO» ton ha™ )& AG4H | eraxAerr) o @
2 A VEPATH(NPRI, 2022a, 2022b). 21U ZFEE
A oFAE, @4t 2jar FFFAA BFA 155 F
A4 BAAZTFL 7H2} 712.16, 489.64, 559.28 CO; ton
ha'2 Fgsgoly Ead Rt Yol o2 A0E Yery
TH(NPRI, 2021, 2022¢, 2022d). A= A+ 9] thokst A
At A AH R BaAdTE 2 A9 vE A
FE UeAAT, 7 Ao v Y] A Ao v
gt ol - JGeHY gdaxg gl IFS
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Fig. 3. Relationship between above-ground carbon stock and bio-
diversity (Shannon index; H' and evenness; J').

O 9FE e Aoz dEFth(Tang et al., 2022;
Salas-Eljatib, 2021; Ouyang et al., 2019; Geng et al., 2021;
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Bohn and Huth, 2017; Huang et al., 2018).
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L v EY DPYe Bud 4y 7=
Yote] Ay o ks We] e FAA 7

=ola &0l A Y AU o aEFH0E &8
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01)' woh ox i X
= ‘l)’ o ot =

L T
(Niche complementarity hypothesis)?] 2 B9 A=
wEnh A9 AR o2 A9 Ex¢ £X A&
o ola) % 7 Aol ZoIEHA BN AL HRH
2 o]§st] HAHo] FolAl= aNE oujett. A7HH

o7 A2 Hol A et F hFAT +2F thFA
o] Zolx|A i o] WAoJA W, LB ofH Tzl = A
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2t A o) 24 oAt AR gaA T Alo] o] A
TAgol & Fald AL R AHEY, =59 HF DBH7t
14.8~23.7cm (Table 2) AL 1P o o B SdAE
oJ:_XI-;(HA-]o] gl 7~]o§ _\1,]-5]-%1:].

ghE o) EEA AR 12F T ST
Atol o] A ZF et A] gAY ul-g- oFgE A AbEI7F L
Atk A2 G "ol A ohFAd Tt s =g A
olof = G253t TA7} QIR 1ha BE FxRol|A 3t oF
o] AIEAZE AAE S ol GHEY oFE anrt
T et gEHd 4= e AS= EA45H T (Sullivan
etal., 2017). 12| 3 AETIFA Q] AL ohA] At AT

¢

Aol shef A<fsf ftzel wie} are) ol 5l &
|3 ARl HEARFY F4FS SASHE B
2K T3] £go] H 870X FANA T Ba

7} Aokl 3k Th(van der Sande et al., 2017). WA T2

Y T4 4TS Folo] 72 Py L F hPHe B
I8 U AFHOE FIRT 1 AR L AYT 4 9)
ofof & Zolt.

of AL Sk AU VAN F Thepy o
T2 kbl e A Aslo] e 5o 4
BZ ol (507 wigk AR 586ha)E AHET B

Aol gieh. A= £ ATE A BEHA 2R
W ARHY 24} doHE Bt AR DAY
B F2H TS BrhskuA o S Hxe Atole
ozt Felq AHEE §7 ABEY A Holg
A o g Ag,% JolHz Joe He
27 9L 4 Y2 A0 BHT Yol it

=38 49 BETY 2 %& AYFE BT S s
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il

% WeE AUHAL o8 4 Y718 71T LaRue
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