
Regular Article J FES
     Journal of Forest and 

 Environmental Science

pISSN: 2288-9744, eISSN: 2288-9752
Journal of Forest and Environmental Science 
Vol. 34, No. 6, pp. 472-480, December, 2018
https://doi.org/10.7747/JFES.2018.34.6.472

472     Journal of Forest and Environmental Science  http://jofs.or.kr

Carbon Storage in an Age-Sequence of 
Temperate Quercus mongolica Stands in Central 
Korea
Sung-geun Kim1,2, Boram Kwon2, Yowhan Son3 and Myong Jong Yi2,*
1National Forestry Cooperative Federation, Seoul 05601, Republic of Korea
2Department of Forest Resources, Kangwon National University, Chuncheon 24341, Republic of Korea
3Department of Environmental Science and Ecological Engineering, Korea University, Seoul 02841, Republic of Korea

Abstract
This study was conducted to estimate carbon storage in Quercus mongolica stands based on stand age class, and to 
provide basic data on the carbon balance of broad-leaved forests of Korea. The research was conducted at the experimental 
forest of Kangwon National University, Hongcheon-gun County, Gangwon-do Province, Korea. Three plots were set 
up in each of three Q. mongolica forest stands (III, V, and VII) to estimate the amount of carbon stored in Q. mongolica
aboveground vegetation, coarse woody debris (CWD), organic layer, mineral soil, and litterfall. The carbon storage 
of the aboveground vegetation increased with an increase in stand age, while the carbon storage ratio of stems decreased. 
The carbon storage of the organic layer, CWD, and litterfall did not show any significant differences among age classes. 
In addition, the carbon concentration and storage in the forest soils decreased with depth, and there were no differences 
among age classes for any soil horizon. Finally, the total carbon storage in the III, V, and VII stands of Q. mongolica
were 132.2, 241.1, and 374.4 Mg C ha-1, respectively. In order to predict and effectively manage forest carbon dynamics 
in Korea, further study on deciduous forests with other tree species in different regions will be needed.
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Introduction

The forest ecosystem has the highest carbon storage per 
unit area among all terrestrial ecosystems (McCarl and 
Schneider 2001; Gower 2003), and it controls the amount 
of carbon accumulating in the forest ecosystem from the at-
mosphere by changing the CO2 balance through photosyn-
thesis and respiration (Pregitzer and Euskirchen 2004). 
The net carbon accumulation in the forest ecosystem is fun-
damentally related to stand age and natural disturbances 
(Bellamy et al. 2005), and it is known that the carbon stor-

age of the overall ecosystem increases sharply in temperate 
forests according to succession stages (Pregitzer and 
Euskirchen 2004; Peichl and Arain 2006). In addition, sec-
ond-growth forest, after disturbances such as a forest fire, 
harvesting, and withering, has the potential to accumulate a 
large quantity of carbon by rapid reproduction (Dixon et al. 
1994; Davis et al. 2003; Houghton et al. 2009; Kueh et al. 
2016). 

Even though young stands are drawing attention be-
cause of several studies that have reported that their net pri-
mary production is higher than that of old stands (Harmon 
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Table 1. Characteristics of the nine Quercus mongoilca stands

Stand 
parameter

III V VII

1 2 3 1 2 3 1 2 3

Elevation (m)   584   601   610   542   555   559   617   523   665
Aspect NE42 SW235 SW215 SW260 SW263 NW323 NW288 NW328 SW208
Slope (°)     36     27     37     25     24     35     19     20     33
Mean DBH 

(cm)
12.1 (±3.7) 10.9 (±2.5) 10.6 (±2.6) 22.7 (±6.2) 22.6 (±5.5) 24.1 (±5.6) 29.5 (±10.2) 38.8 (±13.2) 29.2 (±8.5)

Tree density 
(trees ha-1)

1700 2100 1700   850 1050   900   575   325   600

Basal area 
(m2 ha-1)

19.65 19.74 14.96 34.36 42.12 41.06 39.20 38.38 40.13

The numbers in parentheses are standard deviations.

et al. 1990), the importance of old stands is increasing be-
cause of their function as carbon sinks (Odum 1966; Zhou 
et al. 2006; Luyssaert et al. 2008; Shukla and Chakravarty 
2018). In addition, carbon is accumulated in four major 
carbon pools: vegetation, organic layers, coarse woody de-
bris (CWD) and soil, depending on the development of the 
forest, and they exist simultaneously and are organically 
connected rather than independent (Pregitzer and Euskirchen 
2004). In particular, carbon storage in both vegetation and 
soil makes up the largest type of storage in terrestrial eco-
systems, and soil carbon dynamics have a significant influ-
ence on the carbon balance through vegetation recruitment 
and offset (Bellamy et al. 2005; Davidson and Janssens 
2006; Houghton et al. 2009). Accordingly, it is necessary to 
measure all carbon pools by their stand age, even though 
each stand is different in site environment and genetic di-
versity of trees, and the most ideal approach is to consider 
all stand ages at the same time (Pregitzer and Euskirchen, 
2004). 

About 73% of the research forest (3,139 ha) of Kangwon 
National University is dominated by oak trees such as 
Quercus mongolica, Q. variabilis, and Q. dentata, and it is 
a secondary forest formed sprout forests after being ex-
ploited for firewood in the 1940s-1950s (KNU, 2018). In 
particular, Q. mongolica is the representative broadleaf spe-
cies most widely spread in the secondary forest (Kim and 
Gil 2000), and an estimation of forest carbon storage ac-
cording to ecological succession or forest practices is need-
ed for the development of models to understand future for-

est carbon dynamics (Lee et al. 2015a; Lee et al. 2015b). 
The present study estimated carbon storage in above-
ground vegetation, organic layers, CWD, and soil accord-
ing to stand age (age classes III, V, and VII) using Q. mon-
golica stands, which are natural deciduous forests in the re-
search forest of Kangwon National University.

Materials and Methods

Research site

This study was conducted natural deciduous forests of 
Q. mongolica without any disturbances, such as affor-
estation, diseases, and pests, of the Experiment Forest 
(N37°49΄ E127°50΄) of the College of Forest and Environ-
mental Sciences, Kangwon National University, located in 
Bukbang-myeon, Hongcheon-gun, Gangwon-do, South 
Korea. The 20 m×20 m survey plots were set up in a total 
of nine locations in Q. mongolica stands of age classes III, 
V, and VII located within 1.3 km of each other. The alti-
tudes of these study plots are 523-665 m, and gradients 
were 19-37° (Table 1). The stand density per ha was 
1,700-2,100 for age class III, 850-1,050 for age class V, and 
325-600 for age class VII in October 2010, which indicated 
that the number of trees was decreased through time by 
competition and natural withering. The average diameters 
at breast height (DBH) of each age class were in the ranges 
of 10.6-12.1 cm, 22.6-24.1 cm, and 29.2-38.8 cm, respectively. 
The soil at the study site is slightly brown forest soil with 
sandy loam originated form granite (Korea Forestry 
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Table 2. Carbon storage of different tree components in the nine Quercus mongoilca stands

Age-
classes

Carbon storage (Mg C ha-1) Carbon storage fraction (%)

Foliage Branch Stem Total Foliage Branch Stem Total

 III 0.61a (±0.11) 2.49a (±0.93) 49.16a (±7.70) 52.26a (±8.66) 1.16a (±0.02) 4.62a (±1.04) 94.21c (±1.06) 100.00
 V 2.30b (±0.18) 31.78b (±2.13) 147.88b (±11.65) 181.97b (±13.54) 1.26b (±0.00) 17.49b (±0.72) 81.24b (±0.71) 100.00 
 VII 3.01c (±0.07) 80.07c (±12.34) 173.15c (±6.60) 256.23c (±8.71) 1.18a (±0.04) 31.14c (±3.94) 67.68a (±3.91) 100.00

The numbers in parentheses are standard errors.
Different alphabet letters indicate statistically significant differences among age-classes in each component by the Duncan test (p=0.05). 

Promotion Institute 2018). The average annual temper-
ature for the past 30 years from 1981 to 2010 was 10.3°C, 
and the average annual precipitation was 1405.4 mm 
(Korea Meteorological Administration 2018). 

Estimation of carbon storage in the forest 
ecosystem 

Samples were collected to estimate the carbon storage of 
vegetation, organic layers, CWD, and soil, which are the 
carbon pools of the forest ecosystem. The amount of bio-
mass stored in the aboveground part of the vegetation 
(leaves, branches, and stems) was estimated by applying the 
DBH of Q. mongolica to the biomass regression equations 
developed in the same research site (Son et al. 2007). The 
results of which were then multiplied by 0.45 to estimate the 
carbon storage (Houghton 2001). In addition, the lengths 
and diameters of all CWD above diameters of 10 cm were 
surveyed by classifying them into three stages of decay class 
(class 1: initial stage, class 2: middle stage, and class 3: late 
stage). Samples were collected at the representative loca-
tions of decay classes and measured by volume and dry 
weight, and the density of CWD was calculated. Carbon 
storage was calculated by applying carbon concentration of 
previous study for Q. mongolica by decay class (Harmon et 
al. 2013).

In the case of forest organic matter, three sampling loca-
tions were randomly selected in each study plot, and organ-
ic matter was collected regardless of the layer (L, F, H) us-
ing a 30 cm×30 cm collecting frame. The collected sample 
was then moved into the indoors, in which it was dried at 
65°C for two days or longer before its dry weight was 
measured. Soil samples were collected at 0-10 cm, 10-20 
cm, 20-30 cm, and 30-50 cm layers in the three sampling 

locations using a soil cylinder (400 cm3), and rock content 
was measured by separating gravel with a particle size of 2 
mm or greater. Samples with a particle size of less than 2 
mm were dried at 75°C for one week or longer, dry weight 
was measured, and bulk density was calculated. Also, three 
litterfall traps (0.25 m2 opening areas, 60-cm heights) were 
randomly installed in each stand, and litterfall was collected 
every three months from November 2011 to October 2012. 
The collected litterfall was classified by component 
(broadleaf, needle, 5 mm or longer branch, less than 5 mm 
branch, bark, others), and weighed after drying at 65°C for 
two days or longer. Organic layer, soil, and litter samples 
were analyzed using a macro elemental analyzer (vario 
MACRO, CN elementar Analysensysteme GmbH, 
Langenselbold, Germany). 

Statistical analysis 

Differences in the carbon concentration and carbon stor-
age according to age class, decay class of CWD, soil depth, 
and litter component were tested using the general linear 
model, and post-hoc analysis (Duncan multiple range test, 
p＜0.05) was performed if a significant difference was 
found. All statistical analyses were performed using SPSS 
Statistics Program (Version 24.0).

Results and Discussion

Aboveground carbon storage of vegetation 

The aboveground carbon storage (Mg C ha-1) of Q. 
mongolica increased significantly by age class (p＜0.001) 
(Table 2), from 52.26±8.66 for age class III, to 181.97± 
13.54 for age class V, and 256.23±8.71 for age class VII. 
The aboveground carbon storage of 30-year-old Q. mon-
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Table 3. Carbon storage of organic layer and coarse woody debris in the nine Quercus mongoilca stands

Age-
classes

Organic layer Coarse woody debris

Dry weight
(Mg ha-1)

Organic 
carbon (%)

Wood density (g cm-3) Dry weight
(Mg ha-1)Decay-I Decay-II Decay-III

III    9.36a (±1.11) 46.46a (±0.64) 0.48Ba (±0.21) 0.30Aa (±0.08) 0.40ABb (±0.05) 0.68a (±0.14)
V  12.91b (±2.49) 44.03a (±0.47) 0.59Ba (±0.05) 0.41Aa (±0.16)  0.30Aab (±0.15) 1.66a (±1.32)
VII 11.60ab (±0.73) 44.10a (±0.39) 0.60Ba (±0.19) 0.37Aa (±0.14)    0.26Aa (±0.12) 1.90a (±0.43)

The numbers in parentheses of organic layer are standard errors(n=9), the numbers in parentheses of CWD are standard deviations(n=4).
Different alphabet letters indicate statistically significant differences at p = 0.05 level according to the Duncan test for each subsection 
(upper-case alphabet letters indicate differences among decay class in the same age-classes, lower-case alphabet letters demonstrate differences 
among age-classes in the same subsection).

golica stands in Gwangju, Gyeonggi-do were 30.10 Mg C 
ha-1, less than that of age class III in this study (Son et al. 
2002). This is due to smaller average DBH (9.06 cm) de-
spite similar altitude (644 m) and lower stand density 
(1,425 trees per ha-1). In addition, the aboveground carbon 
storage of age class V was also very high compared to those 
of 44-year-old Q. mongolica forest in the Hoeng-seong 
area (101.48 Mg C ha-1) (Lee et al. 2009). Compared to 
our study, where the density of the stands is similar (1,000 
trees per ha-1), the reason for the small average DBH (13.7 
cm) of Hoeng-seong is that the elevation (833 m) is high. 
Even though direct comparisons are difficult because of in-
sufficient research estimating the total carbon storage of 
Quercus species stands, the carbon storage of this study site 
appears to be higher than results of previous studies re-
ported in Korea. These differences in tree productivity by 
region are due to factors such as forest site productivity 
(Oren et al. 2001), and higher carbon storage in the present 
study site appears to be due to the greater development of 
stand stage based on high forest site productivity.

Aboveground carbon storage was the highest in stems, 
followed by branches and then leaves, and the amount of 
carbon storage in each component increased as age class 
increased. The carbon storage ratio of leaves was higher for 
age-class V (1.26%) than VII (1.16%) (p＜0.05), and that 
of stems decreased as age class increased from 94.21% for 
age class III, 81.24% for age class V, and 67.68% for age 
class VII (p＜0.001). The carbon storage ratio of branches 
increased from 4.62% for age class III to 31.14% for age 
class VII. The stem ratio of age class III was much higher 

than the 75.5% for 30-year old Q. mongolica reported by Son 
et al. (2002), and it was also higher than the 80% for 
30-year old Q. mongolica of Mt. Mudeung reported by Lee 
et al. (2015c). The stem ratio of age class VII, however, was 
lower than 83.9% but similar to the 69.6% stem ratios of 
70-year old Q. mongolica stands on the south- and the 
north-facing slopes, respectively, reported in the study by 
Kwon and Lee (2006). Since the sites of this study were lo-
cated on the north-facing slope where the light was in-
sufficient, it was a result of increasing the productivity by 
the photosynthesis by increasing the ratio of leaves and 
branches.

Carbon storage of organic layers, CWD, and soil 

The dry weight (Mg ha-1) of organic layer was the high-
est to age class V with 12.91, followed by age classes VII 
with 11.60 and III with 9.36. There was no significant dif-
ference in carbon concentration, which was the highest for 
age class III with 46.46%, followed by age classes VII and 
V with 44.10% and 44.03%, respectively (Table 3). The 
average carbon concentration of organic layer was 44.86% 
in all age classes, which was higher than the 38.2% reported 
for Q. mongolica stands in Hoengseong by Lee et al. 
(2009) and the 35.4% reported for pine stands in the 
Gyeongsangnam-do by Kim et al. (2009). Also, this result 
was similar to the 43.33-47.24% for Q. variabilis stands in 
the western region of Gyeongsangnam-do (Ju et al. 2015), 
but lower than 47.84-51.37% for pine stands in Gangneung 
(Ko et al. 2014). Therefore, the carbon storage of the or-
ganic layer was 4.42-5.74 Mg C ha-1 (Fig. 1), which was 
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Fig. 1. Carbon storage of organic 
layer and coarse woody debris in 
the nine Quercus mongoilca 
stands. The vertical bars is the full 
range of variation (from min to 
max), the inside of the box is the 
first quartile to the third quartile.

Table 4. Coarse fraction, bulk density, and carbon concentration at different soil depths in nine Quercus mongolica stands

Soil 
depth

III V VII

Coarse 
fraction

(%) 

Bulk 
density 
(g cm-3)

Carbon
concentration 

(%)

Coarse 
fraction

(%) 

Bulk density 
(g cm-3)

Carbon
concentration 

(%)

Coarse
 fraction

(%) 

Bulk 
density 
(g cm-3)

Carbon
concentration 

(%)

0-10 cm 33.96
(±0.03)

0.68
(±0.05)

6.46c
(±1.58)

33.90
(±0.14)

0.83a
(±0.17)

4.13b
(±1.22)

23.47 
(±0.05)

0.82a
(±0.09)

5.14
(±1.24)

10-20 cm 42.04B
(±0.10)

0.74
(±0.06)

3.87b
(±1.12)

42.73AB
(±0.07)

0.91a
(±0.17)

2.18a
(±0.69)

24.67A
 (±0.10)

0.95ab
(±0.08)

3.92
(±1.88)

20-30 cm 55.13B
(±0.20)

0.93
(±0.19)

2.08a
(±1.00)

33.81AB
(±0.13)

1.06a
(±0.23)

1.19a
(±0.60)

28.01A
(±0.09)

1.04b
(±0.14)

3.24
(±1.78)

30-50 cm 44.19
(±0.79)

0.79
(±0.09)

1.46a
(±1.06)

38.22
(±0.15)

1.27b
(±0.17)

0.63a
(±0.27)

31.87
(±0.07)

1.14b
(±0.11)

2.00
(±1.33)

The numbers in parentheses are standard errors.
Different alphabet letters indicate statistically significant differences at p=0.05 level according to the Duncan test for each subsection 
(upper-case alphabet letters indicate differences among age-classes in the same soil depth, lower-case alphabet letters demonstrate differences 
among soil depth in the same subsection). 

statistically nonsignificant (p=0.183), but age class V was 
found to have higher carbon storage than age class VII. 
These results were similar to the 5.6 Mg C ha-1 reported for 
the carbon storage of the natural deciduous forests of the 
Gwangneung arboretum, which are in the late stage of suc-
cession (Lim et al. 2003), but the results were less than the 
9.9 Mg C ha-1 of pure oak stand in the Hoengseong (Lee et 
al. 2009). The reason for large differences between pre-
vious studies appears to be that carbon storage in the organ-
ic layer is strongly related to not only stand age but also tree 
species, temperature, precipitation, and moss (Schlesinger 

and Lichter, 2001; Smith and Heath, 2002).
As decomposition progressed, the wood density (g cm-3) 

of CWD tended to be higher in decay stage 1 and lower in 
decay stage 3 (p＜0.05). Although carbon concentration of 
CWD was not directly analyzed in this study, the carbon 
concentration of 48% was applied according to results 
(47.2-48.1% of gymnosperms) by decay class of Harmon et 
al. (2013). The carbon storage of CWD was 0.32 Mg C 
ha-1 for age class III, 0.79 Mg C ha-1 for age class V, and 
0.74 Mg C ha-1 for age class VII (Fig. 1). This was similar 
to the 0.65 Mg C ha-1 of 36-year-old pine stands in the 
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Fig. 2. Carbon storage by soil 
depth in each age class of the 
Quercus mongolica stands.

Muju region (Seo et al. 2016), but significantly less than 
the 1.31-2.80 Mg C ha-1 of age class VI pine stands in 
Gangneung region and the Gwangneung arboretum (Ko et 
al. 2014). 

The fraction of coarse rock (more than 2 mm diameter) 
was higher in the subsoil than in the topsoil, but there was 
no significant difference by soil depth in all age classes 
(Table 4). The bulk density significantly increased with the 
soil depth and was similar to the average of Korea forest soil 
(A horizon 0.88 g cm-3, B horizon 1.018 g cm-3) (Jeong et 
al. 2002). In addition, Carbon concentrations were 
1.46-6.46% for age class III, 0.63-4.13% for age class V, 
and 2.00-5.14% for age class VII. The carbon concen-
tration of the topsoil was highest, significantly decreasing as 
the depth increased, depending on the accumulation and 
decomposition of organic matter (Armson 1977). Carbon 
concentration was in a similar range to 1.04-6.11% in 
Hoengseong area (Lee et al. 2009); 1.13-4.06% of Pinus 
rigida stands in the Muju area (Seo et al. 2016); and 
4.35-6.99% of pine stands in the Gyeongnam region (Kim 
et al. 2009). Accordingly, carbon storage in soil was the 
highest for age class VII with 114.29 Mg C ha-1, followed 
by age class III with 63.23 Mg C ha-1 and age class V with 
47.75 Mg C ha-1 (Fig. 2). Carbon storage of soil, however, 
significantly varies depending on stand age, region, and 
tree species when compared to the findings of many pre-
vious researches. Therefore, it appears to yet be difficult to 
derive general trend of carbon storage of soil because of in-
consistent research findings that soil carbon can increase, 
decrease, or stay depending on the stand age (Pérez et al., 
2004; Rothstein et al., 2004; O’Neill et al., 2006). 

Carbon influx by litterfall

The carbon concentration of litterfall was not sig-
nificantly different to stand age in all component (p＞0.05; 
Table 5). In addition, the carbon concentrations of the 
broad leaves litter in age classes III and V were 49.11% and 
49.07%, respectively, which were significantly lower than 
the carbon concentrations of the needle litter (50.54- 
51.51%) or branches (50.27%-53.23%) (p＜0.01). 
Meanwhile, annual carbon influx by total litterfall was the 
highest for age class V with 3.93 Mg C ha-1 yr-1, followed 
by age class VII with 3.15 Mg ha-1 yr-1 and age class III 
with 2.48 Mg ha-1 yr-1. This was similar to the litterfall pro-
duction of oak stands in Korea, which was 1.24-4.38 Mg C 
ha-1 yr-1 (Son et al. 2004), and the litterfall production of 
temperate deciduous hardwood stands, which was 
1.20-3.55 Mg C ha-1 yr-1 (Raich and Nadelhoffer, 1989). 
Since carbon influx by litterfall is positively correlated with 
the accumulation of biomass according to the increase of 
succession stage of stands (Zhou et al. 2007), the litterfall 
production of age class V, which has a larger basal area and 
biomass, was the largest compared to age class VII (Kwon 
et al. 2016). The production of broad leaf litter was the 
highest ratio in all age classes, and was 62.1% in age class 
III, which had the lowest annual litterfall production, while 
that of age classes VII and V were 50.8% and 48.1%, 
respectively. As larger the biomass, the higher the influx 
rate of the xylem, such as branches and bark (Kwon et al. 
2016). In this study, the ratio of branches and bark of age 
class III was 22.2%, which was higher than the 18.4% of 
age class VII. 
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Table 5. Carbon concentration (%) and organic carbon inputs (Mg C ha-1 yr-1) of the litter component in nine Quercus mongolica stands

Components
Broad 

leaf
Needle

leaf
Branch

(＜5mm)
Branch

(＞5mm)
Bark Others Total

Carbon concent-
ration (%)

  III 49.11Aa
(±0.38)
(n=44)

53.23Ba
(±1.36)
(n=6)

50.54ABa
(±0.49) 
(n=35)

50.74ABab
(±0.33)
(n=1)

51.13AB
(±1.93) 
(n=2)

48.63Aa
(±0.93) 
(n=17)

-

  V 49.07Aa
(±0.40) 
(n=45)

50.27ABa
(±0.64) 
(n=6)

50.87ABa
(±0.31) 
(n=38)

51.51Bb
(±0.55)
(n=7)

- 49.78ABa
(±0.29) 
(n=17)

-

  VII 48.84Aa
(±0.77) 
(n=39)

51.91Aa
(±1.77) 
(n=2)

50.13Aa
(±0.30) 
(n=33)

49.42Aa
(±0.75)
(n=4)

48.73A
(±2.49) 
(n=3)

48.85Aa
(±0.33) 
(n=18)

-

Organic
carbon inputs
(Mg C ha-1 yr-1)

  III 1.54Ba
(±0.14)

0.13Aa
(±0.07)

0.28Aa
(±0.08)

0.24Aa
(±0.14)

0.03A
(±0.02)

0.25Aa
(±0.05)

2.48Ca
(±0.39)

  V 1.89Bb
(±0.08)

0.06Aa
(±0.03)

0.39Aa
(±0.08)

0.81Aa
(±0.52)

- 0.78Ab
(±0.11)

3.93Ca
(±0.62)

  VII 1.60Dab
(±0.02)

0.02Aa
(±0.02)

0.26Ba
(±0.05)

0.14ABa
(±0.07)

0.18AB
(±0.11)

0.95Cb
(±0.11)

3.15Ea
(±0.01)

The numbers in parentheses are standard errors.
Different alphabet letters indicate statistically significant differences at p=0.05 level according to the Duncan test for each subsection 
(upper-case alphabet letters indicate differences among components in the same age-class, lower-case alphabet letters demonstrate differ-
ences among age-classes in the same subsection).

 Conclusion

This study estimated the total carbon storage in an 
age-sequence of Quercus mongolica stands, resulting 132.2 
Mg C ha-1 for age class III, 241.1 Mg C ha-1 for age class 
V, and 374.4 Mg C ha-1 for age class VII (p＜0.05). The 
proportions of vegetation to total carbon storage were sim-
ilar age classes V and VII with 77.5% and 67.9%, re-
spectively, but that of age class III was low with 43.9%. 
Therefore, soil was the largest carbon pool in the age class 
III, and the second carbon pool in the others. Organic lay-
ers and CWD were in the ranges of 1.34-3.34% and 
0.20-0.33% to total carbon storage, respectively. In addi-
tion, 1.2%-4.3% of the above-tree carbon storage was put 
into the soil as litterfall. These results will help to simulate 
whether carbon storage will increase, maintain or decrease 
by the ecological succession of forest and to develop appro-
priate forest management techniques in natural broad- 
leaved forests of Korea. 
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