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ABSTRACT

The study area, Kwangneung Experiment Forest (KEF) is located on the west-central portion of Korean
peninsula and belongs to a cool-temperate broadleaved forest zone. At the old-growth deciduous forest
near Seribong-peak (533.1 m) in KEF, we have established a 1 ha permanent plot (100 mXx100 m) and a
flux tower, and the site was registered as a KLTER(Korean long-term ecological research network) and
DK site of KoFlux. In this site, we made a stemmap of trees and analyzed forest stand structure and
physical and chemical soil characteristics, and estimated carbon budgets by forest components (tree
biomass, soils, litter and so on). Dominant tree species were Quercus serrata and Carpinus laxiflora, and
accompanied by Q. aliena, Carpinus cordata, and so on. As a result of a field survey of the plot, density of
the trees larger than 2 cm in DBH was 1,473 trees per ha, total biomass 261.2 tons/ha, and basal area
28.0 m?/ha. Parent rock type is granite gneiss. Soil type is brown forest soil (alfisols in USDA system), and
the depth is from 38 to 66 cm. Soil texture is loam or sandy loam, and its pH was from 4.2 to 5.0 in the
surface layer, and from 4.8 to 5.2 in the subsurface layer. Seasonal changes in LAI were measured by
hemispherical photography at the 1.2 m height, and the maximum was 3.65. And the spatial
distributions of volumetric soil meisture contents and LAIs of the plot were measured. The carbon
pool in living tree biomass including below ground biomass was 136 tons C/ha, and 5.6 tons C/ha
is stored in the litter layer, and about 92.0 tons C/ha in the soil to the 30 cm in depth. Totally more
than about 233.6 tons C/ha was stored in DK site. These ground survey and monitoring data will
give some important parameters and validation data for the forest dynamics models or biogeochemical
dynamics models to predict or interpolate spatially the changes in forest ecosystem structure and
function.
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I. INTRODUCTION of ecosystem changes and to study or develop models,
lots of site-specific parameters and long-term ground

Carbon budgets of forest ecosystems are important  survey data are often required. However, very little
because forest ecosystem have been a major sink for  research and monitoring of forest ecosystem changes
storing carbon in living biomass and soil, and at the = have been carried out comprehensively in Korea.
same time have the potential of emission in cases of The study area, which is the KEF (Kwangneung
deforestation or degradation. To understand processes Experiment Forest of KFRI) is a well reserved forest in
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the central cool-temperate forest sub-zone of Korea.
This area was originally protected as a royal tomb forest
for King Sejo during Josun Dynasty since 1468. Most
of the original protected area of 2,286 ha was designated
as an experiment forest of Korea Forest Research
Institute (KFRI) in 1913 (FRI of the Government-
General of Korea, 1932). The Kwangneung Natural
Forest Reserve near Mt. Soribong in KEF with area
about 1,200 ha has been protected from human
activities. It mainly consists of unique old-growth forests
composed of broad-leaved trees those are typical species
of central cool-temperate forest sub-zone in Korea.
About 841 native plant species have been recorded in
this area (KFRI, 1994), and it is home to some en-
dangered and rare plant species including Cypripedium
Japonicum Thunb. C. macranthum Sw. (Orchidaceae).
Dominating tree species are Quercus spp., Carpinus
spp-, Cornus spp. Acer spp. and Pinus densiflora (Lee
et al., 1990; Oh et al., 1991).

At the Kwangneung Natural Forest Reserve area, we
have set the 100 mx 100 m permanent plot{core plot)
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and a flux tower to monitor the changes in forest
ecosystem and carbon/energy fluxes from 1998 to
1999. This area was registered as a long-term ecological
research (LTER) site in 1998 (Oh et al., 2000) and
KoFlux site in 2002 (Kim et al., 2002).

The aim of this paper is 1) to describe the site
characteristics including climate and soil characteristics,
and forest stand structure and living biomass to provide
useful information and data for ecosystem studies in
this area, and 2) to synthesize carbon budgets by each
component of forest ecosystem components including
living tree biomass, soil and litter layer.

II. STUDY AREA

The study area, which is the KEF(Kwangneung
Experiment Forest of KFRI) is located at the west-
central portion of the Korean peninsula (Fig. 1), and
covers 2,240 ha. Topography is rugged and elevations
range from about 90 m to 600 m, and the highest peak
is Mt. Jukyeopsan (600.6 m, a.s.l) and followed by

Fig. 1. Location of the study area, KEF, Korea (shaded area on the left), permanent plot and the flux tower (right) of DK

site.
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Soribong-peak (533.1 m, as.l).

Most of the lower part of the KEF has been replanted
artificially as botanical garden, exhibition forest or
experimental forests. However, the old-growth deciduous
natural forest near Soribong-peak in the KEF designated
as Kwangneung Forest Reserve for Research, and
protected from forest management activities, human
disturbances and civilian access except for research. In
this area, we have established 3 ha permanent plot
(100x300 m, core plot is 100x100 m in the central part
of the plot, Fig. 1) and a flux tower, and the site was
registered as the KEF site of KLTER (Korean long-
term ecological research) network (Oh et al., 2000) and
the DK site of KoFlux network (Kim ef af., 2002). The
site location is 37°45 25.37" N, 127°9'11.62" S with
elevation of 340 m asl The terrain has a valley-like
topography with a~10% slope with the aspect of east
(90+45°) dominantly.

The weather observation station of Jungbu Forest
Experiment Station is located at the central part of KEF
area with elevation about 110 m as.l, and its climatic
data are shown in Figs. 2 and 3. As the climate of Korea,
it is continental climate, except for August when it is
oceanic climate. During the summer time characterized
by wet monsoon it is hot and humid_with frequent rain
showers, while it is cold and dry in winter. Seasonal
changes are gradual but distinctive; spring and autumn
are relatively short while summer and winter are rather
long.
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Fig. 2. Climatic diagram of the KEF region. Data were
obtained from the weather observation station of Jungbu
Forest Experiment Station of KFRI from 1964 to 1993 (FRI
Korea, 1994).
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Fig. 3. Changes in mean annual temperature and annual
precipitation of the KEF region. Data were obtained from
the weather observation station of Jungbhu Forest Experi-
ment Station of KFRI and KFR1 (1932),

Annual mean temperature of the KEF is about 11.3°C,
and annual precipitation 1s 1,365 mm. Annual mean
temperature is about 0.5°C lower than the Seoul weather
observation station that is located about 30 km south
from the KEF. However, the mean coldest month,
January air temperature is about -5.0°C and this is
1.6°C lower than that of Seoul, It infers that KEF has
longer period of snow cover and shorter growing
season than Seoul, The difference of seasonal pattern of
climate may influence on the vegetation growth and
energy flux of the ecosystem.

HI. MATERIALS AND METHODS

3.1. Plet survey for the analysis of forest stand
structure and biomass estimation

Inside the 3 ha permanent plot, a 1 ha core plot was

established in 1998 to assertain the forest stand structure

and species composition. The core plot was divided

into 100 sub-plots (10 mx 10 m) by digging PVC pipes
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Fig. 4. Topography and channeling of the permanent plot.
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at each corner to make it easy for survey. Topographical
feature and stream channels of the core plot are shown
in Fig. 4. Species name, DBH, and height of all the
trees and shrubs larger than 2 cm in DBH were measured
from 1998 to 1999. Forest stand structure of the DK
site was analyzed by height distribution of trees. These
plot data were used for estimation of the amount of
biomass and carbon contents in living trees at DK site.

3.2. Site characteristics and LAI measurement

The study area is topographically rugged and micro-
environments of sites, soil characteristics, and soil
moisture content are heterogeneous. In the 1 ha core
plot, volumetric soil moisture contents at 100 sample
points and seasonal changes in LAl(leaf area index) at
14 sample points were measured (Fig. 5). Volumetric
soil moisture contents of soil layer from 0 to 20 cm
were measured using TDR sensors (HydroSense soil
water measurement system, Campbell Sci. Inc.) on a
sunny day of July, 2002.

LAl is defined as one-half the surface area of leaves
per unit ground surface (m*m?, Kucharik et al. 1998,
Welles and Cohen 1996). There are several indirect and
non-destructive methods to measure LAI, such as using
LAI-2000 (Li-Cor Inc.), hemispherical photography, line
quantum sensors, leaf laser and so on (Welles and Cohen
1996), and each has it’s own advantages and shortages.
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Fig. 5. Location map of the measuring points for volumetric

soil moisture contents (small circle) and seasonal changes
of LAI (filled circle).

We applied hemispherical photography method, because
it is easy to use in forest and keep canopy images may
be reanalyzed when a better model for LAI estimation
becomes available. To estimate LAI at each sample point,
we took hemispherical photographs at 1.2 m height
using a fisheye lens digital camera (Nikon Coolpix-950)
mounted on a SLM2 Self Leveling Mount (Delta-T
Devices Ltd., UK). Therefore, the LAl measurements
in this study do not include shrub and herb layer lower
than 1.2 m in height. Each digital image was analyzed
within range of 30 degree from the zenith angle using
HemiView Canopy Analysis Software ver. 2.1 (Delta-T
Devices Ltd., UK) to estimate LAI

Distributions of LAI in the 1 ha core plot were
estimated by the measurements at each corner of the
10 mx10 m sub-plots (121 points) on July, 2002. Then
LAI of 4 directions were analyzed for each point image
to assign into each sub-plots. Four observations from 4
points were averaged to estimate LAI of the sub-plot.
Seasonal changes in LAI were measured at 14 points
located systematically as shown in Fig. 5. Spatial
interpolation was conducted using the spline interpolation
method in the Spatial Analyst extension module (version
2.0) on the ArcView GIS software (version 3.2) en-
vironment (Environmental Systems Research Institute,
Inc.).

3.3. Biomass estimation

For all the trees larger than 2 cm in DBH, species and
DBH in the plot were measured as described above.
And then, the total biomass of each tree including below
ground biomass was estimated by the equations driven
by Lim (1998). For the trees whose gravities of woody
parts is high, including Quercus spp., Carpinus spp.,
Fraxinus spp. and Acer spp. (mostly broad-ieaved trees),
the equation B=0.1673 D*** (R?=0.964, p<0.001) was
applied, where, B is total biomass including below
ground parts (dry matter, kg), and D is DBH (cm). For
the trees whose gravities of woody parts is low, including
Pinus spp. and Cornus spp., the equation B=0.086 D>
was used.

3.4. Synthesis of carbon budgets

To estimate the amount of carbon in living tree
biomass, we converted the biomass data from the ground
survey data at the plot into carbon content by simply
multiplying by half (IPCC, 1996). Data of the carbon
content in the soil layer and litter layer were obtained
from other ecological research works that have been



Lim et al.; Forest Stand Structure, Site Characteristics and Carbon Budget of the Kwangneung Natural Forest in Korea

carried out at the DK site, such as the “Biodiversity and
Forest Ecosystem Changes” project of KFRI. Some
carbon flow data were obtained from other papers (Doh,
2001, You, 1994). However some unknown components
are still remained, such as coarse woody debris.

IV. RESULTS AND DISCUSSION

4.1. Forest stand structure and biomass of DK
site in KEF, Korea

Forest stand structure and biomass of the core plot of
the DK site are summarized in Table 1. Total stem
density was 1,473 trees/ha, basal area was 28 m?/ha,
and biomass was 281.2 tons/ha. Woody plants lager
than 2 ¢cm in DBH in the 1 ha core plot comprised 33
species. The number of Quercus serrata trees was only
70, however the basal area and biomass were more than
half of the total amount of the plot. This is because Q.
serrata is shade intolerant and dominates the upper
layer of the canopy of forest with maximum height of
30 m and maximum DBH of 110 cm (Table 1), and few
trees were found beneath the canopy layer (Fig. 6).

Carpinus laxiflora dominated just underneath the
canopy crown of Q. serrata. Some trees of Acer mono,
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Fig. 6. Major species distribution by height class at the
KEF permanent plot (QUSE: Quercus serrata, CALA:
Carpinus laxiflora, CACO: Carpinus cordata, ACMO: Acer
mono, FRRH: Fraxinus rhychophylla, SOAL: Sorbus alni-
folia, COCO: Cornus controversa).

Sorbus alnifolia, Cornus controversa, Celtis jessoensis
and Prunus mandshurica var. glabra were found at the
canopy layer and near the valley. In the middle layer of
the forest, Carpinus cordata was dominant, and
accompanied with C. laxiflora, C. controversa, Acer
pseudo-sieboldianum and Sorbus alnifolia. Euonymus

Table 1. Stem density, DBH, height, basal area and biomass of the KEF permanent plot

Species Bas;il Aria Biomalqig DBH(cm) Height (m) Density
(em*+ha”)  (kg+ha™)  Mean+SD Max. Mean+SD  Max. (trees-ha™')

Quercus serrata 141,555 148,528 4817 110 19+4 30 70
Carpinus laxiflora 65,352 56,086 18+15 52 115 22 153
Carpinus cordata 21,956 14,928 10+7 54 7+3 20 176
Acer mono 10,994 10,308 30+17 59 167 28 12
Fraxinus rhynchophylla 7,499 6.651 3349 50 16+2 20 8
Sorbus alnifolia 5,649 4,858 10+13 50 8+6 29 27
Euonymus oxyphylius 3,199 1,100 3+1 16 4+1 11 530
Cornus controversa 2,466 1,728 6+6 38 Tx4 19 39
Cornus kousa 1,935 1,048 6+4 17 5+2 9 45
Styrax japonica 1,797 782 4+2 12 5+2 9 100
Acer pseudo-sieboldianum 1,574 720 4+3 13 5+2 10 89
Styrax obassia 1,130 574 5+3 15 5+2 11 36
Celtis jessoensis 998 856 JRESE 35 7£9 23 4
Prunus mandshurica var. glabra 763 608 9+1 31 9+8 19 5
Others (19 species) 13,158 12,481 179

TOTAL 280,025 261,255 1,473
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oxyphyllus were the dominant species at the shrub layer
and comprised about a third of total number of trees
(530 trees/ha) found at the plot, however the biomass
was only 3.2 tons/ha.

The major cause of succession in the natural
Kwangneung Experiment Forest is gaps created by the
deaths of trees. There are some large Q. serrata trees
greater than 100 cm in DBH. Most of the forest canopy
gaps are formed by standing dead trees and broken
large branches. And sometimes they created by broken
or uprooted single trees or several trees caused by heavy
rain or storms. The mean and maximum sizes of a gap
are reported to be 92 m* and 524 m?, respectively, with
mean gap age of 4.3 years (Cho, 1992). The major
disturbance is canopy gaps created by death of over-
storied trees, and the area occupied by canopy gaps was
estimated to be 4.6% of the total forested area in the
KEF (Cho, 1992).

4.2. Soil characteristics and LAI

Parent rock type of the DK site is granite gneiss. Soil
type is slightly dry or wet brown forest soil (alfisols in
USDA system), and the depth is from 38 to 66 cm. Soil
texture is loam or sandy loam, with the ratio of sand
46% in surface layer, and 50% in subsurface layer, and
the ratio of silt 8% in surface layer and 13% in
subsurface layer. Soil pH was from 4.2 to 5.0 in surface
layer, and from 4.8 to 5.2 in subsurface layer (Lim et al.,
2002).

Soil moisture (SM) contents are spatially variable due
to the topographical feature and the course of stream.
Mean volumetric soil moisture contents of the plot and
standard deviation was 19.915.3%, with the maximum
46%, and minimum 12%. Spatial distribution pattern of
SM contents of plot is shown in Fig. 7. The SM content
near or in the valley and concave area was higher than
on the slope or ridge areas (please compare this map
with Fig. 4).

Spatial distribution of the plot LAI is presented in
Fig. 8. Because the forest is an old-growth stage, there
are several gaps created by tree falls in the plot. Those
gaps make the forest canopy structure heterogeneous.
Mean AT and standard deviation of the plot was 3.76
+0.82, maximum 6.15, and minimum 2.53. However,
several years after the gap formation, new trees under
the canopy could be able to grow up vigorously, and
LAI of the site would be recovered. Fig. 9 shows the
relationship between basal area of trees and LAI, and
no linear relationship was found between them.
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Fig. 7. Volumetric soil moisture distribution (%) of the
permanent plot.
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Fig. 8. Spatially interpolated LAI distribution of the per-
manent plot.

Seasonal changes of LAI at the core plot of DK site
is shown in Fig. 10. Bud burst begins usually at early
or mid April, and leaf senescence occurs at early
November in DK site. The observed maximum LAI
was 3.65 on July, and decreased a little in August due
to heavy rainfall and insects, especially by Mecorhis
ursulus (Attelabidae) which cut the oak shoots after
laying their eggs in acorns.
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Fig. 10. Seasonal changes of LAI at the DK site. Vertical
bars represent the ranges of standard deviation.

4.3. Carbon budgets of the DK site

The amount of carbon contained in living biomass
was estimated 136.0 tons C/ha in DK site. This amount
is relatively high when compared with the 35-years old
P. koraiensis plantation in the KEF which has 109.4
tons/ha (54.7 tons C/ha) of above-ground biomass (Lee
et al., 1998). This is because the stem gravity of the P,
koraiensis tree is lower than hardwoods, and the
plantation forest was not fully stocked yet. This amount
of biomass is also much higher than the 178 tons/ha
(89 tons C/ha) estimated at the natural forest of Piagol
in Mt. Chirisan (Kim er al., 1982). However, when we
compare with the data of old-growth natural forests in
temperate region, this value is close to them, such as
251 tons/ha (125.5 C tons/ha) at the 100 to 150 years-
old Fagus forest in Japan (Kawahara et al. 1979), and
from 200 to 600 tons/ha (from 100 to 300 tons C/ha) in
old-growth forests reported by Whittaker and Marks
(1975).

You (1994) estimated primary productivity in living
tree stem of the natural KEF was about 3.0 tons/ha/year
(1.5 tons C/ha/year). This value is much lower compared
with that of a cool-temperate region of 5 to 20 tons/ha/
year (Kira and Shidei, 1967). It is widely acknowledged
that biomass accumulates with time and reaches
maximum at the steady state. Thus primary productivity
is low or oscillating below/above zero at the old-growth
stage. Annual leaf litter production in DK site was
about 5.6 tons/ha/year (2.8 tons C/ha/year, Kim et al.,
2003, in this issue). Except for the amount of con-
sumption by herbivory, annual NPP was estimated about
4.3 tons C/halyear.

Lim et al.(2002) estimated the amount of carbon
stored in litter layer was 5.6 tons C/ha, and in soil from
the surface layer to 30 cm in depth was about 92 tons
C/ha by systematic sampling of 20 points with 10 m
intervals at the core plot.

Estimated amount of carbon emission by soil
respiration was roughly 2 to 6 tons C/ha/year according
to the measuring instruments, i.e. soda lime and EGM2
by Doh (2001). Using these data we summarized carbon
pools in a flow diagram for the DK site as Fig. 11. It
was estimated that the total amount of carbon, except
coarse woody debris, in DK site was more than 233.6
tons C/ha, and about 60% was stored in living tree
biomass.

However, the NPP and soil respiration term are not
firmly reliable, and changes year by year due to the
changes in climatic conditions. Furthermore, soil re-
spiration data were 3 times different between the two
measurement methods, and the amount of coarse woody

Herbivory
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2-6 t C/halyr(?)

Mineralization

Fig. 11. Carbon budgets and flows at the DK site.
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debris and decay rate are still unknown. Unknown terms
and uncertain data should be filled and refined in the
future works.
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