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Abstract: Carbon stored on land is discharged into rivers through water flow, which is an important
mechanism for energy transfer from land to river ecosystems. The goal of this study was to identify
the relationship between land cover and carbon flux mediated through precipitation. In order to
clarify the general relationship, research was conducted on a range of national scales. Eighty-two
watershed samples from an area where the urban land cover area was less than 10% and with a
water-quality measurement point at an outlet were delineated. Carbon flux and soil organic carbon
of the watershed was estimated using the Soil and Water Assessment Tool model, Forest Biomass and
Dead Organic Matter Carbon model, and other data. Finally, the data were analyzed to determine
the relationship between soil organic carbon and carbon flux. As a result, it was concluded that
the carbon flux of the watershed increased with increasing area of the watershed. Under the same
area condition, it was revealed that the greater the forest soil organic carbon, the less the carbon flux
released from the watershed. Through this study, it was observed that as the above-ground biomass
of forest increased, the carbon flux from watershed to river outlet decreased logarithmically.

Keywords: watershed; runoff; forest; soil organic carbon; SWAT; LULUCF

1. Introduction

Carbon is one of the most important elements in the ecosystem. Ecosystems consist
of carbon, and ecosystem energy is transferred in the form of carbon [1]. Plants absorb
carbon through photosynthesis, and this forms the basis of terrestrial ecosystems. Some
portion of the carbon stored on land is transferred to rivers and this contributes to forming
the basis of river ecosystems [2]. Organic carbon transportation in the direction of land-
river-ocean is one of the major components of the global carbon cycle, and is an important
material circulation mechanism of ecosystems, eventually affecting marine ecosystem
biodiversity [3]. In general, released organic carbon is classified as particulate organic
carbon (POC) through soil erosion and dissolved organic carbon (DOC) when dissolved
in water [4,5]. Understanding the transport of carbon is indispensable for understanding
ecosystems. Carbon flux, which is the amount of carbon released from land to rivers during
specific times, can be measured at the catchment (watershed) outlet. The carbon in the
watershed flows into the rivers, and the carbon that flows into the rivers flows out into
the ocean through estuaries [2]. To estimate the amount of carbon released through water,
much weather data and complex hydrological models are generally required.
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A land cover map shows the types of actual land use or surface structure, and it
includes information on various characteristics for each land cover type [6]. Land cover
information can be obtained by using remote sensing, and each cover type has unique
characteristics [7,8]. If each land cover type has a specific effect on carbon flux, carbon flux
from land to rivers can be roughly estimated by using land cover data.

Several studies have been conducted to determine how land cover affects carbon flux.
In one study, it was found that the amount of carbon in the watershed differed for each
land cover and crop type [9]. Additionally, the flux was analyzed according to rainfall
patterns, and it was found that the amount of carbon released varied according to rainfall
intensity [9]. In order to understand the role that pastures and agroforestry play in the
dissolved organic carbon (DOC) flux, it was found that a grass buffer significantly changed
the DOC flux, whereas an agroforestry buffer did not [10]. The study also found that
changes in season or agricultural crop type did not significantly affect the DOC flux [10].
Another study analyzed the carbon concentration in different farmed soils, and found that
soil particle size changed carbon concentration, whereas rainfall did not significantly alter
carbon concentration in areas with agricultural cover [11]. However, as rainfall increased,
the amount of carbon runoff increased. How the amount of carbon flux changed in relation
to the land cover type and land management by watershed and how it affected water
quality was examined [12]. Finally, 34 years’ worth of nutrient circulation patterns in a
Eucalyptus forest were analyzed, and it was determined that differences in species were
the key variable regarding the change in nutrient patterns [13].

Many of these studies attempted to investigate the effect of land cover and soil carbon
on carbon flux. However, since most of these studies were conducted in a specific single or
few watersheds and regions, it is difficult to find general relationships that do not reflect
the characteristics of the study site. In order to find out the general relationship between
land cover and organic carbon flux, studies must be conducted on a number of watersheds.

The goal of this study was to identify land cover and organic carbon flux mediated
through precipitation. Unlike other studies, this study attempted to reveal, statistically,
the relationship between land cover and carbon flux at the national scale by synthesizing
measured and estimated data from sample watersheds. In this study, we did not deal
with inorganic carbon, but only organic carbon. Additionally, because total organic carbon
(TOC) measurement data, which means the sum of the POC and the DOC, was used in this
study, the pattern of POC or DOC was not covered in this paper. The relationships and
estimated parameters revealed in this study may be used as a reference for future studies
in the same study area (South Korea).

2. Materials and Methods

This study was conducted in three steps.
In the first step, applicable sample watersheds were delineated and the carbon flux for

each watershed was estimated. In the second step, the land cover area for each watershed
was calculated and the SOC for each land cover type was estimated. In the third step, the
relationship between the land cover area and SOC in the watershed, and the amount of
carbon flux, were analyzed (Figure 1).

2.1. Study Area and Watershed Samples

To conduct this research, a study site was selected in South Korea. Because South Korea
has accumulated land cover, soil, forest, and river data for the entire country, it is easy to
study carbon flux on a national scale. To understand the carbon cycle processes from forest
to river in South Korea, a study was previously conducted in Gwangneung broadleaved
forests, where it estimated the carbon runoff rate of soil organic carbon according to specific
trees [14].
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Figure 1. Research process of this study.

The study areas were the Han and Nakdong River basins, the two largest basins in
South Korea (Figure 2), with a combined area of 49,337.8 km2, which covers more than
half of the total area of South Korea (100,339.5 km2). The total river length involved was
14,417 km, representing approximately 48% of the 29,817 km total river length of South
Korea. The flow rate of the two basins is 44 G m3 year−1, which accounted for 58.4% of
the total flow rate of 75.3 G m3 year−1 in South Korea. The average annual precipitation in
South Korea is 1306.3 mm, and the summer precipitation is 710.9 mm, accounting for 54%
of the annual precipitation. By month, the average monthly temperature is 19.7~26.7 ◦C
in August, the hottest month, and −6.9~3 ◦C in January, the coldest month [15]. As this
accounts for more than half of South Korea’s hydrological quantitative factors, the results
from these two basins can be considered to represent the overall hydrological trends for
South Korea.

Figure 2. Study area (Han River basin and Nakdong River basin).

The carbon flux from land to rivers could be estimated on a watershed basis. The
watersheds were classified by shape type into those with only river outlets and others
with both inlets and outlets. It was difficult to analyze the effect of land cover alone in a
watershed with inlets because the amount of carbon flux from the inlets must also be taken
into account. Therefore, in this study, only watersheds with outlets were considered.

The ability to discharge SOC is a natural environmental factor; therefore, urban land
cover was not covered in this study. Moreover, impervious areas cannot release SOC
directly, and some studies have noted that if the percentage of impervious areas is more
than 10%, it could affect water quality [16–18]. In this study, we analyzed the natural ability
to discharge SOC based on forest and agricultural land cover in watersheds with an urban
area of less than 10%. If the urban area of a potential study site exceeded 10%, the site was
excluded from this analysis; after which, a total of 82 watershed samples remained (Table 1).
The total area of the watershed sampling sites was 10,773 km2, which was approximately
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11% of the total area of South Korea. The smallest sampling area was 12.41 km2 and the
largest was 829.18 km2.

Table 1. Information on watershed samples from the Han River basin and Nakdong River basin.

Basin The Number of
Samples

Watershed Samples
Area (km2) Forest Area (km2)

Agricultural Land
Area (km2)

River Length
Extension (km)

Han River 42 4234.436 3351.157 875.595 1163.646
Nakdong River 40 6538.066 5526.772 1394.709 1788.121

Total 82 10,772.5 8477.93 2270.304 2951.767

2.2. Estimating Carbon Flux of Each Watershed Sample

The carbon flux for each watershed was estimated, using Equation (1). In Equation (1),
carbon flux is the amount of carbon released from the watershed in tons/year, flow rate is
the amount of water released from the watershed in m3/year, and TOC concentration is
the total organic carbon concentration at each watershed outlet in mg/L.

Carbon Flux = Flow Rate × TOC concentration (1)

In South Korea, the Ministry of Land, Infrastructure, and Transport (MoLIT) measures
river flow rates, whereas the Ministry of Environment (MoE) measures organic carbon
concentration. Each institution has its own monitoring location. Therefore, spatial data
compatibility was a challenge in this study.

Because the location of TOC measurement points and flow measurement points were
different, it was effective to delineate basins based on one kind of measurement point and
to estimate other values of the point using a hydrological model. In the literature on the
calibration of hydrological models, flow rate verification is performed first because the
factor used to estimate the flow rate also affects the water-quality estimate [19]. In other
words, water-quality estimation required more data than did flow-rate estimation, and the
water-quality-estimation value could contain more uncertainty than the estimated flow rate
value. Therefore, in this study, the watershed samples with water-quality measurement
points as outlets were delineated and the flow rates were estimated based on the water-
quality measurement points. To estimate the flow rates at these points, the Soil and
Water Assessment Tool (SWAT), which is a hydrological modeling tool based on physical
parameters, was used. By using the delineating watershed function of Arc-SWAT and a
digital elevation model (DEM), watersheds could be delineated, based on the water-quality
measurement points.

The SWAT model is a physical hydrological model developed by the US Department
of Agriculture (USDA), which is built on predecessor models such as CLEAMS, EPIC,
and CREAMS, developed by USDA-ARS (Agricultural Research Service), and has the
particular strength of being a long-term simulation tool [20]. There have been many research
studies in which the SWAT model was applied, and it has been widely used worldwide.
Inputs needed for the SWAT model are meteorological data, such as daily precipitation,
maximum/minimum temperature, solar radiation, relative humidity and wind speed, and
geographical data, such as land cover, soil mapping, and digitized elevations, derived from
a DEM.

The DEM used in this study was the Advanced Spaceborne Thermal Emission and
Reflection Radiometer Global DEM provided by the United States National Aeronautics
and Space Administration (NASA) and its spatial resolution is 30 m. The simulation results
could vary according to spatial resolution. In a previous study, it was stated that a DEM
with a resolution of 30 m could be used in the hydrological study [21].

The land cover map was obtained from the MoE, the soil map was obtained from the
South Korea Rural Development Administration (RDA), and meteorological data were
obtained from the Korea Meteorological Administration (KMA).
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The flow rate estimated by the SWAT model was calibrated and validated with flow
data from the MoLIT. The SWAT-CUP program was developed for the calibrating SWAT
model [22,23]. The SWAT-CUP is a program that tests for optimal parameters by setting
and running the parameters according to the algorithm within ranges set by the researcher.
In this study, model calibration and validation were performed for the Nakdong River
and Han River basins, and monthly average flow rates were used. The model calibration
process was continued until the percentage difference between measured and estimated
average monthly values was less than 15%, the coefficient of determination was greater
than 0.6, and the Nash-Sutcliffe efficiency coefficient (a coefficient widely used to calibrate
hydrological models) was greater than 0.5 [19,24].

The results of this study may be influenced by weather extremes. To alleviate this,
simulation periods should be long-term, more than 30 years. However, owing to carbon
concentration data only being available since 2012, the research period commenced in 2012.
The simulation period overall was from 2010 to 2016, and the model commencement period
was from 2010 to 2011.

2.3. Estimating Soil Organic Carbon of Each Land Cover Type

Land cover is the observed physical cover on the earth’s surface, classified by use and
other characteristics, giving each land cover type specific properties [25]. Each watershed
sample was classified as forest, agricultural land, and urban land using the cover map of
the MoE. The types “barren”, “grasslands”, and “wetlands” were excluded from this study
because the percentage of these land covers was very low, suggesting that these land cover
types would not be impressive to sample watersheds.

Forest SOC was estimated using the Forest Biomass and Dead Organic Matter Carbon
model (FBDC). The FBDC is a process-based model for estimating forest carbon cycles
by calculating dynamics between forest carbon pools, primary dead organic matters, and
secondary dead organic matters [26]. The FBDC is effective in studying forests in South
Korea and has been used in several previous studies [27–29].

The SOC for agricultural land was estimated in different ways for each layer. The
amount for the A layer was estimated using soil data from the RDA. The land cover and
soil maps were overlaid to extract only the soils of the agricultural land. Then, the SOC
value down to 1 m in depth for agricultural land cover was estimated by using Equation (2).
In Equation (2), SOC is the SOC for the A layer in k ton; area is measured in km2; depth is
measured in mm; bulk density is measured in g mL−1, and OC is organic carbon, in percent.

SOC = Area × Depth × Bulk Density × OC (2)

To obtain estimated values for the O layer, the designation “dead organic matter
and live biomass consumption value for fire in a range of vegetation types”, from the
IPCC Guidelines for National Greenhouse Gas Inventories tier 1 method was adopted [30].
Because rice fields are the major agricultural land use in South Korea, the value for “rice
residue” was used [31].

2.4. Regression Analysis

To elucidate the relationship between land cover and the carbon flux from watershed
to rivers, regression analyses were performed. In this study, regression analyses were
conducted in two aspects. To begin, we wanted to create an equation that could be used to
arithmetically estimate the carbon flux in watershed area.

The second regression analysis was performed between the land cover type SOC and
the carbon flux, both divided by the watershed area. Through this analysis, the influence
and trend of each land cover type on the carbon flux could be better understood.
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3. Results
3.1. Relationship between Watershed Area and Carbon Flux

The flow rate of the rivers was derived from the watershed; therefore, it was clear that
the larger the watershed area, the larger the carbon flux of the watershed. Pearson correlation
analysis was performed between the watershed area and the carbon flux of 82 watershed
samples, and it was confirmed that there was a high positive correlation between the two
comparative factors (Figure 3). The Pearson correlation coefficient was 0.8832.

Figure 3. Relationship between total area of watershed and carbon flux (both variables are converted
to natural log form).

It was statistically confirmed that the carbon flux increased as the watershed area
increased. Additionally, the carbon flux tended to increase as the SOC increased because the
larger the area of the watershed, the greater the amounts of SOC stored in the watershed,
and the greater the amount of runoff from the watershed. An empirical model Equation (3)
shows the proportional relationship between the watershed area and the carbon flux
(Table A1). The coefficient of determination in Equation (3) is 0.7774, and it is considered
that Equation (3) has considerable explanatory power. In Equation (3), carbon flux is in
ton year−1; watershed area is in km2.

ln (Carbon Flux) = 1.01654 + 0.89271 × ln (Watershed area) (3)

3.2. Relationship between Soil Organic Carbon per Watershed Area of Each Land Cover and Carbon
Flux per Watershed Area

Regression analysis was performed between the SOC for each land cover divided by
the total watershed area, as well as the amount of carbon flux divided by watershed area.
The purpose of this analysis was to investigate the effect of land cover on SOC runoff from
land in the same watershed area.

The correlation coefficient between the carbon flux per watershed area and forest SOC
per watershed area converted to log form was −0.5616 (Figure 4). As forest SOC increases,
carbon flux is thought to decrease nonlinearly. The correlation coefficient between the
carbon flux per watershed area and agricultural land SOC per watershed area was 0.422
(Figure 4). In the results of the multiple regression analysis, the coefficient of determina-
tion of the whole regression equation was 0.264 (Table 2). The regression coefficient for
agricultural land SOC did not meet the significance level of 0.05.



Water 2022, 14, 623 7 of 12

Figure 4. (a) Relationship between forest soil organic carbon per watershed area (converted to natural
log form) and carbon flux per watershed area, (b) relationship between agricultural land soil organic
carbon per watershed area and carbon flux per watershed area.

Table 2. Results of multiple regression analysis between soil organic carbon of each land cover type
per watershed area and carbon flux.

Revised Coefficient of
Determination

Degree of
Freedom F p-Value

0.264 81 15.503 2 × 10−6

Variables Estimate Std. Error t-Value p-Value VIF

Intercept 2.734 0.37216 7.347 1.61 × 10−10 -
Natural logarithm of Forest SOC per Watershed Area 1.61 × 10−4 4.8 × 10−5 −3.378 0.0011 1.375

Agricultural Land SOC per Watershed Area 5.16 × 10−4 2.57 × 10−4 2.012 0.48 1.375

Agricultural land cover seemed to have little or irregular influence on the mechanism
of soil carbon runoff; however, forest cover showed a tendency towards decreasing carbon
flux as the SOC increased. Considering estimates derived from the two models were used in
the analysis and the distribution of scattering could be visualized as a logarithmic decrease,
−0.5616, the correlation coefficient, may be reasonable. This result showed that forests can
make carbon flux decrease.

3.3. Carbon Flux per Watershed Area in Forest Land Cover

Above ground biomass in forests is an indicator of how well-developed forests are.
In addition, one of the largest sources of forest SOC is the above ground part of the forest.
Thus, the higher the amount of carbon above ground, the greater the amount of carbon
stored in the forest soil, and the lower the carbon flux of the watershed.

In the previous analysis, it was confirmed that the forest land cover affects the carbon
flux, and further analysis was performed on the forest. Regression analysis was performed
between the forest above ground biomass, estimated using the FBDC model, and carbon
flux. The result showed that the carbon flux decreased logarithmically as the forest above
ground biomass increased. The coefficient of determination was 0.278, which was lower
than that of the previous analysis using forest SOC. However, considering that the soil
and below ground biomass were locations from which the actual organic carbon was
released, and that the above ground forest carbon affects soil carbon, the 0.278 coefficient of
determination was considered to be reasonable.

In addition, some annual precipitation in data was relatively extreme because the
microclimates of each watershed differed. To reduce the influence of precipitation, we
conducted further analysis using only data from watersheds with average precipitation
from 950 mm to 1300 mm. In this analysis, the coefficient of determination increased to
0.367. Therefore, the forest land cover affects carbon flux depending on the forest above
ground biomass, and carbon flux may also vary with precipitation (Figure 5).
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Figure 5. (a) Relationship between forest above ground biomass and carbon flux, (b) relationship
between forest above ground biomass and carbon flux, except outliers (except carbon flux at precipi-
tation extremes).

Multiple regression analysis was performed using the natural logarithm of forest above
ground biomass and the annual precipitation of the watershed. The adjusted coefficient
of determination was 0.351, and this indicated that the influence of forest above ground
biomass and precipitation accounted for 35% of the annual carbon flux (Table A2).

The results showed that the more SOC and above ground biomass were held by
the forests, the more the carbon flux tended to decrease. As the forest above ground
biomass increased, carbon flux decreased logarithmically. Annual precipitation factors
affecting carbon flux were also considered, and a statistical model equation was derived
(Equation (4)). In Equation (4), carbon flux is in ton y−1 km−2, p is annual precipitation of
the watershed, in mm; and AGB is forest above ground biomass, in ton km−2.

Carbon Flux = 9.252 + 0.002 × p + (−1.265) × ln (AGB) (4)

4. Discussion
4.1. Carbon Flux and Watershed Area

Statistics can help in understanding the phenomena and provide numerical guidelines
when planning. In this study, it was found that the carbon flux and the watershed area
were proportional to each other, and Equation (3) is an empirical model that combined
the results based on this knowledge. In general, hydrologic models require a lot of data
and preparation. Therefore, Equation (3) may be useful when conducting pilot studies,
before starting the study of carbon fluxes in watersheds. It was confirmed through several
cases that certain estimated values can be helpful for follow-up research on the specific
study area, and Equation (3) can be applied when studying a specific watershed in South
Korea [14,32]. The same equation can be used to study watersheds in other study area with
similar climates. In other countries and climates, the same method can be used to derive
the equation.

4.2. Carbon Flux and Forest Carbon Pool

In this study, we found that the more AGBs in forests located in the watershed, the
lower the carbon flux in the watershed. In addition, there was no significant effect of
agricultural land on carbon flux. The causes of the results in this study have been shown
in previous studies. SOC on land is released as particulate organic carbon (POC) and
dissolved organic carbon (DOC). POC is carbon in the form of water-insoluble particles,
usually released from weathered soil [4]. DOC is a type of carbon that is dissolved in water
and its discharge pattern can be influenced by precipitation, catchment characteristics, and
soil type [5].

For POC, soil loss occurs more from barren cover than from forest cover areas, because
thick forest litter catches the soil, thereby preventing erosion and reducing soil loss [32,33].
In addition, roots or thick litter layers of fallen leaves catch the soil, and also absorb water,
reducing runoff in forests.
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For DOC, a past study showed that approximately 74% of DOC concentration was
accounted for through weather and topographical factors [34]. Because forest development
has less influence on the DOC concentration and the amount of outflow water is decreased
in well-developed forests, it follows that the amount of DOC released is decreased as the
forest develops.

Previous studies that have analyzed forest cover have done so by studying plant
species that occupy the forest. In this study, we performed an analysis based on the degree
of forest development using the forest model. In well-developed forests, carbon stored
in the soil is increased, but carbon flux through precipitation was lower than that in less-
developed forests. In other words, the SOC of forests can be regarded as an indicator of
carbon release capacity, not just a carbon pool in the carbon flux mechanism.

Finally, in agricultural land, if the soil loss and the lateral runoff of rainwater are the
same, the larger the SOC stored, the more carbon was released. Therefore, it seems that
the negative effect seen in the forest land cover is special, and the positive effect seen in
the agriculture land cover seems reasonable. Rather, the pattern of carbon flux increase
according to the SOC of agricultural land is not constant, which seems to be due to the
influence of organic matter by human activities other than SOC or the error in the carbon
estimation of the agricultural land O layer used in this study.

4.3. Carbon Management and Forests

Since the Paris Agreement, the LULUCF (Land Use, Land-Use Change and Forestry)
sector is essential for achieving Nationally Determined Contributions (NDC), which should
be developed by countries [35,36]. LULUCF means the increase or decrease of the green-
house gas that changes according to land use. IPCC Guidelines have been produced,
and information by land use type is the basis for carbon stock change and estimation of
greenhouse gas emissions and removals [30]. Therefore, a study approaching the carbon
cycle from the land cover point of view should be conducted. In South Korea, some studies
have been carried out to build a forest LULUCF greenhouse gas inventory [37].

Carbon flux mediated through precipitation, which affects the hydrological runoff
associated with DOC and soil erosion associated with POC, and respiration of vegetation
and soil are the main mechanisms for carbon emissions from land [3]. Forests can store
carbon in vegetation and soil, and as a forest are more developed, it can store more carbon.
Moreover, this study found that well-developed forests release less organic carbon through
precipitation. This means that a well-developed forest can play a role as carbon reserves.
In addition, this study confirmed that the amount of carbon flux from watershed can be
quantified using the amount of carbon held by forests. These findings can be used to make
effective management plans to achieve LULUCF and NDC goals.

4.4. Limitations

Three key limitations of this study have remained.
First, this study excluded human influence. Because the objective of this study was to

estimate the soil carbon runoff coefficient, human influence was excluded to the maximum
extent possible, and only watershed samples with less than 10% urban area were studied.
Subsequently, quantifying human effects will help estimate the carbon flux accurately.
Furthermore, in terms of the environment, human activities such as forest management
and increasing atmospheric nitrogen input, which can affect the translocation and transfor-
mation of soil organic carbon in the soil–river systems, should be considered.

Second, in forests in their early stages, carbon flux can increase as SOC increases,
because early forests are likely to lack the ability to reduce carbon discharge. However,
because the barren area in the study area was very small, extracting watershed samples
from barren land was impossible.

Third, Equation (4) had low explanatory power. The coefficient of determination of
0.35 was considered to be a reasonable value because the two estimated model values were
used, and the logarithmical declining form was revealed. However, the result implies that



Water 2022, 14, 623 10 of 12

forest cover and precipitation combined accounted for only 35% of the carbon flux. To
explain the remaining balance, natural factors, such as temperature and slope, and artificial
factors such as human activity, would need to be included in the analysis. In particular, it
is anticipated that the organic carbon content of pollutants coming from human activities
could be large because organic materials can be discharged from domestic sewage or
agricultural sewage. Therefore, it is expected that the inclusion of human influences is
necessary for future research, to determine the influence of urban and agricultural cover on
the total carbon flux.

5. Conclusions

In this study, it was found that forest land cover type affected carbon runoff from
watershed to rivers, and the relationship was described by regression model equations. The
carbon flux from the watershed was estimated using the SWAT model, incorporating water
quality data from the MoE. Then, the amount of SOC in the forest was estimated using the
FBDC model, and the amount of SOC in agricultural land was estimated using the IPCC
carbon inventory methodology with RDA data. Lastly, statistical analyses were performed
by integrating the area for each watershed sample, the SOC from each land cover, and the
carbon flux of the watershed.

The findings from this study were as follows: (1) As the area of the basin increased,
the carbon flux increased. (2) As forests developed and AGB increased, the carbon runoff
decreased logarithmically. This was believed to be due to the specific characteristics of
forest cover. (3) This study showed that forest land cover had a changeable carbon release
capacity, as represented by Equation (4). (4) From the perspective of looking at forests as
carbon reservoirs, it was considered to be a key finding that well-developed forests were
outstanding carbon storage reservoirs.

The results of this study could be useful for studying land and river ecosystems,
and for national carbon management, especially when targeting temperate forests with
a temperate climate. To accurately grasp the carbon flux mechanism of the watershed,
research should be conducted taking into consideration urban effects and the early stage
of forests.
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Appendix A

Table A1. Results of regression analysis between watershed area and carbon flux (both variables are
converted to natural log form).

Revised Coefficient of
Determination

Degree of
Freedom F p-Value

0.7774 81 283.9 2.2 × 10−16

Variables Estimate Std. Error t-Value p-Value VIF

Intercept 1.01654 0.23806 4.27 5.33 × 10−5 -
Watershed area 0.89271 0.05299 16.85 2 × 10−16 -

Table A2. Results of multiple regression analysis between the forest above ground biomass and
precipitation and carbon flux.

Revised Coefficient of
Determination

Degree of
Freedom F p-Value

0.351 81 22.875 1.45 × 10−8

Variables Estimate Std. Error t-Value p-Value VIF

Intercept 9.252 2.012 4.598 1.61 × 10−5 -
Precipitation 0.002 0.001 3.321 0.001 1.003

Natural logarithm of forest above ground biomass −1.265 0.222 −5.6999 1.9956 × 10−7 1.003
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