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Abstract: For the estimation of greenhouse gas dynamics in forests, it is useful to use a model which simulates both
carbon (C) and nitrogen (N) cycle simultaneously. A forest C model, called FBDC, was developed and validated in
Korea. However, studies on development of forest N model are insufficient. This study aimed to suggest a
development process of a forest C and N model. We analyzed the general features, structures, ecological processes,
input data, output data, and methods of integrating C and N cycles of the VISIT, Biome-BGC, Forest-DNDC, and
O-CN. The structure and features of the FBDC were also analyzed. The VISIT was developed by integrating forest
C model with a N cycle module, and the new model also could be designed by combining the FBDC with a N cycle
module. The VISIT and Forest-DNDC could estimate soil N>O emissions, and the integrated model should include
the processes shared by these models. Especially, the overseas models linked C and N cycles based on N absorption,
C absorption, and decomposition of dead organic matter. Therefore, the integration of the FBDC with N cycle module
should apply this linkage of structures between C and N cycles. Climate, soil texture, and species distribution data,
which are essential for the model development, were available in Korea. However, parameter data associated with
N cycle and validation data for soil N,O emissions need to be obtained by field studies.
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Figure 1. General description of simulation process in forest carbon (C) and nitrogen (N) models.
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Table 1. Included processes in five reviewed models.
Model VISIT Biome-BGC Forest-DNDC O-CN FBDC
C cycle

Photosynthesis o o o o X
Growth o o o o o
C allocation o o o o o
Turnover o o o o o
Autotrophic o o o o x
respiration

Decomposition o o o o o

N cycle

N mineralization o o o o

N deposition o o o o

N fixation o o o o

Nitrification o X o o

Denitrification o o o o

N leaching o o o o

Plant N uptake o o o o

N retranslocation X o o o

at senescence

714 FHCHLi et al., 2005) 0-CN E‘ﬂ‘
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Table 2. Input data in five reviewed models.

A107H A25 (2018)

Model Climate Soil Vegetation
VISIT Daily mean temperature, Texture, pH Forest type
Daily precipitation,
Daily average wind speed,
Daily mean cloud
Biome-BGC Daily max/min temperature, Texture Plant functional type

Daylight average temperature,
Daily precipitation,

Daylight average partial pressure of water

vapor,

Daylight average shortwave radiant flux

density

Forest-DNDC Daily mean temperature,
Daily max/min temperature,
Daily precipitation,

Daily average wind speed,
Humidity

O-CN Hourly temperature,

Daily precipitation,
Atmospheric CO, concentration,
Daily average wind speed,
Solar radiation,

Humidity

FBDC Mean annual temperature

Bulk density, pH,
Soil organic C at surface

Forest type

Texture, pH Plant functional type

- Species, Site index

Table 3. Output data in five reviewed models.

N

Model C
VISIT C stocks, GPP, NPP, NEP, Soil CO,
emissions, Soil CH4 emissions
Biome-BGC C stocks, GPP, NPP, NEP, Soil CO,

emissions, Soil CH4 emissions

Forest-DNDC C stocks, GPP, NPP, NEP, Soil CO,

emissions, Soil CH; emissions

O-CN C stocks, GPP, NPP, NEP, Soil CO,
emissions
FBDC C stocks, Soil CO, emissions

Vegetation N, Litter N, Soil N (Humus, Microbe, NH4', NOy),
N leaching, N>O emissions

Vegetation N, Litter N, Soil N (Soil organic matter, mineral),
N leaching, Volatilization of N

Vegetation N, Litter N, Soil N' (Microbe, Humads, Humus, NH,',
NO3),
N leaching, N,O, NO, N,, NH3 emissions

Vegetation N, Litter N, Soil N (NH4", NO3),
N leaching, N,O, NO, N,, NH3 emissions

2USS BE QF, DAS/E Eel ARE Aa
T} mopold] §EEE AATE 2T 5 otk 27
VISIT, Forest-DNDC, O-CN g2 N,0 vj&& ®9o|&h
2= 9Ja1, o] Zoj|A] Forest-DNDC2} O-CN = &2 NO,
Ny, NH; 59 vj&= 2og 4 itk
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Figure 2. Common integrating method of C and N cycles in forest C and N cycle models.
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(AWDS: Aboveground woody debris from stem; AWDB:
Aboveground woody debris from branch; BWD: Belowground
woody debris; ALT: Aboveground litter; BLT: Belowground
litter; AHUM: Aboveground humus; BHUM: Belowground
humus; SOC: Soil organic C, Lee et al., 2014).
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Figure 4. A systematic process of developing a forest C and
N model.
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Table 4. Available data for parameter adjustment.
Process References

N mineralization Son et al., 1995; Son and Lee, 1997; Son et al., 1999

N deposition Park et al., 2002; Park and Lee, 2002

N fixation Son, 2001; Lee and Son, 2005; Son et al., 2007; Noh et al., 2010b

Nitrification Son et al., 1995; Lee and Son, 2006a; 2006b

Denitrification Bashkin et al., 2002; Nam et al., 2011;

N leaching You et al., 2002

Plant N uptake Son et al., 2007; Yoon et al., 2015

Soil mineral N change Son et al., 1995; Lee and Son, 2006a

N retranslocation at senescence

Lee and Son, 2004

Leaf N effect on C assimilation None
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