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THE CURRENT RESEARCH CONDITION AND LEVEL OF THE RESEARCH PROJECT
AT HOME AND ABROAD:

Soil organic carbon (C) is the largest terrestrial C reservoir (IPCC, 2007). Accurately predicting
SOC decomposition in response to environmental changes is critical for projecting carbon-climate
feedbacks (Yan et al., 2018). Soil moisture is one of the most important environmental factors
controlling microbial heterotrophic respiration (Cook and Orchard, 2008; Moyano et al., 2012), the
process by which SOC is mineralized by microbes into carbon dioxide (Bond-Lamberty et al., 2004;
Davidson and Janssens, 2006; Moyano et al., 2012). It is anticipated that global-scale shift in soil
moisture levels will occur in the coming decades because of climate change (IPCC, 2007), thus
potentially causing substantial alterations in soil carbon stocks across various regions (Falloon et al.,
2011; Moyano et al., 2012).

Modeling is an effective way to investigate the response of soil carbon stocks to climate change
due to the absence of global monitoring of soil organic carbon changes (Guenet et al., 2018). Most
biogeochemical models use soil moisture response function to control rates of decomposition with
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varying functional forms (Table 1).

Table 1. Functions used in common biogeochemical models to represent the effects of moisture on

decomposition rates.
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Wi is relative water content in a range from 0 to 1; ) is soil water potential (MPa); is the g at field capacity.

These functions are generally developed and validated using soils from specific field sites and,
as a consequence, are not suitable for a wider range of soil types, resulting in significant uncertainty
when they are expanded to global scales (Moyano et al., 2012; Yan et al., 2018). Thus, it is important
to consider the variability in the relationships between soil heterotrophic respiration and soil moisture
through soil properties in the soil carbon models (Moyano et al., 2012). This comprehensive sight
enhances our understanding of the impact of soil moisture on soil carbon stocks across diverse soil
types and geographic regions, and reduces uncertainty in climate-carbon cycle feedbacks (Falloon et

al., 2011).
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THE AIM AND EXPECTATION OF THE RESEARCH:
Aim:

(1) Investigate the impact of incorporating diverse soil properties-dependent moisture response
functions into the ORCHIDEE model, a land surface model;

(2) Examine the role of soil moisture in global soil carbon dynamics;

(3) Examine the interactions between soil moisture and priming effect and their role in global
soil carbon dynamics.

Expectation:

Combining the improved soil moisture response function of soil organic carbon decomposition
in the global land surface model, Organising Carbon and Hydrology In Dynamic Ecosystems
(ORCHIDEE), will provide a more comprehensive understanding of the impact of soil moisture on
global soil carbon stocks. The original moisture response function was simply in a parabolic form
and did not explicitly consider variations in soil properties. We anticipate that compared to
ORCHIDEE and the version incorporated with priming (ORCHIDEE-PRIM), the simulation results
of the improved versions of ORCHIDEE (ORCHIDEE-SMR and ORCHIDEE-PRIM-SMR) will
reflect significant regional differences in soil carbon stocks, and simulations of ORCHIDEE-PRIM-
SMR will be closer to soil carbon stocks observations. Besides, we speculate that the reduction in soil
carbon stocks attributed to the presence of the priming effect may also be offset by the limiting effect
of soil moisture on SOC decomposition.

THE EXPERIMENTAL METHODS, DATA ANALYSIS METHODS, AND TIME
ARRANGEMENT (where required):

The proposed research involves integrating the soil moisture response functions of soil organic
carbon decomposition rate from Moyano et al. (2012) into the global land surface model
ORCHIDEE, considering both versions of the model: one with the priming effect (ORCHIDEE-
PRIM) and one without (ORCHIDEE), as described by Guenet et al. (2018).

(1) ORCHIDEE

ORCHIDEE is a process-based terrestrial ecosystem model that calculates the fluxes of CO»,
H>O, and heat exchange between the land surface and the atmosphere on a half-hourly basis, and the
variations of carbon pools on a daily basis (Guenet et al., 2018; Guenet et al., 2016). The dynamics of
soil organic carbon (SOC) for each pool with and without priming effect (ORCHIDEE-PRIM and
ORCHIDEE, respectively) (Guenet et al., 2018) is represented as Eq (1) and Eq (2):

dsSocC
dt

=1—kx (1—e XF0C) x SOC X f(8) X f(T) X f(y) (1)

dSocC
dt

=1-kXS0CX f(8) X f(T) X f(¥) (2)

where / is the input of C into each pool and £ is the soil organic carbon decomposition rate. c is a
parameter controlling the interaction of the fresh organic carbon (FOC) pool with the soil organic
carbon mineralization. |[f (8)}, f (T)and |f (y)|are the soil moisture function, the temperature function,
and the texture function modulating decomposition, respectively. Where is represented as Eq
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3):
| £(6) = max(0.25,min(1, —1.1 X 82 + 2.4 X 6 + 0.29)) (3)

where | denotes the soil moisture in m* HyO m™3.
(2) Soil moisture response function considering soil properties

In ORCHIDEE-PRIM and ORCHIDEE, we aim to refine Eqs (1) and (2) by integrating the soil-
dependent moisture-respiration functions developed by Moyano et al. (2012). The functions
predicting Proportional Response of Soil Respiration (PRsr) are as follows:

PRgp = —0.486 + 1.860%2 — 1.603 + 0.1BD — 0.36 - BD + 0.18clay

—0.310 - clay + 1.450C + 0.98 (4)
| PR¢, = —0.83M + 1.560% — 63 + 0.08clay + B=6 - clay + 1.2850C + 1.11 (5)
| PR¢p = —1.1260 + 2.220% — 1.4063 + 1.178 (6)

where clay denotes the clay fraction (%), SOC denotes soil organic carbon (mg g '), and BD is bulk
density (g cm™>). The soil properties-dependent moisture response functions are obtained in a two-
step calculation (take Eq (4) for example):

1) Using Eq. (4) to predict PRsr values for each 0.01 moisture interval at given BD, clay, and
SOC;

2) Using Eq. (7) to calculate the soil-dependent moisture response function that including soil
properties:

M

FOp=]]_ PR, ™)

where, is the soil moisture response function considering soil properties. & is 0.01 moisture
intervals from the initial moisture (Mo) to M (for Mo < M). Therefore, in ORCHIDEE-PRIM-SMR
and ORCHIDEE-SMR, we intend to modify Eq (1) and Eq (2) to Eq (7) to improve the accurate
predictions of the response of soil carbon to future climate scenarios.

(3) Global-scale simulation

After incorporating the soil-dependent moisture response functions into the ORCHIDEE-PRIM
and ORCHIDEE, four versions of the ORCHIDEE models (i.e., ORCHIDEE, ORCHIDEE-PRIM,
ORCHIDEE-SMR, and ORCHIDEE-PRIM-SMR) will be run globally with historical and future
climate. Simulations spanned from the historical period (1901-2020) to projections for the 21st
century (1951-2100) under different climate scenarios. The historical dataset comes from the Climate
Research Unit (CRU) (Mitchell et al., 2004) and the National Centers for Environmental Prediction
(NCEP) (Kalnay et al., 1996). The future climate forcings of SSP1 and SSP5 from CMIP6 will be
obtained from models such as HadGEM, IPSL-CM5A, and MIROC-ESM-CH.
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(4) Timeline of research project
Activity Month

10~11 12~1 2~3 4~5 6~7 8

Literature Review

Data Collection and Model Modification X

Model Calibration and Validation X X

Model Simulation X

ol ol

Results analysis
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