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ABSTRACT

The  atmospheric  carbon  dioxide  (CO2)  concentration  has  been  increasing  rapidly  since  the  Industrial  Revolution,
which has led to unequivocal global warming and crucial environmental change. It is extremely important to investigate the
interactions  among  atmospheric  CO2,  the  physical  climate  system,  and  the  carbon  cycle  of  the  underlying  surface  for  a
better understanding of the Earth system. Earth system models are widely used to investigate these interactions via coupled
carbon–climate  simulations.  The  Chinese  Academy  of  Sciences  Earth  System  Model  version  2  (CAS-ESM2.0)  has
successfully  fixed  a  two-way coupling  of  atmospheric  CO2 with  the  climate  and  carbon  cycle  on  land  and  in  the  ocean.
Using CAS-ESM2.0, we conducted a coupled carbon–climate simulation by following the CMIP6 proposal of a historical
emissions-driven  experiment.  This  paper  examines  the  modeled  CO2 by  comparison  with  observed  CO2 at  the  sites  of
Mauna Loa and Barrow,  and the Greenhouse Gases  Observing Satellite  (GOSAT) CO2 product.  The results  showed that
CAS-ESM2.0  agrees  very  well  with  observations  in  reproducing  the  increasing  trend  of  annual  CO2 during  the  period
1850–2014,  and in capturing the seasonal  cycle of  CO2 at  the two baseline sites,  as  well  as  over  northern high latitudes.
These  agreements  illustrate  a  good  ability  of  CAS-ESM2.0  in  simulating  carbon–climate  interactions,  even  though
uncertainties remain in the processes involved. This paper reports an important stage of the development of CAS-ESM with
the coupling of carbon and climate, which will provide significant scientific support for climate research and China’s goal
of carbon neutrality.
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 1.    Introduction

Carbon dioxide (CO2) is an important greenhouse gas in the atmosphere of Earth. The atmospheric CO2 concentration
has been enhancing rapidly since the Industrial Revolution (IPCC, 2021). Observations show that the atmospheric CO2 con-
centration  in  2019  was  410.07  ±  0.10  ppm  (parts  per  million),  which  was  an  increase  of  47.5%  relative  to  the  value  of
278.00 ± 5.00 ppm in 1750. The increase in atmospheric CO2 can have remarkable effects on the global climate and environ-
ment, including warming of the climate through the greenhouse gas effect and stimulation of plant photosynthesis through fer- 
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tilization  effects.  Changes  in  atmospheric  CO2 and  its  effects  are  a  key  subject  of  global  climate  and  environmental
research.

Atmospheric  CO2 has  strong spatiotemporal  inhomogeneity,  even though it  is  a  well-mixed gas.  Moreover,  it  shows
clear seasonal variation, especially over northern high latitudes, with lower values in summer and higher values in winter,
which is mainly driven by terrestrial ecosystems (Forkel et al., 2016). Satellite observations show that the seasonal amplitude
of atmospheric CO2 exceeds 10 ppm in the Northern Hemisphere (Ying et al., 2019). These findings have been confirmed
by site observations reporting values exceeding 15 ppm at Point Barrow (71.32°N, 156.6°W) (Forkel et a., 2016) and values
reaching 70 ppm in urban areas (Feng et al., 2018). Site observations also show an increase in the seasonal amplitude of atmo-
spheric CO2 in the past several decades, with a value of 50% north of 45°N (Graven et al., 2013). In terms of spatial distribu-
tion, the CO2 concentration is higher in the Northern Hemisphere (Ying et al., 2019) and in regions with more human activities
(Feng et al., 2018). These various line of evidence all point to the fact that the spatiotemporal variation of atmospheric CO2

is very large and cannot be ignored.
Earth system models comprise interactions between the physical climate system and the carbon cycle at multiple spa-

tiotemporal scales. They have been used widely to investigate the changes in atmospheric CO2 concentration and its interactions
with climate. Earth system models from many countries have participated in phase 6 of the Coupled Model Intercomparison
Project (CMIP6). CMIP6 generally proposes two kinds of simulations with respect to CO2: emissions-driven runs and concen-
tration-driven runs (Eyring et al., 2016). In emissions-driven runs, atmospheric CO2 is driven by anthropogenic emissions
and interacts with carbon cycles on land and in the ocean. These runs request that models must have the ability to calculate
atmospheric CO2 concentrations. In concentration-driven runs, the atmospheric CO2 concentration is prescribed, so it is not
impacted by carbon cycles on land and in the ocean. As such, it is relatively more complicated and challenging for models
to conduct emissions-driven runs than concentration-drive runs. For example, thus far, only 13 models have submitted historical
emissions-driven runs to CMIP6, but 64 models have submitted historical concentration-driven runs. Therefore, many chal-
lenges and uncertainties remain for Earth system models to conduct fully coupled emissions-driven simulations of atmospheric
CO2.

The Chinese Academy of Sciences Earth System Model (CAS-ESM) has been continuously developed over the past sev-
eral decades. The latest version, version 2, of CAS-ESM has completed the CMIP6 DECK (Diagnosis, Evaluation, and Char-
acterization  of  Klima)  simulations  (concentration-driven  runs)  and  submitted  the  results  to  CMIP6  (Zhang  et al.,  2020).
Now, we have made a further development of CAS-ESM2.0 to fix a two-way coupling among the atmospheric CO2, physical
climate system, and carbon cycle on land and in the ocean. In this way, CAS-ESM2.0 can simulate CO2–carbon–climate inter-
actions and calculate the atmospheric CO2 by itself. Using this version of CAS-ESM2.0, we conducted a coupled carbon–cli-
mate simulation following CMIP6’s proposed historical emissions-driven experiment.

The objective of this paper is to introduce the coupling process and to report on the preliminary results of the modeled
CO2. Following this introduction, section 2 introduces the carbon cycles in CAS-ESM2.0, followed in section 3 by an intro-
duction  to  the  experimental  design,  data,  and  methods.  Section  4  compares  the  modeled  CO2 to  multiple  sources  of
observed  CO2.  Some discussion  and  a  future  outlook  are  provided  in  section  5,  followed  by  an  overall  summary  of  this
work in section 6.

 2.    Model description

The second version of CAS-ESM (CAS-ESM2.0) was released in 2020. Zhang et al. (2020) reported the model details
and the climate simulation performance. This paper focuses on describing the model’s coupled climate–carbon interactions
and its  performance with regard to  CO2 simulation. Figure 1 shows the CAS-ESM2.0 framework used in  this  study.  We
used  the  same  components  as  those  in Zhang  et al. (2020)  and  turned  on  the  Dynamic  Global  Vegetation  Model  (IAP
DGVM; Zeng et al., 2014) and the ocean biogeochemical model (IAP OBGCM; Xu et al., 2013).

To conduct the coupled carbon–climate simulation, we first added CO2 as a new dry-air tracer in our fifth-generation
Atmospheric  General  Circulation  Model  (IAP AGCM5.0).  Then,  we made a  two-way coupling between the  atmospheric
CO2 and carbon fluxes on land and in the ocean. IAP AGCM5.0 describes the change in CO2 in the horizontal and vertical
directions, and these CO2 changes are affected by net carbon fluxes from the land and ocean. Meanwhile, the bottom layer
of CO2 is transferred to the land and ocean components, and influences their calculations of carbon fluxes.

The land component, the Common Land Model (CoLM), obtains the value of CO2 from the bottom layer of the atmosphere
and uses it to calculate the photosynthesis (Ji et al., 2014). In this way, atmospheric CO2 is partially absorbed. Conversely,
the land component releases CO2 to the atmosphere via plant autotrophic respiration and heterotrophic respiration—processes
described  in  IAP  DGVM  (Zeng  et al.,  2014).  IAP  DGVM  also  includes  modules  describing  carbon  allocations  among
leaves, stems and roots, carbon turnover into above- and belowground litter pools, and plant establishment and mortality.
IAP DGVM has been coupled to CAS-ESM2.0 and shows good ability in reproducing terrestrial carbon fluxes and spatial dis-
tributions of natural vegetation (Zhu et al., 2018). In addition, the process-based fire parameterization of intermediate com-
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plexity in IAP DGVM can reasonably capture the global burned area and accurately estimate fire carbon emissions (Li et al.,
2012). The fire carbon emissions are included and released to the atmosphere in this study.

The ocean biogeochemical model (IAP OBGCM) describes the air–sea CO2 exchange process at  the sea surface and
the carbon biogeochemical cycle in the interior ocean (Xu et al., 2013). The uptake of atmospheric CO2 is driven by the differ-
ence in the partial pressure of CO2 between the atmosphere and the ocean. The sea surface water partial pressure of CO2 is
controlled by the sea surface temperature, salinity, concentrations of dissolved inorganic carbon, and total alkalinity. Dissolved
inorganic carbon and total alkalinity are affected by biological processes. Biological production is a function of the concentra-
tions of nutrients, such as phosphate and dissolved iron, water temperature, and light intensity in this model. As a product of
biological production, the particulate organic matter transports carbon into the interior ocean quickly.

 3.    Experimental design, data and methods

 3.1.    Experimental design

We conducted two types of emission-driven experiments following the CMIP6 proposal (Table 1). The first one is the
preindustrial  control  experiment  (esm_piControl),  in  which  anthropogenic  CO2 emissions  are  prescribed  to  be  zero.  In
esm_piControl, CAS-ESM2.0 calculated the atmospheric CO2 concentration via a two-way coupling with the carbon cycle
in the ocean and on land. This setup is different to the concentration-driven preindustrial experiment in which the atmospheric
CO2 concentration is prescribed and not affected by the carbon cycle of the underlying surface. We ran esm_piControl for
550 years and achieved a near-equilibrium state in which the drifting of global mean atmospheric CO2 was 0.05 ppm yr−1

near the end of the run. This drifting illustrates that our model is not yet ready to be used for long-timescale simulations—
for example, the glacial–interglacial cycle. Therefore, we conducted a historical experiment (esm_historical) covering the
period 1850–2014. The esm_historical experiment branched from year 514 of esm_piControl to obtain an appropriate starting
value for CO2 (284.742 ppm). In esm_historical, the CO2 concentration is also calculated by CAS-ESM2.0, and the anthro-
pogenic CO2 emissions are input data from CMIP6, including emissions from fossil fuel combustion and land-use change
(https://esgf-node.llnl.gov/search/input4mips/) during the period 1850–2014.

Table 1.   Summary of the two emissions-driven simulations in this study.

Experiment name Description Anthropogenic forcings Period

esm_piControl Preindustrial control; CO2 concentration cal-
culated

CO2 from both fossil fuel combustion and land-use
change are prescribed to be zero

550 years

esm_historical Historical simulation; CO2 concentration cal-
culated

Historical time-dependent CO2 emissions, including
fossil fuel combustion and land-use change

1850–2014

 

 

Fig.  1. The  framework  of  CAS-ESM2.0  used  in  this  study,
with active carbon–climate interactions.
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We configured each experiment with 512 cores at a horizontal resolution of 1.4° and a vertical resolution of 35 levels.
The  esm_piControl  and  esm_historical  experiments  took  at  least  three  months  and  one  month  to  finish,  respectively.
Besides, we also spent more time debugging and calibrating the model results. Because of this expensive time cost, we did
not conduct experiments with different resolutions to estimate the dependence of the model results on the resolution. Based
on our previous experience, the resolution may affect the model results at a site scale, but it does not change the overall con-
clusion of the modeled results at regional and global scales.

 3.2.    Data

We  used  observational  datasets  from  three  sources.  The  annual  mean  CO2 concentration  for  the  period  1850–2014
comes from the CMIP6 input data (https://esgf-node.llnl.gov/search/input4mips/).  We also obtained CO2 observations for
the sites of Mauna Loa (MLO) and Barrow (BRW) from NOAA Global Monitoring Laboratory measurements (Lan et al.,
2023). These two sites have long-term, continuous records, and have been used as baseline observations in many previous
studies (Graven et al., 2013; Forkel et al., 2016). In this study, we used their monthly observations during the overlapping
periods  of  1959–2014  (MLO)  and  1972–2014  (BRW).  Additionally,  we  downloaded  the  satellite  product  from  GOSAT
(Greenhouse Gases Observing Satellite; https://data2.gosat.nies.go.jp). This product has a horizontal resolution of 2.5°, a ver-
tical resolution of 17 levels, and a temporal resolution of 6 h. The GOSAT product spans from March 2009 to October 2017,
and this study used its datasets covering the period 2010–2014.

 3.3.    Methods

We converted the CO2 output of CAS-ESM2.0 to the column-average mole fraction of CO2 in dry air (XCO2), which is
consistent  with  the  CMIP6  annual  mean  CO2 data.  XCO2 is  computed  following  the  method  in Buchwitz  and  Reuter
(2016): 

XCO2 =

∑
ndcCO2∑

nd

,

cCO2 ndwhere  is the CO2 concentration (in ppm) at each level of CAS-ESM2.0 and  represents the corresponding number of
dry-air particles within the level, calculated as follows: 

nd =
Na∆p(1−q)

mdg
.

Na md

∆p
Here,  represents the Avogadro constant (6.022140857 × 1023 mol−1) and  is the molar mass of dry air (28.9644 × 10−3

kg mol−1).  is the pressure difference (in hPa) between the top boundary and the bottom boundary of the level; q represents
the specific humidity (in kg kg−1) within the level; and g is the gravitational acceleration, which changes with height and lati-
tude. This study assigns g as a constant value of 9.80665 m2 s−2 because the model top is not very high (2.2 hPa).

×
For comparing the model output to site observations, we used the CO2 concentration in the lowest level and selected values

of  all  grid  points  covering  a  1.5°  1.5°  radius  around  the  two  stations,  MLO and  BRW.  Finally,  four  grid  points  were
selected for each of the two stations and their values were averaged to compare with the observations at MLO and BRW,
respectively. When comparing to the GOSAT product, we converted the model output at the pressure level that was consistent
with the GOSAT product.

 4.    Results

We first show the global mean XCO2 of CAS-ESM2.0 (red line) and the observations (black line) in Fig. 2a. It is to be
expected that the global mean XCO2 increases with time during the period 1850–2014. CAS-ESM2.0 shows a highly consistent
XCO2 profile with that of the observations, illustrating a strong ability of CAS-ESM2.0 to capture this increasing trend of
XCO2.  For  the  year  2014,  CAS-ESM2.0  reproduces  XCO2 with  a  value  of  398.50  ppm,  which  is  very  similar  to  the
observed value of 397.55 ppm, while the nine CMIP6 models simulate XCO2 values ranging from 381 to 412 ppm (IPCC,
2021).

Figure 2b further shows the simulated net carbon fluxes for CAS-ESM2.0, with the purple, blue and green lines represent-
ing the fluxes from anthropogenic emissions, ocean and land, respectively. Positive values represent the release of carbon to
the atmosphere, while negative values represent the absorption of carbon from the atmosphere. The increasing anthropogenic
emissions with time are expected and are thought to be the main cause of the increasing XCO2 in Fig. 2a. The magnitudes
of negative net carbon fluxes in the ocean and on land are also generally increasing with time, indicating increasing carbon
absorbed from the atmosphere by the ocean and land. This phenomenon has been confirmed by many observations and is
called the CO2 fertilization effect  because of  the increasing CO2 concentration.  For the last  15 years (2000–2014),  CAS-
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ESM2.0 simulates net absorbed carbon fluxes, with average values of 2.23 and 4.19 PgC yr−1 for land and ocean, respec-
tively. The magnitude of the net land carbon flux is similar to the estimation (2.81 PgC yr−1) based on 17 DGVMs, while
the magnitude of the net ocean carbon flux is larger than the estimation (2.32 PgC yr−1) based on eight global ocean biogeo-
chemistry models and seven ocean CO2 data products (Friedlingstein et al., 2022). The larger net ocean carbon fluxes are
partly  caused  by  the  non-equilibrium  state  of  the  ocean  at  the  beginning,  with  approximately  1.0  PgC  yr−1 of  carbon
absorbed. Moreover, CAS-ESM2.0 shows that the interannual variability of net carbon fluxes are larger for land than the
ocean.  This  result  agrees  with  nine  CMIP6  models  and  observations  and  is  reported  in  Chapter  3  of  IPCC AR6  (IPCC,
2021).

In addition to the comparison at the global scale,  we further compared the CAS-ESM2.0 results to site observations.
Figure  3 shows  the  comparison  at  the  two  baseline  sites,  BRW and  MLO,  with  the  black  and  red  lines  representing  the
observed and modeled CO2, respectively. Broadly, the simulated CO2 concentration is similar to the site observations, with
slightly higher magnitudes of 5.70 ppm (1.6% of the observation) and 5.16 ppm (1.5% of the observation) at sites BRW and
MLO, respectively. In Fig. 3, the modeled CO2 (red lines) is offset by these differences to provide a more intuitive compari-
son. Clearly, the temporal evolutions of the modeled CO2 agree very well with those of the observations at the two sites,
including the increasing trend and the seasonal cycle. In the year 2014, the modeled CO2 concentrations at BRW and MLO
are 399.84 and 398.02 ppm, respectively, which are very similar values to the observations (400.31 ppm and 399.81 ppm).

To examine the details of the seasonal cycle of CO2, we compared CAS-ESM2.0 to the two site observations in each
year and attached their climatological means in the bottom right of each panel in Fig. 3. Both the modeled and observed values

 

 

Fig.  2. Temporal  evolution  of  (a)  global  mean XCO2 (units:  ppmv)  and (b)  net  carbon flux  (units:
PgC yr−1) during the period 1850–2014. The red and black lines in (a) represent CAS-ESM2.0 and
observed  values,  respectively.  The  purple,  blue  and  green  lines  in  (b)  represent  the  modeled  net
carbon flux from anthropogenic emissions, ocean and land, respectively.
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are normalized by subtracting their respective annual mean values in each year. In this way, we can easily compare their profiles
of  the  seasonal  cycle  of  CO2,  including the  time with  the  highest  and lowest  CO2 and the  seasonal  cycle  amplitude,  and
these comparisons are consistent with those based on absolute values.

At BRW, CAS-ESM2.0 simulated the time-averaged highest CO2 in January and lowest CO2 in July, while the time-aver-
aged observation shows the highest CO2 in May and lowest CO2 in August. Besides, the modeled seasonal cycle amplitude
of CO2 (19.03 ± 3.32 ppm) is a little larger than that of the observed CO2 (15.75 ± 1.47 ppm). At MLO, the modeled and
observed CO2 have a similar profile of the seasonal cycle of CO2, while the modeled time with the highest (April) and the
lowest (August) CO2 are both one month ahead of the observed time. The simulated seasonal cycle amplitude of CO2 (9.61 ±
2.73 ppm) is also larger than that of the observation (5.75 ± 0.45 ppm) at MLO. Overall, the modeled profiles of the seasonal
cycle of CO2 at the two sites are broadly similar to those of the observed CO2, despite the aforementioned differences.

Figure 4 further compares the modeled seasonal cycle of CO2 to that of the satellite CO2 product at the regional scale.
We plot the CO2 in the lower levels of troposphere (below 500 hPa) over the Northern Hemisphere, which is characterized
by prominent  seasonal  variability  in  CO2.  Broadly,  CAS-ESM2.0 can capture  the  seasonal  cycle  of  CO2 reasonably well
over the northern high latitudes, with lower values in boreal summer and higher values in boreal winter. This seasonal cycle
of CO2 is mainly caused by the seasonal variability in net land carbon fluxes, with net carbon uptake during boreal summer
because of enhanced photosynthesis and net carbon release during boreal winter because of ecosystem respiration. The consis-

 

 

Fig.  3. Temporal  evolution  of  CO2 (units:  ppm)  at  sites  (a)  Barrow  (BRW)  and  (b)  Manua  Loa
(MLO),  with  the  climatological  mean of  the  seasonal  cycle  of  CO2 attached in  the  bottom right  of
each  panel.  The  red  and  black  lines  the  represent  CO2 concentration  of  CAS-ESM2.0  and  the
observation,  respectively.  The  modeled  CO2 is  offset  to  have  the  same  climatological  mean  as  the
observed  CO2,  with  the  numbers  shown  in  each  panel.  The  seasonal  values  are  calculated  by
subtracting the annual mean from their absolute values in each year.
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tency in the seasonal cycle of CO2 between CAS-ESM2.0 and GOSAT means CAS-ESM2.0 can also reasonably reproduce
the seasonal variability of the terrestrial carbon cycle.

Meanwhile, the patterns of the modeled CO2 are different to those of GOSAT CO2 products. Overall, CAS-ESM2.0 over-
estimated  the  CO2 at  most  grid  points  of  the  Northern  Hemisphere,  relative  to  the  GOSAT  CO2.  This  overestimation  is
larger in Central Asia and North America in July and at almost all grid points in January. To detect the possible causes of
these biases, we analyzed the net terrestrial carbon fluxes (Fig. 5). In July, Central Asia and North America are mainly charac-
terized by net carbon release from land to atmosphere, which may be caused by the modeled biases in terrestrial respiration.
In January, the overall larger overestimation of CO2 is partially caused by the fire carbon emissions accumulated over the
whole year and released to the atmosphere on 1 January in the next year. These biases indicate that the modeled atmospheric
CO2 remains uncertain in many regions, and these uncertainties need to be reduced through more comprehensive detection.

 5.    Discussion and outlook

The main goal of this paper is to report the process of CAS-ESM2.0 in simulating atmospheric CO2 and its two-way cou-
pling with terrestrial and oceanic carbon cycles. The results are preliminary, and more comprehensive evaluations are necessary
in the future to systematically understand the model performance. These future evaluations should apply more site observations
of atmospheric CO2 and carbon fluxes to/from the land and ocean. Comparison of CAS-ESM to such site observations will
facilitate a comprehensive examination of the ability of the model in reproducing atmospheric CO2, as well as the sources
of model biases. For example, CAS-ESM2.0 overestimated the seasonal amplitude of atmospheric CO2 at the two baseline
sites (BRW and MLO). This overestimation may be caused by unrealistic net ecosystem production and fire carbon emis-
sions. An application of observations of each carbon flux favors a comprehensive evaluation to accurately describe the corre-
sponding processes. Additionally, there are an increasing number of satellite CO2 products and CO2 outputs from Earth system
models that participate in the CMIP emissions-driven simulations. The potential availability of these CO2 datasets will be
favorable for examining the uncertainties of CAS-ESM in reproducing atmospheric CO2 at  the regional and global scale.

 

 

Fig. 4. Spatial distribution of low-level (below 500 hPa) CO2 concentration (units: ppm) for the (a, d) annual mean,
and the months of (b, e) July and (c, f) January, during the period 2010–2014. Panels (a–c) show the modeled results
of CAS-ESM2.0, while panels (d–f) are from the GOSAT CO2 product.
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Overall, we will focus next on comprehensively evaluating CAS-ESM2.0 with more and varied sources of observations and
models for a better understanding of the behaviors of CAS-ESM and to further improvement its simulation of coupled carbon
–climate interactions.

There are many potential applications of CAS-ESM once it has the ability to simulate CO2–carbon–climate interactions.
One significant area is the investigation of scientific issues associated with atmospheric CO2. For example, previous studies
have reported that the seasonal cycle amplitude of atmospheric CO2 has increased by 50% since 1960s over the northern
high latitudes (Graven et al.,  2013; Forkel et al.,  2016).  However,  most Earth system models underestimate this observed
CO2 seasonal amplitude and its trend (Graven et al., 2013; Gier et al. 2020). These model biases mean that many key processes
remain uncertain and are even missing in many Earth system models (Arora et al., 2020). Using CAS-ESM and other Earth
system models, we can try to quantify the causes of models biases associated with each specific process, such as fire and veg-
etation dynamics, as well as reveal the key underlying mechanisms.

Another important application of CAS-ESM is to support China’s goal of carbon neutrality. China has set a target to
achieve carbon neutrality by the year 2060. One key job of this goal is to accurately set a carbon-neutral pathway that is
decided by many aspects, including anthropogenic emissions and net carbon fluxes from natural ecosystems. Using CAS-
ESM with coupled carbon–climate interactions, we can estimate net carbon fluxes in China at each stage of the carbon-neutral
process,  and  this  estimation  can  be  fed  back  to  policymakers  for  adjustments  to  the  carbon-neutral  pathway.  Moreover,
CAS-ESM can also project climatic effects of the carbon-neutral goal, not only for China but also in combination with other
countries. Overall, the implementation of CAS-ESM with fully coupled carbon–climate simulation is an important stage in
the development of CAS-ESM, especially from the perspective of supporting China’s goal of carbon neutrality.

 

 

Fig. 5. Spatial distribution of net carbon fluxes in land (units:
TgC) for (a) annual mean, (b) July and (c) January during the
period  2010−2014.  Positive  values  represent  net  carbon
release  from  land  to  atmosphere,  while  negative  values
represent net carbon uptake from atmosphere to land.
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 6.    Summary

A successful two-way coupling of atmospheric CO2 with the climate and the carbon cycles of land and ocean in CAS-
ESM2.0 has been reported in this paper. Using this version of the model, we conducted an emissions-driven CMIP6 historical
simulation to examine its  performance in reproducing atmospheric CO2.  The preliminary results  show that  CAS-ESM2.0
can reproduce the increasing trend of annual CO2 during the period 1850–2014, and can capture the seasonal cycle of CO2

at two baseline sites (MLO and BRW), as well as over northern high latitudes. These results illustrate that CAS-ESM2.0
has the ability to simulate CO2–carbon–climate interactions, despite uncertainties remaining in the processes involved. In
future  work,  we  intend  to  conduct  more  comprehensive  evaluations  of  the  model  by  comparing  its  results  with  multiple
sources of observations and other modeled outputs, and well as gain a systematic understanding the model’s behaviors and
detect the sources of uncertainties. Overall, this is an important stage of the development of CAS-ESM because it will provide
significant scientific support for climate research and China’s goal of carbon neutrality.
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