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1. Introduction
Atmospheric mixing ratios of carbon dioxide (CO2) are largely controlled by anthropogenic emissions
and biospheric sources/sinks. The processes controlling terrestrial biosphere-atmosphere carbon exchange
are currently not fully understood, resulting in models having significant differences in the quantification of
biospheric CO2 fluxes. Currently, atmospheric chemical transport models (CTM) and global climate models
(GCM) use numerous different biospheric CO2 flux models resulting in large differences in simulating the
global carbon cycle.
The Orbiting Carbon Observatory 2 (OCO-2) satellite mission was designed to allow for the improved
understanding of the complex processes involved in the exchange of carbon between terrestrial ecosystems
and the atmosphere, and therefore allowing for more accurate quantification of the seasonal/inter-annual
variability of CO2. OCO-2 provides much-needed CO2 observations in data-limited regions allowing for the
evaluation of forward model simulations of greenhouse gases (GHG) and facilitating global/regional
estimates of “top-down” CO2 fluxes.
The objectives of our research are to: 1) perform inter-model comparisons/evaluation of GEOS-Chem
(v11) CTM simulations using different biospheric CO2 flux models (e.g., NASA-CASA, CASA-GFED, SiB-4,
and SiB-3), 2) perform and inter-compare GEOS-Chem adjoint inverse model (4D-Var) simulations (using the
different biospheric CO2 flux models) to constrain “top-down” CO2 flux estimates using OCO-2 observations,
and 3) quantify the sensitivity/accuracy of “top-down” CO2 flux estimates using the different biospheric CO2
models. Here we present our initial results from objective #1 by inter-comparing and evaluating simulated
CO2 mixing ratios (using surface-level in situ data and OCO-2 column averaged (XCO2) retrievals) applying
four different state-of-the-science biospheric CO2 flux models to assess the importance of these fluxes in
forward and inverse modeling estimates (our future work).

2. Materials and Methods

3. Inter-comparison of
Biospheric CO2 fluxes
• Global annual land flux of -4.67
PgC yr-1, -5.26 PgC yr-1, -2.74
PgC yr-1 and -0.17 PgC yr-1 are
used in GEOS-Chem for NASACASA, CASA-GFED, SiB-4 and
SiB-3 models respectively.
• Noticeable
differences
in
spatio-temporal distributions of
CO2 fluxes between the 4
biospheric CO2 flux models are
evident.
• Largest differences between
the 4 biospheric CO2 flux
models are evident in the
Eurasian
Boreal,
South
American
Tropical,
and
Northern and Southern Africa
TransCom-3 regions.

Comparison of the monthly land flux (PgC mon-1) in GEOS-Chem
for different biospheric CO2 flux models
over different terrestrial TransCom-3 regions.

➢ Atmospheric transport of CO2 simulated using GEOS-Chem (v11)
for 2014 and 2015
GEOS-FP meteorological fields at 2° x 2.5° resolution
Fossil fuel combustion, cement production and gas flaring
emissions from the Open-source Data Inventory for
Anthropogenic CO2 (ODIAC2016)
• Climatological ocean exchange (Takahashi et al., 2009)
• Biofuel, aviation, and shipping CO2 emissions, and chemical
source of CO2 (Nassar et al., 2010)
• GFED-3 wildfire and wood fuel emissions
➢ 4 state-of-the-science biospheric CO2 flux models are used in this
study combined with Net Terrestrial Exchange (Nassar et al., 2010)
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5. Comparisons with OCO-2 XCO2 Retrievals
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Figure above shows monthly-averaged land flux from the 4
biospheric CO2 flux models and biomass burning (g C m-2 mon-1)
for two selected months in 2015 (January and July)
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Annually-averaged surface-level CO2 mixing ratios simulated with the
GEOS-Chem forward model using the 4 biospheric CO2 flux models

XCO2 (ppm)

• Using different biospheric CO2 flux models in GEOS-Chem simulations results in large differences in surfacelevel CO2 mixing ratios and the comparison of XCO2 values to OCO-2 retrievals.
• Next steps in our work will be to calculate “top-down” global CO2 flux estimates of terrestrial biospheric fluxes
and biomass burning emissions using OCO-2 retrievals applying the four-dimensional variational (4D-Var) data
assimilation system with the GEOS-Chem adjoint model.
• Using the different prior models in these inverse model simulations will allow for the quantification of the
sensitivity of global and regional “top-down” CO2 flux estimates to the different prior flux models.
• Posteriori CO2 mixing ratios from all different inverse model simulations will be evaluated with independent
data in order to understand how different prior models impact the accuracy of “top-down” CO2 flux estimates.
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• Seasonal correlation between surface in situ data and
modeled CO2 values varied from ~0.5 to ~0.98 applying all
the four different flux models.
• Biases are less than 30% for all four sets of simulations.
• Statistics on the left Table reveal that no single
biospheric CO2 flux model outperformed all other
models.
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6. Results and Future Work on Inverse Modeling (4D-Var)

• Different biospheric CO2 flux models led to some difference in annually-averaged surface CO2 patterns with much larger variability
when evaluating seasonal and monthly CO2 fields.
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• Largest XCO2 values from OCO-2 are observed in the Northern Hemisphere during the spring (MAM) and
minimum values occur in the Northern Hemisphere during the summer (JJA).
• Using different biospheric CO2 flux models results in >5 ppm differences in XCO2 between GEOS-Chem
simulations and OCO-2 retrievals.
• We hypothesize that these spatio-temporal differences in the comparison of forward model simulations and
OCO-2 when using different biospheric CO2 flux models will impact the spatial distribution, magnitude, and
accuracy of “top-down” emissions estimates.
• Future work will involve using multiple biomass burning emission inventories, such as, from the NASA-CASA
simulated forest loss CO2 emissions (including biomass burning, drought, deforestation, wind damage, insect
and pathogen damage, etc.), GFED-4 and QFED CO2 emissions as well.
• Inverse model simulations (4D-Var) will be run with the varying biospheric and biomass burning emission
inventories in order to quantify the sensitivity of “top-down” CO2 flux estimates to different prior flux models.
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4. Inter-comparison of GEOS-Chem CO2 forward model simulations
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Seasonally averaged XCO2 retrievals (ppm) from the OCO-2 satellite for the year 2015 (top row). The differences
in XCO2 between OCO-2 and GEOS-Chem simulations (ppm) using the NASA-CASA (second row), CASA-GFED
(third row), SiB-4 (fourth row) and SiB-3 (fifth row).

10-sec average OCO-2 XCO2 retrievals provided by the OCO-2
Flux Inversion Team
GEOS-Chem smoothed with the OCO-2 averaging kernel to
calculate the corresponding simulated XCO2
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• Data selection: “representative of site”
➢ Comparison of GEOS-Chem XCO2 with OCO-2 observations
•
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NASA Carnegie Ames Stanford Approach (NASA-CASA) –
NASA Ames Research Center (Potter et al., 2012)
• CASA-GFED – NASA Goddard Space Flight Center
• Simple Biosphere Model v4 (SiB4)
• Simple Biosphere Model v3 (SiB3)
• SiB-4 and SiB-3 data only available for 2012, this data will be
updated for more current years when available
➢ Evaluation of GEOS-Chem-predicted surface CO2 mixing ratios
with mean flask data from GLOBALVIEW-CO2 (2013)
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• CO2 surface concentrations among the models display large differences (up to ~20 ppm) over the Eurasian Boreal, South America
and Central Africa year-around; and over the central North America and South East Asia for the JJA and SON seasons.
• However, it should be noted that some of these differences could be due to different years used for SiB-4 and SiB-3 models (2012).
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Seasonally-averaged maximum variability among the four forward
model simulations of surface-level CO2

Sajeev Philip’s research was supported by an
appointment to the NASA Postdoctoral Program at the
NASA Ames Research Center,
administered by
Universities Space Research Association under contract
with NASA. We thank the OCO-2 Science Team, OCO-2
Flux Inversion Team, GLOBALVIEW-CO2, GEOS-Chem
model and inventory developers, and the CASA-GFED,
SiB-4, SiB-3 and GFED-3 teams for the data. We are
thankful to Ray Nassar for helpful discussions.

References
GLOBALVIEW-CO2, 2013; doi: 10.3334/OBSPACK/1002
Nassar et al., 2010; doi: 10.5194/gmd-3-689-2010
Potter et al., 2012; doi: 10.4236/ijg.2012.33050
Takahashi et al. 2009; doi: 10.1016/j.dsr2.2008.12.009

