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OBJECTIVE

❑ Satellite measurements of column-

averaged dry-air mole fraction of CO2

(XCO2) from the Orbiting Carbon 

Observatory-2 (OCO-2) are compared 

against the ground-based COllaborative 

Carbon Column Observing Network 

(COCCON) measurements to identify 

potential biases and errors.
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DATA and METHODOLOGY

❑ The new and improved Version 11.1 

(V11.1) of OCO-2 data (Aug 2015 – Dec 

2022) and the COCCON data products 

have been used in this work.

❑ V11.1 uses a digital elevation map that 

improves the retrievals, particularly at 

high latitudes. V11.1  Lite files will be 

publicly available in May 2023.

❑ Coincidence Criteria: 

I. ± 2.5° x ± 5° latitude-longitude boxes 

around COCCON sites

II. Minimum of 100 good quality OCO-2 

soundings required

III. COCCON XCO2 (median) ±1h of 

overpass time

Figure 1. Operational and 

Campaign COCCON sites.

RESULTS

SUMMARY and 

IMPORTANCE

One-to-One Comparison and Difference Time Series

Figure 2. Left columns indicate the OCO-2 one-to-one plot against COCCON, middle columns indicate the time series of the differences, and the

right columns show the statistical parameters. ‘N’ and ‘r2’ indicate the number of points on the graph and the coefficient of determination, respectively.

❑ The absolute average biases are less than 0.6 ppm for Land Nadir/Glint, and Target mode observations, but are higher for Ocean Glint 

observations.

Site-to-Site Differences

❑ Aggregated OCO-2 XCO2 estimates filtered with xco2_quality_flag = 0 typically compare well with coincident COCCON data at global scales, with absolute average biases less than 0.6 ppm for Land 

Nadir/Glint, and Target mode observations.

❑ This study bridges the gap between satellite and ground-based XCO2 measurements, and aids the improvement of the OCO-2 XCO2 data product. 
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Figure 4. Site-to-site differences between

OCO-2 and COCCON, separated by

observation modes for sites for which 10

or more coincident measurements are

available. The bottom and top edges of

the box indicate the 25 and 75 percentile

limits; whiskers represent the full range of

the data, excluding the outliers indicated

by ‘+’ markers. The grey shaded area

shows the ±0.4 ppm uncertainty in the

COCCON values.

Figure 5. Left columns indicate the OCO-3 one-to-one plot against COCCON, middle columns indicate the time series of the differences, and the

right columns show the statistical parameters. ‘N’ and ‘r2’ indicate the number of points on the graph and the coefficient of determination, respectively.

OCO-3 (V 10.4) vs. COCCON - Preliminary Results

Figure 6. Site-to-site differences between OCO-3 and COCCON,

separated by observation modes for sites for which 10 or more

coincident measurements are available. The bottom and top

edges of the box indicate the 25 and 75 percentile limits; whiskers

represent the full range of the data, excluding the outliers

indicated by ‘+’ markers. The grey shaded area shows the ±0.4

ppm uncertainty in the COCCON values.

Figure 3. Diagnostic figures in the top panels indicate the latitude and time-based distribution of XCO2 for coincident OCO-2 overpasses, and the

bottom panels indicate the COCCON XCO2 distribution during the OCO-2 overpass for a) land glint and b) ocean glint over Gobabeb, and c) target

over Karlsruhe.

❑ The standard deviation values for land and ocean glint over Gobabeb are under 0.6 ppm, but higher for Karlsruhe for the target mode.

a) b) c)

Diagnostic Plots for Specific Sites

❑ The absolute average biases are less than 0.7 ppm for 

Land Nadir/Glint, and Target observations, but higher for 

Ocean Glint observations.

❑ Site-to-site comparisons indicate that, overall, for all 

conditions, OCO-3 V10.4 performs well against 

COCCON, given the limited number of coincidences.

❑ Overall, site-to-site comparisons between OCO-2 and COCCON suggest reasonable agreement between the 

datasets, considering the uncertainty and the limited number of coincident measurements.
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