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Background

• Can satellite XCO2 be used to directly 
monitor monthly surface CO2 flux 
anomalies from the terrestrial biosphere? 
• How about estimate them? 
• Under what conditions?
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• Greenhouse gas satellites (like OCO-2) 
were designed to provide a constraint on 
seasonal to interannual carbon cycle 
variability

• Many recent investigations show these 
satellites’ sensitivity to smaller 
spatiotemporal scale surface fluxes



𝑄𝑄 = ∆𝑋𝑋𝑋𝑋𝑋𝑋2 𝑉𝑉 𝐿𝐿 𝑋𝑋 𝑀𝑀𝑒𝑒𝑒𝑒𝑒𝑒 𝑀𝑀

V = Horizontal Wind Velocity

Q = Surface Carbon Flux

∆XCO2 = XCO2 Domain - XCO2 BackgroundXCO2 Background

Pandey et 
al. (2021); 
Buchwitz et 
al. (2017)

Simple Mass Balance Method: “Pixel 
Source Mass Balance”

C = 2 (assumption of linear 
increase of XCO2 within 
domain)
M = Conversion from carbon 
mixing ratio to total column 
mass
Mexp =  Ratio of atmospheric 
to surface pressure

XCO2 Domain
XCO2

Surface



Winds:
• Consistently originate from 

same background region
• Flow consistently through 

region Larger domain area reduces effects 
of turbulent mixing at monthly scales

CarbonTracker Reanalysis Tests: Wind and Areal 
Conditions

Comparing CT XCO2 
estimated CO2 flux with CT 
CO2 flux outputs



CarbonTracker Reanalysis Tests: Wind and Areal 
Conditions

XCO2 enhancement anomalies 
correlate with surface flux anomalies

Mass balance method with XCO2 can 
provide first order estimate of surface 
flux anomalies

Eastward = months with winds <60o angle from east



OCO-2 Observations: observation error can hinder surface 
monthly flux estimation

OCO-2 
Observations

CarbonTracker
Reanalysis

CarbonTracker
Reanalysis + XCO2
Observation Error

Observation error is a 
large contribution to the 
reduction in ability of 
OCO-2 to monitor each 
month’s surface flux 
anomaly

Correlation between 
XCO2 estimated CO2
flux and modeled CO2
flux



OCO-2 can detect and estimate more extreme surface 
carbon flux anomalies

OCO-2 XCO2 anomalies can 
frequently detect the largest 
surface fluxes

XCO2-based flux estimates 
provide a first order estimate of 
large surface fluxes 



Summary

• Pixel source mass balance methods can viably be used to 
estimate surface fluxes from XCO2
• Observation error can hinder this approach

• Large carbon anomalies above instrument error can be 
detected and estimated with OCO-2

• Need large spatial domains and tractable advection conditions
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