Atmospheric CO2 Concentration Measurements with Clouds from Airborne Lidar Measurements during ASCENDS Science Campaigns
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CO, Sounder Lidar Backscatter Profiles

Globally distributed atmospheric CO, measurements with high-precision,
low-bias and full seasonal sampling are crucial to advance carbon cycle
sciences. However, passive remote sensing approaches from space are
limited to cloud-free pixels and have limited global data coverage and
sampling in cloudy regions, even though some cloudy regions have active
carbon surface fluxes.

NASA Goddard Space Flight Center is developing an integrated-path,
differential absorption (IPDA) lidar approach to measure atmospheric CO;
concentrations from space as a candidate for NASA’s ASCENDS mission.
Measurements of time-resolved laser backscatter profiles from the
atmosphere also allow this technique to estimate column CO, and range to
cloud tops in addition to those to the ground with precise knowledge of the
photon path-length. This allows retrievals of CO, column above clouds and
ground, improving data coverage and sampling. This is expected to benefit
atmospheric transport process studies, carbon data assimilation and thus
help global and regional carbon flux estimates.
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* shorter path-length, greater retrieval errors
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2/3 of the Earth’s surface is typically covered by clouds!!!
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* 2 distinctive layers in summer below 13-k
*PBL: power plant plume, marine sink and
ecological drawdown

* Free-troposphere: significant gradient
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* CO, measurements to cloud tops 1s
now a standard part of our analysis.
* We are the first group to do this.

* Clouds cover~2/3 of the Earth’s
surface - this allows muchmore
data coverage.
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* Demonstrated CO2 measurement capability to cloud tops and through aerosol layers using

NASA/GSFC CO2 sounder lidar;
* Demonstrated lidar cloud slicing approach to retrieve lower atmospheric COq;

* Resolving vertical structure of CO:z potentially will help better separate atmospheric transport

from surface processes and thus better estimate surface budgets;
* Significantly enhanced data coverage and sampling will improve carbon flux estimate

* All-sky measurement capability using NASA/GSFC CO: sounder lidar would provide the future

space carbon mission with great values and potentials in advancing carbon cycle sciences
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