Airborne Lidar Measurements of Atmospheric Column CO2 Concentration to Cloud Tops
during ASCENDS Science Campaigns
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@ C'O, Sounder provides pulsed, time-resolved range measurements 7 1 Column CO, Retrieval to cirrus cloud tops
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@ Introduction ﬁ

Globally distributed atmospheric CO, measurements with high-precision, 300 —eere g EMVOlIcR Vaclabilty 3F2 (PaciicOconN)
low-bias and full seasonal sampling are crucial to advance carbon cycle - e o curss Flightto lowa, 3/7/2013
sciences. However, passive remote sensing approachesfrom space are limited - | pointing angle
to cloud-free scenes and have limited global data coverage and poor data ) S optical path length
sampling in cloudy regions, even though some cloudy regions have active ground
carbon surface fluxes. 1 | N

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 | | | GPS reference
surface

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- se S0 | f E
length. This allows retrievals of column CO, concentration to cloud tops, 1572.3 1572.35 1572.
providing much higher spatial coverage and some information about vertical ok - : : ' m. Accuracy ~0.5 m Wavelength (nm)
structure of CO2. This is expected to benefit atmospheric transport process Viasisgien I Blevasien om)
* allow retrieval of stratospheric CO2:

smdles: g l?on data assimilation in models, and global and regional carbon Histogram of range measurement standard deviation with regard to GPS altuneter data over Pacific * benefit retrieval of tropospheric CO2;
flux estimation. Ocean near Califorma coast on Aug 22 duning 2014 ASCENDS awrbome science canpaign
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@ Annual mean total cloud fraction 3‘; 1 CO, Sounder measured roughness of cloud tops 3‘; 1 @ Column CO, Retrievals to the boundary layer cloud tops ?;ﬂ

z : : : ; = Devation Variatilly SF3 (BLCIoudt) : N $F 3 (lowa)
23 of the Earth's surface is typically covered by clouds and space-based G ) et e - e e | 8/25/2014 . —

. . . S e ~ 10 peate, 1104 e e PR
passive missions are unable to make CO2 measurements over clouds
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flat marine stratus (left) vs bumpy cumulonimbus (right) — | o | ) o

from CloudSat and CALIPSO (contributed by Jen Kay)
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In-situ CO, Vertical Profiles— Summer 2011 i, CO: Saimdecsisntnred doud reflscthity . Lidar Cloud bllcl.ng allo\\.’s CO, measurements
Ly . . at several altitudes with broken clouds
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S i y 2-layer: boundary and free troposphere . SAGU PURLICATIONS —
- 127 Geophysical Research Letters

RESEARCH LETTER Remote sensing measurements of the CO, mixing ratio
AL in the planetary boundary layer using cloud slicing
vy with alrborne lidar

A - Avend K Rassanaran . Ranping Mo Y, Aemsen B AR, and Ganham B Alant !

DC-8 MVOCET Dota, 2011 fights

AVOCET by
NASAILaRC

g % 8

3

s (b)

Tall Cumutus Clouds | v - interval
2014.08.22 ' - ;

Feguey (a1 uny

0q an

an
1 ' , Citns) Rafactnnty
powsrplont plume < : N 13 g T activiRy for 573 R ClousT)

I ' | -
T T P

30 «0 a0 a0
02 Viwing Rotio (povw)

cumulus
‘.

Heaght (km)

Height (km)

cumulus }
’

FreQueocy (AD ey

* 2 distinctive layers in summer below 13-k R : | : : :
*PBL: power plant plume, marine sink and & ' e : ground ﬁf— PBL
ecological drawdown : ! - P \ e S L L L 2200 2230 20 40 370 380 390 400
* Free-troposphere: significant gradient Time (UTC hours) Backscatter CO, VMR (ppm)
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In-situ C'O; Vertical Profiles — Winter 2013 19 @ Column CO, Retrievals to all cloud tops I Column Retrieval through aerosol layers

Feb./March 2013 Flights * Column CO, measurements to cloud tops

3-layer: ] on-board AVOCET gas analyzer is now a standard product of our analysis
boundary, troposphere and stratosphere * We are the first group to do this

* This capability allows much more data
L » A Al
vertical exchange S Msinciveiayers coverage and sampling and provides more

*High C'Oy in PBL: respiration exceeds P4 : £ CO, vertical structur
OC~8 AVOCET Dote, Sprel-down, 2015 fights photosynthesis in winter and pollutants informationof CC » Vertical structure

* Shallower PBL and troposphere
* Low CO; in the tropopause stratosphere
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Time-gated and range-resolved
Z12 measurements: 1) minimize
el Ger = 4000 ppved

TIRS U] el esee = 42N 000 ﬁol atmospheric scattering effect and vield

sources/sinks — 1] [t 1 N | 3o | 2odjenmee : . iz
15122 15723 15724 15725 - . = i —— N low-biased retrievals; 2) minimize
WMMO (o) e .'.v(|~ " ‘,.;“;"' > ! 1 .0‘ 1 826 . -art: - -
P I e o % 5 = AP retrieval errors over rough surfaces
~. ~v . . -» ?'-: w’ '3‘ L‘ s A - - e b . ’ TR G o .
Colunmn COy measurements (o clowd tops help vesolve vertical structure and physical processes of CO, ! Piease see posters A23B-294 295 for more measurement resulfs " ‘Puies Beergy (shotons) 2z Waa s ws Il wad i =:| (terrains, tree covers & clouds)
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@ Column CO, Retrievals t0 marine stratus cloud tops 0y Su]nmm'y J“.R

* Demonstrated CO2 measurement capabllity to doud tops and through aerosol lavers using
Flight over Pacific Ocean, 8/2/2011 NASA GSFC CO: sounder lidar;

* Demonstrated lidar clond slicing approach to retrieve lower atinospheric CO2;

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

B Avocet R from surface processes and thus better estimate surface fluxes;
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* Flight to lowa. 8/10/2011; b etk waveiarh

* Height-resolved: 8000, > CHTUS | —or-ime wave

* Clearly-separated line shapes
for returns from elevated E 60001
surfaces - ground, cumulus
and cirrus cloud tops

—8e—
o S * Significantly enhanced data coverage and sampling will improve carbon flux estimate
R - o

10-8 average * All-sky measurement capability using NASA GSFC CO: sounder lidar would provide the future

space carbon mission with great values and potentials in advancdng carbon cvcle sciences
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