


Atmospheric C02 & Earth's Carbon Cycle 

C02 sources excud s inks 
. > GCcumuiating COli! in 

Major Questions about C02 Sinks: 
Is considerable uncertainty in locations, 

strengths, dynamics & evolution with time 

=. Sp<lce Observations (GOSAT, oeo, ASCENDS) 

1 Carbon Cyde 
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Example of Lidar Measurements to Surface J!fI.ENDS 

(ICESatlGLAS) ... 

Ie ESatiG LAS Laser 2a Global Elevations: 9/25 to 11/19103 (-45 days) 

The NASA ASCENDS MissiOll -A StaIuJ Re:pon Oct. is, 2012 s 
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Some Notional Measurement Requirements .. I 
I "i .' 

(under davefopmentl 

1. C02 lower tropospheric column 

One Une In 1575 or 2060 nm bands 

2.02 total column (surface pressure) 

Measure doublet near 764 Of 1260 nm 

3. Mean Range to surface to a few m 

Under the c:ondltion& of: 

• To rough or smooth bare land & with crop cover 

• To scattered trees to closed forests 

• To snow surfaces 

• To ocean surface, for wind speed nolloo high 

• Through thin clouds and aerosols 

• Through holes in broken cumulus clouds 
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Space measurements r&qulre: 

- 1ppm in -100 km along track sample: 

=> -3 m Range (ave height of surface) 

:> -0.2% measurements of C02 & 02 DODs 

in -10 sec 

=> "low" bias «0.5 ppm) 

The NASA ASCENDS M"wion - A Slatus RepoY{ esro - .~.,",--. 
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Some Initial Ascends Simulation Results 
(Kawa et aI., GSFC) 

~s 
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• 

• Single-sample errors average 1.3 ppmv for this instrument 

configuration (3mJ/pulse, 30 W average) 

· Appear - consistent with nominal ASCENDS requirements. 

• More extensive & improved simulations, using improved 

more generic lidar error model, being performed in 2011 

• Results will help establish ASCENDS requirements 

Ocl IS, 2012 , 



A' Airborne Experiments to Measure CO2 & O2 Column Densities k,ENOS 

... Summer2010&2011 ....... 

Objective: Measure & compare CO2 column densities over various topographic 

targets with developmentailidar approaches for tho ASCENDS mission 

5 & 7 science flights over different regions & topography 

; I 

2010; 'Smooth~ surfaces & Clear conditions 
2011 : Wide 

• Multi-functional Fiber Laser Lldar 
(MFLL) 

• Ed Browellll...aRC, Team leader 
• Instrument development via ITT IRAD, 

NASA Am fundil'lA. laRC IRAQ 

• COt Sounder lidar with 02 
measurement oxperiment 

• J im AbshireJGSFC, Team l8ader 

• Instrument development via NASA 
ACT & liP program!'; , GSFC IRAn 

• CO, laser absorption &pectromel9f (C02LA$) 

• Gary SplerslJPl. Team Leader 

• Instrument development via NASA ACT, liP & 
AlTT programs. JPL IRAQ 
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JPL CO2 LAS Airborne Instrument & Campaigns ASCENDS 

(2051 nm line, 2 wavelength, CW Heterodyne) ~ 

10.20 101Hz 

Spiers et al. 

Flight Campaigns: 
• California: checkout flights over Mojave desert & 

Pacific Ocean - Summer 2006. 
• Virginia: 5 flights in October 2007, joint 

campaign with LaRC/lIT 
• California : EI Mirage, April , 2009. 
• Oklahoma: 4 fl ights near ARM SGP site, 

July/August, 2009 - joint campaign with 
LaRc/ITT and GSFC airborne instruments. 

• DC-8; 5 flights over California, Pacific. NV, 
Oklahoma). July, 2010. 

• DC-8: 7 flights: Pacific, western & mid-western 
, states, British Columbia, July & August, 2011 . 
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JPL LAS: Observation of C02 Orawdown over 
Eastern Colorado Plains 8/10/2011 ~s 

Opportunity to detect/measure 
C02 drawdown near the 

surface due to photosynthetic 
activity In vegetated areas; 

Transit from Denver area 
eastward to Iowa al constant 
attitude; stable ale attitude, 
gradual ground elevation 
change during transit 

On-board in situ sensor data 
during spiral over western Iowa 

agricultural area showed - 15 
ppm reduction in boundary 
layer; 

Visible and IR reflectance data 
indicate reflectance variability 
depending on surface material 

Spiers et al. 
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J PL LAS: Reflectance & C02 Retrievals over 
BC Mountain "Snowline" Segments, 817/2012 

~s 

Spiers et af. 

Allowed measuring lidar 
renectance from snow; 

the opportunity 10 II55eH C02 
retrieval capability over snow
c:oYefed mountainous temilln 

Reftectance data Indlcat •• wide 
dynamic range, depending on 
surface material (e.g .. II'ICIW. ice, 
rock, dirt, shrub) 

Minimizing range-to-grouncl 
component of the overa. (lrror 
budget In mountalnoo. tlHJ8ln Is 
8 major chaOenge. particularty 
with portlal $nOW ccwer. 

• High sampling rate Is essenllaJ, 
with renoctance·welghted 
aVeJaglng; 

o ~ _ 
.... "-.T_ ' __ ....... 

.H 1 t"TI Rto:lleUl\'Itl' u~if."", ",",yl 

:. ~ ' / 10.011 .. • ""'...,.~V I.d.sr R-flff' ......... ~~'I~.,n.lXA,j 
." 
Ul '1 ' iJI.\' \ ~I \ 

~ 

I ,'; 
-I ~ 

IC.w 11 M I~ ' U, ' aM . .. ., I~.NI 1.1." ,a.u .... " ' Sll I." If" .... n ... ~ I1.U 

_ ,'''(1 

-.--
-

~ , .0-' 

,.~ 

. . ~. 

• 
.' . , , . ,-, , .. 

' . ".I 

, 

.. ' -' . . .... . ,.".' ... .' .' " ' ... , ... ' ...... 
I"fl' 

._ .~ . ... 'U7 ....... _ ..... ... " ... 01 ......... 4 ........ " ... 07 . .... . ... . 

-~ 

- Noonallzed rmI AC02: Snowine Out: 3.6 pt)I1\: (1) speddo nuctuatlon compo! tent 0.4 '" noonaIized rrns (I.e. - 1.6 ppm): 
I {21 Dominant source 01 vanability Is ~ (air mass) estmation ~ M; ~bo'w nloh1ed laser ~Ief 



LaRCfITT MFLL: ASCENDS DC-8 Flights 
(1571 om line, 3 A., sine-wave modulation, direct detection) 

Browoll et a/. 

-. 

2010 Surface Refleclances & CO, lVIeasuTemenl Precision (7-km alt) 
Surface. Dcsert Dc.a-t VecetadoD VecetadOD Qc,eaa' 

LocadoD R.llroad Needle., Ceatral DOE ARM, Padfk: off 
Valley. NV CA Valley, eA Lamoat,OK Ba). 

Median Sudan 0.143 0.U8 0.098 0.080 O.OU 
RdlectanJ;:e1 (sr] (0.03-0.06> 4 

t .... COlSNRJ 630 612 54' '60 -186 
(C02 W'CY)) (O.59) (0.59) !O.68) (0.65) {Z.1n) 

10.. COJSNR J 1347 1443 123. 1 .... ""'1 
(- ;, y: (C Ol [ppmv)) (0.27, {O.l~ (0.30) (O.15) (o.n) 
,- --"- " 
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LaRC/ITT MFLL CO, Remote Measurements -
· '- CF Spiral 
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LaRC MFLL: 2011 Ascends Flights 
CO2 Optical Depth Comparisons & SNR 
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SNR Comparisons 
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Browell et al. 
Avg: 66<' 388.5 I 4-45 , 0.745 0.88 r 1322 , 
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GSFC CO, Sounder Approach: 
1572 nm line, Pulsed, Stepped t.'s (8-30), direct detection 
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GSFC C02 Sounder: 2011 Ascends Flight 3 f~NDS 
RRV, NV with Mountains on rcturn Icg ..-.. 
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C02 Sounder: 2011 Ascends Flight 6 - Eastern Iowa 
Backscatter profiles & C02 measurements 
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Summary - Ascends Mission Status 

• Develop Mission Measurement Requirements 

- Now: Working to complete initial set of OSSE measurement simulations 

• Demonstrations of measurement techniques: 

- 2009: 4-6 airborne flights Midwest - separate aircraft, clear conditions 

- 2010: 6 flights, CA and midwest - all on NASA DC-8, clear conditions 

- 2011 : 7 flights - variable clouds & surface conditions 

- Now: Complete 2011 analysis, improve retrievals 

Improve airborne lidar (C02 & 02 measurements) 

Prep. for Feb 2013 flights - emphasis: measurements over snow & trees 

• Development of enabling lidar technology for space (NASA ESTO) 

- Now - Develop & demonstrate key instrument components in 2014 

More information & updates: 

• Presentations at 8th IWGGMS (June 2012): httos:llsites.google.com/siteflWggms81 

• Fall AGU Meetings: -Greenhouse Gas Measurements Using Active Optical Remote Sensing-

• NASA ESTO ESTF conference: http://esto.nasa.gov/ 

(-~ V 'D The NASA ASCENDS MIssion. A Status Rl'plJrI _. _. -'" Del. IS, 2012 " 



Thank you ! 

Contributors, Advocates, & 
Community Members 

The NASA ASCENDS M'w /ofl· A SWIllS Report 
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