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Active Sensing of CO2 Emissions over  
Nights, Days and Seasons (ASCENDS) 

Mission Architecture/Structure Mission Science 

Mission Implementation Challenges 
•  Assess optimal CO2 active sensing methodology 

•  Assess ancillary measurement requirements (path 
length, clouds, aerosols, CO, CH4, surface pressure, 
temperature, etc.) 

•  Availability or lack of passive space-based CO2 
observations during ASCENDS operations impact Level 
1 Requirements 

FY09 Objectives and Deliverables 
•  Perform OSSEs to quantify ASCENDS science 

impact and define preliminary science 
measurement requirements 

•  Advance ASCENDS payload technology readiness 
through Conduct a field campaign with all 3 
aircraft demonstrator instruments 

•  Sustain and augment the existing validation 
network  to validate ASCENDS, especially night 
measurements 

•  Laser-based differential 
absorption in the NIR 
for column CO2 remote 
sensing at nights and 
at high latitudes during 
all seasons 

•  O2 laser-based NIR 
differential absorption 
for surface pressure 

•  Passive CO sensor for 
improved source-sink 
interpretation 
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Workshop recommendations identified priority areas for near-term investment to advance 
ASCENDS mission readiness: 

•  Studies of the end-to end ASCENDS system to improve traceability from science 
questions to measurement requirements, maximizing science information content 
while accounting for realistic instrument and model performance. In particular, 
studies are desired to examine the variability in the column associated with surface 
gradients and to quantify the value of ancillary measurements (e.g., clouds, aerosols, 
CO, and atmospheric pressure, temperature, and moisture). 

• Acceleration of critical ASCENDS technology development, including active remote 
sensing of surface pressure, as well as development of an end-to-end technology 
implementation path which considers space qualification of critical components, 
lifetime demonstrations of the science payload, and scaling of the power-aperture 
product needed for measurements from space. Demonstrations of the required  
measurement capabilities, preferably in conjunction with other measurement 
campaigns, are needed over a range of conditions. 

• Sustaining and enhancing the current CO2 validation network to ensure validation 
data continuity post-OCO and develop new capabilities to support validation of 
ASCENDS measurements. An airborne instrument simulator is considered a key part 
of the ASCENDS validation infrastructure 



4 

Science Justification and Requirements 

Core science themes addressed by ASCENDS include: 
• Shifts in terrestrial carbon sources and sinks 
• Identifying processes controlling biospheric carbon fluxes 
• Understanding the evolving nature of oceanic carbon fluxes 

Workshop participants identified investigations in 
• Changes in Northern High Latitude Sources and Sinks 
• Southern Ocean Source/Sink Characteristics 
• Respiration Processes 

as core science investigations uniquely enabled by ASCENDS. These investigations directly 
leverage the ability of the ASCENDS lidar to obtain uninterrupted, all-season measurements at 
high latitudes and at night. The ASCENDS Baseline Mission would contribute to all three of these 
specific investigation areas, however participants noted that additional work is required before a 
minimum mission can be defined. 
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• 3 primary approaches have been developed to retrieve CO2 from space. 
• LaRC/ITT approach uses space qualified CW 1.6 micron lasers at 2 wavelengths (partially on and off line) 
to infer CO2 columns.   
• JPL/Lockheed approach uses CW 2.0 micron lasers using 2 wavelengths and heterodyne detection. 
• GSFC approach uses pulsed 1.6 micron lasers and 6 wavelengths.   

• 2 primary approaches are being developed for O2. 
• LaRC/ITT approach uses CW lasers in O2 B band 
• GSFC approach uses pulsed lasers in the O2 A band. 

• Other countries approaches 
• ESA has A-SCOPE proposal that is in review for potential selection now. 
• JAXA is considering a GOSAT follow on that may involve active sensing. 

• ASCENDS initial study leads include the primary instrument leads at the 3 centers (Abshire, Browell, Spiers), 
Berrien Moore, Chip Miller, and Anna Michalak 
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2008 Budget and Spending 

• ASCENDS workshop:  
• infrastructure for the workshop, 
•  travel for some key invited participants,  
• CS workforce to support workshop at JPL, LaRC, and GSFC 

2009 Budget and Spending 

• $2M budget for FY09 
• This plan is being finalized now. 

• Development and execution of an aircraft field campaign to test an assess the state of 
the current technological approaches in relationship to the science priorities. 
• CS time to further support development of science traceability and analyze the field 
data. 
• CS and contractor (and university) time for OSSE related work to augment both the 
science traceability and in relationship enhance any field campaign. 
• Schedule a workshop near the end of FY09 to assess the state of the science 
definition  

• This work will be distributed amongst JPL, LaRC, and GSFC at roughly the 
$500K-700K level to perform the above tasks.   



Other ASCENDS related investments 

✦  ESTO IIP funding 
❑  GSFC activities, current 
❑  JPL activity, past 

✦  ESTO ACT 
❑  Lockheed-Martin 2.0 micron source development (with JPL), current 
❑  ITT, O2 development 
❑  ITT, telescope investment 

✦  AITT call 
❑  Joint LaRC/JPL airborne conversion investment. 

✦  JPL, GSFC, and LaRC have all invested internal funds into 
ASCENDS related technology development. 
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• Primary activity WAS the workshop, development of the initial science 
traceability matrix, and the resulting report. 

• The report is now final, after significant feedback from the workshop 
attendees. 

• It is available on the ASCENDS workshop web site to the public. 
•  http://cce.nasa.gov/ascends/  

• This report contains the primary recommendations on which the FY09 
plans are based. 

• Prioritizes tasks for achieving ASCENDS science objectives and KDP/A 
preparedness 

• The initial discussions at the workshop and with the community provided 
information that was used for feedback with ESTO for their ACT selections, 
so that their selections related to ASCENDS went toward highest  priority 
investments. 
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• Further refinement of the Science and Measurement requirements will occur 
• This will be done primarily through the working group and a few directed 
individuals. 

• Directed studies to clarify the types of sampling issues, cloud issues, and 
potential benefit of obtaining altitude information. (both working group and 
directed tasks).  These are OSSE-like studies. 

• Aircraft flights to further develop and inter-compare the current technology 
capabilities from the various center based groups. 

• This will initially be done with multiple planes to avoid the costs and time 
associated with retrofitting all the instruments onto one plane. 

• Further smaller workshop to discuss the status and prepare to get the mission 
closer to a KDP-A level. 

• Plan to KDP/A  
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FY09 
Q4 Q3 Q1 Q2 Q3 Q4 

Organize 
workshop 

FY08 

Hold Workshop 

Prepare and Refine 
Workshop Report & 
recommended 
studies 

Perform OSSEs and 
refine science 
traceability, plan 
EoFY workshop 

Hold EoFY workshop 

Plan and execute 
field campaign 



✦  Challenge:   
✦  Assess optimal CO2 active sensing methodology 
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✦  Current status 
❑  NASA airborne demo units address 

3 of 4 potential measurement 
methodologies 

❑  NASA and ESA have developed 
ground-based demonstration units 
to cover the remaining 
measurement methodology 

✦  Path forward: 
❑  Trade study to evaluate science knowledge gain for each 

measurement methodology 
❑  Leverage ESA ASCOPE study results and capabilities to 

accelerate measurement methodology trade study 
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✦  Challenge:   
❑  Assess ancillary measurement requirements (path length, clouds, 

aerosols, CO, CH4, surface pressure, temperature, etc.) 

✦  Current status 
❑  NASA developing airborne demo units for 2 potential active O2 

measurement methodologies (surface pressure, path length) 
❑  Investigating passive remote sensing solutions for other ancillary 

variables based on existing technologies 

✦  Path forward: 
❑  Trade study to evaluate ancillary measurement requirements 
❑  Final ancillary measurement requirements will depend heavily on 

the selected active CO2 measurement methodology and Level 1 
Requirements 
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✦  Issue:   
✦  Availability or lack of passive space-based CO2 observations during 

ASCENDS operations impact Level 1 Requirements 
❑  ASCENDS is intended to be an exploratory observation, “the logical 

technological follow-on to OCO” 
❑  With simultaneous passive CO2 observations 

♦  ASCENDS requirements could focus on exploratory science objectives, eg high 
latitude change, day/night, etc. 

❑  Lack of simultaneous passive CO2 observations  
♦  Overconstrains ASCENDS measurement requirements to continue and improve upon 

OCO science return in addition to exploratory science objectives  

✦  Current status 
❑  DS recommends overlap of ASCENDS and OCO observations (2013-2016 

LRD for ASCENDS) 
❑  ASCENDS LRD before 2016 unlikely given current resource profile and 

priority of Tier I missions 
❑  OCO single-string design supports a 2 year lifetime 
❑  OCO extended mission lifetime uncertain 



Potential Overguide (Stimulus) Efforts to 
Accelerate ASCENDS Readiness 

✦  Adapt existing efforts to more autonomous airborne 
demonstrators for ASCENDS technology.  More work would be 
required for the O2 sensors than the CO2 sensors. 

✦  Develop a combination OCO/CO/CH4 airborne simulator.  Efforts 
at LaRC, ARC/L-M, and JPL could be used for this development. 

✦  Execute a follow-on single plane (DC-8) campaign in FY10 to 
take advantage of lessons learned from FY09 joint campaign.  
This would serve to validate OCO as well. (Spring FY10) 

✦  Perform a more complete mission architecture study, based on 
what was learned from the various instrumentation development 
and data requirement studies (some time in mid to late FY10). 
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