Science Enabled by New Atm CO2 Meas

Monday, April 28, 2008

Breakout Session I— Science Enabled by New Measurements of CO2 – Part 1
Co-Chairs:  D. Crisp, B. Moore
Rappateur: C. Miller

~70 participants
Purpose: 
These discussions introduced workshop participants to the scientific questions and issues that will be addressed by planned space-based observations of CO2.  It focused on the new measurement capabilities and expected science return from the Orbiting Carbon Observatory (OCO) and the ASCEND mission recommended in the NRC's Decadal Survey. These sessions also provided opportunities for workshop participants to identify opportunities and recommend new studies as well as to raise issues or concerns to be addressed by the Focus Area. Most sessions will start with brief, invited presentations on: 

The first breakout, Science Enabled by New Measurements of CO2, was a double session spanning Breakout Sessions I and II (2:30-6:00 pm). 

    Questions: 
· What are the priority science uses of the new measurement(s)? (participants may choose to confirm/validate existing science questions/applications and/or may identify new uses) 

· What do we need to do scientifically to use these new measurements and/or to get ready for the mission? 

· Are there any major issues to be resolved before this science is enabled, and if so, what are they and what needs to be done? 

The Orbiting Carbon Observatory (OCO) – D. Crisp
This presentation reviewed 

· priority science issues addressed by the OCO data

· scientific preparation for best use of the OCO data stream

· Issues or concerns that must be resolved before the science is enabled

Delivery of OCO data:
· Calibrated, geolocated radiances (L1B) by In-Orbit Checkout (IOC) + 6 months, nominally

· Exploratory XCO2 product (L2) by IOC + 9 months

Q: Will Level 3 data products will be coming ~9 months after operations start?

A: L3 Products will be delivered “as available” since not directly funded by OCO project

Q: How often will OCO cross compare radiances with ground-based FTS data?

A: OCO will plan one target observation over a TCCON FTS site each day.  About 50% of these opportunities are expected to be sufficiently cloud free for use in validating OCO products.  OCO will have near overflights of other validation sites on a more frequent basis.

Clarification:  OCO will use the FTS XCO2 to validate OCO XCO2.  Radiances will be calibrated through observations of the sun taken every orbit using the solar diffuser. 
Q: What is the plan for OCO validation of O2?

A: O2 measurements will be validated against TCCON FTS data from overflights and through statistical comparisons of surface pressure retrieved from OCO vs eg ECMWF met data.
Q: A Bruker FTS will be deployed in Siberia this year – Leonid Yurganov, JCET/UMBC

A: That is excellent news.  Please contact OCO or Ross Salawitch for integration into TCCON

Q: What is the OCO coverage?

A: OCO acquires data along the orbit track or along the path of the track of the glint spot.  The satellite orbits the Earth 14.59 orbits/day.  Data are collected at latitudes within +/- 85 degrees of the sub-solar latitude on the day side in nadir mode, and within +/- 75 degrees of the sub-solar latitude in glint mode.   OCO collects data over a narrow swath whose width varies from ~10 km at the polar terminators to only ~0.1 km near the sub-solar latitude, as the spacecraft pirouettes in azimuth to keep the instrument slits aligned perpendicular to the sun-Earth-spacecraft principal plane with the polarization.
Q: Can OCO capture observations over a power plant or another intense source?
A: It could sample the plume just upwind or downwind of the site during normal glint or nadir observations.  It could target the site in Target track mode, but such observations not planned as part of the primary mission.  Target observations of discrete sites would require days to plan and execute.  A more streamlined process could be developed for use in the extended mission.
Q: To what extent will we depend on operational weather forecasts for planning Target mode ops?
A: We plan to combine operational forecasts as well as ground observations of clouds to determine whether we will enable a target or decline to change from default science observing mode.
Q: What is the latency of data delivery?

A: OCO performs only one downlink/day, and the ground data system requires up to a week to deliver data to JPL for processing.  Early in the mission, we intend to meet or beat our requirements to start delivery L1 and L2 data within IOC+6 month and IOC+9 months, respectively.  Over the remainder of the mission, we are going to try to accelerate the delivery schedule to ~1 month from acquisition.
Q: Does OCO use different retrieval algorithms over land or ocean?

A: No, the same algorithm treats all surface types.
Q: Is there aerosol info included in the prior?  Will OCO retrieve aerosol?
A:  Yes and Yes

Q: What other satellites from A-Train will be returning data during the OCO mission?  Can the OCO team get other parameters from these measurements – eg aerosol, clouds, etc.?
A: A-Train satellites will be largely beyond their “use-by” dates by the time OCO launches.  Will use their data as available, but can’t count on them.
Comment: DAO is funded separately from OCO to produce assimilated carbon data products.  DAO has produced carbon and aerosol forecasts to support ARCTAS, able to produce reasonable simulations.
ASCENDS – B. Moore

The motivation for the NRC Decadal Survey (DS) suggested time frames was reviewed:
Early time frame focused on mission for which there was already a strong track record, e.g. SMAP (HYDROS) and ICESAT-II.
The 2nd Tier was selected based on a combination of technology readiness and synergy with other missions.
ASCENDS could be perceived as OCO-2(Active).
The ideal scenario would be a long overlap with OCO and ASCENDS

The 2006 emissions were higher than any IPCC scenario, including the A1FI scenario, which was supposed to represent the highest possible emissions rate through 2050.
Actual emissions are already outside the bounds of the IPCC scenarios.
Management of the carbon problem is made more difficult because stabilization of emissions is an insufficient solution since atmospheric CO2 will still continue to rise linearly under this scenario.
OCO will tie the atmospheric CO2 measurements to existing models to improve accuracy of source/sink inversions, and tie these inversions to models that predict the source/sink variations.
ASCENDS has advantages over OCO because it carries its light source.  This not only provides night-time observations, it also allows ASCENDS to see early season growth at high latitudes better.  ASCENDS data can be correlated with SMAP freeze/thaw, soil moisture and ASCENDS CO2 to see:
1. CO2 pulse at time of first thaw

2. CO2 drawdown as growing season progresses.
We have never had global data that studied biogeochem processes in this manner.
*** We must tie satellite data to improvements in calculations of sources and sinks ***

Like OCO, ASCENDS does not measure fluxes directly, but measure atmospheric CO2.
Community needs to understand that all assimilation results are not created equal.
Rayner, Chevallier assimilation assumes that the uncertainty over the ocean is lower than over land – and has a longer representativeness scale.  This may or may not be correct.
Recommendation:  The community needs support to do OSSEs for OCO and ASCENDS to quantify the improvement in sources and sinks from these new data streams.
Multiple models/approaches are needed for this to understand the range of results and their uncertainties.
Q: There is currently no scatterometer scheduled to fly in conjunction with OCO and ASCENDS.  Without a scatterometer, it will be difficult to assess ocean-atmosphere interactions, especially in hurricane season.
Crisp clarification – The apparent ocean source/sink will vary with surface roughness of the ocean…

A: ESA will fly an ocean scatterometer, so we will have a surface roughness measurement.
ASCENDS will still get the data it needs since it will measure on and off an absorption line, so it will accommodate the change in backscatter efficiency for any given scene.
We can test this as part of an aircraft program.
Q: CO2 sources and sinks are really driven by the combination of photosynthesis and respiration.  We really need to know the inflow and output.  How will we get the data needed to separate photosynthesis and respiration?

A:  Day and night measurements in ASCENDS designed to get at this.
OCO will teach us how much memory the system has for the previous night’s respiration.
Q:  Will the FTS measurements give the needed diurnal data?

A: The TCCON FTS’s measure only from dawn – to – dusk.  Measurements are not made regularly made at night.
Comment: NOAA tall towers show that there is very little diurnal cycle left at top of tall towers, so < 400 m diurnal does not matter.
The real question is how well the satellite measurements capture the signals and whether the near surface uncertainties affect the total column measurements.
A: OCO will have a very difficult time resolving photosynthesis vs respiration because there will also be transportation and utilities signals superimposed on the satellite measurements.
Q: What depth over the ocean is the measurements made?
A: Neither method makes measurements into the ocean.  Measurements are made only above the air-sea interface.
    Questions: 
· What are the priority science uses of the new measurement(s)? (participants may choose to confirm/validate existing science questions/applications and/or may identify new uses) 

· What do we need to do scientifically to use these new measurements and/or to get ready for the mission? 

· Are there any major issues to be resolved before this science is enabled, and if so, what are they and what needs to be done? 

Comment: There will be assumptions on the fossil fuel combustion terms.
How does one shift the fossil fuel calculations forward in time – We need to understand the ff fossil fuel loading in the future.  OSSEs need to be run for the 2015 time frame to ensure that ASCENDS payload can still resolve the sinks and natural sources.
1. Use column measurements to resolve source/sink quantification

2. Use active day/night measurements
3. CO2 profile measurements might be a future mission objective

Comment: Ameriflux trying to do virtual atmospheric CO2 mixing ratios at a given time of day with uncertainties of ±0.5 ppm

Comment: Carbon Tracker (CT) is now being used to assimilate aircraft measurements.
CT adjusts the way that it does the assimilation for surface measurements, but adjusting for aircraft measurements is more challenging.  We can’t just adjust the surface flux to treat a measurement @ 6000 meters. How should this be done?  What are the methods changes needed to have a full blown data assimilation infrastructure?

Q: Let’s take a step back and ask a more basic question; Why do we want sources and sinks?
If we want them to predict future biospheric behavior, then there are different drivers than if we want to address treaty compliance.
A: The change in the atmospheric CO2 from year to year can not be explained by changes in the ff combustion term; this source/sink change is of such a magnitude that it must be understood to forecast future climate.  Carbon trading will need this kind of observation.  How do you check the ocean Fe fertilization result?  We must have large scale understanding of CO2 sources and sinks. 

Comment: Sources tend to be isolated, intense and stationary.  Sinks tend to be weaker, diffuse and variable.  This consideration drives the measurement system and strategy.
Comment: Even if we can tell the community what the fluxes were last year with perfect precision, it does not advance our science knowledge.  We still need more information.  What process is responsible for the sources and sinks?
A: Agreed.  We need to have this as part of a closure with the models.
Comment: All of these questions rely on accurate transport models, so these must be advanced enough to support the analysis of the observations.

Q: What is the impact on the observation gap between OCO and ASCENDS?
Comment: The OCO team is keenly interested in aircraft overflights of the FTS sites.  These aircraft should fly from the boundary layer to the tropopause.  We need to coordinate overflights as closely as possible with OCO Target mode observations.  We also want a STILT-driven campaign when OCO is flying to measure CO2 fluxes over a spatial scale commensurate with OCO measurements.
The COVE is under development to address this need.
Comment: If there is a data gap vs OCO and ASCENDS, aircraft campaigns can help fill this gap to provide a valuable as a tie between the 2 missions.
Emanuel – OSSEs performed prior to the OCO mission have been very influential and valuable, especially to answer mission design questions as they arose.
We plan to hold an ASCENDS workshop in the summer.  Defining ASCENDS science questions will be a key part of this study.
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CO2 Lidar – J. Abshire

There have been 9 space based laser missions. The moon was the first target.
The Mars Observer Laser Altimeter (MOLA) was sent Mars.
There have been 2 missions targeted for Earth Science:  CALIPSO and ICESAT.
CALIPSO > 1 billion pulses and still working on primary laser.
ICESAT > 1.7 billion measurements, operating 3x per year.
The GSFC team is investigating a pulsed laser with a time-gated receiver.
Multiple frequencies are used for each absorption feature to get more robust measurements.
For CO2, we selected a line @ 6360 cm1 (R16, 30012),
We sample this line at 4 points – 2 on resonance and 2 off resonance, sampling on both sides of the absorption line.
CO2 Lidar – E. Browell and R. Menzies

Our team is considering making the O2 measurements @ 1.26 (m.
We will use a line @ 6364.9225 cm1 for CO2 remote sensing.
Comment: A great deal of progress has been made in this field over the past few years.  Laser technology may be further along than other missions that are ahead of ASCENDS in the queue.
Q&A
Q:  Is pressure shifting included in the modeling?
A: Yes, latest spectroscopic parameters are included.
Q: doesn’t this generate an asymmetry in the line shape?

A: Very small, less than 4 pm.
Q: For the very high resolution reflectivity measurements over VA, what was the size of the ground spot?  Would it help to open it up?

A:  The ground spot was approx 10 m; a small displacement in the 2 spots would make huge errors, so went to a true simultaneous collocated measurements.
Q: What causes such a large reflectance change in such short horizontal distances?

A: Change in real reflectivity of the surface types – changing from agriculture to forest to …etc.
Recommendation – we should circulate the Browell/Menzies and Abshire presentations to consider the broader questions of an active mission.
The nature of the actual technology is superceded by the acceptance of the mission.
Q: What does the community want to see prior to accepting a space mission?

    Questions: 
· What are the priority science uses of the new measurement(s)? (participants may choose to confirm/validate existing science questions/applications and/or may identify new uses) 

· What do we need to do scientifically to use these new measurements and/or to get ready for the mission? 

· Are there any major issues to be resolved before this science is enabled, and if so, what are they and what needs to be done? 

Comment: – We must have multiple OSSE teams working, results needed to set the mission requirements.
Q: Will there be a separate call for OSSE work or will this be directed?
A (Jucks): We have some near term FY08 funding to direct towards these goals and prepare for the workshop.  This will not be funded through the MAP program.
Comment: A useful step that would be much simpler than running a full OSSE would be to construct an instrument error model for each concept prior to the workshop.
What are the error sources and what work can be done to drive the error sources down?

A: To develop an instrument model, we must have an accepted set of T, p assumptions.  Unlike the US teams, the ESA studies assume that ECMWF T and p fields are good enough for CO2 retrievals.  
Comment: These studies must also consider error correlation as well as variances.  Geophysical covariance of errors will have a larger impact than random errors.
The more that the covariances have to be estimated, the larger the uncertainties in the resulting fluxes.
Q: What additional validation steps are needed over and above what OCO will do?  For OCO, the TCCONS FTS systems were developed, such that we have a spectrometer to validate the OCO spectrometer.  ASCENDS is an active system, not a spectrometer.  What invention might ASCENDS need to validate its measurements, – especially at night.
Q: Are there any passive OCO-type sensors that should fly on ASCENDS?

Would we not want to re-fly the technology that we will have worked so hard to demonstrate?

A: We might choose to fly OCO-2 at GEO to get diurnal day cycle.  Alternatively, we might consider a system of observatories like GPM, that an active sensor + a series of passive sensors.
Q: What other trace gases and isotopes will be needed to interpret this data in the long run.
DOE and NOAA need to include other tracers so that when we do have satellite measurements of these species, the validation will be easier.
CCSP has recently produced an update to its strategic plan.
The Carbon Cycle interagency working group is kicking off a review of the Carbon Cycle Science Plan – isotopes and other info may prove part of this plan.
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