2.0 SCIENCE DEFINITION

2.1 BASELINE SCIENCE OBJECTIVES

The Earth Systematic Mission ASCENDS Project will implement a scientifically strategic mission designed to collect the space-based measurements needed to improve the quantifications of variations in the column averaged atmospheric carbon dioxide (CO2) dry air mole fraction, XCO2, with the precision, resolution, and coverage needed to improve our understanding of surface CO2 sources and sinks (fluxes) on regional scales (≥1000 km, TBD) and the processes controlling their variability over the seasonal cycle. This mission will also advance the space-based measurement approach of passive sensors such as GOSAT and OCO-2 to improve latitudinal and seasonal coverage of such observations. 

2.2 SCIENCE INSTRUMENT SUMMARY DESCRIPTION

The ASCENDS instrument suite incorporates active sensors that are sufficiently sensitive to quantify the entire column of atmospheric CO2 and the entire dry air column of the atmosphere (total column density less the contribution from water vapor).  Nominally, this may be achieved using lasers producing at least 2 wavelengths in appropriate near infrared CO2 spectral bands and at least 2 wavelengths in an appropriate near infrared O2 spectral band as the light source for the active sensing observations.  (Other approaches potentially could be employed to define the dry air column in lieu of the O2 observations.)

Soundings, consisting of coincident CO2 and O2 spectra, are analyzed with a remote sensing retrieval algorithm to yield spatially-resolved estimates of XCO2. The instrument optical design, transmitted wavelengths, and detection scheme are selected to optimize measurement precision and minimize bias. Do we want some language at this time to suggest the pros/cons of various wavelengths?  I don’t as this hinges on the choice of the line for any approach. The measurement approach chosen is designed to sufficiently quantify the optical depths of aerosols and clouds within the field of view and either account for their contribution to the retrieved quantities or indicate that those data won’t have sufficient quality meet the desired accuracy. We will want some statement of the number of soundings/length of observation to meet the desired accuracy.

For OCO-2, this section was to show HOW the project could VERIFY they met requirements……via validation.  ASCENDS will need something similar.  Maybe the same!

The precision and bias of space-based XCO2 retrievals can only be validated at locations where XCO2 is well characterized by other methods. ASCENDS results will be validated through comparisons with XCO2 retrievals from selected ground-based spectrometers in the Total Column Carbon Observing Network (TCCON).  (Note, if the project wants to call out TCCON, it will need to guarantee a minimum level of funding to ensure enough of it exists.)  

Retrievals from TCCON stations designated as ASCENDS “primary ground validation sites” have been validated against in situ CO2 profiles collected during aircraft overflights of the station, using measurement techniques traceable to World Meteorological Organization standards for atmospheric CO2 measurements. OCO-2 can acquire > 100 soundings in the vicinity of a TCCON station in a single cloud-free overflight. At least once each season, space-based

XCO2 retrievals from cloud-free overflights of ≥ 3 of the primary ground validation sites will be compared with TCCON retrievals to validate the ASCENDS measurement precision and to identify global-scale systematic biases in its space-based XCO2 product.

4.1 SCIENCE REQUIREMENTS

4.1.1 BASELINE SCIENCE REQUIREMENTS

a) Retrieve estimates of the column-averaged CO2 dry air mole fraction

(XCO2) on regional scales (≥1000 km, TBD) from space-based measurements of the absorption of reflected satellite provided laser wavelengths by atmospheric CO2 and O2, collected in cloud-free scenes over ≥ 80% of the Earth at monthly intervals for 2 years.

b) Compare space-based and ground-based XCO2 retrievals from soundings collected during overflights of ≥ 3 primary ground validation sites at least once each season to identify and correct global-scale systematic biases in the space-based XCO2 product and to demonstrate a precision of ≤ 0.3% for collections of ≥100 cloud-free soundings.

c) Record, validate, publish, and deliver science data records and calibrated geophysical data products to a NASA SMD-Earth Science Division assigned DAAC for use by the scientific community.

d) Validate a space-based measurement approach and analysis concept that could be used for future systematic CO2 monitoring missions.

4.1.2 THRESHOLD SCIENCE REQUIREMENTS

a) Retrieve estimates of the column-averaged CO2 dry air mole fraction

(XCO2) on regional scales (≥1000 km, TBD) from space-based measurements of the absorption of satellite provided laser wavelengths by atmospheric CO2 and O2, collected in cloud-free scenes over ≥ 80% of range of latitudes on the sunlit hemisphere at monthly intervals for ≥ 1 year.

b) Compare space-based and ground-based XCO2 retrievals from soundings collected during overflights of ≥ 3 primary ground validation sites at least once each season to identify and correct global-scale systematic biases in the space-based XCO2 product and demonstrate a precision of ≤ 0.5% for collections of ≥100 cloud-free soundings.

c) Record, validate, publish, and deliver science data records and calibrated geophysical data products to a NASA SMD-Earth Science Division assigned DAAC for use by the scientific community.

d) Validate a space-based measurement approach and analysis concept that could be used for future systematic CO2 monitoring missions.

4.1.3 SCIENCE INSTRUMENT REQUIREMENTS

a) The space-based instrument shall be capable of acquiring coincident measurements of reflected sunlight in the CO2 bands centered at wavelengths near 1.61 and 2.06 mm and in the O2 A-band centered near 0.765 mm.

b) The spectral range and resolving power of the space-based instrument shall be selected to resolve individual absorption lines from the underlying continuum throughout each CO2 and O2 band to retrieve estimates of XCO2 that meet the Science Requirements (Section 4.1).

c) The OCO-2 instrument shall be capable of acquiring CO2 and O2 soundings with a footprint size ≤ 3 km2 at nadir to facilitate the acquisition of cloud-free scenes in at least 10% of the soundings collected over the sunlit hemisphere on monthly time scales.
4.2 MISSION AND SPACECRAFT PERFORMANCE

a) The ASCENDS project shall be Category 2 per NPR 7120.5D, and the payload class shall be C per NPR 8705.4.

b) The ASCENDS mission shall complete the In-Orbit Checkout (IOC) period within 90 days after launch, and then begin operations consistent with the science requirements in Section 4.1.1.

c) The Observatory shall fly in a sun-synchronous low Earth orbit that provides access to ≥90% of the range of latitudes on the sunlit hemisphere at least once a month.

d) After IOC, the Observatory’s orbit nodal crossing time shall be between

11AM and 2PM, and vary by less than 15 minutes during the science mission as defined in Section 4.2(e).

e) The ASCENDS mission lifetime is 2 years baseline (1 year threshold) following completion of IOC.

