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The CLARREO Benchmark Concept

* CLARREO is to establish “benchmark’” measurements
having independent Sl traceability paths ON-ORBIT from
Radio Occultation, spectrally resolved InfraRed, and
spectrally resolved ShortWave observations (Time
standard, Temperature standard, Solar/Lunar standards)

* Independent measurements are considered essential
for making irrefutable claims about atmospheric trends.

* One of the objectives of the UW SDT project was to use
existing observations to create a prototype benchmark
dataset as a proxy for the future CLARREO mission. Our
emphasis was on the hyperspectal IR and GPS RO data
collected over the past decade.
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FIGURE 2| Vertical sampling of satellite 40

and radiosonde observations of stratospheric
temperature. Left: vertical weighting
functions for satellite Microwave Sounding
Unit (MSU) and Stratospheric Sounding Unit
(SSU) stratospheric temperature observations
as a function of pressure (left axis) and height
(right axis). The dashed line at about 27 km
(30 hPa) indicates the typical maximum Tropopause
height of historical global radiosondes data 15 N level
coverage (Figure 1). Right: schematic of

atmospheric vertical structure and its 10

latitudinal variation. (Modified from Climate 5

Change Science Program Synthesis and Surface
Assessment Product 1.1%) Height (km)

Seidel et al. WIREs Clim Change 2011 vol 2 pp592-616 DOI: 10.1002/wcc.125
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Advanced Review

Stratospheric temperature trends: Q'

our evolving understanding -

Dian J. Seidel,’ Nathan P. Gillett,2 John R. Lanzante,3 Keith P. Shine*
and Peter W. Thorne®
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Recent GPS RO and Advanced IR Sounder Trends

COSMIC GPS RO

profile:

AIRS IR Sounder

rightness Temperature @ 903.429 em™  2013-Apr—14 {doy 104

COSMIC-I: ~1,000 vertical Temperature profiles per day
IR Sounder: ~ 324,000 vertical Temperature profiles per day
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L1B: > 1200
Resolving Power
9 FOV/50km square

L1C:*2 cm OPD
Gausian apodized
4 FOV/50km square
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OPD unapodized
9 FOV/50km square

+0.8 cm OPD
unapodized
9 FOV/50 km square

from LBLRTM for US Standard Atmosphere
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DeSlover et al., Detecting Climate Signatures with High Spectral Resolution Satellite Infrared Measurements, SPIE Europe, Dresden, Sept. 2013.
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DeSlover et al., Detecting Climate Signatures with High Spectral Resolution Satellite Infrared Measurements, SPIE Europe, Dresden, Sept. 2013.
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UW IR/GPSRO Matchup Dataset

See Michele’s paper for details on matchup methodology:

Feltz, M., et al., 2013: A Methodology for the Validation of Temperature Profiles
from Hyperspectral Infrared Sounders Using GPS Radio Occultation: Experience
with AIRS and COSMIC, JGR-Atmospheres, accepted.



COSMIC AIRS Matchup Yield < 1 hour: 6.6%

R Y

e/

et gy ¥ L 77 e 7 '

Ve =l i

=~ g >/ /. v
< e W VK L!EJ!/::.II}C’/




“Horizontal”




—_
o

o

~
©
(a1
c
N—r
v
=1
)
N
0
v
| S
(a1

—_
o

o

—_

Illlllll | Illlllll |

Il

~ 30hPa__—

,llllll |

. oohpa__—

£ 0® —
%
_

Vllllll Il

-17

Longﬁude(degj

_.:__ ////‘/;/A

16

’ T - -
Z%
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Global

Annual 2007 BIAS (124055)
Annual 2008 BIAS (122314)
Annual 2009 BIAS (118978)
Annual 2010 BIAS (86393)
Annual 2011 BIAS (74449)
Annual 2007 STDEV
Annual 2008 STDEV
Annual 2009 STDEV
Annual 2010 STDEV
Annual 2011 STDEV
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AIRS B.T. Arctic (red) and Antarctic (magenta): July 2011
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AlIRS Brightness Temperature Mean: Antarctic
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COSMIC & AIRS Retrieved Air Temperature: weighted T level Antarctic
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AIRS vs COSMIC: Antarctic 2011/01/01 - 2011/12/31
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AIRS vs COSMIC: Antarctic 2011/01/01 - 2011/12/31
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COSMIC Air Temperature vs AIRS BT 2011: weighted T level Antarctic
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What IR radiance trends should
we expect in a changing climate?

What can we learn about
future temperature trends
and radiance trends from
Dan Feldman’s

CLARREO IR OSSE ?



Arctic 80N - 90N: 20 hPa CCSM3 Tair Antarctic 80S - 90S: 20 hPa CCSMS3 Tair
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Radiance Difference 2099-2050

” re courtesy of D. Feldman
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CLARRED LW OSSE
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CCSM3 20 hPa Tair July 2100
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IR OSSE CO2 Mixing Ratio: A2 Scenario

- InCCSM3andinthelROSSE
a constant global CO2 mixing ratio ‘
was used for each time step
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Radiance Temperature Variation with CO2 column mixing ratio
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July 2010 CO2Z (micromole/mole) @ 994.6 hPa
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Carbon Tracker CO2 at 20 hPa

July 2010 CO2Z (micromole/mole) @ 18.8 hPa
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Note zonal banded structure in the stratosphere.






CONCLUSIONS

Zonal analysis of UTLS temperature is already well underway in
the GPS RO community. Results are preliminary but encouraging
as the record will grow with time over the next decades.

Zonal analysis of TOA observed radiances is also underway in the
Sounder community. Results are preliminary but also
encouraging as that record will grow over the next decades.

The UW GPSRO/IR geo-located matchup subset allows for a
quantitative assessment of the consistency between these two
independent Sl traceable datasets.

. The CLARREO IR OSSE illustrates the need to distinguish
between direct greenhouse gas radiance effects and TOA
radiance changes due to atmospheric temperature by inclusion
of CO2 observations, e.g. CarbonTracker, in the interpretation of
IR radiance trends.



