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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)
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* GPS and IR have independent Sl traceability paths
(Time standard vs Temperature standard)

* GPS and IR have unique sampling characteristics
which are complementary.

* A combined IR and GPS dataset could be used to
assess the accuracy of a UTLS temperature
climatology in either dataset individually.

* These are essential elements for making irrefutable
claims about atmospheric temperature trends.
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COSMIC-1: Taking radio signals-’ﬂ"‘om th’e"GPS as they pass through Earth's
atmosphere.
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COSMIC GPS RO: 1116 profiles

Occultation Locations for COSMIC-2, 24 Deg + 72 Deg, 24 Hrs

observations.




COSMIC-I: ~1,000 vertical Temperature profiles per day
AIRS:  ~324,000 vertical Temperature profiles per day

AIRS L1B accuracy is ~ 0.2 K but AIRS L2 Temperature accuracy is TBD.



File-based Matchup Method
Step through each COSMIC data file.

Find sounding data granule where COSMIC
profile lat/lon is within granule bounding box.

Check that COSMIC profile is within 1 hour of
sounding granule (if not then reject profile).

Record COSMIC profile data file and sounding data
file as a “matchup”.



COSMIC AIRS Matchup Yield < 1 hour: 6.6%
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Consider three spatial matchup methods:

Closest sounding to the COSMIC 100 mb level

Note: the perigee point reported in the COSMIC profile
file header can be hundreds of km away from the

100 mb level!

Circle of radius 150 km center centered on
closest sounding (approx. accounts for
horizontal averaging).

Ray path “ribbon” method
(accounts for both horizontal averaging (300 km) and
GPS RO profile lat/lon change versus height (500 km).
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AIRS Pressure Level 30 -- 32.2744 mb AIRS Pressure Level 44 -- 103.0172 mb
140" v 140°E
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Temporal Analysis: Uncertainty in the Estimated Bias
AIRS - COSMIC Temperature (30 mb level)
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Temporal Analysis: Uncertainty in the Estimated RMS
AIRS - COSMIC Temperature (30 mb level)
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AIRS - COSMIC L2 Temperature
5 Year Statistical Summary

2007-2011



Global

nnua (124055)
Annual 2008 BIA$ (122314)
Annual 2009 BIA$ (118978)
Annual 2010 BIAS (86393)
Annual 2011 BIAS (74449)
Annual 2007 STDEV
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Annual 2010 ST
Annual 2011 ST
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1 POINT BOXCAR SMOOTHER
SMOOTHED DIFFS 100 LEVEL - GLOBAL
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3 POINT BOXCAR SMOOTHER
SMOOTHED DIFFS 100 LEVEL - GLOBAL
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5 point boxcar smoother
Smoothed Diffs 100 Level - Global
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* AT AIRS VERTICAL RESOLUTION THE BIAS ERROR - 0.3K & RMS-> 1.2K



7 point boxcar smoother
Smoothed Diffs 100 Level - Global
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* BOTH COSMIC AND AIRS VERTICAL RESOLUTION ARE SMOOTHED HERE.



9 point boxcar smoother
Smoothed Diffs 100 Level - Global
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* FURTHER SMOOTHING CONTINUES TO REDUCE BIAS AND RMS.



11 point boxcar smoother
Smoothed Diffs 100 Level - Global
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* FURTHER SMOOTHING CONTINUES TO REDUCE BIAS AND RMS.



13 point boxcar smoother
Smoothed Diffs 100 Level - Global
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* FURTHER SMOOTHING CONTINUES TO REDUCE BIAS AND RMS.



15 point boxcar smoother
Smoothed Diffs 100 Level - Global
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17 point boxcar smoother
Smoothed Diffs 100 Level - Global
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* FURTHER SMOOTHING CONTINUES TO REDUCE BIAS AND RMS.



19 point boxcar smoother
Smoothed Diffs 100 Level - Global

Day 292 2007 o __ oo RMS STDEV YIELD
10— i ‘

-\ N =167
s
D— o
o) 2 | R
S rf b P
n !
n !
Qo : )
o f \ f
Jm— Closest | ] AT
Circular |{ -~ EREEE EEEES N EEEE SRR
3 Ray ] R
10 1 ] ] | | | |
-2 0 2 0 1 2 3 0 1 2 3 0
T (K) T (K) T (K) Yield (%)

* FURTHER SMOOTHING CONTINUES TO REDUCE BIAS AND RMS.



21 point boxcar smoother
Smoothed Diffs 100 Level - Global
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* AT LOW VERTICAL RESOLUTION THE BIAS ERROR = ZERO & RMS-> 0.5K






Stratospheric Temperature Weighting Functions: dR/dp
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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 = 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)
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* IR emission sensitivity depends on T(p), gas concentrations,
gas absorption cross-sections, pressure, spectral resolution



AIRS Brightness Temperature IR Spectra: Antarctica

AIRS Brightness Temperature Mean: Antarctic
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AIRS IR Temperature Weighting Functions
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AIRS vs COSMIC Time Series 2011: Antarctica
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AIRS/COSMIC Scatterplot 2011: Antarctica

AIRS vs COSMIC: Antarctic 2011/01/01 - 2011/112/31
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AIRS/COSMIC PDF 2011: Antarctica

COSMIC & AIRS Retrieved Air Temperature: 20 mb level Antarctic
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AIRS vs COSMIC Time Series 2011: Arctic

COSMIC & AIRS Retrieved Air Temperature: 20 mb level Arctic
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AIRS/COSMIC Scatterplot 2011: Arctic

AIRS vs COSMIC: Arctic 2011/01/01 - 2011/112/31
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AIRS/COSMIC PDF 2011: Arctic
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AIRS vs COSMIC Time Series 2011: Tropics

o]
P
o

COSMIC/AIRS Temp (K)

COSMIC & AIRS Retrieved Air Temperature: 20 mb level Tropical

! 1

T !

........... 20mbLeve|_

AIRS Temp

COSMIC Temp

i
Apr2011  May2011

Jul2011

i i
Sep2011  Oct2011

AIRS Brightness Temperature: 667 cm’’

AIRS B.T.

|
Feb2011

|
Apr2011  May2011

Jul2011

| | |
Sep2011  Oct2011  Dec2011




AIRS/COSMIC Scatterplot 2011: Tropics

AIRS vs COSMIC: Tropical 2011/01/01 - 2011/112/31
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AIRS/COSMIC PDF 2011: Tropics

COSMIC & AIRS Retrieved Air Temperature: 20 mb level Tropical
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CONCLUSIONS

. Coincidentally, GPS RO and Hyperspectral IR records
began about ten years ago (CHAMP 2001, AIRS 2002).

. Comparison of COSMIC and AIRS retrieved temperature
profiles in the period 2007-2011 show excellent
agreement at low vertical resolution.

. The UW has created a matched L2 dataset of COSMIC
RO refractivity and retrieved temperature profiles and
AIRS infrared radiance and retrieved profiles.

. This dataset is being used to develop methodologies for
working with similar products expected from CLARREO
to help in assessment of atmospheric temperature
trends.



