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ABSTRACT

Synopsis A variety of correlative observations were compared with AIRS retrievals.
Results are for latitudes in the range of 50 S to 50 N:

Cloud Cleared Radiances: Well characterized over ocean.

Surface Skin Temperature: Well characterized over ocean. Not validated over land.
Atmospheric Temperature Profiles: Well characterized over ocean, meeting 1 K per km
specification. Large differences over land of ~2 K near the surface and ~1 K at altitudes
of 2 km and higher.

Total Water Vapor: RMS uncertainties of oceans of ~5%. Oceanic retrievals currently
flagged as highest quality include stratocumulus regions with significant moist biases.
Over-land uncertainties are ~30-45%, and apparent spurious moistening in regions of
high surface temperature.

Water Vapor Profiles: Meeting specification of ~15% in 2 km over oceans. Large
uncertainties over land, especially in bottom 2 km of profile.

Ozone Column and Profiles: Well characterized over ocean, with agreement to a few
percent. Poorer agreement over land.

Cloud Fraction and Top Pressure: Only validated over ocean. Good agreement with in
situ data for low clouds.

Summary of Results This report describes validation comparisons for AIRS V4.0
retrieved data products. A detailed synopsis is given in the Executive Summary section,
and individual chapters describe the analyses in detail. Comparisons are described for
retrieved cloud cleared radiances, sea surface temperature (SST), temperature and
humidity profiles, cloud properties and ozone.

Cloud cleared radiance are compared with clear sky radiances from ECMWF
reanalyses. Channels peaking in the stratosphere and above show biases of ~0.3 K,
while lower tropospheric channels have biases of ~0.4 K.

Retrieved AIRS SST are compared against ECMWF and AMSR-E, with
differences of roughly -0.5 + 0.8. The yield using Qual_Surf = 0 is low at roughly 10
percent.

Retrieved temperature profiles are compared with ECMWF and dedicated
radiosondes. Root-mean-square temperature differences against ECMWF vary from
about 1.3 K just above the surface to less than 1 K in the troposphere when averaged over
1 km thick layers, with biases of 0.2 K or less. Dedicated radiosondes give uncertainties
of less than about 1 K in retrieved temperature in the free troposphere. Yields are height
dependent, but roughly comparable to those from V3.0 in the lower troposphere. Yields
are higher above, at the cost of a few tenths of a degree in performance.

Retrieved total water vapor is compared against dedicated sondes, ECMWF, and
AMSR-E. The over-ocean RMS difference is 5-6% against sondes and AMSR-E. Higher
RMS differences over ocean of ~12% are seen against ECMWF. Using the most
stringent quality flags gives wet biases against AMSR-E in stratus regions. RMS
differences in total water vapor over land vary from 31% at a single sonde site, to 43%
against ECMWF.
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Root-mean-squared differences between water vapor retrievals and dedicated
radiosondes vary with height from ~30% near the surface ~12% in the free troposphere
beneath the 300 mb surface. RMS differences over land, at the continental margin, and in
stratus regions (conditions characterizing three of the four sites considered) are 30-40%.

AIRS total column ozone differs from TOMS globally by -2 to -4 + 7 %.
Average ozone differences against sondes are about -10% in the stratosphere and about
+20 to +70% in the troposphere. These biases partially cancel out in evaluating the total
column.

Cloud top pressure and its estimated errors for both retrieved pressure levels are
compared with the active surface-based measurements located at the Atmospheric
Radiation Measurement program site at Manus Island in the Tropical Western Pacific.
Good agreement between the upper layer cloud top pressure and the ARM site highest
cloud layer is observed for cloud fraction values greater than roughly 0.15. Poorer
agreement is seen at lower values of cloud fraction.
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1. Introduction

1.1. Overview

This report describes the validation of AIRS/AMSU/HSB retrieved products.
The v3.0 report by Fetzer et al. (2003) addresses radiances, and provides much of the
supporting information for this document.

Validation is the comparison between satellite quantities and other data describing the
atmosphere. Those other data come from a variety of sources described in later sections.
Retrieved products are validated for the following sets of conditions:

* Non-polar latitudes (50 South to 50 North).

*  Ocean and Land

An overview of the validation status of the AIRS data sets is given in the Executive
Summary in Section 2 below.

1.2. Quality Flags

Version 4.0 retrievals differ from Version 3 in the inclusion of a set of field- and height-
dependent quality flags. In contrast, Version 3.0 had a single quality flag. The flags and
their definitions are shown in Table 1. These flags are discussed in more detail in Olsen
et al. (2005).

Qual_MW_Only_Temp_Strat | Overall quality flag for MW-Only temperature fields
for altitudes above 201 mbar

Qual_MW_Only_Temp_Tropo | Overall quality flag for MW-Only temperature fields
for altitudes at and below 201 mbar, including surface
temperature.

Qual_MW_Only_H20 Overall quality flag for MW-Only water (both vapor
and liquid) fields. The possible values this flag are
1(H20 retrieval fully valid), 1(only total precipitable
water vapor is valid), 2(H20 invalid)

Qual_Cloud_OLR Overall quality flag for cloud parameters and clear and
cloudy OLR

Qual_H20 Overall quality flag for water vapor fields

Qual_CO Quality flag for CO

Qual_0O3 Quality flag for ozone

Qual_Temp_Profile_Top Quality flag for temperature profile at and above
Press_mid_top_bndry mbar (currently 200 mb)

Qual_Temp_Profile_Mid Quality flag for temperature profile between

Press_mid_top_bndry mbar and Press_bot_mid_bndry
mbar (currently 3 km above surface)

Qual_Temp_Profile_Bot Quality flag for temperature profile below
Press_bot_mid_bndry mbar, including surface air
temperature
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Qual_Surf Overall quality flag for surface fields including surface
temperature, emissivity, and reflectivity
Qual_CC_Rad Overall quality flag for cloud cleared radiances

Qual_Guess_PSurf

Quality flag for surface pressure guess input. The
possible values are 0 (good surface pressure guess from
valid forecast), 1 (surface pressure guess estimated
from topography), and 2 (do not use)

Table 1. Version 4.0 quality flags.

1.3. Quantities Analyzed for This Report

Table 2 gives an overview of retrieved Cloud Cleared Radiances and Standard Products
analyzed for this report. Table 3 describes the current understanding of the error
estimates generated by the retrieval algorithm. Table 4 gives the validation status of all
other Level 2 Standard Products.

Correlative Data Sets and Regions of Analyses

Variable Name Model Reanalyses Satellite Data Instrumented Sites

(Primarily sondes)
Land Ocean Land Ocean Land Ocean

Cloud-Cleared .

Radiances

TsurfStd * *

TairStd . . . .

H20OMMRStd . .

totH20Std . . # #

O3VMRStd . .

totO3Std . .

PCldTopStd . .

CldFrcStd . .

#: sonde comparisons of total water are integrated from H2ZOMMRStd

Table 2. Variables examined in this report and correlative data sets used in analyses.

Variable Name | Correlative Validation Status
Data Source

TsurfStdErr AMSR-E Means roughly correct, no scene-dependent skill.
TairStdErr Sondes Means roughly correct, no scene-dependent skill.
H20OMMRStdErr | Sondes Means roughly correct, no scene-dependent skill.
totH2OStdErr AMSR-E Means roughly correct, no scene-dependent skill.
PCldTopStdErr | Lidar Means unknown, possible scene-dependent skill.
CldFrcStdErr Lidar Means unknown, possible scene-dependent skill.

Table 3. Validation status of retrieved error estimates.
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Variable Name Validation Status
numCloud Implicitly validated with PcldTopStd and CldFrcStd.
PsurfStd Not retrieved. Generated from model reanalyses.
TsurfAir No validation analyses performed to date.
H20OMMRSat Implicitly validated with TAirStd.
emisIRStd No validation analyses performed to date.
rholRStd No validation analyses performed to date.
sfcTbMWStd No validation analyses performed to date.
EmisMWStd No validation analyses performed to date.
totCldH20Std No validation analyses performed to date.
TCIdTopStd Implicitly validated with TAirStd and PCldTopStd.
CldClearParamStd No validation analyses performed to date.
PsurfStdErr No validation analyses performed to date.
totH2OStdErr No validation analyses performed to date.
O3VMRStdErr No validation analyses performed to date.
totO3StdErr No validation analyses performed to date.
emisIRStdErr No validation analyses performed to date.
rholRStdErr No validation analyses performed to date.
EmisMWStdErr No validation analyses performed to date.
totCldH2OStdErr No validation analyses performed to date.
TCIdTopStdErr Implicitly validated with TairStd, TairStdErr, PcldTopStd,
PcldTopStdErr.
CldClearParamStdErr | No validation analyses performed to date.
GPHeight No validation analyses performed to date.
clear_flag_4um No validation analyses performed to date.
clear_flag_11lum No validation analyses performed to date.
clear_flag No validation analyses performed to date.

Table 4. Validation status of all other Level 2 Standard Product retrieved quantities.

1.4. Supporting Documents

Two important documents are:

Fetzer, E. J, H. H. Aumann, F. Chen, L. Chen, S. Gaiser, D. Hagan, T. Hearty, F. W.
Irion, S.-Y. Lee, L. McMillin, E. Olsen, H. Revercomb, P. Rosenkranz, D. Staelin, L.
Strow, J. Susskind, D. Tobin, and J. Zhou. Validation Of AIRS/AMSU/HSB Core
Products for Data Release Version 3.0, August 13,2003, JPL D-26538, 79 pages.
Available online at http://daac.gsfc.nasa.gov/atmodyn/airs/.
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E. Olsen, H. Aumann, S. Broberg, L. Chen, D. Elliott, E. Fetzer, E. Fishbein, S.
Friedman, S. Gaiser, S. Granger, M. Kapoor, B. Lambrigtsen, S.-Y. Lee, S. Licata
and E. Manning. AIRS/AMSU/HSB Version 4.0 Data Release User Guide, February
28, 2005, 70 pages.
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2. Executive Summary

The following summarizes the results of each section. Details of those analyses are
given in each section.

Section 3.1 Cloud-Cleared Infrared Radiances. We show intercomparisons of
AIRS retrieved cloud cleared radiances and clear sky radiances calculated from
ECMWEF global forecasts and analyses over ocean. We consider two carbon
dioxide Q-branches at 667.38 and 720.81 cm™'. Biases are greatest in the middle
and upper stratosphere (~0.3 K) , and in the lower troposphere near the surface
(~0.4 K). Differences in brightness temperature are comparable to difference in
profile temperatures between ECMWF fields and radiosondes.

Section 3.2 Surface Temperatures. Retrieved sea surface temperatures are
compared with ECMWF, and with AMSR-E on the Aqua satellite. These
comparisons show a difference of about —0.6 + 0.9 K, against ECMWEF and -0.4 +
0.8 K against AMSR-E. The yield for the "Highest Quality" SST retrievals (i.e.,
Qual_Surf = 0 over ocean) against ECMWF in v4.0.0.0 is ~ 12% for ascending
nodes (day) and 9% for descending nodes (night). Yield for v3.7.7 retrievals was
about four times higher, with a corresponding degradation in RMS differences
against AMSR-E data sets of about 0.3 K.

Section 3.3 Temperature. The AIRS temperature retrievals were compared with
ECMWEF analyses and dedicated radiosondes based on the new Quality
Assessment (QA) scheme implemented in v4.0.0.0 of the PGE. The v4.0.0.0
yield for the "Highest Quality" air temperatures above 200 mbar (i.e.,
Qual_Temp_Profile_Top = 0) is nearly double what it was using retrieval_type =
0 retrievals from v3.7.10.0 of the PGE. This increase in yield was accompanied
by a slight increase in the RMS difference with respect to ECMWF above 200
mbar. The increase in yield below 200 mbar was less significant, however, the
RMS was similar to that of v3.7.10.0 retrievals with retrieval_type = 0. The yield
over land below 800-400 mbar (i.e., Qual_Temp_Profile_Bot = 0) decreased
relative to the retrieval_type = O retrievals from v3.7.10.0 of the PGE but the
RMS difference also decreased.

Section 3.4 Total Water Vapor. AIRS retrieved total water vapor is compared
against dedicated sondes, ECMWF and AMSR-E. Greatest consistency is seen
against oceanic sondes and the purely oceanic AMSR-E retrievals, with RMS
differences of only 5-6%. RMS oceanic differences against ECMWF is ~12 %.
Over land, differences are 31-45%, with greatest consistency seen against sondes
at the ARM SGP sites. These results suggest that AIRS is meeting its
specification of 5% over ocean, and, that AMSR-E and sondes are a better
correlative data source than ECMWE. Regions with persistent stratocumulus
clouds show consistent, wet biases.

Section 3.5 Water Vapor Profiles. Retrieved water vapor is compared against
dedicated radiosondes at four sites. Statistics are compile in 2 km layers, using
the most stringent QA (Qual_H20 = 0). Largest biases and RMS differences are
seen in the 10130-700 mb layer, with best agreement seen in the 700-500 mb

12
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layer. Oceanic sites are generally biased dry with values as great as -25%; the
sole land site is essentially unbiased. The best RMS agreement is seen at the
ARM TWP site: from 12 to 28%, beneath the 300 mb surface. Other sites lave
larger RMS differences. The ARM SGP land site RMS differences are 31-41%.
Larger differences are also seen a the Galapagos (SCR) site. These are likely
related to the large, wet biases noted above with total water vapor, since the
Galapagos lie in a region of extensive stratocumulus.

Section 3.6 Ozone Column and Profiles. We report comparisons of AIRS ozone
column retrievals with co-incident EP-TOMS measurements between 50°S and
50°N using Version 4.0.0 (hereinafter referred to as V4) of the AIRS retrieval
algorithm and describe changes in results from Version 3.0.8 (referred to as V3).
Using selected “focus days” between September 2002 and December 2004, we
find that the average (AIRS - TOMS) / TOMS column difference varies from
about -2% to +4% with standard deviations of ~ 7%. Comparisons of
ozonesondes with coincident AIRS profile retrievals indicate average (AIRS -
Sonde) / Sonde differences of about -10% in the stratosphere and about +20 to
+70% in the troposphere. These biases partially cancel out in evaluating the total
column.

Section 3.7 Cloud Fraction and Top Pressure. We investigate the accuracy of the
Version 4.0 AIRS cloud top pressure (CTP) and CTP errors for both pressure
levels using the active surface-based measurements located at the Atmospheric
Radiation Measurement (ARM) program site at Manus Island in the Tropical
Western Pacific. Good agreement between the upper layer CTP and the ARM site
highest cloud layer is observed for cloud fraction values greater than roughly
0.15, and less agreement at lower values of cloud fraction. The quality of the
assessment is based on the 1-sigma variability of cloud height at the ARM site for
a period of time used to reproduce the scale of the AMSU footprint, and the 1.2
CTP error estimates. For the lower layer cloud fraction, the agreement from case-
to-case is much poorer. However, we present histograms of all AIRS CTP, and
compare to histograms of ARM data. We find a peak in lower layer cloud
frequency consistent with the ARM data for a small sample set of matchup
observations.
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3. Retrieved Product Validation

3.1. Cloud-Cleared Infrared Radiances

Cloud-cleared (CC) radiances are an intermediate product representing the clear
sky radiances emanating from the transmitting portion of a 3x3 array of AIRS footprints
covering an AMSU footprint. Cloud-cleared radiances are not estimated when footprints
are completely overcast or cloud amount in adjacent footprints are correlated. We have
explored three methods of validation CC radiances: 1) comparisons with clear sky
calculated radiances estimated from correlative sources, 2) applications of clear-tests on
CC radiances, and 3) intercomparison with observed radiances from smaller footprint
radiometers.

Comparison with calculated radiances depends on an accurate radiative transfer
forward model and an accurate specification of the surface and atmospheric state
sufficient to uniquely perform the forward calculation. In the case of AIRS this means
specifying the geophysical state both in the vertical and the surface properties over the
45 km AMSU footprint. Generally the largest error sources in the forward calculation are
uncertainty in the surface skin temperature or surface emissivity. We will not validate
over land owing to the large uncertainty in both skin temperature and spectral surface
emissivity. Over ocean the largest uncertainties are uncertainty in the surface skin
temperature, except in water and trace gas-sounding channels where atmospheric
composition uncertainty is large. High quality radiosondes and hygrometers are helpful in
reducing this problem, but as we will show in this section CC radiance errors in CO,
temperature sounding channels are sufficiently large, that error in water and trace gas
sounding channels do not warrant specialized treatment. In this analysis we will calculate
radiances from the ECMWF forecast and analysis products.

Application of clear tests involves applying a test, which is true when a scene is
clear. This analysis is simple to perform, but is limited by the precision of the test. We
shall discuss this in greater detail.

We will also not discuss comparisons with observed radiances from smaller
footprint radiometers, e.g. MODIS, NAST/I and SHIS. This approach uses the smaller
footprint of the coincident observation to peer between the clouds and provide an
estimate of the radiance from the clear scene, but requires an accurate means to identify
clear footprints and assign error estimates to the amount of cloud contamination. We
believe the error in the MODIS clear flag is not sufficiently well characterized at this
time to be suitable for CC radiance validation. The NAST/I and SHIS under flight data
are useful, but are limited in number and are not discussed here.

Figure 1 shows mean and average differences between CC radiances and
calculated radiances from granule 176 on 6 September 2002. The largest differences
occur in the 4.5 micron CO, sounding channels that sound the upper troposphere and
stratosphere. These differences arise because of the inability of the radiative transfer
forward model to include non-local thermal equilibrium (LTE) processes. The curvature
in the difference at wavenumber greater than 2500 cm™ arises from uncertainty in the
computed solar reflected radiance from the surface (the reflectivity of the downward solar
radiances and thermal radiances are different, but assumed equal). The water sounding
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channels (at 1250 — 1650 cm™') show a reversal between a negative bias in the lower
troposphere and a positive bias in the mid to upper troposphere sounding channels — this
is similar to the bias in the temperature sounding channels below 750 cm™. Two likely
error sources are cloud contamination and uncertainty in sea-surface skin temperature.
To distinguish between these two error sources we examine how the difference varies
with sounding height for temperature sounding channels.

Figure 2 shows a sequence of weighting functions from the v, fundamental and
combination v, , Q-branches at 667.38 and 720.81 cm™. Note that only the 721.54 and
723.33 cm™ channels have significant surface emissions. Figure 3 shows the mean
AIRS-model brightness temperature difference for all channels. All footprints where
cloud clearing was successful are included in the statistics. The difference is plotted
versus centroid pressure:

, [In(PYW (P) dP
< [wp)ap

where W(P) is the weighting function calculated for the US standard atmosphere over a
still ocean viewed in the nadir; the pressure centroids are shown on Figure 2 by the solid
triangles. The centroids is always located above the peak of the weighting function and
are located above 50 hPa when channels are insensitive to clouds, i.e. the contribution
below 100 hPa is less than 5%.

Averages are generated over land (dashed curve) and ocean (solid curve) and the
frequencies of the channels are indicated on the ocean curve only (blue is the v, Q-branch
and red is the v,, Q-branches). Although the land and ocean curves are different at all
levels, the large differences in the upper stratosphere( P < 10 hPa) are surprising because
these channels are not cloud-cleared. This difference arises because the ECMWF
analysis uses satellite observations differently over land and ocean. There is generally
good agreement between the v, and v, , channels in the mid stratosphere except for a —
0.1 K bias in the 720.35 and 720.65 cm™' channels at the center of the v, , band; this is an
error in the radiative transfer forward model. Lastly there is a uniformly increasing
negative bias descending through the troposphere. Although the tropospheric analysis is
known to have some biases of the 