Poster: 247

Introduction

Motivation:.

The 2017 Decadal Survey highlighted the need to improve
observations of the planetary boundary layer. However, space-based
sounding lacks the necessary accuracy in the boundary layer.
Additionally, infrared (IR) sounding is frequently limited to the upper
levels of the troposphere due to the presence of clouds. Microwave
sensors are able to profile below the cloud layer, but lack the desired
vertical resolution.
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AERI as a Ground-based Solution:

The National Research Council has previously suggested the
development of a network of ground-based thermodynamic profilers
to supplement the space-based sounders in order to improve
observations of the boundary layer. The Atmospheric Emitted
Radiance Interferometer (AERI, Knuteson et al. 2004a,b) is one
instrument that could be used for such a network. A clear sky
information content study using radiosonde profiles from the
Atmospheric Radiation Measurement Program (ARM) Southern Great
Plains (SGP) site displays the benefits of a synergy between the AERI
and space-based Cross-track Infrared Sounder (CrlS):
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Objective: Calculate information content (degrees
of freedom) in a cloudy environment in order to
quantify the improvement provided by the AERI.

We simulate radiances for the cloudy sky scene (displayed above)
for AERI and CrlS using LBLDIS (Turner et al. 2003, Turner 2005). We
use a cloud base of 2 km (780mb) , effective radius of 7.5 um, and
an optical depth of 10 across the entire spectrum. We use 1 K and
10% water vapor mixing ratio perturbations in order to calculate
temperature and water vapor jacobians for the AERI and CrlS.

Quantifying Information Content - Degrees of Freedom:

Calculating degrees of freedom (DOF) is one way to quantify the
information content of a retrieval. DOF is a measure of the
independent pieces of information able to be determined by the
measurements. DOF is the trace of the averaging kernel A:

A= (K S, 1K+S,1)!e(KTS, 1K)

Where K is the jacobian, S, is the measurement error covariance
matrix, which is set to be 0.2 mW m- str-! cm-1 K-1 for each
channel (we assume no model error for simplicity). S, is the a priori
covariance matrix:

Sai’j — CORR(XI, X_/) O-Xi O-X_/

S_ is calculated from 2,905 summertime radiosondes in clear sky
conditions from the ARM-SGP site.

Results

Temperature jacobians display that AERI is only sensitive below the
cloud layer, while CrIS is most sensitive above the cloud layer.
Surprisingly the CrlS sensitivity is not zero below the cloud layer - this

is a subject of future work since this was not an expected result.

00 AERI Temperature Jacobians CrlS Temperature Jacobians

200 w
|
h

300 1

N
o
o

Pressure [hPa]
Pressure [hPa]

1.5 2
dRadiance/dT [mW mZstr cm™ K'1]

Below Cloud Layer:

1 «AERI has 3 DOF for temperature
and 1 DOF for water vapor. This is
lower but comparable to clear sky
results from the surface to 800
mb (likely a result of the lower
vertical resolution used in LBLDIS
simulations).
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| «CrlS has 1 DOF for temperature,
but nearly zero for moisture.

Above Cloud Layer (to 200 hPa):

 AERI has no information above
the cloud layer

| «CrlS has more than 5 DOF for
temperature and about 2.5 for
water vapor.

AERI and CrlS combined would
provide more than 8 DOF for
temperature and 3.5 DOF for
water vapor across the
troposphere - more than either
instrument alone.
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Future Work

«Calculate DOF for the Advanced Technology Microwave Sounder
(ATMS) in order to quantify the improvement with the AERI compared
to a microwave sounder, which is able to profile below the cloud layer.

*Repeat this study for partly cloudy scenes in order to understand how
CrlIS (AERI) becomes sensitive to the boundary layer (free troposphere)
as cloud cover in a field of view decreases.






