Radiative Transfer, Satellite
Retrieval Systems and 32 Years

of Federal Service

or
What Have | Been Doing for the Last 32 Years

Thomas J. Kleespies



Education

« BS Atmospheric Sciences, University of
Washington, 1974

« MS Atmospheric Science, Colorado State
University, 1977

 PhD Meteorology, University of Utah, 1994



Work Experience

1977-1978 Systems and Applied Sciences
Corporation, Scientific Programmer, Ozone
Processing Team GSFC

1978-1984 Naval Environmental Prediction
Research Facility, Monterey CA, Research
Meteorologist

1984-1993 Air Force Geophysics Laboratory,
Bedford MA, Research Meteorologist

1993-Present NOAA/NESDIS, Physical Scientist



SASC

e Scientific Programmer
« Scribe for Ozone Processing Team
e Discovered the Ozone Hole









Naval Environmental Prediction
Research Facllity

* Now NRL Monterey



First Tasks

e Care and feeding of Chahine retrieval
e DMSP SSH/2 Infrared Sounder

e SiXx channels (747, 725, 708, 695, 676,
668.5 cm-1) in the 15-micrometer CO2
absorption band, and eight channels (535,
408.5, 441.5, 420, 374, 397.5, 355, 353.5
cm-1) in the 22- to 30-micrometer
rotational water vapor absorption band.



Satellite Processing and Display
System

 Worked on ingesting GOES Mode AA data
 VAS sounding and multispectral imaging

* Developed Smith Iterative Sounding
System
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1982 PULITZER PRIZE-WINNER
THE PHENOMENAL BESTSELLER'
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"BRINGS TO LIFE NOT ONLY HOW COMPUTERS WORK AND THE
TECHNOLOGY REQUIRED TO DEVISE ONE...BUT ALSO THE HUMAN DRAMA.”
THE NEW YORK TIMES



How did we program back then?

* Punch cards and tape



VAS TEMPERATURE RETRIEVAL




Cloud Tracking

* Cross-covariance algorithm

e Tried it on water vapor imagery
— basically got the same results as IR imagery

— algorithm was tracking the clouds imbedded
In the wv imagery



Air Force Geophysics Laboratory

Hanscom AFB, Bedford MA

Originally Air Force Cambridge Research
Laboratory

Then Geophysics Laboratory

"hen Phillips Laboratory, Geophysics
Directorate

Now Air Force Research Laboratory
Moving to Wright-Patterson in 2011




MCIDAS

« SN 2 McIDAS, SN1 cpu






McIDAS Upgrade Development

e Motto: “Our Name Is MUD”

o After playing acronym soup, | came up
with “Air Force Interactive Meteorological
System” AIMS

e Motto: “We AIMS to please”



Components

« GOES direct readout ground system
e Gould SEL real time ingest computer

« DEC VAX systems driving Adage image
processors



NOAA also using Gould SEL computers
for their ingest.

| exercised an option on the NOAA |
contract with Integral Systems for a frame H
synch and MIPR’ed the money over to -'
Bill Mazur.

Easiest procurement | ever did.
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Ground Station

| wrote the code on the Gould to ingest the Mode
AAA data for VAS multispectral imagery

| wrote code on the VAX to talk with the Gould
and have the Gould extract an image sector
from the ingest sector and pass it out to the
VAX. The map overlay was generated at this
time and passed out. Navigation info was
Inserted into the first line of the image.

| had one systems programmer to get the Gould
to talk with the ground system



Image management

* We could select multiple 512x512 sectors
to extract based upon a central lat-lon

 These went Into a rotating database where
the last 24 hours were kept for all sectors
and all channels (typically 4 or 5).

It was easy for a user to grab any of these
for archive purposes.



WISSI

Whoopie! | See Some Imagery
VT220 based image display routine

Permitted display and navigation of
monochrome or multispectral imagery
from GOES groundstation on the color
monitor

Animation controlled as well
Used extensive VT220 screen control



Adage Image Processor

e 1024x1024 full color display
o 32 bits deep
e nominally 8 bits each RGBa

e crossbar switch permitted arbitrary
allocation of bits






Multispectral Imagery

e Use different channels to drive different
colors

« Example using Baboon
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Can play other games

e Depict time lapse as color
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Clouds not black body in near IR

Following uses 11um red, 12 um green, 3.9 um blue
sequence ul,urll,Ir as sun illuminates the scene
Dark hot, bright cold

ul, clear ground relatively bright because cold. Low
stratus redish because cold in 3.9 (not as emissive as
11&12)

Ir clear ground dark, hot. Low stratus blue because
hotter at 3.9 than 11&12 (more reflective)

This observation became the basis of my dissertation






Thinking to upgrade from ADAGE, we looked at

the Pixar Imaging Computer, but balked at the
$125K price tag.

Jobs Buys Lucasfilm Graphics Division

m Pixar, a computer graphics division of Lucasfilm Ltd., has been
acquired by employes of the department and Steven P. Jobs, the
Apple Computer Inc. cofounder who lost a bitter power struggle in
that company last year. Jobs bought a majority interest in Pixar,
formed by George Lucas in 1979 to bring high technology to the
film industry, for an undisclosed sum in the millions, according to a
written statement issued yesterday.

Jobs plans to market the Pixar Image Computer, which is 200
times faster than conventional minicomputers at performing com-
plex graphic and image computations, the announcement said.

The computer will be introduced to the commercial and scientific
markets within the next 90 days and will sell for approximately

$125,000. | 2-((°3¢€

Pixar started out has a hardware company.
With the development of Renderman, they
became a software company, then a movie
making company.



Tomography

 Secured AFGL commader’s discretionary
funds to finance a study on sounding by

omography

* Initially proposed by Jean King, and
expanded by Henry Fleming

e Contract went to AER, worked on by

Chris Grassotti




YOLUME 28 JOURNAL OF APPLIED METEOROLOGY MAY 1989

A Simulation Study of Satellite Emission Computed Tomography

Ross N. HOFFMAN, CHRISTOPHER GRASSOTTI AND RONALD G, 1SAACS
Atmiospheric and Environmenial Research, Inc,, Cambridee, Massachuseiis

THOMAS J, KLEESPIES
Alr Force Geophysics Laboratory, Hanscom AFB, Massachusens
(Manuscript recelved 19 May 1988, in final form 18 October 1988)

ABSTRACT

Satellite emission computed lomography retrieves the temperature of the atmosphere from mdiances observed
at multiple viewing angles and frequencies. To the extent that it provides independent information, the uss of
multiple viewing angles should improve the accuracy of the retrieval. Additionally, the tomographic retrievals
should be more horizontally consistent since the felds of view overlap, The present study assesses these capabilities
by performing a series of simulation experimenis in which (wo-dimensional temperature fislds { Y=Z plane ) are
retrieved, Several limitations cited in previous work (by H. Fleming ) are addressed by realistically treating the
geometry of the sensor instantaneous field of view and by using appropriate instrumental noise levels. We have
used observed ntrpnsph:ﬁc ¢roga sections and the sensor geometry and simulation codes appropriate for the
HIRS2 sensor. It is found that the tomographic approach s superior to the single angle approach in the cases
studied when observational noise s 1,5 brightness temperature degrées (K) in each channel. For smaller noise
levels (0,75 K) the two approaches are found to be comparable,
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McMillin Collaboration

Larry McMillin approached me at ITSC-1

He knew | had access to direct readout
GOES data

Proposed a collaboration to come up with
a new way to get precipitable water from
the split window using temporal variation

Of course this only works in clear air






SEPTEMBER 1990 THOMAS J, KLEESPIES AND LARRY M. McMILLIN . 8

Retrieval of Precipitable Water from Observations in the Split Window
over Varying Surface Temperatures

THOMAS J., KLEESPIES

Geophysics Laboratory, Air Force Systems Command, Hanscom AFB, Bedford, Massachusetts

LARRY M, MCMILLIN
National Oceanic and Atmospheric Administration, National Environmental Satellite, Data, and Information Service, Washington D.C

(Manuscript received 27 August 1989, in final form 4 April 1990)

ABSTRACT

The split window technique makes use of two differentially absorbing channels in the | 1 wm region to remove
the attenuating effects of atmospheric absorption so as to achieve a better estimate of the underlying skin
temperature than could be produced by a single channel measurement. Since the primary absorber in this region
is water vapor, it follows that split window measurements should be able to produce bulk water vapor retrievals
as well, When observations are made with split window channels under conditions where the surface contribution
to measured radiance changes, but the atmospheric contribution does not, it is possible to estimate the ratio of
the transmittance of the two split window channels. This transmittance ratio is inversely related to precipitable
water, This paper applies this technigue to observations from the Advanced Very High Resolution Radiometer,
and the VISSR Atmospheric Sounder, and demonstrates the capability of both instruments to determine pre-
cipitable water under two different operational scenarios.




Dissertation

Air Force Long Term Full Time Training

Up to a year of study at your favorite
Institution

Took some convincing to show that | could
go out of town

Studied under K-N Liou at U Utah

Recommend this highly: Get your
employer to send you to school and go on
salary
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National Environmental Satellite, Data and Information Service

o

Retrieval of Marine Stratiform Cloud Parameters
by Multiple Observations in the 3.9 ym Window

Under Conditions of Varying Solar Illumination

Thomas J. Kleespies
Satellite Research Laboratory

National Oceanic and Atmospheric Administration

Spring AGU 23 May 1994 /
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Effective Radius Retrieval
12 Aug 92 1530-1630

PED lbhal  okm %15 band @ Wed & AuW _S&
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The Retrieval of Marine Stratiform Cloud Properties from Multiple Observations in the
3.9-um Window under Conditions of Varying Solar Illumination

THOMAS J, KLEESPIES
Aimospheric Sciences Division, Geophysics Direciorate, Air Force Fhillips Laboratory, Hanscom Air Force Base, Massachuseits
(Manuseript received 28 March 1994, in final form 12 December 1994)

ABSTRACT

Radiometric obsérvations in the 3.9-um region have been used by a number of investigators for the deter-
mination of cloud parameters or sea surface 1emperature at night. Only a few attempts have been made 10
perform quaniliatlve assessments of cloud and surface properties during the daytime because of the inability to
distinguish between the thermal and solar components of the satelliie-sensed radiances, This paper presenis a
new method of separating the thermal and solar componenis of upwelling 3.9-um radiances.

Two collocated satellite observations are made under conditions where the solar illumination angle changes
but the thermal struciure of the cloud and atmosphere, as well as the cloud microphysics change very litile.
These conditions can easily be met by observing the same cloud from geosynchronous orbit over a short time
interval during the morning hours, When the radiances are differénced under these constraints, the thermal
components cancel, and the difference in the radiances is simply the difference in the solar component. With
a few simplifying assumptions, a cloud microphysical property, specifically effective radius, can be inferred,
This parameter Is of particular importance to both climate modeling and global change studies. The methodology
developed in this paper is applied 1o data from the Visible-Infrared Spin Scan Radiometer Atmospheric Sounder
onboard the GOES-7 spacecraft for a period in August 1992,
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The Road to NESDIS



Henry Fleming 1921-1992
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Sounding Product Oversight Panel

o Kit Hayden retired in 1995
e | took over the co-chair with Ellen Brown
until 2000

 \When Mike Weinreb assigned me to be
NESDIS liaison to EUMETSAT for METOP

ATOVS processing (at their request)



Transmittance Work

 Start with McMillin-Fleming works for
heritage



Atmospheric transmittance of an absorbing gas: a
computationally fast and accurate transmittance
model for absorbing gases with constant mixing
ratios in inhomogeneous atmospheres

Larry M. McMillin and Henry E. Fleming

At o glven prossure lavel the ateespheric transmittance for an absorbing gas with a conatant mixing ratio
varles only with the temperature profile of the ! A slmple model based on tem-
parature d! in derived for int This model then is extended to the more im
portant casn of polychromatic radiation through the use of scaling approximations, The resulting algo-
rithm for ealeulating transmittances for an arbltriry temperatise profile is simple to use, sccurate, and
camputationally fast boeause only arithmetie aporntions are required, In fact, resulting transmittanecss

agroed with line-by-line caleulotions te within 0.0031 for the cases tried. Details for caloulating the eXpan.

wion coefficients are provided.

I. Introduction

Ratrioval of atmoapheric temperature profiles from
satellite radiation measurements is now common-
place. In all known inveraion procedures used to eal-
culate the temperature profiles,’ except the regres-
sion technique, it is necessary to know the nature of
the atmosphoric transmittances for all the absorbing
fasos in the spectral intervals used,

The most accurate method of obtaining these
transmittances is by summing the absorption coeffi-
cients In very narrow spectral intervals over each
contributing line followed by an integration over the
atmospheric path. This is known aa the line-by-line
method of calculation. Transmittances for these
narrow spectral intervals are caleulated from the pro-
gram developed by Drayson?® then convoluted with
the spectral response function of the instrument.
Howaever, the line-by-line procedure is much too la-
borious and time consuming for use in the real-time
processing of satellite data. A much faster process,
which satisfies the accuracy requirements, must be
used.

Fnst and nccurate methods, such as the one de-
seribed by Woinreb and Neuendorffer,? exiat; these
should be used for caleulating atmospherie transmit-
tances for gases such as HpO, which have varinble

Tho authors are with NOAA, National Enviranmuntal Satellita
Sarvice, Washington, D.C, 20233,
Receivad 1 August 1975,

380 APPLIED OPTICS / Vol. 15, No. 2 / Fabruary 1878

mixing ratios, On the other hand, for the gases with
essentially constant mixing ratios such ag COs and
Oy, the method developed by the authors is several
times faster and {a sufficiently accurate for tempera-
ture retrievals.

Eagentially, the method is a recurrence procedura
in which the transmittance for an arbitrary tempara-
ture profile, evaluated at n pressure levels, is given at
the ith pressure lavel by

i T (7T, t=1..0m w
where 7o = 1 at the top of the atmosphere, f{(T.T) is
a linear binatl of a-dopendent
torms that depend upon the index i, T is the given
temperature profile, and T is a reference temporn-
ture profile,

Il. Theoratical Discussion

For monochromatie radiation and a constant mix-
ing ratie, the fractional transmittance of the atmo-
sphere between the effective top of the atmosphere
and pressure level p at zenith angle @ is given by

T, T, 0,0 = m:p[:—(u Becd/g) J:Mu,' p')dlu'], @)

where q is tho constant mass mixing ratio of the ab-
sorbing gas, g is the gravitational aceeleration, and
k(p,T,p) is the absorption coefficient at wavenumber
», pressure p, and temperature T = T'(p),

In practice, temperature retrievals are not ob-
tained as continuous functions of pressure, but rather




McMillin & Fleming (1976)

* Fixed Angle, Constant Mixing Ratio
 Regression on fixed pressure levels

Tia

AT"®) is a pressure weighted temperature
deviation from a reference profile



Atmospheric transmittance of an absorbing gas. 2: A
computationally fast and accurate transmittance model
for slant paths at different zenith angles

Henry E. Fleming and Larry M. McMillin

Maodels oxist which allow the caleulation of at o given zonith angle for an absorh-
ing gas with a constant mixing ratlo. However, many applications require tranamittances at several zenith
angles. A simple, fast, and aceurato model for ealeulating the angular dependence is given. This model is
computationally fast because only the four arithmetic operations are used. Details for caloulating the ex-
pansion coofficients are provided. When this technique is with a dure far trang.
mittances at o fixed nngle, it is possible to oaloulate transmittances for slant paths at arbitrary zenith angles
and tomparature profiles, pravided the mixing ratlo la constant. "This 'lm-hnlquq wail gvaluntod with a meth-
ud capable of ealeulating tranamittances at 2ere zenith angle with an necuracy of 0.0031, For zenith angles

ranging from 0% to 40, transmitiances agres with line-by-line caloulations to within 0.0038,

I.  Iniroduction

In a previous paper’ published in this journal we
presented an iterative model, using only arithmetic
operations, to calculnte ntmospheric transmittances for
polychromatic radiation for an arbitrary temperature
profile. This model was based on temperature differ-
ences and sealing approximations. However, it haa the
limitation of providing transmittances for only a single
zenith angle. Since satellito instruments scan from side
to side and thus view arcas at different zenith angles,
there is a need for a rapid method of calculating trans-
mittanees at various angles. 'This paper, in combina-
tion with the method described in our previous paper,
provides a computationally fast and accurate trans-
mittance model for slant paths having arbitrary zenith
angles and arbitrary temperature profiles. The ap-
proach closely parallels that of the previous paper;
consequently, extensive use is made of those results. To
simplify referencing the earlier paper,! henceforth it will
be identified by the abbreviation Trans. L

In Trans. T we developed a recurrenee procedure in
which the transmittance for an arbitrary temperature
profile, evaluated at n pressure lovels, was given at the
ith pressure level by

= =it T

where 7, = 1 at the top of the atmesphore, f;(T,T) isa
linear combination of temperature-dependent torms

[ PR m

-'l'_j\u w‘lln?rx nrg with NOAA, Natlonal Environmenial Satelliie
Bervice, Washington, D.C. 20233,
Rocolved 16 November 1976,

1388 APPLIED OPTICS / Val. 18, No. 8 / May 1877

that depend on the index i, T' ia the given temperature
profile, and T is a reference temperature profile.
However, Eq. (1) holds only for a single, fixed zenith
angle .

In this paper we relate the transmittance for an ar-
bitrary zenith angle 0 to the transmittance of a fixed
zenith angle #; at the ith pressure level by the equa-
tion

vill) = vi{do) + Fy(sach = neoly, ATT) (=1,....0, (2)

whaere 7;(flp) is the transmittance for the fixed zenith
angle Oy, calculated using Eq. (1) and temperature
profiles 7 and T; F; is a bilinear combination of terms,
depending on the index ¢, and involving sectl — secfy and
the scaling approximation AT}  described in Trans.
iFe

Il.  Theoretical Discussion

For monochromatic radiation passing through a gas
with a constant mixing ratio, the fractional transmit-
tance of the atmosphere between the effective top of the
atmosphere and pressure level p at zenith angle 4 is
given by

r(nTdp) = BID[-(\:I# necd) J:'. ke, T.p")dp’ ] @

where g is the constant mass mixing ratio of the ab-
sorbing gas, ¢ is the gravitational acceleration, and
k(w,T,p) is the absorption coefficient at wavenumber
¥, prossurs p, and temperature T' = T'(p).

Now consider Eq. (3) for a fixed zenith angle 6 and
divide the resulting equation into the original form of
Eq. (3) to obtain




Fleming & McMillin (1978)

e Slant path, constant mixing ratio
* Regression on fixed pressure levels
e Essentially a correction to transmittances from (1)

7,(0)=1(6,)+ o, (Asec@)+ B (AsecO)AT, +y,(Asecd)  i=1..,n
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Atmospheric transmittance of an absorbing gas. 3: A
computationally fast and accurate transmittance
model for absorbing gases with variable

mixing ratios

Larry M. McMillin, Hernry E. Fleming, and Michael L. Hill

Atmospl
preceding papers of this series.
sorhing

models for
In this paper & method for ealeulating atmosph
ases with variable mixing ratios is desceibod. P

it is compuiationally fast as well ns aceurate, D

rhing gases with constant mixing rati

cen for ab
init the model uses anly arith ; operations,
s of the computational algorithm are given, including

the of the exp

in0.0018 in all other cases, This
[

absorb in the same spocteal iv

I. Introduction

This is the third in a series of papers devoted to de-
veloping mathematical models for the rapid and aceu-
rate computation of atmospheric transmittances of
absorbing gases. The transmittances are used in re-
trieving temperature and composition profiles from
satellite radiation measurements; however, they are
applicable to other situations as well, such as flux cal-
culations,

In each of the two preceding papers! we presented
computational models satisfving the cond s of (1)
polychromatie radintion, (2) arbitrary temperat
profiles, and (3) gases with constant mixing ratios. The
first model was applieable io o single slant path in an
inhomogeneous atmosphere at a fixed zenith angle,
while the second model extended the first one to include
slant paths over an arbitrary range of zenith angles.
This third paper generalizes and extends the earlier
models to include absorption by gages having varinble
mixing ratios, such as ozone and water vapor. Note that
our use of the word model does not mean band model
but, rather, a general mathematical approximation of

AA National Environmental Satellite
{H N

he authors are with N
Service, Washington, D.C.
Rocolved

ST/ 10 1600-07$00, 2
Iptical S af An
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ionts, Ina tost o
mittanoes agreed with line-by line calculations in an Fms &

sloven independent profiles, the resalting teas-
i Lo within 0.0000 in L

o worsl case and Lo with

per also ineludes a discussion for computing transmittances when several
val, Thase three papars provide a completes trestment for modeling
et in inhomogeneous atmosphares.

the transy nee function, The computational ap-
proach in this, our latest, model is similar to the other
twa in that we again are using an iterative scheme that
requires only arithmetic operations to caleulate the
atmospheric transmittances. In both of the previous
models the predictors included temperature differences
and scaling approximations. Analogous, but general
izedl, predictors are used in the present approach.

Becnuse the technigques of this paper in several re-
spects are similar to those of the preceding two papers,
extensive use is made of those results. Therefore, to
aimplify referencing those papers, we will refer to the
Ilrwt pn|wrl as Trans. | and to the second paper” as
Tri Also, n gas with a constant mixing ratio will
be HIHNI HINNV a constant gas, and a gas with a variable
mixing ratio will be called a variable gos,

The essentials of the method of this paper are as fol-
lows. The method is a recurrence procedure in which
the transmittance for an arbitrary temperature profile
and an arbitrary mixing ratio ])l'ulll ~vu|uuu-|| forn
absorber amounts (i.e., optical ;ml.lw) is given for the
ith amount by

i = 1= fi (T T, i)

where 74 = 1 at the top of the atmosphere, f,(T,T,p,)
is a linear combination of temperature
dependent terma that depend upon the index i, 7 and
p are the given temperature and pressure profiles, re-
spectively, and T' and p are the respective reference
profiles.




McMillin, Fleming and Hill (1979)

e Slant path, variable mixing ratio
 Regression performed on absorber levels

Tia Tia j=
Predictors x a function of temperature and pressure

Temperature and pressure interpolated to absorber levels, transmittance
Interpolated back to pressure levels.



o reprint from Applied Oplics

Atmospheric transmittance of an absorbing gas.

4. OPTRAN:

a computationally fast and

accurate transmittance model for absorbing gases
with fixed and with variable mixing ratios at

variable viewing angles

L. M. McMillin, L. J. Crone, M. D. Goldberg, and T. J. Kleesples

A fat and acourate
(OPTRAN), is deseribed,

uned mothods.

mathod for the generation of atmospheric transmittances, optical path transmittance
Renults fram OPTRAN are compared with those produced by other currently
OPTRAN produces transmitiances that can be used to genernte brightness temperatures
that are accurate o better than 0.2 K, well over 10 times as accurate as the e

ent mothods,  This ia

significant bocause it brings the neeuracy of transmittance computation to i level at which it will not

affect i

amotnt rather than the pressure.
Koy words

porber amount, OPTRAN

1. Introduction

The National Environmental Satellite, Data, and
Information Serviee caleulates atmospheric tranamit-
tances for use in remote sensing through the use of
the methods described by Weinreberal.!  To summa-
rize that peport, the model used for fixed gnses wis
deseribed by MeMillin and Fleming,” the angular
adjustment was done by means of the model de-
geribed by Fleming and MeMilling® and the water
vapor was done by menns of the method described by
Weinreb and Neuendorffer.! McMillin et al® de-
seribed a method for the mination of water-
vapor transmittance that was faster and more acou-
rate, but it was developed after the current operational
code was implemented and an operational version
wans never completed,

Mathods developed by Eyre and Wooll® and Eyre’

The s are with the National Enviconmental Batellite,
Data, and Info Service, Satellite Resoarch Laboratory,
Washington, I}

R wid 4 October 1094; revised manuscript received 15 May

1885,
0003-6935/ 05/ 276268-06508.00/0.
© 1996 Optical Society of America

at the National Environmental Satellite, Data, and Inforr
RAN that contributes ta its aceuracy in that transmittance is obtained as a function of the ahsorbor

20 Septembior 1895

OPTRAN is the product of an evolution of approach
on Service. A mujor

davaloped
cature of

Transmittance, brightness temperature, aimospherie radiance, radiative transfer, ab-

were selecied for the nexi-generation temperature-
and moisture-retrieval processing system because
operational versions of their methods had been devel-
oped. However, recent tests of the Eyre’ model have
shown that it produces errors of the order of 1-2 K
for channels that are sensitive to water vapor,
These errors are for the nadir view, and errors are
expected to inerease with the viewing angle,  Experi-
ence indicates that the errors could reach 3-4 K at
angles of 60°, Errors of this size far exceed the
values required for aceurate retrievals.

Because of these results, we tested the model
suggested by MeMillin ef al.,” hereafter referred o as
the optical path transmittance model (OPTRAN),
OPTRAN was evaluated with transmittances ealeu-
lated for channels on th l-sensor microwave
water-vapor sounder | /T-2) instrument de-
seribed by Griffin ef al®  Figure 1, below, compares
the results produced by OPTRAN with those pro-
duced by two versions of the Eyre’ model: the one
described hy Eyre? and a recent medification de-
seribed by Woolf® Hereafter the former is referred
to as E1 and the latter as E2. Whereas the results
from the E1 and E2 models produced errors that
exceeded 1.5 K for some atmospheres, the largest
errors produced by OPTRAN are less than 0.2 K.

Vol 34, Ne. 27 / APPLIED OPTICS 6260




McMillin, Crone, Goldberg &
Kleespies (1995)

Slant path, variable mixing ratio
Regression performed on absorber levels

Introductlon to OPTRAN

— —ZC X; i=1..,n

Predictors x a function of temperature and pressure

Tig

Temperature and pressure interpolated to absorber levels, transmittance
Interpolated back to pressure levels.

This is the same as paper 3 applied to the microwave except different predictors



a reprint from Applied Optics

Atmospheric transmittance of an absorbing gas.

5.

L. M. MeMillin, L. J. Crone, and T. J. Kleespies

tan), are described

It roguirod
camputes the abao
but alsa runs in one twentiot
Tranamittanc
THAN

!
layer

1. Introduction

s of three papers in the 1970's deseribed
techniques for the rapid computation of atmospheric
transmittances for consta xing-ratio gnses at
nadir,! at different zenith angles,” and for gases with
variable mixing ratios.® In 1995 McMillin ef al®
published such a method called Optical Path TRANs-
mittance (OPTRAN), which unifies the treatments of
the constant- and variable-mixing-ratio gases re-
ported in Refs. 2 and 3, rospectively. The key to
obtaining accuracy in OPTRAN was a reversal of the
usual roles of the pressure and the absol
In OPTRAN the expal in of the transmittance wos
done at fixed values of the optical path :‘n(hl'l' than of
the p wre. Thiz meant that
B ated at fixed optical-path values, whic
eatimates of the transmitt t these same values
of an optical path, and pressure became a predictor,
This approach differed from past approaches in which
the coefficients and transmittances were defined at
fixed pressure values. The difliculty with this ap
proach was that atmospheric profiles are available
terms of pressure, but estimated transmitlances are
needed as a function of pressure. As a result, the
atmosapheric variables had to be interpolated from the
pressure to the absorber amount, and the resulting

The authors are with the Satellite Research Laboratos
und Applications, ! Environmental 5
and Infi rvice, National Oce
\stration, E/RA14:LM, Washington, D
permanent affiliation ia the Department of
can University, Washington, D.C. 20016,
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0003-6915 /05 /I68306-04506.00,/0.

© 1995 Optical Boclety of America

y, Offics

ollite, D
pheric Adm
L. J. Crong's
itatistics, The Amerd.

Rasenre
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Improvements to the oPTRAN approach

rhing
o here
mpler

ik
h repe
s not only

3 RECUFACY

o transmittance ratio for
on methodology.  The new app

This i
TN npproach with the &
atmospheric radiano

adintive transfor, ab-

transmitts had to be interpolated hack to pres
sure, The irregular spacing of the standard pressure
levels and the choice of predictand combined to make
the original OPTRAN program very sensitive to the
details of the interpolation.

In OPTRAN, the ratio of the transmittance at fixed
abgorber amounts was estimated by an expression of
the form

Ty, '\| .5
4 CiiZyi, (1)
T, Ay ) Ty, Aisy) ,21'- it

where (v, A) denotes the transmittance at wave
number v and ah path A; from the satellite to
level { nt the appropriate zenith angle, 7. is the
tranamittance for a reference atmosphere, N de; l'lllll“-
the total number of prwlnlmn C ,Jdnllull‘alhl
sion coeflicient for pred j ot level i, |||||| ?,.
denotes the jth predictor at level i,  The same form
applied to fixed and variable gases, but the predictors
differed.

The ratio of trangmittances was used as the pre
dictand bee it depended primarily on conditions
local to that layer in the atmosphere, wsure that
these ratios were smooth functions of the absorber
amount, it was necessary to take special precautions
in the interpolation of transmit s from standard
preasures to standard absorber amounts. In particu-
lar, a cubie interpolation of the log of the transmit-
tance wans :

In this paper, instead of a ratio of tranamittances,
we estimate an effective absorption coefficient k:

A = Cy + 2 CiiZii (2
i=1




McMillin, Crone
& Kleespies (1995)

* Predictand is absorption coefficient

* Predictors function of temperature and
oressure

 Regression on absorber levels
R N
k(A)=Cyx+>.CiZ; i=L1..,n

j=0

-k;i(AprAp,i-l)

Tpi —7Tp,i1€

Temperature and pressure interpolated to absorber levels, absorption coefficient
Interpolated back to pressure levels.

Factor of 20 speed improvement in spite of the exponentiation.



Tangent Linear/Adjoint Models

Taught myself how to write TL/Adjoint code

Wrote the TL/Adjoint/Jacobian versions of
OPTRAN

NCEP/EMC went operational with this code for
NOAA-15 HIRS/AMSU-A/B, saw huge

Improvements in forecast skill
(hence the medal, shared with John Derber)

This Is one of the reasons we now have the
JCSDA
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6. OPTRAN status report and introduction to the
NESDIS/NCEP community radiative transfer model

Thomas J. Kleesples, Paul van Delst, Larry M. McMillin, and John Derbar

Since the publieation of the Optical Path Transmittance (OPTRAN) algorithm [Appl, Opt. 34, A308
(19956)], much of the code and implementation has been refined and improved, The predictor set has
been expanded, an objective meihod to seleet aptimal predictors has been established, and the two.
interpolation method has been disearded for a singlo-interpolstion methad.  The OPTRAN evaffic
have been genseated for a wide range of antellites and instruments.  The most significant new d

wl-

t in the Jncobinn-K-matrix version of OPTRAN, which is currently used for operationnl direct
radinnce nssimilation in both the Global Data Annlysis System and the ETA Data Analys

Atem At the

N’mmm.l [¢ ie and

OCES codes:

1. Introduction

The Optical Path Transmittance (OPTRAN) model 2
computes at tances by ]]I'L(hf_'lu)“
by means of regresaion, absorption eoeffi
each absorbing speeics on the absorber path for t
species, This methodology distinguishes OPTRAN
from other fast transmittance algorithms such as
that used in the Radiative Transfer Television-
Infrared Observation Satellite (TTROS) Operational
Vertical Sounder®s (RTTOV), which prediets optiedl
depth at fixed pressure levels (see Ref. 6 for a deserip-
tion of some of the other transmittanee models in
use). This approach was chosen because the inere-
ments of absorber amount ean be selected such that
¢ variation in transmittance is lesa than that of
pressure increments.  The advantages of performing
regression on absorber levela rather than on pressure

e tr:

T.J. Kleonplon and L. M. MeMillin are with the National Oceanic
and Atmospharic Administeation (NOAA), National Environmen-
tal Satellite, Duta and Information Service (NESDIS), J. Darber
is with NUAJ\ Nationnl Wenther Servies, National Centers fi
Environmental Prediction, Environmental Modeling Center
(NWE/NCEP/EMT). P, van Delst is with the Cooperntive Inati
tute for Meteoralogicnl Satellite Sty /EMC. The
muiling address for all authors is 6200 Wp Springs,
Maryland 207464304
ived 16 April 2003; revised manuscript received 10 Soptom
bar 2008; accepted 2 March 2004

He:

ironmental Prediction Environmental Modeling C
nd serves as n record of the current status of the operational OPTRAN code.
010,1300, D10,1320,

Nationnl Weather Service, Ni
This pu

i A ntion, wal Conters

documents these improve

levels are threefold: (1) pressure is available for use
as a predictor, (2) zenith angle is implicitly included
in the abserber profile and no longer needs to
treated explicitly, and (3) an arbitrary input pressure
profile is pnrmlm:ld 80 interpolation to specific pres-
sure levels is not required.

Since the most recent publieation to summarize
OPTRAN,! a number of improvements and rel
ments have been made to its formulation and impl
mentation within a radiative transfer model (RTM).
The purpose of this paper is to document these modi-
fications and to provide a reference point for a com-
panion paper.” In Seetion 2 the refinements and
ln‘lpm\fr‘.‘n‘ml\la to OPTRAN are presented.  Seetion 3
provides an overview of the updates made to the for-
ward RTM, and Section 4 deseribes the development
and testing of the K-matrix RTM for use in direct
radinnes assimilation at the National Oceanographic
and Atmospheric Administration, Nationnl Wenthe
Hervice, National Centers for Environmental Predi
tion Environmental Modeling Center (NOAA/NWS/
NCEF/EMC). Section B provides a summary of this
work. Because a large number of instruments and
organizations are discussed in this paper, a list of their
acronyms is provided as Appendix A.  We have also
listed in the appendix ncronyms and abbreviations
used often in the paper. In all cases, the complete
word or name i given in text at the first mention.

20 May 2004 / Vol. 43, No. 15 / APPLIED OPTICS 303




Kleespies, vanDelst McMillin &
Derber (2004)

Predictors optimized for each channel and
absorber

11 instruments on 26 satellites supported
Adjoint model

CRTM introduced

— Surface emission and reflection
— CBR
— Direct solar influence
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7. Further improvements to the OPTRAN 6 approach

Larry M. McMillin, Xiaozhen Xiong, Yong Han, Thomas J. Kleespies,

and Paul Van Delst

W prosent recent improvemonts in ace
Paih Transmit I.m\rv"'l"l RAN), which

Atmospl

¥ Lo thi fnst U -onleulation pr dure, Optica
e for satollite data assimilation at the National Oceanic an
¥ are (1) to change the absorber space used for azon

algorithm for High K

den

1. Introduction

The assimilation of satellite radiance observations
into numerical weather and climate prediction mod-
ela has been demonstrated to be an important ele-
ment for improving weather forecasts, Development
of, and improvements to, transmittance maodels are
essential for data assimilation as new data and in-
atruments are : {ded to the aystem. T hl.‘('l].ll ical Path
OPTRAN) algorithm is one of sev-
eral regression-based fast transmittance models that
have been derived from the work of MeMillin ‘and
Fleming! and has been used in the Global Data
Assimilation Syste of the National Oceunic
and Atmospheric Administration (NOAA) National
Weather Service, National Centera for Environmen-
tal liction, wironmental Modeling Center.
Another widely regression-bused model is the

L. M, MeMillin, Y. Han (yong han@noas gov), and T, J. Klesspies
are with the Office of Rescarch and Application, National Environ-
montal Satellite, Data, and Ind rvice, Natonal Ocoanie
and  Atmospher ap  Springs, Maryland
20746, X. Xiong is with QF 500 Forbes Boulovard,
Lanhum, Maryland 20706, P, Van Delst is with the Cooperative
Institute for Moteorological Satollite Studies, Univorsity of
Wisconsin-Madigon, Madison, Wisconsin 53706,

Received 18 May 2006; revised 30 Beptember 2005; acceptod 30
Saptamber 2005

rmm BOAROGOA2062-07515.00/0

© 2006 Optical Soviety of Americn
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ion, These
(2) to add now predictors for ench gas, and (31 to treat the water vapor line absorp
continuum absorption as separate erms, Significant improvements in the accuracy
solution Infrared Radintion Sounders (HIRS) and the Atmosph

McMillin (2004) that describes the use of a polychromntic corr
transmittance concopt to include additiennl changes that improve aceuracy, © 2006 Opticnl 8

nand wate
of the OPTRAL
ic Infrare
[ Xiang an
to replace the

s
OCIS codes:  010,1300, 010.1320, 0103020,

Radiative Transfer for Television and Infrare
Observation Satellite Operational Vertical Sounde
(RTTOV), originally developed at the European Cen
tre for Me range Weather Forecasts (ECMWF
nnd used in their dotn assimilation system®7 nn
elsewhore.

In the OPTRAN, RTTOV, and many other fas
transmittance models, the absorption of radiation by
the goses in the atmosphere is commonly treated o
the sum of three components. These three compo
nents are water vapor, ozone, and the remainin
gasea (CO,, N,O, CO, CH,, N, O, and other trae
guses) that wo refer to collectively ns dry gnses® A
the concentrations for these dry gases are generall
held conatant, they are also referred to in the litera
ture as fixed gnses. In the OPTRAN algorithm a set ¢
regression equations is developed to parameteriz
the absorption coefficient of each of these three com
ponents separately. Because the absorption coeffi
cient for each gas is a function of the absorbe
amount, the atmosphere is discretized in terms of th
integrated path absorber amounts [which are simpli
fied to a fixed pr ¢ level times the it of th
loeal zenith angle cretization for the fixed (dry
pases]. By predicting the channel abgorption coefl
cients for dry gases, water vapor, and ozonc
OPTRAN can be used to ealculate the tranamittance
under clear sky conditions,

Line-by-line (LBL) transmittanee ealeulations fo
previous versions of OPTRAN were performed b

-}
]

)
\

> |

.




McMillin, Xiong, Han,
Kleespies & vanDelst (2006)

Improved ozone absorber space
New predictor set

H20O continuum treated as separate
absorber

Correction term Improves errors in
departure of polychromatic transmittances
from monochromatic



TL/Adjoint coding class

Gave class to JCSDA members in 2003

Gave class to data assimilation workshop
at University of Maryland in 2007

Posted at

http://cimss.ssec.wisc.edu/itwa/qroups/rtwg/tl ad lectures/

Numerous people have taken the class In
person or online, including some of you



http://cimss.ssec.wisc.edu/itwg/groups/rtwg/tl_ad_lectures/�

Tangent Linear and Adjoint
Coding Short Course
Day 1
Overview and Tangent Linear
Coding

Thomas J. Kleespies



Instrument Characterization

 Engaged in formal on-orbit verification for
NOAA-K,L,M,N,N"and METOP

« A few examples will be given for N’



MHS019
NOAA-19 MHS Geolocation

Thomas J. Kleespies



Methodology

Compute synthetic radiances using
measured antenna patterns over
coastlines — compute correlation with
ensemble of observed radiances

Move coastline around and repeat
Construct correlation matrix

Geolocation is correct If center of ellipsoid
matches crosshairs at fov center



NSS.MHSX.NP.D09053.50346.E0541.B0022122.Wl.fort72 Antenna 1

20pT

\\\\\/\‘
@“’%

o

A

LI s =
_on%”

Yo
£
.
S
&

/—\

)

/

\\\\\\\\\‘\\\\N

~0.32,

S
&
o

vt

%
<
0 s =
r . 1
[ ™~ 0500 ]
- :
I %
-0 3 —
L \’54 N —— —0.464 ]
L 0’77@ 4
: /0573/
=20 ™1 I Y T R B R R
—20 —-10 0 10 20
NSS.MHSX.NP.D09053.51707.E1853.B0022830.Wl.fort72 Antenna 1
20 T T T AT T T T T T T T T T T
o)

. ““““\“‘\

Yo

o
Pl

5 /—\

e

N

o
"% <
>, \ 3,
)

o
TR BT,

H
Q'
o

.

720N\m‘”

_0.46%

T et A

|
[N}
o

-10

10 20

Buipuadsy elueasn

Buipuadsa eiueadn

Buipuaasy adoun3g

Buipuadsaq adoing

NSS.MHSX.NP.D09053.51039.E1226.B0022526.GC.fort72 Antenna

1

HH!@.bi%‘

|

_030%

I

_034°

\

038%

/
]

8
oM

5
P

N
)

N

—
—

~0.309 |

~0.38,

/x

~0.47g

/—\

~0.455

//\

09,

ﬂ\0'527

03¢5 |

=TT T

|
>
T

/ g
84
@ X
N

-0.527

r \0_497¥/
\\
L~ i
L "% \/_/,
[ Pers ]
=200l 11 1 I I B L L \m L
—20 —-10 0 10

20

20

\

LB e 7 T T

|

o
X,
%

ERRRRE =SSR
054

0418 — |
\ "0,

NSS.MHSX.NP.D09053.50012.£0203.B0021920.GC.fort72 Antenna 1
=TT T T i

Q

-20

\\ -0.345

Y

<« '77@ —
4 N 25, i
r 05, s AN
L 33 i
L + i
N i
- '155 .
’\ —0.491 — ]
Lo

76

h —0.455
[ %

L

\

10

N
=}



HIR022
AVHRR-HIRS Co-Registration

Thomas J. Kleespies



Methodology

Use 1B reported center of HIRS fov.

Find AVHRR GAC pixels within HIRS fov
and average A4

Do this for a GAC orbit

Compute correlation between AVHRR and
HIRS radiances

Move the center GAC pixel one by one
along track and cross track

Construct cross correlation matrix



k680

0.87¢

Looks like co-registration is one GAC pixel off.
Need to repeat for LAC.

Pascal Brunel (METEOFRANCE) reports a
couple of HRPT pixels off

29°6/8LG009 ETETA 9CTTIS "8L060d dN "ddHD " SSN

09°6/8LG009 ETETA 9CTTIS " 8L060d dN " XdIH " SSN



AMSU-A Analog/Digital
Converter

Thomas J. Kleespies



5x10%

4x10%

MNurmber of Occurances

210

Frequency of Occurances faor AMSU—A

1.6%x10" 1. 7%10% 1.8x10%

Counts

09039-09057



56000
54000 -
52000 -
50000 -
48000;
46000 -
44000 -

42000 -

Spikes in histogram at 16 count intervals
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HIR023
Scan Bias Comparison N19
and Metop-A and N17
09058-09067

Thomas J. Kleespies
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NOAA 19 AMSU-A RFI?

Thomas J. Kleespies



Methodology

Space look antenna temperatures
30 days 09051-09090

Flagged when space look Ta > 4 sigma
from orbital mean

+ = gt +4 sigma from mean: - = |t -4 sigma
N ascending v descending

Plotted at the spacecraft subpoint when
event happened






Instrument FOV Depiction

« Uses plane and spherical trigonometry
with instrument characteristics and scan
characteristics to give a realistic depiction
of the scan patterns

* AVHRR,HIRS,SSU,MSU,AMSU-A,
AMSUB,MHS,ATMS,AIRS,IASI,SSMIS,

GOES
* This lead to a host of applications
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Have also worked out the math for Geo and conical (not shown)
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Real Time Scan Simulation

« AMSU-A and AMSU-B scan simulation at
actual scan rate

* |IDL code for this display

e Supported code Is Fortran 90, sort of
(PvD would disagree)



Google Earth Depiction of AMSU

 Most GE applications paste an image on
the earth.

e This application draws realistic AMSU
fields-of-view as polygons color coded for
antenna temperature on the surface or at
specified altitude
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AMSU-A-data over Brazil. Channels are stacked in order: Channel 1 at
surface, Channel 15 at top. Separation is an arbitrary 10km. This clearly
shows the cooling of the atmosphere with height through the troposphere, and
warming in the stratosphere. Channel 15 on top indicates surface values.




Live GE Display



Detection of earth location within
specific field of view

Used fov drawing mathematics to solve
Inverse problem.

Given a specific instrument fov and a
location on earth, code determines
whether that location is within the fov

Useful for NWP where multiple grid points
within fov

AVHRR,HIRS,SSU,MSU,AMSU-A, AMSU-
B,MHS ,ATMS,AIRS,IASI



Microwave Antenna Power

e Enhanced fov earth location detection to
return relative antenna power for
microwave instruments

e Permits radiative transfer over
Inhomogeneous terrain If surface
conditions well known

e AMSU-A,MHS, SSMIS,ATMS,AMSR-E
(sort of)

 Code used in EMC SSI analysis



ATMS 5.2 FOV with land-sea
warped over relative antenna
power




International (A)TOVS Study
Conference

Started by Bill Smith and Rolando Rizzi as an ad hoc meeting to try
to get the best use out of the TOVS instruments

Is now convened as a sub-group of the Radiation Commission of the
International Association of Meteorology and Atmospheric Sciences
(IAMAS). ITWG continues to organize International TOVS Study
Conferences (ITSCs) which have met every 18-24 months since
1983. Through this forum, operational and research users of TIROS
Operational Vertical Sounder (TOVS) data from the NOAA series of
polar orbiting satellites and other atmospheric sounding data have
exchanged information on methods for extracting information from
these data on atmospheric temperature and moisture fields and on
the impact of these data in numerical weather prediction and in
climate studies. They have also prepared recommendations to guide
the directions of future research and to influence relevant programs
of WMO and other agencies (NASA, NESDIS, EUMETSAT).



International (A)TOVS Study
Conference (*attended)

ITSC-I Igls, Austria Aug-83 *
ITSC-II Igls, Austria Feb-85 *
ITSC-III Madison, Wisconsin, USA Aug-86 *
ITSC-IV lgls, Austria Mar-88 *
ITSC-V Toulouse, France Jul-89

ITSC-VI Airlie, Virginia, USA May-91 *
ITSC-VII lgls, Austria Feb-93

ITSC-VII Queenstown, New Zealand Apr-95 *
ITSC-IX Igls, Austria Feb-97 *
ITSC-X Boulder Colorado, USA Jan-99 *
ITSC-XI Budapest, Hungary Sep-00 *
ITSC-XII Lorne, Australia Feb-02 *
ITSC-XIII Sainte Adele, Canada Oct-03 *
ITSC-XIV Beijing, China May-05 *
ITSC-XV Maratea, Italy Oct-06 *
ITSC-XVI Angra dos Reis, Brazil May-08 *

ITSC-XVII Monterey, California, USA Apr-10 *



NOAA-14 Pitch Maneuver

Requested a pitch maneuver to evaluate
asymmetry on the MSU

NOAA-14 almost 12 years old at that point

Permission given to use as training for SOCC
engineers

Maneuver successfully executed 10 Aug 2006

Seven weeks later a hydrazine thruster cut
loose, sending N14 into a tumble. SOCC
engineers brought the SC back using techniques
perfected for the maneuver

Additional data were collected from the tumble



Pitch Over Maneuver

Normal Orbit Pitch Maneuver
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Day of the Maneuver




Real Time




Count Difference

Pitch FOV difference from Cold Load

——Chl
-=—Ch?2
Ch3
Ch4

Scan Position

Count Difference

Tumble FOV difference from Cold Load

——Chl
——Ch2
Ch3
Ch4

Scan Position




Integrated Program Office

Involved with IPO since inception in 1995

Member Microwave Operational Algorithm
Team

Participated in CMIS source selection

Participated In prime contractor source
selection

Glad that the President ordered a divorce

Keeping open option for part time work on
JPSS



That's All Folks!

| think you will agree with my assessment
that | am a Jack of All Trades, and Master
of None

« Thanks for listening
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