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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

• Scientific Programmer
• Scribe for Ozone Processing Team
• Discovered the Ozone Hole







Naval Environmental Prediction 
Research Facility

• Now NRL Monterey



First Tasks

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







How did we program back then?

• Punch cards and tape





Cloud Tracking

• Cross-covariance algorithm
• 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
• Then Phillips Laboratory, Geophysics 

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



McIDAS

• SN 2 McIDAS, SN1 cpu





McIDAS Upgrade Development

• Motto: “Our Name Is MUD”
• After playing acronym soup, I came up 

with “Air Force Interactive Meteorological 
System”  AIMS

• Motto: “We AIMS to please”



Components

• GOES direct readout ground system
• Gould SEL real time ingest computer
• DEC VAX systems driving Adage image 

processors



NOAA also using Gould SEL computers
for their ingest.

I exercised an option on the NOAA 
contract with Integral Systems for a frame 
synch and MIPR’ed the money over to 
Bill Mazur.
Easiest procurement I ever did.







Ground Station
• I wrote the code on the Gould to ingest the Mode 

AAA data for VAS multispectral imagery
• I 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.

• I 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!  I 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

• 1024x1024 full color display
• 32 bits deep
• nominally 8 bits each RGBα
• crossbar switch permitted arbitrary 

allocation of bits





Multispectral Imagery

• Use different channels to drive different 
colors

• Example using Baboon













AVHRR 11, 12, 3.7 micrometer



Can play other games

• Depict time lapse as color











Clouds not black body in near IR

• Following uses 11µm red, 12 µm green, 3.9 µm blue
• sequence ul,ur,ll,lr 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)

• lr 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.

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 
Tomography

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

• Contract went to AER, worked on by 
Chris Grassotti





McMillin Collaboration

• Larry McMillin approached me at ITSC-1
• He knew I 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







Dissertation

• Air Force Long Term Full Time Training 
• Up to a year of study at your favorite 

institution
• Took some convincing to show that I 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















The Road to NESDIS



Henry Fleming 1921-1992





Sounding Product Oversight Panel

• Kit Hayden retired in 1995
• I 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





McMillin & Fleming (1976)

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

∆Tn(*) is a pressure weighted temperature 
deviation from a reference profile
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Fleming & McMillin (1978)

• Slant path, constant mixing ratio
• Regression on fixed pressure levels
• Essentially a correction to transmittances from (1)
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McMillin, Fleming and Hill (1979)

• Slant path, variable mixing ratio
• Regression performed on absorber levels
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Predictors x a function of temperature and pressure

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





McMillin, Crone, Goldberg & 
Kleespies (1995)

• Slant path, variable mixing ratio
• Regression performed on absorber levels
• Introduction to OPTRAN
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Predictors x a function of temperature and pressure

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





McMillin, Crone 
& Kleespies (1995)

• Predictand is absorption coefficient
• Predictors function of temperature and 

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

Factor of 20 speed improvement in spite of the exponentiation.
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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





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





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

• Improved ozone absorber space
• New predictor set
• H2O 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/itwg/groups/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
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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



Looks like co-registration is one GAC pixel off.
Need to repeat for LAC.
Pascal Brunel (METEOFRANCE)  reports a 
couple of HRPT pixels off
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AMSU-A Analog/Digital 
Converter 

Thomas J. Kleespies



09039-09057
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HIR023 
Scan Bias Comparison N19 

and Metop-A and N17 
09058-09067

Thomas J. Kleespies



NOAA-19



METOP



NOAA-17



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: - = lt -4 sigma
• ^ 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



NOAA-17 AMSU-A and AMSU-B scan pattern computed analytically.  
Coastline is North New Guinea.  



Have also worked out the math for Geo and conical (not shown)



Real Time Scan Simulation

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

• IDL code for this display
• Supported code is Fortran 90, sort of 

(PvD would disagree)



Google Earth Depiction of AMSU

• Most GE applications paste an image on 
the earth.

• This application draws realistic AMSU 
fields-of-view as polygons color coded for 
antenna temperature on the surface or at 
specified altitude



AMSU-A Channel 1 imagery over 
Australia at full opacity.



AMSU-A Channel 1 imagery over 
Australia at half opacity.



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

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

• Permits radiative transfer over 
inhomogeneous terrain if surface 
conditions well known

• 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 Igls, Austria Mar-88 *

ITSC-V Toulouse, France Jul-89

ITSC-VI Airlie, Virginia, USA May-91 *

ITSC-VII Igls, Austria Feb-93

ITSC-VIII 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



0 Deg into POM at 80 Deg north Lat ascending over Russia 90 Deg into POM at 10 Deg north Lat descending from Wallops

180 Deg into POM at 80 Deg south Lat descending towards McMurdo 270 Deg into POM at 10 Deg south Lat ascending away from McMurdo





Day of the Maneuver



Real Time



Pitch FOV difference from Cold Load
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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!

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

• Thanks for listening
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