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27.  “CO Changes and Atmospheric Oxidizing Capacity,” by A. M. Thompson in Report of the WMO-
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Technical Qualification Questions - Anne Mee Thompson

1.  Recognized in the international science community for research and publications in
development and application of space technology for Earth science research with
demonstrated capabilities in the management and leadership of Earth science research
activities.

SUMMARY STATEMENTS
My resume lists more than 20 years of achievements in (1) Earth science and Earth science
from space; (2) technology development; (3) related leadership and management.  
Pertinent details are enumerated below.  Although my activities are remarkably diverse,
three themes underlie the scientific and career paths I have chosen: (1) constant innovation
and exploration of new areas, while keeping focus on core NASA-defined missions; (2) an
evolution from lab work (PhD) to modeling (80s) to data analysis (90s) to data collection
and archiving for NASA’s Earth science enterprise (00s); (3) working broadly across Earth
science disciplines (land, air, water) while maintaining core, in-depth specialization in
atmospheric chemistry.  I am at once a big-picture scientific thinker and a details-minded
technological expert.  These talents were developed during 20 years at NASA, where I took
advantage of exceptional scientific and leadership opportunities.  The big-little combination
works equally well at Penn State (PSU) where strategic innovations in research are
rewarded but education still rests on mastery of physical science fundamentals.

Recognition can be summarized as follows:
-   More than 170 peer-reviewed publications with more than 5100 citations.
-   Honors and Awards in the professional community (AGU, AMS, AAAS,

COSPAR, Women in Aerospace)
-   Numerous performance awards from NASA along with Peer Awards for

leadership, a NASA Group Honor Award and an Exceptional Achievement
Medal, the latter for program development.  In addition to those listed are
half a dozen citations for mentoring in Goddard educational programs and
serving as a Public Affairs speaker

-   Two Penn State research and leadership awards

1. EARTH SCIENCE.  EARTH SCIENCE FROM SPACE
A. Fundamental Scientific Studies

A1. Chemistry and Cycling in Marine Atmospheres
I made a transition from bench chemist to Earth scientist with a Woods Hole

Oceanographic Institution (WHOI) Post-doctoral Fellowship.  Laboratory skills in
spectroscopy, photochemistry were augmented with working at sea and along the Cape
Cod coast.  Air-sea gas exchange studies on non-CO2 species were nearly non-existent so I
undertook a study of the cycling of formaldehyde (HCHO), a simple gas both human and
natural in origin, through photochemical calculation and HCHO measurements in
precipitation and seawater (Tellus, 1980).  With O. Zafiriou, I applied standard air-sea gas
exchange computations to reactive gases and free radicals (JGR, 1983).  These pioneering
papers are still cited, as are measurements of biogenic alkyl nitrates I made as a NASA
employee on a 1990 NOAA-Soviet Pacific cruise (JGR, 1993a). 

A second post-doc (with R. Cicerone) straddled his residency at UCSD/Scripps



Institution of Oceanography (SIO) and Directorship of Atmospheric Chemistry at NCAR
(National Center for Atmospheric Research) in Boulder.  Here computer modeling and
programming were added to my skill set, but the importance of the SIO-NCAR
appointments was building one of the first tropospheric photochemistry models (JGR, 1982;
1984a,b).  I used the model to study natural variability in the marine atmosphere but as I
moved from NCAR to Goddard (on-site contractor, 1984-1986, then Civil Servant) I
explored global chemical changes in the troposphere.
 A2. Tropospheric Chemical & Climate Change

In the stratosphere, human impacts threaten to destroy ozone (O3); in the
troposphere, we make too much O3 through pollution that can travel thousands of km.  I
used the NCAR-GSFC tropospheric model to demonstrate that cycling among methane
(CH4)-carbon monoxide (CO)-O3-hydroxyl radical (OH) with a non-linear dependence on
nitrogen oxides (Nox) created a critical link among global pollution, stratospheric O3 loss
and temperature and moisture increases in a warming climate (Nature, 1986, 1991; JGR,
1986; OSE, 1990).   

Uncertainties in O3 calculations due to kinetics imprecision and variations among
models are vital to these assessments.  I initiated the first study of tropospheric model
uncertainties (JGR, 1991) and participated in the tropospheric model comparisons for the
first and second IPCC Assessments (1991, 1994).

B. Atmospheric Chemical Variability: Natural vs Human Processes 
Entering the EOS era (1988-), my attention turned to satellites.  Remote sensing

inspired all the projects below and in turn I charted new directions for space measurements. 
Examples: determining DMS (dimethyl sulfide, a natural source of marine aerosols) from
ocean color (JGR, 1990); cloud corrections for the TOMS algorithm (JGR, 1993c); fire and
lightning counts to interpret tropical ozone (BAMS, 1997); high-resolution TOMS
tropospheric maps that correlate El-Nino with tropical ozone (Science, 2001).  The most
important findings on natural variability-human impacts follow.

B1. Convection & Chemical Transport
This research, with K. Pickering (UMCP, now GSFC) and J. Simpson & W. Tao

(GSFC/now 613.2), was inspired by R. Dickerson’s 1985 measurements showing that
cloud-injected pollution travels 1000 km downwind.  We performed the first studies putting
my model chemistry into the GSFC Cloud-Resolving Model (JGR, 1992, 1993b) and later
the 613.2 Mesoscale model (JGR, 1996a).  This work is still being translated to assimilation
models (JGR, 1996b; 1998; 2000) where getting convection “right” remains a challenge. 

B2. Fires
Southern hemisphere African and Brazilian fires and their atmospheric impacts were

the target of NASA’s TRACE-A, the first aircraft campaign in which I flew.  Prepared with
trajectories (MWR, 1994) and new satellite products, we designed a flight with mixed
convection, fires and lightning (JGR, 1996c).  Fire impacts depend on meteorology as much
as people, as we demonstrated on SAFARI-2000 with sonde launches in Zambia (GRL,
2002) and our oft-cited “Atlantic paradox ozone” cruise (GRL, 2000).  Our summer 2008
ARCTAS mission analysis showed that 20% of North American O3 was from fires.

B3. Commercial Aviation
I established the SASS (Subsonics Assessment) program within NASA HQ (below)

and served as SONEX Co-Mission Scientist in 1997.  Planning and executing 16 DC-8



flights in 29 days was my Goddard high point.  We proved that a convection-pollution-
lightning mix over the North Atlantic often swamped aviation Nox signals (GRL, 1999a),
though aerosols are more problematic (GRL, 1999b).  

B4. Stratosphere-Troposphere Exchange & Tropical Waves
The SHADOZ (Southern Hemisphere Additional Ozonesondes) network I initiated 

(below) for satellite validation uncovered the source of the O3 “zonal wave-one” over the
Atlantic - dynamics interacting with pollution (JGR, 2003a,b) and large-scale waves (JGR,
2009a).  Beyond that, my TC4 sondes (JGR, 2009b) found stratospheric influences as well as
lightning on equatorial tropospheric O3.  A similar surprise from our 2008 North American
IONS campaign - robust stratospheric penetration in summer (JGR, 2007a, 2008).

2. TECHNOLOGY DEVELOPMENT
My scientific research is always coupled with space-based technological

development.  Examples follow.
A.  SONEX Mission Design & Meteorological Support
Prior to SONEX (SASS Ozone and Nitrogen Oxides Experiment, 1997), DC-8

tropospheric  missions (in the Global Tropospheric Experiment HQ project) used classic
approaches to mission design - weather and cloud maps.  The assessment-driven
requirements of SONEX required a new approach.  I applied all the tools developed at
GSFC and Ames for stratospheric experiments (eg the Antarctic and Arctic campaigns of
1987-1996) to SONEX: meteorological forecasts, trajectories from GEOS (GSFC Earth
Observing System), enhanced cloud images.  I added satellite data (lighting maps, total
ozone) and trajectory mapping with gridded aircraft emissions, lightning flashes, TOMS
aerosols in a series of “exposure” products.  A printed Handbook (!) was given to the
Science Team, our partners (NOAA and the German DLR) and all products were web-
based for real-time access from the US and European operational bases.  Since the
emergence of the A-Train, these products and hundreds more are standard but they
transformed tropospheric experiments in the 90s.

B.  Ozone Validation - Strategic Ozonesonde Networks
The most significant contribution I have made to technology has been to re-cast the

simple ozonesonde from tried-and-true device to high-tech through a concept of integrated
observations, novel deployment strategies and enhanced quality control (review article,
Atmos Environ, 2010).  Ozonesondes have been around for 50 years but only with SHADOZ
(a 12-station tropical network, 1998-) and three IONS (INTEX Ozonesonde Network Study
over North America; 2004, 2006, 2008), have people had easy access to the data, and
applied the profiles in hundreds of studies around the globe.  High-resolution data near the
tropopause has spawned a sub-field of the “tropical tropopause layer” (JGR, 2009b).

Two spinoffs are noteworthy.  (1) Air Quality models are far from reliable and often
over-predict “Code Red” violations of ozone standards.  Nighttime sondes launched near
Washington, DC, and Houston pinpoint the failings of the models (Atmos Environ, 2009a,b)
and we assist modelers in finding solutions; (2) Quality assurance.  When SHADOZ began,
all stations adopted the same instrument but we discovered that different solution types,
manufacturers and data processing algorithms were employed.  The results: precision of 10-
15%, unacceptable for 21st century satellite validation.  A WMO (World Meteorological
Organization) chamber test was designed around SHADOZ needs (JOSIE-2000; JGR,
2007b,c), followed by a field test in 2004 (JGR, 2008).   The precision is now 5%.  As a
result, satellite and model validation are more sonde-dependent than ever.   Requested



sonde launches accommodate specialized maneuvers of Aura overpasses.  In summary, I
have re-written the book on ozonesondes. 

3. LEADERSHIP AND MANAGEMENT.
Scientific leadership and management has been a by-product of my path-breaking

science since the first years at GSFC.  Our eye-opening results on the pollution-climate link
led to EPA and NOAA inter-Agency funding, participation in international Workshops to
define research priorities, assign greenhouse warming potentials to short-lived gases and to
re-frame UNEP/WMO Assessments (1991, 1994, 1998 lead author) in terms of interacting
troposphere and stratospheric processes.  I was an author on the first two IPCC
Assessments and a reviewer for the 4th IPCC Report (recognized with the Nobel Peace Prize
in 2007).  In addition to the SASS (Subsonics Assessment), SONEX and SHADOZ roles, I
was a PI on 6 other NASA aircraft missions, and I played a leading role on three NOAA
cruises while at GSFC.  I assembled and presently deploy PSU’s NATIVE (Nittany
Atmospheric Trailer and Integrated Validation Experiment) as a core facility in NASA’s
validation projects.

I have served NASA, NOAA, NSF and DOE on co-funded projects, at program
formulation Workshops and Panels.  I have served on three Committees for NAS (National
Academy of Sciences), including their standing Climate Research Committee when we
released a special report on the importance maintaining climate observations (forward
looking for 1999).  I was on the Environmental Advisory Panel of the industry group, the
American Chemistry Council (1998-2002).  Presently, I am on WMO’s Ozone Experts
group, the SPARC (Stratospheric Processes and their Role in Climate) Steering Committee,
and serve as IAMAS (Intl Association for Meteorology and Atmospheric Sciences).  I
served as CACGP President (2002-2006) and for 8 years on the International Ozone
Commission.  I have been elected to Council, Section President/Chair in AAAS (American
Association for the Advancement of Science), AMS (American Meteorological Society) and
AGU (American Geophysical Union). 

At Penn State, I competed through a proposal process to become Director of Center
for Environmental Chemistry and Geochemistry in 2008.  I work with a Steering
Committee to select new research initiatives and I run several activities each year to
network senior and junior faculty for these efforts.  

2.  Demonstrated ability to provide high-quality definition and support for proposal
preparation and submission, proposal advocacy on behalf of a field center organization
before that Agency’s Headquarters organization and/or other Agencies, and formulation
and implementation of successful proposals, for new scientific missions, through a team
approach working with executives, engineers, technologists, scientists, and
administrative personnel.

Staying competitive through successful proposal writing was always a plus of
working at GSFC, where I wrote several PI-class proposals each year.  At Penn State, the
rate has accelerated with a target of more Agencies and special solicitations.  Although I
have not been PI for a Goddard satellite proposal, I was part of the ESSP process, putting
forth an aerosol pollution sensor (APACS) in 1996 with engineers, industry partners,
outreach specialists.  We targeted a critical problem in the earth system, matched it with
new technology, and optimized likelihood of success in the face of spaceflight risk.  I



understand the breadth, depth and scope of the proposal process, and the commitment
required and the serious responsibility of the GSFC Earth Science Director to advocate
tirelessly.  

My advocacy at HQ took several forms while I was at GSFC.  For example, I
presented the scientific results of TRACE-A in 1993 to HQ Earth Science Managers.  I was
on the Tropospheric Chemistry Program Ad-Hoc Steering Committee (R.J. McNeal,
Program Manager) in the 1990's.  We designed a field mission aimed at background Pacific
tropical chemistry; I proposed a mission on chemistry-convection interactions.  TRACE-P
(2001) combined both objectives after surveying the tropical Pacific (PEM-Tropics, 1999).   

As the first Project Scientist for the joint Aeronautics-Earth Science (then Code R-
Code Y) SASS Project in 1993-1994, I developed a Program vision with budget plan and
presented to HQ numerous times.  I got buy-in for our new program from an Advisory
Panel consisting of Government officials, academics, scientists from 4 Centers,
representatives of the commercial aircraft industry.  In the Global Modeling Initiative
(GMI), I formulated a novel approach to assessment modeling, incorporating modules from
various research groups into a single core model platform, in analogy with a spacecraft or
aircraft mission.  GMI is active at 15 years, with components changing as requirements
demand.

As Mission Scientist on SONEX, I designed, advocated and fine-tuned the
experiment with HQ, formally coordinated our mission with NOAA and with DLR
(German Air and Space Agency).

3.  Demonstrated knowledge of data analysis activities, science operations, data
management, publication and outreach activities sufficient to ensure successful science
programs.

NASA has revolutionized scientific data-taking, data management and data analysis
as profoundly as it has transformed Earth science with space observations.  This view is
strongly endorsed by the scientific community, as I saw in 2005-2007 when I served on an
NASA/NRC Panel reviewing 50 years of Earth-from-Space achievements (NAS/NRC,
2007).  It was easy to write about NASA successes because the data are globally distributed. 
Quality assured data, open access, education and training of a new generation of “earth
scientists” make up a legacy of NASA Earth Science Programs over several decades.  I
credit visionary HQ leadership for these successes and the funds along with first-rate Center 
commitment and implementation.  GSFC is exemplary in this regard, archiving data for all
user levels: the hobbyist, K-12 education, the college student, the research professional,
NGOs and policymakers at local to international scale.   It is critical to maintain data,
access, to develop models to assimilate data and to distribute derived products as well.

I participate enthusiastically in all phases of NASA data analysis, collection,
archiving, publication and outreach.  I am proud to have been part of the cultural change of
“getting data out there” at a time when other organizations and nations lagged NASA’s
insistence that Government-sponsored data belongs to everyone.  I dispensed model results
for the first two IPCC Assessments and directed my graduate students at UMCP to make
tropospheric ozone products available before their theses were written.  When I was
Mission Scientist for SONEX, I committed our DLR partners to open data sharing, a first
for them.  At PSU, our NATIVE data are public and customized analyses from soundings
taken during NASA missions are posted in near-real time.  At PSU I initiated a course for



undergraduates and graduate students on “Remote Sensing of the Earth System” that
introduces the whole-earth view.  Students are initiated into the complexities of space
operations, data collection, algorithms, analysis and interpretation.

SHADOZ epitomizes my commitment to data management, archiving, analysis,
publication and outreach.  The data collection goal was as important as the motivating
science and validation.  SHADOZ began with operational stations that started and stopped
with campaigns and shared data rarely or not at all.  Goddard archives the data at a user-
friendly, attractive, non-password website.  The “additional sondes” are supplied to selected
stations that have to release all their data.  The open access and easy format caught on
immediately and more stations joined in order to distribute and publicize their data. 
Outreach comes through a newsletter, frequent communications with stations, participation
in WMO intercomparisons, distribution of  CDs with images and data.  I attend 2-3
meetings or conferences each year to get out the word about SHADOZ and its NASA
support.  In addition to the project archival papers, I have published individually with the
US CoIs Oltmans and Schmidlin, the Japanese sponsors of three Asian sites, South
American Co-Is, faculty and students in South Africa and Reunion Island.  We continue to
seek partners to fill geographical gaps.  I have affiliated SHADOZ with GCOS (Global
Cimate Observing System) and NDACC (Network for Detection of Atmospheric
Composition Change) to further distribute the data.  Each year, SHADOZ data are
transmitted to the World Ozone and UV Data Centre.

4.   Demonstrated ability to prepare and implement annual institutional budgets,
implementation of approaches to improve operational efficiency and effective and timely
performance, revisit and accommodate budgets, resources, science program,
congressional and other external changes affecting an organization’s research programs,
remaining flexible sufficient to ensure successful completion of revised programs.

Budget limitations are a fact of life and no one has accomplished more scientifically
and programmatically with constantly changing resources than I have.  Contributions to
data collection, analysis and satellite missions while I was at GSFC were made with only 1-
3 Contractors and, in the last 2-3 years, with shrinking budgets.  During this time, output
(data sets, publications) and contributions to NASA and partner programs actually
increased.  Penn State has presented a similar picture, although I have been successful in
supplementing individual NASA grants with NSF funding and through NASA’s MURED
at Howard University.  My PSU output is even greater than it was at GSFC.  This is due to
on-going partnerships with US and international partners as well as a quantum leap in data
collection by NATIVE, built with internal PSU funds.  These fund amounts are small-scale
compared to a Center or Directorate budget but the required abilities are the same. 
Flexibility is the key word, but the mission and vision are the drivers.  I leverage funding
masterfully and make tough decisions when necessary.  

Institutional experience:
- SASS (Subsonic Assessment).  This program had six sub-elements, covering Near-

field interactions, Modeling, Combustion, Field Missions, with a Center partner from
Ames, LaRC, Glenn, JPL assigned to each.  With the Aeronautics Program Manager, I
had to prepare budgets, work with the Centers on reports with stringent deadlines and
costing requirements.  SASS was an augmentation program, meant to fill gaps in the Earth



Sciences (Code Y) Research and Analysis (R&A) budget.  As such, I coordinated with the
relevant Code Y and Code R (Aeronautics) Program Managers, a task made difficult by
different funding rules operating in each unit at the time, as well as a different culture and
approach to carrying out scientific missions.  Implementation included working with the
Aircraft Operations group and their changing charging algorithms and heavy scheduling
demands.  I handled all challenges competently and with speed and flexibility as needed. 
At the end of this HQ assignment, I received a NASA Exceptional Achievement Medal.

- Penn State’s CECG (Center for Environmental Chemistry and Geochemistry).  As
Director of CECG, the scope of budgets is modest but the aims are outsize.  I foster
connections among dozens of environmental researchers (Faculty and Research Associates)
across 4 of Penn State’s 7 Colleges, with a concrete goal of bringing in grants of 5-25M. 
Customarily, each proposal target, from NSF or DoD, allows only 1-2 proposals from each
university.  Thus, a highly competitive down-select process is required and I have to justify
concepts, uniqueness and defend budget plans.  In addition, a signature activity of CECG is
co-sponsorship of a student-run annual Environmental Student Symposium, unique in the
eastern US.  I work with students on budget development and oversee adjustments and
strategies for co-funding, all very challenging in today’s very negative university economy.  

5.    Demonstrated ability to serve as an effective advocate of an organization’s science
objectives and projects in the context of reviewing, studying, presenting and justifying
various aspects of exploration requirements in a manner to provide for effective long-
range planning and implementation without significant change in allocated resources
(e.g. civil service staffing, support service contractor support).

Here too, my abilities have been demonstrated on the scale of opportunities to date. 
In the 1996 APACS (Atmospheric Pollution, Aerosol and Chemistry Satellite) I reviewed
and re-formulated the exploration requirements for a mission that was put together with
existing resources for design, analysis and management by the scientific team in our
Branch.  Despite energetic and incisive advocacy, the mission was not selected for ESSP.

The best example of maintaining a long-term project without significant changes in
resources is SHADOZ.  This is one of the most visible earth-space scientific projects on the
planet and many are unaware that it rests on PI funding competed every 3-4 years.  My
effort and Goddard’s (PSU PI with archiving and web work by a GSFC Contractor) have
been approximately constant over the 12 years of the project.  Likewise, the funded partners
(CoIs Schmidlin at WFF, Oltmans at NOAA/ESRL) have added capabilities and sites
despite rising costs for expendables, institutional assessments and complicated management
environments.  The success of SHADOZ rests on my clear commitment to NASA’s Earth-
from-space vision and to meeting an increasing demand for high-quality data from
environmentally distinct tropical stations, along with a willingness to distribute the data
from multiple archives used by the scientific community.  Still, my Co-Is and I justify and
present on behalf of SHADOZ constantly, as I did last year, when data gaps began to
appear at some stations.  This included advocacy with NASA, NOAA and our
international partners.


