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Current Events

(Conclusion of story on page 2; see
NIA Scientist)

Cloud optical depth simulated by the University of Wiscon-
sin Non-hydrostatic Modeling System (UW-NMS, one com-
ponent of the RAQMS modeling system) are compared with
the Moderate Resolution Imaging Spectroradiometer (MO-
DIS) satellite observations in the Asian Pacific region on
March 7, 2001.

February 9
Rakesh Kapania, Virginia Tech, “ Reliability

Based Optimization of Elastic-plastic
 Thin-walled Beams”

 10:00 a.m.
NIA Headquarters, Rm. 404

Hampton, Virginia

February 12
Gabriel Leen, University of  L imerick, I reland, “ Evolving

Automotive Control Network Technologies and Their
Deployment in Spacecraft”

10:30 a.m.
NIA Headquarters, Rm. 404

Hampton, Virginia

N

NIA Scientist Helps Research Organizations Develop and
Use Scientific Models for Understanding the Earth’s
Atmospheric Chemistry

  IA Staff Scientist Dr. Hongyu Liu is helping
research organizations develop scientific models for
understanding the Earth’s atmospheric chemistry. Dr.
Liu is working to improve our fundamental  and
quantitative understanding of the factors control ling
the chemical  composition of the atmosphere by
helping to develop and use state-of-the-art three-
dimensional   (3-D) regional and global chemistry
transport models. He uses these models to characterize
the distributions and evolution of chemically and
radiatively important trace gases and aerosols in the
troposphere, and in particular to understand how
complex interactions between chemistry and dynamics
determine these distributions.

Dr. Liu holds Bachelor of Science and Master
of Science degrees in Atmospheric Physics from
Peking University in China. He holds a PhD degree
from Hong Kong Polytechnic University where he
worked as a Special  Research Assistant in the
Department of Civil  and Structural Engineering doing
research on atmospheric ozone physics. He has a
second PhD degree from Harvard University in
Geophysics. He later worked as a staff scientist at
ICASE (NASA Langley Research Center) and in
January 2003 became a staff scientist at the NIA.

Dr. Liu has been particularly interested in
two areas of atmospheric chemistry research: (1) Asian
pollution and its regional  and global impact and (2)
chemistry-meteorology synergism. It is anticipated by
scientists that industrialization in eastern Asia will
become a major factor affecting global atmospheric
chemistry in the future. NASA has initiated research
aircraft  atmospheric sampl ing missions over the
western Pacific since 1991 in response to this growing
environmental concern and much has been learned

concerning the Asian pol lution influence on the
regional  and gl obal  troposphere. Fortunately,
measurements of trace gases and aerosol s are
becoming available for Asia from satellite observations
and in-si tu measurements from Asia are al so
increasing. “ I have been especial ly interested and
actively involved in Asian pollution research during
the past several  years through first-hand field and
model ing studies. One of my most signif icant
contributions was that I and my former colleagues
first attempted to l ink observations of enhanced ozone
in the troposphere over South China (Hong Kong)
with biomass burning activities over continental
Southeast Asia, and the hypothesis was recently
confirmed by NASA aircraft missions over the western
Pacific. For my research at the NIA, I would like to
build on my field and global-modeling experience in
Asian pollution studies to develop additional research

skil ls (e.g., use of multiscale 3-D models). My current
research on the photochemical  effect of clouds on
Asian pol lution outflow and global  tropospheric
chemistry is an extension of this research interest.
Long-term objectives of this line of research are to
suggest air pollution control strategies in Asia and to
provide the scient i f ic basis for international
negotiation and cooperation with respect to long-range
transboundary or intercontinental  transport of
pollution,”  says Dr. Liu.

February 17
NIA Technical Advisory Committee Meeting

8:30 a.m.- 5:00 p.m.
NIA Headquarters, Rm. 508

Hampton, Virginia

February 20
Chris Fuller, Virginia Tech, “ Adaptive

Structures: Status and The Future”
10:30 a.m.

NIA Headquarters, Rm. 404
Hampton, Virginia

February 27
John Cantrell, NASA Langley Research Center,
 “ Advanced Ultrasonic Methods for Materials

Analysis  and Sensor Development”
10:30 a.m.

NIA Headquarters, Rm. 404
Hampton, Virginia

March 10-11
NIA Science Advisory Board Meeting

8:30 a.m.- 5:00 p.m.
NIA Headquarters, Rm. 508

Hampton, Virginia

March 12
NIA Groundbreaking

March 4
Formal Methods Seminar:

 Robert Painter, The College of William &  Mary,
“ Toward a Formal General Intermediate

Dependability Modeling Language”
10:30 a.m.

NIA Headquarters, Rm. 404
Hampton, Virginia

Graphic courtesy of Dr. Hongyu Liu (NIA), Dr. Robert B. Pierce
(LaRC), and Dr. Chieko Kittaka (SAIC/LaRC)



North Carolina State University aerospace engineering design students
pose with the Tumbleweed Earth Demonstrator (TED) in 2003.

NIA Staff Profile
Robert Tolson

University of Maryland Liaison
Professor to NIA

Robert Tolson serves as the University of Maryland Liaison Professor
to NIA. He has worked for over forty years in research, management,
and educational capacities in the fields of aerospace science, engineer-
ing, and technology. He obtained a Bachelor’s of Science degree in
Aeronautical Engineering from Virginia Tech, a Master’s of Science
degree in Physics  also from Virginia Tech, and a PhD in Engineering
Mechanics from Old Dominion University. Dr. Tolson began his pro-
fessional career at NACA Langley Memorial Laboratory in 1953 as a
co-op. After the NACA became NASA, Dr. Tolson performed work on
the Lunar Orbiter, Apollo, and Viking programs. He also later became
Chief Scientist at NASA Langley Research Center. In recognition of
his contributions to NASA’s space exploration efforts, he was awarded

the Medal for Exceptional Scientific Achievement, NASA’s highest
scientific award. From 1991 to 2003 Dr. Tolson worked as a Professor
at George Washington University in the Joint Institute for Advance-
ment of Flight Sciences (JIAFS).

Dr. Tolson arrived at NIA in 2004 to serve as the University of Mary-
land Liaison Professor to NIA and is presently conducting research
involving Mars Odyssey aerobraking data analysis, Mars Reconnais-
sance Orbiter aerobraking, Revolutionary Aerospace Systems Concepts
studies, and entry aerothermodynamics and flight mechanics studies
for the Mars Science Laboratory and Phoenix mission. “While at NASA,
the most satisfying part of my professional career was being involved
in numerous space missions. I thought nothing would ever surpass those
experiences, but after getting into the university environment, I have
found that teaching and advising the research of the next generation of
space flight engineers has been a lot more fulfilling,” says Dr. Tolson.

Dr. Tolson and his wife Carol live in Hampton, Va. Carol works at
Science Applications International Corporation (SAIC).

Atmospheric chemistry can be greatl y
influenced by the dynamics governing air motion and
meteorology at various space and time scales. For
instance, warm conveyor belts (strongly ascending
moist airstreams in extratropical  cyclones) can
transport pol l ution over long distances. A ful l
understanding of the behavior of many chemical
species in the atmosphere therefore requires expertise
in both atmospheric chemistry and meteorology. This
expertise is needed in the atmospheric chemistry
scientific community in order to achieve a better
linkage between chemists and meteorologists. “ I hope
to build on my background as an atmospheric
physicist and prior PhD research experience in
tropospheric chemistry modeling to develop such
expertise in the chemistry-meteorology synergism,”
says Dr. Liu. He is working closely with two scientists
at NASA Langley Research Center, Dr. James H.
Crawford (a chemist) and Dr. Robert B. Pierce (a
dynamicist), and bel ieves that this wi l l  greatly
enhance his research efforts toward the interaction
between atmospheric chemisty and meteorology.

Dr. Liu contributes to the general
development of the NASA Langley Research Center
(LaRC)/University of Wisconsin-Madison (UW)
Regional Air Quality Modeling System (RAQMS) and
its appl ication to tropospheric chemistry issues
incl uding the interpretation of NASA Gl obal

Tropospheric Experiment aircraft observations.
RAQMS was jointly developed by LaRC and UW and
the joint effort is led by Dr. Pierce at Langley. The
model has been used to predict the tropospheric ozone
budget over East Asia during the NASA Transport
and Chemical Evolution over the Pacific (TRACE-P)
aircraft mission. Collaborators include Dr. Pierce, Dr.
Crawford, Dr. Jassim Al -Saadi, and Dr. Chieko
Kittaka (SAIC) of the Chemistry and Dynamics
Branch at Langley.

Dr. Liu has col laborated with NASA and
universities in studying the radiative effects of clouds
on global tropospheric chemistry. The objective of this
study is to quantify the radiative effects of clouds on
global  tropospheric chemistry and continental
pollution outflow. The collaborators use a state-of-the-
art global 3-D tropospheric chemistry and transport
model  (GEOS-CHEM). The Harvard Atmospheric
Chemistry Model ing Group provides central
management and development support for GEOS-
CHEM. This project involves collaborations with Dr.
Crawford, Dr. Pierce, and Prof. Daniel J. Jacob and
his group at Harvard University.

Dr. Liu is also working with NASA and
universi t ies in studying cl oud and trace gas
associations. Dr. Liu is using the RAQMS regional
model to further examine these associations between
cloud and trace gases in the springtime Asian pollution
outflow. The GEOS-CHEM global model is also used
to extend this study to global locations for all seasons.
This project involves collaborations with Dr. Pierce,

Dr. Crawford, Dr. Jassim Al -Saadi , Dr. Chieko
Kittaka, and Prof. Daniel J. Jacob and his group at
Harvard University.

The results of Dr. Liu’s research have been
il luminating to scientists. To examine the radiative
effects of clouds on global tropospheric chemistry, Dr.
Liu and his colleagues have conducted a number of
sensitivity simulations with GEOS-CHEM where the
cloud optical depth is adjusted progressively. Results
show that in al l  seasons clouds have important
radiative effects. However, the results emphasize that
the radiative effects of clouds on the regional scale
are much larger than on the global  scale. The results
from the sensitivity simulations also have important
impl ications regarding the feedback of future climate
change on chemical  composition of the troposphere.
A new development of RAQMS is also being used to
investigate the associations between cloud and trace
gas distributions in the troposphere over the western
Pacif ic during the TRACE-P period. Carbon
monoxide distributions in the GEOS-CHEM model
are seen to be significantly correlated with cloud
patterns associated with synoptic weather systems
under springtime continental outflow conditions over
the northwestern Paci f ic, consistent wi th the
observations. This is not apparently seen in other
seasons. Dr. Liu and his colleagues are also looking
at this issue for other trace gases. Part of Dr. Liu’s
computing work is performed with the NIA’s high
performance Coral computing cluster.

North Carolina State University Students Set to Investigate Potential of
Mars Tumbleweed Concept

A team of aerospace engineering design
students at North Carolina State University
(NCSU) in Raleigh, NC is preparing to
investigate the potential of a revolutionary space
probe design that could supplement or replace
the Mars rovers currently being used by NASA
to explore the Red Planet for signs of life. The
new space probe design, known as the
“Tumbleweed”, is somewhat like the western
tumbleweed in that it is designed to move over
the surface of Mars propelled by the surface
winds. The students will investigate the feasibility
and practicality of  a Tumbleweed Earth
Demonstrator probe design this spring and
summer. The Spacecraft and Sensors Branch at
NASA Langley Research Center in Hampton, Va.
and the NIA are each providing support for the
materials, supplies, and supervision of the project
this spring and summer.

The Mars Tumbleweed design has
instruments aboard to measure atmospheric
pressure, temperature, location, video, etc. The
data will be transmitted to an orbiter such as Mars
Global Surveyor or Odyssey, which in turn would
transmit the data back to Earth. The Tumbleweed
presents several advantages over conventional
rover designs. The Tumbleweed is able to cover
much larger distances than the current rovers.
The only power requirements for Tumbleweed
is the power needed to operate the instruments,
which could be solar powered. The rovers
require additional power for propelling
themselves or moving their wheels and are
designed to last 90 days, whereas Tumbleweeds
could last many years. Tumbleweed would also

be cheaper and thus more than one
Tumbleweed could be deployed on the
same mission, providing backup
vehicles in case one or more has a
problem or fall into a ravine.

Last year, a team of  nine
aerospace engineering senior design
students at NCSU designed and
constructed a Tumbleweed Earth
Demonstrator (TED). The project was
overseen by NCSU aerospace
engineering professor and N.C. Space
Grant Consortium director Fred
DeJarnette, with graduate student Nhan
Lam assisting. They were assisted by a
6th grade middle school class of over
100 students at Carnage Middle School
in Raleigh. The teacher is Holly
Hanrahan. In addition, the Spacecraft
and Sensors Branch at NASA Langley
had engineers Greg Hejos and Jeff Antol

goal for this year is to study the use of solar panels
on Tumbleweed for powering the
instrumentation. Of particular concern is how the
solar panels can be packaged on Tumbleweed in
the spacecraft that will take it to Mars.

The TED was successfully tested last
spring and summer, and additional tests are slated
for this spring and summer. “It is estimated that
a Tumbleweed could be ready for a Mars mission
within f ive years. Scheduling such a mission,
however, would be done by the Jet Propulsion
Laboratory in Pasedena, Calif.,”  says professor
DeJarnette.

work with the NCSU team. In 2004, the NCSU
team will have six undergraduate students,
ranging from sophomores to seniors, working on
the Tumbleweed as well as a new 6th grade class
of 23 students at Carnage Middle School assisting
them. The consortium of NC State and 6th grade
students this year are studying concepts for
deploying Tumbleweed f rom the reentry
spacecraft down to the surface of Mars. The
concepts will be tested on Earth by using model
rockets to carry a scaled Tumbleweed to an
altitude of about 1,000 ft. and then release
Tumbleweed with its device for allowing it to
descend to Earth without damaging it. A second

NIA Scientist
(continued from page 1)
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