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Preface 

This volume is the ninth annual report describing the scientific accomplishments and 
status of the Joint Center for Earth Systems Technology (JCET). This Center was 
established July 1, 1995 to promote close collaboration between scientists at the 
University of Maryland, Baltimore County (UMBC) and the NASA Goddard Space Flight 
Center (GSFC) in areas of common interest related to developing new technologies for 
environmental remote sensing. The Center’s objective is to conduct multidisciplinary 
research on advanced concepts for observing Earth and planetary atmospheres, the 
solid Earth and planets, and the hydrosphere, all from ground stations, aircraft, and 
space-based platforms. This research continues to lead to improved understanding of 
global processes and increased capability to predict global environmental changes. The 
Center also serves as a means to increase the effectiveness of university research and 
teaching resulting from that collaboration, and provides a venue in which to train 
personnel for research in relevant Earth science and technology areas. Both the Earth 
Sciences Directorate and the Engineering Directorate at GSFC have participated in 
establishing, funding, and collaborating with JCET. At UMBC, JCET is administered 
through the Graduate School. JCET personnel are currently associated with the 
university Departments of Physics, Geography and Environmental Systems, 
Mathematics and Statistics, and Computer Science and Electrical Engineering. JCET 
offices are housed in the Academic IV-A building, with offices for the administrative staff, 
several faculty members, and a conference room. JCET also has offices in the physics 
building and in the university’s Technology Center. 

There are 37 faculty members in JCET (listed in Table 1; see Section III.10), 8 more than 
last year. The increase, in part, is due to a second wave of scientists who joined JCET 
and now collaborate with the first wave of former JCET faculty, some of whom have 
become civil servants at GSFC. The number of JCET Fellows stayed the same at 17 
(listed in Table 2 of Section III.11). The JCET Fellow is a newer category of JCET 
membership. It includes civil servants from NASA and other government agencies in 
addition to UMBC faculty. In addition to the faculty positions, one associate staff member 
(listed in Table 3; see Section III.12) supports JCET research projects. Brief biographies 
of each JCET faculty and associate staff members are presented in Section III.9. The 
overall management and administration of JCET is governed by the executive board and 
carried out by the director, associate director, assistant director, and business manager 
(position is unfilled as of this writing), and two administrative assistants (listed in Table 4; 
see Section III.13). JCET experienced a great loss when its business manager, Ms. 
Sharon Davis, passed away on January 30, 2004. Her friendly nature and important 
contributions to the success of JCET will always be remembered. In the spirit of 
cooperation between UMBC and GSFC, the director is a professor of physics at UMBC, 
and the associate director is a civil servant scientist at GSFC. The scientific management 
of JCET is further facilitated through four research focus groups whose titles reflect their 
scientific disciplines: Observation Science, Clouds and Precipitation, Atmospheric 
Radiation, and Interdisciplinary Science. Every JCET faculty and associate staff member 
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belongs to one of the focus groups. Each focus group elects a group leader (shown in 
Table 5; see Section III.14), who is responsible for the scientific leadership of the group. 

The body of this report (see Section II) is divided into four sections, each of which is 
devoted to the scientific activities of a focus group. Within each section are presented 
brief accounts of group members’ accomplishments, provided by the respective principal 
investigators supported through a JCET task and/or grant from NASA or other 
government agencies that was active during the fiscal year July 1, 2003 to June 30, 
2004. Each report includes an abstract, description of the research, accomplishments for 
FY 03-04, and objectives for FY 04-05. Although some of the efforts were not initiated at 
the beginning of the fiscal year, research completed during this period that was 
supported by both JCET and previous sources is also included in these descriptions. 
References cited in the reports are listed in Section III.1, while those papers that were 
submitted, in press, or published in the refereed literature by JCET authors this fiscal year 
are also listed separately in Sections III.2 and III.3. The 59 refereed papers (and 25 
others submitted for review), along with 136 conference presentations and publications 
and nonrefereed publications (see Section III.4) comprise the principal direct contribution 
of JCET scientists to the Earth sciences. In addition to their current research, JCET 
scientists planned for the future through submission of 78 grant proposals, listed in 
Sections III.7 and III.8. The table in Section III.7 corresponds to 60 proposals submitted 
by JCET PIs and routed through UMBC; the table in Section III.8 shows 18 proposals 
submitted with JCET Co-Is and routed through other institutions, including GSFC. If 
funded, the former will be administered through individual PI grants and the latter through 
tasks in the JCET grant.  

JCET scientists also contributed to education at UMBC by teaching and mentoring 
graduate students in the Departments of Physics and Mathematics/Statistics. The 16 
different courses they taught this fiscal year are listed in Section III.5. As part of the long-
term goal to not only establish JCET as an outstanding Earth science entity but to also 
become an integral part of Earth science education at UMBC, the Physics Department 
and JCET faculty have completed the fourth year of a new Atmospheric Physics 
Program, which offers master’s and doctoral degrees. The seven graduate level courses 
taught by JCET faculty in this program are: Physics 621 and 622: Introduction to 
Atmospheric Physics I and II; Physics 721: Atmospheric Radiation; Physics 731: 
Atmospheric Dynamics; Physics 722: Atmospheric Remote Sensing; Physics 732: 
Computational Fluid Dynamics; and Physics 741: Inverse Methods and Data Analysis. In 
the spring of 2004 Dr. Paul Poli became the first student to receive a Ph.D. in 
Atmospheric Physics (see Executive Summary, this volume). 

 

 

R. E. Hartle, Associate Director 
R. M. Hoff, Director 

June 2004 



NINTH ANNUAL REPORT 

 v  

Table of Contents 
PREFACE.............................................................................................................................................iii 

I. Executive Summary .........................................................................................................................1 

Highlights of FY 03-04 Activities: Radiation Focus Group ......................................................................5 

Highlights of FY 03-04 Activities: Clouds and Precipitation Focus Group...........................................6 

Highlights of FY 03-04 Activities: Observation Science Focus Group..................................................7 

Highlights of FY 03-04 Activities: Interdisciplinary Science Focus Group ...........................................8 

II. TECHNICAL VOLUME.....................................................................................................................9 

II.1 Radiation Focus Group: Vision........................................................................................................11 

Task 18: Studies of Aerosol Particles from Biomass Burning and its Radiative 
Effects...........................................................................................................................13 

Investigator:  J. Vanderlei Martins, Research Assistant Professor, Physics 

NASA Grant: Understanding and Coping with the Effect of 3-D Cloud Structure on 
ARM Data (NAG5-12238)...........................................................................................15 

Investigators:  Christine Chiu, Research Associate; Alexander Marshak, JCET Fellow, 
GSFC, Code 913; Warren Wiscombe, GSFC, Code 913  

Task 23: Global Studies of Cloud Inhomogeneity and Its Radiative Impact ...........................17 
NASA Grant: Use of New Radiative Transfer Schemes and Satellite Data for More 

Realistic Cloud Radiative Forcing and Hydrologic Cycle in Climate 
Models (NAG5-11631)  

Investigator: Lazaros Oreopoulos, Research Assistant Professor, Physics 

Task 55: TOMS Aerosol Products Retrieval and Validation.....................................................19 
NASA Grant: Retrieval of Aerosol Properties from Ozone Monitoring Instrument  

Ultraviolet and Visible Observations (NAS5-00173)  
NASA Grant:  A Long-Term Data Set on Aerosol Absorption from TOMS, MODIS, MISR, 

and AERONET (NNG04GG90G)  
NASA Grant:  Assessment of NPOESS Aerosol Algorithm Enhancement using VIIRS 

and OMPS Observations (NNG04GE08A)  
Investigator:  Omar Torres, Research Associate Professor, Physics 

Task 8: Retrieval of Cloud and Sea Ice Properties from THOR Lidar 
Measurements.............................................................................................................21 

NASA Grant:  Validation of Cloud Optical Depths Retrieved from EOS/MODIS 
Data (NAG5-6675)  

Investigator: Tamás Várnai, Research Assistant Professor, Physics 



THE JOINT CENTER FOR EARTH SYSTEMS TECHNOLOGY 

 vi 

Table of Contents (con’t.) 
NASA Grant: Assessment, Validation, and Refinement of the Atmospheric 

Correction Algorithm for the Ocean Color Sensors (NAS5-00203)..........................23 
Investigator:  Menghua Wang, Research Associate Professor, Physics 

II.2  Clouds and Precipitation Focus Group: Vision ............................................................................25 

Task 69:  TRMM Education and Public Outreach .....................................................................27 
Task 70: Enhanced Sounding Data, Modeling Support, and Case Study 

Evaluation for CRYSTAL-FACE 
NASA Grant: Investigations of Maritime and Continental Tropical Convective 

Systems Using Data from TRMM Field Campaigns (NAG-9718)  
NASA Grant: Use of TRMM and Combined Satellites to Study Tropical Cyclone 

Rainfall Over Oceans and During Landfall (NNG04GE97G)  
Investigators: Jeffrey B. Halverson, Research Associate Professor, Geography and 

Environmental Systems; David O’C. Starr, JCET Fellow, GSFC, Code 912; 
Joanne Simpson, GSFC, Code 910 

Task 28: Research Support for the GPM Mission ....................................................................29 
NASA Grant: U.S.-India Collaborative Research on Monsoon Prediction (NAG5-9707)  
Investigator: Amita V. Mehta, Research Assistant Professor, Physics 

Task 45:  Global Retrieval of Precipitation and Latent Heating Distributions 
from Spaceborne Radiometer/Radar Observations..................................................31 

NASA Grant:  Characterization and Mitigation of Errors in Passive Microwave 
Precipitation/Latent Heating Estimates Used in Data Assimilation 
and Large-Scale Analysis Applications (622-32-99)  

NASA Grant:  Improvement of General Circulation Model Simulations Using Global 
Observations of Precipitation/Latent Heating (NAG5-12064)  

NASA Grant: Assimilation of Precipitation Information from Spaceborne Sensors to 
Enhance Weather Forecast and Climate Diagnostic Capabilities (622-32-99)  

Investigators: William S. Olson, Research Associate Professor, Physics; Robert Adler, 
GSFC, Code 912; Scott Braun, GSFC, Code 912; Mircea Grecu, GEST; 
Song Yang, GMU; Arthur Hou, GSFC, Code 900.3 

Task 50:  Observations of Tropical Mesoscale Convective Systems Leading to 
Improved Precipitation Estimation..............................................................................33 

Task 64: Augmenting CRYSTAL-FACE Radar Observations of Precipitation 
with the NWS’s WSR 88-D Radar Network 

NASA Grant: Climatology and Evolution of Convective Systems Combining 
Surface Radar and Geostationary Infrared Satellite Data During the 
TRMM Field Campaigns (NAG5-9816)  

Investigators:  Thomas M. Rickenbach, Research Assistant Professor, Geography and 
Environmental Systems; David O’C. Starr, JCET Fellow, GSFC Code 912; 
Robert Adler, GSFC Code 910 



NINTH ANNUAL REPORT 

 v i i  

Table of Contents (con’t.) 

Task 34:  A Proposed Mid-Latitude Coastal Ground Validation Site for the 
NASA Precipitation Measurement Mission................................................................35 

NASA Grant:  Measurements of the Hydrometeor Size Distribution for the NASA 
Precipitation Measurement Mission (NAG5-13615)  

Investigator:  Ali Tokay, Research Assistant Professor, Assistant Professor, 
Geography 

II.3 Observations Science Focus Group: Vision .................................................................................37 

Task 58: EOS/MODIS Science Team.......................................................................................39 
Investigator: William L. Barnes, Senior Research Scientist, Research Faculty 

Task 66: Passive Microwave Remote Sensing Research Support .........................................41 
Investigators: Maria Paola Cadeddu, Research Associate, Research Faculty; James 

R. Wang, GSFC, Code 975; Paul Racette, GSFC, Code 555.0 

NASA Grant: CALIPSO Science Team Support (NAS1-99107-1) .................................................43 
MDE Grant: Regional Atmospheric Measurement, Modeling, and Prediction Program 
Investigators: Raymond Hoff, Director, JCET, and Professor, Physics; Kevin McCann, 

Research Associate Professor, Physics; Russell Dickerson, Professor, 
UMCP; Jill Engel-Cox, Battelle Memorial Institute 

NOAA Grant: The Center for Remote Sensing Science and Technology (49866-00-01C) ..........45 
Investigators: Kevin J. McCann, Research Associate Professor, Physics; Raymond M. 

Hoff, Professor, Physics, Director, JCET; Ray Rogers, Graduate 
Student, Physics; Nikisa Jordan, Graduate Student, MEES 

NASA Grant: Validation of AIRS Forward Model and Products (NAG-11156-4)...........................47 
NASA Grant: AIRS Carbon Gas Measurements (NAG5-11653)  
Investigators:  W. Wallace McMillan, Assistant Professor, Physics, JCET Fellow; Saswati 

Datta, Assistant Research Scientist, JCET; Kurt Lightner, Graduate 
Student, Physics; Michele McCourt, Graduate Student, Physics; Eric 
Maddy, Graduate Student, Physics; Nathaniel Kolb, Graduate Student, 
Physics 

Task 37: Sounder Research Team (SRT) Activity Support .....................................................49 
NASA Grant: Calibration and Navigation of Raw INSAT Imagery (NAG5-10687)  
Investigators: Gyula I. Molnar, Assistant Research Scientist, Research Faculty; 

Joel Susskind, GSFC, Code 910 

Task 47:  Statistical Analysis of Temporal and Spatial Variability in 
Atmospheric Fields......................................................................................................51 

NASA Grant: Statistical Investigations of Subgrid-Scale Variability in the Upper 
Troposphere/Lower Stratosphere (ACMAP NRA-00-OES-09)  

Investigator:  Lynn Sparling, Associate Professor, Physics, JCET Fellow 



THE JOINT CENTER FOR EARTH SYSTEMS TECHNOLOGY 

 viii 

Table of Contents (con’t.) 
NASA Grant: AIRS Radiance Validation and Constituent Abundance Retrievals, 

(NAS5-31378)..............................................................................................................53 
Task 65: NPP-CrIS Calibration and Assessment 
Investigator: L. Larrabee Strow, Professor, Physics, JCET Fellow 

NASA Grant: Calculations of the Rate Coefficients of Vibrational-Vibrational and 
Vibrational-Translational Energy Transfer for the Non-LTE Modeling 
of Martian Atmosphere (NAG5-12681) ......................................................................55 

Investigator: Weifeng Wang, Assistant Research Scientist, Research Faculty 

Task 1:  Development of Raman Lidar Techniques to Address the Indirect 
Aerosol Effect...............................................................................................................57 

NASA Grant:  Validation of MicroPulse Lidar Aerosol Extinction Measurements Using 
Raman Lidar (NCC5-701)  

NASA Grant: Raman Lidar Studies of Water Vapor, Cirrus Cloud Optical Depth, 
Particle Size, and Ice Water Content (NNG04GC06A)  

Investigators: David Whiteman, JCET Fellow, GSFC, Code 912; Felicita Russo, 
Graduate Student, Physics; Antonia Gambacorta, Graduate Student, 
Physics; Raymond M. Hoff, Professor, Physics, and JCET Director 

II.4 Interdisciplinary Science Focus Group: Vision ............................................................................59 

NASA Grant: Water on Mars: Inferences from Mass Movement Studies (NAG5-11196).............61 
NASA Grant: Landslide Modeling and Forecasting Utilizing Remotely Sensed Data 

(NAG5-12199-1)  
NSF Grant: Topographical and Compositional Studies of Andesite Lava Flows at 

Sabancaya (INT-0105865)  
Investigator: Mark Bulmer, Research Assistant Professor, Geography and 

Environmental Systems 

Task 71 Detection Of Early Vegetation Stress Based on Bio-Physiological, 
Fluorescence and Spectral Optical Reflectance Remote Sensing 
Measurement Procedures ..........................................................................................63 

Investigators:  Petya Entcheva Campbell, Assistant Research Scientist, Research 
Faculty; Elizabeth Middleton, GSFC, Code 923 

Task:  Planetary Atmosphere Escape and Evolution: Titan, Mars, and Venus ..................65 
Investigator: Richard E. Hartle, Associate Director, JCET; JCET Fellow, GSFC, Code 

910 

Task 35: Assessing Controls on Carbon Flux in Contrasting Ecosystems .............................67 
Investigator: Karl Fred Huemmrich, Research Assistant Professor, Geography and 

Environmental Systems 



NINTH ANNUAL REPORT 

 i x  

Table of Contents (con’t.) 
Task 62: Remote Sensing of Volcanic Emissions ....................................................................69 
NASA Grant: Ozone Monitoring Instrument Science Team – Algorithms for Sulfur 

Dioxide and Ash Retrievals (NAS5-01110-4)  
Investigators:  Arlin Krueger, Research Professor, Physics; Stephen Schaefer, 

Assistant Research Scientist, Research Faculty; Saswati Datta, 
Assistant Research Scientist, Research Faculty; Simon Carn, Research 
Associate, Research Faculty; Nickolay Krotkov, Senior Research 
Scientist, Research Faculty, GEST 

Task 33: Space Geodesy Applications to Earth Sciences (NCC 5-92)...................................71 
Task 68: Altimeter Calibration and Mean Sea-level Monitoring: Project GAVDOS 
NURI Grant: Current and Future Satellite Mission Data Analysis for Global Gravity Field 

Modeling and Reference Frame Implementation (NMA201-01-2008)  
Investigators: Erricos C. Pavlis, Research Associate Professor, Physics; Maria-Paola 

Cadeddu, Research Associate, Physics; Glynn Hulley, Research 
Assistant, Physics; Keith Evans, Research Analyst; Susan Poulouse, 
Software Engineer, Raytheon ITSS 

Task 12 Radio Occultation with Global Positioning System....................................................73 
Investigators: Paul Poli, Faculty Research Assistant, Research Faculty; Joanna 

Joiner, JCET Fellow, GSFC, Code 900.3 

NSF Grant: Globalization of Regional Atmospheric Models (ATM-0113037-1)..........................75 
Investigators: Miodrag Ranĉić, Research Associate Professor, Physics; Hai Zhang, 

Graduate Student, Physics; Jim Fischer, GSFC, Code 930 

Task 49: Assimilation of Atmospheric Constituents..................................................................77 
NSF Grant:  Geodynamo Data Assimilation and Dynamo Modeling (EAR-0327875)  
Investigators:  Andrew V. Tangborn, Assistant Research Professor, Mathematics and 

Statistics; Zhibin Sun, Graduate Student, Mathematics and Statistics 

III. Supporting Information................................................................................................................79 

III.1 References ..............................................................................................................................................81 

III.2 Peer-Reviewed Publications................................................................................................................87 

III.3 Publications Submitted for Review ....................................................................................................93 

III.4 Conference Presentations, Non-reviewed Publications, and Technical Reports.......................95 

III.5 Courses Taught....................................................................................................................................109 

III.6 Colloquia and Seminars......................................................................................................................111 

III.7 Proposals Submitted by JCET Members.........................................................................................113 

III.8 Proposals Submitted by JCET Members Through Other Institutions........................................118 



THE JOINT CENTER FOR EARTH SYSTEMS TECHNOLOGY 

 x 

Table of Contents (con’t.) 
III.9 Biographies...........................................................................................................................................121 

III.10 Table 1: JCET Faculty (as of June 30, 2004) .................................................................................131 

III.11 Table 2: JCET Fellows (as of June 30, 2004).................................................................................132 

III.12 Table 3: JCET Associate Staff (as of June 30, 2004) ...................................................................133 

III.13 Table 4: JCET Administrative Staff (as of June 30, 2004)...........................................................133 

III.14 Table 5: JCET Focus Group Leaders (as of June 30, 2004) .......................................................133 

IV. Acknowledgments .....................................................................................................................134 

Acronyms and Abbreviations........................................................................................................135 

  



EXECUTIVE SUMMARY 

1  

I. Executive Summary 
JCET’s Baby Boom Echo 

After World War II, new families formed and new families did what new families do: they had 
children, lots of children. Twenty or more years later, those children had children and the second 
boom seen in the demographics of the U.S. was called the “Baby Boom Echo.” The U.S. is now into 
its third echo, with the grandchildren of the post-World War II boom. The Joint Center for Earth 
Systems Technology (JCET) is now nine years old and—like a very precocious adult— has gone 
through its first “echo” year.  

The success in JCET faculty in winning major grant proposals was remarkable this year. In 2004 
eight new scientists have come to the Center and three competitions are still open at this time. Grant 
funding from JCET’s first-generation scientists is supporting many of our new hires. Several 
scientists are refunded or have joined NASA Earth Observing System (EOS) instrument science 
teams. Congratulations go to Dr. Menghua Wang (Moderate Resolution Imaging Spectroradiometer 
(MODIS) Science Team), Dr. Omar Torres (Ozone Monitoring Instrument (OMI) and National Polar 
Orbiting Operational Environmental Satellite System (NPOESS) Preparatory Project (NPP) science 
teams), and Dr. Larrabee Strow (NPP Science team). Drs. Wang and Torres are contributing to the 
JCET “echo” in hiring new faculty to support their research. In addition, JCET faculty members who 
have gone on to positions at GSFC and the National Oceanic and Atmospheric Administration 
(NOAA)’s National Environmental Satellite Data and Information Service (NESDIS) have continued 
to participate in the Center as JCET Fellows. Dr. Steven Platnick has become deputy project 
scientist for the EOS Aqua platform. Several Fellows have used their additional support funds to 
bring in new faculty to join their teams. In particular, Dr. Weijia Kuang and Interdisciplinary Focus 
Group leader Dr. Andrew Tangborn have hired two research associates, Dr. Don Liu and  
Dr. Haiyan Jiang, and a new Department of Mathematics and Statistics graduate student, 
Zhibun Sun, to work with them on gravity field modeling and assimilation. We are excited to have 
persuaded Dr. Christine Chiu from Purdue University to join us to work with JCET Fellow 
Dr. Alexander Marshak. Dr. Wallace McMillan has added Dr. Juying Warner to his group, and we are 
happy to have Dr. Warner’s National Center for Atmospheric Research (NCAR) experience on the 
Measurements of Pollution in the Troposphere (MOPITT) experiment added to our infrared retrieval 
capability. We recently hired Dr. Ilan Koren, who was a National Research Council Fellow on 
Dr. Yoram Kaufman and Dr. Lorraine Remer’s MODIS team. Dr. Koren’s research (along with that of 
JCET research assistant professor Vanderlei Martins) was recently featured in an article in Science 
magazine. 

After several years of attrition, this renaissance is part of a natural evolutionary process in a research 
center such as JCET. JCET’s strength as a source of intellectual support to NASA was noted in last 
year’s External Peer Review report, although the peer reviewers issued a warning: 

Through JCET, GSFC gains access to graduate students and outstanding young 
researchers to replenish its pool of young scientists and engineers. This became most 
apparent recently, as a number of JCET faculty members were recruited to Goddard to 
become NASA civil servants. Although this action was beneficial to Goddard, the 
impact on JCET’s long-term planning and viability if its best scientists continue to move 
to NASA needs to be examined in light of the Center’s goals and mission. 
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What we have seen this year is that JCET has the strength to rebound from significant staff career 
changes and still maintain its strong, viable research capability. We believe that the progression of 
JCET faculty to NASA civil servant positions needn’t be viewed as a drain on the Center, especially 
since many faculty members continue to be involved by, among other activities, teaching, and 
mentoring as JCET Fellows. 

As a conclusion to the UMBC portion of the JCET seven-year review, UMBC’s Research Council  

… concludes overwhelmingly that it is a Center deserving of praise for its growth, 
strength and sense of direction. It appears to be a vibrant and extremely productive 
research entity, which has met or exceeded nearly all of its initial goals. It also is to be 
commended for its commitment to the integration of teaching and research.  

In response to UMBC’s Faculty Senate approval of the JCET Review, UMBC President Dr. Freeman 
Hrabowski stated, “I am delighted to receive this very favorable review of JCET. As UMBC’s 
research enterprise grows, JCET and our other research centers will continue to attract world-class 
research scientists and to build UMBC’s reputation for excellence.” Clearly, JCET is an important and 
integral part of UMBC and NASA’s research community. 

Results have shown that the four focus groups in JCET are well integrated into NASA’s Earth 
Science Enterprise. The success of JCET faculty in winning peer-reviewed proposals (over 19 were 
awarded this year) shows that the faculty members are an important part of NASA’s mission. In 
January, JCET and its sister center, the Goddard Earth Science and Technology Center (GEST) 
showcased this research at a one-day symposium at the GSFC Recreation Center. The intent of the 
symposium was to improve communication between scientists in the two Centers and to highlight 
participation by GSFC civil servants. Several posters were co-authored by GSFC civil servants, and 
many attended the meeting. Collaborations began among faculty in the two Centers and showed that 
JCET and GEST can and do work collaboratively with GSFC scientific staff. Efforts are underway to 
have a similar symposium at GSFC in the fall of 2004 on a topical area, clouds and precipitation. 
UMBC faculty and GSFC civil servant scientists and contractors will be invited to contribute posters. 
Such collaboration will be healthy for both GSFC and UMBC. 

Climate-related research on black aerosols and their effects on clouds were highlighted this year in 
the Radiation Group report, presented later in this volume. Dr. Vanderlei Martins won a NASA 
Achievement Award for his development of the Cloud Scanner, which has the potential to determine 
microphysical properties of convective clouds by looking at the sides of the clouds. The Clouds and 
Precipitation group continues to be heavily focused on Tropical Rainfall Monitoring Mission (TRMM) 
measurements and science, although several JCET scientists (Drs. Mehta, Tokay, and Olson) have 
been looking ahead to the Global Precipitation Measurement (GPM) mission. With Dr. Jeffrey 
Halverson’s seconding to NASA Headquarters to champion the Tropical Cloud Systems and 
Processes (TCSP) Research Announcement, we expect to be strongly involved in missions in the 
Eastern Pacific over the next few years. The Observation Focus Group has two strong new roles. 
The first is validation and development of the Atmospheric Infrared Scanner (AIRS) satellite products, 
including the exciting new global CO product that has been developed by Drs. McMillan, Barnet, and 
Strow. We expect that an AIRS CO2 product will also be published next year. The second growing 
area for the Observations Group is in applying satellite data to regional and national air quality. With 
the addition of Dr. Allen Chu of the MODIS team to JCET’s research staff and the culmination of Ms. 
Jill Engel-Cox’s thesis research, an intense effort to combine data from MODIS aerosol optical depth, 
lidar, the NOAA Geostationary Environmental Satellite (GOES) Smoke and Aerosol Product (GASP), 
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and policy-relevant delivery tools is being developed between UMBC, NOAA, NASA, the 
Environmental Protection Agency (EPA), UMCP, and the Maryland Department of Environment. In 
the Interdisciplinary Focus Group, there has been much-increased core activity on geodynamics and 
gravity science. Work on the GAVDOS experiment in Europe has brought new opportunities in 
satellite laser ranging and geodesy interactions with European teams. The addition of new faculty 
members to this group makes the Interdisciplinary group one of JCET’s largest. 

On a more personal note, we were gratified to have graduated our first atmospheric physics doctoral 
student, Paul Poli, from UMBC, and to have had that first graduate come from within JCET’s ranks. 
Co-mentored by Dr. Hoff and Dr. Joanna Joiner of GSFC Code 916, Dr. Poli’s research on the 
assimilation of Global Positioning System (GPS) satellite occultation and column measurements for 
high-resolution water vapor retrievals in the atmosphere were highlighted in publications in six 
journals during his dissertation tenure. Dr. Poli has returned to Metéo France, and we wish him the 
best in his future endeavors. We also have been very mindful this year of our troops in Iraq and we 
have one of our own serving in the British Forces, Geography and Environmental Systems Research 
Assistant Professor Marco Bulmer. Dr. Bulmer has sent back graphic emails of the tenuous status of 
civilization in that country, and we wish him a speedy return to his research here at UMBC. 

 

R. M. Hoff, Director 
R.E. Hartle, Associate Director 

June 2004 
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Highlights of FY 03-04 Activities: Radiation Focus Group 

The Radiation Focus Group (RFG) performs basic and applied research in atmospheric radiative 
transfer, with applications to remote sensing and climate problems. Specific areas of group interest 
include cloud and aerosol radiative properties, remote sensing (i.e., satellite-, aircraft-, and surface-
based techniques), in situ aerosol observations, and atmospheric and surface energy budgets. 
Currently, the group consists of ten members, including five research faculty affiliated with the UMBC 
Department of Physics, one research associate, three civil servant JCET fellows, and one research 
analyst.  

Involvement in satellite missions and satellite data analysis is a key group endeavor. Dr. Menghua 
Wang has studied Earth curvature effects on Sea-viewing Wide Field-of-View Sensor (SeaWiFS) 
top-of-the atmosphere radiances by using observations and simulations at solar zenith angles 
greater than 90°. This work was published as a front-page article in EOS. Dr. Lazaros Oreopoulos 
compared Earth Observing System (EOS) Terra and Aqua satellite-based Moderate Resolution 
Imaging Spectroradiometer (MODIS)-derived cloud heterogeneity between winter and summer, land 
and ocean, and water and ice clouds. Dr. Tamás Várnai also analyzed MODIS data during the past 
year, and found that the three-dimensional nature of clouds causes systematic overestimates of 
optical thickness when they are viewed from backscattering directions. Dr. Vanderlei Martins 
coauthored a Science paper, where MODIS-Aqua data were used to demonstrate a reduction in the 
fraction of scattered cumulus with increasing smoke column concentration; this may point to an 
important mechanism linking cloud amount and absorbing aerosols. He also finished developing the 
MODIS aerosol-cloud mask for use over land, which has been implemented operationally with great 
success. Dr. Omar Torres collaborated with scientists from the National Center for Atmospheric 
Research (NCAR) and the Pacific Northwest National Laboratory (PNNL) on the analysis of the long-
term Total Ozone Mapping Spectrometer (TOMS) aerosol record in conjunction with data on sulfate 
emission to show statistically significant increases in the atmospheric aerosol load over Asia during 
winter. 

Reflecting major involvement with ground- and aircraft-based experiments, Dr. Vanderlei Martins 
received a GSFC Laboratory for Atmospheres award for innovative scientific instrumentation 
development for his Cloud Scanner Spectrometer, which he employed in a field campaign in 
Colorado and which he continued to adapt for use from an aircraft platform. Dr. Omar Torres has 
compared ground-based retrievals of the single scattering albedo of carbonaceous aerosols from the 
ground-based Aerosol Robotic Network (AERONET) sunphotometer network during the Southern 
African Regional Science Initiative (SAFARI) 2000 campaign. 

In radiative modeling, Dr. Tamás Várnai has modified his Monte Carlo code to make it capable of 
simulating the measurements of the Thickness from Off-beam Returns (THOR) lidar above sea ice. 
Dr. Lazaros Oreopoulos tested several versions of a general circulation model (GCM)-like shortwave 
column radiation model using state-of-the-art global datasets of inhomogeneous clouds from a 
superparameterization modeling framework. Dr. Christine Chiu performed simulations showing that 
surface albedo inhomogeneity cannot explain the magnitude of observed and modeled cloud 
absorption discrepancies. 

In all, it has been a productive year for the RFG, as its members continue to make significant 
contributions to studies of Earth system science and their related technologies. 
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Highlights of FY 03-04 Activities: Clouds and Precipitation Focus Group 

In the 2003-2004 period scientists in JCET’s Clouds and Precipitation Focus Group continued to 
investigate rainfall processes spanning a broad spectrum of time and space scales. The vast scope 
of the work encompassed microscopic studies of raindrops, diurnal controls of rainstorms in the 
Amazon, mechanisms controlling asymmetry of rainfall in tropical cyclones, and the atmospheric 
water budget over Bangladesh. The crucial link between tropical rainfall and energy release in the 
atmosphere was also further explored. 

In preliminary work submitted by Dr. William Olson, evaluation of latent heating estimates derived 
from satellite microwave radiometer measurements has provided some promising results. Tropical 
Rainfall Measuring Mission (TRMM) Microwave Imager (TMI) data were used to construct a time 
series of the vertical distribution of latent heating within the boundaries of the South China Sea 
Monsoon Experiment’s Northern Enhanced Sounding Array. The satellite heating time series 
compared well with the time series of diabatic heating derived from the sounding array, after 
accounting for the lack of radiative heating/cooling in the satellite estimates. 

Dr. Thomas Rickenbach’s surprising results on nocturnal cloud systems in the Amazon Basin of 
South America examined the origins of a secondary, nocturnal maximum in clouds and precipitation 
in southwestern Amazônia. This study implicated long-lived squall line systems in contributing 
significantly to the nocturnal maximum of rainfall. In addition, the previously undescribed large-scale, 
nocturnal stratiform drizzle phenomenon was found to be an important component of nocturnal 
cloudiness in western Amazônia, and may have important implications for the diurnal surface 
radiation budget in the forested canopy. 

Dr. Jeffrey Halverson completed dropsonde analysis of in situ aircraft and satellite data on Hurricane 
Erin, obtained from high-flying NASA aircraft for the first time in the history of tropical meteorology.  
The results show how the warm core weakened aloft as the storm dissipated, leaving it vulnerable to 
the effects of modest environmental wind shear. The wind shear, in turn, rearranged the rainfall and 
vertical motions of the decaying storm into a highly asymmetric pattern. Halverson et al. were also 
able to relate the reduction in sea level pressure to the vertical distribution of heat energy inside the 
eye, using hydrostatic relationships.  

Dr. Ali Tokay determined the small-scale variability of rainfall and radar observables, using a network 
of three JW disdrometers, operated at three different sites at Wallops Flight Facility (WFF) over two, 
three-month periods. The variability of rainfall and reflectivity increased with increasing rain rate, as 
expected. The simulated drop size distributions, utilizing size and fall velocity measurements frin 
optical disdrometers, resulted in fewer large drops. This may explain the lack of large drops in impact 
disdrometer measurements when such data are compared to collocated optical disdrometer 
measurements.  

Dr. Amita Mehta performed simulations of typhoon Rusa and a flood-inducing storm that formed over 
Algeria. These storms were analyzed to compare their water budget characteristics. These two 
storms, while of different origins, showed similar rain efficiency during their life cycles. Examination of 
storm-scale and flood-scale water divergence, vertically integrated hydrometeors, and surface 
precipitation showed that rain efficiency depends significantly on warmer surface temperatures and 
orography. In a second project, analysis of TRMM Precipitation Radar (PR) data over and around 
Bangladesh showed that monitoring rainfall over the catchment areas of rivers provided a useful 
indicator of downstream flood events.
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Highlights of FY 03-04 Activities: Observation Science Focus Group 

This past year again saw the UMBC lidar and Baltimore Bomem Atmospheric Emitted Radiance 
Interferometer (BBAERI) groups out at the Chesapeake Lighthouse under the leadership of Wallace 
McMillan. The group added to the large amount of Atmospheric Infrared Sounder (AIRS) satellite 
validation data. Inspired by the AIRS work, a cooperative effort between UMBC and the National 
Oceanic and Atmospheric Administration (NOAA) was begun in an effort to estimate the lower limit 
on the optical depth that the Moderate Resolution Imaging Spectroradiometer (MODIS) instruments 
can detect, and to provide data to help improve the MODIS cloud-clearing algorithm. 

Dr. Lynn Sparling’s work on statistical methods was applied to Upper Atmosphere Research Satellite 
(UARS) measurements of the stratospheric chemical tracers nitrous oxide and methane to 
investigate the seasonal dependence of the stratospheric circulation. Dr. Sparling has been joined by 
a postdoctoral appointee, Dr. Jennifer Wei, who has added significant modeling capability to this 
atmospheric work.  

Dr. Gyula Molnar demonstrated the feasibility of quite accurately retrieving average boundary layer 
and free tropospheric CO mixing ratios from McMillan’s BBAERI instrument.  

Dr. Weifang Wang has nearly completed a new theoretical approach for the calculation of atom-
molecule and molecule-molecule scattering cross sections and reaction rates.  

Dr. Maria Caddedu and her coworkers have looked at measurements in the 183.3 GHz region of the 
spectrum that offer a good opportunity to validate radiative transfer models in this frequency range. 
This research has highlighted large uncertainties in several of the radiative transfer model studies. 

In addition to its research activities, the Observations Focus Group was heavily involved with 
teaching in the Physics Department at UMBC. Courses taught include the four graduate atmospheric 
physics courses, undergraduate electronics lab, graduate classical mechanics, graduate statistical 
mechanics, graduate electricity and magnetism, and the daunting introductory physics (PHYS 121) 
course, with over 200 students.
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Highlights of FY 03-04 Activities: Interdisciplinary Science Focus Group 

Activities within the Interdisciplinary Science Focus Group cover a wide range of research areas; the 
group, therefore, does not have a central theme beyond Earth and planetary sciences generally. 
However, many of the research topics are related through the use of satellite observations and 
mathematical models to gain a better understanding of Earth and planetary processes. Such 
processes include Earth’s core dynamics, Earth’s reference frame variability, rock and lava flows, 
volcanic emissions, vegetation florescence and respiration, inverse modeling of carbon cycle sources 
and sinks, atmospheric modeling and characterization of planetary atmospheres.  

The past year has seen the initiation of the development of the first ever data assimilation system for 
the Earth’s geodynamo by Dr. Andrew Tangborn and colleagues at GSFC and Harvard University. 
Early results show that assimilation of surface geomagnetic observations into a geodynamo model 
have some promise for making predictions of future geomagnetic secular variations.  

Dr. Paul Poli has been continuing his work on the assimilation of Global Positioning System (GPS) 
measurements of refractive indices into numerical weather prediction (NWP) models. One of the 
major obstacles to the assimilation of these measurements is the computational cost of ray tracing. 
Dr. Poli has developed the Fast Atmospheric Refractivity Gradient Operator (FARGO) algorithm, 
which separates the horizontal and vertical contributions to bending, thereby substantially reducing 
computational costs while maintaining a level of accuracy comparable to ray tracing.  

Studies of global change require a precise calculation of the evolution of the Earth’s reference frame. 
Dr. Erricos Pavlis and his research group have produced one of the most uniform and accurate 
series of geocenter variations. The series revealed the indirect observation of the imprint of 
geophysical events on the geocenter motion. For example, a strong correlation was found between 
the most recent El Niño/La Niña events and the equatorial trajectory of the geocenter with respect to 
the terrestrial reference frame.  

Dr. Arlin Kreuger’s group continued their work on retrieval algorithms for the Ozone Monitoring 
Instrument (OMI) measurements of SO2. These tools are important for measuring the quantity of SO2 
in volcanic and anthropogenic emissions, and to ascertain the time-dependent properties of volcanic 
clouds containing SO2, ash, and sulfate. This work leads to a fuller understanding of the solid Earth 
processes that control the production and emission of SO2 and ash to refine and develop methods of 
eruption prediction and airborne hazard mitigation using remotely sensed data.  

During the past year members of the Interdisciplinary Science Focus Group also continued their 
active roles in graduate and undergraduate education through teaching courses in geography, 
mathematics, and physics, and advising several graduate students in their dissertation research. 
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II.1 Radiation Focus Group: Vision 
Radiative transfer in the Earth sciences is fundamentally concerned with the interaction of 
electromagnetic waves with atmospheric gases (molecules), particles (aerosol, cloud 
water droplets, and ice crystals), and land and ocean surfaces. Of primary concern is the 
characterization of scattering and absorption properties. Applications generally comprise 
two main areas: energy budget problems (e.g., layer absorption and heating rates, 
surface and top-of-the-atmosphere radiation balance, etc.) using broadband calculations, 
and narrow-band remote sensing applications. Both applications have obvious relevance 
to climate system and climate change studies: Climate is synonymous with the energy 
budget, while remote sensing is the only practical means for obtaining global 
climatologies of critical parameters. 

The JCET Radiation Focus Group (RFG) was organized to bring together JCET faculty 
with common interests in radiative transfer applications and theoretical issues. The group 
currently consists of ten members, including five faculty members affiliated with the 
UMBC Department of Physics, one research associate, three civil servant JCET fellows, 
and one research analyst. All group members are involved in major NASA-based 
instrument projects and research programs at GSFC. While the interdisciplinary nature of 
JCET ensures that the group’s interests overlap with those of other focus groups, the 
RFG is most closely aligned with the remote sensing activities of the Observations 
Science Focus Group. 

Current interests of group members include remote sensing methods to obtain global 
temporal and spatial distributions of major optical parameters, vertical and horizontal 
cloud variability (3-D radiative transfer), parameterization of these optical properties for 
general circulation model (GCM) applications, and intercomparisons between calculated 
and observed radiative quantities. In particular, group members analyze data from 
satellite-, aircraft-, and ground-based measurements, and construct radiation models to 
retrieve atmospheric and surface parameters and to understand climate processes. 

In addition to its noteworthy research efforts, the RFG has made substantial contributions 
to the academic life of students in the UMBC Department of Physics. Members of the 
RFG had a leading role in developing seven new graduate-level courses constituting an 
atmospheric physics track in the Department of Physics, that were approved by the 
UMBC graduate council in 1998. The track was approved as a doctoral program a few 
years later. Group members have been active in teaching four of the courses: 
Atmospheric Physics I & II, Atmospheric Radiation, and Atmospheric Remote Sensing. 
The group has also provided a great service to the department by teaching the 
undergraduate physics survey course (PHYS 111) on two occasions. Furthermore, the 
group has had two members serve as one of two JCET representatives at Department of 
Physics faculty meetings, and RFG members serve on the GEST/JCET Advisory Board. 

The RFG envisions maintaining a strong connection with GSFC personnel through joint 
proposals, theoretical studies, instrument opportunities, etc., while participating in the 
academic and research life of UMBC departments and developing scientific ties with 
fellow members of our sister center, GEST. The NASA component of JCET often 
involves group member participation on local and center-wide GSFC committees, and 
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other such obligations not typically undertaken by university research faculty. Our vision 
includes graduate student support with independent external funding, although it is 
recognized that JCET faculty, mainly based at the GSFC campus, have fewer 
opportunities to interact with students than tenure-track UMBC faculty, and the financial 
realities of soft-money appointments rearrange funding priorities when research proposal 
budgets are planned. 

The group values its collective expertise and believes in the value of ongoing 
communication among group members. Since its inception, the group has convened 
monthly meetings used to discuss scientific papers, group research activities, and 
general issues of interest to the group, or sponsored seminars by speakers who are 
based in proximity to the Washington, D.C. area. Such meetings and talks are intended 
to allow open sharing of ideas and the encouragement of collaborative efforts. In 
particular, the group would like to begin to transition from collaborations established 
within the GSFC organizational structure to those that include interdisciplinary 
investigations with other group members, especially through research funding proposals. 

During the period covered by this report, the RFG has reversed the diminution of its 
membership from its peak the year before last, and added a new member with 
background in an area (microwave radiation) that was lacking in the group. The RFG is 
also fortunate to have two civil servant JCET fellows who are very active in group 
endeavors. Still, a significant component of the RFG’s vision should be the recruitment of 
new members who will preserve and expand its character as a group, continuing to build 
upon its diverse interests in atmospheric radiation. 

Provided it succeeds in its expansion ambitions, an overarching goal is to have the JCET 
RFG be recognizable as a semiautonomous entity in the atmospheric radiation 
community via scientific and community service. This would include organizing and 
participating in colloquia, proposals, and conferences, and contributing to the literature by 
writing journal papers and assuming editorial activities, as well as providing leadership in 
experimental field work and instrument development that leverages the group’s 
association with GSFC. 
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Task 18: Studies of Aerosol Particles from Biomass Burning and its Radiative 
Effects 

Investigator:  J. Vanderlei Martins, Research Assistant Professor, Physics  

Abstract 

Aerosol particles emitted by biomass burning over forest and cerrado areas of the 
Amazon Basin have strong light-absorption and -scattering properties, and contribute 
significantly to changes in the radiative balance of the atmosphere. On local or regional 
scales, smoke particles can produce heating or cooling effects, depending on the albedo 
of the underlying surface. In biomass-burning affected areas, covering several millions of 
square kilometers, the magnitude of the direct radiative forcing (DRF) can be several 
orders of magnitude larger (+10 to -100 W/m2) than the global averaged DRF, potentially 
changing the vertical structure of the atmosphere. Although this task mainly focuses on 
biomass burning emissions, because of the complexity of aerosol interactions with 
climate and the availability of remote sensing measurements, this study also includes 
properties and effects of other aerosol sources (e.g., oceanic aerosols, dust, urban 
pollution, etc.), their long-range transport episodes, and cloud-aerosol interactions. 

Description of Research 

The combination of in situ measurements and remote sensing shows a very large 
variability of spectral radiative forcing at the top of the atmosphere over several surface 
types. Aerosol absorption is one of the main uncertainties in the determination of the 
radiative impact of aerosols on the Earth’s climate system. This task addresses the 
development of several new in situ and remote sensing techniques to accurately 
measure aerosol spectral absorption properties. One new remote sensing technique was 
recently published in the Journal of Geophysical Research [Kaufman et al. 2002] and is 
the basis for a proposed satellite mission to better characterize the global aerosol 
system. The impact of aerosols on clouds and precipitation is another very important 
topic in aerosol research; this is addressed under this task by studying aerosol 
microphysical properties (including humidification and absorption), and by measuring 
cloud spectral properties using the newly developed cloud scanner spectrometer. 

Accomplishments in FY 02-03 

A new technique for measuring aerosol absorption over the ocean sun glint was 
developed and published. According to simulations, this technique can accurately 
determine aerosol absorption optical depths over the ocean. 

New improvements were implemented in the Moderate Resolution Imaging 
Spectroradiometer (MODIS) aerosol cloud mask over the ocean, including better 
schemes for separating heavy aerosol loadings (e.g., dust episodes) from clouds, 
implementation of high aerosol optical thickness (AOT) retrievals over the ocean sun 
glint, and retrieval of very high AOTs over the dark ocean (off-glint). Both high AOT cases 
were masked out in the former cloud mask version. The MODIS operational land cloud 
mask was tested over biomass burning aerosols in the Amazon, and showed important 
cases of misinterpretation where smoke was masked as cloud. A new experimental 
aerosol land cloud mask was developed and tested over these cases; it shows significant 
improvements in distinguishing between heavy smoke and biomass-burning aerosols. 
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Another important task during this fiscal year was the organization and participation in the 
Smoke Aerosols, Clouds, Rainfall and Climate (SMOCC) field campaign in the Amazon. 
The experiment took place from September to November 2002 and involved cooperation 
between research organizations from Brazil, the U.S., and Europe. Its purpose was to 
study cloud aerosol interactions during the transition from the dry to the wet Amazon 
season, mainly caused by biomass-burning particles and biogenic particles, respectively. 
Spectral measurements of aerosol absorption from the ultraviolet (UV) to the near 
infrared (NIR) were performed on size-discriminated samples from several regions, 
including a large set of samples from the SMOCC field campaign. These absorption 
results are likely to improve aerosol microphysical models. Using a commercial 
spectrometer, a cloud scanning system, the Cloud Scanner Spectrometer, was built and 
mounted in an aircraft to measure cloud droplet and aerosol properties. The first data 
collected during the SMOCC field campaign are now being analyzed. 

Using NASA GSFC Director’s Discretionary Fund (DDF) support, the Goddard Multiple 
Reflection Aerosol Extinction Cell—a multiple reflection extinction cell—was developed 
and built to simultaneously measure aerosol scattering and absorption properties. The 
historically significant lack of accurate techniques for the measurement of aerosol 
spectral absorption properties is in part responsible for the large uncertainties in aerosol 
forcing on climate. This cell will address this deficiency by providing a reference method 
for spectral aerosol absorption measurements. 

An experimental version of the critical reflectance algorithm (at 0.47 and 0.66 µm) was 
implemented in the MODIS operational algorithm; the results will be used to develop 
techniques for remote sensing of aerosol absorption and aerosol radiative forcing over 
land.  

Objectives for FY 03-04 

In the next fiscal year, task efforts will focus on analysis of the data collected during the 
SMOCC field campaign, including in situ ground-based and aircraft aerosol filters 
collected in parallel with real-time aerosol monitors, and data from the cloud scanner 
spectrometer, which was used for the first time during this campaign. MODIS aerosol 
data will also be included in the SMOCC data set to validate and extend the in situ data 
to the regional scale. Size-discriminated spectral absorption data will continue to be 
analyzed to produce a large data set of aerosol absorption properties. Efforts will be 
dedicated to applying the critical albedo theory to analyses of MODIS data and the 
retrieval of aerosol absorption and direct radiative forcing. The Goddard Multiple 
Reflection Aerosol Extinction Cell will be calibrated in the laboratory before deployment 
for field measurements. 
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NASA Grant: Understanding and Coping with the Effect of 3-D Cloud Structure on 
ARM Data (NAG5-12238) 

Investigators:  Christine Chiu, Research Associate; Alexander Marshak, JCET Fellow, GSFC, 
Code 913; Warren Wiscombe, GSFC, Code 913 

Abstract 

Research under this task has advanced our understanding of the effects of surface 
albedo inhomogeneity in the so-called “cloud absorption problem”, and answered the 
question of whether accounting for heterogeneous surfaces could explain the anomalous 
shortwave cloud absorption. The 1-D discrete ordinate radiative transfer (DISORT) and 
3-D radiative transfer models, including Monte-Carlo methods and the Spherical 
Harmonic Discrete Ordinate Method (SHDOM) were used, along with a black-and-white 
checkerboard surface albedo field, to examine cloud absorption as a function of a scale 
ratio. Results demonstrate that the use of domain-averaged surface albedo 
underestimates cloud absorption, and surface albedo inhomogeneity always enhances 
cloud absorption. However, the impact of surface albedo inhomogeneity on cloud 
absorption estimates is not significant enough to explain all enhanced cloud absorption. 

Description of Research  

Enhanced shortwave cloud absorption, defined as the discrepancy between measured 
and model-calculated cloud absorptions, has been a major concern in the atmospheric 
research community. This concern stems from the observation that this excess 
absorption is always a bias rather than a random error and, as a result, may have 
significant impact on climate modeling and remote sensing applications. Surface albedo 
inhomogeneity may be one cause of this discrepancy. Yet, to date, little analysis has 
been done to quantify how surface albedo variability affects cloud absorption estimates. 
Research during the reporting period, using 3-D radiative transfer modeling with a 
checkerboard surface albedo field, was performed to better understand the radiative 
interactions between surfaces and clouds, and to examine whether anomalous 
shortwave cloud absorption can be explained solely by surface albedo inhomogeneity. 

Accomplishments in FY 03-04 

The major accomplishment during the past year was to provide a quantitative analysis 
that definitively answered the question of whether the remaining anomalous shortwave 
cloud absorption can be explained by surface albedo variability. Based on radiative 
transfer model simulations, it was found that cloud absorption decreases with scale ratio, 
defined as the ratio of cloud base height to the horizontal scale of surface albedo 
variability. It was also suggested that the change in cloud absorption due to surface 
inhomogeneity would only be on the order of a 1% reduction in more realistic situations, 
which is negligible, and cannot explain the observed cloud absorption bias. 
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Objectives for FY 04-05 

One of the objectives for the upcoming fiscal year is to improve the surface retrieval 
algorithm for cloud optical depth, proposed by Marshak et al. [2004a], to apply it to 
Atmospheric Radiation Measurement (ARM) observations, and to validate it against other 
methods and measurements. A second objective is to better understand the spatial 
distribution of large cloud drops [Marshak et al. 2004b] and its impact on radiation and 
rain formation. 
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Task 23: Global Studies of Cloud Inhomogeneity and Its Radiative Impact 

NASA Grant: Use of New Radiative Transfer Schemes and Satellite Data for More 
Realistic Cloud Radiative Forcing and Hydrologic Cycle in Climate 
Models (NAG5-11631) 

Investigator: Lazaros Oreopoulos, Research Assistant Professor, Physics 

Abstract 
The performance of shortwave (SW) and longwave (LW) column radiation models 
(CORAMs) designed for use in general circulation models (GCMs) was evaluated under 
globally inhomogeneous conditions. A new version of the SW CORAM that accounts for 
horizontal cloud variability and performs better than the original SW CORAM of Chou and 
collaborators [Chou et al. 1998] was developed. The new model needs information on 
cloud inhomogeneity parameters, which can be obtained under certain conditions from 
satellite-based instrumentation (e.g., Moderate Resolution Imaging Spectroradiometer 
(MODIS) measurements). The appropriateness of the MODIS D3 dataset as a source of 
cloud inhomogeneity statistics was demonstrated, and a global cloud inhomogeneity 
climatology for July 2003 and January 2004 was built from Terra and Aqua MODIS D3 
data. 

Description of Research 
The JCET investigator’s research revolves around developing new, efficient cloud-
radiation parameterizations for inhomogeneous atmospheres, suitable for integration into 
large-scale models, intercomparing radiative transfer models used for climate and cloud 
research, and analyzing MODIS data to build climatologies and parameterizations for 
cloud horizontal and vertical variability. All the above studies have as a common goal:  to 
contribute to our understanding of how the complex nature of clouds affects radiative 
transfer, atmospheric and surface energy budgets, and, ultimately, global climate. 

Accomplishments in FY 03-04 
One of the main thrusts the investigator’s research was to test the performance of 
standard SW and LW CORAMs when exact cloud statistics from known cloud subgrid 
variability distributions are available. Such a dataset on a global scale was, fortunately, 
available from a run of the National Center for Atmospheric Research (NCAR)’s 
Community Atmospheric Model (CAM) GCM with a 2-D Cloud Resolving Model (CRM) 
installed in each column (also known as Khairoutdinov and Randall’s 
superparameterization). The CORAMs used where those of Chou and collaborators 
[Chou et al. 1998] commonly used in various GSFC-based GCMs. The investigator and 
his collaborators found that the original SW version of the CORAM performed quite well 
compared to reference Independent Column Approximation (ICA) calculations for 
boundary fluxes (global error ~4 W/m2 for reflected flux), largely due to the success of a 
combined overlap and cloud scaling parameterization scheme. The absolute magnitude 
of errors relative to ICA was even smaller (global error ~2 Wm/2 for outgoing flux) for the 
LW CORAM, which applies similar overlap. The vertical distribution of heating and 
cooling within the atmosphere was simulated quite well, with daily-averaged zonal errors 
always less than 0.3 K/d for SW and 0.6 K/d for LW heating (cooling) rates. The SW 
CORAM’s performance improved further when a scheme was introduced that accounts 
for cloud inhomogeneity. These results indicated that previous studies demonstrating the 
inaccuracy of plane-parallel models may have unfairly focused on worst-case scenarios, 
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and that current radiative transfer algorithms in GCMs may be more capable than 
previously thought in estimating realistic spatial and temporal averages of radiative 
fluxes, as long as they are provided with correct mean cloud profiles. 

While the multiscale modeling framework (superparameterization) is capable of providing 
horizontal and vertical subgrid cloud variability globally, it is also important to have a 
picture of this variability from observations. To accomplish this goal the investigator has 
undertaken a study, currently in progress, which analyzes two full months (July 2003 and 
January 2004) of MODIS Atmosphere Level-3 data from the Terra and Aqua satellites to 
characterize the horizontal heterogeneity in cloud optical properties at global scales. So 
far, the appropriateness of the MODIS data set has been verified for calculating 
previously introduced measures of cloud horizontal heterogeneity; different avenues to 
obtain them were compared. The foundation of a global cloud inhomogeneity climatology 
was laid by determining statistics of cloud variability at spatial scales of 1°x1° and at daily 
and monthly time scales. Specifically, geographical, day-to-day, and diurnal changes in 
various measures of cloud optical thickness and water path variability were studied both 
over land and ocean, as was its dependence on cloud type and cloud phase. Some of 
the highlights of the findings to date are that cloud inhomogeneity is weaker over land 
than over water (mainly for Terra), smaller for local morning (Terra) than local afternoon 
(Aqua), about the same for liquid and ice clouds on a global scale, but with wider 
probability distribution functions (PDFs) and larger latitudinal variations for ice, and 
relatively insensitive to whether water path or optical thickness distributions are used. 
Typical mean and modal global values of the inhomogeneity parameter, ν (the mean over 
standard deviation of water path or optical thickness), range from 2 to 2.5, while for the 
inhomogeneity parameter χ (the ratio of the logarithmic to linear mean) from 0.7 to 0.75. 
These values drop by 20-50% when M3 histograms encompassing both temporal and 
spatial variability in the 1°x1° grid point within a month are used in the calculations. 

Finally, the investigator is leading a joint Global Water and Energy Cycle Experiment 
(GEWEX) Radiation Panel (GRP) and Atmospheric Radiation Measurement (ARM) 
working group that will implement a permanent radiative model intercomparison Web site 
to distribute online test kits based on ARM observed/reconstructed clear and cloudy 
atmospheres. This will be accomplished with the aid of the ARM Broadband Heating 
Rate Profile (BBHRP) working group. Work is currently underway to set the criteria for 
selecting the most ideal cases from the BBHRP Value Added Products (VAPs) and 
determining the accuracy requirements for the benchmark radiative transfer algorithms. 

Objectives for FY 04-05 
Developing and refining the new CORAM will continue, with the goal of implementing it in 
the new Goddard Single Column Model. Studies will commence on the observed global 
radiative effects of the cloud inhomogeneity inferred from MODIS and its 
parameterization as a function of other MODIS cloud observables. There will also be 
involvement in a recently funded proposal (S. Platnick, PI) to analyze the sensitivity of 
MODIS Level-3 cloud properties to aggregation strategies; contributions from this task 
will be to examine how the cloud inhomogeneity measures are affected. The investigator 
will be one of the lead authors on a series of papers that address the accomplishments of 
the two first phases of the International Intercomparison of 3-D Radiation Codes (I3RC). 
Efforts will continue to set up a permanent home for the Intercomparison of Radiation 
Codes in Climate Models (ICRCCM), along with the development of an online toolkit of 
test cases based on ARM program observations. 
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Task 55: TOMS Aerosol Products Retrieval and Validation 

NASA Grant: Retrieval of Aerosol Properties from Ozone Monitoring Instrument 
(Ultraviolet and Visible Observations (NAS5-00173) 

NASA Grant:  A Long-Term Data Set on Aerosol Absorption from TOMS, MODIS, 
MISR, and AERONET (NNG04GG90G) 

NASA Grant:  Assessment of NPOESS Aerosol Algorithm Enhancement using VIIRS 
and OMPS Observations (NNG04GE08A) 

Investigator:  Omar Torres, Research Associate Professor, Physics 

Abstract 

Research objectives achieved in FY 03-04 included continuing the development of the 
Ozone Monitoring Instrument (OMI) aerosol retrieval algorithm, making important 
upgrades to the Total Ozone Mapping Spectrometer (TOMS) aerosol retrieval algorithm, 
and validating the aerosol absorption measurements from TOMS near-UV observations. 
Comparison of TOMS aerosol products to other satellite- and ground-based products 
continued. TOMS aerosol products (i.e., aerosol index, optical depth, and single 
scattering albedo) have been used in a variety of applications, yielding a large number of 
peer-reviewed publications during the reporting period. Funding for new research efforts 
was secured during the reporting period. A research proposal submitted to NASA for the 
combined use of aerosol data from TOMS, MODIS, the Multiangle Imaging 
Spectroradiometer (MISR), and the Aerosol Robotic Network (AERONET) was selected 
for funding. A proposal to participate as a member of the National Polar-orbiting 
Operational Environmental Satellite System (NPOESS) Preparatory Project (NPP) 
science team was also awarded by NASA.  

Description of Research 

The investigator is currently a member of the TOMS, OMI, and NPP science teams. 
Current research activity under Task 55 includes maintaining and upgrading the TOMS 
algorithm to retrieve aerosol properties from measurements in the ultraviolet spectral 
region, validating TOMS aerosol products using ground-based measurements, and 
comparing these products to other equivalent aerosol satellite retrieval products. 
Activities under NASA grant NAS5-00173 included developing, coding, testing, and 
implementing the OMI aerosol algorithm. Work on research activities under recently 
awarded grants (NNG04GG90G and NNG04GE08A) has begun. 

Accomplishments in FY 03-04 

Work on developing and testing the OMI aerosol algorithm continued as scheduled. The 
current algorithm (version 0.9.3) includes full implementation of the science component, 
quality assurance analysis, and quality and error flag schemes. Testing experiments 
have been carried out using synthetic datasets and actual radiances measured by the 
TOMS and Global Ozone Measuring Experiment (GOME). Preliminary analysis for 
integration into the OMI processing system has been carried out. 

The TOMS aerosol algorithm was modified to address deficiencies identified during 
validation analyses using ground-based measurements and comparison to similar 



 THE JOINT CENTER FOR EARTH SYSTEMS TECHNOLOGY 

 20  

satellite products. The most important modification was the development of a new 
approach to account for the surface albedo, especially over water surfaces. Additional 
upgrades were performed to bring the TOMS aerosol algorithm in line with the OMI 
retrieval scheme. 

An analysis of the accuracy of the single scattering albedo product derived from TOMS 
observations was carried out. Ground-based measurements of single scattering albedo 
of carbonaceous aerosols at 440 nm from AERONET observations during the Southern 
African Regional Science Initiative (SAFARI) 2000 field campaign were compared to 
TOMS retrievals. The results of the analysis indicated that aerosol absorption from space 
using TOMS observations could be obtained with reasonable accuracy. Details of this 
analysis have been included in a paper [Torres et al. 2004] to be published in a special 
issue of the Journal of Geophysical Research, on the Global Aerosol System. 

Collaboration with scientists around the world continued. As a result, nine peer reviewed 
scientific articles were either published or accepted for publication during the reporting 
period. A joint effort with scientists from the National Center for Atmospheric Research 
(NCAR) and the Pacific Northwest National Laboratory (PNNL) on the analysis of the 
long-term TOMS aerosol record in conjunction with data on sulfate emission led to the 
discovery of statistically significant increases in the atmospheric aerosol load over Asia 
during winter. The results of this analysis have been recently submitted for publication 
[Massie et al. 2004]. Other important research work resulted in the development of a 
parameterization method to convert the TOMS Aerosol Index into a useful validation tool 
for aerosol transport models [Ginoux and Torres 2003]. This parameterization allows 
calculation of an empirical TOMS aerosol index using meteorological fields as input, and 
model-calculated quantities, such as aerosol concentration and single scattering albedo. 
The empirical Aerosol Index can be compared directly to the TOMS-derived Aerosol 
Index. 

During the reporting period, three proposals (one as PI, two as Co-I) that had been 
submitted to NASA during FY 02-03 were selected for funding. Another proposal to 
become a member of the NPP science team was awarded during FY 03-04.  

 Objectives for FY 04-05 

Research objectives for FY 04-05 include implementing the OMI aerosol algorithm for the 
EOS Aura mission (successfully launched in July 2004), planning for validation of OMI 
aerosol products, continuing he recently initiated work on the joint use of 
TOMS/MODIS/MISR and AERONET data to create a long-term data record of aerosol 
absorption, and reprocessing the entire TOMS aerosol record as new calibrated 
radiances become available. The investigator will also initiate his participation in the NPP 
science team.  
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Task 8: Retrieval of Cloud and Sea Ice Properties from THOR Lidar 
Measurements 

NASA Grant:  Validation of Cloud Optical Depths Retrieved from EOS/MODIS Data 
(NAG5-6675) 

Investigator: Tamás Várnai, Research Assistant Professor, Physics 

Abstract 

One major goal of this research is to examine the influence of cloud heterogeneities on 
satellite retrievals of cloud properties. In particular, the study examined heterogeneity 
effects in cloud observations by the Moderate Resolution Imaging Spectroradiometer 
(MODIS). The statistical analysis of MODIS observations revealed some systematic 
cloud retrieval biases that could be attributed to cloud heterogeneity effects. The other 
main goal is to develop algorithms that use Thickness from Offbeam Returns (THOR) 
lidar data to retrieve various cloud and sea ice properties, such as geometrical thickness. 
This year codes for computer simulation of THOR data were improved, retrieval 
algorithms were refined, and THOR’s first actual cloud observations were analyzed. 

Description of Research 

A key objective for this project is to estimate the uncertainties cloud variability introduces 
into the processing of MODIS measurements and, in particular, into the retrievals of cloud 
optical thickness. The goal is to develop an algorithm that can set error bounds on 
retrieved optical thickness values, considering only the errors caused by cloud 
heterogeneities. Another major objective is to develop data processing algorithms for the 
experimental THOR lidar system. The algorithms use the diffuse halo observed around 
THOR’s laser beam to retrieve various cloud and sea ice properties, such as geometrical 
thickness. 

Accomplishments in FY 03-04 

During the past year statistical analysis of MODIS cloud observations continued, with the 
goal of estimating the ways cloud heterogeneities influence the accuracy of operational 
MODIS cloud property retrievals. The analysis revealed some significant systematic 
retrieval biases that could be attributed to cloud heterogeneity effects. For example, the 
analysis showed that the operational retrievals (which do not consider the effects of cloud 
variability in retrieving cloud properties at a given point) are more likely to yield large 
optical thickness values if clouds are viewed from backscattering directions. This 
behavior falls very much in line with the behavior of cloud heterogeneity effects in 
theoretical simulations. Such statistical analysis may allow future improvements in the 
accuracy of cloud property retrievals. 

The second objective of our research was to develop data processing algorithms for the 
THOR experimental airborne lidar system. The algorithms are designed to retrieve the 
geometrical thickness and internal structure of clouds and of sea ice. THOR’s main new 
feature that allows such retrievals is that it can measure the diffuse radiation that 
emerges from the cloud (or the sea ice) at various distances from the point where its lidar 
beam enters the scattering object. Measuring the diffuse halo around the entry point can 
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provide quantitative information because the halo size increases with the thickness of the 
layer. 

The first step in interpreting actual THOR data was to develop a theoretical model to 
generate simulated THOR data. This year the capabilities of our theoretical model were 
greatly increased, so that it is now able to simulate the vast number of cloud situations 
that are required to populate the large lookup tables needed for improved and more 
detailed THOR retrievals. The next step was to improve the retrieval algorithm that 
estimates cloud or sea ice properties by determining which set of simulation parameters 
allowed the best fit to the actual observations. The new, significantly faster algorithm 
replaces the iterative search for a best match by comparisons with more-detailed lookup 
tables. 

As part of the algorithm development process, airborne THOR observations were also 
analyzed. These observations were collected during a field campaign in Oklahoma in 
March 2002. The geometrical cloud thicknesses obtained by the test retrievals were 
compared to geometrical thicknesses that were obtained by combining THOR’s clear-cut 
information on cloud-top altitude with reliable ground-based estimates of cloud-base 
altitude. The initial tests yielded some very encouraging results, and highlighted 
directions for future improvements. 

Finally, THOR has been modified to make it suitable for measurements of sea ice 
thickness. Unfortunately, the field campaign in which THOR sea ice observations were to 
have been collected was aborted and postponed until next year due to aircraft engine 
problems. 

Objectives for FY 04-05 

The primary goal of this work is to continue analyzing MODIS data for more detailed 
information on the radiative effects of cloud heterogeneities, and on ways these effects 
can be accounted for in cloud property retrievals. Plans also call for further development 
of and improvements in the THOR retrieval algorithms for both clouds and sea ice. Initial 
tests of sea ice retrievals will be done after a field campaign over the seas around 
Antarctica, scheduled for September 2004. Finally, participation in the Intercomparison or 
3-Dimensional Radiative Codes (I3RC) project is planned, by establishing some test 
cases, submitting the model results, and analyzing the results from all participants. 
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NASA Grant: Assessment, Validation, and Refinement of the Atmospheric 
Correction Algorithm for the Ocean Color Sensors (NAS5-00203) 

Investigator:  Menghua Wang, Research Associate Professor, Physics 

Abstract 

During FY03-04 the investigator’s efforts focused on various aspects of atmospheric 
correction and aerosol property retrieval. In particular, Earth curvature effects on sensor-
measured top-of-the-atmosphere (TOA) radiance were studied, a method for aerosol 
reflectance extrapolation from the near infrared to the visible was developed, and aerosol 
properties derived from ground-based measurements were investigated. 

Description of Research 

It is commonly known that the Earth’s atmosphere is a spherical-shell atmosphere (SSA) 
rather than a plane-parallel atmosphere (PPA). Thus, the light scattered by the Earth’s 
atmosphere is governed by physics of the radiative transfer equation (RTE) with proper 
boundary conditions in the SSA system. In satellite and aircraft remote sensing however, 
it is the PPA model that is usually used to compute the lookup tables and convert the 
sensor-measured signals to the desired physical and optical quantities. The PPA 
assumption is a simple (yet very good) approximation for solar and sensor zenith angles 
less than approximately 80°; however, solar zenith angles greater than or equal to 90° 
are not defined. When the solar zenith angles are greater than 90° in the PPA system, 
i.e., when the sun is below the horizon, there is no light scattered out to the top of the 
atmosphere or at the bottom of the surface, and complete darkness would eventuate. 
The ocean color satellite sensor, the Sea-viewing Wide Field-of-view Sensor (SeaWiFS) 
[Hooker et al. 1992], acquired imagery with solar zenith angles exceeding 90°, and thus 
provided good examples of Earth’s curvature effects on the light-scattering processes in 
a SSA system. This phenomenon was studied by the investigator and is discussed here. 

Accomplishments in FY 03-04 

SeaWiFS has eight spectral bands centered at 412, 443, 490, 510, 555, 670, 765, and 
865 nm, with bandwidths of 20 nm for the 6 visible bands, and 40 nm for the two near-
infrared (NIR) bands. The NIR bands are used for atmospheric correction [Gordon and 
Wang 1994], which is done to remove atmospheric and surface effects and to derive the 
visible signals exiting from ocean waters. On 26 June 2000 SeaWiFS acquired images 
with significantly extended coverage, adding about another five minutes to the normal 40-
minute recording duty cycle. This was a test for SeaWiFS’s coverage capability and for 
finding proper additional coverage for routine operation. For this test purpose, the 
SeaWiFS coverage for a specific orbit was extended significantly and images were 
acquired for solar zenith angles up to approximately 94°. These data were used to study 
Earth’s curvature effects, as described above. 

Although their magnitudes were relatively small, it was found that TOA radiances were 
still significant for solar zenith angles greater than or equal to 90°. It is also interesting to 
note that, for the larger solar zenith angles, the normalized radiance (defined as radiance 
divided by the solar irradiance at the TOA) contribution at the red bands became more 
important and exceeded the radiance contributions at the blue and green bands for solar 
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zenith angles greater than or equal to 90°. In these cases, therefore, SeaWiFS imagery 
looked more or less reddish.  

To understand and interpolate the SeaWiFS measurements, various radiative transfer 
simulations for the SSA model were carried out using the backward Monte Carlo method 
developed by Ding and Gordon [1994]. The radiative transfer code is for the SSA model 
bounded by a Fresnel reflecting ocean surface, and has been slightly modified for cases 
with atmospheres composed of any type of scattering particles, e.g., water clouds. In 
addition, the code has been modified to use inputs of the solar-sensor geometry defined 
at the PPA system (at the local surface). It was found that, for very large solar zenith 
angles (greater than approximately 85°), the TOA radiance is very sensitive to the 
physical thickness of the atmospheric layer assumed in the simulation. Indeed, for very 
large solar zenith angles, the TOA radiance is much more sensitive to the change of 
physical thickness of the layer than to the optical properties of the medium. This is 
because for the SSA model with large solar zenith angles, photons that exit the TOA via 
scattering processes are limited by the solar sensor geometry and physical thickness of 
the layer: The thicker the layer, the larger the probability that photons can be scattered 
into the sensor viewing direction; hence, the larger the sensor-measured radiance. At 
443 nm the effective thickness of the SSA layer is best approximated by a value of some 
40 km, while at 670 nm the SSA layer can be approximated by values near 20 km. The 
Rayleigh optical thicknesses at 443 nm and 670 nm are approximately 0.234 and 0.045, 
respectively. This explains different effective physical thicknesses for the wavelengths 
443 and 670 nm at which photons can interact with molecules and particles in the 
radiative transfer process. A photon at 443 nm “sees” more of the physical layer than a 
photon at 670 nm, because the Rayleigh optical thickness at 443 nm is significantly 
larger than that at 670 nm. For the PPA model, on the other hand, the physical thickness 
has no effect on the TOA radiance.  

 Objectives for FY 04-05 

The investigator will continue to develop and refine the atmospheric correction 
algorithms, and will perform vicarious calibration of ocean color sensors by 
intercomparing sensors and/or ground measurements. Studies of aerosol optical property 
retrievals from ground-based measurements will be conducted to validate aerosol 
models and the retrieval of aerosol optical properties from satellite-based measurements. 
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II.2  Clouds and Precipitation Focus Group: 
Vision 
The underlying research theme for the Clouds and Precipitation Focus Group is to 
improve our understanding of the global hydrological cycle and regional climate 
variability. The goals of our research activities are to understand the physics and 
dynamics of cloud and precipitation processes, from individual cloud particles to 
organized convective systems, and to determine the aggregate impact of precipitation 
systems on the Earth’s climate. We examine the fundamental physical processes of 
precipitating systems through analyses of observational data sets and output from 
numerical model simulations. We develop improved surface- and space-based retrievals 
of precipitation, and evaluate the assimilation of these improved precipitation estimates in 
larger-scale models. We also produce global, multi-year data sets of precipitation for 
climatological monitoring of the atmospheric hydrological cycle. The expertise in our 
group is in atmospheric thermodynamics, cloud physics, mesoscale dynamics, tropical 
meteorology, radar meteorology, radiative transfer applications in active (radar) and 
passive microwave remote sensing from space, high-resolution numerical modeling of 
clouds, and measurements of precipitation from surface-based instruments. 

A continuing focus of the group is to provide quality data sets to validate spaceborne 
precipitation algorithms and high-resolution numerical models. This involves collecting 
and analyzing data from field campaigns (physical validation), and developing multi-year 
precipitation data sets from specific validation sites (climatological validation). Since the 
four-dimensional structure of clouds and precipitating systems is tremendously complex, 
both approaches provide important scientific insights and independent validation of 
numerical and remote sensing models. In physical validation, coincident measurements 
from surface platforms (e.g., scanning radars, rain gauges, disdrometers, vertical 
profilers, lidars, radiosondes, tethersondes, and surface meteorological instruments) are 
combined with those from aircraft and satellites (e.g., in situ microphysical data sets, 
active radar and passive microwave remote sensing measurements) to better understand 
the fundamental physical processes of precipitating systems. This methodology focuses 
on improving our understanding of the complex physical processes within clouds, and 
using this information to improve various types of physical models. Group members play 
leadership roles in the application of this research to such major NASA efforts as the 
Tropical Rainfall Measuring Mission and the follow-on Global Precipitation Mission. 

Surface rainfall has always been a primary indicator of regional climate, and the recent 
integration of satellite and rain gauge estimates has provided a time series of global 
rainfall distributions spanning the last decade. Climate models cannot always predict the 
magnitude and duration of significant rainfall anomalies; therefore, statistical models—
based upon the global rainfall record—represent an important first step in understanding 
rainfall variability. Group members will continue to collaborate with NASA scientists to 
develop and analyze this important data source, and help to deduce the large-scale 
mechanisms responsible for rainfall variability. 

On shorter space and time scales, severe weather events can have devastating human 
and economic impacts, and the roles of convection in intense weather systems—such as 
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mesoscale convective complexes and tropical cyclones—will be a continuing area of 
collaborative research within the group. Research on the dynamics and evolution of 
precipitation systems, their surrounding environment, and their variability in the regional 
climate system provides the foundation for testing assumptions in satellite-based 
precipitation retrieval algorithms. 

The theoretical basis for satellite remote sensing of precipitation in convective systems 
has evolved from the earlier era of crude radiative models and simple inversion schemes 
to an era of three-dimensional cloud/radiative models and physically consistent retrieval 
techniques. Implementing the methods of the new era will involve close collaboration 
between cloud modelers and remote sensing algorithm developers; both types of 
specialists are represented in the Clouds and Precipitation Research Group. The ultimate 
utility of remote sensing measurements of clouds and precipitation may depend on how 
well the data can be assimilated into global simulations of the Earth’s climate. The 
success of such assimilation experiments will also depend on how well cloud processes 
are represented in the global models. 

The Clouds and Precipitation Focus Group is committed to fostering undergraduate and 
graduate education in the Earth and environmental sciences at UMBC. Group members, 
affiliated with the Department of Geography and Environmental Systems and the 
Department of Physics, have developed and are teaching several courses. These include 
undergraduate courses on weather and climate, climate change, El Niño/hurricanes and 
related societal impacts, and a graduate course on atmospheric dynamics. Our faculty 
members serve as mentors for undergraduate students to inspire them to pursue 
graduate study. We are taking a leadership role in the development of a graduate 
curriculum for a proposed interdisciplinary program on Earth Systems and the 
Environment, led by the Department of Geography and Environmental Systems. 
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Task 69:  TRMM Education and Public Outreach 

Task 70: Enhanced Sounding Data, Modeling Support, and Case Study 
Evaluation for CRYSTAL-FACE 

NASA Grant: Investigations of Maritime and Continental Tropical Convective 
Systems Using Data from TRMM Field Campaigns (NAG-9718) 

NASA Grant: Use of TRMM and Combined Satellites to Study Tropical Cyclone 
Rainfall Over Oceans and During Landfall (NNG04GE97G) 

Investigators: Jeffrey B. Halverson, Research Associate Professor, Geography and 
Environmental Systems; David O’C. Starr, JCET Fellow, GSFC, Code 912; 
Joanne Simpson, GSFC, Code 910 

Abstract 
Work under this task continued ongoing studies of the behavior and structure of tropical 
cyclones using data from the fourth NASA Convection and Moisture Experiment 
(CAMEX-4) field campaign. These studies included examining the rainfall processes in 
Hurricane Isabel and the extreme convective events during the intensification of tropical 
cyclones. Involvement began in the planning phase of a mission for using unmanned 
aerial vehicles (UAVs) to study hurricane genesis in the eastern Atlantic basin. The 
investigator took an Intergovernmental Personnel Act (IPA) position at NASA 
headquarters to develop an experiment combining research elements of the Atmospheric 
Dynamics and Radiation Sciences Programs in the Office of Earth Sciences. Finally, 
work continued as the NASA Tropical Rainfall Measurement Mission (TRMM) Education 
and Outreach Scientist, refining educational videos on the water and energy cycle, 
storms, and the El Niño/Southern Oscillation (ENSO).  

Description of Research 
Research goals for this task involve a synthesis of surface, in situ, and remote sensing 
observations to better understand the rainfall, winds, and eye thermodynamics of tropical 
cyclones. Of particular interest are those aspects that contribute to the genesis of storms, 
rapid intensity change, and the factors influencing inland flooding. The last two aspects 
are poorly forecast and have a great impact on at-risk populations in the western 
hemisphere. The JCET investigator has always championed the cause of informing 
nonscientists about the implications of tropical rainfall studies and research. To this end, 
he spends considerable effort on outreach, working with visualization teams to 
synthesize and distill the science observations into educational stories that describe the 
science and why NASA is interested in studying storms. 

Accomplishments in FY 03-04 
The year began by analyzing south Florida synoptic and satellite fields to establish the 
large-scale meteorological setting for detailed case studies of individual cirrus anvil 
clouds. This research was written up and submitted as part of a joint effort to produce a 
meteorological overview paper of the NASA Cirrus Regional Study of Tropical Anvils and 
Cirrus Layers – Florida Area Cirrus Experiment (CRYSTAL-FACE) campaign. 

The analyses of aircraft and satellite data on Hurricane Erin, a strong category Atlantic 
storm that was investigated during the CAMEX-4 mission, were finished. For the first time 
in the history of our science, NASA’s high-flying aircraft were used to make detailed in 
situ observations on the structure of the storm’s warm core. The data were provided by 
unique dropsonde profiles of winds, temperature, and moisture in and around the storm’s 
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inner core. As described in Halverson et al. [2004], the warm core weakened aloft as the 
storm dissipated, the warm air was distributed horizontally and vertically inside the eye, 
and the impact of environmental wind shear on the inner core structure were determined. 
The amount of surface pressure fall relative to the observed magnitude of eye warming 
was determined using hydrostatic relationships. 

A second storm, Tropical Storm Chantal, was also analyzed, with results presented in 
Heymsfield et al. [2004]. Unlike Erin, this storm developed in the Caribbean Sea as a 
marginal system that failed to fully intensify into a hurricane. The storm was deeply 
sheared throughout most of its lifecycle. Nevertheless, a convective burst developed 
within the inner core just before the storm made landfall. The paper describes an 
unprecedented set of aircraft observations on the structure of this burst and the 
decoupling of the lower level vortex from the burst. The convective burst had supercell-
like characteristics but failed to intensify the storm. The work presents an example of a 
“fizzled” or “almost” hurricane, from the standpoint of how strong environmental shear 
arrested the hurricane genesis processes. 

The JCET investigator assumed a part-time IPA position at NASA Headquarters, serving 
as deputy project scientist in Code YS, tasked with unifying the science objectives of 
Atmospheric Dynamics and Radiation Sciences Programs as part of a new field program 
designed to address tropical cloud systems and processes. The program uses NASA 
remote sensing, suborbital, and ground observation systems to investigate a spectrum of 
processes unique to the deep moist convection in the maritime tropics. Science 
objectives that pertain to tropical cyclone genesis, the cloud-radiation-atmospheric 
feedbacks associated with cirrus cloud layers, and the impact of deep tropical clouds on 
vertical chemical transports across the tropical tropopause layer were developed. The 
effort culminated in the release of a NASA Research Announcement (NRA) to solicit 
formation of a science team to carry out the program objectives in the summer of 2005, in 
the vicinity of Costa Rica. The NRA also represents a new mode of business for Code 
YS, which is to combine across multiple focus areas as opposed to doing “stovepipe” 
science within the individual programs. 

Finally, in concert with a graduate student, work continued on analyzing all tropical 
cyclone convective burst events for a three-year period around the globe, to develop a 
climatology of how these phenomena impact rapid intensification. The analyses suggest 
that 85-88% of all developing tropical cyclones of at least tropical storm intensity contain 
one or more bursting episodes. The mechanisms by which bursts engender 
intensification, however, remains elusive and will warrant further investigation by our 
team.  

Objectives for FY 04-05 
Working under a new NASA grant, the focus of this work will shift to the inland flooding 
potential of tropical cyclones, with the help of a new postdoctoral hire from the University 
of Utah. The goal is to understand the meteorological processes that contribute to rain 
intensity and rain distribution in tropical cyclones. It will utilize the new Multi-Satellite 
Precipitation Analysis (MPA) at GSFC to quantify the rainfall in storms while over ocean 
and during landfall. In addition, the IPA at NASA headquarters will continue. In the 
coming year, the JCET investigator will be responsible for selecting the science team for 
the tropical cloud systems and processes NRA. Work will be done to establish the 
logistical support necessary to carry out the field phase of this work in summer 2005. 
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Task 28: Research Support for the GPM Mission  

NASA Grant: U.S.–India Collaborative Research on Monsoon Prediction  
(NAG5-9707) 

Investigator: Amita V. Mehta, Research Assistant Professor, Physics 

Abstract 

The objective of this task is to provide research support for the Global Precipitation 
Measurement (GPM) mission. Projects included simulation of mesoscale rain systems 
with the University of Wisconsin Nonhydrostatic Modeling System (UW-NMS); the model 
that will be used in conjunction with GPM-era satellite and ground measurements; 
analysis of Tropical Rainfall Measuring Mission (TRMM) measurements to analyze flood-
inducing heavy precipitation events over Bangladesh; and intercomparison of satellite-
derived rain rates with rain gauge measurements over Florida. A collaborative project to 
understand decadal variability of Western Pacific warm pool and associated climate 
variability was initiated.  

Description of Research 

One project under this task involved analysis of tropical and midlatitude mesoscale 
precipitation systems simulated with the UW-NMS [Tripoli 1992]. Another project involved 
analysis of TRMM measurements to analyze flood-inducing precipitation events around 
Bangladesh, where the worst flood of the century occurred during July-August of 1998. 
To examine rainfall during the most damaging flood, TRMM Precipitation Radar (PR) 
products 3A25 (monthly data) and 2A25 (orbital data) were used [Kummerow et al. 
2000]. The third project was to carry out intercomparisons of surface rain-gauge 
measurements with multisatellite rain estimates, particularly to examine how diurnal 
evolution of rain is captured by the satellite estimates. A satellite-derived rain product, 
blended from Special Scanner Microwave/Imager (SSM/I), the TRMM Microwave Imager 
(TMI), geostationary infrared and visible measurements [Turk et al. 2003], and TRMM 
ground validation rain gauge data over Florida were used.  

Accomplishments in FY 03-04 

UW-NMS simulations of Typhoon Rusa and a flood-inducing storm that formed over 
Algeria were analyzed to compare their water budget characteristics. These two storms, 
while of different origins (Rusa formed over the Pacific Ocean as a warm-core cyclone 
and moved over land, whereas the Algerian storm initiated over mountains and then 
moved over the Mediterranean Ocean as a warm-core storm) showed similar rain 
efficiencies during their life cycles. Examination of storm-scale (~300 km) and flood-scale 
(~10 km) water divergence, vertically integrated hydrometeors, and surface precipitation 
showed that rain efficiency depends significantly on warmer surface temperatures and 
orography. 

Analysis of TRMM PR data over and around Bangladesh showed that monitoring rainfall 
over the catchment areas of rivers provided a useful indicator of downstream flood 
events. In this study, rain rates for June-August 1998 over the catchment areas of the 
Ganges, Brahmaputra, and Meghna rivers were examined. A continual increase of 
rainfall was observed after July 20, 1998 that led to a major flood over most of 
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Bangladesh on July 28. A second maximum in rainfall was observed between 14-19 
August prior to flooding on August 20. During this time, convective rain dominated the 
total rainfall with 10-15 mm/day mean rain, while stratiform rain remained below 
5 mm/day.  

Intercomparison of satellite-derived rain rates with rain gauge measurements over Florida 
during June-August 2003 showed that while the satellite-derived rain rates were biased 
low, they tracked the diurnal and seasonal evolution of the rain rate quite well. The 
satellite estimates and the gauge rain rates clearly showed a west-to-east difference in 
the time of maximum rainfall across Florida. 

A collaborative project with the Center for Research on the Changing Earth System 
(CRCES) was initiated to examine decadal variability of Western Pacific warm pool 
region and its impact on local and remote water cycle variability. This study showed that 
the ocean temperatures in the warm pool vary and the region undergoes significant 
decadal variability, including the Walker circulation and local rainfall, but not always in 
local evaporation, which suggests that moisture is imported from outside the warm pool 
area. 

Objectives for FY 04-05 

The UW-NMS will be used to simulate observed rainstorms over Amazônia, where 
rainstorms are influenced by large-scale atmospheric conditions and local land-surface 
characteristics. TRMM data will be analyzed to identify rain systems over this region. The 
UW-NMS will then be used to simulate and understand the life cycle of these systems. A 
3-D radiative transfer model, currently being developed and tested by GPM team 
members, will be included in the UW-NMS model to determine its impact on the 
simulation. 

In support of the GPM ground validation program, a preliminary study will be carried out 
in which a currently available multisatellite rain product will be used in conjunction with 
surface radar and rain gauge measurements to develop methodology and software for 
error detection, quantitative error characterization in terms of bias, bias uncertainty, and 
error covariance of satellite-based rain estimates. For this project, two sites were chosen: 
Florida and Catalonia, Spain. Surface measurements from these sites will be used to 
generate the error characteristics in near-real time. This methodology (with appropriate 
modification) will eventually be used at other GPM ground-validation sites.  
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Task 45:  Global Retrieval of Precipitation and Latent Heating Distributions 
from Spaceborne Radiometer/Radar Observations 

NASA Grant:  Characterization and Mitigation of Errors in Passive Microwave 
Precipitation/Latent Heating Estimates Used in Data Assimilation and 
Large-Scale Analysis Applications (622-32-99) 

NASA Grant:  Improvement of General Circulation Model Simulations Using Global 
Observations of Precipitation/Latent Heating (NAG5-12064) 

NASA Grant: Assimilation of Precipitation Information from Spaceborne Sensors to 
Enhance Weather Forecast and Climate Diagnostic Capabilities (622-
32-99)  

Investigators: William S. Olson, Research Associate Professor, Physics; Robert Adler, GSFC, 
Code 912; Scott Braun, GSFC, Code 912; Mircea Grecu, GEST; Song Yang, 
GMU; Arthur Hou, GSFC, Code 900.3 

Abstract 

Advances in our understanding of systematic and random errors in satellite passive 
microwave estimates of precipitation and latent heating were achieved through cloud-
resolving model simulations, algorithmic and synthetic retrieval studies, and comparisons 
to independent ground-based observations. Work on developing a combined passive-
active microwave method to estimate precipitation profiles was completed, yielding new 
insights into the sensitivity of current competing rain estimation methods to the 
uncertainties in observations. Assimilation of rain into global model simulations improved 
the representation of tropical intraseasonal wave phenomena, and a method for 
introducing latent heating information into global assimilations was developed.  

Description of Research 

The main objective of this research was to quantify and mitigate errors in estimates of 
precipitation and latent heating from satellite passive microwave radiometry at various 
space and time scales. Studies pertaining to the passive microwave technique were 
complemented by an effort to develop a satellite passive-active microwave 
precipitation/latent heating estimation method. Collaborations with the global modeling 
and assimilation group at GSFC continued, in which the influence of assimilated surface 
rainfall on modeled intraseasonal variability was examined, and the feasibility and impact 
of latent heating profile assimilation were studied. 

Accomplishments in FY 03-04 

Since our satellite precipitation estimation method draws upon candidate solution profiles 
from cloud-resolving model simulations, a first step toward error correction was to identify 
possible biases in these simulations. Based upon a recent numerical simulation of a 
tropical cyclone, it was determined that simulated microwave scattering by precipitation-
size ice exceeded (in a statistical sense) the scattering observed by satellite microwave 
radiometers. 
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Systematic and random errors were also studied using algorithmic methods, applications 
of our estimation method to synthetic data, and comparisons of satellite estimates of 
precipitation and heating to independent, ground-based estimates. The algorithmic 
methods and synthetic data studies indicated errors on the order of 100% for footprint-
scale, instantaneous estimates of surface rain rate by passive microwave radiometry. Of 
greater interest to potential users of these data, however, are the errors of instantaneous 
rain estimates, spatially averaged to the resolution of numerical weather prediction model 
grids. Using an error correlation model developed here, random errors in 0.5o average 
rain estimates were shown to range from 50% at 2 mm/h to 25% at 10 mm/h.  

For large-scale meteorological analysis applications, rain estimates at coarser resolution 
with a minimum of bias are required. The primary random error in monthly rain estimates 
at 2.5o resolution is due to sampling, given the infrequent revisit times of satellite 
microwave radiometers to a particular location. To represent sampling errors, a statistical 
model [Laughlin 1981] was calibrated using rain rate variance information at 2.5o grid 
locations over a period of one month. Percentage sampling errors were found to be 
lowest (approximately 5%) in the intense rain regions of the intertropical convergence 
zone (where sampling is high), but exceeded 40% in the subtropical high regions, where 
rain events are infrequent. 

A combined satellite radar-radiometer algorithm, completed in the last year, has shed 
light on the magnitudes of mean errors in radiometer-only, radar-only, and radar-
radiometer rain estimates. Long-term mean rain estimates from these three approaches 
currently lie within the potential biases of the single-instrument rain estimates. In ongoing 
model assimilation experiments, a new method for assimilating satellite latent heating 
estimates was developed, and assimilated rain rates were shown to improve the 
representation of tropical intraseasonal wave phenomena in model-based analyses. 

Objectives for FY 04-05 

The effort to develop a comprehensive error model for passive microwave estimates of 
precipitation and latent heating will continue. In particular, the development of an error 
model for latent heating will require comparisons of satellite heating estimates to 
rawinsonde budget estimates. Testing the sensitivity of cloud-resolving models to 
prescribed model parameterizations will hopefully lead to more physically consistent 
model simulations, and therefore better satellite algorithms that rely upon them. The 
combined radar-radiometer method will be modified to yield estimates of latent heating in 
addition to precipitation structure. Studies of the impacts of satellite rain and latent 
heating estimates in global assimilations will continue.  
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Task 50:  Observations of Tropical Mesoscale Convective Systems Leading to 
Improved Precipitation Estimation 

Task 64: Augmenting CRYSTAL-FACE Radar Observations of Precipitation with 
the NWS’s WSR 88-D Radar Network 

NASA Grant: Climatology and Evolution of Convective Systems Combining Surface 
Radar and Geostationary Infrared Satellite Data During the TRMM 
Field Campaigns (NAG5-9816) 

Investigators:  Thomas M. Rickenbach, Research Assistant Professor, Geography and 
Environmental Systems; David O’C. Starr, JCET Fellow, GSFC Code 912; 
Robert Adler, GSFC Code 910 

Abstract 

Work over the past year continued efforts on a project to understand the development 
and maintenance of anvil clouds generated by deep convection, which are important but 
poorly understood climate drivers, as part of NASA’s Cirrus Regional Study of Tropical 
Anvils and Cirrus Layers – Florida Area Cirrus Experiment (CRYSTAL-FACE) in South 
Florida. In conjunction with GSFC and other university researchers, important progress 
was made in understanding the evolution of convection, precipitation, and anvil 
cloudiness of a priority case study. High-resolution precipitation maps were produced 
from radar and rain gauge measurements, and progress was made in estimating the 
precipitation mass budgets for convective and anvil portions of the storm using 
observations and model simulations. Another project was completed and published, on 
the origins of a secondary, nocturnal maximum in clouds and precipitation in 
southwestern Amazônia, a previously observed but poorly understood feature of the 
diurnal variation of rainfall in tropical South America.  

Description of Research 

The general objective of this research is to understand the relationship between large-
scale circulations and the formation, organization, and vertical structure of tropical 
convective systems. To accomplish this goal intensive field observations of tropical 
convection are used, specifically, from field programs and satellite observations taken in 
Florida and Brazil, connected to NASA programs to understand the climate forcing of 
tropical cirrus clouds and to measure the global distribution of precipitation in the Tropics 
(e.g., NASA’s Tropical Rainfall Measuring Mission, TRMM). 

Accomplishments in FY 03-04 

NASA’s CRYSTAL-FACE took place in July 2002 to study the formation and persistence 
of tropical cirrus clouds, which regulate Earth’s climate in ways that are poorly 
understood. In collaboration with researchers at GSFC and other universities, an effort 
has matured to study the formation and evolution of convectively generated anvil clouds 
from a series of storm systems on 23 July 2002. First, polarimetric radar data has 
successfully been combined with National Oceanic and Atmospheric Administration 
(NOAA)’s weather surveillance radar (WSR) 88-D Next-Generation Radar (NEXRAD) 
network and rain gauge data to produce high-space- and -time-resolution precipitation 
maps for that case, an important goal for the overall CRYSTAL-FACE effort. This work 
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was a joint project between JCET, the North Carolina State University (NCSU), the 
University of North Dakota (UND), and Colorado State University (CSU). Next, the 
detailed evolution of the three-dimensional precipitation structure of an anvil-producing 
storm has been analyzed using NEXRAD data [Rickenbach et al. 2003]. The NEXRAD 
data allowed estimates of the volumetric growth rate of the stratiform anvil region as the 
convective region decayed, providing important constraints on mass budget studies of 
the convective and anvil portions of this system. Results of this analysis suggested that 
about 70% of the precipitation-sized condensate in the convective cells was transferred 
directly into the anvil region, while 30% was removed by fallout as rainfall or evaporated. 
Both the rainfall and mass budget results are currently being used by GSFC researchers 
to guide and verify mesoscale-modeling simulations of anvil generation on that day. To 
aid verification of the model, an algorithm was developed to track the size, position, and 
intensity of convective cells from NEXRAD data for direct comparison with similar cell 
tracking from the mesoscale model output. Infrared cloud-top brightness temperature 
data, archived at GSFC through this project, were processed, navigated, and analyzed to 
place the precipitation evolution derived from radar data in the context of extensive anvil 
cloud growth. Several publications addressing these results are in preparation. 

A study of nocturnal cloud systems in the Amazon Basin of South America was 
completed and published [Rickenbach 2004]. Improvements in our understanding of how 
convective systems are modulated on diurnal timescales are important—for example, in 
refining satellite retrievals of precipitation and for evaluating convective parameterizations 
in climate models. This work examined the origins of a secondary, nocturnal maximum in 
clouds and precipitation, where a strong afternoon maximum dominated the diurnal 
signal, in southwestern Amazônia, a previously observed but poorly understood feature 
of the diurnal variation of rainfall in tropical South America. This study implicated long-
lived squall line systems, which traveled several thousand kilometers from the northeast 
coast of Brazil to western Amazônia, as significant contributors to the nocturnal maximum 
of rainfall. In addition, a previously undescribed large-scale, nocturnal stratiform drizzle 
phenomenon was an important component of nocturnal cloudiness in western Amazônia. 
This midlevel stratiform cloudiness appeared to be generated above the melting level, 
independently from deep convective activity, and may have important implications for the 
diurnal surface radiation budget in the forest canopy. 

Objectives for FY 04-05 

In the coming year, mass budget and rainfall studies of several CRYSTAL-FACE case 
studies will be refined, completed, and published. A further study on the evolution of the 
large-scale coastal squall lines in Amazônia is planned. 
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Task 34:  A Proposed Mid-Latitude Coastal Ground Validation Site for the NASA 
Precipitation Measurement Mission 

NASA Grant:  Measurements of the Hydrometeor Size Distribution for the NASA 
Precipitation Measurement Mission (NAG5-13615) 

Investigator:  Ali Tokay, Research Assistant Professor, Assistant Professor, Geography 

Abstract 

A unique network of rain measuring instruments has been set up at the NASA Wallops 
Flight Facility (WFF). The network includes optical, impact, and low-power radar 
disdrometers, weighing and tipping bucket gauges, and vertical pointing radars. 
Multisensor measurements of rainfall will allow diagnosis of the shortcomings of each 
sensor. The impact disdrometer, for instance, underestimates large drops due to its 
assumed terminal fall speed. A network of disdrometers separated by less than 1 km 
enables quantification of the small-scale variability of rainfall and radar parameters. 
Preliminary results show that rainfall typically varies 2 mm/h/km2. The disdrometer 
measurements taken over three consecutive summers in the Florida Keys show almost 
identical size distributions in deep convective regimes. Unlike oceanic rainfall, large 
quantities of large drops were present in the high reflectivity regime. These distributions 
indicate the continental nature of rainfall with an ocean background. The triple gauge 
approach is required to determine gauge calibration error.   

Description of Research 

Precipitation is an integral product of hydrometeor size distribution. In the absence of 
frozen and mixed hydrometeors, rainfall can directly be calculated from drop size 
distribution (DSD). Radars on the ground, in the air, or on spaceborne platforms can 
detect the relative intensity of precipitation. The quantitative estimation of precipitation 
from radar measurements, however, requires knowledge of the DSD. Unfortunately, in 
situ measurements of the DSD are only available through point measurements by a 
disdrometer. The impact-type Joss-Waldvogel (JW) disdrometer developed in late 1960s 
is considered to be the standard for measuring DSD. Optical disdrometers developed 
over the past two decades were able to measure the size distribution of all hydrometeors 
and to quantify several shortcomings of the JW disdrometer. The disdrometer is 
considered the best gauge for measuring rain rate. Therefore, it can be used as a 
reference to evaluate the gauge rain rates. Triple gauges and disdrometers are required 
elements to construct and verify the accuracy of radar rainfall maps. 

Accomplishments in FY 03-04 

To determine the small-scale variability of rainfall and radar observables, a network of 
three JW disdrometers was operated at three different sites at WFF for three months 
from May - September 2003. The distances between disdrometers were 0.65, 1.0, and 
1.7 km. The same three units were then collocated for three months, from October - 
December 2003. Preliminary results indicate that rainfall varies about 2 mm/h/km2, while 
reflectivity varies by approximately 1 dBZ/km. The variability of rainfall and reflectivity 
increases with increasing rain rate, as expected. 
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The drop size measurement errors from the impact disdrometer and integral rainfall 
parameters due to the assumed drop fall velocities were documented in a conference 
manuscript [Tokay et al. 2003a]. The simulated drop size distributions using size and fall 
velocity measurements from optical disdrometers resulted in smaller drops, and may 
explain the lack of large drops in impact disdrometer measurements when compared to 
the collocated optical disdrometer measurements. The manuscript also presents the role 
of sampling variability in deriving radar rainfall (ZR) relationships. The choice of rain rate 
threshold had more pronounced effect on the ZR relationship parameters than the choice 
of the total drop number threshold and time averaging. 

An overview of the 2002 Keys Area Precipitation Project (KAPP) was documented in a 
conference manuscript [Tokay et al. 2003b]. The field campaign is an expanded version 
of the 2001 field campaign where the dual-platform gauges were mainly limited to lower 
Florida Keys [Tokay et al. 2003c]. A new data logger provided an almost continuous 
rainfall record for the 2002 campaign, and rain gauges located across the Florida Keys 
improved the accuracy of the radar rainfall products.  

Using the triple gauge network in the 2003 field campaign provided a continuous gauge 
record at each site. The triple gauges also allowed determination of gauge calibration 
errors. The composite DSD from three summers of field campaigns were almost 
identical, resulting in robust ZR relationships. This is consistent with Wu and Tokay 
[2003], who demonstrated no requirement for very long disdrometer observations to 
derive meaningful ZR relationships, as was claimed by Jameson and Kostinski [2002]. 
The presence of large quantity of large drops in the deep convective spectra was 
indicative of the continental nature of rainfall with ocean background. 

Objectives for FY 04-05 

Efforts are underway to construct a Greater Wallops midlatitude coastal ground validation 
site for NASA’s Precipitation Measurement Program. The site consists of 24 triple 
gauges, distributed in all quadrants of the Wakefield 88D and NASA S-band polarimetric 
(NPOL) radars. The former radar will be used to construct instantaneous and monthly 
rain maps, while instantaneous maps will be generated from NPOL. Two outstanding 
technical issues with the NPOL must be resolved shortly. With the deployment of the 
gauges, the field campaign was scheduled to start in April 2004. A microscale gauge 
disdrometer network will be constructed at WFF, about 70 km north of NPOL, to study 
the small-scale variability of rainfall and radar observables. The network will consist of 
seven sites, each equipped with a JW disdrometer and triple gauges. Solid-precipitation 
measurements will be taken by gauge and optical disdrometers during the upcoming 
winter season. These studies are designed to support the planning stage of the 
upcoming Global Precipitation Measurement (GPM) mission. 
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II.3 Observations Science Focus Group: Vision 
The Observations Science Focus Group (OSFG) within JCET is a team of UMBC tenure-
track faculty, GSFC civil servants, research faculty, postdoctoral fellows, and graduate 
students. The backgrounds of the group members are varied, but comprise specific 
expertise in both active and passive remote sensing. The group’s primary fields of 
interest include lidar instrumentation and sensors, radiometry, microwave sensing, 
spectroscopy and molecular physics, satellite instrumentation, and data analysis. 
Although other forms of remote detection, such as radiosondes, are used, the techniques 
employed by the group are, for the most part, measurements of the electromagnetic 
spectrum from the far infrared to the ultraviolet. 

The overarching objective of the OSFG is to measure and understand atmospheric 
processes at both local and global scales, and to provide new insights and 
measurements that bear on the composition, dynamics, and evolution of the atmosphere. 
To achieve this goal the group members are actively engaged in developing and using 
state-of-the-art ground- and satellite-based instruments. Some instruments are deployed 
at field sites around the world or are flown on research aircraft and satellites. OSFG 
members have laboratories in the Physics Building on the UMBC campus, and at GSFC. 
These laboratories are used to conduct studies and measurements of atmospheric 
pollution, atmospheric aerosols, cloud physics, and atmospheric water vapor.  

In addition to these remote sensing efforts, the OSFG is also engaged in developing 
processing techniques that allow measurement of atmospheric properties. Toward this 
end, the group is also involved in studying the radiative properties of atmospheric 
molecules, including trace gases. These activities include spectroscopic studies in the 
laboratory that help to identify those wavelengths that are most useful in studying various 
atmospheric gases. The group is also involved in instrument calibration and developing 
signal processing techniques to improve the overall quality and quantity of target 
measurements. The OSFG has significant expertise in modeling and retrieval of infrared 
atmospheric radiation, which includes modeling spectral line-shapes, and in use and 
analysis of high-spectral-resolution measurements from satellites, aircraft, and 
mountaintops, as well as moderate-resolution measurements from satellite-based and 
other instruments. As a result of the expertise resident within the group, several members 
serve as principal investigators and science team members for NASA programs and 
satellite missions. 

In addition to the group’s research efforts, members are heavily involved in educating the 
next generation of atmospheric scientists. Group members are involved in both 
undergraduate and graduate teaching within the Physics and Computer Science and 
Electrical Engineering Departments at UMBC, and have helped to develop and teach 
courses in instrumentation, remote sensing technology, and the chemistry and physics of 
the atmosphere. Group members also serve as thesis advisors and thesis committee 
members for ten graduate students in the atmospheric physics program within the 
Physics Department at UMBC. 
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Task 58: EOS/MODIS Science Team 

Investigator: William L. Barnes, Senior Research Scientist, Research Faculty 

Abstract 

The continuing on-orbit characterization and radiometric calibration of the Moderate 
Resolution Imaging Spectroradiometer (MODIS) sensors onboard the Earth Observing 
System (EOS) Aqua and Terra satellites has led to improvements in the Level 1B data 
from both systems and consequent improvements in the MODIS science products. 
Documentation of these efforts in the scientific literature is ongoing. 

Description of Research 

This task is in support of the MODIS Calibration Support Team (MCST), a group of 
sensor scientists, data analysts, and software developers responsible for developing and 
maintaining the algorithms and software that generate the MODIS Level-1B 
radiometrically calibrated data. The MCST also serves as the principal group for the on-
orbit characterization of the Terra and Aqua MODIS. MCST supports the MODIS Science 
Team, and is under the direction of the MODIS Science Team Leader, Dr. Vincent 
Salomonson.  

Accomplishments in FY 03-04 

During the last year, considerable effort was expended characterizing the periodic 
variation that is present in the response (gain) of the reflected solar bands. This effect is 
an important source of error in ocean color parameters. Possible sources for this effect 
include errors in the bidirectional reflectance function (BRF) of the diffuser, temperature 
effects, and residuals in fits of the response as a function of scan-angle corrections. 

Considerable time was spent in documenting the characterization, calibration, and on-
orbit performance of the MODIS sensors in the form of manuscripts for presentation at 
scientific conferences and for publication in refereed scientific journals. In addition to 
these publications, three book chapters were drafted and are in review for inclusion in 
Earth Science Satellite Remote Sensing, a two-volume set to be published by Springer-
Verlag and Tsinghua University Press in the coming year. 

Objectives for FY 04-05 

The recent announcement by NASA of the new MODIS Science Team has resulted in a 
reorientation in the interactions between the MCST and the Science Team and a need to 
familiarize the new members with the sensors and the calibration process. The decision 
to develop the MODIS ocean color Level-2 parameters in a discipline-specific processing 
facility and to compare the Aqua MODIS ocean color data to similar data from the Sea-
viewing Wide Field-of-View Sensor (SeaWiFS) with the goal of making a seamless 
ocean color data set has resulted in a need for close cooperation between the MCST and 
the ocean color data facility. Considerable progress has already been made in identifying 
error sources in the MODIS data, and plans are underway for possible improvements. 
The book chapters mentioned above will be finalized, and several journal manuscripts 
and presentation manuscripts are under development. 
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Task 66: Passive Microwave Remote Sensing Research Support 

Investigators: Maria Paola Cadeddu, Research Associate, Research Faculty;  
James R. Wang, GSFC, Code 975; Paul Racette, GSFC, Code 555.0 

Abstract 

Research over the past year focused on studying dynamical properties of precipitable 
water vapor (PWV) through analysis of millimeter-wave brightness temperature 
measurements. The study of statistical fluctuations of precipitable water vapor and other 
atmospheric tracers is useful to understand how water vapor is transported at higher 
latitudes. In addition, it may offer a way to improve modeling of PWV variability in regional 
climate models. Due to its higher sensitivity to small amounts of PWV, the NASA 
Millimeter-wave Imaging Radiometer (MIR) offers a valid tool to analyze average 
mesoscale variability of arctic PWV. 

Description of Research 

This research assesses the usefulness of MIR brightness temperature measurements in 
studies of the scale invariance of PWV and liquid water path (LWP) distributions in the 
Arctic. Precipitable water vapor is one of the most important atmospheric gases that are 
subject to high spatial and temporal variability. Its spatial and temporal distribution 
influences the formation of clouds and the heating of the troposphere and Earth’s 
surface. Water vapor is a passive scalar, and its fluctuations can be interpreted in terms 
of atmospheric turbulence. Its scaling properties are related to underlying nonlinear 
atmospheric dynamics. Stochastic models currently simulate water vapor variability as a 
random walk [Jarlemark et al. 1998]. However, theoretical models predict that a randomly 
advected passive tracer will display anomalous scaling and intermittency [Kraichan 
1994]. Improved statistical characterization of water vapor variability is therefore useful to 
improve currently used stochastic models and can provide a better understanding of 
subgrid water vapor variability, which cannot be achieved from satellite measurements.  

The statistical analysis was conducted using time series of brightness temperature data 
collected in Barrow, Alaska with the MIR. The MIR measures microwave radiation at 
three sideband frequencies (183.3±1, 183.3±3, and 183.3±7 GHz) and at four other 
frequencies (89, 150, 220, and 340 GHz) [Wang et al. 1992]. Uncertainty in MIR 
brightness temperature measurements are 1-2 K for all channels over a temperature 
range of 200-300 K. Data were collected almost continuously for extended periods of 
time and were well suited for studies of atmospheric turbulent processes through spectral 
and time series analysis. Missing data were linearly interpolated if the gap did not exceed 
10 minutes. In addition to the MIR, a dual-channel microwave radiometer (MWR) with 
frequencies at 23 and 31 GHz was operating simultaneously [Güldner and Spänkuch 
2001]. Three data segments were isolated: two were collected under clear conditions, 
and one under predominantly cloudy conditions. The analysis of water vapor was 
conducted during clear-sky days using the MIR and MWR water vapor channels, while 
the analysis of liquid water path fluctuations was conducted using the MIR 89 GHz and 
the MWR 31 GHz channels under cloudy conditions. The time series were analyzed 
using three different methods: detrended fluctuation analysis, spectral analysis, and 



 THE JOINT CENTER FOR EARTH SYSTEMS TECHNOLOGY 

 42  

multifractal models. The detrended fluctuation analysis (DFA) [Peng et al. 1994; Peng et 
al. 1995] is used for time series with nonstationarities, and can identify the presence of 
long-range correlations in the data. Estimation of the DFA exponent is analogous to 
estimation of the Hurst exponent [Hurst 1951].  

From the study of the structure function, it was determined that a time series of integrated 
water vapor and liquid water both present anomalous scaling. Although several models 
predict the appearance of a nonlinear structure function in a randomly advected tracer, 
few analytical expressions are available in the literature to compare atmospheric data 
with theoretical models of transport. For this reason, a three-parametric multiplicative 
cascade model [Schertzer and Lovejoy 1987] was used to fit the observed anomalous 
scaling and to parameterize intermittency in the integrated water vapor and liquid water 
channel observations. 

Accomplishments in FY 03-04 

The results of the research demonstrated the usefulness of millimeter-wave 
measurements for the study of precipitable water vapor and liquid water path temporal 
variability. The DFA exponent, α, estimated from a time series of measurements at 23 
and 183.3 GHz during clear sky days, showed the existence of long-range persistent 
correlations. The exponent (α) is related to the Hurst exponent, and can be used as an 
indicator of smoothness of the time series. The estimation of the spectral exponent, β, 
showed that MIR channels are less dominated than MWR channels by white receiver 
noise in the dry arctic environment. In addition, it showed the scale invariance of MIR 
water vapor measurements for time scales between 4 and 250 minutes. Computations of 
the first- and second-order structure-function exponents, ζ(1) and ζ(2), suggest that water 
vapor time series are smoother and less stationary than cloud liquid time series [Marshak 
et al. 1997]. The values found for these datasets are consistent with those found in 
previous studies of ζ(2) [Jarlemark and Elgered 1998; Jarlemark et al. 1998; Snider 
2000], but they are in disagreement with theoretical assumptions based on a model of 
pure homogeneous and isotropic turbulence [Treuhaft and Lanyi 1987]. 

The multifractal analysis showed the nonlinear behavior of the structure function 
exponent ζ(q), as predicted by theoretical models of a tracer randomly advected by a 
velocity field, and confirmed the necessity of a higher-order statistics to capture the full 
variability of water vapor, in particular intermittency features. Despite the limited number 
of observations, there is surprisingly good agreement between the statistical parameters 
estimated for the Alaska datasets and those estimated by previous studies conducted 
over the Pacific [Cho et al. 2000]. 
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NASA Grant:  CALIPSO Science Team Support (NAS1-99107-1)  

MDE Grant: Regional Atmospheric Measurement, Modeling, and Prediction 
Program 

Investigators: Raymond Hoff, Director, JCET, and Professor, Physics; Kevin McCann, 
Research Associate Professor, Physics; Russell Dickerson, Professor, UMCP; 
Jill Engel-Cox, Battelle Memorial Institute 

Abstract 

The Clouds and Aerosol Lidar for Pathfinder Spaceborne Observation (CALIPSO) 
mission is scheduled for launch in the first half of 2005. UMBC has been asked to—and 
will—take a central role in the experimental planning and guidance for the CALIPSO 
validation effort. The work reported here supports activities that will lead to a validation 
plan and seeks to have tools in place for the 2005 validation activities for this mission. In 
2004 the Regional East Atmospheric Lidar Mesonet (REALM) began. This activity is 
designed to acquire coincident observations from a network of ground-based lidars in the 
Northeastern U.S. In a parallel effort, prediction of fine-particulate matter is important to 
the State of Maryland; lidar research conducted under the MDE Grant is now contributing 
to these goals.  

Description of Research 

As described in others research reports by McCann and Whiteman elsewhere in this 
volume, JCET has significant assets in the area of lidar profiling. At UMBC, two lidars are 
available to profile aerosols and water vapor throughout the day and night. These 
instruments have been used on the Atmospheric Infrared Sounder (AIRS) validation 
exercise reported by McMillan. In 2004 and 2005 NASA will launch three more satellites 
into the Earth Observing System (EOS) Aqua constellation (the so-called “A-train”), which 
consists of the EOS Aura, CALIPSO, and CLOUDSAT platforms. Work performed under 
the NASA grant will support validation of Aura’s Ozone Monitoring Instrument’s (OMI) 
aerosol optical depth product and the Thermal Emission Spectrometer (TES) 
measurement of water vapor. For CALIPSO, measurements of the lidar ratio, Sa (see 
McCann report, this volume), made under the tasks reported here, are central to 
understanding the assumptions in the CALIPSO retrieval algorithm. While not formally 
having been asked to contribute to CLOUDSAT, the synergy of these systems in one 
orbit has made contribution by these tasks to their data sets available to the related 
projects at little or no cost. 

Accomplishments in FY 03-04 

Work being performed under contract to the State of Maryland and the University of 
Maryland, College Park, Department of Atmospheric Sciences is part of the Regional 
Atmospheric Measurements, Modeling and Prediction Program (RAMMPP). This project 
forecasts ozone concentrations in the State of Maryland for public advisories. In the 
future, both National Oceanic and Atmospheric Administration (NOAA) and RAMMPP 
plan to forecast fine particulate matter. As part of the RAMMPP research, it was found 
that vertical structure in ozone and aerosol profiles can result from different source 
regions and transport paths. In 2004 UMBC’s lidar capability was added to RAMMPP and 
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semi-routine observations of vertical profiles of aerosol are being made on moderate-to-
high haze days. 

This work meshes well with the policy related science study being conducted by 
Ms. Jill Engel-Cox in the Marine Estuarine and Environmental Science program. In her 
research, Ms Engel-Cox has identified impediments in the use of scientific data for policy 
formulation and analysis. Her thesis (scheduled to be completed in September 2004) is 
entitled “Bridging the Science and Policy Divide: Use of Satellite Monitoring Data for 
Environmental Policy.” As part of her research [Engel-Cox et al. 2004a, b], she has 
identified the scientific potential for the use of Moderate Resolution Imaging 
Spectroradiometer (MODIS) aerosol optical depth products to fill gaps between 
Environmental Protection Agency (EPA) ground-based sensors and to provide a stronger 
synoptic view of aerosol haze events. Her policy-related work [Engel-Cox and Hoff 
2004c] proposes a model of science-policy interaction, called a “Compact”, where 
research leads to policy through a process that is highly interactive and well stated at the 
beginning of the transaction of scientific data to policy use. Her work led UMBC to form a 
Web log (the “smog blog”) described in McCann’s report, elsewhere in this volume. 

An example of the types of observation that could not be made prior to this “eyes on” 
approach to air quality is the detection of two large biomass plumes in the Northeastern 
U.S. last year. One was clearly the plume from the October 2003 California fires, not 
surprisingly seen in transcontinental transport. However, the other event was from fires in 
Siberia in June 2003, and clearly indicated intercontinental transport of aerosol pollution 
[Hoff et al. 2004].  

Objectives for FY 04-05 

As a result of the currency of the information being placed on the blog, the CALIPSO 
team has recognized the value of updating the blog with highly time-resolved and widely 
spatially placed satellite and lidar observations from the EOS satellite system and 
REALM. This guidance will be used in the CALIPSO validation planning for flight planning 
and follow-on activities, and coordination between data acquisition from ground-based 
sensors in the Northeastern U.S., which will contribute to the CALIPSO validation study. 
UMBC will operate its lidar system during the International Consortium for Atmospheric 
Research on Transport and Transformation (ICARTT) experiment in the summer of 
2004. Techniques developed and analyses performed during this experiment will provide 
useful tests of validation activities planned to take place during Aura and CALIPSO 
validation periods. 

While Ms. Engel-Cox will receive her doctorate this fall, her subsequent work will likely 
continue at JCET in the policy-related and satellite-observation efforts taking place in the 
air quality arena. Along with the addition of Dr. Allen Chu of JCET to the team, UMBC will 
begin produce specialized improved products from the MODIS instruments and from the 
Geostationary Operational Environmental Satellite (GOES) Aerosol and Smoke Product 
(GASP) from the NOAA National Environmental Satellite, Data, and Information Service 
(NESDIS). Work has begun on trying to correlate the GASP product and the MODIS 
aerosol optical depth products and to provide highly time-resolved animations of aerosol 
transport in the Northeastern U.S. 
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NOAA Grant: The Center for Remote Sensing Science and Technology (49866-00-01C)  

Investigators: Kevin J. McCann, Research Associate Professor, Physics; Raymond M. Hoff, 
Professor, Physics, Director, JCET; Ray Rogers, Graduate Student, Physics; 
Nikisa Jordan, Graduate Student, MEES 

Abstract 

During the summer of 2003, the Elastic Lidar Facility (ELF) system was transported to 
the Chesapeake Lighthouse, which is located 25 km off the coast near Virginia Beach, 
VA. This was a continuation of the Atmospheric Infrared Sounder (AIRS) validation effort 
that began the previous summer. While at the lighthouse, the elastic lidar system was 
used to detect the presence of cirrus clouds. Several students conducted graduate-level 
studies using various lidar systems, and a Web log (“blog”) was implemented to allow 
easy access to continually updated satellite and lidar data. 

Description of Research  

The research in the UMBC lidar laboratory has one unifying theme: the retrieval of 
profiles of atmospheric constituents. In addition to the lidar systems that have formed the 
core of these research efforts, a serious effort has begun to incorporate data from 
satellites and ground-based resources. In an effort to make our data more readily 
available to collaborators and the public, a blog has been created that is updated on a 
daily basis to display new measurements. Two lidar systems are being used to collect 
data on atmospheric composition. The first of these is an ultraviolet Raman lidar system 
that is sensitive to both water vapor and to nitrogen (N2) returns. The second is the ELF 
that can detect aerosols and clouds—cirrus, in particular. Both of these facilities were 
used in a continuation of the AIRS satellite validation project (see McMillan report, this 
volume) that began in 2002. Each of these lidar systems is also part of a lidar network 
called the Regional East Atmospheric Lidar Mesonet (REALM), which is being developed 
under the sponsorship of the Center for Remote Sensing and Technology (CREST) grant 
from the National Oceanic and Atmospheric Administration (NOAA) Educational 
Partnership Program (EPP) with Minority Serving Institutions (MSI) and the NOAA-
National Environmental Satellite, Data and Information Service (NESDIS), through the 
Research Foundation of the City College of New York. This network should ultimately 
provide a valuable tool for measurements of the regional air mass in the Washington-
New York, mid-Atlantic corridor.  

Accomplishments in FY 03-04 

During this past year, efforts have continued to upgrade each of the lidar systems. The 
ELF system’s detector has been completely redesigned to incorporate a polarizing cube 
to improve the performance of the two polarization channels. This new detector system is 
presently under evaluation. In addition to these hardware changes, the signal processing 
software for both lidar systems has been improved to provide better performance with 
low signal levels. 

During the summer of 2003, the ELF system was transported to the Chesapeake 
Lighthouse, which is located 25 km off the coast near Virginia Beach, VA. This was a 
continuation of the AIRS validation effort that began the previous summer. While at the 
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lighthouse, the elastic lidar system was used to detect the presence of cirrus clouds as a 
part of the AIRS validation project. Joe Comer received his master’s degree in the 
summer of 2003, based largely on the AIRS validation project with the ELF system. 
During 2003, Ray Rogers began thesis work that will be based on the Raman lidar 
system used for the Atmospheric Lidar Experiment (ALEX). In addition to the lidar work, 
Jill Engel-Cox, who is a graduate student in the Marine Estuarine Environmental 
Sciences (MEES) program, along with Nikisa Jordan, who has just started in that 
program, and Ray Rogers have developed and maintained a Web log (“blog”) at 
http://alg.umbc.edu/usaq/ that incorporates related data from other sources including the 
Geostationary Operational Environmental Satellite (GOES), and the Moderate Resolution 
Imaging Spectroradiometer (MODIS) and AIRS instruments. The blog allows 
intercomparison from multiple data sources to help understand the sources and 
development of urban pollution. 

Objectives for FY 04-05 

One prime focus for the coming year is to validate the Raman water vapor retrieval and to 
improve the overall quality of the aerosol and water vapor retrievals through improved 
signal processing. Two more channels will be added to the Raman system in the visible 
(532 nm and 607 nm for N2). These additional channels will allow better characterization 
of atmospheric aerosol properties. In addition, the 532 channel coincides with one of the 
two wavelengths of the upcoming Cloud-Aerosol Lidar and Infrared Pathfinder Satellite 
Observations (CALIPSO) mission and will help provide validation data for that 
experiment. In particular, the 532 nm lidar ratio (i.e., the extinction-to-backscatter ratio) 
will be retrieved with the ALEX system. With the addition of the water vapor retrieval, 
investigations can be done on the hydration of aerosols and the impact this has on urban 
haze in the Baltimore/Washington area.  

Work should also begin on a stellar photometer to help retrieve column optical depth, 
which will be used to “close” the aerosol measurements made with the ELF system. 
During the daytime, the AERONET sunphotometer is used to perform this closure; 
however, there is as yet no nighttime capability, and the stellar photometer should fill this 
gap. 

In addition to the lidar research, development will continue of the capability to compare 
and augment our measurements with those made by the assets of the Earth Observing 
System (EOS), including the following instruments and satellites: MODIS, AIRS, 
CALIPSO, the Multiangle Imaging Spectroradiometer on the Terra spacecraft 
(MISR/Terra) and CLOUDSAT. This has already been demonstrated using AIRS data 
with interesting and excellent results; plans call for increasing the research assets that 
can be drawn from. Comparisons with Aerosol Robotic Network (AERONET) 
sunphotometer measurements and Suomi net measurements will continue.  
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NASA Grant: Validation of AIRS Forward Model and Products (NAG-11156-4) 
NASA Grant: AIRS Carbon Gas Measurements (NAG5-11653) 

Investigators:  W. Wallace McMillan, Assistant Professor, Physics, JCET Fellow; Saswati 
Datta, Assistant Research Scientist, JCET; Kurt Lightner, Graduate Student, 
Physics; Michele McCourt, Graduate Student, Physics; Eric Maddy, Graduate 
Student, Physics; Nathaniel Kolb, Graduate Student, Physics 

Abstract 
The Baltimore Bomem Atmospheric Emitted Radiance Interferometer (BBAERI) 
completed its second field deployment during the summer of 2003 as part of the 
Atmospheric Infrared Sounder (AIRS) BBAERI Ocean Validation Experiment 
(ABOVE03). Following on ABOVE02, ABOVE03 radiosonde profiles also provided 
crucial feedback for verification and modification of the AIRS forward model. Product 
validation using ABOVE data has commenced with comparisons of AIRS sea surface 
temperature (SST) and AIRS temperature and water vapor retrievals. Mr. Lightner 
convinced Dr. Mike Newchurch from U. Alabama, Huntsville to participate in ABOVE03 
with 18 ozonesonde launches performed from Chesapeake Light to support both AIRS 
ozone validation and validation of Mr. Lightner’s BBAERI ozone retrieval algorithm. 
Mr. Maddy continued his BBAERI SST retrieval work as he investigates a total revision of 
the BBAERI retrieval algorithm as his thesis topic. A proposal submitted to the National 
Oceanic and Atmospheric Administration (NOAA)’s Carbon Cycle project has been 
selected to develop BBAERI CO, CO2, and CH4 retrievals. Dr. McMillan took over as PI 
with the “Measurement of Carbon Dioxide, Methane, and Carbon Monoxide from the 
Atmospheric Infrared Sounder on the Earth Observing System (EOS)-Aqua Platform” 
when Dr. Barnet left JCET for NOAA. Dr. Datta worked on this project with Dr. McMillan 
until her departure in January 2004. Ms. McCourt extended her Southern African 
Regional Science Initiative (SAFARI) work with submission of her first lead-author 
publication to the Journal of Geophysical Research (JGR) on modeling Scanning High-
Resolution Interferometer Sounder (SHIS) observations of fires. With analysis of AIRS 
CO data well underway, Ms. McCourt is now focusing on validating and interpreting AIRS 
CO as her thesis topic. Additional grants have been funded to continue AIRS trace gas 
retrieval algorithm development and validation as part of the EOS Recompetition (also 
making Dr. McMillan a member of the AIRS Science Team) and for participation in 
NASA’s Intercontinental Chemical Transport Experiment (INTEX) field experiment. A 
pending National Science Foundation (NSF) proposal will send BBAERI to Namibia to 
continue AIRS validation. 

Description of Research 
Dr. McMillan’s research has spearheaded the use of infrared spectra of atmospheric 
thermal emission for retrievals of tropospheric CO. Consulting with ABB Bomem of 
Quebec, Canada, Dr. McMillan equipped his Atmospheric Fourier transform Infrared 
Radiometer (FTIR) Laboratory (AFL) with the first commercial prototype FTIR 
atmospheric sounding system, the BBAERI. Through participation in the Measurements 
of Pollution in the Troposphere (MOPITT) correlative measurements team, AIRS 
validation team, and AIRS science team, Dr. McMillan’s group has provided daily 
products for validation of satellite CO measurements. Other research includes the 
development of a tropospheric CO climatology from archived airborne and ground based 
FTIRs. Field deployment of BBAERI forms the centerpiece of several new proposals 
funded by NASA for validation of AIRS. 
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Accomplishments in FY 03-04 
BBAERI completed its third field deployment during the summer of 2003 as part of the 
ABOVE03. ABOVE03 data have proven useful for verifying and modifying the AIRS 
forward model. AIRS product validation is now commencing with several papers to be 
submitted to a JGR special issue on AIRS validation. BBAERI’s calibration problem was 
resolved prior to ABOVE03 during routine maintenance at ABB Bomem. An ABOVE03 
overview and BBAERI profiling results paper is planned for the JGR special issue. 
Launching of 18 ozonesondes during ABOVE03 marks the most significant addition to 
the experiment. Not only are these ozone profile proving useful for AIRS validation, they 
have been crucial to validating Mr. Lightner’s BBAERI ozone retrieval algorithm, 
developed as his dissertation project; amanuscript is underway. Mr. Maddy continued his 
BBAERI SST retrieval algorithm development and expects to submit a paper to the JGR 
special issue comparing BBAERI, in situ, Moderate Resolution Imaging 
Spectroradiometer (MODIS), and AIRS SST measurements. UMBC Elastic Lidar Facility 
(ELF) measurements during ABOVE03 included a depolarization channel to determine 
aerosol phase and have continued to be critical for determining clear AIRS overpasses. A 
publication regarding ELF is expected for submission to the JGR special issue. Three 
ABOVE03 presentations were made at the 2003 American Geophysical Union (AGU) 
Fall Meeting in San Francisco: “ABOVE03 Overview”, “BBAERI Ozone Retrieval 
Validation”, and “BBAERI SST vs. AIRS and MODIS”. 
Ms. McCourt extended her SAFARI 2000 research with her first lead-author paper 
submitted to JGR, regarding modeling of SHIS spectra of brush fires. With AIRS CO 
retrievals now coming in, she has commenced work to analyze and validate these as her 
main dissertation project. Dr. Datta worked on AIRS CO retrievals until her departure in 
January 2004. Dr. Juying Warner has been selected as her replacement, and started 
work in April 2004. AIRS first global CO maps were presented at a Code 916 branch 
lunch at GSFC in November 2003 and at an invited talk to NASA’s Langley Research 
Center in March 2004. AIRS CO retrievals, validation, and comparison to MOPITT were 
the subjects of three posters and one talk at the 2003 American Geophysical Union AGU 
Fall Meeting in San Francisco. As of this writing, a manuscript on this was to have been 
submitted to Nature in April 2004. 

Objectives for FY 04-05 
The coming year will see us focus on analysis and publication of ABOVE data for AIRS 
validation; validation, interpretation, and publication of AIRS CO retrievals; development 
of AIRS CO2 and CH4 retrievals; and continued BBAERI fieldwork. Dr. Lightner will 
complete his dissertation and graduate in late 2004. Ms. McCourt will lead AIRS CO 
validation. Dr. Warner will spearhead running AIRS CO retrievals and CO, CO2, and CH4 
algorithm refinement in conjunction with Dr. Chris Barnet. Mr. Maddy will develop his 
dissertation project, likely involving BBAERI retrieval algorithm development. 
Dr. McMillan will focus on ABOVE data analysis and publication and AIRS CO data 
interpretation and publication. Dr. McMillan, Dr. Warner, and Ms. McCourt will support 
NASA INTEX-A’s field experiment by providing AIRS CO maps for DC-8 flight planning. 
BBAERI’s lone deployment may come in September-October 2004 to Namibia 
supporting a collaborative National Science Foundation (NSF) marine stratocumulus 
proposal and AIRS validation.  
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Task 37: Sounder Research Team (SRT) Activity Support 

NASA Grant: Calibration and Navigation of Raw INSAT Imagery (NAG5-10687) 

Investigators: Gyula I. Molnar, Assistant Research Scientist, Research Faculty; 
Joel Susskind, GSFC, Code 910 

Abstract 

Improved monitoring of atmospheric and climatic parameters from geostationary 
satellites is very important even in the era of the Earth Observing System (EOS) Terra 
and Aqua satellites because these platforms cannot monitor the full diurnal cycle. 
Unfortunately, due to restrictions by the Indian government, the Indian National Satellite 
(INSAT), an important series of satellites in geostationary orbit over the Indian Ocean, 
have not provided research quality data. Thus, the investigators explored ways to provide 
calibration and navigation for the INSAT satellite imagery to make them useful for 
weather and climate studies. Algorithms for navigating and calibrating INSAT imagery 
have been developed.  

Description of Research 

The Atmospheric Infrared Sounder (AIRS) was launched on the EOS Aqua satellite on 
May 4, 2002, to form a vital part of the next generation polar orbiting infrared and 
microwave atmospheric sounding system. The primary products of AIRS are twice-daily 
global fields of atmospheric temperature/humidity profiles, ozone profiles, sea/land 
surface skin temperature, and cloud-related parameters, including outgoing longwave 
radiation. The sounding goals of AIRS are to produce 1-km tropospheric layer mean 
temperatures with an rms error of 1 K, and 1-km tropospheric layer precipitable water 
with an rms error of 20% in cases with up to 80% effective cloud cover. The main task of 
the Sounder Research Team (SRT) at GSFC is to further develop algorithms to achieve 
these goals, and to develop retrieval schemes for other atmospheric constituents, e.g., 
ozone, carbon monoxide, carbon dioxide, methane, and cloud physical parameters. 

Aside from being part of a climate mission, one of the objectives of AIRS is to provide 
sounding information of sufficient accuracy such that when assimilated into a general 
circulation model, significant improvement in forecast skill would arise. The prelaunch 
algorithm to produce Level 2 products (geophysical parameters) was simulated using 
data from AIRS and its supporting suite of instruments, the Advanced Microwave 
Sounding Unit (AMSU) and the Humidity Sounder-Brazil (HSB), and expected results 
based on simulation studies. The results of that simulation indicate that the sounding 
goals of AIRS/AMSU/HSB should be achievable. In that simulation, perfect knowledge of 
the instrumental spectral response functions and the inherent physics of the radiative 
transfer equations were assumed. Therefore, if the true state of the atmosphere and 
underlying surface were known perfectly, one could compute the radiances AIRS, AMSU, 
and HSB would see exactly up to instrumental noise. Unfortunately, this is not the case in 
reality, and additional terms would have to be included in the retrieval algorithm to 
account for systematic differences (biases) between observed brightness temperatures 
and those computed knowing the “true” surface and atmospheric state, as well as for 
residual computational errors after that systematic bias is accounted for (computational 
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noise). The investigator’s research is addressing these issues, among others. Research 
to further improve the results of analysis of AIRS/AMSU/HSB data is continuing. 

The Indian Ocean and surrounding landmasses are important regions of study for 
understanding the summer monsoon in Southeast Asia and monitoring clouds over the 
Tropics. For over two decades, the INSAT series is observing clouds in infrared (IR) and 
visible channels over that region from a geostationary orbit. Properly analyzed INSAT 
data could provide some very useful information over the Indian Ocean region. The raw 
images, received and archived at NASA and the National Oceanic and Atmospheric 
Administration (NOAA) are not properly navigated or calibrated. The investigator’s main 
work has been to navigate and calibrate raw INSAT imagery. 

Accomplishments in FY 03-04 

Within SRT’s AIRS project, the investigator has begun assessing the satellite scanning 
angle dependence of the accuracy of the retrieved principal atmospheric parameters. 
Except for surface skin temperature, Ts, the dependence was found to be negligible. 
Modifications to the retrieval scheme to correct for low Ts bias at large scanning angles 
are underway. The investigator next addressed improving channel selection (out of 2378 
AIRS channels) for more optimal vertical temperature profile, surface temperature, and 
cloud-clearing retrievals. Careful selection of “superchannels” provided slightly better 
results while saving on computation time; the retrievals became speedier since the 
number of channels used to retrieve these parameters could be cut by about 50%. The 
investigator also has been searching for more optimal ways to construct the error 
covariance matrix, important for improving the overall accuracy of the retrieved 
parameters. 

Within the INSAT project, because new INSAT data were not available as of May 2002, 
the investigator refocused on data from the Geostationary Operational Environmental 
Satellite (GOES)-8. Those upper tropospheric humidity (UTH) retrievals were further 
compared to collocated Convection and Moisture Experiment (CAMEX)-4 campaign in 
situ UTH measurements. Both DC-8 and ER2-based UTH values were close to the 
GOES-8 retrieval results. However, radiosondes launched from Andros Island during this 
campaign exhibit significantly lower UTH values than those from GOES-8 [Molnar et al. 
2002a; 2002b]. On the other hand, extending the GOES vs. radiosonde UTH retrieval 
intercomparisons to the Atmospheric Radiation Measurement (ARM) Cloud and 
Radiation Testbed (CART) site, which now uses the high quality, dedicated RS-90 series 
Vaisala radiosondes, showed very good correspondence [Molnar et al. 2004]. 

Objectives for FY 04-05 

In AIRS-related work, finding more optimal ways to construct the error covariance matrix 
to improve the accuracy of retrieved parameters will continue. Improving channel 
selection for other atmospheric properties, including the water vapor profile and trace 
gases, will be undertaken. Since land surface emissivity can play a larger than originally 
anticipated role in the retrieval accuracy of surface and lowest-atmospheric-layer 
parameters, compilation, and implementation of a high spatial and temporal resolution 
climatological land surface emissivity dataset is planned. Participation in addressing 
AIRS-retrieval development/validation problems is also planned. 
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Task 47:  Statistical Analysis of Temporal and Spatial Variability in 
Atmospheric Fields 

NASA Grant: Statistical Investigations of Subgrid-Scale Variability in the Upper 
Troposphere/Lower Stratosphere (ACMAP NRA-00-OES-09)  

Investigator:  Lynn Sparling, Associate Professor, Physics, JCET Fellow 

Abstract 

Statistical analyses of geophysical variability have been extended and now include 
millions of both ER-2 and DC-8 measurements of ozone, water vapor, and carbon 
monoxide in the upper troposphere/lower stratosphere. Statistical methods were 
developed to estimate the contribution of horizontal and vertical geophysical variability to 
the differences between noncollocated in situ and satellite measurements. 

Description of Research   

The research under this task is aimed at an developing an understanding of the 
dynamical, chemical, and transport processes in the atmosphere that contribute to the 
observed variability in chemical tracers and dynamical fields over a wide range of spatial 
and temporal scales. Satellite observations of chemical tracers are used to investigate 
the statistical properties of the overall transport circulation, while high-resolution aircraft 
and balloon observations are used to obtain a statistical view of smaller scale mixing and 
dissipative processes. The observations are interpreted using a combination of theory 
and comparisons with variability generated with Eulerian and Lagrangian transport 
models. One goal of this work is to develop statistical approaches to data and model 
analysis that can be used to isolate the various dynamical processes that contribute to 
variability in atmospheric chemical constituents. This research is also applied to some 
practical problems related the impact of subgrid/subpixel scale geophysical variability on 
satellite validation and the interpretation of atmospheric chemistry and transport models. 

Accomplishments in FY 03-04 

Statistical analysis of tracer variability in the upper troposphere is performed to take into 
account small-scale variability in the process of data validation by estimating the statistics 
of differences between noncollocated in situ and satellite measurements. Methods 
previously developed to analyze ozone variability in the lower stratosphere were adapted 
to a large database of high-resolution DC8 aircraft measurements of ozone, water vapor, 
and carbon monoxide in the upper troposphere. A new processing method was 
developed that extracts scale-dependent variability from the often-complex DC8 sampling 
geometry. The results for lower stratospheric ozone demonstrated that a satellite 
measurement with 100-km resolution and an in situ measurement that are separated by 
200 km can be expected to differ by 5-10% during the summer, and by about 20% during 
the winter, due solely to natural variability. In the upper troposphere small-scale variability 
and, hence, problems with satellite data validation were shown to be strongly dependent 
on prevailing dynamical conditions and chemical species. Variability in upper 
tropospheric water vapor, for example, was found to be very strong; differences on the 
order of 50% across horizontal scales less of than 50-100 km occur under convective 
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conditions. Some aspects of sampling bias were also investigated. Tracer variability for 
an aircraft moving east-west vs. north-south was not found to be significantly different on 
scales of a few hundred kilometers. The results of these studies will aid in interpreting 
differences in correlative measurements on different platforms, and will provide direction 
in developing validation strategies that minimize the impact of natural variability in data 
validation.  

Objectives for FY 04-05 

A comprehensive summary of the statistical work on scale-dependent variability will be 
written up for publication. The statistical analyses will be extended to address issues 
related to anisotropy induced by the large-scale winds; the same type of analysis will be 
applied to lidar and ozonesonde data to quantify the relative magnitude of vertical and 
horizontal small-scale structure. In addition, two-point statistics of variation across a given 
scale will be used to define seasonal- and latitude-dependent coincidence criteria. These 
analyses will be extended to include other short-lifetime tropospheric chemical species 
and aerosols, and will be applied to the problem of assessing model/measurement 
consistency under conditions of extreme spatiotemporal variability.  
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NASA Grant: AIRS Radiance Validation and Constituent Abundance Retrievals, 
(NAS5-31378) 

Task 65: NPP-CrIS Calibration and Assessment 

Investigator: L. Larrabee Strow, Professor, Physics, JCET Fellow 

Abstract 

Research performed by this group focuses largely on developing and improving 
spectroscopic and radiative transfer algorithms used for new-generation infrared sensors. 
The main focus has been on the Atmospheric Infrared Sounder (AIRS), successfully 
launched on the Earth Observing System (EOS) Aqua satellite in 2002. Efforts during the 
reporting period validated and improved the AIRS radiative transfer algorithm (AIRS-
RTA). A wide range of inaccuracies in the forward model was corrected. AIRS data and 
new techniques were used to measure the infrared optical properties of dust and cirrus in 
Africa, China, and the Middle East. Algorithms for retrieving cirrus optical properties with 
AIRS were tested by validating these techniques with field data taken at the Chesapeake 
Lighthouse under the direction of Ray Hoff and Wallace McMillan, both of JCET. AIRS-
based observations of volcanic ash and SO2 emission by volcanoes were reported, as 
were global observations of carbon monoxide. Work has continued with the National 
Polar-orbiting Environmental Satellite System (NPOESS) Preparatory Project (NPP) on 
developing the Cross-Track Infrared Sounder (CrIS), specifically to develop strategies for 
the spectral calibration of this sensor to develop a comprehensive validation program. 

Description of Research  

The AIRS instrument on the EOS Aqua satellite is among the first second-generation 
high-spectral-resolution infrared temperature and humidity sounders. The accuracy of the 
global soundings retrieved from AIRS is directly related to the accuracy of the radiative 
transfer algorithms used to retrieve geophysical parameters from observed radiances. 
This is especially important for these new-generation sensors, such as CrIS, since they 
can be more accurate than existing in situ networks. The primary emphasis of this work is 
to improve and develop the spectroscopic and radiative transfer algorithms used for 
these sensors. These second-generation infrared sensors measure virtually the Earth’s 
entire infrared spectrum; this will allow new and better retrievals of cloud properties, 
especially for the thin cirrus clouds that cover much of the Earth. Increasingly, work is 
being done to develop fast and accurate cirrus scattering algorithms that will eventually 
be useful in operational processing of high-spectral-resolution sounder data. 

Accomplishments in FY 03-04 

The main focus during 2003 was to validate and improve the AIRS-RTA that will be used 
to produce the AIRS level 2 retrieval products for the weather and climate community. 
The AIRS validation program included a wide variety of in situ sensors, primarily at the 
Department of Energy (DOE)’s Atmospheric Radiation Measurement (ARM) program 
sites, that formed the basis of the AIRS-RTA validation. This invaluable dataset was used 
to correct a wide range of inaccuracies in the forward model, mostly due to the water 
vapor continuum and carbon dioxide line shapes. Most of these changes, while 
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significant for AIRS, were smaller than the estimated accuracies of laboratory data. This 
suggests that the AIRS validation data is one of the most accurate spectroscopic data 
sets for CO2 and H2O in existence. New AIRS-RTAs were delivered to the AIRS Jet 
Propulsion Laboratory (JPL) Project Office in January 2003 and 2004. 

The AIRS data are providing a wealth of new information that we are just beginning to 
understand and correctly interpret. Efforts were concentrated largely on new techniques 
to measure the infrared optical properties of dust and cirrus using AIRS. The dust 
observations include measurements of dust that originates in Africa, the Middle East, and 
China. Dust radiative forcings of up to 10K are often seen in the AIRS spectra. Robust 
dust detection algorithms and methods to retrieve dust properties and their effect on total 
outgoing longwave radiation are being developed. 

Extensive testing of algorithms for retrieving cirrus optical properties with AIRS has been 
done, concentrating primarily on validating these techniques with field data taken at the 
Chesapeake Lighthouse under the direction of Ray Hoff and Wallace McMillan, both of 
JCET. 

Several observations of volcanic ash and SO2 emission by volcanoes were made with 
AIRS, and global observations of carbon monoxide. 

The JCET investigator continued to work with the NPP program on developing the CrIS 
instrument. In particular, work with ITT Aerospace has been done to develop strategies 
for the spectral calibration of this sensor and with the NPOESS NPP to develop a 
comprehensive validation program. 

Objectives for FY 04-05 

One focus in the coming year will be continued validation of the AIRS forward model 
using a wealth of new data for 2003 from the ARM Tropical Western Pacific (TWP) and 
Southern Great Plains (SGP) sites. Another goal will be to improve the CO2 radiative 
transfer algorithm to better retrieve global CO2 with AIRS. Development of algorithms to 
make global retrievals of dust and cirrus clouds with AIRS will also continue. 
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NASA Grant: Calculations of the Rate Coefficients of Vibrational-Vibrational and 
Vibrational-Translational Energy Transfer for the Non-LTE Modeling of 
Martian Atmosphere (NAG5-12681) 

Investigator: Weifeng Wang, Assistant Research Scientist, Research Faculty 

Abstract 

Rate coefficients of vibrational-vibrational (V-V) and vibrational-translational (V-T) energy 
transfer are important for modeling the Martian atmosphere. The nonlocal 
thermodynamic equilibrium (non-LTE) radiative transfer model for CO2 could not provide 
satisfactory accuracy, partly because of the lack of accurate rate coefficients. Theoretical 
calculations of the V-V and V-T rate coefficients relevant to the Martian atmosphere were 
performed. A semiclassical algorithm has been developed to numerically calculate the 
scattering matrix with fast convergence. The deactivation rates of CO2 by collision with 
atomic oxygen were computed. Atmospheric temperatures above 100 km are sensitive to 
these values. Other continuing work involves rate-coefficient calculations for CO2-CO2, 
CO2-N2, and other systems. 

Description of Research 

A non-LTE radiative transfer model was developed over the past decade to properly 
model the thermal structure of the Martian atmosphere. This scheme takes account of a 
number of strong CO2 infrared bands that dominate the energy balance. Collisional 
processes involving CO2 significantly affect modeling results through V-V and V-T energy 
transfers. However, for Martian atmospheric CO2, O, N2, and CO, the V-V and V-T rate 
data are either deficient, or were poorly measured due to experimental difficulties. In fact, 
an uncertainty factor of about 4 is common for most rate constants presently used in the 
non-LTE model. The objective of this work is to provide reliable calculated rate 
coefficients for V-V and V-T energy transfer for the collision systems of CO2-O (3P) as 
well as CO2-CO2 and CO2-N2. For these systems, a semiclassical approach is suitable, 
as the masses of the colliding particles are moderately heavy. 

Accomplishments in FY 03-04 

An efficient semiclassical algorithm has been proposed for numerical calculation of a 
quantum scattering matrix. By considering time ordering throughout the entire collision, 
faster convergence was achieved. The mathematical Magnus expansion was used to 
describe the time ordering. The traditional classical trajectory in the short-distance region, 
which is dominated by a strong repulsive force, was modified to more accurately account 
for the short-range interaction effects on the scattering matrix. Evaluation of the scattering 
matrix is the core step in calculations of V-V and V-T rate coefficients. A research paper 
reporting the results of this work is in press [Wang 2004].  

Theoretical calculations were performed for the V-T rates for CO2 (ν2)-O(3P) with ν2 
quanta exchange. The collision process was simulated semiclassically; the collisional 
trajectory was described with classic mechanics, while the internal vibrational motion of 
CO2 was treated quantum mechanically. Atomic potential was used [Wang 2003]. This 
type of potential works well over short intermolecular ranges; as a result, it plays an 
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important role in vibrational relaxation. A manuscript describing this work is in 
preparation. 

Objectives for FY 04-05 

Computations on the V-V and V-T rate coefficients will continue for other collisional 
systems, including CO2-CO2 and CO2-N2, to further support studies of the radiative 
energy balance in the Martian atmosphere. 
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 Task 1:  Development of Raman Lidar Techniques to Address the Indirect 
Aerosol Effect 

NASA Grant:  Validation of MicroPulse Lidar Aerosol Extinction Measurements 
Using Raman Lidar (NCC5-701) 

NASA Grant: Raman Lidar Studies of Water Vapor, Cirrus Cloud Optical Depth, 
Particle Size, and Ice Water Content (NNG04GC06A) 

Investigators: David Whiteman, JCET Fellow, GSFC, Code 912; Felicita Russo, Graduate 
Student, Physics; Antonia Gambacorta, Graduate Student, Physics; 
Raymond M. Hoff, Professor, Physics, and JCET Director 

Abstract 

This work reports on the development of Raman lidar techniques to measure cloud and 
aerosol properties involved in the determination of aerosol indirect effect. These 
properties include extinction, liquid water content, droplet size distribution, and number 
density, the study of which will add to our understanding of the aerosol indirect effect and 
the role that Raman lidars play in studying it. A preliminary study of an extinction 
algorithm produced interesting results that need to be validated by applying this 
procedure to a larger dataset. The candidate set of data comes from campaigns in which 
the scanning Raman lidar (SRL) was at the Department of Energy (DOE)’s Atmospheric 
Radiation Measurement (ARM) site in 1996, 1997, and 2000. A preliminary study of 
Raman lidar techniques to retrieve cloud liquid water contents has also begun, along with 
a technique to calibrate the liquid water mixing ratio.  

Description of Research 

The indirect aerosol effect [Twomey 1977] is defined as the effect of aerosols on cloud 
microphysics. It influences the atmospheric radiative balance by changing cloud 
reflectivity and lifetime. A review of available research, such as that undertaken by the 
International Panel for Climate Change [Houghton et al. 2001] concerning radiative 
forcing associated with the aerosol indirect effect reveals a large range of uncertainty, 
ranging from 0 W/m2 to -2 W/m2. Tightening up that uncertainty is the foundation of these 
studies, due to the importance of these effects in climate change calculations. Because 
the aerosol indirect effect involves quantities like aerosol atmospheric loading, the droplet 
number density, size distribution, and cloud liquid water content, and because lidar 
techniques are able to provide profiles of atmospheric quantities, Raman lidar data are 
examined to better understand the aerosol indirect effect. 

Accomplishments in FY 03-04 

An algorithm for the calculation of aerosol extinction has been developed to run in a 
semiautomatic fashion. This algorithm, based on the procedure used by Whiteman et al. 
[1999], allows determining extinction from the slope method, using different orders of fit 
and then choosing between the models along the extinction profile. This method 
represents a more rigorous method to calculate the extinction because there is no need 
to choose a priori the statistical model that fits the data.  
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A first attempt has been made to calibrate the liquid water mixing ratio by transferring the 
water vapor mixing ratio calibration constant. The resulting values for the liquid water 
content in a cloud are higher than what would be expected in a nonprecipitating cumulus 
cloud [Rogers et al. 1996]. It is necessary to apply the algorithm to a larger set of 
measurements from warm clouds to allow any conclusions to be drawn about the 
method.  

Objectives for FY 04-05 

In the next year increased testing of the two algorithms will be done. An algorithm will be 
developed that uses liquid water content and aerosol scattering ratio to calculate both the 
average radius of droplets and their number density as a function of the altitude in the 
cloud. 

There has been more that one observation of some signal in the lidar’s liquid water 
channel in the absence of clouds, the source of which currently is not well understood. 
Some of the work in the coming year will explore possible causes, along with an accurate 
study of the spectrum of the atmosphere, which could give some help in characterizing 
this phenomenon. 
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II.4 Interdisciplinary Science Focus Group: 
Vision 
The Interdisciplinary Science Focus Group (ISFG) is comprised of researchers in various 
disciplines in Earth and planetary sciences. The research has several foci. One is to 
apply modern technologies in space/ground observations and scientific computations to 
studies of dynamical processes in various components of the Earth system and 
interactions among them. A second is to understand possible sources of forces on the 
dynamical Earth, the responses of the Earth, and the consequences on global change 
and on our society. Group research, which uses an interdisciplinary approach where 
appropriate, includes the deep-interior structure of Earth, geodynamo/geomagnetism, 
tectonics, volcanic processes, reference frames, terrestrial gravity, boreal and carbon 
cycle biophysics, environmental science, surface change, oceanic dynamics, sea ice, 
planetary aeronomy, and meteorology.  

Deep-Earth research focuses on modeling the dynamical processes in the Earth’s liquid 
outer core, geomagnetic field generation (the geodynamo), and interactions between the 
core and the solid Earth on time scales ranging from decades to over a century. Future 
research efforts shall focus on further improving the modular-based MOSST geodynamo 
model, and integrating the work with other ongoing Earth science modeling efforts; 
furthering studies on core-mantle interactions and their impact on Earth’s rotation 
variation; and initiating multidisciplinary (e.g., geodynamo, geomagnetism, geodesy, and 
geodynamics) studies of the deep Earth. 

Volcanological research focuses on time-varying (interannual) volcanic eruptions, time 
series of eruption clouds, and their application to climate prediction. Future research 
activities include extending the eruption-produced sulfur and ash mass observations 
database for two more decades from the current 22-year-long records; inferring solid-
Earth processes and improving eruption forecast accuracy via detection of pre-eruptive 
volcanic emissions and coordinated fieldwork; providing analytical tools to NOAA, FAA, 
and the USGS to mitigate aviation hazards; and developing new algorithms to increase 
the sensitivity for detecting sulfur dioxide with future satellite instruments. Space geodesy 
research focuses on the terrestrial reference frame, the Earth’s gravity field model, and 
the observation of global sea level changes. This research subgroup intends to continue 
contributions to analysis, calibration, and exploitation of data from the CHAMP, GRACE, 
JASON and ENVISAT missions; to prepare for the GOCE missions; to provide more 
research results and data to NGS, USNO, and IERS; and to apply the results to gravity 
field modeling and other geophysical studies (e.g., earthquakes, large storms, surging/ 
retreating of polar ice-caps, minute changes in sea level, eruption of volcanoes, etc).  

Research efforts in data assimilation focus on statistical and computational methods to 
assimilate satellite-based observational data with numerical modeling. Near- and longer-
term research plans include using statistical and computational methods to generate an 
optimally accurate description of the atmosphere; providing support to instrument teams 
by making atmospheric analyses available for retrieving satellite data products; 
experimenting with assimilation of observational data to help design instruments and to 



 THE JOINT CENTER FOR EARTH SYSTEMS TECHNOLOGY 

 60  

define operational modes, and to optimize their impact on our knowledge of the 
atmosphere. 

Sea-ice research focuses on developing algorithms to estimate sea ice areal fraction, 
and on the impact of sea ice on ocean-atmosphere heat transfer. Current and future 
research efforts include developing new algorithms to better estimate snow depth on sea 
ice and of sea ice coverage, and improving estimates of heat and salt flux for the polar 
oceans through assimilating satellite-based measurements into sea ice and ocean 
models. This work is being done as part of NASA’s Seasonal-to-Interannual Prediction 
Project. 

Planetary research in the ISFG focuses on planetary atmospheres and magnetic fields 
and their uniqueness and their similarities with terrestrial systems. Future research plans 
include further understanding the evolution of planetary atmospheres (part of NASA’s 
goal to understand the origin and evolution of the Solar System) by developing analytical 
and numerical models for escape rates of the neutral and ionized components of 
planetary atmospheres. These rates are then used to estimate the loss of a particular 
constituent over geologic time scales (e.g., the amount of water Mars and Venus have 
lost over the last four billion years).  

Group-wide, activities shall continue to expand research areas associated with NASA’s 
Earth Science Enterprise through new projects and new initiatives, such as the carbon 
cycle initiative. Group participation will continue and expand in national and international 
research programs (e.g., the IERS’ Global Geophysical Fluids Center; EarthScope); 
strengthen collaboration with scientists from other organizations (e.g., NIMA and USNO); 
to develop and implement cutting-edge research techniques, better access to various 
community research resources, and new research areas for group members and for 
UMBC faculty and graduate students, in general. 

Collaborations with other JCET focus groups will continue and grow. Cooperation will 
continue with other university centers and departments on research proposals and 
projects, and on undergraduate/graduate curriculum development, with an eye to 
strengthening multidisciplinary research activities and improving scientific productivity by 
better exploiting research results and observational data from different disciplines of the 
Earth sciences. In so doing, these efforts will also expose students and faculty members 
to new research and technology developments. Group efforts will continue in developing 
a UMBC program in Earth and Environmental Science, aimed at better serving education 
and research university wide with our group’s vast reservoir of expertise. 

Such visions in research and in education will further the purpose of JCET as a University 
Research Center, not simply a research entity that presently interests GSFC. By helping 
expand the already wide spectrum of research interest areas at JCET, the ISFG makes 
the entire university organization stronger and more resilient with respect to fluctuations 
and redirection of funding themes of interest to NASA, NSF, and other supporting 
agencies. JCET will expand and flourish within UMBC when it becomes a research and 
development “workshop” where UMBC students can get their first exposure to serious 
research. Creating internship opportunities for students in several areas of geophysics 
will always be one of the basic principles of the group’s operation, and will amply support 
JCET-, UMBC-, and GSFC-related scientific and educational goals. 
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NASA Grant: Water on Mars: Inferences from Mass Movement Studies (NAG5-
11196) 

NASA Grant: Landslide Modeling and Forecasting Utilizing Remotely Sensed Data 
(NAG5-12199-1) 

NSF Grant: Topographical and Compositional Studies of Andesite Lava Flows at 
Sabancaya (INT-0105865) 

Investigator: Mark Bulmer, Research Assistant Professor, Geography and Environmental 
Systems 

Abstract 
The focus of work performed under these NASA and NSF grants is on combining field 
studies and remotely sensed data to study the Earth and planets. Interferometric 
synthetic aperture radar (InSAR) techniques were used to detect displacements from 
landslides, and coupled with high-resolution lidar data. Data were analyzed to determine 
the suitability of several techniques for landslide prediction and characterization. These 
techniques will have utility for studies of Mars and the Earth.  

Description of Research 
The work performed under these NASA and NSF grants is independent research on 
remote sensing applications to the Earth and planets. The focus is on combining field 
studies and remotely sensed data to achieve greater understanding of the phenomena 
that underlie landslides and related phenomena. Current research interests include high-
resolution topographic studies of rough lava flows and rock avalanches, geologic 
mapping of the Sabancaya volcano in Southern Peru, studies of debris flows in Virginia, 
InSAR studies of active landslides, laboratory experiments on mass movement 
dynamics, and instrument development for Mars surface explorations. Fieldwork has 
been conducted on large landslides in California, Idaho, New Zealand, and Nepal; 
volcanic hazard assessments in Hawaii, Iceland, Sicily, and Peru; and debris flows in 
California, Virginia, and New Zealand. Work on these various projects is funded through 
NASA’s Solid Earth and Natural Hazards Program (SENH), NASA’s Mars Global 
Surveyor (MGS) Data Analysis Program, NASA’s RADARSAT-1 Application 
Development and Research Opportunity (ADRO)-2 Program, NSF International 
Programs, RADARSAT-1 Data for Research Use (DRU), European Space Agency 
(ESA) AO-3, and the National Geographic Society. Other activities include teaching and 
educational outreach. 

Accomplishments in FY 03-04  
For the Landscape-Scale Model (LANDMOD)/SENH project, it has been successfully 
demonstrated that differential InSAR techniques can be used to detect displacements on 
landslides using RADARSAT-1 data and calibrated differential InSAR landslide 
displacement maps, using ground-based, in situ data. The airborne lidar has been tested 
for landslide monitoring and compilation of a high-resolution digital elevation model for 
use in differential InSAR methods. There sensitivities of InSAR displacement maps are 
improved over those derived from airborne lidar. 
The capability of RADARSAT-1 and the Alaskan SAR Facility to respond to demands for 
landslide monitoring during times of crises was tested, and found to be inadequate. 
Further, the RADARSAT-1 single-look complex (SLC) data that were found unsuitable for 
InSAR analysis were reprocessed to produce path SAR georeferenced fine-resolution 
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(SGF) and backscatter images. These were successfully used to produce geomorphic 
sketch maps of the landslides. Differences in backscatter coefficient between images 
with differing dates were used to detect changes on and around the landslide areas. A 
guide has been developed for the landslide community for radar swath planning, 
acquisitions, processing, and end-user product generation, based on understanding the 
landslide site to be investigated. Air photo coverage has been obtained at 1-m resolution, 
and digital elevation models (DEMs) have been generated. A model for landslide 
forecasting based on movement patterns has been developed and tested; to confirm the 
model, a series of innovative stress-path experiments has been conducted, during which 
deformation rate was monitored while the sample of landslide material was subjected to 
increasing pore pressures under constant deviator stress. The state of knowledge at 
each of the landslide sites has been reevaluated. New geomorphic maps were produced 
detailing these new findings. Results from the project were presented at international 
conferences in Europe and America, and two manuscripts were submitted to journals. A 
no-cost extension for 12 months has been granted by NASA, and allows for new data 
acquisitions from 2002 to be received and analyzed. A proposal that builds upon 
LANDMOD has been set in England, based at the University of Durham. A request for 
data from the European Space Agency was funded.  
The PI was involved in beta testing to facilitate releasing signal data for LANDMOD-
RADARSAT-1/ADRO-2 on CD-ROM. This test was successful, and most data have now 
been shipped. Signal data have been successfully processed to single-look complex 
product, using the upgrade to the SAR processor.  
Data from block analysis under the Lava Flows/NSF International Programs activities 
have been processed. Results and interpretations have been submitted to the Journal of 
Geophysical Research – Earth, and accepted with revisions [Bulmer et al. 2004]. A new 
master’s degree student has begun to work on data collected under this grant. 
Data from block analysis under the Mass Movement (MASSMOVE ) studies and MGS 
Data Analysis Programs have been processed and incorporated in a manuscript. 
Airborne 1 Corporation was commissioned to obtain lidar data over the Chaos Jumbles 
rock avalanches northwest of Lassen Peak, Lassen Volcanic National Park, California. 
These data have been received and processed, and are being analyzed using the Arc 
geographic information system (GIS). A master’s student spent two weeks over the 
summer at the Jumbles, collecting data for this thesis. A NASA summer intern assisted in 
analysis of Mars datasets, resulting in the development of a new model for the evolution 
of large landslides on Mars. Collaborations have begun with Dr. Wolfgang Losert in the 
Department of Physics at the University of Maryland, College Park, which have allowed 
access to laboratory space for physical experiments with sand flows. 
Presentations related to this project have been given at the Lunar and Planetary Science 
Conference [Bulmer et al. 2003; McGovern et al. 2003]. A manuscript submitted to 
Geophysical Research Letters has been reviewed, and is being revised. Results from 
ongoing analyses of Mars Orbital Camera (MOC) and Mars Orbiting Laser Altimeter 
(MOLA) data over a proposed landing site for Mars Exploration Rover (MER)-A have 
been published in a MER Special Issue of Journal of Geophysical Research – Planets 
[Weitz et al. 2003].  

Objectives for FY 04-05 
Particular focus in the coming year will be on completing publication of results from the 
LANDMOD project. A new proposal will be submitted to NASA Code S.  
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Task 71 Detection Of Early Vegetation Stress Based on Bio-Physiological, 
Fluorescence and Spectral Optical Reflectance Remote Sensing 
Measurement Procedures 

Investigators:  Petya Entcheva Campbell, Assistant Research Scientist, Research Faculty; 
Elizabeth Middleton, GSFC, Code 923 

Abstract 
This task addressed development of instrumentation and algorithms to assess 
vegetation carbon and nitrogen cycling dynamics. The goal of this project is to evaluate 
existing and emerging fluorescence (F) technologies to determine vegetation parameters 
related to photosynthetic function and carbon and nitrogen cycling dynamics in plants 
exposed to environmental stresses linked to alterations in the global nitrogen cycle. A 
second project is concerned with the effects of trinitrotoluene (TNT) and 
aminomethylphosphonic acid (AMPA) on vegetation biophysiological, fluorescence, and 
reflectance properties.  

Description of Research  
Currently, there is no satisfactory method for locating unexploded ordinance or to mitigate 
the environmental impacts of leaked TNT. Unexploded TNT-containing land mines, 
deployed during military training exercises, eventually leak TNT into the soils, where it is 
partially degraded into nitrate and toluene, a carcinogen. Due to potential environmental 
impacts of toluene reaching water supplies, the Environmental Protection Agency (EPA) 
has mandated that land mines on U.S. military bases be located and removed. 
Furthermore, a pending international agreement would require the U.S. to remove land 
mines placed on foreign soil (e.g., Egypt, Viet Nam, etc.). 

The first task deals with fluorescence techniques for carbon science research to improve 
knowledge of the links between the global carbon and nitrogen cycles to successfully 
interpret current and future feedbacks between the atmosphere and the terrestrial biome 
with particular attention to photosynthetic dysfunction due to environmental stresses. 
Current strategies for monitoring the status of vegetation from satellites rely on spectral 
reflectance, providing estimates of vegetation vigor related to chlorophyll content. 
Fluorescence, however, offers a nondestructive, fast alternative to earlier techniques, 
with diagnostic potential for early detection of changes in photosynthetic capacity, 
efficiency, rate, and can be used to detect disturbances in the photosynthetic system. 
The goal of the fluorescence research team is to evaluate existing and emerging 
fluorescence technologies to determine vegetation photosynthetic function and 
carbon/nitrogen cycling dynamics in plants exposed to environmental stresses linked to 
alterations in the global nitrogen cycle. 

The second area of research addresses the effects of TNT and AMPA on vegetation 
biophysiological, fluorescence, and reflectance properties. The primary goal of this study 
is to evaluate the capability of fluorescence sensing systems to remotely detect the 
presence of TNT-related compounds sequestered in vegetation growing on TNT-
contaminated soils. Vegetation may be able to serve as “biosensors” or “bioindicators” for 
the presence of TNT-related compounds and their source: unexploded mines. In 
aboveground tissues, such as leaves and stems, TNT metabolites could cause changes 
in spectral fluorescence and reflectance properties that may be detectable using remote 
sensing measurement techniques. Using various fluorescence instruments and 
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methodologies that use actively induced fluorescence associated with “steady-state” 
emissions, experiments are being conducted using four plant species, two of which have 
the C4 photosynthetic pathway and two of which have the more common C3 pathway.  

Accomplishments in FY 03-04 
In support of research on fluorescence for carbon science, three major experiments were 
conducted, including measurements of tree species under nitrogen deficiency and 
excess; measurements on crop species under nitrogen deficiency and excess; and 
measurements on genetically modified crops that have mutations in chlorophyll pathways 
or function. During the experiments, the following actions were taken: chlorophyll 
fluorescence (ChlF) emission and spectral reflectance (R) properties of C3 and C4 
vegetation under a range of both plant vigor and stress conditions were determined; the 
ChlF and R measurement, laboratory, and data processing procedures were validated; 
the potential for vegetation stress detection, plant physiological parameters, and foliar 
constituent estimation of F and R measurement approaches were evaluated; the 
percentage of the total reflectance signal that is due to fluorescence was determined for a 
number of C3 and C4 species; the amount of radiance due to fluorescence was quantified 
in W/m2/sr/µm; and the use of broad- vs. single-band ChlF excitation sources,and ChlF 
vs. reflectance measurements in relation to physiological properties and biophysiological 
plant stress indicators were compared.  

To explore the effects of TNT and AMPA on vegetation biophysiological, fluorescence, 
and reflectance properties, high-spectral-resolution reflectance and fluorescence were 
measured, using several different approaches and systems: In the first case, before leaf 
excision, a blue or red pulse induction of ChlF and the associated temporal fluorescence 
kinetics in leaves were examined using a Li-Cor fluorometer, in conjunction with the Li-
Cor 6400 photosynthetic system for CO2 uptake. In the second case, immediately after 
leaf excision, whole-leaf fluorescence images were produced using our in-house 
multispectral fluorescence imaging system (FIS). The third case addressed a subset of 
excised leaves from each treatment group (species x TNT concentration x growth stage); 
excitation-emission matrices (EEMs) were determined using a medium-resolution (5-nm) 
Hitachi fluorometer, from which difference spectra was calculated as a screening step to 
identify the most useful wavelengths for TNT-related fluorescence responses. In the 
fourth case, for all excised leaves a high-resolution (2-nm) SPEX fluorometer was used 
to produce line emission spectra from excitation wavelengths determined in for samples 
in the third case, above. The laser-induced fluorescence imaging system (LIFIS) was 
designed for use in ambient light outdoors for monitoring crop stress, but will be used in a 
laboratory configuration in this phase of the study.  

Objectives for FY 04-05 
The contribution of fluorescence to reflectance of crop and tree species will be assessed, 
on a range of C3 and C4 species under a full range of environmental stress regimes. The 
utility of spectral ratios computed from ChlF emission measurements and the reflectance 
ratios will be compared to determine their suitability to detect vegetation at the leaf and 
canopy level. The research will result in the development and validation of new 
algorithms and cost-effective remote sensing techniques for assessing vegetation 
physiological condition. Experiments will be conducted on whole plants using our in-
house LIFIS. 
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Task:  Planetary Atmosphere Escape and Evolution: Titan, Mars, and Venus  

Investigator: Richard E. Hartle, Associate Director, JCET; JCET Fellow, GSFC, Code 910 

Abstract  

Venus, Mars, and Titan—three bodies without intrinsic magnetic fields—were studied this 
reporting period. In preparation for the Cassini orbiter mission and the numerous Titan 
flybys, the analysis by Hartle et al. [1982] was revisited. The previously unnoticed 
decrease in the background N+ torus ion plasma as Voyager 1 approached Titan was 
interpreted to be a finite gyroradius effect. The decrease occurs because the ions are 
intercepted and absorbed by Titan’s atmosphere as a result of being on stream tubes 
passing within an N+ gyroradius of Titan’s ionopause. Mass loading by pickup ions and 
their influence on the position of the ionopause was studied. Strong reduction in speed 
was produced just above the nose of the ionopause, the region where N2 becomes the 
dominant exospheric constituent and N2

+ becomes the dominant ion just above the 
ionopause. Focus on Venus continued, where ion escape occurs through ion pickup or 
collective plasma processes. The latter arises from flow of ionospheric ions into the 
ionotail, where they were shown to flow great distances downstream of Venus. 

Description of Research 

One general objective of this work is to further understand the evolution of planetary 
atmospheres as part of NASA’s goal to understand the origin and evolution of the Solar 
System. In this regard, analytical and numerical modeling, along with data analysis, are 
carried out to describe escape processes and to determine the escape rates of neutral 
and ionized components of planetary atmospheres. The escape rates, in turn, are used 
to estimate how much of a particular constituent a planet has lost over geologic time, 
e.g., the amount of water Venus and Mars have lost over four billion years. 
Measurements of ion and neutral gasses in the thermosphere and exosphere of Titan, to 
be made in 2004 by instruments on the Cassini orbiter, are expected to yield new insights 
on atmosphere escape mechanisms.  

Accomplishments in FY 03-04 

The evolution of light constituents in planetary atmospheres is dependent on their loss 
rates to space. Atmosphere escape rates are generally enhanced on those bodies 
lacking intrinsic magnetic fields, in which case the solar wind interacts directly with their 
atmospheres and ionospheres. Venus, Mars, and Titan are three bodies without intrinsic 
fields that have been studied during this reporting period.  

In preparation for the Cassini orbiter mission and the numerous Titan flybys, the analysis 
by Hartle et al. [1982] was revisited. In that work, it was concluded that the Voyager 1 
plasma instrument detected H+ and N2

+ pickup ions (picked up by Saturn’s rotating 
magnetosphere) as the spacecraft approached Titan. This was followed by the 
measurement of ions with a mass of 28 amu in Titan’s ionotail, which were interpreted to 
be H2CN+, believed to be the dominant ion in the ionosphere. On reanalysis of the 
plasma spectrum, it was noticed that the background plasma, composed primarily of N+ 
torus ions, decreased as Voyager approached Titan. This was interpreted to be a finite 
gyroradius effect produced by ions being intercepted and absorbed by Titan’s 
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atmosphere that are on stream tubes passing within an N+ gyroradius of Titan’s 
ionopause; the N+ gyroradius is more than twice Titan’s radius. A simple model was 
developed to study the mass-loading effects of pickup ions and how they influence the 
position of the ionopause. Strong reduction in speed was produced just above the nose 
of the ionopause, the region where N2 becomes the dominant exospheric constituent and 
production of N2

+ pickup ions increases dramatically to the extent that N2
+ becomes the 

dominant ion just above the ionopause. This work was presented at a Cassini/Titan 
workshop earlier this year.  

Work continued on observations of Venus, where ion escape occurs through ion pickup 
or collective plasma processes. The latter can arise from upward flow of nightside 
ionospheric plasma into the ionotail, day-to-night ionospheric flow into the ionotail, and 
scavenging of ionospheric plasma by ionosphere-magnetosheath instabilities at the 
ionopause. The principle ions observed escaping the influence of Venus are H+, He+, and 
O+. In the ion energy distributions of the Pioneer Venus Orbiter (PVO) plasma analyzer, 
pickup ions appear hot relative to the much cooler ions flowing away from Venus in the 
ionotail and in the plasma clouds detached from the ionopause. This energy contrast is 
particularly evident downstream, when PVO crossed the ionotail boundary from the hot 
solar wind plasma to the much cooler plasma within the tail. Magnetic field signatures 
accompanying the escaping ions appear as peaks in the power spectra at the 
corresponding ion cyclotron frequencies. Also, coherent wave trains at the same 
frequencies were observed in the phase angle plots of magnetic field fluctuations about 
the mean field. The results of this work were reported in an invited paper at the 2003 
IUGG meeting [Hartle et al. 2003].  

It has been known for some time that atmospheric water on Mars is significantly enriched 
in deuterium (D) relative to hydrogen (H), having about five to six times the D/H ratio of 
terrestrial water. The enrichment is due to preferential escape of H over D, a process 
fundamental to understanding evolution of water on the planet. Thermal evaporation is 
the dominant escape process for these constituents; therefore, the classical Jeans 
escape flux is basic to water evolution studies. Furthermore, it has been thought that 
Mars possessed crustal water reservoirs, some in equilibrium with its very dry 
atmosphere, a concept now substantiated through analysis of Martian meteorites, where 
the presence of enriched deuterium from an earlier epoch has been observed. Ancient 
and current water reservoir magnitudes have been estimated using the above factors in 
the Rayleigh fractionation process, wherein the Jeans escape flux plays an essential role. 
A paper was written describing how thermospheric winds, planetary rotation, and kinetic 
effects enhance the Jeans escape flux, resulting in a significant increase in estimates of 
past and present crustal water reservoir magnitudes. 

Objectives for FY 04-05 

Atmosphere escape processes on Mars and Titan will continue to be studied and should 
contribute to the interpretation of measurements to be made from spacecraft expected to 
encounter these bodies this year. A Monte Carlo model of the exosphere of Titan, along 
with a plasma hybrid code, will be developed to interpret the ion measurements to be 
made this year from Cassini at Titan. Large-scale solar magnetic field models will be 
developed using results from 2-D flow models when they are completed. 
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Task 35: Assessing Controls on Carbon Flux in Contrasting Ecosystems 

Investigator: Karl Fred Huemmrich, Research Assistant Professor, Geography and 
Environmental Systems 

Abstract 

Work continued on a study linking hyperspectral remote sensing, vegetation type, and 
carbon fluxes. Data collected during the Southern African Regional Science Initiative 
(SAFARI) 2000 were analyzed, and a paper on the results was completed. Editing of a 
special issue for Boreal Ecosystems and Atmosphere Study (BOREAS) remote sensing 
science for the journal Remote Sensing of the Environment was completed. 

Description of Research 
The focus of this effort is to develop methods for using multispectral and hyperspectral 
remotely sensed landscape data to determine biophysical characteristics of vegetation, 
and to link those characteristics to carbon fluxes and plant growth through the use of 
models. These studies use data from different ecosystems, including boreal forests, 
arctic tundra, chaparral, and African woodlands. 

Accomplishments in FY 03-04 

This year began working for the “Data Blender” project under Jeff Masek, a civil servant 
at GSFC. This project examines possible replacement of Landsat data by data from other 
satellites. The effects of the differing spectral responses of different instruments have 
been examined, using both observations and simulated data. 

Analysis of SAFARI 2000 field data continued. Algorithms were developed to calculate 
the fraction of photosynthetically active radiation (fPAR) intercepted by vegetation from 
field-measured light transmittance data. The field measurements collected throughout 
2000, 2001, and into 2002 were processed and compared with Moderate Resolution 
Imaging Spectroradiometer (MODIS) fPAR and normalized difference vegetation index 
(NDVI) products. Further analysis using both field data and models was performed to 
examine error sources. These results were written up and the paper has been accepted 
for publication in the International Journal of Remote Sensing. 

The use of narrow-band spectral indexes to detect stress effects resulting in 
photosynthetic down-regulation was examined. This work examines photosynthesis from 
leaf-to-canopy levels, and includes both statistical analysis and modeling of 
photosynthesis and light interactions with leaves and canopies. Data come from 
laboratory measurements, measurements from flux towers, and remote sensing from 
helicopter and satellite platforms. This research leads to the development of several 
proposals to NASA. 

Other work included assisting in the formation of the Spectral Network (SpecNet) group 
to advance our understanding of the links between vegetation spectral reflectance and 
carbon balance. A focus of this group is to encourage collection of spectral reflectance 
data in conjunction with measurements of fluxes of ecosystem carbon and energy. 

The JCET investigator acted as editor for a special issue of the journal Remote Sensing 
of the Environment, 89(2), which focuses on BOREAS remote sensing science. Eight 
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papers are included in this issue, one of which was an overview paper on the lessons 
learned in BOREAS, for which the JCET investigator acted as corresponding author. 

Objectives for FY 04-05 

Work will begin on the use of canopy reflectance models to determine vegetation 
characteristics; the results will be linked to ecosystem production models as part of the 
work for the newly funded proposal. Work will continue on collecting and analyzing data 
to develop connections between ecosystem carbon fluxes and hyperspectral remote 
sensing of a variety of different vegetation types. 
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Task 62: Remote Sensing of Volcanic Emissions 

NASA Grant: Ozone Monitoring Instrument Science Team – Algorithms for Sulfur 
Dioxide and Ash Retrievals (NAS5-01110-4) 

Investigators:  Arlin Krueger, Research Professor, Physics; Stephen Schaefer, Assistant 
Research Scientist, Research Faculty; Saswati Datta, Assistant Research 
Scientist, Research Faculty; Simon Carn, Research Associate, Research 
Faculty; Nickolay Krotkov, Senior Research Scientist, Research Faculty, GEST 

Abstract 
Updated versions of the sulfur dioxide (SO2) algorithm for the Ozone Monitoring 
Instrument (OMI) were delivered on schedule in anticipation of extending and expanding 
the volcanic database after the mid-2004 launch of the EOS Aura spacecraft. Analysis of 
algorithm performance for optimum band selection was initiated. Total Ozone Mapping 
Spectrometer (TOMS) data continued to play a key role in monitoring volcanic activity at 
Nyiragongo volcano (D.R. Congo), which is currently among the largest point sources of 
SO2 on Earth. TOMS SO2 data from several volcanic eruptions were used to validate 
infrared SO2 retrievals from the Advanced Infrared Sounder (AIRS), the High-Resolution 
Infrared Sounder (HIRS/2), and Moderate-Resolution Imaging Spectroradiometer 
(MODIS) instruments, and a major anthropogenic pollution event in Iraq was detected. 
The volcanic emissions Web site continues to be updated with new eruption data. 

Description of Research 
The goals of this research are to develop new satellite-based tools to observe climate 
related atmospheric constituents, to measure the quantity of SO2 in volcanic and 
anthropogenic emissions, and to ascertain the time-dependent properties of volcanic 
clouds containing SO2, ash, and sulfate. A fuller understanding of the solid earth 
processes that control the production and emission of SO2 and ash is also sought to 
refine and develop methods of eruption prediction and airborne hazard mitigation using 
remotely sensed data. Beginning in late 2004 a transition is anticipated from the Earth 
Probe (EP) TOMS to increasingly sensitive UV instruments such as OMI, which will 
permit more frequent detection of smaller volcanic clouds or passive plumes. 

Accomplishments in FY 03-04 
Code for the retrieval of SO2 from OMI data, written by Dr. Datta, and incremental 
updates were delivered to the OMI Team Leader Computing Facility Science 
Investigator-led Processing System (SIPS) on schedule, despite a funding shortfall. A 
research version was delivered to team members to allow them to define settings to 
optimize performance. Research code testing identified areas of poor performance and 
established trades between a priori parameters and retrieval bias and noise. The way the 
algorithm interpolates instrument and radiative transfer table wavelengths required 
particular attention. The in-house TOMS research code (TOMSplot) was modified to 
prepare for the imminent release of Version 8 TOMS data. 

Continuous tropospheric SO2 emissions from Nyiragongo volcano (D.R. Congo), first 
detected by EP TOMS in October 2002, continued throughout the reporting period, and 
will be in a publication currently in preparation. Attempts to measure the SO2 emissions 
with infrared (IR) satellite-based instruments have so far been unsuccessful, probably 
due to poor temperature contrast and high water vapor loadings. To date, EP TOMS has 
observed SO2 from Nyiragongo on approximately 150 days, constituting the most 
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extensive satellite-derived, noneruptive SO2 emission record for any single volcano. The 
data show that the cumulative mass of retrieved SO2 from Nyiragongo exceeds 2 Tg. 
However, accounting for data gaps, meteorological factors, and variations in plume 
height an actual SO2 production of ~7±2 Tg was estimated, as was an average emission 
rate of approximately 16 Gg/day [Carn 2004]. The unique and important role played by 
EP TOMS in monitoring the Nyiragongo outgassing crisis resulted in the invitation of one 
investigator (Carn) to participate in a field campaign in D.R. Congo in March 2004. The 
main goal of this campaign was to deploy a ground-based, automated, open-path UV 
spectroscopic system to monitor SO2 emissions continuously while sufficient sunlight is 
available. The resulting measurements will be used to validate the TOMS SO2 data, 
necessary because of the low altitude of the volcanic plume.  

Other ongoing work in the reporting period included comparisons between TOMS SO2 
data and IR volcanic cloud retrievals. A scheme developed to retrieve SO2 from HIRS/2 
data [Prata et al. 2003] is being tested against Nimbus-7 (N7) TOMS data for an eruption 
of Hekla volcano (Iceland) in 1980. This eruption produced a stratospheric SO2 cloud that 
circumnavigated the North Pole in five days. Assimilating the N7 TOMS and HIRS/2 
observations of the long-lived SO2 cloud provides a means to validate the satellite data 
and trajectory models, such as the Hybrid Single-Particle Lagrangian Integrated 
Trajectory (HYSPLIT) [Carn et al. 2004a]. Since SO2 clouds typically persist longer in the 
atmosphere than ash clouds, they provide a more robust validation of dispersion models. 
EP TOMS SO2 retrievals for volcanic clouds produced by Soufriere Hills (Montserrat) and 
Anatahan (Mariana Islands) in 2003 are also being used to test a new SO2 retrieval code 
developed to exploit high-spectral-resolution data from AIRS [Carn et al. 2004b]. Analysis 
of TOMS data contributed to an investigation of the effects of SO2 emissions from 
effusive eruptions (e.g., Nyamuragira) on stratospheric sulfate aerosol concentrations, 
which is in progress at NASA’s Langley Research Center. Routine analysis of volcanic 
emissions detected by EP TOMS also continued, and collaboration with Volcanic Ash 
Advisory Centers (VAACs) that continuously monitor volcanic clouds ensured that all 
events of sufficient size were analyzed. Supporting work included facilitating a 
comparison of TOMS with other sensor data [Tupper et al. 2004]. 

Objectives for FY 04-05 
Following launch of Aura in July 2004 and activation of OMI, plans call for analysis of SO2 
retrieval performance, especially for boundary layer emissions that affect air quality and 
for passive outgassing of volcanoes. The OMI retrievals will be validated by comparisons 
with EP TOMS data and through field campaigns in collaboration with volcano 
observatories and air quality researchers. If pending proposals are funded, follow-up field 
campaigns will be conducted at Nyamuragira and Nyiragongo volcanoes to collect 
additional ground-based SO2 data and to further validate the tropospheric EP TOMS 
measurements. Petrological data will be acquired to investigate degassing processes 
during effusive eruptions. These volcanoes will likely be important OMI validation sites, 
as they are persistent sources of ash-poor, tropospheric SO2 plumes, and have been 
monitored most effectively by UV instruments throughout the TOMS era. A significant 
effort in the upcoming year will be to reprocess the TOMS volcanic emissions database 
using the new Version 8 data. Preliminary SO2 retrievals using Version 8 data indicate 
that recalculated SO2 tonnages will not differ significantly from Version 7, although this 
remains to be tested for a variety of eruption conditions. Once this analysis is complete, a 
final 25-year TOMS SO2 emissions record will be assembled. Comparisons of SO2 
retrievals from TOMS, HIRS/2, AIRS, and MODIS will continue. TOMS analysis software 
will be adapted to ingest and display OMI SO2 and aerosol data.  
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Task 33: Space Geodesy Applications to Earth Sciences (NCC 5-92) 

Task 68: Altimeter Calibration and Mean Sea-level Monitoring: Project GAVDOS 

NURI Grant: Current and Future Satellite Mission Data Analysis for Global Gravity 
Field Modeling and Reference Frame Implementation (NMA201-01-
2008) 

Investigators: Erricos C. Pavlis, Research Associate Professor, Physics; Maria-
Paola Cadeddu, Research Associate, Physics; Glynn Hulley, Research 
Assistant, Physics; Keith Evans, Research Analyst; Susan Poulouse, Software 
Engineer, Raytheon ITSS 

Abstract 
Analysis of Satellite Laser Ranging (SLR), Global Positioning System (GPS), altimetry, 
and in situ data provides information required to define and characterize the origin, scale, 
and orientation of the geodetic reference frame and the static and temporally varying 
gravitational field, to test fundamental physics theories, and to plan future dedicated 
missions for that purpose. Global change studies rely on the precise definition and 
evolution of the reference frame in which the data are referred (Task 33). The change 
itself can be clearly observed in minute changes in the gravitational field determined from 
dedicated space missions, the studies of which are supported by the National Imagery 
and Mapping Agency (NIMA) University Research Initiative (NURI) grant. Altimetry, tide 
gauge data, and in situ measurements are used to calibrate current and future ocean-
graphic missions’ data that are used in studies of global climate change (Task 68). 

Description of Research 
These tasks focus on applying SLR, GPS, and altimetric techniques and data analyses in 
Earth science and related, often overlapping areas. Analysis of existing and future SLR 
and GPS data sets are needed to establish and maintain a global terrestrial reference 
frame. The work includes determining the long-wavelength, temporal variations of the 
terrestrial gravity field; improving existing models of the static part of the geopotential; 
designing and proposing future geodetic space missions; and establishing and operating 
an international, integrated suite of multidisciplinary facilities to monitor sea level, 
calibrate altimeters, and to observe and forecast environmental phenomena. 

Accomplishments in FY 03-04 
The NURI grant entered its third year, and a two-year progress report was presented at 
the 2004 Gravity Field and Steady-State Ocean Circulation (GOCE) meeting [Pavlis 
2003a], the annual NURI investigators conference [Pavlis et al. 2003], and the 2003 
GRACE Science Team Meeting [Pavlis 2003b]. A reanalysis of the fundamental data 
sets of the past ten years was completed, the first models released by the GRACE and 
CHAMP projects were evaluated, and development was completed in anticipation of the 
public release of GRACE data. This work emphasizes establishing the reference frame 
on which the gravitational models will be developed. To support development of the 
project’s “building blocks” and collecting the required ancillary data sets, software has 
been developed, as have procedures and algorithms to analyze and ingest such data 
into the model development scheme.  



 THE JOINT CENTER FOR EARTH SYSTEMS TECHNOLOGY 

 72  

Reanalysis of the entire 1993-2004 SLR data set from the Laser Geodynamic Satellite 
Experiment (LAGEOS), LAGEOS 2, and Etalon 1 and 2 resulted in a new and extended 
terrestrial reference frame solution (TRF), submitted to the International Earth Rotation 
Service (IERS) and the International Laser Ranging Service (ILRS) in fulfillment of our 
commitment as an ILRS Analysis Center. The TRF geocenter series with weekly 
estimates covers the period from 1993 to present. A paper will be submitted to 
Geophysical Research Letters (GRL) [Pavlis 2004a]. Weekly contributions to the ILRS 
Analysis Working Group Pilot Project and the ILRS Refraction Modeling Working Group 
continued. A new paper on an improved zenith delay model in the framework of the 
second was coauthored [Mendes and Pavlis 2004]. A new, improved procedure to 
estimate atmospheric delay along the line of sight was developed [Hulley and Pavlis 
2004]. 

Task work included participation in the Science Working Team (SWT) meeting of the 
Jason-TOPEX/Poseidon project [Pavlis 2003c]. A second-year progress report was 
presented at the GAVDOS project’s second annual meeting [Pavlis 2003d]. GPS 
equipment was installed next to the tide gauge facility, and tests of the remotely 
controlled facility were initiated. GPS data from all three receivers are routinely 
processed. A paper was submitted to Marine Geodesy [Pavlis et al. 2004]. Collaboration 
with an international group of scientists continued on measuring the relativistic “frame-
dragging” effect [Ciufolini, Pavlis, and Peron 2004; Luchessi et al. 2004; Iorio et al. 2004], 
and a proposal was submitted for dedicated geodetic-quality SLR target satellites and 
targets of opportunity. 

A successful proposal to the interdisciplinary science NASA Research Announcement 
(NRA), with Dr. B. F. Chao as the PI, resulted in almost a 100% increase in Task 33 
activities to establish a global terrestrial reference frame from all available space geodetic 
data to support the detection and monitoring of mean sea level variations globally. 

The JCET investigator continues as associate editor Celestial Mechanics and Dynamical 
Astronomy, and is vice-chair of the Committee on Space Research (COSPAR) Panel on 
Satellite Dynamics. A chapter on Terrestrial Reference Frames is being written for the 
revised Explanatory Supplement to the Astronomical Almanac, a reference book for the 
U.S. Naval Observatory’s publications and products; a second chapter is being written for 
a Nova book on space geodetic data analysis for fundamental physics research.  

Objectives for FY 04-05 
An extension of our NURI grant into its fourth (optional) year has been requested. 
Analysis of CHAMP and GRACE data will be expanded. Automating the established 
procedures to use new data types will be completed. Various techniques to deconvolve 
various signals embedded in the low-degree terms of the geopotential model will be 
implemented and tested. Automated weekly ILRS Analysis Center data analysis will 
continue, as will other annual contributions. Activities will be expanded to support the 
ILRS network. To this end, we have proposed to become an official Analysis and 
Combination Center to produce daily, accurate estimates of kinematic and dynamic 
parameters of the Earth system for worldwide dissemination. Additional equipment for 
Project GAVDOS will be installed in collaboration with our European partners, and 
routine operation of the JCET facility will continue. To obtain access to appropriate data 
sets from the Envisat and CryoSat projects, a proposal is being submitted to the 
European Space Agency (ESA), after consultation with ESA program managers. 
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Task 12 Radio Occultation with Global Positioning System 

Investigators: Paul Poli, Faculty Research Assistant, Research Faculty; Joanna Joiner, JCET 
Fellow, GSFC, Code 900.3 

Abstract 

The Earth’s atmosphere can be observed from the side using the radio occultation (RO) 
technique in conjunction with the L-band signals of the Global Positioning System (GPS). 
The refractive index measurements obtained by GPS RO can be assimilated into a 
numerical weather prediction (NWP) system to help constrain the analyses. This process 
requires proper modeling of GPS RO data from the three dimensional (3-D) 
representation of the atmosphere in NWP models. The approaches considered so far by 
other authors required computationally expensive ray-tracers. A new technique has been 
developed which proves nearly as accurate as ray tracing in fitting real GPS RO data, but 
with over two orders of magnitude reduction in computational cost.  

Description of Research 

Refractive radio occultations of signals transmitted by the GPS constellation enable 
observations of the Earth’s atmosphere with limb-viewing geometry. This uncommon 
view of our atmosphere (usually observed from the top or from the surface) offers high 
vertical resolution (0.5-1.5 km), but smears horizontal structures along the path. Rather 
than attempt to unscramble that information, it is possible to simulate the same effects 
from a 3-D representation given by a NWP model. The research undertaken here aims at 
properly simulating the effects of horizontal gradients on refractive measurements 
obtained with GPS RO. Another aspect of this research focuses on deriving fast 
algorithms for assimilating the GPS RO data into a NWP with the help of the 
aforementioned simulation tools, to improve weather analyses and, possibly, NWP 
forecasts.  

Accomplishments in FY 03-04   

Transmission links between GPS transmitters at altitudes of 20,200 km and GPS 
receivers in low-Earth orbit (450-900 km) undergo bending as a result of variations in 
refractive index along the ray path. These variations originate in climatological repartition 
of temperature and water vapor content in the atmosphere and finer mesoscale 
structures. Inverting GPS RO measurements into refractive index data assumes that the 
Earth’s atmosphere is only vertically stratified, neglecting horizontal variations in 
refractive index resulting from meteorological events. The result is that the refractive 
index retrievals are not representative of a local point, but are instead representative of 
an elongated area along the ray. Assimilating GPS RO refractive index measurements 
into NWP requires mapping NWP fields onto GPS RO observations. 

Past work by Poli et al. [2002] showed that the information content in real GPS RO 
observations helped improve NWP analyses, thus possibly impacting NWP forecasts 
[Poli and Joiner 2003]. The procedure used to obtain these results did not reproduce the 
smearing effect in GPS RO processing. Simulating refractive index measurements in the 
same manner as GPS RO would require reproducing that processing step when 
horizontal gradients are accounted for and then neglected. In an attempt to fix that 
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omission, earlier work by other authors used ray tracers. During the reporting period, 
such a ray tracer was developed inside the finite volume Data Assimilation System 
(fvDAS) using parallelization techniques to enable its implementation on NASA Center for 
Computational Sciences (NCCS) supercomputers. Results obtained with this approach 
showed that ray tracing helped improve the fit to real GPS RO refractive index retrievals. 
This result had not been achieved by any other group, perhaps because of the complex 
geometry involved. However, the computational cost of the ray-tracing approach was 
unbearable for any operational perspectives, i.e., it is four orders of magnitudes more 
expensive than when the GPS RO smearing effect is not accounted for. A faster 
algorithm whose development was started in FY 03 was finalized to replace ray tracing. 
That algorithm is called the Fast Atmospheric Refractivity Gradient Operator (FARGO). A 
validation of FARGO by comparison with real data demonstrated accuracy comparable 
with ray tracing, but at a computational cost that was 250 times smaller. The idea 
underlying FARGO is to separate the horizontal and vertical contributions to bending, 
which is mixed in ray tracing. Separating these contributions with FARGO enables 
significant cuts in computational cost by neglecting horizontal smearing due to regions far 
away from the area where most of the refraction occurs.  

Objectives for FY 04-05 

The objectives for the coming year are to implement FARGO—in full or in part—in a new 
data assimilation system, currently under development at the NASA Global Modeling and 
Assimilation Office (GMAO). If successful, the new system will enable assimilation and 
forecast experiments with GPS RO data from the Gravity Recovery and Climate 
Experiment (GRACE) when available, and the Challenging Mini-Satellite Payload 
(CHAMP) and Satellite de Aplicaciones/Cientifico-C (SAC-C), whose data are already 
available. Necessary to this new system will be the development of an adjoint of the 
FARGO operator.  
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NSF GRANT: Globalization of Regional Atmospheric Models (ATM-0113037-1) 

Investigators: Miodrag Ranĉić, Research Associate Professor, Physics; Hai Zhang, Graduate 
Student, Physics; Jim Fischer, GSFC, Code 930 

Abstract 

The objective of this project is to develop a prototype of the numerical framework 
intended for globalization of regional models of the atmosphere. This globalization 
framework (GF) is based on application of quasiuniform (QU) spherical grids and 
different strategies for inclusion of variable resolution (VR). GF is expected to significantly 
increase versatility and interoperability between regional and global atmospheric models. 
At some later stage, GF may be incorporated into the Earth System Modeling Framework 
(ESMF). The National Science Foundation (NSF) supports approximately 50% of this 
project, including a graduate scholarship for a research assistant. 

Description of Research 

The GF refers to a general method for automatic expansion of regional atmospheric 
models to global coverage; that is, their conversion into global atmospheric models. This 
objective is achieved through combined application of novel modeling tools (QU and VR 
grids) and modern information technology, including high-performance computing and 
communication (HPCC), and elements of object-oriented programming design. QU grids 
(conformal cubic and octagonal) provide a more homogenous distribution of 
computational points over the globe. Within this project, the U.S. Weather Service’s 
regional Eta model is used for globalization. 

Accomplishments in FY 03-04 

The major modeling issues addressed during this reporting period are treatment of the 
singular corner points on quasi-uniform grids, and variable resolution on QU grids. A 
series of simple linear advection experiments on the cubic grid were run to isolate and 
analyze numerical problems related to the treatment of singular points. In these 
experiments, a perturbation, in the shape of a cosine bell, is advected at constant speed 
around the sphere in such a way as to pass over singular corners. Two of a standard set 
of diagnostic curves show an uncharacteristic “bumpy” behavior that is a direct 
consequence of singularities, that is, uniqueness of these points and an accompanying 
sudden change (increase) of resolution in their vicinity. To solve this problem, the grid is 
modified close to the corners to restore parallelism of the grid boxes. This technique 
successfully eliminates the problem, and reduces an observed sudden change of 
resolution, but produces a small overlapping of three neighboring faces across the 
corners.  

The issue of variable resolution on QU grids was addressed for the first time by this 
research. Three different techniques—grid stretching, grid overlapping, and the Schmidt 
transformations—were compared on both cubic and octagonal grids. The newly 
suggested technique of grid overlapping shows the most promising results, but grid 
stretching remains the most practical choice for the time being [Ranĉić and Hai 2004]. 

The algorithm that allowed the original Eta model to march in time was slightly improved 
during the previous reporting period by replacing the order of execution of the adjustment 
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terms. This issue was further explored during the current reporting period, and new, 
theoretical and experimental evidence were found that shows the advantages of the new 
time-differencing sequence. In collaboration with Dr. Fedor Mesinger from the National 
Centers for Environmental Prediction (NCEP), these findings have been transferred to 
the operational regional Eta model. A report about these findings is being prepared for 
submission to a peer-reviewed journal. 

One of the technical issues addressed in this period was a free-source form of the 
FORTRAN 95/90 programming style that is consistently applied through the modified Eta 
model code. Also, a message-passing interface (MPI) version of the communication 
libraries and the parallel input/output (I/O) for QU grids—developed and tested at GSFC 
using a Compaq personal computer as the parallel computational platform—were 
transferred with small modifications to a Beowulf cluster at UMBC. A global version of the 
Eta model step terrain and related logical masks on the B-grid were developed, and will 
be implemented in the dynamical core of the globalization framework. 

A graduate student from UMBC, Hai Zhang, joined the project at the beginning of 2002 
with support from a NSF grant that provides partial support to this project. He is now 
preparing his doctoral dissertation under the direction of the PI. Several important 
collaborations continued or were established through work on this project. Among them, 
the most significant is collaboration with Dr. Mesinger from the NCEP on applying the 
results of this research in the operational version of the regional Eta model. 

The conformal cubic and octagonal grids invented by the PI and widely advocated within 
this project are now used by at least five different groups around the world: the Australian 
Weather Bureau is using them in a global atmospheric model; the NCEPare using them 
in an oceanic model; MIT is using them in an atmosphere-oceanic climate model; and the 
Japanese Earth Simulator is using them in oceanic and atmospheric models. 

Objectives for FY 04-05 

The dynamical core of GF will be completed. Other work includes testing in idealized 
benchmark simulations and with real data; including the physics and subsequent testing 
in seasonal-to-interannual climate models; publishing reports on the findings of the 
research; and possibly coupling this approach with ocean and/or surface hydrology 
models. 
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Task 49: Assimilation of Atmospheric Constituents 

NSF Grant:  Geodynamo Data Assimilation and Dynamo Modeling (EAR-0327875) 

Investigators:  Andrew V. Tangborn, Assistant Research Professor, Mathematics and 
Statistics; Zhibin Sun, Graduate Student, Mathematics and Statistics 

Abstract 

Data assimilation is used to combine observations and model-generated background 
fields to obtain an estimate of the state of a system. Work has continued in the areas of 
suboptimal Kalman filtering using wavelet expansions, and developing a nonlinear 
observation operator to assimilate surface winds. New initiatives have been implemented 
to expand these techniques into carbon cycle and geodynamo research. In the latter, an 
assimilation system for carbon monoxide (CO) is being developed that will combine a 
chemical transport model with measurements from the Advanced Infrared Sounder 
(AIRS) and the Thermal Emission Spectrometer (TES), to improve estimates of CO 
production and loss at the Earth’s surface. The geodynamo assimilation project involves 
developing a system to assimilate surface magnetic field measurements into a 
geodynamo model to improve the state estimation for the Earth’s core, and use this state 
as an initial condition for simulations that can predict future changes in the Earth’s 
magnetic field. 

Description of Research 

Over the past twenty years, the field of data assimilation has become increasingly more 
sophisticated in its application to meteorology and oceanography. Improved knowledge 
of the state of a system is useful for making forecasts and generally for gaining 
knowledge of the physical processes within the atmospheric or oceanic system. These 
goals also apply to understanding chemical processes in the atmosphere and 
geomagnetic processes in the Earth’s core. For example, an improved estimate of the 
distribution of carbon monoxide in the atmosphere can be used in solving the inverse 
problem of estimating sources and sinks for CO. Increased accuracy of these estimates 
can lead to a better understanding and prediction of future changes in the Earth’s climate.  

Geomagnetic data assimilation ultimately requires the assimilation of magnetic field 
observations over a period of thousands of years, including paleomagnetic, 
archeomagnetic, and more-recent satellite magnetic measurement missions. The goal is 
to obtain increasingly accurate estimates of fluid motion in the Earth’s core by 
assimilating these data over a period of thousands of years. Improvements to core 
motion computation should ultimately result in the ability to forecast secular variations in 
the Earth’s magnetic field. 

Accomplishments in FY 03-04 

Work done previously, on suboptimal Kalman filtering methods using a wavelet 
approximation method, was published [Tangborn 2004; Auger and Tangborn 2004]. This 
work showed that large-scale data assimilation problems can be made computationally 
feasible by representing error covariances in terms of wavelet expansions. This method 
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reduces the computational cost of propagating error covariances for global constituent 
assimilation by greater than a factor of ten. 

Continuing work on surface wind assimilation [Tangborn and Riishojgaard 2003] 
characterized the convergence and errors of the iterative solution to the analysis 
equations. The existence of bias in forecasts was shown to create significantly larger 
errors than misspecified error statistics. Because wind speed measurements do not 
contain any information on wind direction, even small biases in surface wind forecasts 
can create persistent errors in the analyzed wind fields. This work has characterized the 
nature of these errors.  

Funding was obtained from the National Science Foundation for a four-year project to 
build a geomagnetic data assimilation system. Initial results, using a simple data insertion 
technique, have been presented [Kuang and Tangborn 2003] and submitted for 
publication [Kuang and Tangborn 2004]. Without any knowledge of observation or model 
error statistics, substituting measurement values of the magnetic field for model values 
can result in solutions that track the observed surface magnetic field for up to 60 years 
before diverging.  

Initial results in constituent assimilation suggest that modern data assimilation techniques 
can substantially increase the extraction of information from satellite data needed for 
source/sink inversion. This increase is obtained by consolidating many data sources into 
a single analysis, with well-defined error characteristics and increased knowledge of 
background and observational error covariances. 

Objectives for FY 04-05 

Research objectives for the coming year include developing data assimilation systems for 
Earth’s core and atmospheric constituent systems. The geodynamo assimilation will 
focus on obtaining error statistics for both models and observations, which are needed to 
develop optimal interpolation and variation schemes. These statistics will be calculated 
from the next stage of the assimilation system, which involves multiple data insertions. 
The constituent assimilation system will focus primarily on CO, and the development of a 
full 3-D analysis system that combines AIRS CO measurements with the finite-volume 
constituent transport model. Observation simulation experiments will be carried out to 
determine the impact of assimilation on the inverse calculation of CO sources and sinks.  
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Pavlis, E. C., and V. Mendes (2003), Atmospheric refraction at optical wavelengths: An update, 
paper presented at International Laser Ranging Service (ILRS) Technical Workshop, Kötzting, 
Germany, 26-30 October. 

Pavlis, E. C., K. Evans, and B. Beckley and the GAVDOS Team (2003), Sea level, tectonics, 
environmental monitoring and altimeter calibration in Eastern Mediterranean, paper presented 
at JASON Science Working Team Meeting, Arles, France, 17-21 November.  
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(EGU) Meeting, Nice, France, 26-30 April. 



 THE JOINT CENTER FOR EARTH SYSTEMS TECHNOLOGY 

 104  

Poli, P. (2003), Comparisons of forward operators for bending angle and refractivity with CHAMP 
and SAC-C data for data assimilation: The FARGO operator, paper presented at the 2nd 
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paper presented at 31st International Conference on Radar Meteorology, American 
Meteorological Society (AMS), Seattle, Wash., 5-11 August. 
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Tokay, A., et al. (2003), On the characteristics of rainfall in Florida Keys: Keys Area Precipitation 
Project 2003 (KAPP03), paper presented at the NASA Precipitation Science Team Meeting, 
Greenbelt, Md., 27-30 October. 

Tokay, A., R. Wolff, P. Bashor, and O. Dursun (2003), On the measurement errors of the Joss-
Waldvogel disdrometer, in Preprints, 31st International Conference on Radar Meteorology, 
American Meteorological Society (AMS), Seattle, Wash., 437-440.  
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S. P. Neeck, H. Shimoda, J. B. Lurie, and M. L. Aten, Vol. 5234. 
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calibration and performance, in Proceedings International Society for Optical Engineering 
(SPIE), Barcelona, Spain, September, edited by Meynart, R., S. P. Neeck, H. Shimoda,  
J. B. Lurie, and M. L. Aten, Vol. 5234. 
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presented at International Geoscience and Remote Sensing Symposium (IGARSS’03), 
Toulouse, France, 21-25 July. 
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instrument performance, paper presented at International Geoscience and Remote Sensing 
Symposium (IGARSS’03), Toulouse, France, 21-25 July. 

Xiong, X., V. Salomonson, K. Chiang A. Wu, S. Xiong, N. Chen, W. Barnes, and B. Guenther 
(2003), On-orbit characterization of Terra MODIS thermal emissive bands response versus 
scan angle, paper presented at Calibration Conference (CALCON) ‘03, Logan, Utah,  
15-18 September. 

Xiong, X., J. Sun, J. Esposito, X. Liu, W. L. Barnes, and B. Guenther (2003), On-orbit 
characterization of a solar diffuser’s bi-directional reflectance factor using spacecraft 
maneuvers, in SPIE’s 8th Proceedings Earth Observing Systems, edited by Barnes, W. L., 
Vol. 5151. 
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characterization, in Proceedings International Society for Optical Engineering (SPIE), 
Barcelona, Spain, September, edited by Meynart, R., S. P. Neeck, H. Shimoda, J. B. Lurie, 
and M. L. Aten, Vol. 5234. 

Yang, S., W. Olson, E. A. Smith, and C. D. Kummerow (2003), Latent heating products from 
TRMM to GPM era, paper presented at 3rd Global Precipitation Measurement (GPM) 
Workshop, European Space Research and Technology Center (ESTEC), Noordwijk, The 
Netherlands, 24-26 June. 
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Yang, S., W. S. Olson, E. A. Smith, C. D. Kummerow, and J. J. Wang (2003), Evaluation of 
precipitation and latent heating from passive microwave measurements, paper presented at 
International Union of Geodesy and Geophysics (IUGG) Meeting, Sapporo, Japan, 30 June – 
11 July. 

Yang, S., L. Tao, A. Hou, and W. S. Olson (2004), Impacts of rainfall assimilation on Madden-
Julian oscillation and large scale dynamics, paper presented at 86th American Meteorological 
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III.5 Courses Taught 

GEOG 302B: Natural Hazards—This course examined the processes, hazards, and 
human responses to volcanic eruptions, landslides, earthquakes, and floods. Students 
were given field, laboratory, research, and role-playing experience. (Taught by 
Mark Bulmer, Fall 2003) 

GEOG 311: Weather and Climate—The course covers the main physical processes of 
the Earth – ocean – atmosphere system related to weather and climate. Students with no 
previous meteorology background are introduced to the electromagnetic spectrum, heat 
transfer, cloud and precipitation formation, the general circulation, severe weather, and 
climate variability. The emphasis is on providing the concepts necessary to understand 
the role of weather in the Earth’s climate system. (Taught by Ali Tokay, Fall 2003) 

GEOG 400A: Selected Topics in Geography: Ecophysiology and Vegetation 
Distribution—This class examined the interactions of plants and their environment and 
how the nature of those interactions affects vegetation structure and function. (Taught by 
Thomas Rickenbach, Spring 2004) 

GEOG 415: Climate Change—Topics covered include changes in climate on different 
time scales (geologic, historic, and the present), environmental evidence of climate 
change, factors controlling climate variations, and the use of computer models in 
predicting climate change. (Taught by Scott Curtis, Spring 2003) 

PHYS 112: Introductory Physics II—Second-semester general physics course intended 
primarily for students in psychology, biology, and the health-related sciences. Topics 
include waves, sound, electricity, magnetism, light, optics, and modern physics. (Taught 
by W. Wallace McMillan, Fall 2003) 

PHYS 121: Introductory Physics I—This is the first semester of the calculus-based 
Physics sequence, covering mechanics: linear and rotational motion, conservation of 
energy and momentum, fluids, statics, oscillations and gravity. (Taught by Lynn Sparling, 
Spring 2003; Recitation Classes by Keith Evans, Raymond Hoff, Gyula Molnar, Erricos 
Pavlis, 2003) 

PHYS 321: Intermediate Mechanics—This is an upper division course in Classical 
mechanics, a required course for the undergraduate physics major. Topics covered 
include three-dimensional kinematics, drag forces, rigid body rotations, and Lagrangian 
mechanics. (Taught by Lynn Sparling, Fall 2003) 

PHYS 340L: Electronics for Scientists—This is a basic lecture and laboratory course in 
electronics. Properties of semiconductor devices and their combinations in amplifiers, 
oscillators, timers, switching circuits, digital circuits, and electronic instruments in 
common use in the scientific laboratory. (Taught by W. Wallace McMillan, Spring 2003) 

PHYS 424: Introduction to Quantum Mechanics—This is an upper division course and 
one of the core courses required for the undergraduate physics major. Topics covered 
include the quantum-mechanical treatment of simple systems such as a particle in the 
square well and harmonic oscillator potentials, the formalism of quantum mechanics 
eigenstates, and eigenvalues of operators in Hilbert spaces, generalized uncertainty 
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principle, the hydrogen atom, and time-independent perturbation theory. (Taught by 
Lynn Sparling, Spring 2004) 

PHYS 602: Statistical Mechanics—This three-credit course is a presentation of 
equilibrium statistical mechanics and thermodynamics, and covers ideal gases, Bose-
Einstein condensation, Fermi-metals, and blackbody radiation. (Taught by K. J. McCann, 
Spring 2003) 

PHYS 606: Classical Mechanics—A three-credit course that covers Lagrangian and 
Hamiltonian dynamics, orbital motion, the three-body problem, and dynamics in rotating 
coordinate systems. (Taught by K. J. McCann, Fall 2003) 

PHYS 607: Electromagnetic Theory I—A three credit course that covers the development 
of Maxwell’s equations, the use of Green’s function techniques, and other methods for 
the solution of Laplace’s and Poisson’s equations. (Taught by K. J. McCann, Spring 
2004) 

PHYS 621: Atmospheric Physics I—This course includes an overview of the structure, 
composition and general circulation of the Earth’s atmosphere, atmospheric 
thermodynamics, and an introduction to atmospheric dynamics and turbulence. (Taught 
by Raymond Hoff and William Olson, Fall 2003) 

PHYS 622: Atmospheric Physics II —This three-credit course covers topics in physical 
meteorology pertaining to aerosols, cloud microphysics, and radiative transfer. (Taught 
by J. Vanderlei Martins, Steven Platnick, and Matthew McGill, Spring 2004) 

PHYS 721: Atmospheric Radiation—This course introduces the student to formal 
radiative transfer theory, which is quickly simplified for application to the Earth’s 
atmosphere. The physical processes that contribute to absorption and scattering in the 
Earth’s atmosphere are examined. Topics include molecular absorption via vibration-
rotation transitions and spectral line formation in inhomogeneous atmospheres. Rayleigh 
and Mie scattering theory are covered, as well as their application to radiative transfer in 
clouds and aerosol-laden atmospheres. The importance of radiative transfer to the heat 
balance of the Earth and implications for weather and climate are examined. (Taught by 
Lazaros Oreopoulos and Támas Várnai, Fall 2003) 

PHYS 722: Atmospheric Remote Sensing—This graduate-level course covers the 
principles and techniques of remote sensing of atmospheric properties using space- and 
ground-based measurements of electromagnetic radiation, from the ultraviolet to the 
microwave spectral regions. Inversion of radiometric data is taught. Examples are 
presented from a host of NASA and NOAA instruments on research and operational 
satellites. (Taught by Raymond Hoff, Spring 2003)  
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III.6 Colloquia and Seminars 

De Souza-Machado, S., L. L. Strow, S. Hannon, and H. Motteler (2003), Overview of atmospheric 
radiative transfer for the AIRS sounder, paper presented at Workshop for Soundings from 
High Spectral Resolution Observations, Space Science and Engineering Center (SSEC), 
Madison, Wis., 6-8 May. 

Halverson, J. (2003), TRMM science seminar, paper presented at University of St. Louis, 
Department of Meteorology, Saint Louis, Mo., 25 September and University of North Dakota, 
Department of Atmospheric Sciences, Grand Forks, N. Dak., 21 November. 

Hoff, R. M. (2003), Smoke and mirrors: Observing air pollution with lidar, paper presented at 
Department of Environmental Sciences Seminar, University of Virginia, Charlottesville, Va., 
5 September. 

Huemmrich, K. F. (2003), Studying the carbon balance of the Arctic tundra, paper presented at 
Geography Department Seminar, University of Maryland Baltimore County, Baltimore, Md., 
30 April. 

Martins, J. V. (2003), Black Carbon and us, paper presented at Climate and Radiation Branch 
Seminar, NASA Goddard Space Flight Center, Greenbelt, Md., 1 October. 

McMillan, W. W. (2003), AIRS validation and carbon monoxide retrievals, NASA GSFC Code 916 
Branch Lunch, NASA Goddard Space Flight Center, 6 November. 

McMillan, W. W. (2004), The atmosphere according to carbon monoxide: New results from AIRS 
and AIRS validation, invited seminar to NASA Langley Research Center, Hampton, Va, 
25 March. 

Oreopoulos, L., M. D. Chou, M. Khairoutdinov, H. W. Barker, and R. F. Cahalan (2003), 
Evaluating the errors of a plane-parallel Column Radiation model for globally inhomogeneous 
cloud conditions, paper presented at Gordon Research Conference on Solar Radiation & 
Climate, Colby-Sawyer College, New London, New Hampshire, 13-18 July. 

Salomonson V., W. L. Barnes, and X. Xiong (2003), The NASA Earth Observing System 
Moderate Resolution Imaging Spectroradiometer on-orbit characterization and status, paper 
presented at Optical Society of America (OSA) Topic Meeting on Remote Sensing, Quebec, 
Canada, 3-6 February. 

Tokay, A, D. B. Wolff, D. Marks, J. Gerlach, J. J. Wang, P. Bashor, and R. Wolff (2003), Greater 
Wallops Island: A proposed mid-latitudinal ground validation site for NASA precipitation 
program, paper presented at Global Precipitation Measurement (GPM) Ground Validation 
(GV) Meeting, Radio Communications Research Unit, Abingdon, UK, 4-7 November. 
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III.7 Proposals Submitted by JCET Members 

(sorted by agency, PI, Co-I(s)) 

Proposal Title 
Funding 
Agency 

PI (JCET) 
CO-I(s) 
(JCET) 

Status / Date 

Real-time Detection of Failures and 
Extreme Events in Natural Disasters to 
Improve Risk Management 

European 
Commission 

Pavlis  Not Awarded 

 

The Development of an Integrated Wildfire 
Management and Protection System at 
Local Community Level for Europe 

European 
Commission 

Pavlis  Not Awarded 

 

Error Assessment of NPP Climate Data 
Using Synthetic Data 

Jet 
Propulsion 
Laboratory 

Barnet  Pending 

 

Self-Monitoring Artificial Rock Technology 
(SMART) 

Maryland 
Emergency 

Management 
Agency 

Bulmer  Pending 

NPP/VIIRS Characterization and 
Calibration 

NASA Barnes  Not Awarded 

Upgrade and Maintenance of the AIRS 
Team Level 2 Algorithm 

NASA Barnet  Awarded and 
Transferred 

Alternative Methodologies for Estimation of 
the Clear State Within the AIRS Field of 
Regard for Cloud Clearing 

NASA Barnet Strow Awarded and 
Transferred 

Production and Evaluation of the AIRS 
Trace Gas Products 

NASA Barnet Strow Awarded and 
Transferred 

An Examination of the Mobility of 
Landslides on Mars: (MASSMOVE II) 

NASA  

Bulmer 

 Pending 

Landslide Movements (MISSD)  NASA Bulmer  Not Awarded 

Geologically Rough Surfaces (GRSP) NASA Bulmer  Pending 

 

Analysis and Validation of Atmospheric 
Infrared Sounder Methane Measurement 
and its Assimilation Into a State-of-the-Art 
Global Transport Model 

NASA Datta Barnet 
Lary 

McMillan 
Li 

Not Awarded 
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Proposal Title 
Funding 
Agency 

PI (JCET) 
CO-I(s) 
(JCET) 

Status / Date 

Physically-Based Continuous Fields and 
Land Cover Mapping Using MODIS and 
Multisource Data 

NASA Hall Huemmrich Pending 

 

Use of TRMM and Combined Satellites to 
Study Tropical Cyclone Rainfall Over 
Ocean and During Landfall 

NASA Halverson  Pending 

 

IPA Agreement for J. Halverson to NASA 
Headquarters 

NASA Halverson  Awarded 

Improving the Usage of EOS Atmospheric 
Products for Regional and Local Air Quality 
Applications 

NASA Hoff  Not 

Awarded 

Raman Lidar Studies of Water Vapor, 
Cirrus Cloud Optical Depth, Particle Size 
and Ice Water Content 

NASA Hoff Whiteman Awarded 

Cirum-Arctic Tundra Change Detection NASA Huemmrich  Not Awarded 

The Long-Term Satellite Record of 
Volcanic Sulphur Dioxide Emissions 

NASA Krueger Carn 
Schaefer 

Not Awarded 

Volcanic Sulphur Dioxide and Aerosol 
Analysis Using TOMS Data 

NASA Krueger  Awarded 

Miniature Spectrometer for OMI Total SO2 
Validation 

NASA Krueger Carn 
Datta 

Schaefer 

Not Awarded 

Evaluation of OMPS SO2 and Ash 
Algorithms for Global Emissions Monitoring 

NASA Krueger  Not Awarded 

Geodynamic Modeling of Core Dynamics 
and its Applications to Surface 
Geodynamic Observables 

NASA Kuang  Pending 

 

Global Geophysical Fluids Center of IERS NASA Kuang  Not Awarded 

Large Scale in Situ and Remote Sensing 
Measurements of Black Carbon and 
Aerosol Absorption 

NASA Martins  Pending 

 

Regional Evaluation of the Aerosol Direct 
Radiative Forcing Over Land and its 
Effects Using MODIS Data  

NASA Martins  Not Awarded 

LAERI: the Lighthouse atmospheric 
Emitted Radiance Interferometer 

NASA McMillan  Not Awarded 
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Proposal Title 
Funding 
Agency 

PI (JCET) 
CO-I(s) 
(JCET) 

Status / Date 

AIRS Trace Gas Retrieval Validation and 
Analysis and Fire Detection 

NASA McMillan  Pending 

 

AIRS Trace Gas Retrievals for INTEX-A 
Mission Planning and Ground-based 
Observations in the Baltimore/Washington 
Area During INTEX-A 

NASA McMillan  Pending 

 

Precipitation Systems Over Amazon Basin 
and their Relationship to Land Surface 
Characteristics 

NASA Mehta  Pending 

 

Cross-Validating and Monitoring the 
Distribution of Carbonaceous Trace Gases 
Using Integrated Data from High 
Resolution Infrared Spectrometers  

NASA Molnar McMillan 
Strow 

Not Awarded 

SMART-COMMIT Investigation to Enrich 
NASA/ESE Earth Observing Systems 
Research 

NASA Molnar  Pending 

 

Characterization and Mitigation of Errors in 
Passive Microwave Precipitation/Latent 
Heating Estimates Used in Data 
Assimilation and Large Scale Analysis 
Applications 

NASA Olson  Awarded 

A Global Assessment of Horizontal 
Variability in Cloud Optical Properties from 
MODIS and its Impact on the Radiation 
Budget 

NASA Oreopoulos  Not Awarded 

Dynamics of Eastern Mediterranean, Sea 
level, and Altimetry Calibration-Validation 

NASA Pavlis  Pending 

 

A Regional Study of Aerosol-Cloud 
Interactions in Boundary Layer 
Stratocumulus off the Southwest Coast of 
Africa 

NASA Platnick  Not Awarded 

 

The UMBC Bioastronautics Institute (BAI): 
An OSRB NSCOR 

NASA Rabin  Not Awarded 

A Study of PSCs Using Improved 
Discrimination Methods for Satellites and 
Lidar 

NASA 
Ames  

Research  
Center 

Reichardt  Not Awarded 
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Proposal Title 
Funding 
Agency 

PI (JCET) 
CO-I(s) 
(JCET) 

Status / Date 

Microphysical Properties of Free 
Tropospheric Aerosols and Ice Clouds: An 
Integrated Lidar, Satellite, and Modeling 
Approach 

NASA Reichardt  Not Awarded 

Regional, Seasonal and Inter-Annual 
Variation of Convective Intensity Over the 
Amazon Basin 

NASA Rickenbach Ferreira Not Awarded 

NPP CrlS Sensor: Calibration and 
Radiative Transfer for the Climate Record 

NASA Strow Chris 
Barnet 

Awarded 

Detection Mitigation and Retrieval of 
Scattering Particles with AIRS 

NASA Strow Barnet Not Awarded 

Refinement of the AIRS Radiative Transfer 
Algorithm 

NASA Strow Hannon 
Machado 

Pending 

 

Measurements of Hydrometeor Size 
Distribution 

NASA Tokay  Awarded 

Long-Term Data Set of Aerosol Absorption 
Using TOMS, MODIS and MISR 
Observation 

NASA Torres  Awarded 

 

Assessment of NPOESS Aerosol 
Algorithm Enhancement Using VIIRS and 
OMPS Observation 

NASA Torres  Awarded 

 

Assessment and Evaluation of the 
Atmospheric Correction Algorithm for the 
NPP VIIRS Ocean Color EDRs 

NASA M. Wang  Pending 

 

Refinement of MODIS Atmospheric 
Correction Algorithm for the Ocean Color 
Products 

NASA M. Wang  Pending 

 

Virunga Volcanic SO2 Emissions Research 
(VISOR) Project 

National 
Geographic

Society 

Carn  Pending 

 

Climate and Atmospheric Research NOAA Halverson  Not Awarded 

Monitoring Tropospheric CO2, CH4, CO 
Profiles Using a Distributed Network of 
High Resolution Infrared Spectrometers 

NOAA McMillan Molnar 
Strow 
Datta 

Pending 
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Proposal Title 
Funding 
Agency 

PI (JCET) 
CO-I(s) 
(JCET) 

Status / Date 

Improving the Utilization of Advanced 
Sounding Instruments in Data Assimilation 
System 

NOAA  

 

Poli Awarded as 
Task 

Virunga Volcanic SO2 Emissions Research 
(VISOR) Project 

NSF Carn  Not Awarded 

Development of an Aircraft Cloud Scanner 
Spectrometer: A Vertical Mapper of Cloud 
Structure, Microphysics, and Its Effects on 
Precipitation 

NSF Martins Koren Pending 

 

 

Sources and Processes of Aerosol Cloud 
Interactions in Boundary Layer 
Stratocumulus off the Southwest Coast of 
Africa 

NSF McMillan  Pending 

 

Geomagnetic Data Assimilation and 
Dynamo Modeling 

NSF Tangborn Kuang Awarded 

 

Raytheon Geostationary Satellite 
Architecture Study 

Raytheon 
ITSS 

Hoff  Awarded 

 

Multi-Scale Analyses of Light Harvesting 
and Carbon Uptake by Boreal Forest 
Regrowth 

The Woods
Hole  

Research 
Center 

Huemmrich  Pending 

 

Effects of Volcanoes on the Global 
Environment 

University of 
Hawaii at 
Manoa 

Carn  Not Awarded 

 

An Integrated Approach for Measuring, 
Modeling, and Estimating Smoke 
Emissions Using Lidar, Mesoscale Fire 
Climate Modeling, and Ground Level 
Monitoring 

USDA Hoff  Not Awarded 
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III.8 Proposals Submitted by JCET Members Through Other Institutions 

(sorted by funding agency, PI, Co-I(s)) 

Proposal Title 
Funding 
Agency 

PI Co-I(s) Status 

Regional Atmospheric Measurements, 
Monitoring and Prediction Program 

Maryland 
Dept. of 

Environment 

Dickerson 
(UMCP) 

Hoff Funded 

Influence of Small Scale Drop Size on 
Estimation of Cloud Radiative Properties 

NASA  Marshak Awarded 

I3rc Workshops and 3-D Community Tools 
Applied to Assessments and Improvements 
of Cloud Retrievals from Terra, Aqua, and 
THOR Offbeam Data 

NASA Cahalan 
(GSFC) 
Marshak 
(GSFC) 

Oreopoulos 
Várnai 
Wen 

Awarded 

Coupling Troposphere and Ionosphere NASA Eberstein 
(GSFC) 

Ranĉić 
(GEST) 

Not Awarded 

Mapping and Monitoring North American 
Boreal Regrowth Carbon Dynamics Using 
MODIS and ASTER Data 

NASA Goetz 
(Woods 

Hole 
Research 
Institute) 

Huemmrich Not Awarded 

Measurement and Analysis of Snowfall at 
the NASA Wallops Island 

NASA Jackson 
(GSFC) 

Tokay Not Awarded 

The Global Aerosol System and its Direct 
and Indirect Forcing of Climate 

NASA Kaufman 
(GSFC) 

Torres 

Martins 

Awarded 

Detecting and Characterizing Ecological 
Disturbances and Initial Responses in 
Global Terrestrial Ecosystems 

NASA Knox 
(GSFC) 

Huemmrich Not Awarded 

 

Two-Point Statistics in Aerosol, Water 
Vapor, Cloud, and Precipitation Products 
from Terra, Aqua, Ground, and Airborne 
Measurements 

NASA Marshak 
(GSFC) 

Várnai Not 

Funded 

Free Amino Acids and Aliphatic Polyamine 
Levels in Vegetation Grown in Habitats with 
Excess Nitrogen: Spectral Detection and 
Impact on Carbon Sequestration 

NASA Middleton 
(GSFC) 

Campbell Pending 
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Proposal Title 
Funding 
Agency 

PI Co-I(s) Status 

Direct Satellite Inference of Ecosystem Light 
Use Efficiency for Carbon Exchange Using 
MODIS on Terra and Aqua 

NASA Middleton 
(GSFC) 

Huemmrich Not Awarded 

Global Modeling and Assimilation for the 
Carbon Cycle 

NASA Pawson 
(GEST) 

Tangborn Not Awarded 

Atmospheric Transport of Trace Gases and 
Aerosols: Evaluating Models and 
Observations 

NASA Schoeberl 
(GSFC) 

Torres 

Sparling 

Awarded 

The Distribution and Abundance of Bird 
Species: Towards a Satellite, Data-Driven 
Avian Energetics and Species Richness 
Model 

NASA Smith 
(GSFC) 

Huemmrich Awarded 

Unified Optical-Infrared-Microwave 3-D 
Radiative Transfer Model for Coupling with 
Nonhydrostatic Mesoscale Model in 
Generating Predictions and Remote 
Sensing Simulations of Storm Life Cycles 

NASA Smith 
(GSFC) 

Mehta Awarded 

Predicting How the Chesapeake Bay will 
Respond to Changes in Human Activities 
and Climate Using Remote Sensing 

NASA Strebel 
(Versar) 

Huemmrich Not Awarded 

The Impact of Approximation of Topography 
on Surface Hydrology in Seasonal Time-
Scale Integrations Over Western Cordilleras 

NOAA Ranĉić 
(GEST) 

Gwo 
(UMBC) 

Not Funded 

Spectral Indicators for Monitoring the 
Vegetation Condition of Corn to Determine 
Optimal N Supply and Impacts of Excess N 
Runoff on the Surrounding Forest 

USDA Middleton 
(GSFC) 

Campbell Not Funded 
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III.9 Biographies 

Dr. William Barnes is a senior research scientist with JCET and an emeritus research 
scientist with the Earth Sciences Directorate of GSFC. He served as the MODIS 
Sensor Scientist, and a member of the MODIS Science Team for more than 12 years. 
He led the MODIS Characterization Support Team (MCST) for more than two years 
and was NASA’s member on the National Polar Orbiting Environmental Satellite 
System’s Joint Agency Requirements Group (NPOESS/JARG) for more than five 
years. He has over thirty years experience in the development and radiometric 
calibration of Earth-observing imaging radiometers including TIROS/AVHRR,  
AEM-1/HCMR, NOSS/CZCS-2, OrbView-2/SeaWiFS, TRMM/VIRS, EOS/MODIS and 
NPP/VIIRS.  

Dr. Mark Bulmer obtained a B.S. degree in geography from the University of London, 
King’s College, in 1990, and a Ph.D. in astronomy and physics (planetary 
volcanology) from University College London in 1994.He has nine years of 
experience in volcanology and landslide research. His research interests are in the 
area of mass movement dynamics both on Earth and the terrestrial planets; this 
research is done by combining field measurements with remotely sensed data. Dr. 
Bulmer has led or participated in over 17 major field tests and campaigns, and is the 
author of 16 journal articles, 25 reports, 4 conference proceedings papers, 4 
education videos on remote sensing for middle school students, and numerous public 
presentations of his work. Dr. Bulmer is a research assistant professor in JCET. He 
has conducted research at NASA’s Jet Propulsion Laboratory and the Smithsonian 
National Air and Space Museum. Dr. Bulmer serves on the American Geophysical 
Union Teller’s Committee and the Landslide Working Group of the Committee for 
Earth Observing Satellites. He has received grants from NASA, ESA, CSA, ISA, NSF, 
National Geographic, Royal Geographical Society, Smithsonian Institution and 
Radarsat International, and has had peer-review roles at NASA and NSF. He has 
also held memberships in four scientific societies.  

Dr. Maria P. Cadeddu received her laurea degree in physics with honors from the 
University of Cagliari, Italy in 1994, and her Ph.D. in physics in 2002 from Heriot-Watt 
University, UK. Her doctoral research focused on the study of vertical resolution of 
remote sensors. Before completing her doctorate, she worked at GSFC as a 
postgraduate student, conducting research on remote sensing of rain and on global 
temperature monitoring from microwave satellite data. In addition to her academic 
work, Dr. Cadeddu also worked in the satellite telecommunication field, performing 
system integration and testing of Iridium satellites. 

Dr. Petya K. Entcheva Campbell received a B.S. degree in forestry from the Academy 
of Forest Engineering, Sofia, Bulgaria in 1988, a M.S. in forest sylviculture and 
ecology from the University of Massachusetts at Amherst, MA, and a Ph.D. in forest 
analysis/remote sensing in 2000 from the University of New Hampshire, Durham, NH, 
where her research focus was on developing remote sensing techniques to assess 
forest health. Her research interests include detecting vegetation stress, using 
fluorescence and optical remote sensing techniques; investigating relationships 
among vegetation biophysical parameters and their spectral responses; in situ ground 
spectroscopy to measure vegetation spectral signatures; spectral and spatial 
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characterization of vegetation responses to a variety of natural and anthropogenic 
stress agents (e.g., air pollution, pest/pathogen impacts); and developing methods to 
monitor ecosystems, early damage detection, and change detection at both 
landscape and regional scales. In 2000, Dr. Entcheva Campbell joined NASA as a 
National Research Council (NRC) associate, and worked at GSFC for two years 
before joining JCET/UMBC where she is currently employed. Currently, she is a 
member of the GSFC fluorescence team as an investigator on NASA, DTRA, and 
USDA grants.  

Dr. J. Y. Christine Chiu received her B.S. degree in atmospheric science from National 
Central University of Taiwan in 1992. After obtaining a master of science degree in 
atmospheric physics from National Central University in 1994, she worked at the 
Environmental Protection Agency of Taiwan for three years. In 1998, she commenced 
her pursuit of a doctorate at Purdue University, and received her Ph.D. in earth and 
atmospheric sciences in 2003. She has worked in the area of microphysics schemes 
in both mesoscale and microwave radiative transfer modeling, and microwave 
retrieval algorithm development, validation, and applications, with an emphasis on the 
retrieval of instantaneous rain intensity, water vapor, and surface wind speed over the 
ocean. In 2003, she joined JCET, where she is now a research associate. Her 
research currently focuses on spatial correlation of cloud droplets, shortwave 
radiative interactions between the surface and clouds, and their impact on climate 
modeling and remote sensing applications. 

Dr. Jeffrey Halverson is associate professor of geography at UMBC and a research 
scientist at GSFC. He received his Ph.D. in environmental sciences from the 
University of Virginia. At UMBC, Dr. Halverson teaches introductory courses in 
tropical meteorology, weather, and climate. At GSFC, he conducts scientific research 
on precipitating cloud systems and tropical cyclones. In the arena of public outreach, 
he serves as the education and outreach scientist for NASA’s Tropical Rainfall 
Measurement Mission (TRMM) satellite and is a columnist for Weatherwise 
magazine. Dr. Halverson also serves as deputy program scientist in the Office of 
Earth Science, where he supports a scientific field program to investigate tropical 
cloud systems and processes. 

Dr. Richard Hartle received a B.S. degree from the University of Michigan in 1959, and 
a Ph.D. in physics in 1964 from the Pennsylvania State University, where his major 
research interest was theoretical plasma physics. In 1964, he joined NASA, and 
worked at the Ames Research Center for three years before transferring to GSFC, 
where he is still employed. During his career, he has carried out theoretical and 
experimental research on the solar wind, planetary atmospheres and ionospheres, 
plasma physics, and gas dynamics, using measurements made from the instruments 
on satellites such as the Atmosphere Explorers, Dynamics Explorer, Mariner 10, 
Voyager, Pioneer Venus, and Galileo. He has published over 80 refereed papers; the 
most recent concentrate on various gas escape mechanisms and how they affect the 
evolution of planetary atmospheres, and especially the evolution of water (oceans) on 
Venus and Mars. At GSFC, he has been the head of the Planetary Atmospheres 
Branch (1975 – 1985, 1991 – 1995), project scientist for the Earth Observing System 
(1983 – 1987), and assistant chief of the Laboratory for Atmospheres (1985 – 1991). 
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Dr. Raymond M. Hoff is a professor of physics at UMBC. He is also director of JCET. 
Dr. Hoff has 27 years of experience in atmospheric research. His research interests 
are in the optical properties of aerosols and gases in the atmosphere and the 
pathways and fates of toxic organic and elemental chemicals in the environment. 
These diverse research interests stem from his formal training in physics but also 
require a firm knowledge of atmospheric chemistry. Dr. Hoff has been central in 
formulating major research programs on differential absorption, airborne and 
spaceborne lidar, volcanic emissions, atmospheric transport of toxic chemicals to the 
Great Lakes, atmospheric visibility, arctic haze, and dispersion of pollutants. He has 
led or participated in over 20 major field experiments. He is the author of 68 journal 
articles and book chapters, 42 government reports, 39 conference proceedings 
papers and numerous public presentations of his work. Dr. Hoff obtained a B.A. in 
physics at the University of California, Berkeley in 1970, and a Ph.D. in physics from 
Simon Fraser University in 1975. He has conducted research at NASA Langley 
Research Center, the Jet Propulsion Laboratory, and the National Oceanographic 
and Atmospheric Administration’s Environmental Research Laboratories. Dr. Hoff 
was a member of the Science Advisory Group for the NASA Laser In-Space 
Technology Experiment (LITE), a space shuttle experiment. He is a science team 
member on the ESSP-2 spaceborne lidar, named CALIPSO. He serves on the board 
of the NOAA Center for Remote Sensing Research and Technology (CREST). He 
has had committee and peer review roles at NASA, EPA, Environment Canada, and 
the European Economic Community. He has held memberships in six scientific 
societies, and has served as chair of several committees for those societies. 

Dr. Karl Fred Huemmrich received a B.S. degree in physics from Carnegie-Mellon 
University in 1977 and a Ph.D. in geography from the University of Maryland, College 
Park in 1995. In 1978, he began working as a NASA contractor at GSFC, initially as 
operations analyst on satellite attitude determination and control. Later, in addition to 
responsibilities as task leader, he also provided programming and analysis support 
for passive microwave remote sensing measurements of sea ice. In 1987, he joined 
the team for the First International Satellite Land Surface Climatology Project Field 
Experiment (FIFE), a multidisciplinary field experiment on the Kansas prairies. 
Following the completion of FIFE, he worked on the Boreal Ecosystem and 
Atmosphere Study (BOREAS), another field experiment in the Canadian boreal 
forests. Dr. Huemmrich was the assistant information scientist on these experiments, 
and has experience in developing and operating interdisciplinary information systems 
in support of large field experiments. He has developed and used models of the 
interactions of light with vegetation, and has studied the use of remotely sensed data 
to provide information on biophysical variables using both computer models and field 
measurements, concentrating on uses of bidirectional and hyperspectral reflectance 
data. He has performed fieldwork in a variety of habitats, including arctic and 
subarctic tundra, temperate rain forests, and deserts.  

Dr. Arlin J. Krueger received his undergraduate degree in physics from the University 
of Minnesota in 1955 and his Ph.D. degree in atmospheric sciences from Colorado 
State University in 1984. He began his career in 1959 at the Naval Weapons Center, 
China Lake, California, where he developed balloon and rocket instruments and 
techniques for ozone measurements. He joined GSFC in 1969, initially serving as 
technical officer on the Nimbus-4 backscatter UV experiment, where a new method 
for remote sensing of total ozone from satellites was tested. Based on this experience 
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he proposed an instrument for mapping of total ozone, the Total Ozone Mapping 
Spectrometer (TOMS) instrument, for flight on the Nimbus-7 satellite. Following its 
launch in 1978 he investigated many applications of the TOMS total ozone data and 
developed a new technique for mapping volcanic sulfur dioxide clouds. He was 
awarded the NASA Exceptional Scientific Achievement Medal in 1991, the University 
of Maryland Elkins Professorship of Physics in 2000, and the NASA Exceptional 
Service Medal in 2001. Dr Krueger served as sensor scientist for the Nimbus-7 
TOMS, instrument scientist on the Meteor 3/TOMS (launched on August 15, 1991), 
and the Earth Probe TOMS (launched in July 1996), and as principal investigator on 
the ADEOS/TOMS (launched in August 1996). He was the principal investigator of 
the VOLCAM Mission, which was selected as an Alternate ESSP mission. Dr Krueger 
is a member of the NASA TOMS science team and the EOS Aura OMI science team. 

Dr. J. Vanderlei Martins received a B.S. degree in physics in 1991, a master’s degree 
in physics/applied nuclear physics in 1994, and a Ph.D. in physics/applied physics in 
1999 from the University of São Paulo (USP), Brazil. In 1990, he joined the Group of 
Studies of Air Pollution of the Institute of Physics of USP, where he participated in 
and conducted research on environmental and atmospheric applied physics. He 
developed nuclear analytical techniques using particle accelerators for material 
analysis, including aerosols and tree-rings, and participated in several ground- and 
aircraft-based field experiments studying properties of aerosols from biomass burning 
and biogenic emissions. He was a member of the University of Washington, 
Department of Atmospheric Sciences, Cloud and Aerosols Research Group, from 
November 1995 to August 1996, and the GSFC Climate and Radiation Branch from 
August to December 1996, both as a visiting scientist. He taught at the University São 
Judas Tadeu between 1998 and 1999 while conducting research at the University of 
São Paulo. He started postdoctoral work at the University of São Paulo until 
December 1999, when he joined JCET as a visiting assistant research scientist 
working at GSFC. He has authored and co-authored 22 refereed papers and has 
presented over 55 presentations in international conferences; the most recent are on 
the radiative effect of biomass burning and biogenic aerosols and Moderate 
Resolution Imaging Spectroradiometer (MODIS) cloud masking for aerosol retrievals. 
In 2001, he was elected as a representative member of the International Radiation 
Commission (IRC) for 2000-2004. 

Dr. Kevin J. McCann received all three of his college degrees from the Georgia Institute 
of Technology, and did his Ph.D. work (1974) with Dr. Ray Flannery on atomic 
collision processes. Dr. McCann has worked for over 20 years in the field of 
theoretical and experimental underwater acoustics at the Johns Hopkins University 
Applied Physics Laboratory (JHU/APL). Prior to this, Dr. McCann worked on 
theoretical atomic and molecular collisions and atom/molecule surface interactions at 
Georgia Institute of Technology and the University of Virginia. This work was directed 
at an understanding of the collision cross sections that are relevant in the interstellar 
medium and, to some extent, planetary atmospheres. He is now an associate 
research scientist with JCET, and is also a research associate professor in the 
Physics Department at UMBC. Dr. McCann is engaged in work with Professor 
Ray Hoff to use lidar to measure atmospheric aerosols to help estimate pollution 
levels. Dr. McCann has published over 50 refereed journal articles in the areas of 
atomic and molecular collisions and acoustic propagation. 
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Dr. W. Wallace McMillan received a B.S. in physics from Rhodes College in 1985, a 
master’s degree (cum laude) from The Johns Hopkins University (JHU) in 1990, and 
a Ph.D. in earth and planetary sciences from JHU in 1992 for studies of the chemistry 
and dynamics of the stratosphere of Uranus. He is an associate professor (as of 
7/1/04) of physics at UMBC, director of UMBC’s Atmospheric Physics Graduate 
Program, and a JCET fellow. His research activities focus on tropospheric chemistry 
and dynamics of carbon monoxide (CO); observations of upper-tropospheric water 
vapor; and validating satellite remotely sensed atmospheric parameters. Dr. McMillan 
has developed an extensive familiarity with air- and ground-based Fourier transform 
infrared (FTIR) spectra including the new Baltimore Bomem Atmospheric Emitted 
Radiance Interferometer (BBAERI) instrument in his laboratory, and has participated 
in several NASA field experiments. Prior to coming to UMBC, Dr. McMillan spent two 
years in the Laboratory for Extraterrestrial Physics at GSFC as a National Research 
Council postdoctoral fellow with the Mars Observer thermal emission spectrometer 
team. He is an active member of the American Geophysical Union (AGU), Optical 
Society of America (OSA), and the International Society for Optical Engineering 
(SPIE).  

Dr. Amita Mehta obtained her M.Sc. in physics from Gujarat University, India in 1982, 
and obtained her Ph.D. in meteorology from Florida State University in 1991. After 
completing her doctorate, Dr. Mehta worked as a research scientist in the Sounder 
Research Team (SRT) at GSFC until August 2001. Since then, Dr. Mehta has worked 
in the Global Precipitation Measurement (GPM) mission group as a research 
scientist, and has been an affiliated assistant professor in the Department of Physics, 
UMBC since 2001. Dr. Mehta joined JCET as a research scientist in May 2000. Her 
interest and expertise are in satellite remote sensing of geophysical parameters and 
their analysis to understand climate and its variability.  

Dr. Gyula I. Molnar received a M.S. in physics from the Roland Eötvös University of 
Budapest, Hungary in 1973 and a Ph.D. in meteorology in 1976 from the same 
university. He was a civil servant for the Hungarian Meteorological Service until 1982 
in various research scientist positions, engaged mainly in work related to satellite 
remote sensing of the atmosphere. In 1976-77, he won a British Council Scholarship 
at the Department of Atmospheric Physics, Oxford University, Oxford, England to 
work on multispectral satellite retrievals of atmospheric temperature profiles, 
stratospheric winds, and cloud parameters. He came to the U.S. in 1982 following a 
visiting scientist appointment at the National Center for Atmosphere Research, 
Boulder, CO, where he collaborated with Dr. James A. Coakley on further developing 
a satellite imagery-based cloud retrieval scheme that became known as the Spatial 
Coherence Method. Following his rising interest in human influences on climate, in 
1983 he accepted a research scientist position at the Radiation and Climate 
Programs Branch of Atmospheric and Environmental Research, Inc., Cambridge, MA, 
to work mainly on evaluating the potential climatic effects of greenhouse gases using 
global climate models. After joining USRA in 1994, he started to work for the 
Geostationary Operational Environmental Satellite (GOES) Project at GSFC with a 
renewed interest in improving satellite imagery-based cloud retrievals in particular. He 
joined JCET in 1997, where he has continued his work for the GOES Project, initially 
using GOES soundings to improve weather forecasts, and more recently to infer 
cloud/water vapor/climate interactions for the Tropical/Subtropical areas viewable 
from the GOES-8 and GMS-5 satellites. He has developed a novel satellite-based 
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sea surface temperature retrieval scheme, and has started working on the calibration 
and navigation of Indian National Satellite (INSAT) satellite imagery to make them 
useful for weather and climate studies. Most recently, he has started working in the 
Atmospheric Emitted Radiance Interferometer (AERI) Project in the Physics 
Department of UMBC to develop carbon monoxide, carbon dioxide, and methane 
profile retrievals for an upward-looking infrared spectrometer. Most recently, he has 
joined the Sounder Research Team at GSFC to pursue, once again, the remote 
sounding of atmospheric physical parameters using predominantly satellite-derived 
infrared spectra. He has published nearly 30 refereed papers so far in satellite remote 
sensing/sounding, as well as in global climate change related topics. 

Dr. William Olson received an A.B. degree in physics from Cornell University in 1978 
and a Ph.D. in meteorology from the University of Wisconsin-Madison in 1987. The 
primary focus of his research activities has been in the field of satellite microwave 
radiometry, with particular emphasis on the remote sensing of precipitation and latent 
heating distributions. In 1987, he developed the first minimum variance approach for 
the physical retrieval of rain distributions from satellite microwave data. He 
participated in the Navy’s Special Sensor Microwave/Imager (SSM/I) Calibration/ 
Validation Program as a specialist in precipitation estimation, and developed, with 
Dr. William Raymond, a method to assimilate latent heating estimates from SSM/I into 
numerical weather prediction model forecasts. His current work involves the 
adaptation of cloud microphysics/radiative models for simulating spaceborne passive 
microwave, radar, and infrared observations in support of Tropical Rainfall 
Measurement Mission (TRMM) and Global Precipitation Measurement (GPM) mission 
research. Dr. Olson joined JCET in 1998, and is now a research associate professor 
of physics. 

Dr. Lazaros Oreopoulos (a.k.a. Lazaros Oraiopoulos) received his B. Sc. degree in 
physics from Aristotle’s University of Thessaloniki, Greece in 1989. He received 
M. Sc. (1992) and Ph. D. (1996) degrees from McGill University, Montreal, Canada 
working on cloud, climate, and radiation problems. After a year of work as a 
researcher for the Cloud Physics Research Division of the Meteorological Service of 
Canada (MSC), where he developed a new solar radiation code for general 
circulation model (GCM)s and numerical weather prediction (NWP), he was offered a 
postdoctoral fellowship by the National Science and Engineering and Research 
Council of Canada to continue working at MSC. He chose instead to join JCET in 
October 1997, where he became a member of the Landsat Clear Sky and Cloud 
Research team. He is now PI in a Global Water and Energy Cycle project funded by 
NASA’s Earth Science Enterprise, and leader of JCET’s Radiation Focus Group. 
Dr. Oreopoulos is also affiliated with the UMBC Department of Physics at the rank of 
research assistant professor, and teaches a graduate atmospheric radiative transfer 
course. His research interests include climate change, modeling and remote sensing 
of clouds, and three-dimensional radiative transfer. 

Dr. Erricos Pavlis received his Dipl. Ing. in surveying eng. from the National Technical 
University, Athens, Greece (1976), his M.S. (1979) and Ph.D. (1983) from The Ohio 
State University, Department of Geodetic Science and Surveying. He held a 
postdoctoral position from 1983-1985 at the Bavarian Academy of Sciences, 
Deutsches Geodätisches Forschungsinstitut (DGFI) I Abt., Tech. University München, 
Germany, on laser data analysis for geodynamics and gravity field modeling. He 
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worked at EG&G’s Washington Analytical Service Center (WASC) for GSFC’s 
Geodynamics Branch Satellite Laser Ranging (SLR) Analysis Group and the 
TOPEX/Poseidon Mission Design and Gravity Model Improvement teams (1985-
1989). In 1989, he started working for the University of Maryland, College Park. He 
joined JCET in the fall of 1997 affiliated with UMBC’s Department of Physics at the 
associate research professor level. Dr. Pavlis’ work is primarily in the area of applied 
research, and includes the application of space techniques for geodesy and 
geophysics in the areas of tectonics, deformation, Earth rotation and polar motion, 
gravity field modeling, precise orbit determination, and geodetic global change 
monitoring. His dissertation on “range-differencing” paved the way for the use of the 
method in precise reduction of Global Positioning System (GPS) observations, a 
standard procedure today. He participated in the Laser Geodynamic Satellite 
Experiment (LAGEOS), LAGEOS II, and Crustal Dynamics Projects that resulted in 
the first confirmation and measurement by modern techniques of the theory of plate 
tectonics. He was a member of the TOPEX/Poseidon Mission Design and Gravity 
Model Improvement Teams that developed one of the most successful Earth 
missions in NASA’s history. During the past few years, he led the GPS data analysis 
group for the development of the much-celebrated EGM96 gravity model. He has 
over 50 publications in refereed journals, twice as many presentations in conferences 
and symposia, and he is actively involved in a number of future missions presently 
under study by NASA and other agencies. His current interests are in time-varying 
gravity observations and precise calibration of altimetric missions. Dr. Pavlis is 
currently a member of the Challenging Mini-Satellite Payload (CHAMP), Gravity 
Recovery and Climate Experiment (GRACE) and Jason science teams, vice-
chairperson for the Committee on Space Research (COSPAR)’s Panel on Satellite 
Dynamics, a member of International Laser Ranging Service (ILRS)’ Central Bureau, 
and ILRS’ Analysis and Modeling working groups. He serves as associate editor for 
the Celestial Mechanics and Dynamical Astronomy journal, and he is one of the 
coauthors of the revised edition of the Explanatory Supplement to the Astronomical 
Almanac, a guide for products and services of the U.S. Naval Observatory. Following 
the 2003 IUGG General Assembly, Dr. Pavlis became chairman of the Working 
Group 1.4.4 of International Association of Geodesy (IAG) Sub-commission 1.4. 

Dr. Miodrag Ranĉić received a Ph.D. in meteorology in 1988 from the University of 
Belgrade, Yugoslavia, where he worked as a research and teaching assistant, and 
from 1988 to 1989as an assistant professor. In 1989, Dr. Ranĉić joined the Center for 
Analysis and Prediction of Storms at The University of Oklahoma, as a postdoctoral 
faculty member. Dr. Ranĉić worked at the National Centers for Environmental 
Prediction as a research scientist from 1992- 1998, when he transferred to GSFC, 
employed through the University of Maryland, Baltimore County. In December 2003, 
Dr. Ranĉić became research associate professor of physics at UMBC, through 
affiliation with JCET. The major area of his research interest is developing novel 
numerical methods for weather and climate prediction in conjunction with modern 
software development trends, such as the application of high-performance computing 
and object-oriented design. Dr. Ranĉić initiated and contributed to the development of 
a nonhydrostatic version of the major regional model used by the U.S. Weather 
Service; originated a new class of mass conservative semi-Lagrangian schemes for 
application in numerical models of the atmosphere; and developed a new class of 
quasi-uniform grids (so-called conformal cubic and octagonal grids) for application in 
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global models of the atmosphere. He has over 30 papers published in refereed 
professional journals or presented at workshops and conferences. 

Dr. Thomas M. Rickenbach received his B.S. degree in petroleum engineering from the 
University of California, Berkeley in 1987. He earned a M.S. degree in atmospheric 
science in 1990 from Colorado State University, where his research involved 
microphysical retrieval of hydrometeor species from a middle-latitude mesoscale 
convective system. He subsequently worked as an environmental consultant with 
Radian Corporation in Irvine, California until 1991. Dr. Rickenbach received his Ph.D. 
degree in 1996 in atmospheric science from Colorado State University, where he 
studied tropical oceanic mesoscale convective organization and precipitation. In 
1996, Dr. Rickenbach began a postdoctoral position with the Tropical Rainfall 
Measuring Mission (TRMM) Office at GSFC, under a fellowship from the National 
Research Council. Dr. Rickenbach has been a member of JCET since 1998, and is 
currently a research assistant professor affiliated with the Department of Geography 
and Environmental Systems at UMBC, where he teaches courses on weather and 
climate. His current research at GSFC is on statistical properties of tropical clouds 
and precipitation applied to regional climate issues.  

Dr. Lynn Sparling is an associate professor of physics at UMBC and is a UMBC affiliate 
member of JCET and a JCET Fellow. She received a B.S. in Chemistry from the 
University of New Mexico in 1976, a M.S. in physics from the University of Wisconsin, 
Madison in 1980 and a Ph.D. in physics from the University of Texas at Austin in 
1987. She held postdoctoral research positions in chemical engineering and 
pharmacology, and conducted research in biophysics at the National Institutes of 
Health until 1992. She joined STX Corp. in 1993, working under contract to NASA at 
GSFC, became a member of JCET in 1998, and joined the faculty at UMBC in 2001. 
During her career, Dr. Sparling has done theoretical work in a variety of different 
areas in statistical mechanics, biophysics and hydrodynamics, and is currently 
working in the areas of atmospheric dynamics and tracer transport and mixing. 

Dr. L. Larrabee Strow is a professor of physics at UMBC and a JCET Fellow. He holds 
a Ph.D. in physics from the University of Maryland, College Park. His work in radiative 
transfer includes fundamental studies of molecular collision lineshapes, line-by-line 
algorithm techniques, and development of fast radiative transfer models. He has done 
remote sensing of minor gases and has been working on the development of the 
Atmospheric Infrared Sounder on NASA’s Aqua satellite for the last 10 years as a 
science team member. 

 Dr. Andrew Tangborn received undergraduate degrees in mathematics and 
mechanical engineering from the University of Washington. He received his M.S. and 
Ph.D. degrees in computational fluid dynamics from the Mechanical Engineering 
Department at MIT. His current research, in the field of atmospheric data assimilation, 
is carried out at GSFC, where he works on assimilating wind measurements from the 
High Resolution Doppler Imager that flew on the Upper Atmosphere Research 
Satellite. He is also working on efficient computational schemes for the propagation of 
error covariances, using wavelet transform methods. These methods are being 
applied to the assimilation of stratospheric constituent observations using a Kalman 
Filter. Past work, in the field of fluid mechanics, has involved mixing, transport and 
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the development of numerical schemes for particle-laden flows. He has also 
supervised the research of 13 master’s and doctoral students.  

Dr. Ali Tokay received a B.S. degree from Istanbul Technical University in 1984, a M.S. 
from Saint Louis University in 1988, and a Ph.D. from the University of Illinois at 
Urbana-Champaign in 1993. Dr. Tokay was a research associate through a National 
Research Council Fellowship from 1993 to 1995. He joined Saint Louis University as 
an assistant professor in 1995 and then came to University of Maryland Baltimore 
County (UMBC) as a research assistant scientist in 1997. Dr. Tokay was a principal 
investigator during a series of field campaigns under NASA’s Tropical Rainfall 
Measuring Mission. He has taught a number of undergraduate and graduate courses 
at Saint Louis University and UMBC. Dr. Tokay was an advisor for a master’s degree 
student who graduated in 1998. He also mentored four undergraduate and two 
graduate students. Dr. Tokay is an affiliated assistant professor of the Department of 
Geography and Environmental Sciences, and research assistant professor at JCET. 
Dr. Tokay is a member of NASA’s precipitation science team. 

Dr. Omar Torres received a B.S. degree in geodetic engineering from Bogota District 
FJC University (Colombia) in 1978, a M.S. in meteorology from the University of the 
Philippines in 1982, and a Ph.D. in atmospheric sciences in 1989, from the Georgia 
Institute of Technology. At Georgia Tech, his main area of research was climate 
applications of radiative transfer modeling. Since the culmination of his doctoral 
studies, Dr Torres has been a member of Total Ozone Mapping Spectrometer 
(TOMS) ozone processing team at GSFC. From 1989 to 1998, he was affiliated with 
Raytheon STX Corporation as senior and principal scientist. In September 1998, he 
joined JCET as associate research professor. His current research activities involve 
ultraviolet radiative transfer modeling with applications to the retrieval of aerosol 
properties, and evaluation of the effects of aerosols on the retrieval of atmospheric 
ozone content. In these areas, Dr Torres has authored and co-authored over 35 peer 
reviewed scientific publications. He is a currently a member of the Ozone Monitoring 
Instrument (OMI), TOMS and National Polar-orbiting Operational Environmental 
Satellite System (NPOESS) Preparatory Project (NPP) science teams. 

Dr. Tamás Várnai received his M.Sc.-equivalent degree in meteorology from the Eötvös 
Loránd University, Budapest, Hungary in 1989. He then joined the Hungarian 
Meteorological Service for two years, after which he enrolled at McGill University in 
Montreal, Canada. His research focused on how cloud heterogeneities influence the 
way clouds reflect solar radiation. After receiving his Ph.D. in atmospheric and 
oceanic sciences in 1996, he continued his research as a postdoctoral fellow— first at 
McGill University, then at the University of Arizona. In addition to examining the 
theory of three-dimensional radiative effects, his work has included the development 
of operational algorithms for the Multi-angle Imaging Spectroradiometer (MISR) 
instrument on the Earth Observing System (EOS) Terra satellite, calculating the 
amount of solar radiation reflected by clouds. Dr. Várnai joined JCET in 1999, where 
he works on estimating the influence of cloud heterogeneities on operational 
Moderate Resolution Imaging Spectroradiometer (MODIS) cloud property retrievals, 
and develops cloud property retrieval algorithms for the Thickness from Offbeam 
Returns (THOR) lidar system. 
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Dr. Menghua Wang received a B.S. degree from Zhejiang University in China in 1982, a 
M.S. degree (with distinction) in 1987 from California State University, Northridge, 
and the Ph.D. degree, all in physics, from University of Miami, Coral Gables, FL, in 
1991. Dr. Wang was a science team member of the SIMBIOS project (2000-2003), 
and is currently a science team member (PI) of the National Polar-orbiting 
Operational Environmental Satellite System (NPOESS) Preparatory Project (NPP) 
and the Earth Observing System (EOS) Moderate Resolution Imaging 
Spectroradiometer (MODIS). Dr. Wang is currently with JCET as a research 
associate professor, and the Department of Physics, University of Maryland, 
Baltimore County, while working at GSFC. His research interests include radiative 
transfer modeling, ocean color remote sensing, remote retrievals and in situ 
measurements of aerosol and cloud optical and microphysical properties, and 
development of calibration and validation techniques, as well as data merging 
methods for satellite remote sensors. 

Dr. Wei-Feng Wang received his B.S. and M.S. degrees from Fudan University in 1991 
and 1994 respectively, and his Ph.D. in physics from the National University of 
Singapore in 1998. He joined the JCET faculty in November 1997. He has conducted 
research in the fields of gas discharge physics, plasma spectroscopy and diagnostics, 
and molecular spectroscopy. Dr. Wang’s current studies involve molecular collisions 
and infrared spectroscopy of planetary and terrestrial atmospheric species, with 
emphasis on pressure-induced broadening and shifting, line mixing and vibration-
translation energy transfer. Dr. Wang has published over 25 peer-reviewed journal 
papers.
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III.10 Table 1: JCET Faculty (as of June 30, 2004) 

NAME TITLE AFFILIATION 

Dr. Marcos Andrade Research Associate Research Faculty 

Dr. William Barnes Senior Research Scientist Research Faculty 

Dr. Mark Bulmer Research Assistant Professor Geography 

Dr. Maria Caddedu Research Associate Research Faculty 

Dr. Petya Encheva-Campbell Assistant Research Scientist Research Faculty 

Dr. Simon Carn Research Associate Research Faculty 

Dr. Jui-Yuan Chiu Research Associate Research Faculty 

Dr. Allen Chu Associate Research Scientist Research Faculty 

Dr. Saswati Datta Research Assistant Professor Computer Science and Electrical 
Engineering 

Dr. Forrest Hall Senior Research Scientist Research Faculty  

Dr. Jeffery Halverson Research Associate Professor Geography 

Dr. Fred Huemmrich Research Assistant Professor Geography 

Dr. Arlin Krueger Research Professor Physics 

Dr. Prasun Kundu  Research Assistant Professor  Physics 

Dr. Don Liu Research Associate Research Faculty 

Dr. Weiyuan Jiang Research Associate  Research Faculty 

Dr. Vanderlei Martins Research Assistant Professor Physics 

Dr. Kevin McCann Research Associate Professor Physics 

Dr. Amita Mehta Research Assistant Professor Physics 

Dr. Gyula I. Molnar Assistant Research Scientist Research Faculty 

Dr. William Olson Research Associate Professor Physics 

Dr. Lazaros Oreopoulos Research Assistant Professor Physics 

Dr. Erricos Pavlis Research Associate Professor Physics 

Dr. Derek Peddle Associate Research Scientist Research Faculty 

Dr. Paul Poli Faculty Research Assistant Research Faculty 

Dr. Miodrag Ranĉić  Research Associate Professor Physics 

Dr. Jens Reichardt Research Assistant Professor Physics 
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NAME TITLE AFFILIATION 

Dr. Thomas Rickenbach Research Associate Professor Geography 

Dr. Stephen Schaefer Assistant Research Scientist Research Faculty 

Dr. J. Marcos Sirota Assistant Research Scientist Research Faculty 

Dr. Andrew Tangborn Research Assistant Professor Math and Statistics 

Dr. Ali Tokay Research Assistant Professor Geography 

Dr. Omar Torres Research Associate Professor Physics 

Dr. Tamás Várnai Research Assistant Professor Physics 

Dr. Menghua Wang Research Associate Professor Physics 

Dr. Juying Warner Assistant Research Scientist Research Faculty 

 

III.11 Table 2: JCET Fellows (as of June 30, 2004) 

NAME AFFILIATION 

Dr. Christopher Barnet NOAA 

Dr. Robert Cahalan NASA GSFC 

Dr. Belay Demoz NASA GSFC 

Dr. Erle Ellis UMBC Geography 

Dr. Richard Hartle NASA GSFC 

Dr. Joanna Joiner NASA GSFC 

Dr. Weijia Kuang NASA GSFC 

Dr. Thorsten Markus NASA GSFC 

Dr. Alexander Marshak NASA GSFC 

Dr. Wallace McMillan UMBC Physics 

Dr. Harvey Melfi Emeritus 

Dr. Steven Platnick NASA GSFC 

Dr. Yongsinn Sohn UMBC Geography 

Dr. Lynn Sparling UMBC Physics 

Dr. David Starr NASA GSFC 

Dr. Larrabee Strow UMBC Physics 

Dr. David Whiteman NASA GSFC 
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III.12 Table 3: JCET Associate Staff (as of June 30, 2004) 

NAME TITLE 

Mr. Keith Evans Research Analyst 

 

III.13 Table 4: JCET Administrative Staff (as of June 30, 2004) 

NAME TITLE 

Dr. William Lau Chair, Executive Board 

Dr. Ray Hoff Director 

Dr. Richard Hartle Associate Director 

Ms. Danita Eichenlaub Assistant Director 

Ms. Cathy Manalansen Administrative Assistant 

Ms. Nina M. von Gunten Payroll Assistant 

 

III.14 Table 5: JCET Focus Group Leaders (as of June 30, 2004) 

FOCUS GROUP GROUP LEADER 

Clouds and Precipitation Dr. Jeffery Halverson 

Interdisciplinary Science Dr. Andrew Tangborn 

Observation Science Dr. Kevin McCann 

Atmospheric Radiation Dr. Lazaros Oreopoulos 
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Acronyms and Abbreviations 

3-D Three-dimensional 

AWMA Air and Waste Management Association 

ABOVE AIRS BBAERI Ocean Validation Experiment 

ADRO Application Development and Research Opportunity 

AERI Atmospheric Emitted Radiance Interferometer 

AERONET Aerosol Robotic Network 

AFL Atmospheric FTIR Laboratory 

AGU American Geophysical Union 

AIRS Advanced Infrared Sounder 

ALEX Atmospheric Lidar Experiment 

AMPA Aminomethylphosphonic acid 

AMSU Advanced Microwave Sounding Unit 

ARM Atmospheric Radiation Measurement 

BBAERI Baltimore Bomem Atmospheric Emitted Radiance Interferometer 

BBHRP Broadband Heating Rate Profile 

BC Black carbon 

BOREAS Boreal Ecosystems and Atmosphere Study 

BRF Bidirectional reflectance function 

CALIPSO Cloud Aerosol Lidar and Infrared Pathfinder Satellite Observations 

CAM Community Atmospheric Model 

CAMEX Convection and Moisture Experiment 

CART Cloud and Radiation Testbed 

CHAMP Challenging Mini-Satellite Payload 

ChlF Chlorophyll fluorescence 

CLOUDSAT Cloud Satellite 

CO Carbon monoxide 

CORAM Column radiation model 

COSPAR Committee on Space Research 

CRCES Center for Research on the Changing Earth System 

CREST Center for Remote Sensing Science and Technology 



 THE JOINT CENTER FOR EARTH SYSTEMS TECHNOLOGY 

 136  

CrIS Cross-Track Infrared Sounder 

CRM Cloud Resolving Model 

CRYSTAL-FACE Cirrus Regional Study of Tropical Anvils and Cirrus Layers – Florida 
Area Cirrus Experiment 

CSU Colorado State University 

D Deuterium 

DEM Digital elevation model 

DFA Detrended fluctuation analysis 

DGFI Deutsches Geodätisches Forschungsinstitut 

DISORT Discrete ordinate radiative transfer 

DOE Department of Energy 

DRF Direct radiative forcing 

DRU Data for Research Use 

DSD Drop size distribution 

EEM Excitation-emission matrices 

ELF Elastic Lidar Facility 

ENSO El Niño/Southern Oscillation 

EOS Earth Observing System 

EP Earth Probe 

EPA Environmental Protection Agency 

EPP Educational Partnership Program 

ESA European Space Agency 

ESMF Earth System Modeling Framework 

ESTEC European Space Research and Technology Center 

FARGO Fast Atmospheric Refractivity Gradient Operator 

FIS Fluorescence imaging system 

fPAR Fraction of photosynthetically active radiation 

FTIR Fourier Transform Infrared Radiometer 

fvDAS Finite-volume Data Assimilation System 

GASP GOES Aerosol and Smoke Product 

GCM General circulation model 

GEWEX Global Water and Energy Cycle Experiment 

GF Globalization framework 
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GIS Geographic information system 

GMAO Global Modeling and Assimilation Office 

GOCE Gravity Field and Steady-State Ocean Circulation 

GOES Geostationary Operational Environmental Satellite 

GOME Global Ozone Measuring Experiment 

GPM Global Precipitation Measurement 

GPS Global Positioning System 

GRACE Gravity Recovery and Climate Experiment 

GRAS Global Navigation Satellite System Receiver for Atmospheric 
Sounding  

GRL Geophysical Research Letters 

GRP GEWEX Radiation Panel 

H Hydrogen 

HIRS High-Resolution Infrared Sounder 

HPCC High-performance computing and communication 

HSB Humidity Sounder-Brazil 

HYSPLIT Hybrid Single-Particle Lagrangian Integrated Trajectory 

I/O Input/output 

I3RC Intercomparison of 3-D Radiation Codes 

IAG International Association of Geodesy 

ICA Independent Column Approximation 

ICRCCM Intercomparison of Radiation Codes in Climate Models 

IERS International Earth Rotation Service 

ILRS International Laser Ranging Service 

InSAR Interferometric synthetic aperture radar 

INSAT Indian National Satellite 

INTEX NASA’s Intercontinental Chemical Transport Experiment 

IOCCCG International Ocean Colour Coordinating Group 

IPA Intergovernmental Personnel Act 

IR Infrared 

IUGG International Union of Geodesy and Geophysics 

JPL Jet Propulsion Laboratory 

JW Joss-Waldvogel 
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KAPP Keys Area Precipitation Project 

LAGEOS Laser Geodynamic Satellite Experiment 

LANDMOD Landscape-Scale Model 

LIFIS Laser-induced fluorescence imaging system 

LPI Lunar and Planetary Institute 

LW Longwave 

LWP Liquid water path 

MCST MODIS Calibration Support Team 

MEES Marine Estuarine Environmental Sciences 

MER Mars Exploration Rover 

MGS Mars Global Surveyor 

MIR Millimeter-wave Imaging Radiometer 

MISR Multiangle Imaging Spectroradiometer 

MOC Mars Orbital Camera 

MODIS Moderate Resolution Imaging Spectroradiometer 

MOLA Mars Orbiting Laser Altimeter 

MOPITT Measurements of Pollution in the Troposphere 

MPA Multi-Satellite Precipitation Analysis 

MPI Message-passing interface 

MSI Minority Serving Institutions 

MWR Microwave radiometer 

N2 Nitrogen 

NARP Nordic Arctic Research Programme 

NCAR National Center for Atmospheric Research 

NCCS NASA Center for Computation Sciences 

NCSU North Carolina State University 

NDVI Normalized difference vegetation index 

NESDIS National Environmental Satellite Data and Information Service 

NEXRAD Next-Generation Radar 

NGA National Geospatial-Intelligence Agency 

NIMA National Imagery and Mapping Agency 

NIR Near infrared 
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NOAA National Oceanic and Atmospheric Administration 

non-LTE Nonlocal thermodynamic equilibrium 

NPOESS National Polar-orbiting Operational Environmental Satellite System 

NPOL NASA S-band polarimetric 

NPP NPOESS Preparatory Project 

NRA NASA Research Announcement 

NSF National Science Foundation 

NURI NIMA University Research Initiative 

NWP Numerical weather prediction 

OMI Ozone Monitoring Instrument 

OSA Optical Society of America 

PDF Probability distribution function 

PNNL Pacific Northwest National Laboratory 

PPA Plane-parallel atmosphere 

PR Precipitation Radar 

PVO Pioneer Venus Orbiter 

PWV Precipitable water vapor 

QU Quasiuniform 

R Reflectance 

RAMMPP Regional Atmospheric Measurement, Modeling, and Prediction 
Program  

REALM Regional East Atmospheric Lidar Mesonet 

RFG Radiation Focus Group 

RO Radio occultation 

RTA Radiative transfer algorithm 

RTE Radiative transfer equation 

SAC-C Satellite de Aplicaciones/Cientifico-C 

SAFARI Southern African Regional Science Initiative 

SAF Satellite Application Facility 

SeaWiFS Sea-viewing Wide Field-of-view Sensor 

SENH Solid Earth and Natural Hazards Program 

SGF SAR Georeferenced Fine-Resolution 

SHDOM Spherical Harmonic Discrete Ordinate Method 
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SHIS Scanning High-Resolution Interferometer Sounder 

SIPS Science Investigator-led Processing System 

SLC Single-look complex 

SLR Satellite Laser Ranging 

SpecNet Spectral Network 

SRL Scanning Raman lidar 

SRT Sounder Research Team 

SSA Spherical-shell atmosphere 

SSEC Space Science and Engineering Center 

SSM/I Special Scanner Microwave/Imager 

SST Sea surface temperature 

SW Shortwave 

SWT Science Working Team 

TES Tropospheric Emission Spectrometer 

THOR Thickness from Off-beam Returns 

TMI TRMM Microwave Imager 

TNT Trinitrotoluene 

TOA Top-of-the-atmosphere 

TOMS Total Ozone Mapping Spectrometer 

TRF Terrestrial Reference Frame 

TRMM Tropical Rainfall Measurement Mission 

UAV Unmanned aerial vehicle 

UMCP University of Maryland, College Park 

UND University of North Dakota 

UTH Upper tropospheric humidity 

UW-NMS University of Wisconsin Nonhydrostatic Modeling System 

VAAC Volcanic Ash Advisory Centers 

VAP Value Added Products 

VR Variable resolution 

V-T Vibrational-translational 

V-V Vibrational-vibrational 

WFF Wallops Flight Facility 



ACRONYMS AND ABBREVIATIONS 

141  

WSR Weather surveillance radar 

ZR Radar rainfall 
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