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1 INTRODUCTION

The Cooperative Institute for Climate and Satellites (CIC3)as formed through a national
consortium of academic, norprofit and community organizations with leadership from the
University of Maryland, College Park (UMCP) and the University of North Carolina (UNC)
System through North Carolina State University (NCSU). This partnership includes
Minority Serving Institutions as well as others with strong facultieghat enhance CICS'
capability to contribute to NOAAS mission and goals.

CIC&onsists of two principal locations, one on the MSquare Research Park campus of
UMCP adjacent to the NOAA Center for Weather and Climate Prediction, and the other
within the National Climatic Data Center. The two locationare referred to as CICSVID,
located in College Park MD, and CIQEC, located in Asheville NC.

CICSMD is based upon the model and experience gained by UMCP througk leadership

of the Cooperative Institute for Climate Studhs in collaboration with NOAA beginning in
1983. The Earth Systems Science Interdisciplinary Center (ESSi@naged theearlier
Cooperative Institute beginning in 2002, successfully shepherding through a period of
dramatic growth in both funding and adivity levels. CICSMD focusson the collaborative
researchin satellite observations and Earth System modeling conducted by the Center for
Satellite Applications and Research (STAR) of NOAA/NESDIS and the National Centers for
Environmental Prediction (NCEP) of NOAA/NWSCICSMD is also in the beginning stages

of establishing collaborations with other NOAA elements in the Washington, DC area,
including the National Oceanographic Data Center (NODC) and the Air Resources
Laboratory (ARL). This collaboraton isled by ESSIC/UMCP with strong participation from
the UMCP Departments of Atmospheric and Oceanic Science (AOSC), Geography (GEOG)
and Geology (GEOL), the University of Maryland Institute for Advanced Computer Studies
(UMIACS), and the Joint Global @hge Research Institute (JGCRI), a collaboration between
UMCP and thdepartment of Energy DoE) Pacific Northwest National Laboratory.

CICSNC is an InterlInstitutional Research Center (IRC) of the UNC Systemeferred to as
North Carolina Institute for Climate Studies (NCICS). It edministered by North Carolina
State University(NCSU)and affiliated with all of the UNC academic institutions as well as a
number of other academic and community partners. CIA&$C focuses primarily on the
collaborative research into the use of satellite observations in climate research and
applications thatis led by the National Climatic Data Center (NCDC) of NOAA/NESDIS.
CICSNC is led by Dr. Otis Brown and includes numerous partners from academic
institutions with spe cific expertise in utilizing satellite observations in climate research
applications and models

CICS scientific vision centeyon the observation, using instruments on Eartrorbiting
satellites and in situ networks, and prediction using realistic mathenatical models of the
present and future behavior of the Earth System. In this context, observations include the
development of new ways to use existing observations, the invention of new methods of
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observation, and the creation and application of ways teynthesize observations from

many sources into a complete and coherent depiction of the full system. Prediction requires
the development and application of coupled models of the complete climate system,
including atmosphere, oceans, land surface, cryospreand ecosystems. Underpinning all
of these activities is the fundamental goal of enhancing our collective interdisciplinary
understanding of the state and evolution of the full Earth System. This vision is consistent
with and supportive of NOAA'sStrategc Goals, and CICtasks compriseresearchprojects

that advance NOAA objectives.

CICS' Vision and/lission derive from the historical expertise of the lead institutions and
partners that comprise the CICS Consortium, together with NOAA's requirementhe CICS
vision and mission are closely &d to the NOAA Strategic Goals.

VISION CICS performs collaborative research aimed at enhancing NOAA's ability to use
satellite and in situ observations and Earth System models to advance the national climate
mission, including monitoring, understanding, predicting and communicating information
on dimate variability and change.

MISSION CICS conducts research, education and outreach programs in collaboration with
NOAA to:

1 Develop innovative applications of nationabnd international satellite observations
and advance transfer of such applications to enhance NOAA operational activities;

1 Investigate observations and design information products and applications to
detect, monitor and understand the impact of climatevariability and change on
coastal and oceanic ecosystems;

1 Identify and satisfy the climate needs of users of NOAA climate information
products, including atmospheric and oceanic reanalysis efforts;

1 Improve climate forecasts on scales from regional to glob#hrough the use of
observation-derived information products, particularly through participation in the
NOAA/NWS/NCEP Climate Test Bed;

1 Develop and advance regional ecosystem models, particularly aimed at the Mid
Atlantic region, to predict the impact ofclimate variability and change on such
ecosystems; and

1 Establish and deliver effective and innovative strategies for articulating,
communicating and evaluating research results and reliable climate change
information to targeted public audiences.



£ A | 3
4 % ’_‘.él P - 3 3
3 ¥ -

N Cooperative Institute for Climate and Satellites Scientific Report

The Research Themes for CICS are:

Theme 1: Climate and Satellite Research and Applications.
Theme 2: Climate and Satellite Observations and Monitoring.
Theme 3: Climate Research and Modeling.

Scientific and executive guidance for CICS is provided by tBeunal of Fellows, which
provides overall advice to theExecutive Director and theDirectors of CICSMD and CICS
NC,and the Executive Board whichrepresents NOAA, UMCP and NCSU senior management
and guides and directs Institute operations. During the past gar, meetings of the Executive
Board were held at UMCP in College Park, MD on June 11, 2010, chaired by Dr. Mel
Bernstein, Vice President for Research at UMCP, and at NCSU in Raleigh NC on October 8,
2010, chaired by Dr. Terri Lomax, Vice Chancellor for Bearch and Graduate Studies at
NCSU and Dr. Chris Brown, Associate Vice Chancellor. The next meeting of the Executive
Board will be held at UMCP in College Park, MD on August 1, 2011.

An ad-hoc Council of Fellows met in association with the initial CIC&ience Meeting at
CICSMD on September &, 2010. The goals of the meeting were to enable CICS scientists
to describe ongoing and potential research projects, to learn about potential collaborative
research activities from NOAA scientists, and to facilita interaction among the

participants. CICS scientists described ongoing and potential projects in nineteen
presentations and NOAA senior managers provided ten programmatic presentations
explaining activities and opportunities relevant to CICS. About 5@ientists and managers
from CICS and NOAA attended the meeting. The meeting accomplished its specific goals,
based on the discussions and informal conversations during and afterwards, and was
worthwhile for many of the attendees. The next Science Meetingnd Council of Fellows
meeting will be held at CICSNC during summer 2011.

CICShematic researchis organized throughTasks led by the CICS and NOAA scientists
leading the research Specific reports on research accomplishments by each Task are
included in Section 4 of this report.

This year CICS welcomed several new memberEhey are:

Dr. Scott Rudlosky is a Research Associate at the Cooperative Institute for Climate and
Satellites (CICS). Scott joined CICS in January 2011 following completion ofMhiS. (2007)
and Ph.D. (2010) in Meteorology at Florida State University. He obtained his B.S. (2004) in
Geography with a specialization in Atmospheric Science from The Ohio State University.
Scott's earliest research examined the characteristics and digbution of positive cloud-to-
ground (+CG) lightning in Florida, since +CG flashes often are associated with enhanced
structural damage and more frequent wildfire ignitions. This early research, and a recent
upgrade to the National Lightning Detection Nisvork (NLDN), motivated Scott to compile
cloud-to-ground (CG) lightning climatologies for the contiguous U.S. and the state of
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Florida. Both CG climatologies are published in the Monthly Weather Review. More
recently, Scott's research has expanded to ilutle analysis of intracloud (IC) lightning and
severe weather in the MidAtlantic Region. His recent work uses the Warning Decision
Support System- Integrated Information (WDSSII) software to combine radar, mode}
derived, CG lightning, and IC lightnindata to examine relationships between lightning and
radar in severe and norsevere storms. Scott is a member of the GORSRisk Reduction
Team that develops algorithms and datasets to better understand future operational
applications of total lightning datasets that will be provided by the Geostationary Lightning
Mapper (GLM) aboard the upcoming GOHS satellite.

Li Ren joined CICSMD in January of 2011. Dr. Ren received hBh.D.degree in Physical
Oceanography from University of Washington in Seattle, WOEET cOi 18 $08 2A180
research has focused upon the upper ocean salinity changes and freshwater budget. Her
dissertation researchis about the observational decadal time scale salinity changes in the

North Pacific Ocean. She estimated the mixed Eysalinity budget in the Northeast Pacific

Ocean from the global Argo profiling float data; evaluated the precipitation and

evaporation products including ECMWF, NCEP1, NCEP2, OAFlux, GPCP and CMAP based on
the salinity changes. She also investigated tlsea ice contribution in the seasonal time

scale salinity changes in the Southern Ocean for her postdoctoral research at Florida State
University. Dr. Ren is currently working on the development and improvement of global
historical oceanic precipitation andyses.

Dan Barrie joined CICSMD in October of 2010. Dr. Barrie received his B.A. degree in
Physics from Colgate University in Hamilton, New York. He received both his M.S. and Ph.D.
in Atmospheric and Oceanic Science from The University of Maryland. khgsis research
focused on the interaction of wind energy with weather and climate. One aspect of this
research project involved modeling the impact of largescale wind energy on the

atmosphere due to the increase in drag in the atmospheric boundary layeaused by wind
turbines. Another component of the research project involved assessing the impact of
climate change on the United States wind energy resource using CMIP3 and NARCCAP
model output.

Chabitha Devaraj joined CICSMD in November 2010 after compting her Ph.D. in
Imaging Science from Rochester Institute of Technology (RIT). As a member of Digital
Imaging and Remote Sensing (DIRS) lab, she developed a theoretical framework for
validating polarimetric remote sensing systems and investigated the inget of polarization
phenomenology on material discriminability for her Doctoral research. She has a M.S. in
Electrical Engineering from Syracuse University, with a specialization in digital signal
processing. Her research interests include modeling and plermance assessment of
remote sensing systems, remote sensing instrument calibration and image quality
characterization.

Li-Chuan Chenjoined CICSMD in October of 2010. Dr. Chen received her B.S. and M.S.
10



degrees from National Chung Hsing University in Tean, R.O.C. and a Ph.D. degree from
the University of lowa.Her research interests include the role of hydroclimatology in the
coupled Earth systemSpecifically, it is focused on physical aspects of the global and
terrestrial water cycles (including predpitation, evaporation, and runoff), their interactions
within the Earth system, and implications for drought forecasts and applications. She is
also interested in how the movement of water over and through the land surface links
terrestrial processes withthose in the atmosphere (including important feedbacks on
precipitation), and characterizing changes in precipitation, runoff, and droughts in
response to natural climate variability, global change, and human activities. Dr. Chen is a
member of the Amerian Geophysical Union (AGU), American Meteorological Society
(AMS), and American Society of Civil Engineers (ASC&he has served on several national
and local committees including the AGU Precipitation Committee and ASCE Environmental
& Water Resources Istitute Probabilistic Approaches CommitteeShe has published in
journals such as Water Resources Research and Journal of Hydrologic Engineering, and
serves as a reviewer for Journal of Hydrologic Engineering, Journal of Hydroinformatics,
Advances in WateiResources, and Journal of Hydrologiar. Chen has received various
awards including a prestigious scholarship from the Ministry of Education of Taiwan and
travel grants from the American Meteorological Society, and was selected as an
Outstanding Reviewerfor the Journal of Hydrologic Engineering in Year 2009.

Isaac Moradi joined CICSMD in January of 2011. Dr. Moradi received his Ph.D. and MSc
degrees in Meteorology from University of Tehran, Iran. His PhD dissertation was entitled
"Mapping global solar ediation over Iran from Meteosat images". He evaluated the
Heliosat-1l method to retrieve solar radiation from satellite data and then used the model
to develop the solar radiation atlas of Iran. The atlas was a part of a national project to
extend the appication of renewable energy resources especially solar power plants in Iran.
He also did his MS thesis in the same field. In his master thesis, he evaluated different
methods to calculate solar radiation on tilted surfaces with arbitrary orientations frondata
measured on horizontal surfaces at the meteorological stations. After his PhD, Mr. Moradi
continued his work with Iranian Ministry of Energy to develop longterm solar radiation
atlas of Iran and one year later he moved to the University of Tehran as assistant
professor at the Department of Physical Geography. In total, he published 5 papers in
international journals from his PhD and MSc theses. Dr. Moradi moved to Lulea University
of Technology in Sweden in October 2008. During his time there, MAoradi used
microwave satellite data to develop upper tropospheric humidity (UTH) dataset. He
evaluated UTH retrieved from AMSLB and MHS sensorgersus UTH derived from
radiosonde data. He also published 2 papers from the works he did in Sweden.

Cecilia Hernandez joined CICS in July 2010Prior to joining CICS, she worked with the
NOOACooperative Remote Sensing Science and Technology Center (CREST), at The City
University of New York, in the department of civil engineeringMs. Hernandez is currently
working to finish her PhD. Her research topic focuses on the development of an algorithm

11
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the University of Puerto Rico at Mayaguez.

Prabhat Koner joined CIGMD in September of 2010. Dr. Koner received his PhD degree
in Energy Engineering from 11T, Delhi. His thesis work involved the design and optimization
of solar photovoltaic (SPV) arrays for water pumping in addition to a detailed socio/techno
economic aralysis and analog and digital electronics controller. He has worked as a
postdoctoral fellow at the European Union Joint research Centre, Italy, and Queensland
University of Technology, Australia on data analysis, instrument development and quality
issuesof Electrical grid systems. However, in the last seven years he has been actively
involved in the field of satellite remote sensing retrievals. He worked at University of
Toronto, Canada, where he developea new algorithm for remote sensing hyperspectral
retrievals using Fourier transform Infrared (FTIR) measurements. The advantage of the
technique he developed is that the retrievals contain low noise with high information
contents compared to conventional retrievals algorithms and does not required-priori
information. Subsequently, he has worked at University of Bonn, Germany on rainfall
retrievals from space based attenuated radar measurement, and Dalhousie University,
Canada, on the retrieval algorithm for thé-TIR instrument to theforthcoming NASA ESA
Mars Science Orbiter mission, where he has shown a number of pitfalls of the popular
statistical retrieval methods and established the possibility of unique mathematical
solutions for satellite based hyper spectral measurements.

This year CICSNC welcaned several new members. They are:

Jesse Belljoined CICS in October 2010Dr. Bell completed his Ph.D. on ecosystem ecology
and ecohydrology in 2009 from The University of Oklahoma. His research largely focuses
on the coupling of the carbon and water cyes, where he employs a variety of techniques to
study the consequences and implications of climate change on ecosystem processes. As a
graduate student, he participated in the "Terrestrial Ecosystem Response to Atmospheric
Climate Change" (TERACC) sympasin and was an author on a subsequent report in
BioscienceHe worked and collaborated with researchers at the Chinese Academy of
Sciences "Institute of Botany" in Beijing as a NSF supported EAPSI Fellow. The last two
years of his graduate education were quported by an NSF GK.2 Fellowship. The primary
objective of the program was to develop interactive scientific lessons on current research
topics, for use in high school classrooms. As an additional part of his participation in the
NSF GKL2 program, he wa selected to perform research and science education outreach
in Thailand. The research focus of this effort was to model the carbamater fluxes in

tropical forests, while the education component was to administer science lessons to Thai
high school teaclers and students.
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Pui K. Chanjoined CICS in January of 201Dr. Chan completed her Ph.D. in meteorology
from Pennsylvania State University with a focus on the role of energy budgets in Asian
monsoon region in 1993. She has an M.Phil. (Physics) from thieitzse University of Hong
Kong and a B.Sc. (Physics) from the University of Hong Kong. Prior to joining the CICS she
worked as a weather forecaster at the Hong Kong Observatory and as a research scientist
for contractor companies at NASA's Goddard Spacedhit Center and Langley Research
Center. Her research interests include surface radiation budget retrieval, aerosol radiative
forcing, climate, remote sensing of water vapor and sea surface temperature.

Jenny Dissenjoined CICSNC in October of 2010. She ithe Director of the Summer

Institute on Climate Change and supports the Director of CICS on Climate Literacy
initiatives. Ms. Dissen is a graduate of North Carolina State University, where she earned
her Masters in Civil Engineering Environmental Systens Analysis, and Bachelors in
Environmental Engineering, with a minor in Business Management. Ms. Dissen specializes
in management consulting and project management in both public and private sector.
Starting with a career at Accenture, Ms. Dissen was a mber of their North American
Utilities Practice, where she specialized in performance optimization in utility operations
and deployment of largescale business transformation initiatives involving process
improvement and technology enablement. Her projeatxpertise encompassed electric and
gas utilities asset management and capital program planning, helping clients optimize
capital and O&M spend and improve value of assets through use of technologies and
integrating finance, operations and engineering apptiations. She also supported the
development of a new practice in Climate Change and Sustainability at Accenture. To
further her interests in studying climate change impacts and sustainability solutions, Ms.
Dissen served as Regional Coordinator in Southdassia for the William J. Clinton
Foundation in their Clinton Climate Initiative. She was responsible for analyzing, evaluating
and developing projects that were technically and financially feasible in the area waste
management across Vietnam, Thailand ariddonesia.

Pierre Guillevic joined CICSNC on July 1, 2010. Dr. Pierre Guillevic received a Ph.D. in
radiative transfer and land surface modeling from Paul Sabatier University, Toulouse,
France, in 1999. During his postdoctoral work with the HydrologicaBcienceBranch,

NASA Goddard Space Flight Center, Greenbelt, MD, he participated in the NASA Seasonal to
Interannual Prediction Project (NSIPP) and studied the influence of the interannual
variability of vegetation parameters derived from satellite obserations on seasonal

climate prediction. In 2003, he joined the Laboratoire Central des Ponts €haussees (LCPC
Governmentresearch laboratory on public works), France, as a research scientist aledi
research onthe water and energy balance of urban surfas for applications in road safety
and urban hydrology, including field experiments and modeling. His main research
interests are the retrieval of land biophysical parameters from satellite remotehsensed
observations with focus on land surface temperatw, and the calibration and validation of
satellite products.
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Susan Joy Hassojoined CICS in May 2010. Ms. Hassol is a climate change science
communicator known for her ability to translate science into English. For two decades, she
has been working with ientists to help make their findings more accessible to
policymakers and the public. Susan has written and edited numerous reports about climate
change and its impacts (see Publications), testified before Congress, written an HBO
documentary, appeared omational radio and television shows, and spoken to a variety of
audiences. In September 2006, Susan was honored by the Climate Institute with its first
ever award for excellence in climate science communication. More about Susan and her
work can be found a the website:climatecommunication.org

Justin Jay Hnilo joined CICSNC in September of 2010, where he is assisting in the
development of requirements and user based access and diagnostics tools forlme use,
advancing communitywide downscaling access and interoperabilityDr. Hnilo obtained his
Ph. D. in 1996 from the University of Alabam&luntsville. His background is in climate
model diagnostics with emphasis on the application of remotely sensed maass. His work
includes the quantification of differing methods by which one simulates what a satellite
would see if flown over climate models and observations. Specifically for two approaches:
the first a comprehensive lineby-line radiation code, and, tle second a more simple global
weighting function. He quantified how changes in satellite height, surface emissivity and
profiles of moisture affect a simulated microwave measure. His research has shown that
depending on which method and assumptions one mak these act to influence the end
result and in some cases can act to change the sign of the simulated decadal temperature
trend. During his 11 years at Lawrence Livermore National Laboratory he worked within
the Program for Climate Model Diagnosis and letcomparison (PCMDI) where he
maintained the observational database, established metadata standards, rewrote large
volumes of data, worked extensively with the Atmospheric Radiation Measurement (ARM)
data and developed new visualization and diagnostic sqis for both models and remote
sensing measures. He returned to the University of Alabamtduntsville in 2008 and
participated in the development of a "geoportal” for climate change science, analysis,
assessment and information for decision making. In 200Be joined Colorado State
University and worked to build a continuous high quality observational dataset for the
Special Sensor Microwave Imager (SSM/I). This activity is part of NCDC's Fundamental
Climate Data Record (FCDR) project.

Anand Inamdar joined CICSNC in October of 2010. Dr. Inamdar obtained his Ph. D.,
working on Numerical Analyses of Radiative Transfer in the Atmosphere in the Department
of Mechanical Engineering of Indian Institute of Science (Bangalore, India) in 1991. He then
joined Scripps hstitution of Oceanography at University of California San Diego and served
as a ceinvestigator and participated as a science team member of the NASA/CERES
(Clouds and Earth's Radiant Energy System) science team, investigating the role of deep
convection,SST, and tropospheric water vapor distribution in the evolution of the
atmospheric greenhouse effect. Employing measurements in the CERES broadband
longwave and window (8- 2 micron) channels, he further examined the relative roles of
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vibration -rotation to pure rotation bands of water vapor and the water vapor continuum
region on the lorgwave heating and cooling rates in the atmosphere. One of his primary
contributions to the CERES was the development of the algorithm to estimate the surface
LW radiation budget from measurements of TOA window and newindow spectral
channels and other ancillary meteorological variables over both ocean and land surfaces,
which is currently in operational use. From 2005 2009, he worked at the USDA/Arid Land
Agricultural Research Center, Agricultural Research Service (ARS/USDA). There he
developed a model for the retrieval of diurnal cycle of land surface temperature on a 1 km
scale from MODIS, GOES and other merged ggationery satellite products over the South
West US forassimilation into land surface models for application in water resources
management in agriculture. His research interests are study of earth radiation budgets,
remote sensing of land surface parameters and surface energy balance from satellites.

Kenneth Kunkel joined CICSNC as a Senior Scientist and Science Lead for Assessments,
and, the NCSU Department of Marine, Earth and Atmospheric Sciences as a Research
Professor in September of 2010. Dr. Kunkel's recent research has focused on climate
variability and change, particularly related to extreme events, such as heavy precipitation,
heat waves, cold waves, and winter storms. A particular focus has been the historical
variations in the frequency and intensity of such extreme events extending from the late
19th Century to present. An examination of late 19th and early 20th Century variations is
important because it establishes the quasnatural background which provides a context

for interpreting recent variations and possible anthropogenic influences. He hadso

engaged in the diagnostic analysis of both regional and global climate model output. This
has focused on the regional fidelity of model simulations of the climate of the U.S., including
such features as the North American monsoon and the lack of 20&fentury warming in the
central U.S.Dr. Kunkelhas developed a number of applications of climate data, including a
temperature-based model that anticipates the risk of West Nile Virus infections and a soil
moisture model for agricultural usage in the Midvest. Due to his interest and involvement

in issues related to climate variability and change, he has been a lead author on two recent
reports of the U.S. Climate Change Program: Weather and Climate Extremes in a Changing
Climate and Climate Models: An Aesssment of Strengths and Limitations.

Ronald Leeper joined CICSNC on November of 2010. Mr. Ronnie Leeper received both his
masters and undergraduate degrees from Western Kentucky University (WKU). Using the
fifth generation Mesoscale Model (MM5), his mast's investigated the affects of vegetation
type, thickness, and soil moisture on neasurface atmosphere evolution. As an
undergraduate, Mr. Leeper worked on collaborative research projects between WKU and
the University of NebraskaLincoln, observing theimpact of irrigation on temperature and
dew point temperature trends in northern Great Plains. More recent research of his is
related to soil moisture variability due to both climatic and karst hydrological forcings, and
their impact of the simulated atmasphere. Additional interests include development of
quality assurance strategies and assessing the affect of data assimilation on regional
atmospheric modeling performance.
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Jessica Matthews joined CICSNC as a Postdoctoral Research Associate in August 01Q.
Dr. Matthews was awarded a Ph.D. in applied mathematics from North Carolina State
University, Raleigh, NC in théall of 2010. Her dissertation research examined water stress
conditioning and sensitivity analysis of photosynthesis and stomatal conduahce models.
As an undergraduate she participated in a cooperative education experience at NASA
Goddard Space Flight Center, Greenbelt, MD, where she supported efforts ofEaeth
Observing SystefEOS) including testing of HDFEOS data manipulation softre,
evaluating metadata accuracy, conceptualizing architecture for a data pool realizing real
time user access, and developing waveldtased data compression algorithms. Following
completion of her master's degree, from 2004 through 2010 she worked as &b
mathematician for SRA International, Inc. primarily modeling agents under study by the
National Toxicology ProgramHer research interests focus on modeling of physical and
biological phenomenon and the underlying mathematical principles.

Janice Mills joined CICS in October of 2010 as Business Manager. Janice Yamamura Mills
brings over 25 years of higher education academic and research administration experience
to CICS. Ms. Mills received a B.A. in Psychology from the University of ldaho and earned her
MBA (with emphases in International Management and Marketing Research) from Texas
A&M University where she also held a number of positions in fiscal management, planning
and analysis. Her most recent position was as the Assistant Dean for Finance and
Administration in the College of Geosciences where she served as both chief financial
officer and chief human resources officer for the college. While at TAMU, she served as
Chair of the University Council of Senior Business Administrators and also chaired
university committees on inventory management and scholarship award administration. In
2002, she was recognized as one of Texas' 100 women leaders through ltle@adership
Texasprogram. Her strengths are strategic management, process analysis, planning and
program implementation and execution.

Olivier Prat joined CICSNC as a Postdoctoral Research Associate in August of 2010. Dr.
Prat obtained a PhD in Physics from the University of Montpellier Il (France), a Masters
Degree in Fluid Mechanics from the Universitpf Aix-Marseille Il (France), and an
Engineering Degree from theecole Nationale Superieure de Physique de Marsédlarently
Ecole Centrale de MarseilleHis current research interests include the development and
implementation of numerical models forthe evolution of rainfall microstructure with
explicit representation of microphysical processes. The ultimate goal is to achieve a
dynamic simulation of the droplet size distribution that will be used for physical algorithms
for radar and satellite rainfal estimation.

Jared Rennie joined CICSNC in July of 2010. Mr. Rennie received both his M.S. and B.S.
degrees in Meteorology from Plymouth State University in Plymouth, New Hampshire. His
master's thesis included evaluating and introducing techniques toawcast microburst

events over NASA's Kennedy Space Center in Florida. Using an updated climatology of five
minute averaged peak wind data, as well as local products from the W-BBD, Mr. Rennie
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developed advanced statistical techniques in hopes to increadetection of microburst
occurrence, while lowering the amount of false alarms. As an undergraduate student, Mr.
Rennie received the Ernest F. Hollings Scholarship and participated in a summer internship
at the National Weather Service Forecast Office inokiman, Oklahoma. During his time

there Mr. Rennie compared conventional radar products to newer technologies, including
NSSL's Phased Array Radar.

Richard Reynolds joined CICSNC in November of 2009. Dr. Richard W. Reynolds has
specialized in analyzing sa surface temperatures (SST) since he graduated from the
University of Hawaii in 1975 with a PhD.In 1980 Dr. Reynolds began his career at NOAA as
the lead scientist responsible for the development, implementation and operational
production of sea surfaceanalyses and associated. He has been active in improving the
accuracy of the SST analyses by optimizing the advantages of in situ (ship and buoy) and
satellite data. Dr. Reynolds joined CIGISC in November 2009.Dr. Reynolds has received
the Department d Commerce Gold Medal in December 19gibr producing SST Analyses
for the NCEP atmospheric reanalysishe Department of Commerce Gold Medal in
November 20040or the development of innovative techniques leading to optimal use of
observing systems related & sea surface temperaturesthe Department of Commerce Gold
Medal; November 200Tor improving the understanding of observed climate change and
causes by showing that global average atmospheric warming is similar to surface warming;
the Department of Commece Silver Medal in November 200Tor developing a calibration
technique breakthrough enabling detection of reliable longerm atmospheric temperature
trends from satellite data; and was electedrellow of the American Meteorological Society

in January 2007

Jennifer Roshaven joined CICS in March of 2011 as a University Program Specialist. Ms.
Roshaven brings a strong background in higher education resource and personnel
management to CICS. Ms. Roshaven has a B.A. with Honors in Psychology from the
University of Miami and earned an M.S. in Counseling Psychology from Palm Beach Atlantic
University. She directed the Residential Life program at Palm Beach Atlantic University and
then was a project manager for Anderson Consulting Team and Kilday & Associates atnfP
Beach, FL. Her most recent position was an Executive Assistant to the Dean of the
University of Miami's Rosenstiel School of Marine and Atmospheric Science where she
provided leadership to the School's administrative and faculty affairs processes, aglas
managed the Dean's and Divisional Offices administrative team. Ms. Roshaven is a 2009
graduate of the Greater Miami Chamber of Commerce Leadership Miami Program.

Carl Schreck joined CICSNC as a Postdoctoral Fellow in August of 2010. Dr. Schreck

completed his Ph.D. in 2010 at the University at Albany, State University of New York. His

dissertation explored the intraseasonal variability of tropical convection using satellite

derived rainfall estimates from NASA'dropical Rainfall Measuring MissioGir RMM).

Notable sources of variability included convectively coupled equatorial waves and the

MaddenJulian oscillation. Dr. Schreck identified the relative influences of these systems on
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tropical cyclone formation around the globe. He is investigating the &iden-Julian

oscillation and the EI NineSouthern Oscillation (ENSO) using a climate data record of

upper tropospheric water vapor that was recently developed here at NCDC. Dr. Schreck

also contributes to a team that develops and maintains thaternational Best Track Archive

for Climate StewardshigIBTrACS). This, the world's largest repository of tropical cyclone

best track data, is housed at NCDC under the auspices of the World Data Center. Dr. Schreck
uses these data to examine the relationships betwaeclimate variability and tropical

cyclones.

Laura Stevens joined CICSNC as a Postdoctoral Research Associate in Fall 2010. Ms.
Stevens (née Kettles) is currently completing a Ph.D. in atmospheric science from the
University of Leeds. Her dissertation resarch investigates the influence of modifying
droplet concentrations on the properties of stratocumulus clouds and climate (using both
global and cloudresolving models), as well as examining the potential for a cloud droplet
modification geoengineering tehnique. As a postgraduate student in 2007 she assisted
with field measurements for theConvective and Orographicalinduced Precipitation Study
(COPS) in Southern Germany. She completed her undergraduate studies in Meteorology at
the University of Readirg in 2006, which also included an exchange year at the University
of Oklahoma. She is a member of the American Meteorological Society and the American
Geophysical Union.

Scott Stevensjoined CICSNC on March of 2010. Mr. Stevens received his B.S. degree in
Meteorology from the University of Oklahoma and his M.S. degree in Atmospheric Science
from Colorado State University. His master's thesis was centered around the transition

from warm cloud to rain and its relationship to several meteorological variablegjsing data
from the Atmospheric Radiation Measurement program's station on Nauru Island. Using
statistical techniques, Mr. Stevens studied the correlation between these variables and the
onset of rain, in the hopes of improving satellite algorithms, whicketect rainfall. As an
undergraduate, Mr. Stevens also completed an internship with the Oklahoma Climatological
Survey, in which he investigated decadal warming trends using the Oklahoma Mesonet, and
he presented these findings at the 2006 AMS Annual Mé&gj in Atlanta, GA.

Peter Thorne joined CICSNC in May of 2010. Dr. Thorne completed a PhD on climate
change detection and attribution in 2001 from the Climatic Research Unit in the University
of East Anglia. He then worked at the Met Office Hadley Ceninethe UK until 2010 within
the Climate Monitoring and Attribution group. Initial work concentrated upon tropospheric
temperature records- an issue that still takes up more of his time than it really should.
Together with colleagues he created a radiosomdbased temperature dataset, automated
the procedure and benchmarked it against realistitest cases This led to a conclusion that
radiosonde temperatures were not adequate to conclusively inform on the debate about an
apparent temperature trend discreparcy between the surface and the troposphere. He also
contributed significantly to the CCSP report on this subject including leaauthorship on

two chapters. Most recently he led, together with colleagues from NOAA and Reading
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University, a major review of tie issue. In the past several years Dr. Thorne's focus has
turned to creating climate data records from the land surface network. He supervised a

PhD project, which yielded a quality controlled, homogenized surface humidity product at
monthly resolution and contributed to subsequent analyses thereof. This analysis utilized
the synoptic report resolution Integrated Surface Dataset from NCDC. Subsequent work has
been focused on creating a quality controlled version of this database for solely the leng
running stations utilizing an automated procedure with a view to subsequently

undertaking homogenization efforts at the base reporting observation level. Whether this

is even possible is an open question being pursued in collaboration with colleagues in the
Met Cffice Hadley Centre and University of New South Wales Climate Change Research
Centre. Dr. Thorne also contributed to two chapters of the most recent IPCC Working

Group 1 report and published on reanalyzes, which show great potential promise for the
future for climate monitoring. He has sat on a joint Global Climate Observing System /
World Climate Research Program working group on observations for reanalyzes. For the
last 5 years Dr. Thorne has been chair of a Working Group under the Auspices of the Global
Climate Observing System whose role is to make ti&COS Reference Upper Air Netwoek
reality. He was recently selected as a lead author for Working Group 1 of the IPCC 5th
Assessment Report.

Qiong Yangjoined CICSNCas a Research Associate in January of 200k. Yangeceived
her Ph.D. in Atmospheric Science from the Wrersity of Washington, Seattle in December
2010. Her dissertation research wa focused on quantifying the radiative energy budget in
the tropical upper troposphere and lower stratosphere in order to understand troposphere
to stratosphere transports.

Jun Zhangjoined CICSNC as a Postdoctoral Research Scholar in October of 2010. Dr.
Zhang received a PhD in Statistics from University of WisconsiMadison in 2008 and an
MS in Electrical Engineering from lowa State University in 1999. His dissertation research
focused on functional concurrent linear model with varying coefficients for twe
dimensional spatial images. The parameter surfaces in this model wetransformed into

the wavelet domain and a sparse representation was found by using a large scale L1
constrained least squares algorithm. This model has been applied on remote sensing
images related to the study of forest nitrogen cycling. Dr. Zhang i&dge appointment
between CICINC and theStatistical and Applied Mathematical Sciences Institute (SAMSI)
He has been a postdoctoral fellow at SAMSI since 2009. At SAMSI, he and his collaborators
developed a penalied maximum likelihood approach for estimating extreme precipitation
levels based on Regional Climate Model output. Prior to his PhD work, he worked for
several private companies in the technology and financial sectors.

Departures from CICSVID include:

Dr. Rachel Albrecht and Dr. Daniel Villa for Instituto Nacional De Pesquisas Espaciais
(National Institute for Space Research) in Brazil;
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. Peter Romanov for CRESTCenter of Excellence in Remote Sensingtbie Earth;
. Arief Sudrajat for Institute of Technology, Bandung, Indonesia; and

. Jin-ho Yoon for Pacific Northwest National Laboratories.
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2HI GHLI GHTS OF THI' S YEAROGS RESEARC

Listed below are a few othe research highlights from thepast twelve months of this
agreement:

1 CICS has continued its support of the GOIRSGLM Risk Reduction activities by
improving our global lightning climatology, developing GLMoroxy datasets,
collaborating with members of he GLM Risk Reduction Team, participating in the
#(56! EEAIT A AAIi PAECT AT A .13180 -BRravinftA@DAOET A
Ground activities. Our collaborative efforts will continue to expand both the number
and variety of GOESR users, and will helgo better prepare these users to implement
the upcoming GLM data into their operations.

1 CICS/CIMMS/TTU continues to support the GOESGLM needs for proxy data,
validation datasets, and operational demonstrations of total lightning data (in the
GOESR Provng Ground) thorough sustaining support for the Oklahoma and West
Texas Lightning Mapping Array. This project has provided funding for operating and
maintaining the OKLMA and spinup costs for the WTLMA, and supported a pdirne
research scientist to compete an analysis of the conditions under which lightning
occurs far downstream in thunderstorm anvils and to analyze the range dependence of
the Lightning Mapping Array for use in GOER proxy data sets and for climatological
studies.

1 We installed the MIRSystem at the University of Maryland, and processed the
brightness temperatures from the NOAAL8 AMSUA & MHS sensors for the year of
2008. The RR estimates from MIRS were compared with Tlind PR estimates using a
0.25 grid. Based on these geographicahtterns, it appears that MIRS may
overemphasize stratiform rain compared to TMI and PR. However, it is important to
note that these differences may be partially caused by the differences in temporal
sampling between NOAAL8 and TRMM.

1 "The DYNAMO campaigis one of the most important observational expeditions after
TOGACOARE. NCEP/CPEMC in collaboration with CICS/ESSIC will optimize the data
observation strategies by providing real time monitoring and forecast of
weather/climate conditions to the field. Further by utilizing the collected data
CICS/ESSIC in collaboration with NCEP will help to improve operational weather and
climate prediction at NCEP".

1 The HIRS OLR CDR time series Ed.2.2 have been extended to 32 years, from 1979 to
2010. Validations shoved very good agreement with the CERES Ed.2.5 Si&~product.
The error source for the small trended gaps between HIRS and CERES in 20003 is
however not yet identifiable. The transition of HIRS OLR CDR algorithm to operation is
undergoing smoothly andwell within the schedule. The HIRS OLR CDR is expected to
become operational at NCDC in September 2011.

1 Version 5 of LWRB algorithms for OLR, DLR and ULR hde=zn delivered to AIT and
were implemented for Framework run tests. The offline validation resuk suggest that
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these three algorithms can meet the 100% F&PS requirements. More validations with
extended data sets covering seasonal representation are in good progress. Development
of the Routine and Deeglive Validation Tools are ongoing and continued.

1 A first-of-its kind snow depth analysis product over the Northern Hemisphere is being
developed for integration into an enhanced version of the NOAA's Interactive Multi
sensor Snow and Ice Mapping System (IMS). The processing algorithm blendsitn,
satellite and analyst snow depth estimates in an optimal fashion for producing snow
depth along with snow cover extent once daily over the Northern Hemisphere and
twice daily over US and at a-4«m spatial resolution. The addition of a «m snow depth
field to IMS will allow the capability of delivering a consistent and optimal suite of IMS
snow products to the NCEP community.

1 Two CICSNC scientists are participating and contributing asead authors for thelPCC
5t Assessment Report

1 CICSNC scientists are aavely recognized for their leadership roles in several
international activities related to the climate observations

1 CICSNC stablished a 340 nodeBladeCentecluster for collaborative development,
software validation, and advanced system prototyping

Thetotal task funding for CICS research now stands at approximately $2illion, an
increase of more than $11 Million during the past yeain Figure 1 we summarize
graphically the stratification of task funding by CICS Research Theme and by NOAA
Strategic Gal. In Tablel we present statistics for peer reviewed and nofpeer reviewed
papers, as well as the categorization of CICS staff and investigatdnsSection 4, CIGSD
and CICSNC personnel describe the research activities and results from the ongoing
projects for the period of Aoril 1, 2010 z March 31, 2011.
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CICS Funding (%) 7/1/09-3/30/11by Research Theme
Total funding $15,067,068

B Climate & Satellite Research & Applications

O Climate & Satellite Observations & Monitoring

O Climate Research & Modeling

31%

42%

27%

CICS Funding (%) 7/1/09-3/30/11 by NOAA Strategic Goal
Total funding $15,067,068

B Ecosystems

O Climate

54% O Weather and Water

B NOAA Mission Support

8%

13%

25%

Figure 1 CICS tasks stratified by CICS Theme and NOAA Strategic Goals
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Table 1: CICS Publication and Personnel Statistics

Institute Lead

Publications Author NOAA Lead Author
Peer Reviewed 38 3
Non-Peer Reviewed(includes videos and
formal presentations) 122 7

PERSONNEL

Category Number BS MS PhD
Research Scientist 16 0 16
Visiting Scientist 2 0 1
Postdoctoral Félow 19 0 17
Research Support Staff 13 1 7
Administrative 5 2 0
Total (> 50% support) 55 3 41
Undergraduate Students 0 0 0
Graduate Students 6 0 6
Employees that receive < 50% NOAA
funding (not including students) 11 0 10
Located at NOAA fatty (include name of WWB &
facility) 30 NCDC 0
Obtained NOAA employment within the
last year 2
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3 NOAA/CICS CORE ACTIVITIES

CICS core activities include education, coordination, scientific computing, outreach,
management and administration relatedo CICSMD, CICSNC and Consortium efforts.
During the past 12 months, CICS leaders have continued to establish the essential
administrative and management activities required to support the collaborative science
and research. In addition, further progess has been achieved on the full suite of core
activities, as described below. The primary mechanisms that will support the Executive
Director in ensuring coherent collaboration across the entire Consortium will include the
Council Fellows, the Science a&ting, and the personal efforts of the CIG®8D and CICINC
Directors.

Education: Young scientists, including students and posioctoral researchers, play an
important role in the conduct of research at CIG$ID and are beginning to do so at CIES
NC. Bith CICSMD and CICS\C are tightly integrated into the graduate programs at the
respective host institutions of UMCP and NCSU. CICS scientists participate in courses by
serving as guest lecturers and by helping to mentor graduate and undergraduate student
In addition, extensive series of seminars on a variety of topics are organized by CICS. See
Table 3 for a list of such seminars conducted at CKBAD. These include presentations by
senior faculty from UMCP and from other institutions as well as infomal seminars by

junior CICSMD scientists intended to foster discussion and provide opportunities for
interaction among the staff. Finally, CIGBID has an ongoing program that provides
support for 1-2 Graduate Research Assistantships (GRA) in the Depagnt of Atmospheric
and Oceanic Science or associated Departments at UMCP. The first student under this
program was Ross Fessenden, who enrolled in the Fall Semester of 2010. Unfortunately,
Mr. Fessenden decided to transfer for personal reasons to an iitgtion closer to his home
at the end of thefall semester. At the present time, CIG®D is recruiting for 1-2 students

to continue this program.

CICSNC hired five postdoctoral fellows who are working on topics of interest to NCDC
scientists (documentedunder Workforce Development). On the local level CIENC is
working with The Science House, the NC Arboretum, and the Asheville and Buncombe
County School systems to develop curricula which will integrate climate change into the K
8 grades.

Coordinat ion: A major challenge for CICS is to ensure that collaboration and

AT i i OT EAAOCETT AAOT 6O OEA A1 OEOA #1101 OOEOI
research mission. Several mechanisms are utilized to this end, ranging from direct
discussions amonghe Directors to participation in the annual CoRP Symposium to

facilitating visits among students and scientists associated with CICS and other Cooperative
Institutes. The 2010 CoRP Symposium was held at CIRA in Ft. Collins, CO, and theMIICS
Director attended. CICS Consortium members from the City College of New York, which
hosts CREST, were involved in a large number of oral and poster presentations. The 2011

25



<@ = _

CoRP Symposium will be hosted by CIDEC and held in Asheville, NC, as will the NESDIS CI
Directors meeting.

Scientific Computing: Scientific computing requirements for CICS tasks are supported
locally using funds for specific activities and reports for each task describe these efforts. At
CICSMD, Base and cossharing funds are used to supplaent individual task funds in two
ways: by supporting desktop computing related to the projector CICS scientistswhich is
provided by the ESSIC Information Technology Administration and Planning Unihder the
supervision of theits manager, Mark Baith, and by helping to support a workstation cluster
that enables CICS scientists to engage successfully in major data processing and computing
projects.

CICSNC has put a 340 node IBM BladeServer cluster into place, which includes the
installation of a high-speedinternal network and connectivity to NCREN.Both NOAA and
NCSU have supported these efforts

Outreach: Outreach to the scientific community and the general public is a high priority for
CICS. The great complexity and diversity of the CICS missionl @emposition makes this a
challenging endeavor, requiring multiple approaches. CI@8D, as the most mature
component of the Consortium, had several ongoing activities.. Significant accomplishments
have occurred in the following areas:

Seminars: CICS condcts a series of informal seminars and participates in the ESSIC
seminar series at College Park and Asheville to communicate scientific results to the
broader community (seeEducationand Table2). In addition, CICS scientists make
both oral and poster presentations at technical meetings, and frequently visit other
institutions to present seminars describing their work. Scientists at other
Consortium members expect to contribute to this method for outreach as their
projects mature and begin to produce mog results. Table provides a list of CICS
related seminars.

Public Events: Maryland Day, an annual event that attracts more than 70,000
visitors to the UMCP campus, provides CIEND with an exceptional opportunity to
reach out to the public to illustrateour important research results regarding climate
and satellites. Maryland Day 2010 was held on April 24, 2010, and CICS scientists
are contributed significantly to the Earth Science tent, where exhibits were

AEODI AUAA OA1 AGAA Ol oGimd ESHtE Mipldre ddregep | T OET ¢

changing planet with Earth system scientists from UM, NASA, and NOAA! Build your
own instruments to measure winds and rain fall amounts. Harvest water and learn
about the water cycle. Participate in these and other Earth snce-themed

s o~ A s s s oA~
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held in College Park, MD on April 30, 2011.
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Web Sites:CICSweb sitescontinue to bedevelopedand refurbished to enhance
CICS outreach to all interested sectorsAn independent site,
climateandsatellites.org,intended to provide a comprehensivedescription of the
CICS Consortiunhas been established and is in the process of being enhancethis
site provides the background, mission and vision statements for C&; as well as
links to Consortium participants. Both CICSMD and CICNC maintain dedicated
sites for their own activities that also include crosdinks with others CICS sites using
A AT 1T OEOOAT O OITTE AT A EAAI o638

Private Enterprise Interactions: Jenny Disen leadsa robust program of informal
and more formal outreach activities with the private sector for CIGSIC. A Summer
Institute focused on Adaptation to Climate Change is planned for 2012 (planning
was done in 2010/2011). A series of interactions witlthe private energy sector is
O1 AAOxAU ET 1T OAAO O1 EIi DOl OA O1 AAOOGOAT AET ¢
sub-decadal time scales.
Management and Administration: Dr. Phil Arkin as Executive Director leadshe CICS
Consortiumand also serves as Dirgor of CICSMD, which is housed administratively
within ESSIC at UMCMaomi Johnson assists Dr. ArkinESSIC management and staff,
including Andy Negri, Assistant Director, and the ESSIC Business Office, led by Jean
LaFonta, provide infrastructure support. Dr. Otis Brown is Director of CIGSIC, located
within the NCDC facilities in Asheville, NC. Administrative support at CKBE has been
enhanced significantly with the addition of Ms. Janice Mills (Business Manager) and Ms.
Jennifer Roshaven (Univerisy Program Specialist).
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Date

4/1/2010

4/5/2010

4/14/20 10
4/19/2010
4/26/2010

5/3/2010

5/6/2010

5/10/2010

5/17/2010

5/20/2010

5/24/2010

9/20/2010

10/18/2010

10/25/ 2010

11/10/2010

12/13/2010

Table 2:CICSrelated seminars

Speaker
Dr. Jiwen Fan (PNNL)

Dr. Niyogi, Associate Professor of
Regional Climatology (Purde
University) and Indiana State
Climatologist

Dr. Jorge Gonzalez (City College of
New York)

Prof. William Emery (Colorado
University)
Dr. JinHo Yoon (CICS and ESSIC)

Dr. Dave Joas (StormCenter
Communications, Inc.)

Dr. Pingping Xie (NCEP)
Dr. Paul Kocin (NOAA)

Dr. Wilfrid Schroeder (NOAA)

Dr. Song Yang@PC)

Cezar Kongoli (ESSIC)

Karthik Balaguru (Texas A & M
University)

Toshihisa Matsui (NASA
GSFC/UME)

Li Ren (Florida State University)

Ernesto Munoz (New Meico
Consortium at Los Alamos)

Ernesto Munoz (New Mexico
Consortium at Los Alamos)

Annarita Mariotti (ESSIC/ENEA)

Yugiong Liu, Office of Hydrologic
Development, NOAA/NWS

Andrea Baraldi, Dept. Geography,
Univ. Maryland

Title
"Dominant Role of Vertical Wind Shear in Regulating
Aerosol Effects on Convection"

"Impacts of Anthropogenic Land Cover Changes on
Regional Rainfall"

Combined impacts of land use and global warming it
coastal urban environments.

Drifting and Moored Buoy Sea Surface Temperature
(SST) Measurements Relative to Satellite SST's
Drought: its impact, attribution to forecasting
"Communication, collaboration and enhanced
decision making in a changing climate"

"Bias Correction for CMORPH HigResolution
Global Precipitation Analysis"
The 2009/2010 winter in historical context

"Monitoring biomass burning activity at landscape
to global scales using multresolution satellite data:
algorithm developments and data application”

Simulation and prediction of the Asian, Australian
and Indo-Pacific Climate by the NCEP CFS via
Inertia-Gravity Waves

Investigating relationships between snow cover
parameters and microwave observations using an
analytical snow emission model Application to
AMSU, SSMI/S and AMSR

Barrier Layers of the Atlantic warmpool: Formation
mechanism, influence on weather and climate

"Multi -Sensor Satellite Simulators to Support
Atmospheric Models and Satellite Missions"
"Observations of Salinity Changes in the North
Pacific Ocean and the Southern Ocean"

"Varied representation of the Atlantic meridional
overturning across multi-decadal ocean reanalyses"
"Springtime Tornado Variability Over the Eastern
United States"

"Decadal variability in the Mediterranean climate
change "Hot Spot™

Improving Hydrologic Predictions via Parameter
Estimation, Data Assimilation, and agnostic Model
Evaluation

Operational nearreal-time multi -sensor multi-
OAOI 1 OOETT 3AOAITTEOA-)I,
3)!-A
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1/11/2011

1/13/2011

1/15/2011

1/22/ 2011

2/1/2011

2/17/2011

2/24/2011

3/1/2011

3/4/2011

3/5/2011

3/8/2011

3/22/2011

3/25/2011

3/26/2011
3/29/2011

Prof. S. Yoon (Seoul National
University)

Dr. Wendy Wang (ESSIC)

Dr. Eduardo Agosta (Equipo
Interdisciplinario para el Estudio de

Long term observation d Asian aerosols at Gosan,
Korea: Their optical property and radiative effect
The carbon cycle in the earth system: from tropical
ocean to arid land

"The Troposhere/Stratoshere/Ozone Interannual

Procesos Atmosfericos en el Cambii Variability During Austral Spring"

Global Buenos Aires, Argentina)
Dr. Banghua Yan (ESSIC)

Dr. Bruce Hewitson (University of
Cape Town, South Africa)

Dr. Anthony Janetos (JGCRI)

Prof. Qinyu Liu ( The Ocean
University of China)

Dr. Wenze Yang (Department of
Geography at Hunter College)

Dr. Hu Yang (Center for
Meteorological Satellites of China)

"Advances in Satellite Microwave Data Assimilation
Developments

"Bridging the ScienceSociety Divide: Developing
Actionable Regional Climate Change Information"
Land-use issues in climate change mitigation and
adaptation

Atmosphere-OceanlLand Interaction in South China
Sea: Formation of spring warm water southwest of
the Philippine Islands

Assessimg the impacts of surface topography, off
nadir pointing and vegetation structure on
vegetation lidar waveforms using an extended
geometric optical and radiative transfer model.

"An introduction of china meteorological satellite
project --- status and future plan”

Dr. Yudong Tian (GEST/UMBC and Measuring Precipitation over U.S.: Where Are We

NASA)

Dr. Ruba A. Amarin (University of
Central Florida)

Dr. Isaac Moradi (Lulea University
of Technology, Sweden)

Dr. Sujay Kaushal (Assistant

Professor, Chesapeake Biological
Laboratory, University of Maryland
Center for Environmental Science)

Dr. Yun Qian (PNNL)

Prof. Thomas W. N. Haine (The
Johns Hopkins University)

Dr. XinrZhong Liang (Senior
Professional Scientist, lllinois State
Water Survey, Champaign, lllinois)

Dr. Viva Banzon (NOAA)
Dr. Zhibo Zhang (NASA)

Today?
HIRAD Hurricane Wind Speed and Rain Rate
Simulation

Validation of Tropospheric Humidity Retrieved from
Microwave Satellite Data

"Influence of Land Use, Climate Change, and
Watershed Restoration on Nitrogen Dynamics”

"Air pollution affects Climate and HydrologicalCycle
in China"

On the Loss of Energy from the Ocean Mesoscale
Flow via Inertia-Gravity Waves

Integrated Regional Earth System Modeling:
Development and Application

Diurnal SST for the Atlantic
Influence of ice particle microphysical model on ice
cloud optical thickness retrieval
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4 PROJECT REPORTS: CICS-MD

CICS Support of CPCb6s Climate Monitoring a
A.Vintzileos; (NOAA Collaborator: J. Gottschddcz JJJJ_PREC10

Background: Scientific Problem, Approach, Proposed Work

The Climate Prediction Center (CPC) of NCER 73 % . /! ! AOOAOOAO AT A DPOA/
climate variability and its impact for both the Tropics and the U.S.. The complex nature of the

global climate system, and the requirement for continuous improvement in CPC capabilities,

makes conducting ongoing allaborative developmental research imperative. This task includes

activities of the PI that range from providing improved monitoring products, validation of

model forecasts of the MadderJulian Oscillation (MJO) and subseasonal variability in general

and OEA AAOGAI T PIATO 1T £ EAU £ OAAAOO bpOT AGAOO Oil
Along with the above items, work also includes investigation of the reasons for model forecast
successes and failures. The above tasks are directly supporting the operati Global Tropics

Hazards and Benefits Assessment (GTH) and the DYNAMO field campaign during 20012.

Accomplishments

During the past year, the Pl has continued to collaborate with CPC staff in a number of
monitoring and diagnostic roles, particularly involving the MaddenJulian Oscillation (MJO)
analysis, and validation. He provided the measure of performance of the new operational
NCEP/GFS model regarding its capacity to forecast the MJO and showed that there was
substantial improvement from the older version of the GFS. He is member of the Science
Steering Committee of DYNAMO and participated in two workshops in which he presented
#0#60 AAPAAEOU O bDOiI OEAA &£ OAAAOO COEAAT AA Al
optimize the DYNAMO related prducts for aviation, ship and radar operations. He is currently
developing the tools and methodologies that will provide considerable operational support via
numerical guidance products from the NCEP suite of models to the campaign.

An example of tools uder development is shown in Figurel, whichis a forecast of 10 meter
winds superimposed on the precipitation forecast valid at 6 hours after initialization. Similar
type products are being created for Day 1, Day 2, Day 3, Day$,4Days 17, Days 814 and for
several key variables needed for the operational GTH product and DYNAMO campaign.

He is coPl to the relevant proposal which was funded by CPO. The PI also continued
investigating the reasons for the Maritime Continent Prediction Barrier focusing orthe
atmosphere z ocean coupling. He is the PI of a proposal to CPO that will make use of the
DYNAMO oceanographic data to better understand ocean mixed layer processes relevant to the
MJO and improve the next version of the CFS.

Planned Work
The PI will continue to work with CPC personnel on the development and application of
forecasting tools that will provide forecast support to the GTH operational product and
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DYNAMO field campaign. These tools will enrich other CPC operational products as well. In
col
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CICS Satellite Processing System for Research and Development
P. Arkin and M. Baith(NOAA Collaborator: R. Ferrarpz PAPASLSRD10

Background: Scientific Problem, Approach, Proposed Work

This task is to establish a statef-the-art computing processing system at CICS that will
replace an aging Silicon Graphics system and which will serve as the cornerstone for all
future CICS related satellite R&D over the next five years. Anticipated feeds of this
system include high computing capacity, multiple processors and terabytes of RAID
storage. Resources for IT support to maintain the RAID, develop common image display
tools for CICS, etc. are included. It is anticipated that sustained fundimgrh NESDIS over
the next three to five years will exist.

Accomplishments

During the reporting period, a new 30 Tb RAID was purchased and added to the existing
workstation (established in the prior year under the previous grant). CICS IT staff and
student interns helped to establish an initial operating capability to the new workstation

i AAROECT AOAA O#)#3co6q AT A EAI PAA AOEI A Al AOAE
20 Th.

Planned Work

During the upcoming year, CICS2 will be finalized and made tavk more efficiently with

the large amount of RAID. With the help of student interns and the ESSIC IT staff, the
satellite data archive will be maintained, including both retrospective and neareal time

data (that will be routinely updated through the dewelopment of LINUX based scripts). The
archive will include relevant data sets from NOAA, NASA and DMSP satellites. Additionally,
some current processing tools will be enhanced to aid in the access and display of the
satellite archives.
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Global Precipitation Climatology Project
A. Gruber and A. SudradjatNOAA Collaborator: R. Ferrarpz AGAG_HIRS10

Background: Scientific Problem, Approach, Proposed Work

This project emphasizes analysis of the Global Precipitation Climatology Project data which
has produced monthly mean data since 1979 and is continuing. We are focusing on issues
ranging from global low frequency variations to regional trends.

Accomplishments

During this period we completed our study of rainfall trends in the Indian Monsoon Region
and their relationship to changes in surface temperature. In particular, we investigated the
co-variability of annual mean precipitation in global monsoon regions in the recently
released Global Precipitation Climatology Project (GPCP) Version 2.1 (GPCPV2.1) and
annual global surface temperature in the global merged landir-sea surface temperature
during a 28-year period (March 1979 to February 2007). The El Nifio Southern Oscillation
(ENSO) is shown to dominate monsoon precipitation. A positive trenlike variation in
monsoon precipitation is also detected, collocated with land and sea surface temperatures
warming. The positive trendlike variation in the SH MicronesianPolynesian islands is
found to coincide with increasing local SST, especially in the last haffthe 28year period.

It is detected that the positive trendlike variation is also coincided with increasing surface
temperature in the southeast China land region near 30°N latitude and equatorial Indian
Ocean and hence surface temperature gradient beeen the regions. These anshcreasing
zonal and meridional lowlevel winds over the WebsterYang monsoon index region and
precipitation in the Bengal Bay may indicate intensification of largescale Asian monsoon
circulation. Some of these results are sumarized in Figure 1.
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Figure 1. (a) EOFL (EV=20.65%) for annual monsoon precipitation GPCP and (b) its time series ®¥and
the SOI (R=0.83 between them). Also shown are (c) EQFEV=11.43%) and (d) its time series (PQ) and
the TNI (R=0.68 between them) and (e) EQGB (EV=7.57%) and (f) its time series (P€3). Contours of
correlations between each PC and surface temperature green andz purple) are also shown on (a), (c), and

(e). The orange rectangles on (e) delineate the equatorial Indian Ocean and 30°N Asian land.

Planned Work
This project has been completed; it is hoped that the work can be published in a refereed
journal or NOAA Technical report.

Publications

Sudradjat, A., A. Gruber, J. Janowiak, and R. R. Ferraro, 2011: Thegability of annual
monsoon precipitation and global surface temperatureUnder revision, Journal of
Climate.
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Improvements to the AMSR-E Rain Over Land Algorithm
P. Arkin and A. SudradjattNOAA Collaborator: R. Ferrarof PAASAMSRE10

Background: Scientific Problem, Approach, Proposed Work

Measurements from polar orbiting satellites, in particular, microwave sensors, offer
perhaps the most vidle means to develop global precipitation retrievals. This project
focuses on the continued development and improvement of the Advanced Microwave
Scanning Radiometer on board the Aqua satellite (AMSE L2 and L3 facility precipitation
retrieval algorithm. This project focuses on the land portion of the algorithm, which is
incorporated within the Goddard Profiling Algorithm (GPROF). Despite the progress in
GPROF over the past several years several improvements are urgently needed for the
AMSRE, andare thebasis of this project. One of these is an overhaul of the land surface
screening module which is outdated and should incorporate ancillary data sets, as well as
other AMSRE derived products (e.g., show and seae cover, soil moisture, emissivity) and
additional channel measurements (e.g., 6.9 and 10.7 GHz).

Accomplishments

This task was completed during the reporting period. We have developed a prototype
OAOOEAOAI OUOOAI OEAO AITEIi ETAOAO OEA 1T AAA
and replaces it with one which relies on ancillary data sets such as high resolution surface
classification maps, daily snow and ice cover, and vegetation cover maps (see Figure 1).
Additionally, the prototype performs a much more accurate matching of the surfaceaps

to the satellite footprint, whereas, traditionally, fixedgridded maps are used. This vastly
improves the delineation of thecoastline, whichis extremely important in passive
microwave retrievals. The results of this work have been presented by ti¢OAA sponsor,
R. Ferraro, at NASA science team meetings and in a forthcoming journal publication (in
press). This methodology will be further enhanced through a follow on project that will be
receiving funding stating in FY2012.
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Figurel.Framework for the prototype land surface classification algorithm for passive microwave
precipitation retrievals.

Planned Work
Project completed.

Publications

Sudradjat, A, NY. Wang, K. Gopalan and R. R. Ferraro, 20Rdototyping a generic, unified
land surface clasification and screening methodology for GPMra microwave land
precipitation retrieval algorithms. In Press J. Appl. Meteor. and Clim.
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Operational Generation of the HIRS Outgoing Longwave Radiation Climate
Data Record

Hai-Tien Lee;(NOAA CollaboratorJeff Privettd z HLHL_HIRS11

Background: Scientific Problem, Approach, and Proposed Work

The primary goals of this project are to prototype an operational production system for the
outgoing longwave radiation climate data record while continue the improgments and
validation efforts for the existing product and algorithms. An endo-end system has been
proposed to produce OLR CDR product using HIRS lexdd data input. The derivation of
climate data record involves several careful procedures with OLR re&val performed for
each HIRS pixel, including intersatllite calibration to maintain continuity; use of diurnal
models to minimize orbital drift effects in temporal integral; and consistent radiance
calibration. OLR algorithms will be developed for the opational sounders following the
HIRS, including the 1ASI and CrlS, such that the OLR CDR time series can be extended into
the foreseeable future (~2040) without data gaps.

Accomplishments

HIRS OLR CDR Quality Assurance

The OLR regression model and intersallite calibration for NOAAp w¥ . 8§ EAOA AAA1
derived, extending the HIRS OLR time series (Ed2.2) to 32 years from 1979 to 2010.

The HIRS OLR CDR is compared well to the CERES Ed2 and Ed2.5 products. The slight trend
(~1-2 Wm2per decade) in the OLR diffrences between HIRS and CERES Ed2 after year
2000 (i.e., w.r.t. Terra and Aqua data) is the focus of the validation studies. We are verifying
if this trend is caused by the Ed2 CERES OLR biases related to the spectral response
function degradation in SW ad Total channels. The new calibration method CERES devised
is expected to fix this problem and a Ed2.5 product was generated for early phase
assessment (the Ed.3 product that would be available at least in another 6 months will
include the new calibrationmethod as well as other improvements). Preliminary
comparisons of HIRS OLR and CERES Ed2t® products showed consistent results
traceable to the past HIRS/ERBS validation studies. However, it seems that there remains
to have trending differences whosexistence and causes are yet to be confirmed. We
continue to collaborate with NASA colleagues to understand these results.

Transition from Research to Operation
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The HIRS OLR CDR Processing System Diagram is shown in Figure 1. This diagram shows
that the system is consisted of three components: the Online Processing, the Offline
Processing, and the Science Maintenance. The Online Processing column depicts the flow
chart of the HIRS OLR CDR derivation sequence; while the Offline Processing column
contains the corresponding development works that provide the necessary static inputs,
e.g., OLR regression coefficients. The Science Maintenance column shows examples of
works for future improvements. The system uses Subversion for version control.

NCDC has designied Dr. Lei Shi and Bill Hankins as the Science and Technical point of
contact for the HIRS OLR CDR Research to Operation transition.

The complete computation source code package for HIRS OLR CDR Production system has
been delivered on April B, 2011. The system integrity test for the NOAAL6, 17, 18, 19 and
MetOp-2 has been performed and it has passed the verification check. Similar integrity

tests will also be conducted for the rest satellites to ensure correct processing at any given
month within the time series.

A4EA | DAOAOT 060 |1 AT OA1T AT A Al AA AT AOiI AT OAOQET 1
source code package.

4EA O3O0AI EOCOEIT 1T &£ ! COAAI AT 06 &I Of EAO AAAI

NCDC has provided the ATBD template on March®28011 andthe ATBD for HIRS OLR
CDR is under preparation, expected to deliver in July 2011.

The HIRS OLR CDR Production system is scheduled to be operational in September 2011.
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SUBVERSION: ATBD, OADf"Eode Package
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Figure 1 The HIRS OLR CDR Processing System Diagram. @ifsigram shows that the system is consisted of
three components: the Online Processing, the Offline Processing, and the Science Maintenance. The
Online Processing column depicts the flow chart of the HIRS OLR CDR derivation sequence; while the
Offline Processing column contains the corresponding development works that provide the necessary
static inputs, e.g., OLR regression coefficients. The Science Maintenance column shows examples of
works for future improvements. The system uses Subversion for versiorontrol.
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Hydrological Support for the Climate Prediction Center
J. Janowiak and EC. Chen; (NOAA Collaborator: Kingtse Mp)JJJ HYDRO_10

Background

Thisworkisto OBDBDI OO0 #0#80 A£EI OO0 11 AOI OCEO I1TTEOTO
monitoring the production of operational data such as NARR and NLDAS to support U.S.
Drought Monitor, and developing algorithms and techniques for drought prediction.
Seasonal hindcats of drought indices over the United States are made for the period from
1982 to 2009 based on the NCEP Climate Forecast System Reanalysis and Reforecasts
(CFSRR). Three indices: standardized precipitation index (SPI), soil moisture (SM)
percentile, andstandardized runoff index (SRI), and their potential use for drought
prediction are explored. SPI, which measures precipitation deficits, is used to identify
meteorological drought. SM percentile, computed based on probability distributions, is
used toclassify agricultural drought. SRI, similar to SPI and measuring runoff deficits,
represents hydrological drought. Before predicting drought indices, monthiynean
precipitation, soil moisture, and runoff forecasts from the CFS global model are bias
corrected and downscaled to regional grids of 5&m resolution based on the probability
distribution functions from hindcasts.

Accomplishments

Initial work on SPI and SM percentile forecasts has been conducted and evaluated. Based
on preliminary results, prediction skill of drought indices is regionally and seasonally
dependent. For the precipitation forecasts, skill drops quickly after one month. Most skill
comes from the initial conditions. In the mature phase of EI Nino Southern Oscillation
(ENSO), the C& is able to capture the impact of ENSO on drought reasonably well.
Forecasts have higher skill in winter and lower skill in summer. The ways to construct
ensemble has an impact on the prediction skill, in particularly when the initial conditions
are domnant. For the first month, the ensemble with eight youngest members has the best
skill. After the first month, the ensemble with 16 members performs superior to other
tested ensembles. Overall, both the sixonth SPI and SM percentile are skillful oub 3-4
months. For SPI prediction, skill comes from the observations appended to the
precipitation forecasts. For predicting SM percentile, it comes from the SM memory and
initial conditions. Figure 1 shows an example of SPI forecasts based on CFSv# witial
condition on 3-4 April 2011.

Planned Work
1 Continue work on SRI forecast and evaluate prediction skill of drought indices from

CFSv2 forecasts. A routing model will be set up to compute streamflow from CFSv2
runoff. Results will be compared to seamflow prediction from North America
Land Data Assimilation System (NLDAS).

1 Examine prediction skill of drought indices from coupled CFSv2 with a land surface
model.
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1 Assess the effects of forcing inputs to land surface models on the simulation of
drought indices.

SPI Fest based on CFSRv2 (ICs=Apr 2011)
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Figure 1: SPI forecasts based on CFSv2 with initial condition or43April 2011.
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Analysis and Improvement of Satellite Derived Global Hydrological
Products - Passive Microwave Applications

Daniel Villa;(NOAA Collaborator: Ralph Ferraroy DVDV_HYDR11

Background: Scientific Problem, Approach, Proposed Work

Remotely sensed measurements from meteorological satellite instruments play an
extremely important role in providing valuable information on many key parameters of the
global-scale hydrolagical cycle (e.g., water vapor, precipitation, snow cover, etc.). These
satellite measurements supplement grounebased observations, especially in areas where
in situ measurements are limited. The development of rainfall estimates from passive
microwave saellite measurements, specifically, those from the Defense Meteorological
Satellite Program (DMSP) series, Special Sensor Microwave Imager (SSM/I) have been one
of the most important sources of data because: a) the length of the dataset (e.g. SSM/I has
been in operation since June 1987 to present); b) the operating frequency range (from 19
GHz to 85 GHz), and c) the conical scan viewing geometry allows to maintain a fixed
viewing angle and a constant footprint size along the scan for each frequengyith over 20
years of SSM/I data now available, enhanced QC procedures has been applied to improve
the products. Thus, the primary goal of this project was to perform a statisticédased QC
procedure on the input data (1/3 degree daily antenna temperature filesho remove

spurious values not detected in the original database and reprocess the rainfall product
using the current version of the algorithm for the period 19922007. The secondary

purpose is to assess the discrepancies associated with the SSM/I derivednthly rainfall
products through comparisons with various gaugeéased and other satellitederived

rainfall estimates.

Accomplishments

We implemented the new QC procedure (Vila et al. 2010) and regenerated the entire time
series for the period 1992z 2010 for the SSM/I F10, F11, F13, F14 and F15 satellites.
Updated pentad and monthly global products of rainfall and rain frequency, total
precipitable water (TPW), cloud liquid water and cloud frequency, snow cover, saae
concentration, and ocean surface with speed were generated. The products were
intercompared with other similar data sets and for the most part, improvements were
found (see Figure 1 as an example for the TPW product). A few outstanding anomalies
were noted and are being investigated.

The earliest SSM/I data period (1987z 1991) for the F8 satellite is also being regenerated
as we obtained the Remote Sensing Systems V6 data set from NCDC. Additionally, SSMIS
data will be folded into the time series.

We have also been working with H. Semuigeis (NCDC) on transitioning the data and
software for their eventual ownership of the products.
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Monthly Correlation

Correlation

January  February  March April May June July August  September October November December

AIRS (MW + IR) —&— AIRS (MW) AMSRE NCEP Reanalysis
—8— NCEP CFSR —»— NOAA - CRES —+— SSMIS no QC —o— SSMIS with QC

Figure 1: The correlation between the SSMESMIS data after QC and other data sets as a function of month for
the years 1987z 2010. The QC and n@C data ae highly correlated, whereas the degree of agreement
between the QC data with other independent data sets varies.

Planned Work
This project will be completed in the next reporting period. The major tasks will include:

1. Regenerate the F8 time series with th new QC scheme.

2. Finalize the SSMIS algorithms and software to extend the time series; subject these
data to the QC scheme

3. Complete handover to NCDC.

Publications

Vila, D. R. Ferraro and H. Semunegus, 2010: Improved global rainfall retrieval using the
Special Sensor Microwave Imager (SSM/1)J. Appl. Meteor. Clind9, 10327 1043.
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A Special Sensor Microwave Imager/Sounder (SSMI/S) Application for
Hydrological Products Retrieval

Daniel Vila, Arief Sudradjat (NOAA Collaborator: Ralph Ferrarg)DVDV_SSMI1

Background

Global monthly rainfall estimates and other hydrological products like integrated Cloud
Liquid Water (CLW) and Total Precipitable Water (TPW) have been produced from 1987 to
present using measurements from the Defense Meteorological SatellReogram (DMSP)
series of Special Sensor Microwave Imager (SSM/l). The DMSP F16 satellite was
successfully launched on October 18, 2003, carrying onboard the first Special Sensor
Microwave Imager/Sounder (SSMI/S) sensor. This first satellite was followedypDMSP F17
launched in 2007 and DMSP F18 launched in 2009. This is the first constellation of
operational microwave satellite radiometers for profiling temperature and humidity using
conical scanning sensors, so that the viewing area and slant path remagmstant as it
scans the Earth. SSMI/S imaging channels maintain similar resolution and spectral
frequency to the SSM/I except 91.655 GHz on SSMI/S vs. 85.5 GHz on SSM/I. A wider
swath, approximately 1700 km for SSMI/S compared with only 1400 km for SSMi# also a
new characteristic of this instrument. This project will be focused on the application of a
new correction scheme on SSMI/S high frequency channels in order to mimic SSMi
frequencies and run GPROF V7 (originally developed for SSMI channels)EAh Z AAD OE
comparison study between new SSMI/S and SSM/I estimates will be conducted on spatially
and temporally collocated data in order to assess the bias of the proposed methodology.
Comparisons with other algorithms and some preliminary statistics will &0 be the aim of
this project.

Accomplishments

During the current reporting period, more extensive statistical validation activities have

been carried out to evaluate the performance of the proposed scheme. These activities

were focused intwo tasks:EA AT 1T OET OAQEI T 1T £ OEA O3PAAEAI
i 33-7T)q AT A 3PAAEAI 3AT 01 O -EAOT xAOGA Yi ACAO
including precipitation, cloud liquid water and total precipitable water, among others; and

a near real time appliation for rainfall retrieval using GPROF algorithm.

The importance of the first task resides on the fact that these products are useful for
evaluating the mean climate state, its interannual and seasonal variations, and the
detection of anomalies associad with large-scale (e.g. ENSO, Arctic Oscillation) and
regional climatic variations. A time series of the entire SSM/I and SSMIS archive includes
data from July 1987 to the present. Figure 1 show, in the upper panel, the rainfall retrieval
for August 2008for SSMI/Sf17; while in the bottom panel the same product is presented
for SSM/I-f13. The enhanced convection activity over the ITCZ, especially over the ocean,
could be to the fact that f17 and f13 ascending nodes are 90 minutes apart and f17 is close
to the peak of the convection activity. This fact is under a more extensive research. Both
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retrievals appear very close over the southern hemisphere (winter) where the convective
activity is not so intense.

SSMI/S Rainfall for Aug 2008
_ ) 4 _

Figure 1:Monthly rainfall retrieval for August 2008. Upper panel: for SSMI/S f17 and bottom panel for SSM/I
Zf13.

The second task is more related with the links of CICS rainfall retrieval activities with other
institutions and researchers. Due to the fact that no SSMHSased rainfall retrieval

algorithm is available for use in near real time, this activity is being developed in
collaboration with other developers to make them available for using in different blended
techniques (i.e., CMORPH, TMPA). In order to evaluate the quality of the rainfetitievals,
GPROF SSMI/S estimates were compared with collocated highality TMI retrievals.

Figure 2 show two case studies (one over land on the left panel and other over ocean on the
right panel) where collocated in space and time SSMI/S retrievals acempared with TMI
estimates before and after a bias correction process (called calibrated in the figure) in
order to use those retrievals in blended techniques. In this case, the result of SSMI/S
adjustments are pretty close over land (even before the bsacorrection process) while over
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ocean SSMI/S retrievals tend to overestimate the amount of rainfall but maintaining the
area detection pretty close to TMI estimates.

Figure 2: Left panel: DMSR F18 rainfall retrieval over land before and after biagorrection process (upper
and middle figures) and corresponding TMI estimate (bottom figures). Right panel: Idem over ocean.

Presentations

Vila D., 2010SSMI/S Assessment for Rainfall Retrieval: Preliminary Results. Talk
presentation at IPWG workshop irHamburg, Germany on 1415 October 2010.
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Development of an enhanced active fire product from VIIRS
E. Ellicott; (NOAA Collaborators: Ivan Csiszaf) EEEEDEAFP11

Background

4EA x1 OE DPAOA&I O AA ET OEE Qe@lapmEnt d &h enElar@edUA A O ¢
active fire product from VIIRS o6to assist the JPSS in the development, testing, validation

and implementation of the VIIRS Fire Code in the p#aunch period. Development of an

active fire product from VIIRS which would closely resemble the MODISquuct provides
continuity of data with intrinsic scientific merit.

As partofthe2dUAAO T OO OAOEO xAOA O1 Ai 1T OET OA AAOAITI
fire detection algorithm for VIIRS based on the contextual principles of the MODIS product

(Giglio & al., 2003) and the forthcoming collection 6 active fire code (which includes

several enhancements, including accounting for background temperature variability).

Proper adjustments to account for the different spatial resolution and radiometric

characteristics of the VIIRS and MODIS sensor were also tasked for this period and were to

be accomplished through improved simulations. To achieve the proper adjustments

between VIIRS and MODIS, VIIRS proxy fire and background radiances were planned to

continue to provide insight into the behavior and limitations imposed by spatial and

radiometric specifications of this sensor.

In addition, per request of the IPOwe were tasked with evaluating the use of bands 14 and
I5 as potential replacements or complementsa the M13 and M15bands originally
intended for detection. The l4 and I5bands are spectrally similarto the corresponding M-
channelswhile offering higher spatial resolution retrievals than the (381m x 384m vs.
742m x 777m, respectively).

In the following section we present work accomplished for a few of the above tasks.

Accomplishments
1 Evaluation of the VIIRS radiometric and spatial characteristics on active fire
detection continue. We have assessed the potential issues of saturation and
aggregationfor the M15 channel and determined that based on thermal vacuum
testing of saturation levels (363K; spec. is 343Kk) even for large fires pixel saturation
(before aggregation) would only occur about 11% of the time (Figure 1). This is
relevant to the third bullet in this section.

1 Improvement to the simulated VIIRS active fire data continues to develop with the
enhancement of our atmospheric correction process. This step is critical to reduce
the uncertainty in our proxy MIR VIIRS data being generated fronmé high
resolution ASTER Kinetic Temperature product (AST_08) and ensure a robust
AT A1 UOGEO AAOxAAT 6))23 AT A -/%$)3 AAOEOA £EE
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NCEP reanalysis profile data to our processing change to run with the radiative
transfer modeling program MODTRAN, thus providing a more realistic atmosphere
to characterize attenuation. In addition, we are investigating approaches to
properly address emissivity values within ASTER scenes, again with the intention of
reducing our proxy data uncertinty and better simulating real fire conditions.

As part of our task to the JPSS (formerly IPO), we evaluated the potential use of the
|4 and 15 bands to be used #lieu of or in tandem with the M13 and M15 bands,
respectively. Our assessment revealethat while the higher spatial resolution of the
I-bands would help in characterizing the fire location, some limitations render these
bands ineffective as the sole channels used for fire detection or as part of the active
fire mask creation.

o Pixel dimensbns between | and M channels would complicate blending the
two (e.g. M13 and I5; MIR and TIR, respectively) because of the spatial
mismatch. This complication would carry over into the contextual algorithm
where additional M-channels are incorporated.

o Dynamic range of the 14 channel is also too low (~356k), especially given the
higher resolution of this channel, lacks dual functionality like M13 to
overcome this, and given its spectral placement will suffer for greater solar
contamination than M13.
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Figure 1: Fraction of simulated, unaggregated VIIRS M15 pixels tteatceed a brightness temperaturef 343
K (dashed line) and 363 K (solid line) as a function of fire size (expressed as number of ASTER fire pixels).

Planned Work

Continue development and teshg of our proxy data, accounting for all sources of potential
and real uncertainty in our estimates. Once accomplished, we will expand our simulations
globally to include various land cover types, solar geometry, and fire timing (seasonally).
In addition, we may include offnadir examinations through the incorporation of other
spaceborne and airborne sensors.

Collection 6 of the MODIS active fire detection algorithm is almost complete and will be
modified to VIIRS radiometric, spectral, and spatial spdecations. The modified code will
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then be used to perform robust statistical analysis of the detection and characterization
performance of VIIRS proxy data.

Poster Presentations

Csiszar, |., W. Schroeder, L. Gigibg * OOOEAAR %#&e exdlubtiBrfof adtiesireO1 OAT OEOAC
AAOAAOEIT 1T AADPAAE#+ADE Medtingas thd Américgn Métepiologiogd
Society in Seattle, WA 227 January 2011.
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Assessments of Advanced Components for Community Radiative Transfer
Model (CRTM) and Satellite Data Assimilation

Zhanging Li; (NOAA Collaborator: F. Weng@)ZLZL _CRTM10

Introduction

The proposal task will provide strong supports to US Joint Center for Satellite Data
Assimilation (JCSDA) for accelerated uses of research and operational satellit¢ada
numerical weather prediction models. STAR/Satellite Calibration and Data Assimilation
branch works closely with Environmental Modeling Center (EMC) for a hand to hand
transition of all data assimilation science and software into NCEP global and rega
forecast systems. Several FTE scientists under this contract will develop fast and advanced
radiative transfer model schemes, surface emissivity models, and satellite data handling
software for NWP data buffering and tests of new data streams througtbserving system
experiments (OSE) and tests for assessing the future instrument through Observation
System Simulation Experiments (OSSE).

Accomplishments

Accomplishments include new version of CRTM application on Advanced Microwave
Sounding UnitA (AMSUA)and Microwave Sounding Unit (MSU) data assimilation,
Hurricane warm core retrieval assessment and 1DVAR microwave satellite data
assimilation development.

D CRTM application:

(1)) AMSUA has 4 channels that almost are same frequency as MSU. The similaritywben

these 2 instruments was investigated. Forward simulation of NOAA 18 AMSUA subset and
MSU 4 channels by CRTM new version were accomplished. Assessment between AMSUA &
MSU brightness temperature under variation of temperature profiles, surface tempetare

and surface emissivity were done. It is shows these 2 instruments have linear correlation.
Weighting function of this 2 instrument are very similar, it is found there are vertical

weighting difference causes brightness temperature of AMSUA channehigher than MSU
channel 2 and is not effect for AMSUA channel 9 and MSU channel 4.
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Figure 1. The correlation between AMSUA 15 subset 4 channels and NOAA 14 MSU 4 channels brightness
temperature (BT) in different atmosphere temperature. Lefffigure shows the relationship between AMSU &
MSU BT. Right figure shows weighting function of MSU and weighting function difference with AMSUA minus

MSU.
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Microwave Satellite Data Assimilation developments

(1)Microwave observations areless affectedby clouds than infrared ones. AMSU&And
MSUprovide temperature retrieval information for operation over 30 years. Assessment of
global temperature retrieval capability under clean sky over ocean by AMSUA subset was
accomplished. 1DVAR retrieval is appleton CRTM simulated MSU & AMSUA subset and
satellite observed data. It is shown that the retrieval accuracy is very similar from AMSUA
subset 4 channels and MSU.

CRTM_MSU/amsua subset V.Temp. Comparison between CRTM msu&amsua suk Derived Temp. from CRTM n18 amsua
100 T T T I 100 Ioole 1=l T e 100 T T T 1T T III}
n18&n14 Temp. 01/24/2011 06Z n18&n14 Temp. Difference 01/24/2011 06, Compared with GDAS 01/24/2011 06;
— Msu — MSU-AMSUA sub — amsuai5Ch
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Figure 2. Left: Derived temperature profiles from CRTM simulated MSU & AMSUA subset as input
observation. Middle: Derived Temperature bias by CRTM simulated MSWSUA subset. Left: Derived
temperature profile compared bias with GDAS input temperature profile in 1/24/2011 06Z.

(2) A study is also performed on hurricane warm core retrieval using 1AR. The retrieval
without MHS has a higher convergent rate than that with MHS.

Planned Work
(1) Compare the retrieval profiles with GDAS and COSMIC data.

(2)Find out the correlation between real observed MSU and AMSUA level 1B data by
Simultaneouws Nadir Observation (SNO) matchup data.

(3)Do preliminary study for 30 years global temperature tendency by MSU & AMSUA
1DVAR retrieval.
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Management of the Climate Prediction Program for the Americas
A. Mariotti; (NOAA Collaborator: J. Huang AMAMMCPPA11

Backgroun d: Scientific Problem, Approach and Progress Report

During the reporting period the Plcontributed to the Management of NOAA/Climate
Program Office's Climate Prediction for the Americas (CPPAnd Climate Test Bed
Programworking together with the Program Manager Jin Huang. All taskset for this
project period were successfully accomplished.Since the Pl has left the project and begun
employment as a civil servant, this will constitute the final report on this project.

Major tasks and ackevementsare relative to Fiscal Years 2009 and 2010 (FY09 and FY10)
these include:

1 Management of oRgoing projects

91 Selection of Program's new Projects

T 3U1T OEAOEO 1T &£ 001 COAI 80 AAEEAOAI A1 0O
T $SEOOCAI ET AOCET T 1 emeaisOl COAI 60 AAEEAO

1 Communication with NOAA andther Agencies/Programs

Management of on-going projects
The Pl managed ofgoing projects, monitoring and assessing progressand arrangedfor
the continuation of funding in FY0Q This task involved

1 requesting and analyzing progress reports
1 writing a funding recommendation regarding each project

In this activity the Pl interacted with the scientific community to refine the information
submitted in the progress reports; and with the NOAA Grants Analysts to initiate the
"continuation™ actions to administer the funds.

She also helped in defining budgets requirements and plans.

Selection of New FY10 Projects
The PI helped in the selection of new projects to berided by the CPPA and CTB programs
in FY10. This activity involved:

1 identifying research priorities

1 organizing the review process for the selection of new projects (review Letters of
Intent, organizing mail and panel reviews)

1 contributing to the decision making process
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1 wrote an internal report
1 maintained a publication list for the Program

All these efforts contributed to monitor the progress of the CPPA projects in the various
research areas and to identify knowledge gaps and future directions.

Dissemination of CPPA achievements

The PI contributed to the preparation of major Program's presentations. In order to make
CPPA information available to the public, the Pl worked in close collaboration with a web
developer to make information regarding the CPPArojects accessible orline. This web
pagecontinues to bea resource widely used by the research community and other program
managers to learn about the CPPA program. In particular, all projects since Fiscal Year
2004 are now listed on the web and linkedo files describing their goals and achievements;
the CPPA publication list is also otine and up-to-date; a section dedicated to research
"Highlights" is being used as a vehicle to readily publicize information about major CPPA
achievements. The PI dissminated CPPA achievements via the quarterly CPO Newsletter
and the Climate Change Science Program publication "Our Changing Planet".

Communication with NOAA and other Agencies/Programs

The PI has participated in NOAA/CPO internal meetings and helped theoGram Manager
respond to upper management requests for information. Sh&lso participated in relevant
United StatesGlobal Change Research Prograimter -agency meetings.
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CICS Marine Phenology
P. Arkin, M. SapianadiNOAA Collaborator: C. Brownz MSMS_PHE10

Background: Scientific Problem, Approach, Proposed Work

Climate change affects the timing and magnitude of numerous environmental conditions,
such as temperature, wind, ocean circulation, and precipitation. Amongst other
repercussions, such changes ithhe environment will lead to a response in marine
ecosystem productivity manifested by changes in the timing and magnitude of
phytoplankton biomass and primary production. In addition to establishing a baseline from
which to assess any future changes, thgroposed research will describe the timing of
phytoplankton biomass and relate these changes to physical oceanic variables and assess if
any trends over the past decade are present. This will lead to a better understanding of the
critical factors that link climate change to the response of marine ecosystems on a regional
and global scale and provide insights on the potential impact on the carbon cycle.

These research activities are paith part by the NASA Ocean Biology & Biogeochemistry
Program funding drrected to the University of Maryland. Unfortunately, the total amount of
funding requested in the proposal was not granted by NASA, and equipment and travel
allowances were curtailed severely to the detriment of the project. To augment NASA
funding for the project and its CICS membesDr. Mathew Sapiano and Ms. Stephanie @z
additional funding to enable successful completion of the projectvas acquired

Accomplishments

In the past year, we extended our preliminary work that that presented a statistai

technique for modeling phytoplankton blooms in the North Atlantic using SeaWiFS data
(Vargas et al., 2009). We have extended this technique to the global domain and higher
temporal and spatial resolution and have replicated the analysis using MODIS Agdata.

The analysis has been updated to use the most recently processed SeaWiFS and MODIS
datasets. Daily estimates of chlorophyll concentrations dating from September 1997 to July
2007 with a spatial resolution of 1° were generated from daily, 1/12° S8NiFS chlorophyli
concentrations over the global ocean. Similar estimates where used from MODIS from July
2002 to June 2010. The time series of chlorophyll at each grid box in the study area is
modeled using a Gamma Generalized Linear Model (GLM). Glavsa powerful regression
tool that allow for modeling and hypothesis testing for a range of neGaussian

distributions. Variables were added to the model to represent a linear time trend, the
annual cycle and linear time trends in the annual cycle. Ftrand second order sinusoidal
shapes were used to represent the annual cycle. In all, eight different models forms were
tested which allow for various kinds of shapes in the annual cycle as well as trends in some
of the parameters of the statistical model
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Figure 1. Amplitude and phase of sinusoidal model for annual cycle fitted in Generalized Linear Model for
chlorophyll from SeaWiFS 1 degree daily data. Grey color denotes areas where no annual cycle was found.

We are currently preparing a manuscriptdetailing the analysis and comparing the results
for SeaWiFS and MODIS. Figure 1 shows the amplitude and phase of the annual cycle fitted
in the model that will be explored in the manuscript.

Planned Work

We have two objectives for the coming year. Ofirst is to complete and the manuscript
describing the GLM model fitted globally and present it at national conferences and to
submit it for publication in a peer-reviewed journal.

The second and principal objective is to develop and fit the GAM modelldoth SeaWiFS

and MODIS data in order to accurately depict changes in the shape of the annual cycle and
thus changes in the phenological markers is the main task for the coming year. GAMSs,
which naturally handle non-Gaussian distributed data in a similaway to GLMs, also allow
for the use of a range of shapes as the explanatory variables. Careful selection of these
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shapes will allow for accurate modeling of the phenology of phytoplankton biomass. Such
models can also be used to investigate the effectEather variables (such as ENSO) on the
shape of the annual cycle, and thus on the phenological markers.

Publications & Presentations
None

References

Vargas M., Brown C.W. & Sapiano M.R.P. (2009). Phenology of marine phytoplankton from
satellite ocean colo measurements,Geophys. Res. Left36, L01608,
doi:10.1029/2008GL036006.
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A Prototype STAR Precipitation Product Validation Center

John Janowiak and Daniel VijfNOAA Collaborators: R. Kuligowski & L. Zhag
DVDV_STAR10

Background: Scientific Problem, Approach, Proposed Work

A prototype system has been developed with input from STAR scientists to evaluate
operational NESDIS precipitation productg particularly those that are generated from the
NOAA19 and METOPA platforms, and to analyze the resultsf these evaluations. This

effort is conducted by comparing instantaneous precipitation estimates from individual
satellite swaths with hourlyradA O AAOA | . # %0 )OBQhe Qb Wealso | T OAEA
evaluate NESDIS precipitation products over South Amien, where daily rain gauge data re
used as the reference standard. These evaluations are done within two weeks after the end
of each meteorological season (Defeeb, MarMay, etc.) and the results are disseminated

via a web page: http://cics.umd.edu/~johnj/STAR/htmI/MAIN_page.html. In addition, we
perform evaluations to assess the performance of new or updated algorithms, as request to
do so by the PREPOP.

Accomplishments

Quarterly evaluations of the MiRS, MSPPS, Hydroestimator, and SCaMPR precipitation
products were performed for the DJF 2002010, MAM 2010, JJA 2010, and SON 2010
seasons. The web pages were updated to include the statistical information that was
generated by the evaluation process, and the appropriate STAR scientists were notified
when the seasonal evaluations were completed.

In addition to the routine seasonal evaluation, we were requested by the PREPOP to
conduct an evaluation of the precipitation algorithm for NOAALS that required
modification due to a channel failure on the AMSS instrument aboard that spacecratft.
This evaluation was conducted by comparing the precipitation estimates among the
modified NOAA15 algorithm, the modified algorithm for NOAA18, and the operational
NOAA18 algorithm. The evaluation was performed as deribed because all AMSB
channels aboard the NOAAS8 spacecraft were functioning properly and because the
equator crossing times of the two spacecraft were within 2 hours of each other. Briefings
were made to the PREPOP regarding this evaluation in Dec
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Figure 1. Plots of accumulated precipitation (and differences from hourly ground radar estimates) during the
March 3-14, 2011 period for a modified NOAAp v A1 CT OEOEI | O. puv -T8Algodttgph | | AE £E A
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made separately for NOAALS and NOAAL8 to accommodate the difference in equator crossing times of the
two spacecraft.

Figure 1 shows the accumulated precipitgon and the differences from hourly ground

radar estimates) during the March 314, 2011 period for a modified NOAAL5 algorithm, a
modified NOAA18 algorithm and the operational NOAALS8 algorithm. Note that the hourly
radar-satellite matchups were made sparately for NOAAL15 and NOAA18 to

accommodate the difference in equator crossing times of the two spacecraft. The following
conclusions were drawn based on a statistical comparison among these data:

1 Spatially, all 3 satellite estimates exhibit very sintar patterns and, in general, they
underestimate precipitation (relative to radar) in the eastern 1/3 of the nation and
overestimate in much of the West.

9 Histograms of precipitation rates in the 0.5 to 2 mm hil range during the
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March 2011 caseare very similar to the Nov 2010 data, with very goodcagreement
among the satellite estimates and with the radar data ithe 1.25 to 2 mm hrl
range.

1 Histograms of precipitation rates in the 2 to 5 mm hl range during the
March 2011 period for the modified NOAALS5 algorithm are closer tothe radar data
than the NOAA18 algorithms.

1 For precipitation rates of 10 to 20 mm h¢l, the modified NOAALS5 results
are in very good agreement with the radar data (particularly for rates inhe 10-15
mm hr-1 range).

1 All of the satellite estimates exhibit considerably more events with precipitation
rates of 25 to 30 mm hrlcompared to radarz although this may be because the
radar data are integrated hourly data while the satellite estimates ar®© Ol APOE | OOOs

In essence, the differences among the algorithms are essentially indistinguishable from
differences due to temporal mismatches in the data and to ambiguities in the radar
estimates that were use as the reference standard.

Publications
None
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A Prototype STAR Precipitation Product Validation Center over South
America

Daniel Vilg NOAA Collaborator: Ralph Ferrarg DVDV_CALVA11

Background

This proposal is focused in the development of a prototype system along with STAR
scientists to evaluate operational NESDIS ecipitation products z particularly those that

are generated from the NOAAL9 and METOPA platforms z and in an in-depth manner, and
to analyze the results of these evaluations and condense the analysis into quarterly reports
that will be directed to appropriate NESDIS personnel. This approach is providing valuable
input to the algorithm developers because the evaluation is conducted by parties that are
not involved with the algorithm development. On the other hand, the users of satellite
rainfall estimated are also beneficiated. We use the leverage of ourdepth experience

with evaluating precipitation products due to our involvement in the International
Precipitation Working Group (IPWG), and propose to conduct the evaluations in much
more depth and deail than is presently done within IPWG. This part of the report is focus
exclusively on satellite products over South America. These products include MIRS, MSPPS,
CMORPH and the HydroEstimator. This proposal aims to regionalize the validation process
for regions with similar characteristics expand the array of statistics and provide sulaily
analyses where possible, and to synthesize the validation statistics to provide concise,
meaningful and useful interpretations of algorithm performance.

Accomplishments

In the reporting period, maps of statistics over every season (DJF, MAM, JJA and SON) have
been constructed so that depictions of the geographical variations of a statistic can be
conveyed. For example, in Figure 1 we show the temporal correlatiof daily precipitation

over the September 2018December 2010 period for various estimation techniques with a
daily rain gauge analysis. Such a representation clearly shows the geographic variation of
correlation with the rain gauge analyses and among #various techniques. During the
southern hemisphere spring, the onset of the rainy season over southern South America,
high correlations are observed over northeastern Argentina, Paraguay, Uruguay and
southern Brazil, where the convection activity is enanced, while over northeastern Brazil

the correlation coefficient is very low due to the lack of precipitation during this period of
OEA UAAO8 ) 060 11 OEAAAAT A OEA 1 AAE 1T £ OAEI
time) over the Amazonianregion.
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Period: 2010/08/01 - 20101 1/30
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Figure 1. Temporal correlation of daily precipitation during SeptemberDecember 2010 for various satellite
derived and numerical model forecasts with daily rain gauge analyses over south America
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The depiction of statistics in time series forms a powerful way to portray the evolution of
performance as well as to compare the performance among techniques (Figure 2). Among
them the Heidke skill score over South America shows that this parameter is highly
dependant on the date (this is a smooth&representation of that parameter) and it seems
that blended techniques like 3B42RT and CMORPH make a better work, especially at the
end of the spring and the beginning of the summer season.

Period: 2010/09/01 - 2010/11/30
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Figure 2: Time series of Heidke skill score over South Ameegduring SeptemberDecember 2010 for
various satellite-derived and numerical model forecasts with daily rain gauge analyses.

Presentations

Lima W., E. Vendrasco; D. Vila; C. Angelis; J. Janoviak, 2010: Avaliacdo de Diferentes
Métodos de Estimativa de Pregitacdo sobre América do SuPoster presentation at
the Brazilian Meteorology Association Meeting on 137 September 2010 in Belem,
PA (available in Portuguese)

Vila D. and J. Janowiak, 201BRainfall Retrieval Validation over the Americas: The STAR
Precipitation Validation Center. Poster presentation at IPWG workshop in Hamburg,
Germany on 1115 October 2010.

65



5 .
& v -
P> > -
'z 3 ‘1 - 3

e g Cooperative Institute for Climate and Satellites Scientific Report

South Asian Regional Reanalysis
Sumant Nigam; (NOAA Collaborator: Chet RopelewsgiNSNS_SARR10

Project completed- final report provided to NOAACIimate Program Office.
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CIRUN: Climate Information Responding to User Needs
A. Busalacchi{NOAA Collaborator: E. Locklearz PAPACIRUN10

Background: Scientific Problem, Approach, Proposed Work

Major climate change is upon us, and the next 50 years wskke dramatic and rapid changes

in our environment. The impact will be international, where population migrations in the
many tens of millions are a real possibility, and on almost every sector of our economy.
Through CIRUNhe University of Maryland is wolking with partners to mobilize a national
effort to build the capacity to predict these changes in advance on time scales of seasons to
decades, and to convert these predictions into information that government and industry
can use to plan and adapt. Thiwill open many new opportunities, as the effort will require
significant new research in computation, visualization, modeling and earth science.

Accomplishments

Dr. Betty Dabney, UMD School of Public Health is leading the planning of a CIRUN
workshop on water borne diseases under climate change. Members of the organizing
committee include Juli M. Trtanj, Program Director, NOAA Oceans and Human Health
Initiative/NOS, John Balbus/NIH, and Jonathan Patz/U. Wisconsin. The Workshop will
focus on physical climaé science, human health, and policy implications and information
needs of waterborne infectious diseases in a changing climate. Regional case studies:
Chesapeake Bay, Great Lakes)d Puget Sound are being considered. The Workshop will be
held during the Spring 2011 time frame.

Dr. Tony Janetos, Director of the JGCRI is planning a CIRUN workshop on the management
of public lands under a changing climate.

A nationwide faculty search for the position of CIRUN Director continues.
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Investigations over Arctic Sea Ice using Satellite and Aircraft Altimetry
Sinéad L. Farrell{NOAA Collaborator: Laury Millejy z SFSFFIOASI11

Background

Sea ice mass balance and thickness are leading indicators of the state of the climate system.
The ongoing loss of Arctic sea ideas serious implications for the polar environment and
climate. Recent satellite passive microwave data show that Arctic sea ice extent is now
declining at a rate of-11% per decade and an historical minimum sea ice extent was
recorded in September 2007. &ellite altimeter observations of sea ice freeboard also
indicate a decrease in the thickness of the pack over the last five years, and highlight in
particular the loss of the thickest, multiyear ice. Continuous monitoring of Arctic sea ice
using satellite and airborne altimetry is necessary to determine whether these

observations are part of a sustained negative trend in Arctic ice thickness, or reflect

natural, interannual variability. Furthermore it is essential to validate the measurement
capabilities of satellite altimeters via independent aircraft and field data. The goal of this
investigation is to assess how well Arctic sea ice elevation and ice thickness can be mapped
using satellite altimeters on board the ICESat, Envisat, CryoSaand ICESaR satellites.

Accomplishments

The main accomplishment during this reporting period was the analysis of data collected
during the Canada Basin Sea Ice Thickness (CBSIT) experiment. The CBSIT experiment was
conducted jointly by NOAA and NASA in April 2009, ding the Operation Ice Bridge (OIB)
mission, and included an oveiflight of the Danish GreenArc Ice Camp north of Greenland,
where in situ field measurements of sea ice and snow thickness were acquired. This
experiment was designed to sample the thickeste of the Arctic Ocean and presented the
first opportunity to compare the IceBridge airborne measurements with coincident in situ
data. Aircraft laser altimetry measurements of sea ice elevation, and radar measurements
of snow thickness, were used to estiaite sea ice freeboard and ice thickness. Comparisons
with spatially and temporally coincident in-situ ground measurements allowed us to

validate the accuracy and precision of the aircraft data. We found that IceBridge data can
provide precise measurementf snow and ice thickness, particularly over level ice (Figure
1la). The mean snow and ice thicknesses derived from the airborne dataset agree with in
situ measurements to within 0.03 m (Figure 1b). Results of our analyses were submitted to
IEEE Trans. a Geoscience and Remote Sensirigarell et al, 2011a) and are currently
undergoing review. In addition we presented aspects of this analysis at recent IceBridge
science team meetingsKarrell et al, 2011c;Kurtz et al, 2011;Farrell et al, 2010c) andthe
American Geophysical Union Fall Meetindkgrtz et al, 2010).
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The second major accomplishment was the analysis of early CryoSatiata, led by the task

1 AAAAOG6O Ai1l1 AACOAO AO OEA ./1'1v , AA8 £ O 3A0A
Twelve days after the launch of CryoSag on April 20, 2010, a 676km long underflight of a
CryoSat2 ground-track was conducted in the northernmost Arctic Ocean during the OIB
Arctic 2010 campaign. Airborne laser altimetry data, digital imagery and radar altimetry
were collected with temporally and spatially coincident CryoSa2 SARmode SIRAL data.

We performed an initial assessment of the CryoS& and coincident airborne data for the
identification of leads and floes in both datasets. Discrimination between leadfloes and
ridges, as well as identification of recently refrozen leads in the CryoSatSIRAL data is the
first step towards precise estimates of sea ice freeboard. Our preliminary results were
presented at both a recent CryoSa2 workshop (Connor et &, 2011) organized by the
European Space Agency (ESA), as well as at the American Geophysical Union Fall Meeting
(Connor et al.2010).

Opportunities to demonstrate our research to the wider public via outreach activities
included a presentation to the Drector of the NASA Science and Exploration Directorate,
(Code 600) in August 2010 arrell, 2010b), and more recently a guest seminar to
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undergraduate students in the Department of Atmospheric and Oceanic Science at the
University of Maryland (Farrell, 2011b). Results of a comparison between spatially
coincident ICESat laser altimetry data and measurements collected by the NASA P

aircraft during the NOAA Arctic Aircraft Altimeter (AAA) campaign in 2006 were presented
at the International Symposium on Se Ice in June 2010Karrell et al, 2010d). We also
conducted an analysis into the sampling strategies used by current and planned airborne
and satellite laser altimeters, to assess the ability of each system to reproduce the elevation
distribution, mean freeboard, lead and ridge height of two sea ice models. We found that
the dense alongand acrosstrack sampling of the Airborne Topographic Mapper (ATM)
scanning laser altimeter (used by OIB), and the photon counting laser system proposed for
the ICESat2 mission, were best suited for reproducing sea surface height and sea ice
elevations consistent with the model data. We concluded that the proposed ICERat
instrument would offer some considerable improvements over its predecessor ICESat
(Farrell et al, 2010a).

Planned work

The OIB Mission, which commenced in 2009 after the conclusion of ICESat operations, is
due to continue monitoring critical regions of the Arctic sea ice pack until the launch of
ICESat2 in 2016. Ongoing work to be completednder this project will be to obtain,
process, and analyze data collected during the Operation IceBridge 2010 and 2011 Arctic
sea ice campaigns, in conjunction with the acquisition and synthesis of the various
complimentary satellite and in situ field data. During he BEaufort Sea Ice Experiment
(BESIE) conducted in March 2011 a field experiment in the Beaufort Sea region of the
Arctic was conducted. The primary aim was to improve our understanding of the
distribution of snow cover on sea ice, determine the accura®f aircraft and satellite
measurements of snow depth and sea ice thickness. Field activities included a detailed
ground survey where in situ measurements of sea ice freeboard, thickness, snow depth and
density we collected. A comparative analysis of seed and snow thickness distributions
derived from coincident satellite, airborne, and in situ data will be performed. These

studies will further improve our understanding of new sensors such as CryoSgté6 O 3) 2! ,

radar altimeter.

Journal Publications

Farrell, S. L., N. Kurtz, L. Connor, B. Elder, C. Leuschen, T. Markus, D. C. McAdoo, B. Panzer, J.

Richter-Menge, and J. Sonntag (2011a), A First Assessment of IceBridge Snow and
Ice Thickness Data over Arctic Sea IdEEE Transactions on Geoscience and Remote
Snsing submitted.

Farrell, S. L., T. Markus, R. Kwok, L. Connor (2010a), Laser Altimetry Sampling Strategies
over Sea IceAnn. Glaciol.52(57), 69- 76.
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Presentations (April 1, 2010 - March 31, 2011)

Farrell, S.L. (2011b), AOSC 401: Global EnvironmeAtspects of the Cryosphere: Sea Ice and
Snow, Guest Lecture for Prof. Zhanqing Li, Dept. of Atmospheric and Oceanic
Science, University of Maryland, College Park, MD, 1 April 2011.

Connor, N., Laxon, S., McAdoo, D., FarrellR&lout, A., Cullen, R., &ncis, R., Studinger, M.,
Krabill, W., Sonntag, J., Leuschen(2011), A comparison of CryoSa® and
ICEBridge Altimetry from April 20, 2010 over Arctic Sea Ice2nd CryoSat
International Workshop, ESA/ESRIN, Frascati, Italy,43 February 2011.

Farrell, S. L., N. Kurtz, D. McAdoo, T. Markus (2011c), Sea Ice and Snow Thickness
Observations via Airborne Altimetry- Bridging the Gap between NASA Satellites,
IceBridge Science Team Meeting, NASA Goddard Space Flight Centeg, 210
January 2011

Kurtz, N., SL. Farrell (2011), Operation IceBridge (OIB) Observations of Sea Ice and Snow
Thickness, Sea Ice Thickness Observations Workshop, NASA Goddard Space Flight
Center, 19 January 2011

Kurtz, N. T., S. L. Farrell, T. Markus, D. C. McAdoo (2010), Snow andtsdhickness
measurements from Operation IceBridge: bridging the past, present, and future,
Abstract C21D-03, presented at the 2010 American Geophysical Union Fall Meeting,
San Francisco, Calif., USA,-13 December 2010.

Connor, L. N., S. Laxon, D. @Adoo0, S. L. Farrell, A. Ridout, R. Cullen, R. Francis, M.
Studinger, W. B. Krabill, J. G. Sonntag (2010), A first comparison of CryeSand
ICEBridge altimetry from April 20, 2010 over Arctic Sea Ice, Abstract C440%506
Poster, presented at the 2010 Amecan Geophysical Union Fall Meeting, San
Francisco, Calif., USA, 187 Dec. 2010.

Farrell, S. L. (2010b), The Sea Ice Component of Operation Ice Bridge, NASA Science and
%Dl T OAOET T $EOAAOT OAOA j#1T AA onnq $EOAAQDI
Certer, Greenbelt, Maryland, 06 August 2010.

Farrell, S. L., N. Kurtz, T. Markus, D. McAdoo, L. Connor, R. Kwok, J. Rittgeege, B. Elder,

M. Hofton, B. Blair, W. Krabill, J. Sonntag, C. Leuschen, B. Panzer (2010c),

Preliminary Arctic Sea Ice Results April 2009 Campaign, IceBridge Planning
Meeting, University of Washington, Seattle, Washington, June 2010.

Farrell, S. L., Connor, L., D. C. McAdoo, T. Markus and J. Riktdage (2010d), Validation
of Laser and Radar Altimetry over Arctic Sea Ice, Intertianal Symposium on Sea
Ice in the Physical and Biogeochemical System, Tromsg, Norway, June 2010
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Global Precipitation Analysis Development and Climate Diagnhostic
J. Janowiak{NOAA Collaborator: W. Higginsg JJJJ_PREC10

Backgroun d: Scientific Problem & Approach

The Climate Prediction Center (CPC) of NCEP/NWS/NOAA assesses and predicts short

term climate variability and its impact on the U.S. The complex nature of the global climate

system, and the requirement for continuous improvement in CPC capabié, makes the

conduct of ongoing collaborative developmental research imperative. This task includes

activities of the PI and his colleagues at CICS that range from providing validation

information about satellite-derived and model forecasts of precipitéon to streamlining

#0#6 O 1 PAOAOCEI T Al DPOT AAOOGAOh AT A xEEAE Al T OOE

Accomplishments

During the past year, the Pl has continued to collaborate with CPC staff in a number of
monitoring and diagnostic roles, particdarly involving precipitation estimation, analysis,
and validation. These include validating numerous satellitélerived estimates and NWP
forecasts of precipitation over the U.S. To that end, plots such as displayed in Figure 1,
which summarize the perfamance of precipitation estimates from numerous satellite
algorithms and from the NOAA/NCEP GFS model have been produced and disseminated to
technique developers to help them improve their products. In addition, collaborative work
with CPC and internatioral scientists toassess the ability of numerical model weather
predictions to characterize variations that are associated with the Madden Julian
Oscillation (MJO) phenomenonvas completed and publishedThe Pl also continued his
collaboration in an effortto advance the accuracy of high time/space resolution global
precipitation analyses, and has served as liaison between CPC and ESSIC/CICS.

Planned Work

The PI will continue to work with CPC personnel on the development and application of
satellite-based pecipitation analyses. He will also maintain and extend his validation
activities over the US and maintain the US validation web site.

Publications

JanowiakJ. E., P. Bauer, W. Wang, P. A. Arkin, and J. Gottschalck, 2010: An Evaluation of
Precipitation Forecasts from Operational Models and Reanalyses Including
Precipitation Variations Associated with MJO Activity.Mon. Wea. Rev138, 4542-
4560, doi:10.1175/2010MWR3436.1

Arkin, P. A., T. M. Smith, M. R. P. Sapiano, and J. Janowiak, 2010: The obsengtivity of
the global hydrological cycle to changes in surface temperatur&nviron. Res. Letg
035201 doi: 10.1088/1748-9326/5/3/035201
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Sapiano, M.R.P., J.E. Janowiak, T.M. Smith A?ki, P. Xie, and H. Lee, 2010: Corrections
for Temporal Discontinuities in the OPI1J. Atmos. Oceanic Technd7, 457469.

DJF_2010

—  HydroE SCoMFR MSFFS MRS FERSRN CMORFHR 3842RT GSMoF  GFT GFS

Prebablility of Detection False Alarm Ratio

i

Figure 1. The best performing precipitation estimates for several statistics during the December 2010 to
February 2011 peliod. Each color represents the technique that performed best at a given location for the
season.
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Prototype development of a microwave radiometer simulator for land
surface and precipitation characterization

Eric F. Wood(NOAA CollaboratorRalph Ferraro) 7 EWPRINC11

Background

The poor progress in developing algorithms to characterize land emissivity has limited the
assimilation by weather forecast models of spaeborne microwave radiometers and
sounders over land, especially at lower microwave frequecies. This has also impacted the
development of advanced satellite precipitation retrieval algorithms. The project brings
together an inter-disciplinary team for an exploratory effort in developing a langto-space
microwave emission forward modeling cability. The goals of the one/ear project are (i)

to evaluate the Community Radiative Transfer Model (CRTM) ability to characterize surface
emissivity, clouds and precipitation when compared to satellitdbased observations and
retrieved microwave products from selected case studies, and (ii) to assess the feasibility of
developing a microwave radiometer forward model based on a coupled modeling package
(e.g. WRFCRM/Noah/CRTM). In the exploratory project, an uncoupled analysis will be
done where Noah LSMvill be run off-line using NLDAS forcings with the atmospheric
variables based on either satellite retrievals (e.g. AIRS) or NWP models (e.g. NARR).

The project will utilize the extensive data base at CREST/CUNY of satellite observations of
surface emissvity, surface temperature, cloud and atmospheric water and temperature
profiles. This data base will be used to select case studies that span conditions that will
include clear sky, nonprecipitating clouds, precipitating warm clouds and precipitating

co A Al T OAOS 31T x AT OAOCAA AT 1 AEOEI T O AOAI
AT TAEOETTO xEIl OOEIEUA . #% 060 .1TAE ,3-h
budgets and provides surface temperature and soil moisture as prognostic variables

These can be used in the CRTM to predict surface emissivity, which will be compared to
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Accomplishments

The project has installed the Joint Center for Satellite Data AssimilatiodCSDA microwave
emission and radiatve transfer model, CRTMat Princeton. As a first stepwe are validating

CRTM for the atmospheric radiation part for both clear sky and cloudy conditionsThis is

being done using SSM/tderived land surface emissivity data as an input to CRTMSix

months (January through June, 2007) of surface emissivity has been provided by CUNY (W
Rossow, Cd). There was a delay in obtaining the SMM/I emissivity data from CUNY due to

A AEAT CA ET DPAOOITTAI AO #5. 98nospherid grdilds Al Of
(temperature, water vapor, ozone and cloud water content)hat were used to retrievethe

SSM/I surface emissivities.

Planned Work
In the next step of the work, we will compare the TOAbrightness temperaturescomputed
with CRTM to SSM/I observations. Wealso expect to utilize atmospheric data from
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reanalysis (ERAInterim, NARR) to characterize the impact of forcingatmospheric) data.
Right now the time period wewill focus on is July 200&July 2007, which will expand on the
experimental work designed by t
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Developing GOES-R land surface albedo product
S. Liang & D. WangNOAA Collaborators: Yunyue Y SLSLGOESR11

Background

Surface albedo isdefined as theratio between incoming and outgoingrradiance at the

earth surface which is a key component of surface energy budg&urface albedo is used to
drive climate, mesosale, atmospheric, hydrological, and land surface models. The accuracy
of surface albedo also affects the reliability of weather prediction. The frequent temporal
refreshment, fine spectral resolution and large spatial coverage make GOR&\BI a unique
data source formapping surface albedo.

The goal of this task isd@ develop algorithms to generate GOER LSA product. We will
provide science codes to algorithm integration team (AIT) for software implementation

and process demonstration. In this task, we wlilklso develop estimation algorithms of
surface Bidirectional Reflectance Factor (BRF), as thedpyoduct of LSA. We will also
conduct validation activities to evaluation the accuracy and precision of these products and
develop validation tools to supportroutine and deep-dive validation.

Our proposed GOER Land Surface Albedo (LSAglgorithm combinesatmospheric
correction and surface Bidirectional Reflectance Distribution Function (BRDF) modeling
one optimization step. In order to improve computationd efficiency, theGOESRLSA
algorithm is separatedinto offline mode and online mode. The offline mode is carried out at
the end of each day, using a timgeriesof clear-sky observations up to the current day to
estimate BRDF parameters for the next dagenline mode. In the online mode, LSA arl8RF
products are produced in realtime. This report summarizes our main accomplishments in
algorithm development and products validation during the past year.

Accomplishments

The typical three-step albedo estimaton algorithm, used by the MODI&nd other satellite
instrument teams, needs the surface reflectance as the input. However, the surface
reflectance is not an independent GOES productand will be generated as the byproduct
of LSA Moreover, the retrievalof surface reflectance requires aerosol optical depth (AOD),
while GOESR AOD algorithm works only at dark surfaces. To address these issues, we
propose an improved optimization method similar to the earlier Meteosat algorithm to
directly retrieve surface BRDF parameters, and then use the derived BRDF parameters to
calculate LSA and BRF. Ourvision over the Meteosat methodmainly includes: 1) AOD can
vary over time; 2) we use multiple ABI spectral channels enabling accurate production of
shortwave broadband albedo; 3) we use a different formulation of the atmospheric
radiative transfer and surface BRDF model; 4) we incorporate albedo climatology as the
constraint of optimization (Fig. 1).
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standard deviation of white-sky albedo. Cloud contamination is the major reason for gaps over Central Africa
and Amazon where MODIS albedo product usually provides filled values or data of low accuracy froatkup
algorithm. Both estimation accuracy and computational efficiency are improved through incorporating
albedo prior background information.

The retrieval of BRDF parameters needs multiple observations over varied observing
geometries. The organizatiorof time series data and optimization of BRDF parameters is a
time-consuming process. In order to improve the code efficiency, we divide our algorithm

into two parts: the offline mode and the online mode. At the end of each day, an offline

mode computationis carried out to perform a full inversion of BRDF parameters using the
stacked time series data. The calculated BRDF parameters are saved for the usage of the

A T1TxETC AAUBO 111 ET A I icaichaed BRDF fataketdrsiale E T A
used toderive full disk LSA and surface reflectance products every 60 minutes.

To quantify the algorithm accuracy and precision, we valated thealbedoalgorithm in

different ways (See an example shown in Fig. 2). We use both MODIS and MSG/SEVIRI data
as proxydata. MODIS has similar spectral configuration (seven bands for the land
application) to ABI, whereas SEVIRI imitates ABI better in terms of the orbit specification

and refreshing rates. Since none of existing satellite sensors can provide proxy data with

both high temporal resolution and multiple-channels as ABI dataye also used extensive
simulation from radiative transfer models and POLDER BRDF database to test and verify

ABI albedo algorithm.
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Fig.2 Albedo measurements over six SURFRAD sites eesed to validate our albedo retrievals with MODIS
as proxy data. Incoming and outgoing shortwave radiation is measured every 3 minutes at SURFRAD sites
using the Eppley Precision Spectral Pyranomets(PSP) and the averages of albedo over 30 minutes arsed
to compare with instantaneous albedo

In terms of algorithm development, we have made milestone achievement$Ve delivered
the Version 3 and 4 codsand passed Test Readiness Review and Unit Test Review during
the past year. We also completedriting the Version Imanuscript of LSA Algorithm
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Theoretical Basis Document (ATBD). Wkhen successfully delivered our 80% ATBD and
algorithm package to AIT.

Publication

He, T., Liang, S., Wu, H., Wang, D., Ywid Wang, J., (2011)mproving Estimation of
Instantaneous Albedo and Reflectance from Moderate Resolution Imaging
Spectroradiometer ObservationsSubmitted to Remote Sensing of Environment
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The Development of AMSU Climate Data Records (CDR's)

Wenze YangChabitha Devarajlsaac Moradj (NOAA Collaborgor: Huan Meng)z
PAPAAMSU 11

Introduction

Current passive microwave sounder data, used in hydrological applications, are derived

from POES satellites for which the primary mission is operational weather prediction.

These data are not calibrated with sufiient stability for climate applications. A properly

calibrated FCDR needs to be developed to enable the utilization of these data for TCDR and

Climate Information Records and to extend their application into the NPOESS era (e.g.,
POES/AMSU to NPP/ATMS 0033 7! 4-3Q8 /1T AA AAOAT T PAAh 4#3%$2¢
applications (precipitation, water vapor, clouds, etc.) will be developed for use as key

components in international programs such as GEWEX, CEOS and GPM.

Passive microwave sounder data have proven theworth in more than just tropospheric
temperature and moisture monitoring. NOAA/NESDIS generates operational products from
the Advanced Microwave Sounding Unit (AMSU) focused on the hydrological cycle (e.g.,
rainfall, precipitable water, cloud water, ice waer, etc.) through two product systems

known as the Microwave Surface and Precipitation Products Systems (MSPPS) and the
Microwave Integrated Retrieval System (MIRS) since the launch of NOAAB in 1998. These
data offer the unique opportunity to developCR 8 © OEAO AAT AT T OOEAOOA (
time series with similar capabilities such as the DMSP SSM/I and SSMIS, the TRMM TMI,
and Aqua AMSFR%8 4 EEO POI EAAO xEI 1 &£ AOGO 11 OEA AAOA
AMSUA window channels (e.g., 23, 31, 50 ar@9 GHz) and the AMSIB/MHS sensor.

Results and Accomplishments

During the first year of the threeyear project period, we finished data collection of AMSU
L1B data from 1998 to 2010, AMSU L2 data from 2000 to 2010, EfR#erim data from

1998 to 2008, andPATMOSX cloud data from 1998 to 2009. We also collected
satellite/sensor metadata from NOAA/NESDIS/STAR MSPPS project log and
NOAA/NESDIS/OSDPD operational log. In the research part, we tested geolocation error
correction, AMSUA sensor drift identification, and MHS scan bias characterization, but
major effort was on AMSUA scan bias characterization and investigation of possible
reasons and corrections. At the end of the first year of this project, we successfully held a
workshop on AMSU/MHS CDR's, togeth with SSMT2 CDR. Our project website is available
at http://cics.umd.edu/AMSU -CDR/home.html

AMSUA scan bias characterization is crucial due to that all AMSAJinstruments on-board
NOAA POES satetiis and MetOPA suffer across scan asymmetry biases in the window
channels observations. These channels are important to the retrieval of a suite of NOAA
operational hydrological products such as total precipitable water and cloud liquid water.
Uncorrected observations will lead to clear across scan biases in the retrieved products.
AMSUA scan bias is characterized by referencing to simulated brightness temperature

80


http://cics.umd.edu/AMSU-CDR/home.html

(TB) and taking the difference between observations and simulations over tropical and
sub-tropical oceans (30S-30 N) under clear sky. The difference is adjusted across scan line
by its nadir value so there is no systematic difference at nadir. The bias is asymmetric
relative to the nadir, and there is little difference between ascending and deseding cases.
The asymmetry pattern appears to be stable through several years of data examined, but is
quite different for each satellite. The asymmetry might be due to both sensor errors and
asymmetric environment conditions. An example of the latter ithat the angular

distribution of precipitable water (PW) showed higher PW at nadir by 10%, generally

stable throughout the years and on all satellites examined.

In order to quantify the environmental impact on across scan asymmetry, we stratified the
asymmetry results by three most important input variables to the Community Radiative
Transfer Model (CRTM): sea surface temperature (SST), precipitable water (PW) and wind
speed (V). The stratification comparisons are performed at three levels from wide to
narrow variable spaces: category level, class level, and most probable value (MPV) level. At
the category level, each variable is divided into high, mid and low value ranges, and the
asymmetry results are averaged in the ranges; at the class level, the thresriable joined
space is divided into 27 classes with high, mid and low value ranges for each of the three
variables, e.g., class 1 stands for low SST, low PW and low V; at the MPV level, the center is
set at MPV, and the variable range is only plus andmas one tenth of the difference
between 95 percentile and 5 percentile. An example of stratification comparison at class
level is shown in Figure 1. The variable range does play a role in changing the across scan
asymmetry pattern, and wind speed has thenost significant impact.
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Figure 1. Average differences between the simulated brightness temperatures and the observations from
NOAA18 AMSUA verses sea surface temperature (sst), precipitable water (pw), and wind speed (v) at (a)
23.8 GHz, (b) 31.4 GH (3) 50.3 GHz, and (d) 89 GHz. The observed data are under clear sky and over tropical
and subtropical aceans from 30@S-30@N. The stratification comparison is performed at class level, with class
1linred, class 14 in green, and class 27 in blue.

The distinctive advantages to stratify at MPV level are as follows: firstly, in the narrow MPV
range, there is ncangular dependence for environmental variables, thus removes the
environmental asymmetry; secondly, even at such a narrow range, we can still capture the
across scan asymmetry, which strongly resembles the across scan asymmetry without
stratification. Combining these two aspects, it is possible to simulate the polarization
component of brightness temperature, and adjust the reflector normal angle and
polarization alignment angle at MPV level. For example, by adjusting Odf reflector

normal angle, and 0.7 of polarization alignment angle, the scan bias of 22.3 GHz could turn
rather symmetric.
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In regard to geolocation error, there are three different sources including satellite
ephemeris data, time offset and satellitend sensor attitude errors (error in pitch, roll, and
yaw). The first two sources are deemed minor in AMSU/MHS 1b data compared to the
attitude issue. Therefore we are focused on the third source and use difference maps (i.e.,
the TB difference between asending and descending orbits) to quantify the geolocation
error. This error was found to be up to one pixel shift in along and/or cross scan direction.
Currently we are using the Australian coastlines for the evaluation.

Ongoing and Future work

We are nav investigating the causes of AMSIA scan bias, which may be due to satellite
and sensor attitude errors, residual bias of antenna pattern correction, polarization twist,
reflector misalignment, etc. In addition, we are also investigating the possible biasurces
for AMSUB/MHS measurements, such as sensor RFI, warm target contamination, orbital
decay, and sensor/satellite degradations etc.

Once we identify the errors from sensors on individual satellite, we will carry out single
satellite calibration, andfollow with inter -satellite calibration to correct systematic biases.
There are three potential intersatellite calibration approaches for window and water
vapor channels: simultaneous nadir overpass (SNO), vicarious reference, and double
differencing technique. We will explore the most suitable approach(es) for our application
as the project progresses.

Publication & Presentations

Ferraro, R., H. Meng, Z. J. Luo, W. Yang, C. Devaraj and I. Moradi, 2011: NOAA workshop on
climate data records from satellie passive microwave sounders
AMSU/MHS/SSMT2. Submitted t&OS

Ferraro, R. and H. Meng, 2010: The Development of AMSU FCDR's and TCDR's for
Hydrological Applications. Talk presented at CDR PI team meeting in Ashville, NC on
August 4-5.

Meng, H., W. Yanand R. Ferraro, 2010: Development of AMSA Fundamental CDR's. Talk
presented at CALCON meeting in Logan, UT in August23

Yang, W., H. Meng, and R. Ferraro, 2010: Development of AMSEUndamental CDR's.
Poster presented at 1% SatMet conference irAnnapolis, MD on September 2-30.

Yang, W., H. Meng, and R. Ferraro, 2010: Development of AMSEundamental CDR's. Talk
presented at Xcal meeting in Ashville, NC on October-22.

Yang, W., H. Meng, and R. Ferraro, 2010: Development of AMStLndamentalCDR's.
Poster presented at AGU meeting in San Francisco, CA on Decembet 2.3
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Development of Land Surface Characterization for GPM-era Precipitation
Measurement

Nai-Yu Wang;(NOAA Collaborator Ralph Ferraroy NWNWGPMER11

Project Summary and Objectives

If the Global Precipitation Measurement Mission (GPM) is to meet its requirement of global

3-hourly precipitation, the use of sounders such as AMSU will likely be needed. This

PDOi EAAO OOEI EUAO OEA OOOAAEOQEIT Al aengyi ACAO AEA
observations from AMSU and SSMIS, cloud resolving models and advanced radiative

transfer models to:

(1) Study the effects of hydrometeors on the 1483 GHz radiances and utilize them to
improve the current Bayesian precipitation retrieval scheme (e.g GPROF). Focus will be
on cold season precipitation systems (e.qg., stratiform rain and snowfall) since the present
scheme has focused only on tropical rainfall systems.

(2) Investigate the potential of incorporating microwave sounding channels (50 GH

and 183 GHz) to the hydrometeor profile retrieval.

joq )i pOol OA OEA AOOOAT O '02/& OOOOEAAA OAOAAI
precipitation and other surface signatures that resemble precipitation through the use of

innovative methods such as dynana land surface data sets available from ancillary data
sets (i.e., NWP assimilation fields, emerging emissivity products, etc.).

Year 1 Progress
Some of the key scientific questions addressed during the third year of this project include:

1 Is there a way toimprove upon the warm season bias in the current TRMM 2A12

rainfall over land product?

Are there ways to better characterize the land surface within the satellite FOV?

Can we detect light rain and snowfall signals over land from satellite

measurements?

1 If so, what are the characteristics of these precipitation systems and what will we be
able to measure with PMM/GPM from space?

1
il

Fundamental to these questions are some other key issues to consider:

1 What are the deficiencies in the current 2A12 rain over landlgorithm?

1 What are the microphysical properties of snow (size, density, shape, and number) to
radiative properties (scattering and absorption)?

1 What is the best method to obtain information on the highly variable land surface
emissivity under precipitating situations?
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Three main focus areas were addressed over the past year and are summarized below.

1 Improvement of TMI2A12 Rainfall Over Land
Over the last couple of years, we have developed and implemented an improved TRMM
TMI2A12 rainfall overland retrieval algorithm. This new algorithmreduces the global
overestimation of land rainfall by the TMI land algorithm as compared to TRMM PR.
Figure 1 shows the unconditional RR bias maps between TMI and PR for both v6 and
the proposed algorithm. The proposed modl reduces the RR bias from > 100
mm/month to < 50 mm/month over large sections of South America and Central
Africa. However, large RR biases of 150 mm/month and greater remain over the
Himalayan mountain ranges and the Gobi desert.

TMI v6 PR blas (mm!month)
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Figure 1Global comprisons of TMI v6 and v7 with TRMM PR
1 Better Characterize the Land Surface with Satellite FOV

Over the last couple years we have tested a new gridding method of the information
contained in the maps of land surface; preliminary development and testing with
promising results has already been accomplished during the past yedfor example, figure
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2 (top) illustrates the current approach of aggregating landvater information in land
precipitation retrieval algorithms. Essentially, each grid box in the landvater mask (red)
contains aggregated information from the smaller grid boxes (blue) of the original land
water map. The information in the red grid box is only the percentage of land and remains
as a fixed latitudelongitude grid, for example onesixth degree in GPROF. This fixed grid
cannot realistically represent the scan geometry and the varying FOV with frequency.

In the new method (Figure 2; bottom), all surface cover information (blue) from an original

surface cover map and within a sensor resolutionréd) is aggregated. The size of the red

grid box represents an FOV. The aggregation information is stored in the center grid box

(black). By doing so, we avoid averaging the higher resolution original map into a fixed grid

lower resolution map. The new aggegation method allows for the use of information from

a center grid box (black) that is very close to an FOV and follows the swath of a scan. In the

current method, an FOV may have to use information from the red grid box (Figure 2; top)

whose centeris® A£AO AO EAI £ 1T £ OEA 1 Ap8O COEA AEACII
OEA TAx ACCOACAOCEIT 1 AOET Ah OEA AEOOAT AA EO |
new method and its impact on TMI rain retrieval is documented in a journal publication

(Sudradjat et al., 2011).
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Figure 3 Snowfall event from February 12, 2008 observed by CloudSat and NOAA 18 MHS. The snowfall
forward model simulations of radar reflectivity and passive microwave brightness temperatures are
simulated using ron-spherical snow particles and radiative transfer model simulations.

Planned Work
The work carried out this year will primarily focus on

1 Documented algorithm performance over arid and mountainous terrain and possible
improvements using improved surfaceclassification methods
1 Improvement on the microwave snowfall retrieval algorithm

Publications

Sudradjat, A., NY. Wang, K. Gopalan, R. Ferraro, 2010: Prototyping a Generic, Unified Land
Surface Classification and Screening Methodology for GRéva Microwave Land
Precipitation Retrieval Algorithms, submitted, J. Appl. Meteor. In press.

Gopalan, K., NY. Wang, R. Ferraro, and C. Liu, 2010: Status of the TRMM 2A12 Land
Precipitation Algorithm. J. Clim. and Appl. MetJ. Atmos. Ocean. Tech7, 13437
1354,

Wang, NY, C. Liu, R. Ferraro, D. Wolff, E. Zipser, and C. Kummerow, 2009: The TRMM
2A12 Land Precipitation Product z Status and Future Plans, The Journal of
-AOAT OT 11T CEAAI 31T AEAOGU T &£ *ADPAI j * . 3%
Measurements from Speae, Vol. 87A, pp 23253, 2009, DOI:10.2151/JMSJ.87A.237.

Wang, N98h 28 &AOOAOI AT A +8 "I PITATh ¢nnmw O)
Precipitation Retrievals through the use of Field Campaign Data and High Frequency
- EAOT x AOA 2 A AE A O ERdceeditgddf the2800 EGUI Ahdubl Meeting,
Vienna, Austria.
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Combining GOES-R and GPM to improve GOES-R rainrate product
Nai-Yu Wang (NOAA Collaborator: Ingrid Guch, Mark DeMarig)NWNWGOESR11

Project Summary and Objectives

This project focuses on thenulti-instrument and multi-platform synergy of combining
GOESR and NASA GPM to improve precipitation products. The proposed project has two
objectives: 1) to improve microwavebased precipitation by connecting the icgphased
microphysics commonly observel by GOESR GLM and GPM microwave instruments 2) to
provide GOESR rain-rate (QPE) algorithm a better microwave rairrate calibration.
Innovative strategy to make use of lighting and microwave data in identifying the
convective and stratiform rain types will be developed, which will improve microwave
based rain rate estimates. Because GORSABI rainfall rate (QPE) algorithm requires the
microwave-based rain rates as a calibration target (Kuligowski, 2009), the better
microwave rain rates will improve the accuracy of GOER rainfall rate retrievals.

Boccipio (2005) used a neural network training technique with TMI and LIS data to
retrieve PR precipitation type classifications. He found significant improvement by
including lighting data, including for convetive-stratiform discrimination, where 5-10%
improvement was shown in final rain rate estimates. Though these past studies using
lightning data in the context of TMI data have shown the potential of the combined
datasets, a trial combination of the datasetBas not directly targeted the heritage and
future operational algorithms. Rectifying this situation is one of the goals of the study.

Year 1 Progress

To this date, we have generated a collocated TRMM TMI/PR/LIS dataset from Jan 2002
Dec 2008 at the TMB5 GHz resolution (~10 km X10 km). Table 1 enumerates the data
extracted from each TMI, PR and LIS instruments and stored in the combined dataset.

The updated CSI for each pixel is estimated as a linear combination of various TMI and LIS
inputs from Table 1.

The LIS inputs used are: # of Flashes, # of Groups, Sum of Radiances, # of Flash Extent
Density (FED) and # of Group Extent Density (GED). Each LIS input is divided by the LIS
View Time (VT) for each 0.1 degree bin and the log of the resultant is inporated in the
linear regression. For the preliminary analysis, we analyzed the results from 8 different
combinations of inputs. The PR Conv. Ratio from the year 2002 was used to train a linear
regression of theTMI and LIS inputs of the form:

7
CSl=k+g aTMlinp, +bLISinp

i=1
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Where TMIinpi is the in input from TMI and LISinpis the sole input from LIS. The derived
coefficients for the 8 different regressions are provided in table 2.

Table1: Combined TMIPRLIS dataset

Instrument PR TMI LIS
Mean Nearsurface | TMI V6 CSI LIS view time in 0.1
Rain rate (mm/hr) degree grid point
. _ TMI V7 CSI (seconds)
Fraction of Certain )
Convective pixels TMI'V6 Rain rate # of LIS flashes
(mm/hr)
&OAAQETT 1 # of LIS groups
Convective pixels 10V Tb (K)
# of LIS events
# of PR pixels 37V Tb (K) s ¢ Radi
i um of Radiances
_Irq\e;'iched-lup with the 85V Tb (K)
Data pixe o # of flash extent
85 GHz Polarization | gensity
(K)
) # of group extent
85 GHznormalized density
polarization
85V Std. Dev (K)
85V Th Minima
Index
Table2: Regression coefficients used to calculate CSI
Regres | Regres | Regres | Regres | Regres | Regres | Regres | Regres
sion #1 | sion #2 | sion #3 | sion #4 | sion #5 | sion #6 | sion #7 | sion #8
Coeffici | Coeffici | Coeffici | Coeffici | Coeffici | Coeffici | Coeffici | Coeffici
ents ents ents ents ents ents ents ents
Constant -
term: Kk 0.0281 | 0.0267 | 0.029 |0.3624 | 0.1540 0.0545 0.2396 | 0.1266
TMI Inputs
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ot

10V

0.0072

0.0061

0.0061

0.0111

0.0120

0.012

0.0127

37V

0.0085

0.0072

0.0073

-0.015

0.0162

0.0159

-0.017

85V

0.0012

0.001

0.0011

0.0038

0.0041

0.0038

0.0042

85 GHz Pol.

0.0066

0.0058

-0.006

0.0024

0.0045

0.0053

0.0035

85 GHz
Normalized
Pol.

0.0007

0.0006

0.0006

0.0022

0.0020

0.0018

0.0022

0.002

85V Std. Dev

0.0034

0.0026

0.0024

0.0014

0.0017

0.0015

0.0016

0.0017

85V Tb
Minima
Index

0.0001

0.0001

0.0001

0.0002

0.0002

0.0002

0.0003

0.0003

LIS Inputs

Flash
incidence

0.1442

Group
incidence

0.1217

log2(#Flashe
s/VT)

0.0417

log2(#Group
s/VT)

0.0177

1T Ccj B
nce/VT)

0.0123

log2(#FED/V
T)

0.0228

log2(#GED/V
T

0.0119
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Figure 1 shows the CSI bias between PR and various TMI/LIS combinations for the convective rain and figure
2 shows the rainrate bias between PR and various TMI/LIS combinations ftte convective rain. Clearly,
ET Al OAET ¢ 1 ECEOET ¢ ET & OiI AGET T EI pOIi-dd#iform4lassiftationD A O£l Of A
and rain estimations. The improvement on convective rainrate is around 10%. For stratiform rain, there is
virtually no improvement on either the convectivestratiform classification or rain estimation by combing LIS
and TMI data (figures on shown here).
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Planned Work
Work is underway to implement the lighting information into the passive microwave rain
retrievals and doament their improvements.
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Risk Reduction Research for the GOES-R Geostationary Lightning Mapper

P. Arkin, R. Albrecht, E. Bruning, and S. Rudlosky; (NOAA Collaborator: S. Goodgan)
EBRAGOESR11

Background: Scientific Problem, Approach, Proposed Work

Theinstrument complement on the plannedGeostationary Operational Environmental
Satellite-R (GOESR) will include the Geostationary Lightning Mapper (GLM). This
instrument will provide regular and frequent depictions of lightning occurrence from
geostationary orbit for the first time, offering a significant advance in the ability of
scientists to observe and understand the role of lightning in severe weathgropical
storms, and climate.

Dr. R. Albrecht of the Cooperative Institute for Climate Studies (CIG8)l participate in risk
reduction and algorithm development actvities in support of the GOESRGLM Dr.

Albrecht will serve as a NESDIS/STAR subject matter expert supporting GLM science and
applications development, and will serve as a membeif the GIM Risk Reduction Team.
She will initially develop methods to ensure user readiness for GLM data by working with
proxy data from other observing programs, including the Tropical Rainfall Measuring
Mission (TRMM)Lightning Imaging Sensor (LIS)Lightning Mgping Arrays (LMA), and
models, including numerical weather prediction forecast models and models that combine
observations from Meteosat Second Generation and grouszhsed lightning observations.
The algorithms will utilize data from the GLM in a varietyof nowcasting, severe storm
identification, aviation weather, forest fire,and precipitation applications.

Accomplishments

Dr. Albrecht upgraded the TRMMY/LIS climatologyo include 13 years of data (19982010)
at an improved resolution(0.10 degree Figure 1). In this improved total lightning
climatology, Lake Maracaibo, Venezuetemains as the% A O Qdhtéitdy hotspot. A
manuscript was written to document this researchand currently is under review by the
co-authors prior to journal submission.

Figure 1z TRMMY/LIS total lightning flash rate density(FRD)climatology from 1998 to 2010.
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Dr. Albrecht also collaborated with Dr. Kenneth Pickering (AOSC/UMMD) investigate
lightning characteristicsin thunderstorms during NASA's Tropical Composition, I6ud and
Climate Coupling (TC4)project, and a paper was published in the Journal of Geophysical
Research (doi:10.1029/2009JD013118)$ 08 ! 1| AOAAE 038 Oalsdwad O OA
published in the Journal of Geophysical Reseeln (doi:10.1029/2010JD014756).

The re-processing ofthe TRMMI/LIS dataset also revealed a decrease in tigeeatesttotal
lightning flash rate densities (FRD) over mosbf the tropics. A quantile linear regression
method for regional boxes was applied to the cumulative daily tot&fRD Figure 2
summarizes the resultsand showsa decrease in theyreatest FR0.95 quantile) over land
and ocean in nearlyall regions. This work was done in collaboration with Dr. Walt
Petersen (MSFENASA) and Dennis Buechler (UAH) and was presented in an lbsassion
during the 2009 AGU Fall MeetingThese results motivated a postaunch calibration study
for GLM using stable bright targets, based on TRMM/VIRS and ldisservations. Dr. Dennis
Buechler (UAH) performed a Deep Convective Clouds (DCC) methodL.d®& background
images and found that the sensor is stable up to this daté&his resultimproves confidence
on the decreasing trends found for the greatest FRD.

Land Ocean
o 05 A 05

(%) 1 ? 1
2 2
Figure 2z 0.95 quantile tendency (in FRD fl km2 yr-1-per year) over land (circles) andocean (triangles)for

each regional box considered in the quantile linear regression analysis of daily FRBIlue symbolsrepresent
negative trends and ed symbols indicatepositive trends.

Dr. Albrecht alsois working on statistical analysis of individud TRMM/LIS events, groups
and flashes combined with measurements of TRMM/TMI and TRMM/PRhis research
aimsto better understand lightning behavior under convective and stratiform areas to
develop and improve QPE algorithms (in collaboration with Dr. Bming, Dr. NaiYu Wang
and Dr. Kaushik Gopalan of CICS/UMD).

The GLM Science Teamill deploy a Lightning Mapping Array (LMA) to the metropolitan
area of Sao Paulo, SP, Brazil, as part of the proxy data acquisition under Mete&&VIRI
coverage. The LMAdeployment is in coordination with the Brazilian field experiment
CHUVA (lead by Dr. Luiz Machado, CPTEC/INPBY. Albrecht is coordinating this effort
with the Brazilian institutions (e.g.,INPE, USP, FEI, SIMEPAR preliminary site survey
was conduded with Jeff Bailey (UAH)Xuring July 2010 usinga portable LMA stationto test
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seven possiblelocations. Dr. Albrecht visited UAHduring February 2010 for training on
LMA site surveys.Dr. Albrecht will conductmore site surveys in Brazilduring April and
May 2011. Additional institutions haveagreedto participate in this field experiment,
including DLR/EUMETSAT, WSI, Vaisala, W\, and WeatherBugINPE alsawill provide
high speed camerasThis field experiment is plannedfor November through Decanber
2011, and will be the first time that these lightning detection networkswill be
intercompared. This intercomparison will improve our knowledge on lightning and help
evaluate our ability to detect lightning discharges.

Professional service was proviéd by serving as reviewer for Atmosfera, Meteorology and
Atmospheric Physics, Journal of Geophysical Research and Atmospheric Environmédt.
Albrecht also attendedthree meetings: GOER GLM Science Team meeting (December
2010), AGU Fall Meeting (Decendr 2010), and AMSAnnual Meeting (January 2011).

Planned Work

During the upcoming year, Dr. Albrecht will continue her work on the TRMM/LIS dataset,
which provides a foundationfor GLM Risk Reduction activitiesAdditional work on total
lightning characteristics seen by LIS will be continued Statistical analysis on events,
groups, and flashes will helpimprove our understanding of lightning NOx production and
flash rate behavior for sciene and QPE purposesDr. Albrecht alsowill continue to
coordinate the Brazilian side of the LMA deployment and testing to Sao Paulo in
collaboration with Brazilian institutions, UAH, and NASMSFC.

Planned travelfor Dr. Albrechtincludes two visits to CICS/ESSIC/UMD, GORSGLM
Science Team meeting (Huntsville, ALynd AGU Fhmeeting (San Francisco, CA).

Dr. S. Rudlosky recently was hired by CICS to work on GLM Risk Reduction activities. Dr.

Rudlosky alsowill serve as a NESDIS/STAR subject matter expert supporting GLM science

and applications development, and aa member of the GLM Risk Reduction Tearhlis

initial research will compare data fromthe World Wide Lightning Location Network

(WWLLN),6 AEOAT A6O ' 1 AGAOAQEICEOS &Ed Qs AT A 7AAQEAOQ"
Network (WTLN) with data from the TRMM/LISto determine the fraction of TRMM/LIS

flashes that are observed by thearious ground-basednetworks. This project also will

investigate spatial variability in the documentedrelationships, and provide performance

statistics to severalProving Ground patners that currently use thesedata.

Dr. Rudlosky next will apply the findings from part one of his study to develop a GLptoxy
dataset at an improved temporal resolution and larger spatial scale than is currently
available to the GLM Science Team. dhew GLM proxy dataset will be provided to
members of the Algorithm Working Group (AWG) as well as GORSProving Ground
partners. This research will greatly expand both the number and variety of users and will
help to better prepare the various users tomplement the upcoming GLM data into their
operations.
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Dr. Rudlosky also will participate in theLMA deploymentduring the Brazilian field
experiment (CHUVA. He will focus on compiling and analyzing datasets that incorporate
as much information as posdile from the multitude of sensors involved in the CHUVA
campaign. This research will expand the collaborative effort between the GLM and ABI risk
reduction teams, and investigate the potential for applications that combine information
from these two GOESR sensors.

Planned travel for Dr. Rudlosky includes visits to the GOHSSatellite and User Readiness

Workshop (Boulder, CO), GOER Proving Ground at the Hazardous Weather Testbed

(Norman, OK), Algorithm Working Group YeaEnd Review (Fort Collins, CO),d8thern

Thunder Total Lightning Workshop (Norman, OK), International Conference on

Atmospheric Electricity (Rio de Janeiro, Brazil), GOHSGLM Science Team Meeting

i (O1 O6O6EIT AR 1, qh .7!' ''1T1T06A1 -AAOGETC T 3A0A1TO

AL), andAMS Annual Meeting (New Orleans, LA).

Publications

Albrecht, R. I., C. A. Morales, and M. A. F. Silva Dias, 2011: Electrification of precipitating
systems over the Amazon: Physical processes of thunderstorm development, J.
Geophys. Res., doi:10.1029/201@D14756, in press. (Accepted 21 January 2011)

Bucsela, E. J., and-@uthors, 2010: Lightninggenerated NOx seen by the Ozone Monitoring
Instrument during NASA's Tropical Composition, Cloud and Climate Coupling
Experiment (TC4), J. Geophys. Res., 115, D00, doi:10.1029/2009JD013118.

Presentations

Goodman, S. J., R. J. Blakeslee, W. Koshak, W. A. Petersen, L. D. Carey, D. Mach, D. Buechler,
M. Bateman, E. McCaul, E. Bruning, R. Albrecht, and D. MacGorman, 2010: The
Geostationary Lightning Mapper (GLM) fothe GOESR Series Next Generation
Operational Environmental Satellite Constellation21st Int. Lightning Detection Conf,
Vaisala, Orlando, FL, April 120.

Albrecht, R., K. Gopalan, .. Wang, E. Bruning, S. Goodman, and R. Ferraro, 2010:
Improving microwave precipitation retrieval using total lightning data: A look into
GOESR and GPM multisensor and multi platform era. Eos Trans. AGWeet. Am.
Suppl., Foz do IguaclPR, Brazil, abstract #H33R05.

Albrecht, R. I., R. Blakeslee, J. C. Bailey, LaeyCS. J. Goodman, E. Bruning, W. J. Koshak, C.
A. Morales, L. A. T. Machado, C. F. Angelis, O. Pinto Jr., K. P. Naccarato, and M. Sabba,
2010: . The Séao Paulo lightning mapping array (SPLMA): Prospects for GBESLM
and CHUVAXVI Congresso Brasileide Meteorologia Belém, PA.

Albrecht, R. I.; K. Gopalan, N. Wang, E. C. Bruning, S. J. Goodman, and R. R. Ferraro, 2010:
Total lightning flash characteristics observed from TRMM Lightning Imaging Sensor
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(LIS) and their relationship with regional convecton and precipitation type. Eos
Trans. AGUFall Meeting, San Framgco, CA, abstract #AE21R263.

Albrecht, R. I., K. P. Naccarato, O. Pinto Jr., and I. R. C. A. Pinto, 2011: Total lightning and
precipitation over Brazil: An overview from 12-years of TRMMsatellite. 5t Conf.
Meteorol. App. Lightning DataAmer. Meteor. SocSeattle WA, January 2426, Paper
4.4,

Bruning, E., NY. Wang, R. I. Albrecht, and K. Gopalan, 2011: A Lightning Mapping Array for
West Texas: Deployment and Research Plai8. Conf Meteorol. App. Lightning Data
Amer. Meteor. SocSeattle WA, January 2426, Paper6.2

Rudlosky, S. R., and H. E. Fuelberg, 20D&termining relationships between lightning and
radar in severe and norsevere storms.5th Conf. Meteorol. App. LightninData,
Amer. Meteor. SocSeattle WA, January 2426, Paper323.
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CIMMS and Texas Tech University Support to GOES-R Risk Reduction
E. Bruning, D. MacGorman; (NOAA Collaborator: Steve GoodmgBBEBGOESR11

Background

This task supports GOER GLM needs foproxy data, validation datasets, and operational
demonstrations of total lightning data (in the GOER Proving Ground) thorough sustaining
support for the Oklahoma and West Texas Lightning Mapping Array (OKLMA and WTLMA,
respectively). Detection of totallightning in the new WTLMA will complement the OKLMA,
creating a unique regionalscale domain where total flash rates can be retrieved for larger
mesoscale storm complexes and other severe weather outbreaks that are frequent
producers of damaging wind andornadoes. The continued operation of this network will
allow for the determination of instantaneous local flash rates and a regional total lightning
climatology that will serve as validation datasets for the GOHS GLM.

Accomplishments

Funding was receied by the Cooperative Institute for Mesoscale Meterological Studies
around 1 January 2011, with a portion subcontracted thereafter to TTU. Since then, it has
provided funding for operating and maintaining the OKLMA and spinup costs for the
WTLMA. It alsdhas supported a parttime research scientist to complete an analysis of the
conditions under which lightning occurs far downstream in thunderstorm anvils and to
analyze the range dependence of the Lightning Mapping Array for use in GCEESroxy

data setsand for climatological studies.

WTLMA deployment is ongoing as of this writing. Initial site survey work was carried out in
Fall 2011, with results of that survey work reported in an invited talk at the AMS Annual
Meeting in January 2011. Travel funds frorthis task supported this presentation. The

likely network configuration, and its overlap with the central and southwest Oklahoma
networks is shown in Fig. 1 and discussed in further detail in Bruning et al (2011). Work is
now transitioning to final deployment, drawing on expertise from a funded senior engineer.
Final deployment of the LMA is now scheduled for early fall 2011.

Scientific studies at TTU have focused on explaining the flash rate and flash extent
observed by total lightning mapping systems. fAromising line of inquiry relating the flash
size spectrum to the thunderstorm turbulent kinetic energy spectrum has been developed,
based on the similar appearance of these two spectra, including similar peaks and slopes in
the spectra shape. These earkgsults are also summarized in Bruning et al. (2011).

98



500.0

2400
400.0 ST
300.0 1800
€
~ 200.0 1500
E
S 100.0 1200 ¢
R =
o £
£ 900 <
£ 0.0
=2
600
-100.0
300
-200.0
0
-300.,0 ‘ S
~200.0 -100.0 0.0 100.0 200.0 300.0 400.0 500.0

East Distance (km)

Figure 1: West Texas and Oklahoma Lightning Mapping Array site locations and 2D coverage domain.

Formal Publication

Emersic, C., R.. Heinselman, DR. MacGorman, and E. Bruning, 2011: Lightnimg activity
in a hailproducing storm observed with phasedarray radar. Monthly Weather
Review in press, 10.1175/2010MWR3574.1.

Conference Presentations

Bruning, E. C., NY. Wang, R. Albrecht, and K. Gopalan, 2011: A Lightning Mapping Array for
West Texas Deployment and research plans. Fifth Conference on Meteorological
Applications of Lightning Data, Seattle, WA, USA, American Meteorological Society.
P. 6.2 (invited)

Bruning, E. C., 2011a: A Python wrapper for NASA's Radar Software Library. Special-Sym
posium on Advances in Modeling and Analysis Using Python, Seattle, WA, USA,
American Meteorological Society. P. 4.4.
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Allen, B., E. R. Mansell, and E. C. Bruning, 2011: Fractal characteristics of simulated and
LMA-detected lightning flashes. Fifth Conferereeon Meteorological Applications of
Lightning Data, Seattle, WA, USA, American Meteorological Society. P. 308

Ziegler, C. L., E. R. Mansell, and E. C. Bruning, 2010: Impact of varying CCN concentration on
the precipitation processes of a simulated convecte storm. Proc. 13th Conf. Cloud
Physics, Portland, OR, Amer. Meteor. Soc., JP3.17

Kuhiman, K., D. Kingfield, G. Stano, E. Bruning, B. Barnowski, and C. Siewert, 2010: Use and
evaluation of lightning data within the 2010 Experimental Warning Program and
GCESR Proving Ground. 25th Conference on Severe Local Storms, Denver, CO,
American Meteorological Society, P4.2

Albrecht, R., K. Gopalan, .. Wang, E. Bruning, S. Goodman, and R. Ferraro, 2010:
Improving microwave precipitation retrieval using total lightning data: A look into
GOESR and GPM multisensor and multiplatform era. Eos Trans. AGU, Meet. Am.
Suppl., Vol. 91 (26), Abstract H33D5
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Advanced Study Institute for Environmental Prediction

A. Busalacchi and J. Stra¢klOAA Collaborators: Eric Lockled z PAPA_ENVI10 and
JSJSASIEP11

Background

It is expected that the Earth System will experience real climate change over the next 50
years, substantially exceeding the scope of natural variability. A vital question facing
society is how to adapt to thesehanges. The need of the hour is unprecedented
collaborations and powerful partnerships between climate scientists and the consumers of
climate information - businesses, government agencies from federal to local, policy
organizations and planning officestat need specific kinds of information to ensure the best
decisions in adapting to climate change.

The modeling component of the US Climate Change Science Program (CCSP) is based
upon a two-center modeling axis between National Center for Atmospheric Resea
(NCAR) and Geophysical Fluid Dynamics Laboratory (GFDL) for global change
projections. The National Research Council (NRC) review of the CCSP has criticized this
approach as incomplete. Th&RC has indicated that a national strategy is lacking and
needs to be developed focomprehensive climate prediction on times scales that range
from seasons to decades. Suchstrategy must include the nation's leading center for
climate prediction (as distinct from global warming projections) NOAA NCEP and the
modeling/assimilation expertise of NASAGoddard.

The key issues, therefore is, how must one make climatdange forecast products on
time scales that real people can use to make intelligent decisions? The requirement now
is to fill the gaping void between fiveday local weather forecasts and centuryong

global climate models. Businesses and organizations have to make decisions in time
frames ofmonths to decadesnd on geographic scales fromtates and regions to the
nation and its trading partners. But at present, there are no suitable products to help
them.

The United States government, in particular NOAA and NASA, has demonstratéernational
leadership with the concept of a Global Earth Observation System of Systems (GEOSS). A
key to the success of GEO8tthe long-term will be the sustained use andlemand for such
observations of the Earth System in support of operational prediction acrosse atmosphere,

ocean, land and ecosystem sectors. The development of a predictive capability for the Earth
System las unique policy implications at both the national and international levels,
especially in the areas of agriculture, energy, transportation, commerceegalth and

homeland security, as well as regional "downscaling” of such application sectorsareas suchas

the Chesapeake Bay.
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Accomplishments

Dynamic downscaling of the 1990999 peri od from the GFDL2.1 AC
Centuryo ru-B088dpeheod0bBbom the ASRESA20 cl im
GFDL, has been completed. For the dowhsgave configured WRF with thremoncentric

grids. The horizontal increments for the outer, middle, and inner grids are 96, 32, and 8 km
respectively. The lateral boundaries of the outer grid were updated every 6 hours with the

GFDL2.1 data during the coae of the simulations. Soil moisture was initialized using the

NASA Land Information System (LIS). The LIS was used to force the NOAH LSM offline with

the GFDL2.1 data for the 10 year period before each WRF atmospheric simulation. The resulting

soil moigure and temperature fields were then used to initialize the WRF model soil. The

attached figurshowsthe predicted temperatuamomalyfor the Chesapeake Bay watershed in

the 2050s based on these downscaled runs.

2050-2059 Yearly TAVG Anomaly (C)

BOW AW 76w T4 T2

1.75
1.5

1.25

2w ALY - TAe TEW

Projected anomalies for averagen2air temperatures for the 2050s based on WRF downscaling of GFDL2.1 data.
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Proposed work:
In the future we plan to raun the simulations of the 1990s and 2050s with different

combinations of microphysics, convective and radiative schemes. In additiarguictlike to

use some of The North American Regional Climate Change Assessment Program (NARCCAP)
data for forcing. The NARCAP consists of IPCC climateawrios which have been

downscaled to around 50 km resolution for North America. We would likevtosizale them to

less than 10 km over the watershed using WRF.

Publications:
A reportdetailing the ASIERs available at:
http://cbfs.umd.edu/repepdfs/ASIEP Final Report Be2011.pdf
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Land Surface Temperature Diurnal Analysis (Diurnal) to Validate the
Performance of GOES-R Advance Baseline

Konstantin Vinnikov; (NOAA Collaborator: Yunyue Yu)KVKVGOESR11

Background

The goals of this Task are to evaluate diurnal/seasonaHT retrieval error distribution and

to assess consistency of satellite retrieved LST resulted from using four different
coefficients sets for day and night, wet and dry atmospheric conditions. It is assumed that
currently accepted GOER split windows Lard Surface Temperature retrieval algorithm
(Yu et al., 2009) will have different systematic and random errors for different time of a day
and seasons of a year. Natural component of diurnal and seasonal dependence of these
errors is a result of diurnal andseasonal variations in air temperature and water vapor
profiles near the land surface. Another component in diurnal/seasonal distribution of LST
retrieval errors is caused by using different sets of retrieval coefficients for wet or dry
atmospheric condtions for daytime or nighttime observations. Archived data of GOES
and GOES0 observations are going to be used as a surrogate to GEE&ast and West
retrieved LST. Observed Upward and Downward broad band IR fluxes at the Surface
Radiation (SURFRAD3tations network used to obtain quite reasonable LST Ground Truth
data.

Accomplishments

Hourly LST data are from three (2001, 2004, and 2005) years of observations of six
SURFRAD stations, and GOB%nd 10satellites retrieved LST at the locations ofttese
stations. The statistical algorithm [Chen et al, 2011, in preparation] is applied to eliminate
cloud contaminated data uses both satellite and SURFRAD observations. This algorithm is
more objective than the earlier one, used byinnikov et al.[2008], and detects nighttime
cirrus cloudiness more accurately than the algorithms that do not use satellite
observations. Time dependent validation differences (LSTgSTs) between GOES observed
LSTg and SURFRAD observed LSTs contain systematic and random corapts which

were approximated by simple mathematical model, that was earlier tested for LST and
other meteorological variables byVinnikov and Grody [2003] and Vinnikov et al.[2004,

2006, 2008]. The same approximation was applied to squared validationftérences to
evaluate diurnalseasonal variations in variance and standard deviation. Two top rows of
panels in Figure 1 display empirical estimates of diurnaseasonal patterns of expected
value E(LST¢gLSTs) and of standard deviation, STD(LSAGTS), otthe validation difference
for four SURFRAD stations. Two important conclusions follow from these estimates:

1 Systematic and diurnallyseasonally depended bias is the main error in satellite
retrieved LST.

9 Standard errors of satellite observations are madty smaller than1.5°C and do not
have significant diurnatseasonal dependence. Such precision corresponds to the
requirements to LST data.

Bias problem has three different sources:
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1 Size of observational plot at SURFRAD station is much smaller compareditte of
satellite pixel.
1 Angular anisotropy of LST field.
i Satellite LSTqg retrieval algorithm uses four different sets of coefficients: for day wet,
day dry, night wet, & night dry conditions.
All these three sources of error can produce diurnaseasona pattern in the bias of satellite
observed LST. None of them really have an effect on random component in validation
difference (LSTgLSTs). This subject is discussed in more details by Vinnikov et al. [2011].
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Figure 1. Diurnatseasonal patterns 6 systematic and random components in time dependent validation
differences. E(LSTA.STs) is expected value and STS(LSTL§TS) is standard deviation of these validation
differences. .

We then evaluated_STg retrieval errors caused by using different sstof retrieval

coefficients for wet or dry atmospheric conditions for daytime or nighttime satellite
observations. As an example, rows 3 and 4 in Figure 1 display diurredasonal patterns of
bias and standard error of LSTg retrieval from the same obsertians, but using for all

cases only one single set of coefficients (for NIGHTIME DRY conditions) in the algorithm #6
[Yu etal.,, 2009]. Such temperatures we denote as LSTg*. The difference between
estimates presented in the first two and in the last twaows of panels in Figure 1 is almost
negligible. We also obtained statistics of validation differences for each of six SURFRAD
stations and for all stations together. The results of such testing, presented in Table 1,
show that using one single set of @dficients recommended for NIGHTTIME DRY
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CONDITIONS instead of four different sets increases precision of LST retrieval at six
SURFRAD stations. This result shows perspectives for empirical adjustment of the LST
retrieval algorithm. Such adjustment willbe really possible after observation of GOER
satellite will be accumulated for at least one full year. Observation of more than six

SURFRAD stations is needed to empirically improve algorithm performance for all

conditions.

Table 1. Testing of four s&s of the coefficients in the GOER LST algorithm #6 (Yu et al., 2009) using GOBS

& GOESLO0 satellite observation at locations of six SURFRAD stations. N is number of observations. BIAS and

RMSE of validation difference (LST§STs) are given in °C. Dimeans that Dry Night, NW¢ Wet Night, DWz

Day Wet coefficients are used to compute LSTg.

GOES8 GOES10

LSTcoesLSTsurrrAD N BIAS | RMSE N BIAS | RMSE

ALL data/Algorithm #6 as is 10,333 | -0.43 | 1.71 | 35,540 -1 1.58
1.63

ALL data/Algorithm #6 with ND 10,333 | -0.46 | 1.66 | 35,540 -| 155
coeff. 1.53

DAYTIME data/Algorithm #6 as is 6,059 | -0.34 | 1.69 | 20,763 -| 1.65
1.63

DAYTIME data/Algorithm #6 with 6,059 | -0.47 1.61 | 20,763 -| 1.60
ND 1.58

NIGHTTIME data/Algorithm #6 as is 4274 | -056 | 1.72 | 14,777 -| 1.48
1.63

NIGHTTIME data/Algorithm #6 with 4274 | -0.44 1.71 | 14,777 -| 1,47
ND 1.47

WET-DAYTIME data/ #6 with DW 939 | -043| 1.71| 1,676 -1 1.75
1.78

WET-DAYTIME data/ #6 with ND 939 | -0.61| 145 | 1,676 -| 1.62
1.21

WET-NIGHTTIME data/ #6 with NW 784 | -0.14 | 1.79 | 1,900 -| 1.57
2.07

WET-NIGHTTIME data/ #6 with ND 784 | +0.50 | 1.45| 1,900 -| 1.38
0.77

Planned work

The work on assessment of LST consistenissue using four different sets of LST retrieval
coefficients will be continued. Further work will be concentrated on analysis of bias
component in satellite LST observations. It will include statistical evaluation of angular
anisotropy of LST using available simultaneous land based and satellites GEESd GOES
W observations at locations of SURFRAD stations; developing the algorithm for caeting
GOERSR retrieved clear sky LST for angular anisotropy of LST field; taking into account
angular anisotropy of LST in validation of GOER observed LST.
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Publication

Vinnikov, K. Y., Y. Yu, M. D. Goldberg, M. Chen, and D. Tarpley (2011), Scalespafrtdm
and spatial variability of midlatitude land surface temperature,J. Geophys. ReKL6,
D02105, doi:10.1029/2010JD014868.

Presentation

Vinnikov, K.Y., Y. Yu, M. Chen, D. Tarpley, M. Goldberg (2010), Scales of temporal and spatial
variability of land surface temperature. American Meteorological Societyl7th
Conference on satellite meteorology and oceanograpt®nnapolis, MD.
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NPOESS data exploitation (nde)-MIRS precipitation RETRIEVAL
N.-Y. Wang{NOAA Collaborator: R. FerraroNWAHAPSDI11

Background

This task is a continuation of the previous year and is in direct support of the NOAA plan to
continue its operational generation of precipitation products from the AMSU/MHS series

AT A AgbAT A OEEO ET O OEA 33-) 3 )Advahced 0/ %33 0 OA
Technology Microwave Sounder (ATMS), which will also fly on NPOESS itself. The current
production software system, known as the Microwave Surface and Precipitation Products

System (MSPPS, Ferraro et al, 2002), is being upgraded to a more gendriit more

physically sophisticated system know as the Microwave Integrated Retrieval System (MIRS,
Boukabara, et al., 2006). MIRS uselBVAR retrieval methodology that incorporates all

channels onrboard sensors such as AMSU, SSMIS and ATMS. Thusutpait suite of

products, which includes temperature, moisture and hydrometeor profiles, as well as

surface precipitation rate, snow water equivalent, land surface temperature and emissivity,

xEl 1 Al1l AA DPEUOEAAI 1T U Al 1 Oiftee @dktable 8om sdngohA - ) 2 3
to sensor, with only the development of sensor specific testbeds and sensor calibration

being required. This will allow for physical consistency between sensors as well. MIRS is

being developed under the auspices of the NESDIBfice of Systems Development and
NESDIS/STAR through the POES and JPSS programs.

Statement of Work
The MIRS rainrate is generated from the MIRS physicallpased retrieval algorithm (1-
DVAR) core products through a post

processing process. The MIR®®®e products

Core Products, Vertical Integration and Post-Processing Products

used for rain rate include the vertically Temp. Profie Tew
integrated ice water (ice water path, IWP), s ﬁﬂn«“:;;i?én e

Ice. Amount Prof

rain water (rain water path, RWP), and cloud

liquid water (cloud liquid water path, CLW).

The schematic (courtesy of MIRS project) on e e Ry
the right outlines the MIRS core product “een ™ Sl
suites and the postprocessing product suites

(including rain rate). Through a multiple regression between the vertically integrated
hydrometeor products and rainfall rate from a given welknown reference (currently this
reference is MMb), the rainfall rate (RR, mm/hr) is obtained

MIRS Product Outputs
ST

RR = A0 +A1*IWP + A2*RWP + A3*CLW
The regression coefficients A0, Al, and A2 are constant.

Several validation and intercomparison of daily precipitation from MIRS and other
satellite estimates are being pursued by the International Precipitation Working Group
(IPWG). Figure 1 shows the time series (February 2009 to February 2010) of temporal
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correlation of 10-day averaged satellite precipitation estimates with US rain gauges from

OEA Y07'80 #0# bOAAE dipQdc®id.bdu/§dniyismedn®ET T DAC
In general, the pattern of the spatial correlation among MIRS (black line), CMORPH (Joyce,

et al., 2004) microwave only (red line), TMPA (Huffman et al., 2007) microwave only (blue

line), and radar (black line) are very similar. However, MIRS has the lowest spatial

correlation with rain gauges compare to the other satellite and ground radar estimates,

especially duiing the spring and summer months (April through October).

Tamnrnaral Marreal AEEES

Figure 1. Time series of temporal correlation with US rain gauges from MIRS (green line), MWCOMB
(CMORPH microwave only, red line), 3B40RT (TMPA microwave only, blue line), and radars (black)line

Prob. of Detection (1 mm/day) with US Gauges

RADAR MWCOMB MIRS = 3B40RT

POD

€ T T
TI B MAR APR MAY JUN JulL AUG SEP oCT NOV DEC JAN
2009 2010

Figure 2. The probability of detection (POD) compared with U.S. rain gauges for MIRS (green), CMORPH
microwave only (red), TMPA microwave only (blue), and radar (black).
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Figure 2 shows the probability of detection (POD) among the three satellite prgxtation

AOOEI AOGAO OA1 AOEOA O1 OEA OAET GCAOGCAO ET OEA
CMORPH and TMPA in the winter and early spring (December through April). However, in

the spring, summer and early winter months (late April through Noverher), the

probability of detection from MIRS is consistently lower (~30%) than CMORPH and TMPA.

There are two probable reasons that may explain the discrepancy between MIRS and
CMORPH and TMPA. First is the sampling issue. MIRS daily rainfall is produzgOAA

and DMSP operational microwave sensors (AMSU/MHS and F$&MIS), while CMORPH
and TMPA utilize NOAA and DMSP operational microwave radiometers (AMSU/MHS and
SSMIS), plus additional research microwave radiometers such as NASA AMS&d TRMM
TMI. CMORPH and TMPA have the larger number of rainfall samples from more satellites
than MIRS, which might attribute to better correlation with rain gauges. The2issue

might be the MIRS rainfall rate algorithm. In the spring and summer months, the frequency
of convective storms is higher than the winter and early spring. The fact that MIRS detects
less rain occurrences in the spring and summer seem to indicate that MIRS rainfall
regression might be trained with model simulations from mostly stratiform rain type. At

this point, this is only an educated guess. To verify if this is true or not, we need to take a
close look of the dataset that is used to train the regression. We also plan to investigate the
MIRS rainrate regression relation with other independentiata source such as TRMM
TMI/PR to gain some insight of the regression relation in the future.

Planned Work

7 A 8 cdrfently in the process of installing MIRS software package @linux desktop.

Once MIRS is installed and up and running, we plan to run Rt for a few months of

satellite data (e.g., summer and winter). We will examine the rain rate estimates from MIRS
relative to an independent satellite source such as TRMM to understand the reason as to
why MIRS seems to do a better job of detecting andtesating rain better in the winter

than in the summer. We recently completed a new TRMM TMI 2A12 land precipitation
algorithm (2A12 v7). The rain rates from the new TMI 2A12 v7 algorithm and new PR
(preC|p|tat|on radar) algorithm are good candidates for his purpose because MIRS does
TTO OOA 42-- AOECEOTI AGO OAi PAOAOOOAOGS 7AG1 1 A
data MIRS uses to train the rain rate regression) and investigate how well these data
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Brahmaputra basin, but detects lower RR over the United States. During DJF, MIRS detects
significantly higher RRs compared to TMI & PR over SduAmerica and Southern Africa.

TMI overestimates RR compared to both MIRS and PR over the Himalayas and the Chinese
highlands; this is caused by surface scattering from snow and ice on the ground. The TMI
land algorithm is particularly sensitive to ice scéering since it primarily relies on the
depression of 85 GHz Tbs to detect rainfall, whereas the MIRS algorithm seems to be
unaffected by the surface conditions in this region.
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Figure 4: RR comparison of MIRS N18 with TMI (top panel in eadgudre) and PR (bottom panel) for a) JJA
and b) DJF.

Figure 5 shows the percentage of pixels having nexero rain rates for MIRS and PR for DJF.
It is observed that MIRS detects a significantly higher fraction of raining pixels, primarily
over South Americaand Southern Africa. We calculated the PR rain accumulation
separately for convective and stratiform pixels for this season (see Figure 6). The
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Based on these geographical patterns, it appears that MIRfy overemphasize stratiform
rain compared to TMI and PR. However, it is important to note that these differences may
be partially caused by thdlifferences in temporal sampling between NOAA8 and TRMM.
For example, Negri et al. (2002) studied the diurnal sampling of precipitation using TMI

and PR, and observed that the highest RRs over the Amazon occurred between ~1 pm to ~
5pm. Since the NOAAS8 sampling during ascending passes occurs close to this time (~1:30
pm local time at nadir, varying by < +1 hour over each scan), it is perhaps not too
surprising that MIRS generally retrieves higher RRs over this region.

In summary, we observe that MIRSI18 generally retrieves higher RR relative to TMI and
PR, particularly over regions with heavy stratiform rainfall. It is difficult to determine the
extent to which these differences are caused by issues with the MIRS algorithm, since the
different diurnal sampling between NOAA 18 and TRMM could explain some of these
anomalies.
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Validation and Refinement of GOES-R Fire Detection Capabilities
W. Schroeder{NOAA Collaborator: lvan Csiszag WSWSGOESR11

Background

This task relates to the prelaunch validation of the GOER ABI active fire detection and
characterization algorithm using higher spatial resolution refeence data. This
methodology has been previously applied to moderatéo-coarse spatial resolution data,
including the global validation of the Terra MODI&ire and Thermal Anomalieproduct
(MOD14)[ http://landval.gsfc.nasa.gov/ProductStatus.php?ProductiD=NDD14], and the
regional validation of the GOES Imager Wildfire Automated Biomass Burning Algorithm
(WF_ABBA) [Schroedeetald ¢mnmnyAY AT A . /11 T. %3%$)380 (AUAOA
(HMS)[Schroederet al., 2008b]. The fire detection probabilities and false alarmates are
derived from the summary fire statistics derived from binary fire masks (firez no fire)
produced by nearcoincident higher spatial resolution Landsatclass data [Giglicet al.,
2008; Schroederet al., 2008a].

Accomplishments

The initial validation assessment of the binary (fireg no fire) GOESR ABI active fire
detection product included the analyses of approximately 300 ASTER scenes distributed
across North and South America. ABI fire proxy data were derived from input 1km MODIS
L1B radiances, sptially and spectrally transformed to mimic ABI sensor characteristics.
Data colocation and validation science algorithms were developed using paired ABI
ASTER input files. Fire detection probability and false alarm rates were derived, along with
data visualization tools to facilitate interpretation of validation results (Figure 1).

.El]
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pixel footprint grid overlaid on top ofcoincident ASTER RGB3-3-1); ABI fire pixels are marked red. Right

panels show zoom over active fire in the reference ASTER scene (top), and the corresponding birtéirg z
no fire) mask (bottom).
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Due to the lack of firededicated middle infrared bands and the frequent satuation of

thermal infrared channels, the ASTER scenes used for the validation of the binary ABI fire
AAOAAOCEI T DOl AOGAO AOA 1T &£ I EOCOI A OOEI EOU & O O
parameters (fire size, temperature, and radiative power). To filin this gap, sample

airborne fire science data from two separate sensors were tested. Figure 2 shows a fire

imaged by the NASA Ames Research Center Autonomous Modular Segsaildfire (AMS)

over Southern California in 2007. Fire characterization retrieva were experimented,

including fire size, temperature and radiative power. A second airborne sensor, U.S. Forest
B3AOOEAAG O &EOA- ADPAOh xAO Al O OAOOAA OET xEIT C
of ABI fire characterization validation. Methods willbe developed to celocate paired AB#t

airborne data, mirroring the ABFASTER validation scheme.

0 3

[T JKilometers ?:léljgl{ilon]eters ’

Figure 2: Airborne fire reference data derived from NASA/Ames AM®Vildfire sensor over Southern
California fire in 2007. Top panel shows image swath ofré and background region; bottom panels show
zoom over active fire (left) and fire radiative power retrieval (right).

Outreach

The GOESR ABI active fire validation results described above were presented at two
venues, namely the GOEB Algorithm Working Group Science Meeting at the University of
Wisconsin, Madison (June-41, 2010), and the IGARSS annual meeting in Honolulu, Hawaii
(July 25-30, 2010).
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Development of Operational Algorithms & Software to Derive and Validate
NDVI and Green Vegetation Fraction (GVF) Product from GOES-R.

P. Romanov(NOAA Collaborator: Bob Yu., IMSG Collaborators: Yuhong Tian, HuiGUNY
Z PRPRGOESR11

Background

The final objective of this project consists in the development of algorithms and software to
routinely produce and validate two land surface productsthe Normalized Differential
Vegetation Index (NDVI)and the Green Vegetation Fraction (GVF)om GOESR Advanced
Baseline Imager (ABI) instrument data. The primary NDVI product is an imagesed map
of the top of the atmosphere NDVgenerated on an hourly basisThe external cloud mask
will be used to limit NDVI estimates to cloueclear pixels only.The GVF product presents
the fraction of green vegetation with every land pixel of GOES ABI. It is derived from the
observed NDVI using a linear mixture approach.

The goal of this work isto perform the tasks as defined in the lyorithm Working Group
(AWG) Land Team NDVlIand GVFschedule and validation planDuring the current year we
have prepared and delivered to AIT new versions of the software and conducted a number
of reviews for both products.

Accomplishments

During the previous year we have finbzed the development and testing of the GOHS
NDVI algorithm at 100% readiness. The new NDVI algorithm has been delivered to the
Algorithm Implementation Team (AIT) along with all required documentation. The work
on NDVI algorithm and its testing was coducted using Meteosat Second Generation (MSG)
SEVIRI data as proxy to GOHSABI. The archive of SEVIRI data is routinely collected and
maintained. At this time we have more than three years time series of hdiburly images
from SEVIRI, which is enough fothe algorithm development and testing purposes. The
work on the NDVI product towards 100% readiness included the testing and review
process of the corresponding algorithm and processing as well as update of tA@BDto
meet 100% readinessrequirements.

Comprehensive routine and divein validation tools for the NVDI product have been

designed. The routine validation system estimates daip-day temporal variations of the

derived NDVI. These estimates are used to assess the accuracy of retrievals. Cases with

NDVI daily change exceeding 0.05 are identified and labeled &SNOAOOET T AAT A .
A OOE | Hé&vkliation system estimates thel OAOAT 1 AOAAVEAT Ad £ HNO
retrievals on a daily basis and for each particular halfiourly image.
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Figure 1. Left: Flow chart of the routine validation tool for the GOERB NDVI product. Right: Example of
frequency distribution and cumulative frequency distribution of NDVI daily change.
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The development and testing of Version 3 of the GVF produbas continued. We have
prepared and conducted the Critical Design Review (CDR) and the Test Readiness Review
(TRR) for this product. The GVF algorithm and supporting documentation at 80%
readiness have been delivered to AIT. We have conducted an additiotedting of the NDVI
anisotropical correction incorporated in the GVF algorithm. At this time correction is
performed with a kernel-driven NDVI angular anisotropy model. The kernel loadings have
been estimated empirically using available daily time serie®f cloud-clear observations
from MSG SEVIRI. In this part of the work we have collected additional cloud clear
observations over the whole range of possible land surface cover types and tested the
developed algorithm over the new dataset.

In August 2010 bdh product were presented at the ADEB review and received a generally
positive evaluation.

Future Work

The future work on the NDVI product will mostly focus on the development of the routine
and dive-in validation tools. The divein validation tool will in clude codes and scripts to
compare NDVI derived from GOER with NDVI derived from polar orbiting satellites. The
tool will be tested with MSG SEVIRI data as proxy for GOR3\BI.

The next year the development of the GVF fraction algorithm and codes wik lsompleted.
The algorithm will be brought to 100% readiness and the ATBD will be modified
accordingly.

Presentations
Romanov P. , H. Xu NDVI product for GOR&BI: Current Status. 2010 NOAA STAR
AWG/GOESRRR Review Madison, WI,-I1 June 2010.

RomanovP. , Y. Tian GVF product for GORABI: Current Status. 2010 NOAA STAR
AWG/GOESRRR Review Madison, WI,-T1 June 2010.
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Development of an Advanced Technique for Mapping Sea Ice with ABI
Marouane Temimi;(NOAA Collaborators: Jefferiey) z

Background

The ultimate objective of this research is to explore the potential of the future GOESABI

in mapping sea ice and to develop an automated keeapping algorithm, which would make

i AGEI O OOA T &£ ''")80 EI bavaiadlidy oflofs@Atios mithe AADA A
visible, middle-infrared and infrared spectral bands from geostationary satellites makes

them a relevantsource of information on ice cover and concentration.

Large area coverage and frequent repeat cycle make satellite observations an effetiool

for ice cover observation and monitoring. When selecting a particular type of satellite data
for ice monitoring, most often the choice is made in favor of observations in the passive
microwave. Another technique that is actively used for remote mgpng and monitoring of
ice distribution is based on satellite observations in the visible and infrared. Unlike
microwave data, application of satellite observations in the visible and infrared is limited to
daytime clearsky conditions. Their finer spatialresolution, on the order of 1 km or less,
gives them an advantage over microwave data in mapping and monitoring ice cover over
small inland water bodies, lakes and even some rivers. Visible and infrared data are also
more effective in detecting ice alongoastal lines. Availability of observations in the visible,
middle-infrared and infrared spectral bands from geostationary satellites makes them
another potential source of information on ice cover and concentration. The primary
advantage of geostationarnsatellites over polar orbiting satellites consists in a much higher
temporal frequency of observations. Frequent, 15 to 30 minutes, observations from
geostationary satellites give better chances to observe cloud clear scenes during the day
than with 1-2 observations per day available from polaforbiting platforms. Frequent
temporal coverage and high spatial resolution enable better tracking of ice motion.

Accomplishments
The daily and seasonal variations and other properties of each channel has been
individ ually studied. The optical channels have been investigated for the angular variations
of the solar, satellite and zenith angle. It has been established that the High Resolution
Visible (HRV 0.60.9) and RO1 visible (VIS 0.6) have the highest sensitivity dnnear
infrared channel (NIR 1.6) has the least sensitivity to the variations of solar angle. The
results of that finding led to the formation of the BRDF model and the establishment of the
daily minimum and maximum values for each spectral band. In the lfowing correlations
of the channels, derived parameters and indices will be investigated for the formation of
the classification model. In addition to the parameters and values there is a need for a set of
criteria and boundaries for each class. When twof these parameters are plotted against
each other, clusters or pattern will be recognized. After the recognition, these patterns
could reveal the location of these pixels. If a group of the pixels have high reflectance values
in VIS 0.6 and NIR 1.6 bandss it can be seen in the Figure 1, then they can be classified as
cloud. Figure 2 indicates that the pixels that have low reflectance in both VIS 0.6 and NIR
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1.6 belong to the lower part of Caspian Sea (lower right graph) where, there is no ice or
cloud and is water. The green arrow in the figure points to the location of these pixels on
the Caspian Sea image. The scatter plot in the Figure 2 further illustrates that ice and cloud
can be separated by their unique act in the combination of these two bandss it could be
seen ice has high reflectance in VIS 0.6 and low reflectance in NIR 1.6 which separates it
from cloud. The red arrow in the Figure points to the location of ice on the image.

When other key parameters like NDSI and NIR 1.6 are plotted sorather pattern are being
revealed. Figure 1shows thatice has high values of NDSI and low values of NIR 1.6 and
cloud has very high value of NIR 1.6 and low value of NDSI.

Day #.59 :: Feb 28, 2007
ND3 vs. NIR(1.6) Time: 17 ::: GMT time: 08:15 ::: Localtime: 11:15
T T .
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Figure 1: Scatter Plot (left) of NDSI vs. near infrared (band 1.6) HRV image figshows clouds (black oval),
Ice (red oval) and Water (white oval)
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Day #: 59 ::: Feb 28, 2007
Time: 17 i GMT time: 08:15 ::: Local time: 11:15
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Mear Infrared {1.6) vs Visible (0.6)

Wisible 0.6

MIR 1.8

Figure 2: Scatter Plot (left) of near infrared (band 1.6) vs. visible (0.8), HRV image (right) shows clouds (black
oval), Ice (red oval) and Water (white oval)

Publication

Marouane Tenimi, Peter Romanov, Hosni Ghedira, Reza Khanbilvardi and Kim Smith.
(2011). An automated approach for determining seace concentration for the future
GOESR ABI sensor. International Journal of Remote Sensing. Vol. 32, No. 6. Page:
1575z1593. DOI: 10.180/01431160903578820.
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Mesoscale Convective System Climatology using Geostationary Infrared
Imagery
Brian Vant-Hull; (NOAA Cdaborators: Robert Kuligowski) z DVDVGOESR11

Background

The precipitation retrieval algorithm selected by the GOESR AWG is thelfSCalibrating
Multi-spectral Precipitation Retrieval (SCaMPR) package originally developed by Robert
Kuligowski of NESDIS/STAR. Nowcasting of the precipitation estimates will be done by the
WDSSII segmotion algorithm. Segmotion segments the current iage by applying the K
Means watershed technique to group pixels around local extrema. The size of each
segment is set by one of 3 area thresholds, and maps are created and extrapolated for each
of these 3 scales. It is expected that larger advection timshould use larger spatial scales.
The current default scales are (20,200,2000) k& with the first scale used for advection up
to 30 minutes, the middle scale used for advection between 30 minutes and 2 hours, and
the last scale used for advection beyah2 hours.

The purpose of this project is to find the best match between spatial scales and advection
times. Correlations will be formed between advected precipitation estimations from the
past and current estimations. It is expected that different spéatl scales will exhibit peaks

in the correlation for different advection times. The final step is to find a weighting scheme
for a linear superposition of advection scales that will maximize the extrapolation skill.

Accomplishments

A month of SCaMPR estiated precipitation data from west africa and the tropical atlantic
(25x25 degrees) was advected out to 3.5 hours using the WD8%dvector algorithm at 3
sets of spatial scales: (10,100,1000) ki (20,200,2000) kn#, (50,500,5000) kn?. Code
has been witten to calculate correlations as a function of extrapolation time for each of the
spatial scales, with the intention of producing output similar to the following:

200 km2

20 km2

2000 km2

correlation

0.5 1.0 15 2.0 2.5 3.0

T : (extrapolation time
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A first guess for a linear weighting of scales for awgen time might be given by the goodness
of fit for each scale at that time. The dotted line above shows that a first guess to find the
best match for 1 hour extrapolation would consist mainly of the 20 k¢ scale, with
progressively smaller contributionsfrom the 200 and 2000 kn#% scales.

At this moment there are noise issue that must be dealt with before representative
correlations can be calculated. It is believed that the application of a simple filter before
processing will address the issue.

Public ation
None

URL Links from the text:
None
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Incorporating Cooling Rates into GOESR Precipitation Retrieval
Brian VantHull, Shayesteh MahaniiNOAA Collaborators: Robert Kuligowski}

Background

The precipitation retrieval algorithm selected by the GOHS AWG is Self Calibrating Muki
spectral Precipitation Retrieval (SCaMPR) package originally developed by Robert
Kuligowski of NESDIS/STAR. The current version performs multivariable regression of
channel radiances against recent microwave retrievals inhe region, thereby using
information from a single image for each retrieval. It has been hypothesized that a
regression that included cooling rates in all channels would improve the retrieval skill,
since precipitation is often associated with the growig phase of cumulus clouds.

The WDSSI segmotion tracking algorithm was selected by the AWG for extrapolation of
the SCaMPR estimated precipitation rates into the near future. It was sensible to use this
same algorithm to calculate cooling rates by sub#icting extrapolated IR fields from the
previous image (with no growth rates) from the current IR fields. The cooling rate field can
then be incorporated into the SCaMPR algorithm and the results compared to ground truth
to see if the new variable indeedmproves precipitation estimation.

Accomplishments

A suite of Gcode functions run by a bash script was created to calculate cooling rates.
When it was discovered that the intended fuldisk data was too large for the WDS8
algorithm to ingest, the codewas modified to slice the data into smaller regions with buffer
zones around each to address edge effects, run the analysis on each region separately, and
splice the results back into a fulldisk image.

Unfortunately the WDSSI code runs too slow by abat a factor of 4 to process multiple
channels fulkdisk in real time. One plan to increase speed is to calculate advection vectors
for the 11 pm window channel alone, and apply the advection to all other channels. This
entails a significant amount of pogramming overhead, so it is expedient to first test for
indications that cooling rates result in significant improvement before reprogramming. At
the time of writing the code is being run on a few days of data to see if significant
improvements result.

Publication
None

URL Links from the text:
None
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Inter-Calibration and Scaling-Up Algorithm for SEVIRI and NOAA-18 data
(development, validation and application) (ll)

Leonid Roytman;(NOAA Collaborators: Felix Kogarg

Background i

This work is part of the CICS/NESDISPQroject (Award number 760341001 Onter-
Calibration and ScalingUp Algorithm for SEVIRI and NOAAS8 data (development,
validation and application) (11) 6 8he NDVI could be used to predict the ecological system
of the particular earth surface It could also be used to observe any ecological improvement
or disaster of a region. So it is a strong tool to protect an environmental downfall by taking
necessary action beforehand. It could be used as a monitoring tool to observe periodic
improvement of any region. The mainobjective was totie (inter-calibrate) the SEVIRI
climatology data to the NOAAL8 climatology data in order to produce SEVIRI synthetic
longer-term time seriess )1  OEA A£O0OOOA beBi®dith tedhingCalf GiENe T A A
experimental GOESR climatology products based upon the latest results. It will be of
particularly great utility to integrate the inter-calibrated SEVIRI data sets in Malaria early
detection and monitoring products currently under development at CREST (witthe use of
NOAA POES data) for several African countries.] O OI1 | Ar@pusedBdddrifinue the
development of GOER products in order to minimize the time needed to fully utilize
GOESR as soon as possible after launch.The proposed approach utilize the following
components

a) Geographic location Selection: Five study sites (within MSG SEVIRI footprint) were
chosen from a variety of vegetation types in Africa and Europe (Figurel).

b) Transform Data to allow comparisons: At each stage in this procgs
the best estimate of the channel radiance should be produced, together with an estimate of
its uncertainty. In this process Spectral Matching, Spatial Matching and Temporal Matching
criteria will be followed.

c) Filtering: Uniformity Test will be performed to reduce uncertainty in the comparison due

to spatial/temporal mismatches. Outlier Rejection will be tested to prevent anomalous

I AOAOOAOGET T O EAOET C O1 AOGA ET £ OAT AA 11 OEA
rejected on a statistical basis.

d) Statistical Analysis:

1) Interpolation: The NOAA18 climatology data overlaid onto SEVIRI data according
to the tie point selection by visual interpretation and the resampling procedure of
AVHRR data by bilinear interpolation

I) Regression:This allowed us to investigate how biases depend on various
geophysical variables and provide statistics of any significant dependence, which
can be used to investigate their possible causeRegression coefficients will be
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applied to estimate expected bias and unceriaty for reference scenes in NDVI,
accounting for correlation between regression coefficients. The results may be
expressed in absoluteor percentage bias in NDVI. Any ncfinearity in the relative
differences between satellites will be characterized, orat least, limits should be
placed on its maximum magnitude.

[II) Empirical Distribution Function (EDF):EDF approach is based on the physical
reality, that each Ecosystem may be characterized by very specific statistical
distribution, independent of the time of observation. It is the best available

technique to normalize satellite data.EDF technique will be used to statistically

remove the negative bias.

Accomplishments

Study area consists of five different sites from Africa and European continents. Thestes
have four different land surface/ecosystem types (Figurel)Data collected by SEVIRI
instrument onboard of Meteosat Second Generation (MSG) satellite are used as prototype.

The approach used in the algorithm development includes daily cloudearing image
compositing as well as pixeby-pixel image classification using spectral criteria. All
available spectral channels (reflectance and temperature) have been tested and used in a
statistical-based approach to accurately discriminate between cloudyixels and VH.

In this study, SEVIRI data recorded at halour interval was collected and used, and five
study stations were chosen from a variety of vegetation types and géacations from the
Africa and Europe based on data from January, 2005 to Deceenlof 2009.

Normalized Difference Vegetation Index (NDVI) is related to the proportion of photo
synthetically absorbed radiation. Many natural surfaces are about equally as bright in the
visible red and nearinfrared part of the spectrum with the notable exception of green
vegetation. The magnitude of NDVI is related to the level of photosynthetic activity in the
observed vegetation. In general higher values of NDVI indicate greater vigour and amounts
of vegetation. NDVI ranges from1 to +1 is nonlinear finction that varies between-1 to +1
(undefined when NIR and VIS are zero). Values of NDVI for vegetated land generally range
from about 0.1 to 0.7, with values greater than 0.5 indicating healthy vegetation. with
values 0.5 Different criteria of estimatirg VHI were set to find the best method for
obtaining the best quality and highest values of NDVI and BT on daily base.

Daily and weekly NDVI and BT products are generad using the maximum NDVI (figure 2)
compositing algorithms. Daily maximum NDVI values are derived for 3 sites it is seen that
most frequently maximum NDVI vdue is observed from 10 AM to 13M local time. The
position of the geostationary MSG SEVIRI is fixed; hence pixel reflectance is only influenced
by changes in the sun position comparetb polar orbiting satellites with both variations in
solar and sensor geometry.
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Europe cropland ecology from 10AM to 4PM

Publication s

Mohammad Nizamudlin, Leonid Roytman, Mitch Goldberg, and Felix Kogan," "Potential of
using satellite remote sensing data for estimation of Aus rice yield in Bangladesh”,

SPIE Defense, Security, and Sensing which will be held2% April 2011 in Orlando,
Florida United Stdes. Paper Number 802733 (Accepted)

Mohammad Nizamuddin, Leonid Roytman, Mitch Goldberg, and Felix Kogan,2011
fiModeling and forecasting of malaria vector distribution in Orissa based on AVHRR
AAOAA OAI T OA OAT OET ¢ AAOAS j30EIT 771 OEET C

Mohammad Nizamuddin, Leonid Roytman, Mitch Goldberg, and Felix Kogan,2010
@i OAT OEAT 1T £ OOEIT ¢ OAITOA OATOET C A& O A
(working on it for publication)
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Integration soil moisture satellite observations and model simulations into
the global crop assessment decision support system of USDA Foreign
Agricultural Service

Zhanging Li & Xin Wang (NOAA Collaborators: Xiwu Zhan & Jicheng lz@LZLSMSO11

Background

The proposed project aims at enhancing the U. S. Department of AgricuguitUSDA)

Foreign Agricultural Service (FAS) global crop assessment decision support system via the
integration of NASA soil moisture data products and adoption of NASA land surface
modeling and data assimilation tools. USDA FAS crop yield forecasts affgetisions made
by farmers, businesses, and governments by predicting fundamental conditions in global
commodity markets. Regional and national crop yield forecasts are made by crop analysts
based on the Crop Condition Data Retrieval and Evaluation (CADREgta Base
Management System (DBMS). Soil moisture availability is a major factor impacting these
forecasts and the CADRE DBMS system currently estimates soil moisture from a simple
water balance model (the Palmer model) based on precipitation and temperate datasets
operationally obtained from the World Meteorological Organization and U.S. Air Force
Weather Agency.

An onrgoing NASA Applied Sciences project has successfully assimilated NASA Advanced
Microwave Scanning Radiometer (AMSRE) soil moisture re@vals into the existing USDA
FAS Palmer model to create a global soil moisture analysis product. However, this existing
product could be further enhanced in several aspects. First, its reliability is currently
limited by the simplicity of the Palmer model Recent software advances at NASA have led
to the development of the Land Information System (LIS) data assimilation system. The
modular nature of LIS enables the use of multiple (more physically complex) land surface
models and contains an imbedded Ensentd Kalman filter data assimilation capability. As
such, LIS provides an optimal framework for the integration of soil moisture products into
the USDA CADRE system. Second, concerns over the future availability of AMSRE
observations are hindering complete doption of the approach. To address this need, new
satellite sources of soil moisture retrieval products can be exploited to ensure the future
continuity of soil moisture to USDA FAS.

The specific objectives of the proposed project will be 1) maintaininthe continuity of

AMSRE soil moisture to the USDA FAS CADRE system, 2) developing contingency plans for
a possible disruption in the availability of AMSRE data during the proposed project period,

3 designing a prototype of the CADRE DBMS system centeredward NASA LIS, and 4)
developing a LIScompliant data assimilation system to integrate future soil moisture

products from the upcoming NASA Soil Moisture Active/Passive mission into the CADRE
DBMS system.

In this task, as a part of the project team, we Wibe responsible for the number 2) of the
above objectives: Develop a contingency capacity for the generation and (near rtiate)
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delivery of surface soil moisture retrieval products from alternative satellites data sources.
We will also assist Pl from 3DAARS and other Cdnvestigators form USDAFAS, NASA
GSFC) on assimilating the alternative soil moisture data into NASA LIS to routinely provide
USDAFAS with global soil moisture analysis data products.

Accomplishments

Mr. Xin Wang has just arrived at ICS from China to start to work on the project on April 3,
2011. Collaborating with Drs. Xiwu Zhan and Jicheng Liu, he is carrying out the following
tasks in the first half year of his one year visit to UMD:

1) Improve the NASA AMSHE soil moisture data poduct with alternative retrieval
algorithms;

2) Make available alternative global soil moisture data products from the Microwave
Radiometric Imager (MWRI) on board of FengYuf} satellite of China Meteorological
Administration that is planned to be one othe contingency sensor for the satellite soil
moisture data product for the USDAFAS applications.

For the second half of his one year visit, Mr. Wang will

1) Test data assimilation algorithms implemented in LIS for generating roetone soil
moisture data;

2) Validate the various soil moisture data products with available in situ measurements.

Publications:

Two journal papers are planned from the results of the above stated tasks. Based on these
results, Mr. Wang will complete his Ph.D. degree disseti@an.
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General Support and Preparation for the Transition of CERES/ERB
Processing System to NOAA/NCDC Operation

Zhanging Li (NOAA Collaborator: Tom Zha@ ZLZLCERES11

Background:

Earth radiation budget products include both solafreflected/absorbed and Earth-emitted
OAAEAOEIT T &EO1T I OEA Oi b T £ OEA AOi T OPEAOA j 41/
%AOOES O OAAEAOETT AOACAO j w2"q AT I pPiTAT OO AEOI
intensive data processing as well as radiative transfer modeling effortespecially for the
determination of ERB in the atmosphere and onthe surfacé. EA . /1 1 8O0 | EQOOET 1

Scientific Data Stewardship (SDS) Program was created for generalization, application and
validation of mature algorithms over multiple satellites and seners to produce longtime
series of climaterelevant data and information. These climate data records (CDRs) will
have sufficient accuracy through refined instrument calibration and improved retrieval
algorithms so that they can be used for climate changéuslies and applications. The focus

of our study is to provide a general scientific support for developing and implementing a
robust, sustainable and scientifically defensible Earth radiation budget datasets from
CERES, ERBE etc.

Accomplishments:

1) Attendedthe Workshop on Continuity of Earth Radiation Budget (CERB) Observations:
PostCERES Requirementscience team meeting, and interact with the members of the
team in an effort to write the .

2) Wrote part of a report to instrumentation and algorithms concernng the Earth
Radiation Budget (ERB) and the transition of CERES/ERB processing system to NCDC
operation

3) Provided consulting service to the NCDC/CDR program to a) identify the purposes and
current uses of Earth radiation budget observations, b) document ehcurrent status of
research and applications of Earth radiation budget; c) identify observing system
requirements for the continuity of the Earth radiation budget climate data records
(CDR).

Accuracy of the ERB and its components depends not only on thecaracy to which

observing instruments have been calibrated, but to a large degree on the accuracies of input

data and the inversion models used. It is therefore essential that we have the best possible

models and input data in order to minimize the erros in the radiation budget data products

(see Tabke 4.1). Surface radiation budget (SRB) has been estimated from limited ground

based observations and global satellite measurements, but important discrepancies still exit

even among the recent satellitdbased estimates. These discrepancies are, however, much

smaller than the systematic differences that used to exist between models and observation

based estimates. We have extended the survey study of Li et al. 1997 to document all the
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estimates of ERB andstdisposition between the atmosphere and surface in both shortwave
and longwave bands as shown in the following table.

Comparison of historical estimates of the solar energy deposition estimated from ground
and/or satellite observations (After Li et al. 197 with updates).

Comparison of historical estimates of the solar energy deposition estimated from ground and/or satellite
observations (After Li et al. 1997 with updates).

Sources Coverage TOA Surface  Atmosphere
Abbot & Fowle (1508) MH 0.37 0.42 0.21
Houghton [15954) MH 0.34 0.47 0.19
London (1957) MH 0.35 0.48 0.17
Sasameri et al. (1572) 5H 0.35 0.45 0.20
Budyko (1982) Global 0.30 0.4& 0.24
Pinker & Laszlo (1552) Global 0.29 0.50 0.21
Chmura & Gilgen (1593) Global 0.30 0.42 0.28
Li & Lighton (1593) Global 0.30 0.4& 0.24
RBossow & Zhang (1595) Global 0.32 0.48 0.19
Kiehl and and Trenberth (1997) Global 0.31 0.49 0.20
Zhang et al. (2004) Global 0.31 0.48 0.21
Loeb et al. (200%9a), Kato et al. (2008) Global 0.29 0.49 0.22
Trenbkerth et al. (2009) Global 0.30 0.47 0.23
Stackhouse et al. (2010) Global 0.30 0.45 022
Publications:

Reports of the Workshop on Continuity of Earth Radiation Budget ERB) Observations:
PostCERES Requirements, Asheville, North Carolina, July1i8 2010, (eds. J. Bates
and T. Zhao), pp41.
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Development of Algorithms for Shortwave Radiation Budget from GOES-R
R. T. Pinker{NOAA Collaborator: M. Goldbej)gz RPRPGOESR1

Background

Under the GOE®R activity, developed are new algorithms for deriving surface and Top of

the Atmosphere (TOA) radiative fluxes from the ABI sensor. This project supports the
development and testing of this STAR effort. Specifically, scene dedent narrow-to-

broadband transformation and angular distribution models (ADM) are developed, to

facilitate the use of observations from ABI. The n/b transformations are based on

theoretical simulations with MODTRANS.7 using the International Geospherdiosphere

Programme (IGBP) land use classifications. The newly developed ADMs are a combination

of MODTRANc 8 x OEI O1l ACGET 16 AT A OEA #1171 O0A0 AT A OEA
(CERES) observed ADMs. The current focus is on validation and improvement.

Accomplishments
Following is a brief summary of issues encountered and solutions:

1 A large bias in fluxes occurred for optically thick ice clouds. We completed additional
simulations of ice clouds, including altostratus clouds. We determined that the best way
to implement the n/b coefficients for MODIS is to use water cloud coefficients when the
COD reported for MODIS ice clouds is > 5.

1 Unrealistically high n/b coefficients were calculated for certain channels of MODIS data
(mainly 1.6 and 2.1 Bm). Since there are only 20 cases used per regression we have
combined all viewing and azimuth angles and stratify the coefficients by solar zenith
angle (SZA); this improved the results. Figure 1 shows a comparison of CERES TOA SW
upward fluxes against those derived from MOLS using three channels (0.4, 0.6, and 0.8
pm). We chose these channels for the official algorithm, but we developed and began
testing 12 different channel combinations to provide more flexibility when certain ABI
channels may be missing or become noisyv&uation is still in progress.
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Figure 1.Evaluation of MODIS and CERES tof-the-atmosphere shortwave upward fluxes from all data
available during the hours of Gz 23 UTC on July 8, 2006. A small fraction of data (0.1%) is eliminated from
the comparison, where the differences between estimated MODIS fluxes and observed CERES fluxes were

larger than five times the standard deviation of the differences.

Deliveries

Updated input data, code, and documentation for developing NTB coefficients wthODIS
proxy data on 6/25/2010. This set of coefficients was stratified by SZA only and used 3
channels. Updated ATBD on 6/30/2010.

Publications from project
Niu, X., R. T. Pinker, 2010. Improved Narroto-Broadband Transformations and
Anisotropic Corrections for Satellite Estimates of Radiative Fluxes. IJRM, in press.

General References:

Loeb, N. G., N. M. Smith, S. Kato, W. F. Miller, S. K. Gupta, P. Minnis, and B. A. Wielicki, 2003.
Angular Distribution Models for Top-of Atmosphere Radiative Flux Estimadn from
OEA #1171 0A0 AT A OEA %AOOESO 2AAEAT O %l AOCU
Rainfall Measuring Mission Satellite. Part I: Methodology. Journal of Applied
Meteorology, 42 (February 2003), 240265.

Minnis, P., P. W. Heck, D. F. Young, C. W. Faaradl, J. B. Snider, 1992: Stratocumulus cloud
properties derived from simultaneous satellite and islanebased instrumentation
during FIRE. J. Appl. Meteor., 31, 31339.
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Rutan, D., F. Rose, M. Roman, N. Maraioith, C. Schaaf, and T. Charlock, 2009:
Devebpment and assessment of broadband surface albedo from Clouds and the
Earth's Radiant Energy System Clouds and Radiation Swath data product. J.
Geophys. Res., 114, D08125, doi:10.1029/2008JD0
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Support for N-RAIJa@Ithm BXE®R Group Ocean Dynamics
A. Harris;(NOAA Collaborator: Eileen Maturix AHAHGOESR11

Background

The GOESR ABI Ocean Dynamics Products Algorithm (ODPA) employs a sequence of a
single spectral band images to derive the Ocean Dynamics product. These images will be
used to trackocean motion in cloud free areas over time, either directly using ABI window
bands or employing retrieved sea surface temperature data.

The algorithm will utilize the ABI data to derive an ocean motion. The ODPA will generate
products over the various ABIFull Disk (FD), Continental United States (CONUS), and
mesoscale scansCurrently, the ODPA employs a sequence of ABI images to estimate ocean
motion for a set of targeted tracers in cloudree areas.

The goal of this task is to develop and evaluate afgarithm toward requirement for ABI
Ocean Surface Currents (OSC) product generation. This task will provide science codes to
the GOESR algorithm integration team (AIT) for software implementaion and process
demonstration.

Accomplishments

The ODPA develped for the GOESR ABI instrument has its heritage with the Atmosphere
Motion Vectors algorithm being used operationally today at NOAA/NESDIS for the present
series of GOES satellites (Breaker et al, 2005; Castelao et al, 2005, 2006). The Ocean
Dynamics agorithm is based upon the Sum of Squared Distances (SSD) Method that the
Derived Wind Product Algorithm (DWPA) has also used at NOAA/NESDIS for deriving
Atmospheric Motion Vectors (GOER ABI Derived Motion Winds ATBD; Merrill et al, 1989,
1991; Nieman etal, 1997, Velden et al, 2005).

The following steps are carried out in the process of generating the Ocean Dynamics
product:

1. Collect three consecutive calibrated, navigated, and -gegistered images for the same
area of observations in predetermined spctral channels;

2. Locate and select a suitable cloud free targets in the second image (middle image;
time=t0) of image triplet;

3. Use a pattern matching algorithm to locate the cloud free targets in an earlier and later
image;

4. Compute correspondirg displacement vectors for the targets from their original
locations for each image pair of the triplets;

5. Compute mean vector displacement (average from speeds derived for each pair) valid
at time = t0;
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Figure 1. Locations and magnitudes of current U&V component biases w.r.t. Navy Global NCOM
As can beseen, while the Ycomponent shows relatively little bias, the Wcomponent displays a
significant geographical preference.

6. Perform quality assurance on ocean motion veots. Flag suspect vectors. Compute and
append quality indicators to each vector. If the quality of the vectors is poor, then the
vectors are removed from the output and are not included in the results.

First year work has showed that, while the 80% targes for accuracy were largely being
met after the application of quality control measures based on a feature gradient strength
metric, there is potential scope for improvement (see Figure 1).

Proposed work

We will conductan objective validaton study of theABI ODalgorithm. This may involve
comparison of: 1) @ean Surface Currentsising heritage GOES SS¥6 input, with 2) co
locatedin situ data and/or coastal ocean radar and 3) ocean circulation model&\dditional
validation work involves utilizing herit age GOES IR and ABI Proxy (Meteos3iEVIRI) data.
A study of the effect of clouds and the GOESAWG Cloud Mask on the accuracy on the OD
algorithm will be performed. Validation work will be extended to estimate the relative
contribution of geolocation/colocation errors in the proxy data, and assess the
independent uncertainty associated with intrinsic algorithm performance.The objective
validation study, as well as an Algorithm Implementation and Test Plan, will transition into
the development of Validtion Tools for the Ocean Dynamics algorithm. Statistical analysis
will be performed on a nearrealtime basis. Specific program tasks also include
development of the 100% requirement algorithm and preparation of its associated
algorithm theoretical basisdocument.
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Publications

GOESR Advanced Baseline Imager (ABI) Algorithm Theoretical Basis Document For Ocean
Dynamics, NOAA NESDIS Center for Satellite Applications and Research, September
3,2010
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Studies I n Suppor t-GAEE SSN@maydis POES

A. Haris; (NOAA Collaborator: Eileen Maturix AHAHPOES11

Background: Scientific Problem, Approach, Proposed Work

NESDIS have been in the process of developing a new higsolution (0.1°30.1°) global
SST analysis to replace the previous 16km, 50-km and 14-km (regional) products. The
new scheme, which uses a recursive estimator to emulate the Kalman filter, also provides
continuously updated uncertainty estimates for each analysis grid point. Since the analysis
is entirely satellite-based, there is no exptit attempt to correct regional biases to ann situ
standard. However, biases between individual datasets are corrected in a statistical
manner, with certain assumptions of persistence and correlation length scaleThis past
year, work has primarily foaused on the testing and implementation of a 0.05°%0.05°
resolution of the analysis.

Figure 1. 0.1 degree resolution SST analysis (left) compared with 0.05 degree resolution SST analysis (ri¢
Features are betterdefined in the higher resolution analysis, although the vast majority are still resolved in
the 0.1 degree analysis.
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Accomplishments

The analysis code has been adapted to operate at double the resolution of the previous
analysis (see Figure 1). The opportunity was taken to clean upd software, including
removal of several hardcoded elements, especially those relating to changes in resolution.
This required development and testing of generalized scaling routines. While operational
implementation has been delayed due to FEecurity related issues at OSPO, the various key
elements for the 0.05°x0.05° resolution of the analysis, including a new land mask and
redefined ocean basins, are now available. Additional analysis variants have been
developed include a polafonly version of theanalysis to replace the old NOAA twice

weekly polar-only 50 km analysis, as well as-tlay nighttime polar-only and 3-day

nighttime polar-l T 1 U OAOOETT O A& O . /1180 #1 OAl 2AAE 7A
is being made available in GHRSST L4 fornfat the international user community.

Proposed work

. A0 UAAOBO AEAI OO0 xEI 1l DOEI A dERpastive hidrowale OAA OA A
SST data and the development of a bias correction system which includes the use of the
Along-Track Scanning Radimeter. The former task is important in order to address issues

with regions of persistent cloud cover, whilst dealing with an observation system which

has a coarser footprint than the analysis resolution. The latter task is necessary in order to

obtain ameasure of independence from the NCEP operational SST analysis (RTG_SST)

which has occasionally been a source of bias in our POES®ES Analysis.
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University of Maryland Center of Excellence in Data Assimilation
J.A. Carton (NOAA Collaborators: Steve LordJCJCUMCED11

Background

This is a proposal to continue development of a world class center of excellence in data
assimilation education/research at the University of Maryland by expanding our academic
capabilities through the hire of a faculty member irthis critical area. The demand for
students with scientific training in atmospheric and oceanic science is high due to the
increasing recognition of the impacts that weather, climate, and the environment have on
our lives. Within atmospheric and oceaniscience data assimilation is a key area of
technology which combines information obtained from environmental sensors with that

I AOGAET AA mEOI i 1 O0i AOEAAT OEI OI AGEIT O bDOi OEAA
systemz North American weather, or Gulf oMexico currents, for example. Data
assimilation thus links together expertise in the fields of applied mathematics and
numerical analysis with such earth science disciplines as meteorology, physical
oceanography, and hydrology.

Accomplishments

A searchcommittee was formed consisting of three University of Maryland faculty and two
NOAA scientists (SidAhmed Boukabara and Stephen Lord)We received about 20
excellent candidates.The search committee met on February 10 and chose a tentative
short list of 4 candidates. Additional independent letters were solicited After review by

the Search Committee and the Department of Atmospheric and Oceanic Science faculty a
recommendation was forwarded to the Dean who has accepted it. We are now in the final
stages of negotiations with the candidate and expect to have someone in place by July 1.
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Exploration of an advanced ocean data assimilation scheme at NCEP

J.A. Carton and E. Kalnay (NOAA Collaborators: Steve Lord and David Behringer)
PAJCEAODA11

Background

This is a proposal to explore improvements to the 3DVar filter used in the Global Ocean
Data Assimilation System by development of a hybrid filter through a UMD/NCEP
collaboration. The hybrid approach we propose is that dVang et al.(2007a,b; 2008,b) in
which the error covariance matrix is determined as a weighted average of the original
3DVar and the flowdependent error covariance determined by a set of ensembles.

In designing the hybrid filter we are guided by several principles. The first ihat the new
filter should build on the current 3DVar with minor software extensions. The second is
that the results of the new filter must be at least as good as the 3DVar, even before any
tuning. The third is that while the new filter will require additional computer time, the
time required should be significantly less than for a full ermsmble Kalman Filter or 4DVar.

Accomplishments

The first step in exploring hybrid schemes is to develop the individual schemes. As part of
his dissertation researcha student from the Math Department, Steve Penny, has
implemented the Local Ensemble Transform Kalman Filter (LETKF) in a course’x1°)
resolution global ocean model using MOMV2 numerics, along with a widely usedii2ised
data assimilation scheme (SODA)Steve has carried out a series of intercomparison studies
indicating significant improvement of LETKF over SODA (which in turn is algorithmically
OEI E1 AO O1 . # %0 6 O Flg./1$hovds that the IETKE ush@dtim® 1 A h
initialization scheme calledrunning in place has RMS observation minus analysis
temperature errors of 0.5°C while they are 0.8C for SODA. Curiously, the widely used
Incremental Analysis Updates gives poorer results.

In order to apply LETKF to the ocean Steve has carried out a nunlzg algorithmic
AAOGAT T i AT 6O0h AAOAEI AA ET EEO AEOOAOOAOEITh £
variance of the ensemble so that its statistics provide a realistic measure of the forecast

error. The introduction of an ensemble filter comest significant cost, also detailed in his

dissertation, may be an issue when this approach is applied to the high, eddy permitting

resolution, NCEP model.

Steve successfully completed his dissertation on April 25 and is now, a week later,
transitioning to a postdoctoral position where he will work directly with David Behringer
on the introducing an ensemble filter into GODAS in preparation for his work on hybrid
schemes. He is also beginning the task of writing up his dissertation work for publication.
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Figure 1 Comparison of RMS observatiominus-forecast and observationminus-analysis
differences for global data assimilation experiments using Optimal Interpolation (similar to 3DVar,
green) and the Local Ensemble Transform Kalman Filter (black, IAblue, running in place) for the

seven year period 19972003. Grey line shows results from simulation. Vertical axis is temperature
(°C). Here differences are summed over all depths.

References
Wang, X., C. Snyder, and T. M. Hamill, 2007a: On the thgcal equivalence of differently
proposed ensemble/3DVar hybrid analysis schemes. Mon. Wea. Rev., 135, 2227.

Wang, X., T. M. Hamill, J. S. Whitaker and C. H. Bishop, 2007b: A comparison of hybrid
ensemble transform Kalman filterOl and ensemble squar&oot filter analysis
schemes. Mon. Wea. Rev., 135, 10%876.

Wang, X., D. Barker, C. Snyder, T. M. Hamill, 2008a: A hybrid EIBFar data assimilation
scheme for the WRF model. Part I: observing system simulation experiment. Mon.
Wea. Rev., 136, 5116131.

Wang, X., D. Barker, C. Snyder, T. M. Hamill, 2008b: A hybrid EBRNar data assimilation
scheme for the WRF model. Part II: real observation experiments. Mon. Wea. Rev.,
136, 5132-5147.
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A Retrospective Analysis of IPCC TAR & FAR Model Projections of Sea
Level Rise

J.A. Carton; (NOAA Collaborator Laury Miller)JCICSIPCC11 Supplement

Background

Observations of global sea level, available since 1991, have shown a rise of over 3mml/yr,
significantly in excess of the 100yr average rise of under 2mm/yr IPCC projections are

quite uncertain, but suggest that these numbers may grow alarmingly in the next century.
Part of the concern has to do with the possibility of local regions such as the eastern United
States, where sea level rise may substantialgxceed the global average due to a
combination of post glacial rebound, changing currents, and warming of the mukpth

ocean associated with changes in the meridional overturning circulationY(in et al., 2010
Within NOAA GFDL has extensive commitmend fproducing coupled climate model
projections and are adding physical processes such as those controlling continental ice
melt and the ocean freshwater budget for the purpose of providing more accurate sea level
projections. Observational datarelatedt®@ AA 1 AOAT EO | AET OAET AA
Satellite Altimetry (satellite altimetry), National Ocean Survey (tide gauges), and National
Ocean Data Center (subsurface temperature). The purpose of this work is to bring together
the model projections and the observations to learn about the processes regulating sea
level rise and thus the accuracy of future projections.

Accomplishments

An initial study of sea level rise in the Southern Ocean, as it appears in the IPCC AR4
projections and in observatiors has been carried out and is being prepared for publication.
The Southern Ocean is of particular interest because sea level has risen by as much as
6mm/yr in the past fifteen years, well above the global averagd=(g. 1). We are in the
process of recruting a postdoctoral fellow who will carry this work forward (the hire has
been delayed as our first candidate turned us down and we decided to repeat the search).
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Fig. 1 Observed sea level rise (mm/yr) based on combined monthly altimetry 1992007. Seaonal
maximum ice distribution is shown in grey. The effects of posjlacial rebound have not been included.

References

Yin, Jianjun, Stephen M. Griffies, Ronald J. Stouffer, 2010: Spatial Variability of Sea Level
Rise in Twenty-First Century Projections J. Climate23, 458574607. doi:
10.1175/2010JCLI3533.1
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Diel Cycles in Aerosol Optical Properties: Aircraft Profiles in Support of the
GOES-R Mission

R.R. Dickerson (NOAA Collaborator: Shobha KondragunfaRDRDGOESR11

Background

The composition of theatmosphere (trace gases and aerosols) has a profound effect on

EOIi AT EAAI OEh OEOEAEI EOUh AT A OEA %AOOEGO OAA
observed from satellites can provide a view broad in space and time, but the accuracy of

retrieval s for varying surface properties, and varying aerosol optical properties, as well as

the relationship between remotely sensed AOD and surface concentration of PM2.5 (in

mass per unit volume, called suspended matter in GOIESF&PS requirements document)

remain as major unanswered questions in atmospheric science (EPA, 2009).

Accomplishments

In the first half of this one-year seed grantrom the GOESR Program we flew several
missions with the UMD research aircraft, coordinated with surfacéased remotesensing,
in support of GOESR observations. New aircraft measurements and tests over the Mid
Atlantic region included:

1 Aerosol absorption at 7 wavelengths (borrowed Aethalometer)
Demonstrated pressureindependence of CRDS measurements of NO
Successful ésting of the aerosol inlet and filter system.

Supported the surface based NSIEO/AOD campaign in Frostburg, MD.

= =_ =2 =4

Planned aircraft support of the DISCOVERQ mission to be conducted in and
around Baltimore and Washington, D.C. in July 2011.

9 Conducted prelminary comparisons of proxy GOER ABI retrievals with UMD
aircraft profile data.

The new isokinetic inlet (Figure 1) allows the detection of aerosols up to®m in diameter,

and the new 7l Aethalometer provides information on the vertical distribution of light

absorption due to aerosols over a broad spectral range. With separate funds we are

DOOAEAOGET ¢ A TAx 1 AGEAIT I ACA@Qms md@A AOOET C
The bulk of this research will be performed this July in conjunction with NASA-B

and Kingaire aircraft as they fly over the Mid Atlantic region to evaluate satellite

measurements of trace gases and aerosols. These combined with the historical data set of

aircraft profiles provide for a priori estimates of aerosols for retrievals from stellite
measurements. The altitude integral of aerosol extinction provides the aerosol optical
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depth (AOD). A proposal for additional flight hours and research has been submitted to
NOAA.

Aethalometer meaosurment, ESN 09 /01 /2010
T T T T

= Blue 470 nm

[ - Red 660 nm

Figure 1. Left, Cessna 402B with aerosol inlethat has a 50%passing efficiency for 5 um particle§Huebert
et al, 2004; McNaughton et al.2007]. Right, results of a test flight showing absorption coefficient as a
function of altitude over Eagon, MD; for clarity only three wavelengths are shown.

With our NOAA colleagues, we have taken initial steps toward validation aneghprovement
of GOESR ABI AOD/Suspended Matteretrievals. The aircraft dataextant and to be
collected during the proposedfield campaigns will be used to validate the GOES ABI
aerosol products using the approach shown in Figur2. Aircraft profiles of aerosol
extinction should ideally be matched with GOE® ABI AOD within a window of five to
fifteen minutes to obtain a clar view (a composite can be created using multiple snapshots
of ABI) calocated with aircraft profile and integrated to compare AODs. Because MODIS is
being used as a proxy for ABI, we have limited matchups. For example, for the seven
aircraft flight pro files available on June 10, 2010 only two matchups were obtained for ABI
retrievals whereasfor GOES we obtained 6 matchupdhe example profile shown in Figure
2 uses GOE%2 AODs (a composite over-Brr temporal window to obtain clear views) with
an aircraft aerosol extinction profile overlaid. The aircraft extinction profile is integrated

to obtain AOD and compared to GOES AODs and ABI AOD/suspended matter generated
using MODIS radiances asrpxy for ABI.

Initial results will be presented at the Fall AG meeting in a session convened by the PI
entitted: REMOTE SENSING OF TRACE GASES AND AEROSOLS: AIR QUALITY
APPLICATIONS
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Figure 2. Sample aircraft profile of aerosol extinction obtained by UMD aircraft measurements on June 9, 201
superimposed on the 2D Field of GOES AOD. The GOES AOD composite was created fiottian® hour window
around the aircraft profile measurement time.
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Development of a 4-km snow depth product for the version 3 Interactive
Multi-Sensor Snow and Ice System (IMS)

Cezar Kongoli PI); (NOAA Collaborators: Sean Helfricl CKPRAPSDI11

Background

The project goal is development of a new operational-km spatial resolution snow depth
product over the Northern hemisphere and its integration into an enhanced IMS platform.
This is a first-of-its kind snow depth product for two main reasons: First, it blends irsitu,
satellite and analyst inputs of SD in an optimal fashion and second, it would be the first high
resolution SD monitoring product with a global coverage. The justification fgproduct
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This analyst input will bere-evaluated by the automated algorithm and optimally
blended with other data streams (if available) for producing the final SD product.
Preliminary software architecture. A software directory system called
OEIl O: Ol Thashdemwtipgtemporarilyd 34! 26 O @ OAEOn wvu |
[disk2/pub/cezar local subdirectory. Source code is being developed for the SD
processing in Fortran 90/95, for input/output mapping in IDL and for software
implementation in Unix Shells. Figure 1 below depicts algorithm data floverf the
generation of the SD product.

Processing of daily 4-km IMS output files The daily IMS ASCII files are currently
being ftp-ed to and processed at orbit095I from the OSDPD server. The processing
of IMS snow cover is needed to determine snowovered pixels for SD processing
algorithm.

Processing of ancillary 4-km elevation data These elevation files were put together
from the processing of USGS GTOPOG30 data. The processing of elevation
information is needed for the SD processing algorithm.

Processing of daily SYNOP snow depth reports. Currently, these data are being
obtained from McIDAS and US Cooperative Stations reports.

Mapping of 4 km IMS output, Elevation and SYNOP and COOP snow depth reports.
Partial processing of historical SD/SWE repats for the period 2005 z current for
(off-line) climatological analysis. Such an analysis is being conducted to determine
spatial structure and statistical parameters (correlation and summary statistics
functions) needed for nearreal time SD processing osurface reports.

Partial coding for the Ol scheme. Figure 2 depicts a snapshot of the spatial
interpolation of SD in-situ stations and associated error fields generated from the
processing of insitu SD stations only. Work continues to fingune and futher test

the optimal interpolation method over other areas. Note that the microwavesD
processing is another data stream (not started yet).
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Figure 1. Data flow for the generation of the IMS Snow Depth.
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Figure 2. A snapshot of spatial interpo&tion of in-situ SD stations (top) and corresponding errors (bottom)
generated by the optimal interpolation method.
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Development of Longwave Radiation Budget Products for GOES-R ABI
Instrument

H.-T. Lee, A. Grubel(NOAA Collaborator: I. LaszZlo)HLHLGOBR11

Background: Scientific Problem, Approach, Proposed Work

This work supports the GOER Algorithm Working Group tasks for the development and
validation of three longwave radiation budget (LWRB) products for the Advanced Baseline
Imager (ABI) instrument.

The GOESRR LWRB products include the outgoing longwave radiation flux density (OLR) at
the top of the atmosphere and the downward and upward longwave radiation flux density

i $,2 AT A 5,2Qq AOPRQEd&ktivites idoudedGorittnddevEApinats
validation, and documentation activity leading up to delivery of an Algorithm Package (AP)
to the GOESR Ground Segment Project (GSP) on September 30, 2010; and Development of
product validation "tools" that include those targeted for use in operationgroutine tools)

and in STAR (deep dive tools.

Accomplishments

Summary

The LW ERB products are the Option 2 products whose schedules are initially one year
behind the Baseline products. Since the early start of the OLR algorithm development, we
have movedforward and aligned the LW ERB schedule to the Baseline shortwave ERB
products.

The LWERB algorithms have been developed, validated, coded in Fortran, and
implemented into the framework for system integration testing. All three algorithms have
met the 100% F&PS requirements. The 100% code package and ATBD documents are
completed and delivered.The software bug found through the second twaveek

framework run has been corrected and testedl'he validations of four-month framework
testrun for all DLR and ULRhave beenperformed, showing expected resultsThe version 1
validation tools have been delivered and the version 2 tools are current under
development.The Technical Readiness Review (TRR) and Code Unit Test Review (CUTR)
have been completed. The AlgorithnDevelopment Executive Board (ADEB) review and
Algorithm Readiness Review (ARR)ere completed. The Responses to ADEB comments on
LWRB products will soon be submittedWe continue to provide theLWRB Algorithm
Verification and Validation (V&V)support.

DLR Ver.4 Algorithm Development

The v4 DLR algorithm is validated with the operational GOES 11/12 Sounder retrievals
from Jan 1 to Sept 30, 2008. The grounduth reference is the uplooking PIR observations
obtained from seven sites in the SURFRAD networkhe lapse rate constraint is added to
prevent overestimation over super hot surfaces.
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Table 1 summarized the current assessment of performance and Figure 1 shows scatter
plot of the DLR generated with v4 algorithm compared to the SURFRAD ground
observations.

Table 3 Validation results for the DLR retrievals over homogeneous clear sky scenes.

Mean (Wm?2) STD (Wnm?) RMS (Wn®) N
Satellite minus Ground -6.8+0.2 12.5 14.2 2813
450 :
N=2,813

400 | Mean Diff = -6.8+0.2 Wm™
Std Diff = 12.5 Wm™
350 |RMS Diff = 14.2 Wm?

300 -

250

Satellite DLR (Wm™)

200

150 |

Homogeneous Scenes
Cloud comtamination removed

100
100 150 200 250 300 350 400 450

Ground DLR (Wm™)

Fig. 1 Comparison of GOES Soundéased DLR estimates against SURFRAD observations for homogeneous
clear sky scenes(Nine-month offline validation)

Validation of LW ERB Products for Four -Month Framework Run

ULW and DLW

The Sfc LW ERB Product (ULW and DLW) has been produced by thaahth framework
runs. The validation using routine validation tools and deep dive tools were performed.

The ULW is shown to meet F&PS requiremefisee Figure 2 and Table 2)The DLW,
however, is not. We suspect the poorer performance of the DLW can be attribdt®
quality of the near surface retrievals in the MODIS profile product.

The complementary validation for DLW using offline retrievals with operational GOES
sounding products is undergoing.

OLR
The framework run for OLR is not available yet.
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Table 2. Summary of ULW validation results for the fourmonth framework runs over seven SURFRAD
stations (product horizontal resolution is 25 km)

Four-Month Framework Run F&PS Requirements
Number of Bias Std Deviation Accuracy Precision
-2
cases (Wm_z) (Wm ) (Wm_z) (Wm_z)
1790 -5.1 19.3 30 20
ULW Validation (Four-Month Run)
800 | ‘ I
N=1790 ‘ StdULW<10Wm? |
& 490 | Mean Diff = 5.1 Wm™®
é STD Diff = 19.3 Wm™ P 7
g 600 | RMS Diff=19.9 wm? y
- A
§ 500 e
[ . _'1! il
[ i SR
o o
8 400
c .
S -
© 300 )
(D .f{vgn
200 -
v
4 Ty =22.764 +0.9552x R’= 094247
100 -
100 200 300 400 500 600 700 800

Satellite-retrieved ULW (Wm'z)

Figure 2 Scatter plot of satellite retrieved ULW versus SURFRAD ground observations from all stations in
homogenous condition.

Planned Work
The planned works for the next year include:

T
1
1

Completion of ADEB 80% to 100% Reviews.
Continuation of the development of Routine and Deefive validation tools.
Performing algorithm validations with extended data sets (for seasonal

representation)
Preparation of validation documentations
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1 Continue algorithm refinement and error identification (for OLR and DLR
algorithms)

Continue support of AIT framework test

Continue support of Verification and Validation (V&V)

Continue support of Vendor product and validation (TIM)

= =4 =

Publications & Presentations
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Active Fire

Chris Justice, Evan Ellicot{NOAA Collaboratorsivan Csiszar ad Wilfrid Schroeder) z
EEEEDEAFP11

Overview

The NPP VIIRS Instrument provides a precursor to the JPSS VIIRS instrument. Whether the
resulting data products are ugd for operational applications or science, there is a need for
their accuracy to be quantified. This will require a comprehensive program of validation. In
this pre -launch phase, the emphasis is on developing the infrastructure to enable routine
and as &r as possible, automated validation. These activities build on experience gained
using the MODIS instrument and will lay a foundation for oigoing validation of the

NPOESS VIIRS land products.

The focus of this activity is to assess the accuracy of theoducts using independent
validation data sources, with emphasis on i) determining whether the Environmental Data
Records (EDRs) generated by the NPOESS Contractor (NGAS) meet the product
specification, ii) inter-comparison with the equivalent MODIS produts, iii) providing
feedback to the algorithm developers, iv) providing validation data sets which can be used
to determine the accuracy of Climate Data Records (CDRs) developed from the NPP VIIRS
by the science community. The products being addressed inisifunding phase include
Active Fires, Cloud Mask, Surface Albedo, Vegetation Index, Surface Reflectance and Surface
Type. This collaborative effort on VIIRS validation has been coordinated in close
collaboration with Dr. Miguel Roman who is the GSFC poiperson on VIIRS Land

Validation.

Refinement of VIIRS Proxy data aimed at sub -pixel fire analyses . Development of VIIRS
active fire proxy data continued during the current reporting period. Routines were
developed to download and extract atmospheric profh O EOT | -arblysesid@a. 2 A
The data are being used as input to a radiative transfer code (MODTRAN) in order to
generate sitespecific atmospheric attenuation parameters to more realistically simulate
VIIRS fire data from input ASTER imagery.

Off-Nadir Active Fire Validation

A Assessment of ofihadir viewing conditions on fire detection performance was
completed using 3,600+ Landsab TM scenes and Terra/MODIS nearoincident
global data. Over 270,000 MODIS fire pixels were sampled covering the scan
angle interval of 17-55¢ (Figure 1). Commission error rates and probability of
detection were derived as a function of pixel area (Figure 2).
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Figure 1: Range of Terra/MODIS scan angles sampled by 3,600+ LandsdiM scenes. Note that
Terra/MODIS and Landsat5 orbits begin to overlap at approximately® 20° latitude where MODIS scan angle
is maximum (55°), then gradually converge towards higher latitudes.
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Figure 2: Validation results for Terra/MODIS fire product (commission error rate and probability of
detection) indicating a linear response of fire algorithm performance to pixel area.

1 Fire characterization validation using airborne data . Development of version 1
of fire algorithms using input airborne data has been completed. The software
package is basedm IDL programming language routines and provides automated
identification of active fires in the scene, retrieval of fire characterization
parameters (area, temperature, fire radiative power), and data mapping using
customizable projection parameters for ge in validation analyses.
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A Airborne fire data product was generated for several fire scenes acquired by the
NASA/Ames Autonomous Modular Sensor (AMS) during 2062008, providing a
fire mask product, as well as fire characterization parameters (separating
smoldering/flaming phases, fire radiative power, and area) (Figure 3).

A U.S. Forest Service FireMapper airborne sensor data management software was
tested locally using Southern CA fire data acquired in 2008. The instrument P,
Dr. Phil Riggan, provided rerote training on the use of the software.

8.
\xl\ll()lll(‘l(‘r‘:i

FRP (W

R T Y

Figure 3: Single AMS overpass of Southern CA fire acquired on 24 October 2007 (33\2516.9W) (upper

panel; RGB composite designed to highlight active fires). Lower panels show zoom over main fire liflegt

panel) and the corresponding fire radiative power retrieval (right panel) which is indicative of fire intensity
and biomass consumed.

VIIRS Cloud Mask Over Land(Co. I- Eric Vermote: UMCP)

1 Continued the prototyping of the cloud mask performance evahtion over Land on
MODIS CM®RDF corrected time series for Aqua and Terra (analysis over the
AERONET sites).

1 Performed the same analysis on AVHRR (using the NOAA Reflectance Climate Data
Record Version 31981 to 2004).

1 Developed the CMG code for VIIR8@&delivered to Land PEATE.
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Surface Reflectance (SR) Intermediate Product (Co. I- Alexei Lyapustinz GEST UMBC)

T

Added hemisphericatdirectional reflectance (HDRF) as a standard ASRVN product
for validation analysis. HDRF is an aturface reflected radiarte normalized to the
reflectance units. HDRF is the surface reflectance that is also measured at the
ground. It is required for the verification of ASRVN processing by the independent
ground measurements of BSRN, FluxNet, NEON, and other current and future
networks of calibrated ground radiometers.

Initiated verification of ASRVN processing against ground measurements of
University of Arizona team (site at Railroad Playa). Initial comparison shows a good
agreement at wavelengths >0.55 um. Some discrepancy observed at the blue
wavelength, which is expected to be explained or resolved shortly.

Continued prototyping the VIIRS SR validation using MODIS SR data as proxy. The
analysis is based on the Accuraelrecision-Uncertainty (APU) values and includes
spectral, spatial and temporal domains. The capability for stratified analysis over a
range of conditions (low/high zenith angles, low/high aerosol loading, dark vs
bright surfaces etc.) was added. These data help reveal systematic biases in the
MODIS/VIIRS pocessing algorithm.

Adapted ASRVN software to ingest VIIRS synthetic datastream.

Conducted verification of ASRVN processing against ground measurements of
University of Arizona team (site at Railroad Playa).

A ASRVN HDRF has been compared with field measmrents over a calibration
site Railroad Playa for MODIS on Terra and Aqua. The results show that the
ASRVN results agree with ground data for all 7 MODIS solar reflective bands well
within the uncertainty of measurements due to the surface heterogeneity
(Figure 6). The manuscript is in the final stage of preparation.

0.6 0.6
y=1.005%7x+ 0.0047 y=09748x + 00122
e 0° RY=0,9877 % 0.5 RY=0.969
% 0.4 T 04
: :
E 0.3 z 0.3
< (.2 < (.2 "
Aqua Terra
0.1 0.1
0.1 0.3 0.5 0.7 0.1 0.2 03 04 05 06
Measured HDRF Measured HDRF

Figure 6: A summary regression plot between the measured and ASRVN HDRF for 7 MODIS solar reflective

bands at Railroad site.
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Initiated verification of ASRVN processing against NOAA BSRN dat a.

A The Atmospheric Radiation Measurement (ARM) data over CART Site, has been
downloaded and analyzed. A thorough comparison with ASRVN surface albedo is
underway.

Continued prototyping the VIIRS SR validation using MODIS SR data as proxy.

A The analysis is lased on the AccuracyPrecision-Uncertainty (APU) values and
includes angular, spectral, spatial and temporal domains.

A Software has been developed to perform stratified analysis at both
regional/global and a single site scale over a range of conditions (tBfent
surface brightness, aerosol loading, sumiew geometry etc.)

Vegetation Index EDR (Co. I. Alfredo Huete University of Arizona)

T

40 Aerosol Robotic Network (AERONET) sites were selected globally to evaluate the
uncertainty of VIIRS VI product, usig MODIS MOD13A2 as proxy data (Fig. 4).
These sites include a complete range of land cover types and represent various
climatic and geographic conditions. In addition, these sites were selected to overlap
with some FLUXNET and BSRN sites.

The AERONEDbasead Surface Reflectance Validation Network (ASRVN), developed
by Dr. Alexei Lyapustin is used for retrieval of irsitu, atmosphere corrected
reflectances for input to derivation of the normalized difference vegetation index
(NDVI) and Enhanced Vegetation Inek (EVI).

Worked on evaluation of nadir and BRDFangular uncertainties and their
propagation from surface reflectances to the Vegetation Indices, NDVI and EVI.

Continued work on decomposition of errors in Vegetation Indices into their
individual band components (see Fig. 5.)

Submitted an abstract to the ISRSE conference in April 2011.
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Figure 4: Location of 40 AERONET sites where ASRVN data are generated.
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Figure 5: Scatter of the band component differences that account for the MOEASRVN VI
differences associated with their Xday comparisons.

1 Continued work and refinement of the AERONEDBased Surface Reflectance
Validation Network (ASRVN)The ASRVN wasdeveloped by Dr. Alexei
Lyapustin,for retrieval of in-situ, atmosphere corrected reflectances foinput
to derivation of the normalized difference vegetation index (NDVI) and
Enhanced Vegetation Index (EVI). We are using the ASRVN data as a
reference to evaluate the quality of VIIRS simulated (MODIS NDVI, EVI, and
EVI2. Figure 4 shows an example dhily ASRVN Vegetation Index results
plotted as a function of satellite view zenith angle.
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1 Preliminary results in comparing the ASRVN derived VIs with the daily
equivalent data from TerraMODIS show a negative bias of the MODIS red
reflectance compared wih the in-situ derived ASRVN reflectance, which is
responsible for the positive bias in the MODIS NDVI and twwand EVI (EVI2)

(Fig. 5).

1 Negative biases of the MODIS blue reflectance nullifies the effects of the
red bias on the MODIS EVI, resulting in significant bias in EVI (Fig.5)The
Atmospherically resistantvegetation index(ARVI) (Kaufman& Tanré, 1992)
and EVI, were designed to minimize atmospheric effects on the red
reflectance by utilizing the difference between the red and blue reflectance

1 The overall mean absolute differences MODIS VIs and ASRVN VIs are fairly
low, < 0.015 and overall our analyses show the MODIS VI and hence, VIIRS
product to havegood quality (see Fig. 5).

Figure 4: Relationships between ASRVN Vis and view zenith angteer the GSFC Aeronet site (Lat
cpswwoP@8yi toq AOEEE2M2.$/ 9 c1p

163



3 -
24 v - = &
= > -
¢ x = @ e

i Cooperative Institute for Climate and Satellites Scientific Report —

I & 0.04
I\BAIZE 0.0106 T [ Bias
x0. - X MAD
_ S
X 0.0066 . 4055 =
T < 0.02 0.0201 _
- [90]
a o[0148 T
-0.0029 g : I 0.0107 % 0.0100
-00054 < (0062
-0.0069 g ol G| o
- b -0.0003
1 5 1 1
=
©
1 > 1
Red NIR Blue -0.02 7 NDVI EVI EVI2
|
(a) (b)

Figure 5: Errors in MOD13A2 input reflectances from daily comparisons: (a) mean, standard
deviation and mean absolution difference (MAD) of the reflectances, (b) subsequent influences and
bias in the vegetation indices.

Surface Albedo EDR(Co. I. Crystal Saafz Boston University)

1 Fifty six tower sites have already been evaluated for spatial
representativeness during both the leafon and leafoff seasons, including:

A 20 Atmospheric Radiation Measurements (ARM) sites (Roman. et. al,
2010)

A 16 AmeriFlux sites (Foman et. al, 2009)
A 13 NOAAClimate Reference NetworKCRN) sites
A 7 Surface Radiation Budget Observing NetworkSurfRag sites

1 The latter sites, along with some of the AR sites, contribute to the
international Baseline Surface Radiation Network (BSRN). The results of this
analysis have been summarized in a white paper prepared for the project in
February, 2010 (available atftp://crsftp.bu.edu/modis/mroman/VIIRS -
Land/VIIRS _GEOSTAT&port -Feb2010.pdf). In general, the dormant
seasons are frequently less spatially representative because of the impact of
deciduous trees or understoy and the exposure of underlying soil or
residual snow cover. (cf., Fig. 3).

1 An International FluxNet initiative identified 253 sites from various national
flux networks and worked collaboratively to prepare sensor data (including
albedo measures) for theesearch community. Known as the FluxNet
3U1T OEAOEO $AOA 3A0 (1O ITOA ATiTiITTIU OEA
information about the data is available at
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http://www.fluxdata.org/default.aspx . In resporse, recent efforts for this
evaluation exercise havdocused on these adding additional sites to bring the
total to just over 100 sites under analysis.

Figure 3: Topof-Atmosphere (TOA) shortwave reflectance composite (ETM+ Bands472) and
corresponding semivariogram functions, variogram estimator (points), spherical model (dotted
curves), and sample variance (solid straight lines) using regions of 1.0 km (asterisks), 1.5 km
(diamonds), and 2.0 km (squares), centered over Howland west on 04/01/200{top), 03/18/2008
(middle), and on 03/05/2009 (bottom). The circle stands for the tower footprint (30m) and the black
stripes are caused by the Landsat ETM+ Scan Line Corrector (SLC) off background.
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