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DIRECTOR’'S MESSAGE

The Cooperative Institute for Research in the Atmosphere (CIRA) at Colorado State University (CSU) is
one of a number of cooperative institutes (Cls) that support NOAA’s mission. Although this mission
continues to evolve, there continue to be strong reasons for partnering between NOAA and the
fundamental research being done in the University environment and the students it entrains into NOAA’s
mission. Strengthening these ties in satellite remote sensing and regional/global weather prediction, as
well as application development, education/training, data assimilation, and data distribution technology
make CIRA a valuable asset to NOAA. As the Director of CIRA, | have tried to do everything possible to
strengthen CIRA'’s ties not only among CSU’s Department of Atmospheric Science, the College of
Engineering, and the University but also the ties among the different groups within CIRA that now covers
researchers in Fort Collins and College Park associated with NESDIS, researchers in Boulder working
closely with OAR and researchers in Kansas City working with the National Weather Service. With a
renewed emphasis on interactions and joint initiatives such as our Data Assimilation intern program, we
are focusing on Connecting Models and Observations as the underlying principle that guides us in our
daily decisions. With this, we hope to fulfill the promise of being the conduit for developing ground
breaking research to address socially-relevant problems that face NOAA and our society today as well as
to help train a new workforce that has a broader perspective needed to continue developing decision
support tools guided by scientific advances.

CIRA is fortunate in that its corporate culture and proximity to many of the Nation’s top research
institutions have allowed it to work with talented researchers and support staff who continue to perform at
the highest possible level. There are many important accomplishments that are highlighted in this report
and summarized in the executive summary. The new GOES-16 activities are certainly a great source of
pride. Not as obvious, but equally important, are the activities that CIRA carries out with the National
Park Service and the activities with NASA through the CloudSat data processing facility and OCO and
GeoCarb algorithm development. While not funded by NOAA, these activities are highly synergistic in the
areas of algorithm development, modeling and data distribution. They allow CIRA researchers working
on exciting new satellite data to have access to other experts with whom they can consult as they develop
their own projects. This progress report constitutes the third year of reporting under the second 5-year
term of the Cooperative Agreement. With it, we again establish our commitment to the maintenance and
growth of a strong collaborative relationship with NOAA, other national programs, the Department of
Atmospheric Science at CSU, and the University as a whole.

Christian D. Kummerow
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COOPERATIVE INSTITUTE FOR RESEARCH
IN THE ATMOSPHERE

The Cooperative Institute for Research in the Atmosphere (CIRA) was established in 1980 at Colorado State
University (CSU). CIRA serves as a mechanism to promote synergisms between University scientists and
those in the National Oceanic and Atmospheric Administration (NOAA). Since its inception, CIRA has
expanded and diversified its mission to coordinate with other Federal agencies, including the National
Aeronautics and Space Administration (NASA), the National Park Service (NPS), the U.S. Forest Service, and
the Department of Defense (DoD). CIRA is a multi-disciplinary research institute within the College of
Engineering (CoE) and encompasses several cooperative agreements, as well as a substantial number of
individual grants and contracts. The Institute’s research for NOAA is concentrated in five theme areas and two
cross-cutting research areas:

Satellite Algorithm Development, Training and Education - Research associated with development of satellite-based
algorithms for weather forecasting, with emphasis on regional and mesoscale meteorological phenomenon. This work
includes applications of basic satellite products such as feature track winds, thermodynamic retrievals, sea surface
temperature, etc., in combination with model analyses and forecasts, as well as in situ and other remote sensing
observations. Applications can be for current or future satellites. Also under this theme, satellite and related training material
will be developed and delivered to a wide variety of users, with emphasis on operational forecasters. A variety of techniques
can be used, including distance learning methods, web-based demonstration projects and instructor-led training.

Regional to Global Scale Modeling Systems - Research associated with the improvement of weather/climate models
(minutes to months) that simulate and predict changes in the Earth system. Topics include atmospheric and ocean
dynamics, radiative forcing, clouds and moist convection, land surface modeling, hydrology, and coupled modeling of the
Earth system.

Data Assimilation - Research to develop and improve techniques to assimilate environmental observations, including
satellite, terrestrial, oceanic, and biological observations, to produce the best estimate of the environmental state at the time
of the observations for use in analysis, modeling, and prediction activities associated with weather/climate predictions
(minutes to months) and analysis.

Climate-Weather Processes - Research focusing on using numerical models and environmental data, including satellite
observations, to understand processes that are important to creating environmental changes on weather and short-term
climate timescales (minutes to months) and the two-way interactions between weather systems and regional climate.

Data Distribution - Research focusing on identifying effective and efficient methods of quickly distributing and displaying
very large sets of environmental and model data using data networks, using web map services, data compression
algorithms, and other techniques.

Cross-Cutting Area 1: Assessing the Value of NOAA Research via Societal/Economic Impact Studies - Consideration for
the direct and indirect impacts of weather and climate on society and infrastructure. Providing metrics for assessing the
value of NOAA/CI research and tools for planners and decision makers. Achieving true ‘end-to-end’ systems through
effective communication of information to policy makers and emergency managers.

Cross-Cutting Area 2: Promoting Education and Outreach on Behalf of NOAA and the University - Serving as a hub of
environmental science excellence at CSU for networking resources and research activities that align with NOAA mission
goals throughout the University and with its industrial partners. Engaging K-12 and the general public locally, regionally,
nationally and internationally to promote both awareness and informed views on important topics in environmental science.

Annually, CIRA scientists produce over 200 scientific publications, 30% of which appear in peer-reviewed
publications. Among the important research being performed at CIRA is its support of NESDIS’ next-generation
satellite programs: GOES-R and JPSS. These two multi-billion dollar environmental satellite programs will
support weather forecasting and climate monitoring for the next 2-3 decades. They will include vastly improved
sensors and will offer higher-frequency data collection. CIRA research is building prototype products and
developing training, based on the new sensor technology, to assure maximum exploitation of these data when
the sensors are launched.
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CIRA EDUCATION, TRAINING AND OUTREACH
ACTIVITIES: 2016-2017

From the CIRA Mission Statement: “Important bridging elements of the Cl include the
communication of research findings to the international scientific community, transition
of applications and capabilities to NOAA operational users, education and training
programs for operational user proficiency, outreach programs to K-12 education and the
general public for environmental literacy, and understanding and quantifying the societal
impacts of NOAA research.”

Summary of CIRA Outreach

CIRA Outreach efforts during 2016 focused on identified needs facing the Nation: Improved professional
development for standards-based education, addressing community resilience in the face of natural
disasters, including wildfires, floods, and droughts, and increasing the visibility of NOAA-generated
products in the public eye. Along with these efforts, CIRA continued supporting pre-existing programs
and collaborations; leveraging partnerships between CIRA’s proven history with new opportunities will
continue to define the direction of the E&O program for the next several years.

Teacher Professional Development

CIRA continued its commitment to professional development opportunities for fifth-grade teachers,
especially with respect to meeting Next-Generation Science Standards (NGSS) and Colorado
Department of Education requirements. As detailed previously, teachers are held to exacting standards
and are required to provide students with sophisticated and detailed instruction regarding complex natural
phenomena. An example of the standards to which teachers are held, taken from the State of Colorado
fifth-grade standard, is provided as Figure 1.

Note the subtle complexity in the standard: Students are expected to master the concept that weather
conditions change ‘because of the uneven heating of Earth’s surface by the Sun’s energy.’ Included in
this concept are the rotation of the Earth and the complex interactions of fluid- and thermodynamics,
resulting in weather systems. Students are then expected to demonstrate an understanding of these
weather systems as made evident by direct observation of temperature, pressure, wind direction and
speed, etc.

The formal preparation for fifth-grade science teachers rarely goes into these kinds of detail in the Earth
Sciences; teachers are left to fend for themselves in getting up to speed in the background needed to
teach this element of the standards (and with many of the other intensive standards in which they also
lack a formal education). NOAA Cooperative Institutes can offer a formidable resource to meet these
needs. In this role, CIRA has developed and implemented a formal fifth-grade weather protocol training
course which has been presented and updated with six different course dates during the year to
approximately twelve local teachers. In addition, CIRA efforts in this arena have led to funding
opportunities wherein local schools have applied for, and received, external funds to set up ‘weather
clubs’ which has been a popular recruitment tool and may serve as a vehicle for expansion of the CIRA
professional development endeavor for 2017. CIRA has a professional development presence in
approximately 20% of the schools in the Poudre School District and is developing traction outside of the
district as well.
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Mature Stage

Figure 1. Fifth-grade weather standards and expectations related through CIRA-developed professional
development courses.

Social Media

The launch of the GOES-R (now GOES-16) satellite in 2016 offered outstanding opportunities for social
media presence and growth for CIRA during 2016. Since the last reporting period, CIRA has increased
its number of social media followers by a factor of 12 and has seen several prominent re-tweets and re-
postings of CIRA-developed content on major, publically-prominent NOAA feeds, improving the brand
recognition and visibility of CIRA and NOAA-derived products. CIRA has also launched a LinkedIn page,
allowing for CIRA employees to further represent CIRA online and drawing top talent to CIRA
opportunities.
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Figure 2. Reposting and broadcasting of CIRA AHI research on the operational GOES-R feed, drawing
over 35,000 unique views for the single post.

Chengdu Workshop

CIRA Fellow Prof. V. Chandrasekar along with CIRA outreach staff led the organization of a workshop
between Colorado State University and atmospheric and engineering faculty of the Chengdu University of
Information Technology (CUIT) from China. Hosted in the last weeks of July and first week of August,
approximately thirty researchers from CUIT interacted with and heard presentations from a wide range of
CSU faculty, including presentations by CIRA Director Chris Kummerow and CIRA Deputy Director Steve
Miller. Several opportunities for collaboration between CSU and CUIT were developed, particularly in the
vein of local precipitation observations and aerosol interaction research, and future opportunities for CIRA
and CSU staff to interact with CUIT in the future remain as a result of this fruitful workshop.
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Figure 3. Participants from the Chengdu University of Information Technology workshop pose with CSU
Engineering Associate Dean (and Mayor of Fort Collins) Wade Troxell.

Collaborations
Little Shop of Physics

CIRA continued its long and prosperous partnership with the Little Shop of Physics in 2016. The Little
Shop of Physics develops hands-on demonstrations of physical concepts for the K-12 audience and
supports professional development and science education for K-12 teachers. Utilizing undergraduate and
graduate student volunteers, the Little Shop of Physics tours nationally and internationally (including a trip
to Africa this year), bringing science demonstrations to a large audience. Additionally, the Little Shop
produces a cable-access TV program, also available online, and presents demonstrations at national
conferences including the AMS and NSTA Annual Meetings, and hosts an annual Open House on the
CSU Campus that draws nearly 10,000 participants.
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Figure 4. CIRA Volunteers staffing a cloud activity booth at the 2016 Little Shop of Physics Open House
Community Outreach

CIRA Outreach continues to support the local chapter of the AMS, FORTCAST, and responded to several
requests for school visits on behalf of FORTCAST, including to underprivileged communities in Loveland.
CIRA also made several visits to local elementary schools in 2016, providing an annual presentation on
fire, flood, and drought to Olander Elementary and a bilingual presentation on clouds, rainbows, and
lightning formation to the English- and Spanish-speaking kindergarten classes at Harris Bilingual
Elementary. Additionally, CIRA Outreach staff were asked to judge at the annual Longs Peak Science
and Engineering fair held in Greeley, CO, adjudicating the award of NOAA- and NASA-sponsored
awards.

Interaction with World Meteorological Organization Regional Training Centers through
the WMO Virtual Laboratory

CIRA is an active member of the World Meteorological Organization (WMO) Virtual Laboratory (VLab)
and collaborates with WMO Regional Training Centers (RTC) in Costa Rica, Barbados, Argentina, and
Brazil to promote satellite-focused training activities. One of our most productive activities with these
RTCs continues to be providing support to monthly virtual weather/satellite briefings.

Our group is the WMO Focus Group of the Americas and the Caribbea, and we are a model group for
other WMO countries. Participation in our monthly virtual satellite weather briefings is an easy and
inexpensive way to simultaneously connect people from as many as 32 different countries, view imagery
from Geostationary and polar orbiting satellites, and share information on global, regional, and local real
time and climatic weather patterns, hurricanes, severe weather, flooding, and even volcanic eruptions.
Forecasters and researchers are able to “build capacity” by being able to readily communicate with others
in their discipline from different countries and discuss the impacts of their forecasts or impacts of broad
reaching phenomena such as El Nifio. Participants view the same imagery (geostationary and polar
orbiting) using the VISITview tool and utilize GoToWebinar for voice over the Internet.
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Figure 5. Complicated flow analyzed on GOES Visible imagery from 9 March 2017 used by VLab
training. The VISITView tool allows easy real-time drawing and annotation of important weather features
on the screen to assist student learning.

For more information on various RTC activities and recording of the sessions, visit:

http://rammb.cira.colostate.edu/training/rmtc/focusgroup.asp

Science on a Sphere™ - K. Searight, S. Albers

During this reporting period, new SOS systems were installed at venues worldwide including Spaceport
Sheboygan (Wisconsin), Fair Oak Farms (Indiana), Kalamazoo Valley Museum (Michigan), Keesler Air
Force Base (Mississippi), Santa Fe Community College (New Mexico), Yan'an Science and Technology
Museum (China), Nehru Science Center (India), and The National Media Museum (England). The total
number of SOS system installs worldwide now exceeds 140. The most recent estimate of the number of
people worldwide that view SOS presentations is now 37M annually, a growth of over 10% from a few
years ago.

In support of scientific education and outreach, portable SOS systems and SOS team members travelled
to several conferences, including SciFest (Washington, DC), Earth Day (Texas), and the IUCN World
Conservation Congress (Hawaii). SOS staff also led a Girls & Science program at Denver Museum of
Nature and Science and facilitated webinars for the SOS community on scientific content and use of SOS
software. In the SOS Planet Theater at the NOAA DSRC building in Boulder, SOS educational shows
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were given to an average of 450 visitors per month, with SOS staff conducting some of the presentations
or providing technical backup to presenters when needed.

Citizen Weather Observer Program (CWOP) - L. Cheatwood, R. Collander, T. Kent

There are currently 21,400 active stations (citizen and ham radio operators) out of a total of 34,974
stations in the CWOP database. CWOP members send their weather data via internet alone or internet-
wireless combination to the findU (http://www.findu.com) server and then the data are sent from the findU
server to the NOAA MADIS ingest server every five minutes. The data undergo quality checking and then
are made available to users thru the MADIS distribution servers. CWOP is in the process of transitioning
to operations within the NCO IDP MADIS system.

In 2016, there were approximately 2240 stations added to the database. Approximately 1685 revisions
were made to site metadata. Adjustments include latitude, longitude and elevation changes in response
to site moves, refinement of site location, and site status change (active to inactive, vice-versa).

Virtual Lab (VLab) - K. Sperow, M. Giebler, J. Burks

The NWS has created a service and IT framework that enables NOAA, in particular the NWS, and its
partners to share ideas, collaborate, engage in software development, and conduct applied research from
anywhere. Ken Sperow continued as the VLab technical lead, as well as the technical lead of the Virtual
Lab Support Team (VLST). This team currently consists of 12 members to whom Ken provides support
and training. Under Ken and Stephan Smith’s (the NOAA PI) leadership, the VLab continues to grow in
importance and visibility within the NWS and NOAA. Ken provided multiple demos and consultations to
development and operational groups covering VLab’s capabilities and how they can be leveraged to
address the group’s needs.

Autonowcaster (ANC) - J. Crockett

John traveled to Taipei, Taiwan, where he reconfigured the CWB’s MDL-ANC system to ingest the
composite radar reflectivity grid output by the CWB's Quantitative Precipitation Estimation and
Segregation Using Multiple Sensors system, reconfigured the CWB’s MDL-ANC system to ingest satellite
data in a way which makes it more certain that those data are available, and fixed misconfigurations on
both the CWB's operational TANC system and its MDL-ANC system. Afterwards, as the need arose, he
investigated and fixed problems remotely.

Weather Information Statistical Post Processing System (WISPS) — J. Levit

Contributed to building a community-based software system through outreach to partners. Jason
accompanied MDL personnel on outreach trips to CMC in Montreal, UKMet in Exter, UK and gave a
presentation on WISPS at the National Weather Association and American Meteorological Society Annual
Meetings. He also trained new employees assigned to the project on the use of MOS-2000 workflow and
data, and worked with employees in incorporating initial MOS-2000 algorithms in the WISPS software
infrastructure.

Hydrologic Research and Water Resources Applications Outreach — L. Johnson
Assisted in the design, coordination and development of hydrological modeling and water resources
management applications for regional demonstrations with the Hydrometeorological Testbed (HMT) and

NWS National Water Center (NWC).

Provided guidance and leadership in carrying forward the hydrological research agenda defined by the
HMA Team, including publication in technical reports, peer-reviewed journals, and conferences.

Supported the HMA Team Leader in identifying and tracking candidate (and past) tools, techniques and
knowledge transfers to NWS and key stakeholders.
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Russian River Tributaries Water Budget Project

A hydrologic water budget model has been developed for the Feliz Creek watershed within the Russian
River basin by combining the RDHM streamflow simulation model with the GIS-based Geo-MODSIM
network streamflow model. (Figure 3)

A web-based interface has been developed for the dissemination of information to project stakeholders.

Instructional Development for NOAA’s OMAO- J. Dalton
NOAA Diving Program

The OMAO CIRA Associate Jenna Dalton created a new version of this course that provides a Table of
Contents, periodic knowledge checks, a quiz and an overall flow representative of user friendly online
training. The goal was to build user-friendly e-learning training that could be effectively tracked in our LMS
CLC. This project will continue through the next fiscal year.

Training Events

OMAQO's internal leadership courses, Mid-Grade Week 1 and Week 2, fulfill the Office of Personnel
Management (OPM), DOC, and NOAA requirements for new supervisor training and provide an additional
cross-mission development venue for the organization. These courses, held at the National Weather
Service Training Center (NWSTC), include NOAA Corps Officers, wager mariners, and civilian staff.
CIRA Associate Jenna Dalton supported the leadership training as the resource manager of travel and
budget, director of course logistic coordination, and course liaison.

Rapid Update Cycle (RUC) Rapid Refresh (RAP) and High-Resolution Rapid Refresh (HRRR)
Models Project, Data Distribution and Visualization - B. Jamison, E. Szoke

A dual-monitor hallway display on the second floor of the David Skaggs Research Center (DSRC)
displays HRRR model graphics for public viewing. Currently, a montage loop of four output fields is
regularly displayed and updated automatically.

A large touchscreen kiosk monitor in the second floor atrium area has been updated with added HRRR
graphic loops of composite reflectivity, precipitation and precipitation type. New, larger and more detailed
images were created and are updated specifically for the kiosk.

CoCoRaHS

CoCoRaHS, the Community Collaborative Rain, Hail and Snow network (http://www.cocorahs.org/) was
founded by the Colorado Climate Center at Colorado State University. This citizen-science project
started in Fort Collins, Colorado after a devastating flash flood in 1997. The flood caused over $200
million in damages (including major damages to the CSU campus) and the loss of five lives and also
pointed out the need for timely and localized precipitation data. Precipitation is known to be extremely
variable; and, with the help of volunteers who are trained and equipped, the gaps between official
weather stations are being supplemented by volunteer data. The network quickly grew and now consists
of over 20,000 volunteers in all 50 States, Canada and Puerto Rico, U.S. Virgin Islands and The
Bahamas with 10,000-12,000 reports submitted daily (Figure 6). One key to the project’s success is that
the data are used by the public as well as professionals including scientists and meteorologists at the
National Weather Service.
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CoCoRaHS has continued to produce new educational materials including animation based videos. In an
effort to increase watershed education and awareness, CoCoRaHS released a new episode to their
education series called “Watersheds” (Figure 7). This educational piece covers the basics of defining a
watershed. It also discusses how scientists use precipitation data to predict how much water will flow into
streams and rivers in your watershed. An evaluation was conducted in May 2016 by an outside firm to
test the effectiveness of the Watershed animation compared to a recorded web-lecture containing the
same information. It was concluded that participants’ ratings of the animations were mixed, but that the
animations group scored much higher on a content knowledge assessment. Some adults found the
animations were not appealing, but no definitive conclusions were drawn about whether one style is more
appropriate for one particular audience. The report is available upon request.

Since 2012, CoCoRaHS piloted an effort in to reach out to schools. Initially, Colorado recruited nearly
150 schools around the state. Many of them submitted data, and even more success was realized by
holding two campaigns per year called ‘Rain Gauge Week'. After the initial pilot and proven success, the
model expanded to all of CoCoRaHS, and through 2016 there were over 1000 schools registered in the
database with over 650 having entered data. The bi-annual ‘Rain Gauge Week’ occurs in May and
September each year and has been a good way to keep enthusiasm high throughout the school year. An
outside evaluator conducted a new survey in March 2016 for CoCoRaHS teachers. The results included
several recommendations that are currently being implemented. The report is available upon request.

Over 450 students, teachers and members of the public were reached through events and presentations
throughout 2016. These include classroom presentations, professional development for teachers and
public tours of the Fort Collins Weather Station.

Through a formal partnership with NEON Citizen Science Academy in Boulder, Colorado, CoCoRaHS is a
featured project for an on-line Professional Development Course for teachers seeking credit on the topic
of “Introduction to Citizen Science: Explorations in Educational Settings”. CoCoRaHS has provided
support for teachers in this bi-annual course since 2014. During 2016, a second course was added,
“CSA 521: Using Citizen Science Data in the Classroom”, which also includes CoCoRaHS.

Daily Precipitation (inches x.xx), for the 24 hour period ending ~7:00 am

USA 31472017 race 0.01-0.16 0.17-0.32 0.32-0.79 0.8D-1.88 183281 2.82-3.11

Figure 6. Current CoCoRaHS Station reporting for early 2017.
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Figure 7. Video available online at https://youtu.be/2pwW2rlGla8

Summary

CIRA Education and Outreach initiatives continue to provide valuable education resources to the
community and the Nation and will continue to develop new areas for the education effort through 2016.
CIRA has developed a program to continue education on resilience for local communities and has applied
for funding under the NOAA Office of Education to host workshops during 2017 and beyond to bring
NOAA resources into the classroom. CIRA will continue to develop programs focusing on under-
represented minorities and is looking at seeking funding for internships, pairing undergraduate students
with CIRA researchers to showcase NOAA product development and operations. And as always, CIRA
education efforts will continue to address evolving needs as they arise, helping to complete the goal of
creating a truly weather-ready Nation.
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NOAA AWARD NUMBERS FOR CIRA

Award Number

NA140AR4320125

NA160AR4590233

NA150AR4590152

NA160AR4590237

NA160AR4310094

NA150AR4310099

NA140AR4310148

NA160AR4310064

NA16NWS4680012

NA150AR4590200

NA150AR4590202

NA150AR4590204

NA130AR4310080

NA160AR4590238

Identifier

Cooperative

Agreement

Competitive

Competitive

Competitive

Competitive

Competitive

Competitive

Competitive

Competitive

Competitive

Competitive

Competitive

Competitive

Competitive

Project Title

A Cooperative Institute to Investigate Satellite
Applications for Regional/Global-Scale
Forecasts

Accounting for Non-Gaussianity in the
Background Error Distributions Associated
With Cloud-related Variabvles (microwave
radiances and hydrometeors) in Hybrid Data
Assimilation for Convective-scale Prediction

Assessment of Gridded Hydrological Modeling
for NWS Flash Flood Operations

Assimilation of Lake and Reservoir Levels into
the WRF-Hydro National Water Model to
Improve Operational Hydrologic Predictions

Collaborative Research: Assessing Oceanic
Predictability Sources for MJO Propagation

Development of a Framework for Process-
oriented Diagnosis of Global Models

Following Emissions from Non-traditional Qil
and Gas Development Through Their Impact
on Tropospheric Ozone

Forecasting North Pacific Blocking and
Atmospheric River Probabilities: Sensitivity to
Model Physics and the MJO

Implementation and Testing of Lognormal
Humidity and Cloud-related Control Variables
for the NCEP GSI Hybrid EnVar Assimilation
Scheme

Improvement and Implementation of the
Probability-based Microwave Ring Rapid
Intensification Index for NHC/JTWC Forecast
Basins

Improvement to the Tropical Cyclone Genesis
Index (TCGI)

Improvements to Operational Statistical
Tropical Cyclone Intensity Forecast Models

Improving CarbonTracker Flux Estimates for
North Americas Using Carbonyl Sulfide (OCS

Improving Probabilistic Forecasts of Extreme
Rainfall Through Intelligent Processing of
High- resolution Ensemble Predictions

Principal
Investigators/
Project Directors

Chris Kummerow
(Lead), Steven
Miller

Karina Apodaca

L. Johnson

Lynn Johnson

Charlotte DeMott

Eric Maloney

Emily Fischer,
Delphine Farmer

Elizabeth Barnes

Steven Fletcher

Kate Musgrave

Andrea
Schumacher

Galena Chirokova,
Andrea
Schumacher

lan Baker

Russ Schumacher
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NOAA AWARD NUMBERS FOR CIRA

NA160AR4590215

NA160AR4310090

NA150AR4590233

NA140AR4310141

NA160AR4590230

NA130AR4310103

NA130AR4310077

NA130AR4590190

NA130AR4310163

NA140AR4830122

NA14NWS4830020

NA14NWS4830018

NA140AR4830110

NA140AR4830114

NA14NWS4830034

NA14NWS4830009

Competitive

Competitive

Competitive

Competitive

Competitive

Competitive

Competitive

Competitive

Competitive

Competitive - Sandy

Competitive - Sandy

Competitive - Sandy

Competitive - Sandy

Competitive - Sandy

Competitive - Sandy

Competitive - Sandy

Improving Understanding and Prediction of
Concurrent Tornadoes and Flash Floods with
Numerical Models and VORTEX-SE
Observations

Investigating the Underlying Mechanisms and
Predictability of the MJO NAM Linkage in the
NMME Phase-2 Models

Multi-disciplinary Investigation of Concurrent
Tornadoes and Flash Floods in the
Southeastern US

Observational Constraints on the Mechanisms
that Control Size- and Chemistry-resolved
Aerosol Fluxes Over a Colorado Forest

Quantifying Stochastic Forcing at Convective
Scales

Research to Advance Climate and Earth
System Models Collaborative Research: A
CPT for Improving Turbulence and Cloud
Processes in the NCEP Global Models

Towards Assimilation of Satellite, Aircraft and
Other Upper-air CO2 Data into CarbonTracker

Upgrades to the Operational Monte Carlo
Wind Speed Probability Program

Use of the Ocean-Land-Atmosphere Model
(OLAM) with Cloud System-resolving Refined
Local Mesh to Study MJO Initiation

CIRA Assimilation of Moisture and
Precipitation Observations in Cloudy Regions
of Hurricane Inner Core Environments to
Improve Hurricane Intensity, Structure and
Precipitation

CIRA — Distance Learning Materials on
Blended Numerical Guidance Products

CIRA — Distance Learning Materials on
Tropical Storm Forecasting and Threats

ESRL/GSD Participation in the Establishment
of a NOAA Lab Activity for OSSEs

Evaluation of Earth Networks Total Lightning
Products for NWS Warning Services in the
Hazardous Weather Testbed

Incorporating the GOES-R Geostationary
Lightning Mapper Assimilation into the GSI for
Use in the NCEP Global System

MADIS Transition to NWS Operations

Russ Schumacher

Elizabeth Barnes

Russ Schumacher

Delphine Farmer

David A. Randall

David Randall

David Baker

Andrea
Schumacher

Eric Maloney

Chris Kummerow,
Milija Zupanski

Chris Kummerow,
Bernie Connell

Chris Kummerow,
Bernie Connell

Sher Schranz, Ning
Wang

Sher Schranz

Milija Zupanski,
Karina Apodaca

Sher Schranz, Tom
Kent
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NOAA AWARD NUMBERS FOR CIRA

NA140AR4830111

NA140AR4830109

NA140AR4830112

NA140AR4830113

NA140AR4830167

NA140AR4830166

Competitive - Sandy

Competitive - Sandy

Competitive - Sandy

Competitive - Sandy

Competitive - Sandy

Competitive - Sandy

NOAA'’s High Impact Weather Prediction
Project (HIWPP) Test Program — Ensemble
Statistical Post-processing

NOAA'’s High Impact Weather Prediction
Project (HIWPP) Test Program — Real-time IT
Operations

NOAA'’s High Impact Weather Prediction
Project (HIWPP) Test Program — Fine-grain
Computing

NOAA'’s High Impact Weather Prediction
Project (HIWPP) Test Program — Visualization
and Extraction via NEIS

NOAA'’ S Observing System Experiments and
Observing System Simulation Experiments in
Support of the “Sensing Hazards with
Operational Unmanned Technology”
(SHOUT) Program — Development and
Testing of Sampling Strategies for Unmanned
Aerial Systems

Sensing Hazards with Operational Unmanned
Technology (SHOUT) — Data Management
and Visualization

Sher Schranz,
Isidora Jankov

Sher Schranz

Sher Schranz

Sher Schranz

Sher Schranz, Ning
Wang

Sher Schranz, Jebb
Stewart
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VISION AND MISSION

The overarching Vision for CIRA is:

To conduct interdisciplinary research in the atmospheric sciences by entraining skills beyond the
meteorological disciplines, exploiting advances in engineering and computer science, facilitating
transitional activity between pure and applied research, leveraging both national and international
resources and partnerships, and assisting NOAA, Colorado State University, the State of Colorado, and
the Nation through the application of our research to areas of societal benefit.

Expanding on this Vision, our Mission is:

To serve as a nexus for multi-disciplinary cooperation among Cl and NOAA research scientists, University
faculty, staff and students in the context of NOAA-specified research theme areas in satellite applications
for weather/climate forecasting. Important bridging elements of the Institute include the communication of
research findings to the international scientific community, transition of applications and capabilities to
NOAA operational users, education and training programs for operational user proficiency, outreach
programs to K-12 education and the general public on environmental literacy, and understanding and
guantifying the societal impacts of NOAA research.
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EXECUTIVE SUMMARY—Research Highlights

The Cooperative Institute for Research in the Atmosphere (CIRA) at Colorado State University (CSU)
serves as both an active collaborator and formal interface between academic expertise and multiple
agencies holding both basic and applied research interests in atmospheric science. Under its capacity as
NOAA'’s Cooperative Institute for exploiting satellite applications for improvements in regional and global-
scale forecasting, CIRA provides an important and practical connection between two NOAA line offices—
Oceanic and Atmospheric Research (OAR) and the National Environmental Satellite, Data and
Information Service (NESDIS). Diverse expertise in satellite remote sensing, science algorithm and
application development, education/training, regional/global weather and climate modeling, data
assimilation, and data distribution technology make CIRA a valuable asset to NOAA in terms of
transitioning research concepts to operational stakeholders.

Outside of the core group in Fort Collins, CIRA’s collaborations with the Global Systems Division (GSD),
the Physical Sciences Division (PSD), and the Global Monitoring Division (GMD) of the NOAA Earth
System Research Lab (ESRL) in Boulder continue to be strong. Technical and scientific leadership is
evident in work with the High Resolution Rapid Refresh Model HRRR and HRRR/Chem, as well as GSI
Data Assimilation systems that provide the best possible model initialization fields. Likewise, CIRA
research continues to expand in the areas of quality assessment of NWS and FAA products relevant to
turbulence forecasting. Key research and development positions are held by CIRA researchers in
programs that focus on the delivery and visualization of NOAA’s data to research, operational and public
users. Major projects include the NOAA Earth Information System (NEIS), the NWS AWIPS Il Hazard
Services, FXCAVE virtual client systems, the Meteorological Assimilation and Data Ingest System
(MADIS), the NWS Virtual Laboratory (VLab), and the Integrated Dissemination Program (IDP). CIRA
researchers are also leaders in the development of high-performance computing software and firmware
(especially related to GPU processing). CIRA researchers lead and contribute to the development of
technology and scientific content for NOAA’s premier education and outreach program, Science on a
Sphere (SOS®).

The CIRA Annual Report provides summaries of the contributions emerging from our research
partnership with NOAA, with more detail to be found in the peer-reviewed and technical conference
publications cited within this report as appropriate. Highlighted below are accomplishments from the
current reporting period and drawn from both the NOAA reports contained herein as well as from the
broader palette of research conducted at CIRA. Organized by CIRA’s research themes, these examples
underscore intra- and inter-agency partnerships that present opportunities for leveraging activities of other
agencies.

Satellite Algorithm Development, Training and Education

e With GOES-16 now in orbit, and JPSS about to follow, much of the core focus in the satellite
algorithm development and training work has focused on these two sensors. The GOES-16 risk
reduction, in particular, has a number of elements designed to prepare the community for the new
data products, improve the prediction of tropical cyclone genesis, understand its structure and
changes in structure leading to improved predictions of both track and intensity forecasts using
the enhanced GOES-16 capabilities. Images made from JMA’s Himawari-8 proved useful in that
CIRA was able to immediately release stunning imagery from GOES-16 that were used in nearly
every first-light image shown by NASA and NOAA. This however is simply a prelude to new
multi-spectral products being developed at CIRA. An example of this is the detection of lofted
dust in a visually intuitive graphical display that bears direct relevance to the challenges of
visibility hazards forecasting - a particular hazard for aviation weather and CIRA’s work with the
Aviation Weather Center. Another important aspect of this project which is near completion is the
synthetic imagery that uses cloud model output to extend the satellite radiances and thus
provides an important tool for combining models and observations in a unique way that allows
forecasters to assess forecast model quality by examining the continuity of the observed cloud
fields as they loop from the present (observations) to the future (models).
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The imagery work related to GOES-16 also has a strong Tropical Cyclone component that seeks
to aid forecasters with the interpretation of cloud-top microphysics from the imagery, improve the
statistical inference of TC structures from Infrared Imagery and anticipate the TC eye formation.
Using HWRF winds coupled with the synthetic imagery described above allowed the TC group to
develop relationships between IR structures and TC winds. While not completed, early results
are encouraging. These advances are further coupled to a strong program in education and
training activities such as CIRA’s participation in the Virtual Institute for Satellite Integration
Training (VISIT), the Satellite Hydro-Meteorological training and education activity (SHyMET),
and the International Virtual Laboratory (VLab)

An area of great excitement continues to be the work being done with the Day/Night band of
Suomi-NPP in preparation for JPSS. Not only is detection of smoke, dust, and fog possible at
night but these new results have generated a lot of excitement in the community. Much work was
done in this previous year related to quantifying the arctic winter clouds that are often difficult to
detect with infra-red methods alone. The VIIRS Sensor is also being used extensively to estimate
tropical cyclone intensity and structure, as well as for more established applications related to
Sea Surface Temperature and Ocean Color products produced by CIRA Research Scientists
working directly with NOAA StAR employees in College Park, MD. Perhaps not evident when
evaluating a single proposal, however, is the synergy that CIRA provides across projects through
its internal communications and collaborations. A careful review of all the activities related to
satellite algorithm development, training and education, however, clearly reveals these synergies
and the benefits that these create on behalf of NOAA.

A new area is the work being performed jointly by CIRA staff in Fort Collins with GSD staff in
Boulder to connect GOES-16 with rapid-update numerical forecast models for advanced short-
term prediction and data fusion capabilities. This effort hopes to exploit very high-resolution
GOES-16 data to assimilate cloud location and latent heat release into GSD’'s HRRR model at 5-
and possibility even 1-minute intervals over limited domains.

NOAA Regional to Global Scale Model Research

CIRA researchers took the lead in several technical and modeling programs within the Ensemble
Model research activities continuing within the Developmental Testbed Center (DTC), the
Aviation Weather Testbed (AWT) and the Hydro Met Testbed (HMT). CIRA researchers
implemented changes to the HWRF workflow ROCOTO code to allow multiple storm information
into the model. Research continued to address what impact dynamic core adjustments have on
the uncertainty in the NARRE (North American Rapid Refresh Ensemble) model. To improve
seasonal and long-range forecasts, research has begun on the use of stochastic physics into
large-scale models within the HRRR framework.

Project management, technical leadership and scientific research for the High Impact Weather
Prediction Project (HIWPP), part of the Hurricane Sandy Supplemental funding work, continued in
2016. Project reporting for this program is performed on a quarterly basis, with monthly updates
provided during status phone calls. Four of the nine GSD SS projects have been completed with
final reports submitted to OAR. Research in OSSEs, high performance computing, information
systems, global models, and model verification will be completed in 2017.

CIRA researchers conducted the research and software development required to transition the
Graphical Turbulence Guidance, v3 (GTG3) algorithms into NOAA’s Global Ensemble Forecast
System (GEFS). The new version of GEFS with the GTG3 algorithms became operational in
November 2016. Research was also conducted to improve the global Eddy Dissipation Rate
(EDR) and to evaluate the effects of model resolution on global aviation weather forecast
algorithm results.
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o CIRA researchers continue to provide scientific and technical leadership to the Flow Following
Finite Icosahedral Model (FIM) development program. CIRA research focused on improving
stochastic parameter schemes to improve forecast skill. Work continued to develop high
performance computing algorithms needed to execute this very large modeling system and
methods required to diagnose and resolve atmospheric phenomenon using the FIM system.

e The NGGPS program required a focus on running the FV3 model to improve pre and post-
processing of the native cubed sphere grid. CIRA researchers have developed software to
produce output files on a standard Cartesian grid.

Data Assimilation

e Our Data Assimilation theme showcases developments of Ensemble Data Assimilation for
Hurricane Forecasting as well as specific applications of these techniques with GOES data.
While perhaps not completely evident from this report that focuses on accomplishments related to
our NOAA grants, the Data Assimilation activity benefits tremendously from other funding sources
that spur the theoretical innovation that is then applied to existing NOAA problems such as CO-
data assimilation within NOAA’s CarbonTracker program or the hybrid Variational-Ensemble
Kalman Filter approach used to assimilate Lightning data

Climate and Weather Processes

e Much of this effort centered on getting better soil moisture using precipitation data from CIRA’s
“Citizen Science” project, enhancing NIDIS drought monitoring and early warning in the Upper
Colorado River Basin, as well as improving drought and precipitation recurrence intervals from
models and observations.

NOAA Data Distribution Research

¢ Significant research and development work was conducted by CIRA researchers to continue the
improvement and extension of the AWIPS Il software suite. Systems developed and in the
process of being transitioned to operations are: Forecast Decision Support Environment (FDSE)
tools, LAPS and MSAS migration to AWIPS Il servers, Automated Test Framework (ATF), TAF
and Forecast Text formatters, Hazard Services (aviation, winter weather, hurricane storm surge,
severe weather forecast probabilities) and the FXCAVE thin client.

e As part of the NWS NextGen Aviation Weather Program, CIRA researchers at ESRL continued
their research into the technology and science of populating a four-dimensional airspace with
atmospheric data, extraction methodologies, distribution formats, and input mechanisms to be
used by aviation decision support systems. Using the AWT, real-time aviation weather forecast
products and decision support tools that utilize verification information in a real-time, web-based
tool (INSITE) are being developed for a transition to operations. Working with NOAA and CIRA
Subject Matter Experts (SMES) in the NWS Integrated Distribution Program, an automated
process to create Product Description Documents (PDD’s) is improving aviation weather data
management and dissemination to the FAA, NWS and private enterprise partners. CIRA
research efforts continue to provide OGC compliant weather and iWXXM observation data
prototyping in the format required by the international aviation weather community, including the
transition of software to NOAA data providers and aviation weather users.

XXI | 2016/2017 CIRA Annual Report Executive Summary — Highlights



e The MADIS (Meteorological Assimilation Data Ingest System) successfully upgraded the
operational system in the NCEP Central Operations (NCO) with new Department of
Transportation data, Hydromet and Flood warning system data. Significant development was
begun on the NextGen IT Web Services (NGITWS) capability. The system has become an
operational component of the NWS NCEP via the Integrated Dissemination Program (IDP).

¢ Via Sandy Supplemental and other NOAA programs, CIRA researchers have continued technical
leadership and development of the NOAA Environmental Information System (NEIS). This
capability relies on Unity3D, software that has traditionally been used for 3D video games, to
present high-volume datasets in stunning displays. Important to the success of the NEIS system
is the ability to manage and distribute real-time, global, high-resolution geophysical data. No other
geophysical data system has the capabilities of NEIS. NEIS has been chosen as the primary
method to distribute forecast model data from the High Impact Weather Prediction Project
(HIWPP). In 2016 the technology was advanced to allow users dynamic control of overlays,
remote real-time data retrieval, and 4D-volume data exploration.

e The on-going partnership with the NWS Meteorological Development Lab continued on several
fronts: CIRA researcher’s program and technical leadership to the Virtual Lab (VLab), the
AutoNowCaster (ANC), Impacts Catalog, the Weather Information Statistical Post Processing
System (WISPS), updating the Model Output Statistics (MOS) system, making updates to the
MDL Map Viewer, updates to the Local Climate Analysis Tool (LCAT), and the continued
development of NWS data delivery via Web Services. VLab is now a required component in the
transition of research to operations for the NWS AWIPS Il program. VLab Development Services,
established, developed and maintained by the CIRA research team, has grown over 100% and
now supports over 400 projects and 2300 developers. The CIRA research team members led the
design and development of the new Project Repository used by VLab developers to improve
AWIPS Il software and develop decision support tools.

e CIRA researchers continued close collaborations with research and operations personnel at the
Aviation Weather Testbed at the NWS Aviation Weather Center in Kansas City, MO. Primary
goals of the partnership are to actively engage in the research-to-operations process and to
develop, test, and evaluate new and emerging scientific techniques, products, and services in
support of the aviation weather community. Aviation Weather Research Program (AWRP)
research and development efforts have been centered in three research areas: 1) Aviation Impact
Variables (AlVs) which are tested during the AWC Summer and Winter Aviation Weather
Experiments and include the development of the Collaborative Aviation Weather Statement
(CAWS), and the development of International global turbulence algorithm development, 2) NWS
NextGen aviation weather data format prototyping for international standards, and efficient data
and product distribution via the Integrated Dissemination Program (IDP) and the web and 3)
AWIPS Il decision support systems transition to operations.

o NextGen: CIRA researchers and software engineers at the AWC have led the effort to develop
the data format standards and web services methods to disseminate forecast information and the
web display capabilities required for visualization of distributed data.

Our Outreach Program efforts continue to provide key technical and scientific leadership for the Science
On a Sphere (SOS®) Program. While maintaining the continued production and delivery of real-time
global weather models, researchers have developed additional real-time datasets including STEREO
spacecraft data and the HIWPP global models. 16 new SOS systems were installed around the globe this
year, bringing the total number of systems to over 130. Research was conducted to radically improve the
SOS visual resolution by using a 4K projector. A NOAA/GSD Director’'s Fund Award was given to the
SOS team to develop new higher resolution (8k) data sets for the Sphere. While not funded, CIRA is also
preparing to distribute high resolution image loops that were very popular with Japan’s Himawari-8 and
promise to be even more popular with our own GOES-16 satellite.

XXIi | 2016/2017 CIRA Annual Report Executive Summary — Highlights



Over the past year the CIRA group working with the National Park Service (NPS) continued its research

on issues related to visibility and air quality at our Nation’s National Parks. Their research, while focused
on issues of importance to the National Park Service, overlaps considerably with a number of new CIRA
initiatives related to pollutant transport such as those related to fires that are of great interest to the Park
Service and NOAA and thus continues to be an integral partner in what we do as CIRA.

The CloudSat Mission continues to enjoy strong support from NASA despite some anomalies with the
spacecraft during the previous year. The CloudSat program, with its Data Processing Center running
operationally at CIRA on behalf of NASA, has facilitated multiple research activities that are of benefit to
NOAA. Chief among these is CIRA’s ability to quickly make use of the CloudSat data to provide a unique
validation for cloud base height retrievals produced by the VIIRS instrument on Suomi-NPP. A new effort
to provide the algorithms and products for NASA'’s recently approved GeoCarb mission also offers the
opportunity to more closely collaborate with GMD in its carbon tracking efforts.

Interspersed among these major research themes are important contributions from CIRA’s NESDIS
postdoctoral and young researcher program in data distribution, assimilation, and satellite algorithm
development. Located in College Park, MD, and integrated closely with NOAA technical contacts at
StAR, these scientists are immersed in research ranging from refinements to the Community Radiative
Transfer Model (CRTM), data assimilation of cloudy radiances, satellite-based sea surface temperature
(SST) algorithm development, techniques for monitoring and quality control of long-term SST records,
and ocean color algorithm development for global climate and coastal/in-land water ecosystem
monitoring. Some of the techniques and web interfaces being developed by this outstanding group of
Research Scientists is a constant reference source for other CIRA activities with similar objectives.

This Annual Report is the eighth in a series to be completed under CIRA’s Cooperative Agreement
established with NOAA. With this third report in the second 5-year lifecycle of the Cooperative Institute,
we re-establish our commitment to the maintenance and growth of a strong collaborative relationship
among NOAA, the Atmospheric Science Department at CSU, Departments of the University, and the
other major programs within CIRA. As we pursue continued alignment with NOAA'’s Strategic Research
Guidance Memorandum and NOAA's research themes, we look forward to the challenges and rewards
for helping NOAA achieve its goals of understanding and predicting changes in climate, weather, oceans
and coasts.
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CIRA Task Il Spending by Theme
April 1, 2016 through March 31, 2017

m Satellite Algorithm Development
B Modeling Systems

m Data Assimilation
m Climate & Weather

m Data Distribution

—
Societal & Economic Impacts

Education & Outreach
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CIRA BOARD, COUNCIL, FELLOWS & BOARD
MEETINGS

CIRA EXECUTIVE BOARD

Jeff Collett, Colorado State University
Department Head, Atmospheric Science
Jodie Hanzlik, Colorado State University
Dean, Graduate School
Harry Cikanek, NOAA
Acting Director, NOAA/NESDIS/STAR
Kevin Kelleher, NOAA
Acting Director, ESRL
Christian Kummerow (ex officio), Colorado State University
Director, CIRA and Professor of Atmospheric Science
David McLean, Colorado State University
Dean, Engineering
Alan Rudolph, Colorado State University
Vice President for Research

CIRA COUNCIL OF FELLOWS

V. Chandrasekar, Colorado State University
Department of Electrical and Computer Engineering
Michael Farrar, NOAA
Director Environmental Modeling Center NOAA/NCEP
Don Hillger, Colorado State University
Acting Chief, NOAA/NESDIS/RAMM Branch
Satya Kalluri, NOAA
Chief CoRP, NOAA/STAR
Sonia Kreidenweis-Dandy, Colorado State University
Professor, Department of Atmospheric Science
Christian Kummerow, Colorado State University
Director, CIRA and Professor of Atmospheric Science
Anthony Mostek, NOAA
Branch Chief, Forecast Decision Training Division, NOAA/NWS
Joshua Scheck, NOAA
Chief Aviation Support Branch, NOAA Aviation Weather Center
John Schneider, NOAA
Chief, ESRL/GSD/Technology Outreach Branch
Pieter Tans, NOAA
Senior Scientist, Climate Monitoring and Diagnostics Lab
Fuzhong Weng, NOAA
Chief, NESDIS/STAR/Satellite Calibration and Data Assimilation Branch
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CIRA FELLOWS

Mahmood Azimi-Sadjadi, Electrical & Computer Engineering, CSU

Daniel Birkenheuer, NOAA/ESRL/GSD

V. Chandrasekar, Electrical & Computer Engineering, CSU

Jeffrey Collett, Jr., Atmospheric Science Department, CSU

William Cotton, Atmospheric Science Department, CSU

Mark DeMaria, NOAA/NWS/NHC

Scott Denning, Atmospheric Science Department, CSU

Mike Farrar, Director Environmental Modeling Center NOAA/NCEP

Steven, Fassnacht, Ecosystem Science and Sustainability, CSU

Graham Feingold, NOAA/ESRL

Douglas Fox, Senior Research Scientist Emeritus, CIRA, CSU, USDA (Retired)
Jay Ham, Soil and Crop Sciences, CSU

Scott Hausman, NOAA/GSD

Richard Johnson, Atmospheric Science Department, CSU

Andrew Jones, Senior Research Scientist, CIRA, CSU

Pierre Y. Julien, Civil Engineering, CSU

Stanley Kidder, Senior Research Scientist, CIRA, CSU

Sonia Kreidenweis, Atmospheric Science Department, CSU

Christian Kummerow, CIRA Director, Atmospheric Science Department, CSU
Glen Liston, Senior Research Scientist, CIRA, CSU

Alexander “Sandy” MacDonald, NOAA

William Malm, Senior Research Scientist, CIRA; National Park Service (retired)
Steven Miller, CIRA Deputy Director, CSU

Anthony Mostek, Branch Chief, Forecast Decision Training Division, NOAA/NWS
Chris O’Dell, Senior Research Scientist, CIRA, CSU

Roger Pielke, Sr., Senior Research Scientist, CIRES, U of Colorado

James Purdom, Senior Research Scientist, CIRA, CSU

Robert Rabin, NOAA/National Severe Storms Laboratory

Steven Rutledge, Atmospheric Science Department, CSU

Joshua Scheck, Chief Aviation Support Branch, NOAA Aviation Weather Center
John Schneider, Chief, ESRL/GSD/Technology Outreach Branch

Tim Schneider, Office of Hydrologic Development NOAA/GSD

George Smith, Riverside Technologies

Graeme Stephens, JPL and Atmospheric Science Department, CSU

Pieter Tans, NOAA/CMDL

Thomas Vonder Haar, CIRA Director Emeritus and Atmospheric Science Department, CSU
Fuzhong Weng, NOAA/NESDIS/STAR

Milija Zupanski, Senior Research Scientist, CIRA

Scheduled Meetings:
2016/17 Meeting of the CIRA Council — May 9, 2017
2016/17 Meeting of the CIRA Executive Board — June 15, 2017

xxvi | 2016/2017 CIRA Annual Report - CIRA Board, Council, Fellows



TASK | — A COOPERATIVE INSTITUTE TO
INVESTIGATE SATELLITE APPLICATIONS FOR
REGIONAL/GLOBAL-SCALE FORECASTS

Task | activities are related to the administrative management of the Cl. As reflected in
the pie chart appearing earlier in this report, expenses covered by Task | are primarily
salary and benefits, annual report production costs and some travel. This task also
includes some support of postdoctoral and visiting scientists.

SEMINARS SUPPORTED BY TASK |

April 1, 2016, P. Gogineni (University of Kansas). Radar Instrumentation for Remote Sensing of Ice,
Snow, and Soil Moisture.

April 8, 2016, G. McFarquhar (University of Illinois). Use of In-situ Observations for Quantifying Ice Cloud
Microphysical Properties and Processes, and Their Uncertainties.

April 15, 2016, D.J. Jacob (Harvard). Quantifying Methane Emissions in North America Using Satellites.

April 22, 2016, K. Barsanti (Center for Environmental Research and Technology). Exploring Chemical
Complexity in Biomass Burning Emissions and Air Quality Models.

April 29, 2016, S.M. Cavallo (University of Oklahoma). Linking Arctic to Lower Latitude Processes
Through Resilient Tropopause-based Vortices.

May 6, 2016, T.C. Peterson (WMO Commission for Climatology). The Story of Climate Data.

June 24, 2016, C. Eldred (University of Paris). A Hydrostatic Primitive Equation Model Using Mixed Finite
Elements.

July 28, 2016, L. Jiang, X. Liu, S. Son (CIRA/College Park). VIIRS Ocean Color Products.

August 22, 2016, N. Klingaman (University of Reading). The Madden-Julian Oscillation in the Super-
parameterized CAM: Air-sea Interactions and the Role of ENSO.

August 26, 2016, S. Powell (CSU). Clouds, Kelvin Waves, and Convective Onset in the Madden-Julian
Oscillation.

August 29, 2016, J.H. Kim (Postdoc Candidate). Exploring Clouds with Numerical Models and Satellite
Observations.

August 30, 2016, J-H. Kim (NWS Aviation Weather Center, Kansas City). Global Aviation Turbulence
Technique and Research.

September 2, 2016, R. A. Anthes (UCAR), T. Rieckh (University of Graz), S. Gilpin (UCAR).
Contributions of Radio Occultation to Weather and Climate Using the World’s Most Accurate and Precise
Thermometer from Space.
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September 6, 2016, M. Marchand (Postdoc Candidate). Expanding the Utility of GOES-R with the
Assimilation of Lightning and Cloud Top Height Observations.

September 8, 2016, M. Petty (CIRA Boulder). Aviation Weather Decision Support.

September 9, 2016, J.B. Jensen (NCAR/EOL/RAF). Some Problems at the Foundation of Aerosol-cloud
Interactions in Climate Models.

September 12, 2016, S. Miller (Stanford University). Sources of Methane Emissions in North America.

September 16, 2016, G. Pfister and F. Flocke (NCAR). The Air You Breathe: An Overview and Early
Results from the Front Range Air Pollution and Photochemistry Experiment (FRAPPE).

September 19, 2016, Y. Li (Chinese Academy of Sciences). Molecular Corridors and Global Maps of
Phase State in Atmospheric Secondary Organic Aerosols.

September 23, 2016, K. Grise (CSU ATS Alumnus). Do Mid-latitude Jet Shifts Cause Cloud Feedbacks?

September 30, 2016, F. Carr (University of Oklahoma). Can the U.S. Become the World Leader in
Numerical Weather Prediction?

October 3, 2016, J.P. Burrows (University of Bremen). Assessing the Impact of the Antropocene on
Atmospheric Composition Using Remote Sensing from Aircraft and Space Based Instrumentation: The
SCIAMACHY Project and Its Legacy.

October 7, 2016, G. Keppel-Aleks (University of Michigan). Quantifying Carbon Cycle Feedbacks through
the Lens of Atmospheric CO2 Variations.

October 14, 2016, B. Karcher (DLR, Germany). Homogeneous Ice Formation in Supercooled Water
Clouds.

October 20, 2016, K. Ito (University of the Ryukyus). Recent Research and Development in Japan to
Improve Typhoon Forecasts.

October 21, 2016, B. Medeiros (NCAR). The Role of Shallow Cumulus in the Climate System, and
Asking How Bad is “Good Enough” for Climate Models.

October 24, 2016, B. Brown (CSU/ATS). Modifications to a Partially Double Moment Microphysics
Parameterization for Hurricane Simulations.

October 28, 2016, P. Stier (Oxford University). Observational Constraints on Global Aerosol-cloud
Interactions.

November 7, 2016, B. White (Oxford University). Wide-variability in Simulated Convective Microphysical
Response to CDNC Highlights the Ongoing Need for Observational Constraints on Aerosol-convection
Interactions.

November 9, 2016, J. Purdom (Retired RAMMB Branch Chief). Challenges Facing Us with a
Generational Change in Operational Satellites — A Conversation.

November 11, 2016, K. Karnauskas (University of Colorado). Atlantic Hurricanes and Outgoing
Longwave Radiation Over Africa: From Seasonal Predictions to Climate Change Projections.

November 18, 2016, P. Hitchcock (NCAR). Downward Influence from the Stratosphere in the
Extratropics.
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December 2, 2016, W-K Tao (NASA Goddard). The Impact of Mesoscale Convective Systems on Global
Precipitation: A Modeling Study.

January 20, 2017, J. Peters (CSU Postdoc). Pressure Perturbations in Cumulus Convection.

February 3, 2017, A. Kren (CIRA Boulder). Sensing Hazards with Operational Unmanned Technology
(SHOUT) project.

February 3, 2017, J. Mace (University of Utah). Seasonal Variability of Warm Boundary Layer Clkoud
and Precipitation Properties in the Southern Ocean as Diagnosed from A-Train and Ship-Based Remote
Sensing Data.

February 10, 2017, D.J. Gagne (NCAR). Deep Machine Learning for High-impact Weather Forecasting.

February 17, 2017, Z. Wang (University of Wyoming). Recent Advances in University of Wyoming King
Air Observation Capabilities.

February 23, 2017, N. Jeevanjee (Princeton). Mean Precipitation Change from Invariant Radiative
Cooling.

March 2, 2017, C. Chiu (University of Reading). Using Remote Sensing Observations to Advance
Understanding of Cloud-aerosol-precipitation-radiation Interactions.

March 6, 2017, A. Donohoe (University of Washington). Energetic Constraints on Global Climate.

March 7, 2017, R. Rios-Berrios (SUNY Albany). Tropical Cyclone Intensification Under Moderate Vertical
Wind Shear.

March 9, 2017, K. Bossert (GATS, Inc.). Remote Sensing of the Atmosphere from the Troposphere to the
Edge of Space.

March 24, 2017, E. Fleishman (CSU, Fish, Wildlife and Conservation Biology). Measuring and
Interpreting Faunal Responses to Climate in the Intermountain West.

March 30, 2017, P. Jan van Leeuwen (University of Reading). Improving Geophysical System
Understanding and Modelling by Exploring Nonlinear Data Assimilation.
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NOAA AWARD NUMBERS & AMENDMENTS FOR
REPORT PROJECTS

Type ID Title Status

Award Package 2478931 A Cooperative Institute to Investigate Satellite Accepted
Applications for Regional/Global-Scale Forecasts
(NA140AR4320125)

Special Award 2478931  Special Award Condition Report

Condition

Report

Award File 0 2478815 A Cooperative Institute to Investigate Satellite Applications Accepted
for Regional/Global-Scale Forecasts

Award File 1 2486219  Blended Hydrometeorological Products Accepted

Award File 2 2487155  CIRA support: Getting Ready for NOAA's Advanced Remote Accepted

Sensing Programs

A Satellite Hydro-Meteorology (SHyMet) Education and
Outreach Proposal
Award File 3 2488641  CIRA Support for the JPSS Proving Ground and Risk Accepted
Reduction Program: Application of JPSS Imagers and
Sounders to Tropical Cyclone Track and Intensity
Forecasting

Award File 4 2491422 A Cooperative Institute to Investigate Satellite Applications Accepted
for Regional/Global-Scale Forecasts
Award File 5 2489188  CIRA Support of NOAA's commitment to the Coordination Accepted

Group for Meteorological Satellites: Enhancing the
International Virtual Laboratory

Award File 6 2495512 A Cooperative Institute to Investigate Satellite Applications Accepted
for Regional/Global-Scale Forecasts
Award File 7 2488558  CIRA Support to the JPSS Proving Ground and Risk Accepted

Reduction Program: Seeing the Light: Exploiting VIIRS
Day/Night Band

Award File 8 2489265  CIRA Support of the Virtual Institute for Satellite Accepted
Integration Training (VISIT)

Award File 9 2488553  SSMI and SSMIS Fundamental Climate Data Record Accepted
Sustainment and Maintenance

Award File 10 2489670  Algorithm development for AMSR-2 Accepted

Award File 11 2489691  Weather Satellite Data and Analysis Equipment and Accepted
Support for Research Activities

Award File 12 2489082  CIRA Support for Feature-Based Validation of MIRS Accepted
Soundings for Tropical Cyclone Analysis and Forecasting

Award File 13 2489686  Support for the 2015 JCSDA Summer Colloquium to be Accepted
hosted by CIRA

Award File 14 2489681  Applications of concurrent super rapid sampling from Accepted

GOES-14 SRSOR, radar and lightning data
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NOAA AWARD NUMBERS & AMENDMENTS FOR
REPORT PROJECTS

Award File 15 2486813  CIRA Support to a GOES-R Proving Ground for National Accepted
Weather Service Forecaster Readiness

Award File 16 2486808  CIRA Support for Tropical Cyclone Model Diagnostics and Accepted
Product Development

Award File 17 2488603  CIRA Support to the JPSS Science Program: S-NPP VIIRS Accepted

EDR Imagery Algorithm and Validation Activities and S-NPP
VIIRS Cloud Validation

Award File 18 2489060  CIRA Support for Research and Development for GOES-R Accepted
Risk Reduction for Mesoscale Weather Analysis and
Forecasting

Award File 19 2496525 A Cooperative Institute to Investigate Satellite Applications Accepted
for Regional/Global-Scale Forecasts

Award File 20 2495520  CIRA Support to the NESDIS Cooperative Research Accepted
Exchange Program

Award File 21 2497195 A Cooperative Institute to Investigate Satellite Applications Accepted
for Regional/Global-Scale Forecasts

Award File 22 2497181 A Cooperative Institute to Investigate Satellite Applications Accepted
for Regional/Global-Scale Forecasts

Award File 23 2496807 A Cooperative Institute to Investigate Satellite Applications Accepted
for Regional/Global-Scale Forecasts

Award File 24 2495693  EOY CIRA Support to RAMMB Infrastructure for GOES-R Accepted
Rebroadcast Data Collection at CIRA/CSU

Award File 25 2496490  NESDIS Environmental Applications Team (NEAT) Accepted

Award File 26 2496040  Explicit Forecasts of Recurrence Intervals for Rainfall: Accepted
Evaluation and Implementation Using Convection-allowing
Models

Award File 27 2495157  Building a "citizen science" soil moisture monitoring Accepted

system utilizing the Community Collaborative Rain, Hail
and Snow Network (CoCoRaHS)

Award File 28 2496378  Estimating Peatland Fire Emissions Using Nighttime Accepted
Satellite Data
Award File 29 2496383  Integrating GPM and Orographic Lifting into NOAA???s Accepted

QPE in Mountainous Terrain

Award File 30 2495162  Instructional Development and Learning Support for Accepted
NOAA's OMAQ's Chief Learning Officer (CLO), OMAO
Kansas City, Missouri

Award File 31 2465060  CIRA Research Collaborations with the NWS Accepted
Meteorological Development Lab on Virtual Laboratory,
Innovation Web Portal, and AWIPS Il Projects

Award File 32 2490588  CIRA Research Collaborations with the NWS Accepted
Meteorological Development Lab on Virtual Laboratory,
and AWIPS |l Projects

Award File 33 2491622  Environmental Applications Research (EAR) Accepted
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NOAA AWARD NUMBERS & AMENDMENTS FOR
REPORT PROJECTS

Award File 34 2491359  Research Collaboration at the NWS Aviation Weather Accepted
Center in Support of the Aviation Weather Testbed,
Aviation Weather Research Program, and the NextGen
Weather Program

Award File 35 2496023  Hydrologic and Water Resources Research and Accepted
Applications Outreach

Award File 36 2501944 A Cooperative Institute to Investigate Satellite Applications Accepted
for Regional/Global-Scale Forecasts

Award File 37 2514836  Research Collaboration at the NWS Aviation Weather Accepted
Center in Support of the Aviation Weather Testbed,
Aviation Weather Research Program, and the NextGen
Weather Program
Award File 38 2513184  Environmental Applications Research (EAR) Accepted
Award File 39 2515553 A Cooperative Institute to Investigate Satellite Applications Accepted
for Regional/Global-Scale Forecasts
Award File 40 2522402  Environmental Applications Research (EAR) Accepted
Award File 41 2523066  Research Collaboration at the NWS Aviation Weather Accepted
Center in Support of the Aviation Weather Testbed,
Aviation Weather Research Program, and the NextGen
Weather Program
Award File 42 2524140 A Cooperative Institute to Investigate Satellite Applications Accepted
for Regional/Global-Scale Forecasts

Award File 43 2526318 Environmental Applications Research (EAR) Accepted

Award File 44 2534850  SSMI and SSMIS Fundamental Climate Data Record Accepted
Sustainment and Maintenance

Award File 45 2534835  Weather Satellite Data and Analysis Equipment and Accepted
Support for Research Activities

Award File 46 2527895  Hydrometeorological and Water Resources Research Accepted

Award File 47 2528844  CIRA Support to a GOES-R Proving Ground for National Accepted
Weather Service Forecaster Readiness

Award File 48 2537730  Environmental Applications Research (EAR) Accepted

Award File 49 2529388  Blended Hydrometeorological Products Accepted

Award File 50 2539333  Applications of concurrent super rapid sampling from Accepted
GOES-14 SRSOR, radar and lightning data

Award File 51 2534840  CIRA Support to RAMMB Infrastructure for GOES-R Accepted
Rebroadcast Data Collection at CIRA/CSU

Award File 52 2537750  CIRA Support for Research and Development for GOES-R Accepted

Risk Reduction for Mesoscale Weather Analysis and
Forecasting
Award File 53 2534845  CSU/CIRA support for ATMS Sl traceable calibration effort Accepted
Award File 54 2541040 Instructional Development and Learning Support for Accepted
NOAA's OMAQ's Chief Learning Officer (CLO), OMAO
Kansas City, Missouri
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NOAA AWARD NUMBERS & AMENDMENTS FOR
REPORT PROJECTS

Award File 55 2545352  Environmental Applications Research (EAR) Accepted
Award File 56 2544741  Environmental Applications Research (EAR) Accepted
Award File 57 2537745  CIRA Support to the JPSS Proving Ground and Risk Accepted

Reduction Program: Seeing the Light: Exploiting VIIRS
Day/Night Band
Award File 58 2543413  Expanding precipitation measurements in the Accepted
Commonwealth Of The Bahamas through the CoCoRaHS
(Community Collaborative Rain, Hail and Snow) network
Award File 59 2538448  JCSDA Observing System Assessment Standing Capability Accepted
Award File 60 2539540  Enhancing NIDIS drought monitoring and early warning in Accepted
the Upper Colorado River basin
Award File 61 2540022  CIRA Support: Getting Ready for NOAA's Advanced Remote Accepted
Sensing Programs. A Satellite Hydro-Meteorology

(SHyMet)
Award File 62 2543403  Tropical Cyclone Model Diagnostics and Product Accepted
Development
Award File 63 2547742  Hydrometeorological and Water Resources Research Accepted
Award File 64 2539141  CIRA Support to the JPSS STAR Science Program: S-NPP Accepted
VIIRS EDR Imagery Algorithm and Validation Activities
Award File 65 2546014  NESDIS Environmental Applications Team (NEAT) Accepted
Award File 66 2543660  CIRA Support to the JPSS Proving Ground and Risk Accepted

Reduction Program: Integration of JPSS Experimental
Products in AWIPS Il through EPDT Code Sprints

Award File 67 2543675  CIRA Support to the JPSS Proving Ground and Risk Accepted
Reduction Program:

Improving NUCAPS Soundings for CONUS Severe Weather
Applications via Data Fusion
Award File 68 2543655  CIRA Support to the JPSS Proving Ground and Risk Accepted
Reduction Program: Improving Tropical Cyclone Forecast
Capabilities Using the JPSS Data Suite

Award File 69 2543408  CIRA Support for Dynamical Core Selection for the Next Accepted
Generation Global Prediction System (NGGPS)

Award File 70 2543842  CIRA Support to the JPSS Proving Ground and Risk Accepted
Reduction Program: JPSS Satellite Training for NOAA Users

Award File 71 2546556  CIRA Support to the JPSS Proving Ground and Risk Accepted

Reduction Program:

Addressing NWS Desires for a Cloud Cover Layers Product
using Merged VIIRS and ATMS Products

Award File 72 2542195  CIRA Support of Virtual Institute for Satellite Integration Accepted
Training (VISIT)
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NOAA AWARD NUMBERS & AMENDMENTS FOR
REPORT PROJECTS

Award File 73 2543680  Using JPSS Retrievals to Implement a Multisensor, Accepted
Synoptic, Layered Water Vapor Product for Forecasters

Award File 74 2548421  CIRA Support to the NESDIS Cooperative Research Accepted
Exchange Program

Award File 75 2547800  CIRA Research Collaborations with the NWS Accepted

Meteorological Development Lab on Virtual Laboratory,
and AWIPS |l Projects
Award File 76 2551024  CIRA Research Collaborations with the NWS Accepted
Meteorological Development Lab on Virtual Laboratory,
and AWIPS |l Projects

Award File 77 2548825  CIRA Support for Feature-Based Validation of MIRS Accepted
Soundings for Tropical Cyclone Analysis and Forecasting
Award File 78 2549707  NESDIS Environmental Applications Team (NEAT) Accepted

Award File 79 2551561 A Cooperative Institute to Investigate Satellite Applications Accepted
for Regional/Global-Scale Forecasts

Award File 80 2539242  Research Collaboration at the NWS Aviation Weather Accepted
Center in Support of the Aviation Weather Testbed
Award File 81 2546546  EOY StAR Project: CIRA Support to RAMMB Infrastructure Accepted

for GOES-R Rebroadcast Data Collection at CIRA/CSU
Award File 82 2546551  CIRA Support of NOAA's commitment to the Coordination Accepted
Group for Meteorological Satellites: Enhancing the
International Virtual Laboratory
Award File 83 2564667  Environmental Applications Research (EAR) Accepted
Award File 84 2567423  Environmental Applications Research (EAR) Accepted
Award File 85 2571981 A Cooperative Institute to Investigate Satellite Applications Accepted
for Regional/Global-Scale Forecasts

Award File 86 2573606  Hydrometeorological and Water Resources Research Accepted

Award File 87 2571970  Research Collaboration at the NWS Aviation Weather Accepted
Center in Support of the Aviation Weather Testbed

Award File 88 2583141  Environmental Applications Research (EAR) Accepted

Award File 89 2582313  Hydrometeorological and Water Resources Research Accepted

Award File 90 2586202  Hydrologic and Water Resources Research and Accepted

Applications Outreach

Award File 91 2590615 A Cooperative Institute to Investigate Satellite Applications Accepted
for Regional/Global-Scale Forecasts

Award File 92 2590552  CIRA Support to the JPSS Proving Ground and Risk Accepted
Reduction Program: Cold Air Aloft Aviation Hazard
Detection Using Observations from the JPSS Satellites and
Application to the Visualization of Grid

Award File 93 2590936  CIRA Support of NOAA's commitment to the Coordination Accepted
Group for Meteorological Satellites: Enhancing the
International Virtual Laboratory
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NOAA AWARD NUMBERS & AMENDMENTS FOR
REPORT PROJECTS

Award File 94 2590927 A Cooperative Institute to Investigate Satellite Applications Accepted
for Regional/Global-Scale Forecasts

Award File 95 2590873  CIRA Support for the Organization of the 2016 Group for Accepted
High Resolution Sea Surface Temperature Science Team
Meeting

Award File 96 2590953 A Cooperative Institute to Investigate Satellite Applications Accepted
for Regional/Global-Scale Forecasts

Award File 97 2596628 A Cooperative Institute to Investigate Satellite Applications Accepted
for Regional/Global-Scale Forecasts

Award File 98 2590603  Using JPSS Retrievals to Implement a Multisensor, Accepted
Synoptic, Layered Water Vapor Product for Forecasters

Award File 99 2590917  CIRA Support to the JPSS Proving Ground and Risk Accepted
Reduction Program: JPSS Satellite Training for NOAA Users

Award File 100 2596693  CIRA Research Collaborations with the NWS Accepted

Meteorological Development Lab on Virtual Laboratory,
and AWIPS Il Projects

Award File 101 2596624  Enhancing NIDIS drought monitoring and early warning in Accepted
the Upper Colorado River basin

Award File 102 2591332  CIRA Support to the JPSS Proving Ground and Risk Accepted
Reduction Program: Improving Tropical Cyclone Forecast
Capabilities Using the JPSS Data Suite

Award File 103 2599072 A Cooperative Institute to Investigate Satellite Applications Accepted
for Regional/Global-Scale Forecasts

Award File 104 2599068  CIRA Support to the JPSS Proving Ground and Risk Accepted
Reduction Program: Integration of JPSS Experimental
Products in AWIPS Il through EPDT Code Sprints

Award File 105 2600008 Instructional Development and Learning Support for Accepted
NOAA's OMAQ's Chief Learning Officer (CLO), OMAO
Kansas City, Missouri

Award File 106 2600014 A Cooperative Institute to Investigate Satellite Applications Accepted
for Regional/Global-Scale Forecasts

Award File 107 2591167  POES-GOES Blended Hydrometeorological Products Accepted

Award File 108 2597117  CIRA Support to a GOES-R Proving Ground for National Accepted
Weather Service Forecaster Readiness and Training

Award File 109 2599057  MIRS High-Resolution Snow and Ice Products Accepted

Award File 110 2597540  CSU/CIRA Support for ATMS Sl Traceable Calibration Effort Accepted

Award File 111 2590545  Weather Satellite Data and Analysis Equipment and Accepted
Support for Research Activities

Award File 112 2590540  CIRA Support to the JPSS STAR Science Program: S-NPP Accepted

VIIRS EDR Imagery Algorithm and Validation Activities and
S-NPP VIIRS Cloud Validation

Award File 113 2590530  CIRA Support to the JPSS Proving Ground and Risk Accepted
Reduction Visiting Scientist Program
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NOAA AWARD NUMBERS & AMENDMENTS FOR
REPORT PROJECTS

Award File 114 2601311  Supplmental CIRA Support of the Virtual Institute for Accepted
Satellite Integration Training (VISIT)

Award File 115 2597127  ATMS Precipitable Water Algorithms and Products (MIRS) Accepted

Award File 116 2599819  CIRA Support to the JPSS Proving Ground and Risk Accepted
Reduction Program: Improving NUCAPS Soundings for
CONUS Severe Weather Applications via Data Fusion

Award File 117 2599824  CIRA Support to the JPSS Proving Ground and Risk Accepted
Reduction Program: Addressing NWS Desires for a Cloud
Cover Layers Product using Merged VIIRS and ATMS

Products
Award File 118 2599845  MIRS ATMS Rain-Rate and Total Precipitable Water Accepted
Algorithm and Product Development
Award File 119 2603556  Environmental Applications Research (EAR) Accepted
Award File 120 2602575  CIRA Support to Connecting GOES-R with Rapid-Update Accepted

Numerical Forecast Models for Advanced Short-Term
Prediction and Data Fusion Capabilities

Award File 121 2597513  Community Radiative Transfer Model Development and Accepted
Maintenance

Award File 122 2608626  Environmental Applications Research (EAR) Accepted

Award File 123 2608669  Environmental Applications Research (EAR) Accepted

Award File 124 2599838  CIRA Support for Development and Evaluation of JPSS-1 Accepted
based Tropical Cyclone Intensity and Structure Estimates

Award File 125 2601306  CIRA Support for Research and Development for GOES-R Accepted

Risk Reduction for

Mesoscale Weather Analysis and Forecasting and Training

Award File 126 2610128  Applications of concurrent super rapid sampling from Accepted
GOES-14 SRSOR, radar and lightning data
Award File 127 2608614  Research Collaboration at the NWS Aviation Weather Accepted

Center in Support of

the Aviation Weather Testbed, Aviation Weather Research
Program, and the NextGen Weather Program
Award File 128 2612445  NESDIS Environmental Applications Team (NEAT) Accepted
Award File 129 2598905  CIRA Support to the JPSS Proving Ground and Risk Accepted
Reduction Program: In Pursuit of the Shadows: VIIRS
Day/Night Band Research Enabling Scientific Advances and
Expanded Operational Awareness of the Nocturnal
Environment
Award File 130 2614084  Hydrometeorological and Water Resources Research Accepted
Award File 131 2609956  CIRA Research Collaborations with the NWS Accepted
Meteorological Development Lab
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NOAA AWARD NUMBERS & AMENDMENTS FOR
REPORT PROJECTS

CIRA Support for Tropical Cyclone Model Diagnostics and Accepted
Award File 132 2601317  Product Development
Research Collaboration at the NWS Aviation Weather Accepted

Center in Support of

the Aviation Weather Testbed, Aviation Weather Research

Award File 133 2617473  Program, and the NextGen Weather Program

Award File 134 2633736  Environmental Applications Research (EAR) Accepted
Research Collaboration at the NWS Aviation Weather Accepted
Center in Support of

the Aviation Weather Testbed, Aviation Weather Research
Award File 135 2635566  Program, and the NextGen Weather Program

Research Collaboration at the NWS Aviation Weather Accepted
Center in Support of the Aviation Weather Testbed,
Aviation Weather Research Program, and the NextGen

Award File 136 2638062  Weather Program

Type ID Status
Award Package 2614337 Accounting for Non-Gaussianity in the Background Error Accepted
Distributions Associated with Cloud-related Variables

(NA160AR4590233)

Special Award 2614337 Special Award Condition Report

Condition

Report

Award File O 2611931 Accounting for Non-Gaussianity in the Background Accepted
Error...

Type ID Status
Award Package 2545573 Assessment of Gridded Hydrological Modeling for NWS Accepted

Flash Flood Operations (NA150AR4590152)
Special Award 2545573 Special Award Condition Report

Condition

Report

Award File 0 2542326 Assessment of Gridded Hydrological Modeling for NWS Accepted
Flash Flood Operations

Award File 1 2603148 Assessment of Gridded Hydrological Modeling for NWS Accepted

Flash Flood Operations
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NOAA AWARD NUMBERS & AMENDMENTS FOR
REPORT PROJECTS

Type ID Status
Award Package 2614326  Assimilation of Lake and Reservoir Levels into the WRF- Accepted
Hydro National Water Model to Improve Operational
Hydrologic Predictions (NA160AR4590237)
Special Award 2614326  Special Award Condition Report

Condition
Report
Award File 0 2611956  Assimilation of Lake and Reservoir Levels into the WRF- Accepted
Hydro National Water Model to Improve Operational
Hydrologic Predictions
Type ID Status
Award Package 2603839 Collaborative Research: Assessing Oceanic Predictability Accepted

Sources for MJO Propagation (NA160AR4310094)
Special Award 2603839  Special Award Condition Report

Condition
Report
Award File 0 2590660 Collaborative Research: Assessing Oceanic Predictability Accepted
Sources for MJO Propagation
Type ID Status
Award Package 2538850 Development of a Framework for Process-Oriented Accepted

Diagnosis of Global Models (NA150AR4310099)
Special Award 2538850 Special Award Condition Report

Condition

Report

Award File 0 2538327 Development of a Framework for Process-Oriented Accepted
Diagnosis of Global Models

Award File 1 2582795 Development of a Framework for Process-Oriented Accepted
Diagnosis of Global Models

Type ID Status

Award Package 2494494  Following Emissions from Non-Traditional Oil and Gas Accepted
Development Through their Impact on Tropospheric Ozone
(NA140AR4310148)

Special Award 2494494 Special Award Condition Report

Condition Report

Award File 0 2481822 Following Emissions from Non-Traditional Oil and Gas Accepted
Development Through their Impact on Tropospheric Ozone

Award File 1 2523977 Following Emissions from Non-Traditional Oil and Gas Accepted
Development Through their Impact on Tropospheric Ozone

Award File 2 2562067 Following Emissions from Non-Traditional Oil and Gas Accepted

Development Through their Impact on Tropospheric Ozone
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NOAA AWARD NUMBERS & AMENDMENTS FOR
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Type ID Status

Award Package 2603816 Forecasting North Pacific Blocking and Atmospheric... Accepted
(NA160AR4310064)

Special Award 2603816 Special Award Condition Report
Condition Report

Award File 0 2590675 Forecasting North Pacific Blocking and Atmospheric... Accepted
Type ID Status
Award Package 2608726 Implementation and Testing of Lognormal Humidity and Accepted

Cloud-related Control Variables for the NCEP GSI Hybrid
EnVar Assimilation Scheme (NA15NWS4680012)

Special Award 2608726 Special Award Condition Report
Condition Report

Award File 0 2600908 Implementation and testing of lognormal humidity and Accepted
cloud-related control variables for the NCEP GSI hybrid
EnVar assimilation scheme

Type ID Status
Award Package 2547897 Improvement and Implementation of the Probability-based Accepted
Microwave Ring Rapid Intensification Index for NHC/JTWC
Forecast Basins (NA150AR4590200)

Special Award 2547897 Special Award Condition Report

Condition

Report

Award File 0 2545713 Improvement and Implementation of the Probability-based Accepted

Microwave Ring Rapid Intensification Index for NHC/ITWC
Forecast Basins
Award File 1 2606671 Improvement and Implementation of the Probability-based Accepted
Microwave Ring Rapid Intensification Index for NHC/ITWC
Forecast Basins
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NOAA AWARD NUMBERS & AMENDMENTS FOR
REPORT PROJECTS

Type ID Status
Award Package 2548857 Improvement to the Tropical Cyclone Genesis Index (TCGI) Accepted
(NA150AR4590202)
Special Award 2548857 Special Award Condition Report
Condition
Report
Award File 0 2545733 Improvement to the Tropical Cyclone Genesis Index (TCGlI) Accepted
Award File 1 2606709 Improvement to the Tropical Cyclone Genesis Index (TCGI) Accepted
Type ID Status
Award Package 2547895 Improvements to Operational Statistical Tropical Cyclone Accepted

Intensity Forecast Models (NA150AR3590204)
Special Award 2547895 Special Award Condition Report

Condition

Report

Award File 0 2545703 Improvements to Operational Statistical Tropical Cyclone Accepted
Intensity Forecast Models

Award File 1 2605978 Improvements to Operational Statistical Tropical Cyclone Accepted
Intensity Forecast Models

Type ID Status
Award Package 2442452 Improving CarbonTracker Flux Estimates for North America Accepted

using Carbonyl Sulfide (OCS) (NA130AR4310080)
Special Award 2442452 Special Award Condition Report

Condition

Report

Award File 0 2428639 Improving CarbonTracker Flux Estimates for North America Accepted
using Carbonyl Sulfide (OCS)

Award File 1 2472074 Improving CarbonTracker Flux Estimates for North America Accepted
using Carbonyl Sulfide (OCS)

Award File 2 2523613 Improving CarbonTracker Flux Estimates for North America Accepted

using Carbonyl Sulfide (OCS)
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Type ID
Award Package 2614345
Special Award 2614345
Condition
Report
Award File O 2611891

Type ID
Award Package 2612424
Special Award 2612424
Condition
Report
Award File O 2611614

Type ID

Award Package 2603828

Special Award 2603828
Condition Report

Award File 0 2590690

Type ID
Award Package 2551491
Special Award 2551491
Condition Report

Award File 0 2550317

Improving Probabilistic Forecasts of Extreme Rainfall through
Intelligent Processing of High-resolution Ensemble
Predictions (NA160AR4590238)

Special Award Condition Report

Improving probabilistic forecasts of extreme rainfall through
intelligent processing of high-resolution ensemble predictions

Improving Understanding and Prediction of Concurrent
Tornadoes and Flash Floods with Numerical Models and
VORTEX-SE Observations (NA160AR4590215)

Special Award Condition Report

Improving understanding and prediction of concurrent
tornadoes and flash floods with numerical models and
VORTEX-SE observations

Investigating the Underlying Mechanisms and Predictability of
the MJO NAM Linkage in the NMME Phase-2 Models
(NA160AR4310090)

Special Award Condition Report

Investigating the Underlying Mechanisms and Predictability of
the MJO NAM Linkage in the NMME Phase-2 Models

Multi-disciplinary Investigation of Concurrent Tornadoes and
Flash Floods in the Southeastern US (NA150AR45900233)
Special Award Condition Report

Multi-disciplinary investigation of concurrent tornadoes and
flash floods in the Southeastern US

Status
Accepted

Accepted

Status
Accepted

Accepted

Status
Accepted

Accepted

Status
Accepted

Accepted
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Type ID Status
Award Package 2495278 Observational Constraints on the Mechanisms that Control Accepted
Size- and chemistry-resolved Aerosol
Fluxes Over a Colorado Forest (NA140AR4310141)
Special Award 2495278 Special Award Condition Report

Condition

Report

Award File 0 2481792 Observational constraints on the mechanisms that control Accepted
size- and chemistry-resolved aerosol fluxes over a Colorado
forest

Award File 1 2523653 Observational constraints on the mechanisms that control Accepted
size- and chemistry-resolved aerosol fluxes over a Colorado
forest

Award File 2 2562129 Observational constraints on the mechanisms that control Accepted
size- and chemistry-resolved aerosol fluxes over a Colorado
forest

Type ID Status

Award Package 2614341 Quantifying Stochastic Forcing at Convective Scales Accepted
(NA160AR4590230)

Special Award 2614341  Special Award Condition Report

Condition

Report

Award File 0 2611921 Quantifying Stochastic Forcing at Convective Scales Accepted

Type ID Status

Award Package 2445121 Research to Advance Climate and Earth System Models Accepted
Collaborative Research: A CPT for Improving Turbulence and
Cloud Processes in the NCEP Global Models
(NA130AR4310103)

Special Award 2445121  Special Award Condition Report

Condition

Report

Award File 0 2437060 Research to Advance Climate and Earth System Models Accepted

Collaborative Research: A CPT for Improving Turbulence and
Cloud Processes in the NCEP Global Models
Award File 1 2479399 Research to Advance Climate and Earth System Models Accepted
Collaborative Research: A CPT for Improving Turbulence and
Cloud Processes in the NCEP Global Models

13 | 2016/2017 CIRA Annual Report - NOAA Award Numbers/Amendments for Projects



NOAA AWARD NUMBERS & AMENDMENTS FOR
REPORT PROJECTS

Award File 2 2526839 Research to Advance Climate and Earth System Models Accepted
Collaborative Research: A CPT for Improving Turbulence and
Cloud Processes in the NCEP Global Models

Award File 3 2582947 Research to Advance Climate and Earth System Models Accepted
Collaborative Research: A CPT for Improving Turbulence and
Cloud Processes in the NCEP Global Models

Type ID Status

Award Package 2437319 Accepted
Towards Assimilation of Satellite, Aircraft,and Other Upper-
air CO2 Data into CarbonTracker (NA130OAR4310077)

Special Award 2437319  Special Award Condition Report

Condition

Report

Award File 0 2428619 Towards Assimilation of Satellite, Aircraft,and Other Upper- Accepted
air CO2 Data into CarbonTracker

Award File 1 2464196 Towards Assimilation of Satellite, Aircraft,and Other Upper- Accepted
air CO2 Data into CarbonTracker
Award File 2 2526909 Towards Assimilation of Satellite, Aircraft,and Other Upper- Accepted

air CO2 Data into CarbonTracker

Type ID Status
Award Package 2445809 Use of the Ocean-Land-Atmosphere Model (OLAM) with Accepted
Cloud System-Resolving Refined Local Mesh to Study MJO
Initiation (NA130AR43110163)

Special Award 2445809 Special Award Condition Report

Condition Report

Award File 0 2441730 Use of the Ocean-Land-Atmosphere Model (OLAM) with Accepted
Cloud System-Resolving Refined Local Mesh to Study MJO
Initiation.

Award File 1 2487251 Use of the Ocean-Land-Atmosphere Model (OLAM) with Accepted
Cloud System-Resolving Refined Local Mesh to Study MJO
Initiation.
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AWARDS ENDING PROJECT LIST

NA120AR4310077

NA130AR4590190

NA14NWS4830018

NA14NWS4830020

NA14NWS4830034

NA140AR4830109

NA140AR4830110

NA140AR4830111

NA140AR4830112

NA140AR4830113

NA140AR4830114

NA14NWS4830009

Competitive

Competitive

Competitive - Sandy

Competitive - Sandy

Competitive - Sandy

Competitive - Sandy

Competitive

Competitive - Sandy

Competitive - Sandy

Competitive - Sandy

Competitive - Sandy

Competitive

Intraseasonal to Interannual Variability in the
Intra-Americas Sea in Climate Models

Upgrades to the Operational Monte Carlo
Wind Speed Probability Program

CIRA — Distance Learning Materials on
Tropical Storm Forecasting and Threats

CIRA — Distance Learning Materials on
Blended Numerical Guidance Products

Incorporating the GOES-R Geostationary
Lightning Mapper Assimilation into the GSI for
Use in the NCEP Global System

NOAA's High Impact Weather Prediction
Project (HIWPP) Test Program — Real-time IT
Operations

CIRA Patrticipation in the Establishment of a
NOAA Laboratory Activity for Observing
System Simulation Experiments (OSSES)

NOAA'’s High Impact Weather Prediction
Project (HIWPP) Test Program — Ensemble
Statistical Post-processing

NOAA's High Impact Weather Prediction
Project (HIWPP) Test Program — Fine-grain
Computing

NOAA's High Impact Weather Prediction
Project (HIWPP) Test Program — Visualization
and Extraction via NEIS

Evaluation of Earth Networks Total Lightning
Products for NWS Warning Services in the
Hazardous Weather Testbed

MADIS Transition to NWS Operations (A)

Eric Maloney

Andrea
Schumacher

Chris Kummerow,
Bernie Connell

Chris Kummerow,
Bernie Connell

Milija Zupanski,

Karina Apodaca

Sher Schranz

Sher Schranz

Sher Schranz,
Isidora Jankov

Sher Schranz

Sher Schranz

Sher Schranz

Sher Schranz
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RESEARCH THEME REPORTS

Satellite Algorithm Development, Training and Education
NOAA Goal 2: Weather Ready Nation

Regional to Global-scale Modeling Systems
NOAA Goal 2: Weather Ready Nation

Data Assimilation
NOAA Goal 2: Weather Ready Nation

Climate-Weather Processes
NOAA Goal 3: Climate Adaptation and Mitigation

Data Distribution

NOAA Goal 5: NOAA Enterprise-wide Capabilities: Science and
Technology Enterprise, Engagement Enterprise, Organization and
Administration Enterprise

17

192

212

225

264

16 | 2016/2017 CIRA Annual Report - Research Theme Reports



SATELLITE ALGORITHM DEVELOPMENT,
TRAINING & EDUCATION

Research associated with development of satellite-based algorithms for weather
forecasting, with emphasis on regional and mesoscale meteorological phenomenon.
This work includes applications of basic satellite products such as feature track winds,
thermodynamic retrievals, sea surface temperature, etc., in combination with model
analyses and forecasts, as well as in situ and other remote sensing observations.
Applications can be for current or future satellites. Also under this theme, satellite and
related training material will be developed and delivered to a wide variety of users, with
emphasis on operational forecasters. A variety of techniques can be used, including
distance learning methods, web-based demonstration projects and instructor-led
training.

PROJECT TITLE: Applications of Concurrent Super Rapid Sampling from GOES-14 SRSOR,
Radar and Lightning Data

PRINCIPAL INVESTIGATORS: Steve Albers, Sher Schranz
RESEARCH TEAM: Steve Albers
NOAA TECHNICAL CONTACT: Bob Rabin (NOAA/NSSL)

NOAA RESEARCH TEAM (The equivalent of CIRA Research Team for NOAA Staff involved in the
project and their affiliations):

FISCAL YEAR FUNDING: $26,100

PROJECT OBJECTIVE:

Test the impact of GOES Super-Rapid Scan (SRSOR) Atmospheric Motion Vectors (AMVSs) in a high
resolution analysis and forecasting system. We are focusing on the 09 May 2016 case of tornadic
thunderstorms in south central Oklahoma.

PROJECT ACCOMPLISHMENTS:

A retrospective LAPS analysis and forecast run was conducted for May 9, 2016 to further evaluate the
impact of rapid update AMV data. We are examining fields such as wind and divergence at various
altitudes in relation to evolving convective features. To do this we relocalized our 1-km resolution domain
over the Southern Plains states and performed the run on the NOAA HPCS Theia computer.

The analysis part of the output between 1800UTC and 2100UTC has been copied over to our virtual
machine for evaluation. We are starting to examine wind and related fields in two runs, one with AMV
data added and one without. To do this our web-based viewer will be staged on a new locally available
web server.
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PROJECT TITLE: ATMS Precipitable Water Algorithms and Products - Blended-Hydromet
Products Validation

PRINCIPAL INVESTIGATOR: John Forsythe
RESEARCH TEAM: Stan Kidder, Andy Jones
NOAA TECHNICAL CONTACT: Limin Zhao (NOAA/NESDIS/OSPO)

NOAA RESEARCH TEAM: Limin Zhao (NOAA/NESDIS/OSPO)
and Ralph Ferraro (NOAA/NESDIS/STAR)

FISCAL YEAR FUNDING: $56,977

PROJECT OBJECTIVES:

This project began in August 2016 and has the goals of monitoring and validating the NESDIS operational
blended rain rate (BRR) and blended total precipitable water (TPW) products. In this year, the focus is on
S-NPP and GCOM-W products, but the blended products use many satellite sensors in polar and
geostationary orbits as well as surface-based GPS. Therefore, the final blended products are also
monitored as a whole, as this is what forecasters see. Supporting NESDIS to ensure timely delivery of
high-quality blended satellite hydrometeorology products to forecasters is the overall goal of the project.

PROJECT ACCOMPLISHMENTS:

A near-real time ingest of surface-based Global Positioning System (TPW) data at CIRA was
initiated in November January 2017 via the NOAA Meteorological Assimilation Data Ingest
System (MADIS). This process required approval from NOAA. GPS TPW is a backbone data set
and serves both as a high quality validation source (uncertainty of < Imm or ~ 2%) and also as
the major component of the blended TPW product over CONUS. Most GPS stations are over
land, but there are a few on offshore oil rigs and small isolated islands in the Caribbean which are
useful for validation of the ocean-only GCOM-W1 TPW retrievals. Surface-based GPS TPW is
considered the gold standard for TPW validation. A new decoder for this data was created and
delivered to NOAA OSPO in Fall 2016.

The Algorithm Theoretical Basis Documents (ATBDs) for operational blended rain rate and blended TPW
were updated by CIRA and delivered to OSPO. These updates were much needed as the previous
update was in 2011, and much of the sensor constellation and retrieval package had changed. The new
ATBD’s now reflect the state of the blended products as of October 2016. GCOM-W1 and S-NPP ATMS
inputs and orbital information are now included.

CIRA has collaborated with the Cooperative Institute for Climate Studies (CICS) to add blended rain rate
to a near-real time product monitoring tool. This tool (http://cics.umd.edu/ipwg/index.html) is under the
umbrella of a much larger effort via the International Precipitation Working Group), and compares several
different precipitation products. NOAA BRR product comparisons to the (Multi-Radar/Multi-Sensor
System) MRMS rain rate product are available at http://cics.umd.edu/pmeyers/brr/ and
http://cics.umd.edu/pmeyers/brr/threshold_analysis/. A science question still being explored is how to
reconcile differing spatial resolution of satellites and the particular validation needs of forecasters versus
other researchers.

Publications: None
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PROJECT TITLE: CIRA Support to Connecting GOES-R with Rapid-Update Numerical Forecast
Models for Advanced Short-term Prediction and Data Fusion Capabilities

PRINCIPAL INVESTIGATOR: Chris Kummerow
RESEARCH TEAM: Kyle Hilburn, Max Marchand, Steven D. Miller

NOAA TECHNICAL CONTACT: Satya Kalluri (NOAA/NESDIS)
and Steve Goodman (NOAA/NESDIS/GOESR Program)

NOAA RESEARCH TEAM: Dan Lindsey (NOAA/NESDIS/STAR/RAMMB),
Stephen Weygandt and Curtis Alexander (NOAA/OAR/ESRL)

FISCAL YEAR FUNDING: $200,000

PROJECT OBJECTIVES:

The ultimate goal of the project is to use the high space/time resolution imagery from GOES-16 (ABI and
GLM) to improve the initialization of convection in RAP/HRRR and improve short-term forecasts of high
impact weather events and weather hazards. Anticipated downstream improvements to the distribution,
timing, and interactions of convection bear high relevance to fire weather and severe storm development,
including better representation of outflow impacts and interactions within complex multi-cellular storm
environments.

PROJECT ACCOMPLISHMENTS:

During this initial spin-up year, we spent time getting oriented with the HRRR model and understanding its
current data assimilation scheme. This involved consolidation of observation/modeling tools and
alignment of NOAA/CIRA research partnerships. More specifically, the work addressed the following
milestones, discussed further below.

1-- (a) Configure model for initial testing of convective information. (b) Install HRRR locally, and work with
developers from Stan Benjamin’s group.

2-- (a) Examine techniques for advancing convective initialization in HRRR. (b) Examine
lightning/precipitation-core space/time relationships.

3-- (a) Research bounded derivative and other techniques effective for cloud initialization. (b) Prepare
model to accept perturbed environmental state at observation-prescribed locations.

4-- Examine techniques for initializing downbursts in HRRR, collaborating with Ken Pryor on satellite-
based parameterizations.

la--In order to configure the HRRR model for initial testing, it was essential to establish a research
partnership with the HRRR developers at NOAA ESRL. Our first meeting occurred at ESRL on 11 May
2016 for Kyle Hilburn and Chris Kummerow to introduce themselves and the project to Steven Weygandt
and Ming Hu. Phone calls during the summer kept the lines of communication open before the next
major meeting at ESRL on 14 September 2016. This meeting included Steve Weygandt, Curtis
Alexander, and others from ESRL, and was the first opportunity for Steve Miller and Dan Lindsey to meet
the ESRL collaborators. Kyle Hilburn attended a meeting on 27 October 2016 to learn the practical
details of re-compiling and running HRRR on the NOAA supercomputer Theia using the Rocoto workflow
management software. An important achievement, prerequisite for running HRRR, is obtaining a NOAA
CAC and account on Theia. This process involves several steps and takes several months, and Kyle
Hilburn received his CAC, the final step of the process, on 3 March 2017. Kyle and Max have also setup
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a project account on the newly available Summit High Performance Computer system, a joint activity of
Colorado State University and University of Colorado Boulder, supported by the National Science
Foundation.

1b--While HRRR can only be run on a supercomputer, a limited-area version of HRRR has been run
locally at CIRA. The same model configuration and physics as HRRR are used, but fewer datasets are
assimilated and a smaller spatial domain is used to make simulations computationally tractable. Running
this simple version of RAP/HRRR involves two software packages: the weather forecast model (WRF)
and the data assimilation system (GSI). Early in the project, Kyle Hilburn met with Milija Zupanski at
CIRA on a weekly basis to learn about running GSI and how to modify GSI for new data sources and new
assimilation techniques. Since time on the supercomputer is extremely limited, the locally run version of
HRRR is a crucial tool for testing GOES-16 data assimilation techniques before attempting to implement
them in the full version of HRRR.

2a--Examination of techniques for advancing convective initialization into HRRR has involved quantifying
the information content in high resolution imagery collected by GOES-14 in SRSOR mode and in the
MRMS 3-D reflectivity fields currently used by HRRR to initialize convection. Figure 1 provides a
flowchart for the HRRR data assimilation system, which shows that the first step is assimilation of radar
reflectivity observations at 15-minute intervals during the pre-forecast hour. This is the primary pathway
for initializing convection in HRRR, and could be targeted with ABI and/or GLM observations. Based on
our comparisons of GOES-14 with MRMS radar, we expect GOES-16 ABI will be able to identify
convective initiation as much as 1-2 hours before it is evident on radar. Our work with GOES-14 SRSOR
has also been very valuable by helping us develop the software tools needed for working with GOES-16
data. We have already begun qualitative assessment of ABI data from GOES-16. Figure 2 provides a
shapshot from a longer time sequence of GOES-16 ABI showing complex convection and cold pool
outflows over South America.

2b--In November, the project gained post-doctoral researcher Max Marchand, whose doctoral research
studied lightning/precipitation space/time relationships. He has continued to study these relationships at
CIRA using ENTLN lightning observations compared with radar and satellite data, including some early
GOES-16 images from Dan Lindsey. ESRL currently plans to assimilate GOES-16 GLM into HRRR by
first converting it into an estimate of reflectivity. We will continue to monitor their progress, and as GLM
data becomes available, we will meet with them at ESRL to share our results and identify collaborative
opportunities.

3a--Our research into techniques for effective cloud initialization included a teleconference early in the
project with Thomas Jones at NSSL/CIMMS. Thomas has extensive experience with storm-scale data
assimilation of cloud property retrievals from satellites. One of the major challenges he found is
saturation of radiances in heavy convection. He developed a cloud water path forward operator that
accounts for this and is currently transitioning the techniques into GSI. Once his technique is fully
implemented in GSI, we look forward to testing it against the other HRRR data assimilation techniques.
Figure 1 shows that currently the primary pathway for cloud information into HRRR is through
hydrometeor assimilation that occurs as the last data assimilation step. Cloud top pressure and
temperature from GOES are already assimilated by HRRR, but we expect the multi-spectral information
from GOES-16 will provide additional skill in distinguishing clouds from snow covered surfaces and in
identifying ice clouds versus liquid clouds.

3b--While initializing the convection in the right location, at the right time, and with the right intensity is
crucial for accurate forecasts; if the model's environmental state has the wrong profile of stability,
moisture, or wind shear large errors can still occur. There are, however, two major challenges to
perturbing the model’s environmental state. The first is the forward operator to map satellite observations
into three-dimensional temperature, moisture, and wind perturbations. The second challenge, impressed
upon us by our ESRL collaborators, is that previous efforts to improve capping inversion structure have
led to relative humidity biases and can excite spurious convection. Addressing these challenges remains
a topic for continued research.
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4--Techniques for initializing downbursts depend on the ability for satellite observations to identify the
conditions consistent with thermodynamic soundings that support downbursts. Figure 1 shows that the
hybrid GSI assimilation is the primary pathway for modifying environmental information (temperature and
moisture profiles) that control downburst potential. We have reviewed the fundamental literature by Ken
Pryor on this subject, and anticipate collaboration when GOES-16 data products are available. The new
multi-spectral data provided by GOES-16 will likely improve the skill in detecting downburst conditions.

Figure 1. Flowchart illustrating the HRRR data assimilation system.

Figure 2. Still frame at 21:36Z from GOES-16 animation on 21 Feb 2017. At this time the storm in the
center of the image (which is near Cordoba, Argentina) is producing severe hail. The full animation can
be seen at https://www.youtube.com/watch?v=R8yFZI2idb0.

Publications: None
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Presentations:

Hilburn, K., 2016: GOES-R assimilation: Summary of current capabilities and activities. Presented to
Project Team, 20 June 2016.

Hilburn, K., 2016: Summary of telecom with Thomas Jones. Presented to Project Team, 1 July 2016.

Hilburn, K., 2016: Connecting GOES-R with numerical forecast models. Presented to Project Team, 30
August 2016.

Hilburn, K., 2016: Assimilating GOES-R in RAP/HRRR. Presented at NOAA ESRL, 14 September 2016.

Hilburn, K., 2016: Assessment of differences between GOES-13 and GOES-15 imagery. Presented to
Project Team, 4 October 2016.

Hilburn, K., 2016: Satellite estimates of latent heating. Presented to AT 652 Remote Sensing of the
Atmosphere, 6 December 2016.

Hilburn, K., and M. Marchand, 2017: GOES-R short-term forecast project status. Presented to Project
Team, 17 January 2017.

PROJECT TITLE: A GOES-R Proving Ground for National Weather Service Forecaster Readiness
and Training

PRINCIPAL INVESTIGATORS: Steve Miller, Ed Szoke, Bernie Connell

RESEARCH TEAM: Steve Miller, Dan Bikos, Renate Brummer, Bernadette Connell, Erin Dagg, Robert
DeMaria, Jack Dostalek, Kathy Fryer, Hiro Gosden, Lewis Grasso, Kevin Micke, Andrea Schumacher, Ed
Szoke, Dave Watson

NOAA TECHNICAL CONTACT: Satya Kalluri (NOAA/NESDIS) and Steve Goodman
(NOAA/NEDSIS/GOESR-Program Office)

NOAA RESEARCH TEAM: Donald W. Hillger, John Knaff, Dan Lindsey, Deb Molenar
(NOAA/NESDIS/STAR)

FISCAL YEAR FUNDING: $603,060

PROJECT OBJECTIVES:

Since its inception in 2008, NOAA’'s GOES-R Proving Ground (PG) has played a central role in
familiarizing forecasters and operational users of GOES-16 data with the new capabilities of the
Advanced Baseline Imager (ABI) and the Geostationary Lightning Mapper (GLM). Traditionally, the most
relevant forms of information used for PG demonstrations have been imagery from polar-orbiting satellites
(e.g., the MODerate-resolution Imaging Spectroradiometer (MODIS) on Terra and Aqua, and the
Visible/Infrared Imaging Radiometer Suite (VIIRS) on Suomi National Polar-orbiting Partnership), or else
‘synthetic ABI imagery’ based on Numerical Weather Prediction (NWP) models run through forward
radiative transfer operators. While valuable in terms of illustrating information content and building training
materials, the polar products provide limited temporal resolution. Similarly, while synthetic imagery
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enables replication of ABI space/time resolution, it is predicated on the NWP information and thus does
not represent actual observation data that can be used to confront model forecasts. Despite these
limitations, the PG has provided a powerful conduit for coupling NOAA's research and operational
communities. In addition to establishing familiarity with GOES-R, PG has established a human interface
and rapport that will serve the program for years.

CIRA's involvement in the NOAA GOES-R Proving Ground (PG) over the past year emphasized the
demonstration of PG Baseline Products and CIRA-developed Display Aid products. To do so, CIRA
worked very closely with the Satellite PG Liaisons and continued to leverage existing capabilities within
the organization to develop and demonstrate selected satellite applications (based in part on interactions
with users who have articulated their operational needs) and to provide associated training (including
SHyMet and VLAB training) and experience directly to NWS forecasters through ongoing support of the
Proving Ground project, where proxy and simulated GOES-R products were demonstrated at NWS
Weather Forecast Offices (WFOs) and many different National Centers.

As part of a nationally distributed team of Proving Ground algorithm developers and subject matter
experts, CIRA continued to work in collaboration with the Cooperative Institute for Meteorological Satellite
Studies (CIMSS) at the University of Wisconsin-Madison, the NASA Short-term Prediction Research and
Transition (SPoORT) Center located in Huntsville, Alabama, and various operational forecasting partners
involved in Proving Ground product usage and evaluation. Emphasis was on 1) very close collaboration
with the GOES-R Satellite Liaisons and 2) demonstrating all products within AWIPS Il and, where
appropriate, N-AWIPS. Demonstration products were adapted to use Himawari-8 data where applicable,
paving the way towards transition to the GOES-R ABI.

Most CIRA PG products are made available in real time on the CIRA web page at
http://rammb.cira.colostate.edu/ramsdis/online/goes-r_proving_ground.asp. The web page provides
much information on each of the CIRA Proving Ground (PG) products, includes the developer and point
of contact as well as a concise but informative “Product Description” that details how the product is made,
why it is a PG product, and how it can be used in operations.

This GOESR Proving Ground project supported the following NOAA mission goals: Weather and Water,
Commerce and Transportation and Climate. Enhanced training also prepared the forecaster/manager on
how to utilize imagery and products to provide services in these areas.

This annual Proving Ground and Training report covers CIRA work conducted in the following 12 areas:

Project 1--National Hurricane Center Proving Ground Activities

Project 2--Pacific Proving Ground Activities

Project 3--Storm Prediction Center (SPC) Activities

Project 4--Aviation Weather Center (AWC) Activities

Project 5--Weather Prediction Center (WPC) and Ocean Prediction Center (OPC) Activities

Project 6--High Latitude Activities

Project 7--Imagery Applications and WFO Interactions

Project 8--AWIPS Il and N-AWIPS Development

Project 9--NHC Satellite Liaison to the National Hurricane Center

Project 10--Product Documentation and Training for NWS Forecasters

Project 11--Satellite Hydro-Meteorology (SHyMet) Education and Outreach

Project 12--NOAA's GOES-R PG commitment to the Coordination Group for Meteorological Satellites:
Enhancing the International Virtual Laboratory (VLaB)

Project 1--National Hurricane Center Proving Ground Activities

In light of the strong core of tropical cyclone expertise and application development, the CIRA/RAMMB
Proving Ground Team continued its National Hurricane Center (NHC) Proving Ground activities during
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this annual reporting period. CIRA’s NHC Proving Ground focused on demonstrating the products listed
below during the 2016 Hurricane season:

List of Project Objectives:

1--Continue to serve SRSO Imagery for the 2016 NHC PG demonstration

2--Continue to make lightning-based TC Rapid Intensification Index (RII) available for the 2016 NHC PG
demonstration

3--Reduce radii used for inner core and rainband regions for N.E. Pacific TCs in lightning-based RII
product radii prior to the start of the 2016 NHC PG demonstration

4--Continue to serve GOES-R Natural Color Imagery for the 2016 NHC PG demonstration

5--Continue to serve the DEBRA product via the RAMSDIS online website for the 2016 NHC PG
demonstration

6--Continue work to provide DEBRA in NAWIPS format

7--Continue to display the PMI/IR/WV RGB images on our local RAMMB TC-realtime web page and make
these images available to the NHC proving ground activities prior to, during, and after the 2016 NHC PG
demonstration

8--Assist the NHC Satellite Liaison with developing brief NHC-specific training/reference materials for the
PMI/IR/WV RGB product, TC structure estimates, and DEBRA prior to the 2016 NHC PG demonstration
9--Add TC structure estimates to routine Dvorak fixes and providing this information to NHC for potential
evaluation during the 2016 NHC PG demonstration in ATCF format

Project accomplishments by Objectives:

During the NHC Proving Ground Demonstration (August 2016-November 2016) the CIRA/RAMMB
Tropical Cyclone Team continued providing the GOES-R proxy products listed above under 1,2,4,5,7 to
NHC.

Updated the LB-RII algorithm listed under item 3 was updated and now includes 2 additional years of
developmental date (2013 and 2014). Different inner core and outer region radii for the LB-RII were
tested for the N.E. Pacific, where TCs tend to be smaller than the Atlantic. We found that reducing these
radii degraded product performance. As result, lightning-based predictor radii were kept the same for
2016.

The DEBRA-Dust product was made available to NHC forecasters in N-AWIPS in late summer 2016
(Figure below).

Figure 1. Environmental RGBs continue to be used regularly by HSU and TAFB forecasters. They have
been found to be particularly useful for determining influence of surrounding dry Saharan Air Layer (SAL)
air on TC development and intensity change.

A PMI/WVI/IR product 2-page quick guide was developed for NHC forecasters. Several more NHC-
relevant DEBRA-dust examples were collected during the 2016 hurricane season for use in future training
(expected no earlier than 2018, as GOES-16 baseline products will be the focus of 2017 efforts).
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A method to add wind radii to routine Dvorak fixes has been created and is documented in Knaff et al.
(2016). This method has been transitioned to the automated tropical cyclone forecast (ATCF) at JTWC
and at NRLMRY and this capability will be available at NHC at the next update of ATCF (May 2017).

Project 2--Pacific Proving Ground Activities

During this past year CIRA deepened its involvement in the Pacific PG by providing additional products
specifically used for Tropical Cyclone (TC) forecasting as well as new Himawari product sectors which are
centered on Hawaii. Two CIRA employees also participated in person in this year's OCONUS technical
interchange meeting.

List of Project Objectives:

1--Make lightning-based TC Rapid Intensification Index (RIl) available for the Pacific Regions

2--Make PMI-IR-WV RGB images, now available on the TC webpage, available to the NHC and Pacific
Proving Ground activities on AWIPS I

3--Add tropical cyclone structure information to routine Dvorak intensity fixes and provide to CPHC and
NHC in ATCF format

4--Add web-based Himawari sectors as requests are received from NWS Pacific Region SSD Chief Bill
Ward

Project Accomplishments by Objectives:

Developmental data for the N.W. Pacific, Indian Ocean, and Southern Hemisphere was collected and is
currently being quality-controlled and processed for use in the LB-RIl development code. Once the non-
LB RIl is updated for these basins (anticipated completion: spring 2017), the lightning-based predictors
will be added and tested.

In addition, a method to add wind radii to routine Dvorak fixes has been created which is documented in
Knaff et al. (2016). This method has been transitioned to the automated tropical cyclone forecast (ATCF)
at JTWC and at NRLMRY and this capability will be available at NHC at the next update of ATCF (May
2017).

As part of our collaboration with NWS Pacific Region, CIRA added multiple web-based Himawari sectors
whenever we received requests from their SSD Chief Bill Ward. The figure below depicts the CIRA
Himawari GeoColor product (26 September 2016 at 0110 UTC) with the sector made to cover Hawaii.
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Figure 2. CIRA Himawari GeoColor product (26 September 2016 at 0110 UTC) with the sector made to
cover Hawaii.

One of the special Pacific Region products created per request from Bill Ward is a Himawari GeoColor
loop over Hawaii remapped as Mercator projection — see email communication below:

From: Dan Lindsey <dan.lindsey@noaa.gov>

Date: Friday, September 2, 2016 at 8:24 AM

To: Bill Federal <bill.ward@noaa.gov>

Subject: Re: FW: AHI geocolor on Hawaii

Hey Bill,

No bother at all. We have the remapped Geocolor loop over Hawaii up and running on the webpage.
Here's a long loop that includes part of yesterday:
http://rammb.cira.colostate.edu/ramsdis/online/loop_timestamp.asp?data_folder=himawari-
8%2Fhawaii_geocolor&width=1020&height=720&ending_image=hawaii_geocolor_20160902135000.jpg&
starting_image=hawaii_geocolor_20160901185000.jpg

Dan

Near-real-time Himawari CIRA GeoColor imagery frequently made the news when tropical cyclones
threatened Pacific islands, like in case of Typhoon Haima: Western Pacific Typhoon Haima made landfall
as a category 4 storm on the northern Philippine island of Luzon on October 19t between 12 and 18
UTC. Real-time RAMMB/CIRA imagery depicting the storm was used by multiple media outlets which
covered the storm, including the Weather Channel (see https://weather.com/storms/typhoon/news/super-
typhoon-haima-lawin-satellite-images
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Figure 3. CIRA/RAMMB full disk AHI GeoColor image from Himawari-8 AHI depicting Typhoon Haima on
18 Oct 2016 at 1700 UTC. This is one of several CIRA images used by the Weather Channel at that time.

All real-time imagery produced by the RAMMB/CIRA team is posted on the RAMMB TC real-time
webpage at: http://rammb.cira.colostate.edu/products/tc_realtime/

Project 3-- Storm Prediction Center (SPC) Activities

CIRA continued to provide real-time GOES-14 Super Rapid Scan Operations for GOES-R (SRSOR) data
when available (1-minute imagery); this support has been well received at the SPC. A paper discussing
the use of the data by the SPC was published in Weather and Forecasting in March 2016 (lead author B.
Line).

Project Objective:

Provide a real-time feed of GOES-14 SRSOR data in NAWIPS format to the Storm Prediction Center,
when/if any SRSOR experiments are conducted

Project Accomplishments by Objectives:

During the SRSOR experiment in August 2016, CIRA provided the GOES-14 Super Rapid Scan
Operations (1-minute imagery) data for that experiment.

In addition in March 2017, CIRA built a special GOES-16 Mesoscale sector selection tool at the SPC's
request. On 21st of March 2017, CIRA started the GOES-16 Mesoscale data feed for that sector for use in
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operations at SPC. All activities with the SPC are/were always in close coordination with their Satellite
Liaison Bill Line (Note: Bill Line recently left that position and he has not been replaced yet).

Project 4--Aviation Weather Center (AWC) Activities

CIRA continued its close relationship with the AWC over the last several years. Satellite Liaison Amanda
Terborg has been very proactive in demonstrating PG products. This is accomplished to a broad
audience during AWC Testbed experimental periods. Different CIRA PG products have been
demonstrated and Amanda administers the needed training as well as providing evaluation of the
products. A nice aspect of the AWC is that their global forecast responsibilities enables a wide range of
products to be demonstrated, including those that can use Himawari-8 data to closely approximate
GOES-R bands and products.

Project Objectives:

1--Continue to support AWC Testbed activities by delivering (in real time) synthetic imagery and products
2--Work closely with AWC Satellite Liaison Amanda Terborg to deliver the new Geocolor product from
Himawari in NAWIPS format.

3--Provide successful development of DEBRA dust product from Himawari, begin providing to AWC in
real time for evaluation

4--Participate in the AWC Summer Testbed Experiment

Project Accomplishments by Objectives:

In order to support the AWC activities and the various aviation-related hazard forecasts, including aircraft
icing, convection and visibility hazards such as fog and stratus, CIRA continued to provide the AWC with
synthetic satellite imagery in N-AWIPS format, including synthetic bands from the GOES-R Advanced
Baseline Imager (ABI). This synthetic imagery was generated from the forecasts of two high resolution
(4-km grid spacing) models, the NSSL WRF-ARW and the NAM Nest. Amanda has shared forecaster
feedback that has been overwhelmingly positive. The WV imagery has been used to help find regions of
potential turbulence, and the 10.35-3.9 um product is used both for visibility forecasts and to highlight
regions of likely aircraft icing.

CIRA continues to make Himawari Geocolor available to the AWC via LDM in NAWIPS format (96 colors)
and Amanda has made it available on the AWC forecast floor. The Geocolor product provides a
seamless transition from day- to nighttime, and demonstrates capabilities that will be available in the
GOES-R era through the use of background-enabled true color imagery in the daytime. Synergy with
Suomi National Polar-orbiting Partnership provides the inclusion of a nighttime city lights layer of
information at night, useful for rapid orientation of weather phenomena to population centers. In addition,
the imagery at night provides enhancement of low clouds and fog, which represent principal concerns at
the AWC, through the use of the 10.7-3.9 um difference product (the current AWIPS “fog product”).

At the time this annual report is being written the AHI DEBRA Dust Product is not ready for delivery to
AWC yet.

Project 5--Weather Prediction Center (WPC) and Ocean Prediction Center (OPC) Activities

CIRA continued to interact with the WPC and OPC through close coordination with Satellite Liaison
Michael Folmer. AS in previous years, Michael Folmer provides frequent product feedback to CIRA and
often uses CIRA PG products in his regular blogs.

Project Objectives:

1--Continue to provide synthetic imagery and products
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2--Continue to provide Geocolor imagery, and in addition for the Pacific area deliver the new Geocolor
product from Himawari in NAWIPS format, using Hybrid Atmospherically Corrected (HAC) true color
during the day, and the GOES-style-Geocolor nighttime product

Project Accomplishments by Objectives:

Customized domains to support OPC monitoring were established for GeoColor and currently run
pseudo-operationally at CIRA, providing imagery in the desired NAWIPS format and color mapping.
Some of the products being evaluated at other National Centers have been found to be applicable at the
WPC and OPC because of the large area of responsibility for the two centers that includes the much of
the Atlantic and Pacific.

An example of some nice usage of GeoColor in this OPC-produced story map was sent out by Michael
Folmer to the PG all-hands list on 01 June 2016:

From: Proving Ground All Hands List <pg.allhands@ssec.wisc.edu> on behalf of Michael Folmer
<michael.folmer@noaa.gov>

Date: Wednesday, June 1, 2016 at 5:43 AM

To: PG All Hands <pg.allhands@ssec.wisc.edu>

Subject: [pg] OPC Story Map on North Pacific Hurricane Force Lows

All, Jim Kells (OPC) put together the following message introducing OPC's first Story Map on ArcGIS
Online. 1 am honored to be a part of this initiative as a few of the GOES-R proxy products (GeoColor, Air
Mass RGB) and Himawari imagery are showcased in this project. Please feel free to share with others.
The Ocean Prediction Center's first Story Map, "North Pacific Extratropical Hurricane Force Low Centers,"
has been published on ArcGIS Online and is now publicly available at:
http://noaa.maps.arcgis.com/apps/MapSeries/index.html?appid=e4ec87a133a14a3380481e6d10f997de
It presents general information on extratropical hurricane force low pressure systems through interactive
maps and stunning satellite imagery, and also unveils statistical information from the historic 2015/2016
North Pacific cold season.

Project 6--High Latitude Activities

The new generation of geostationary satellite imagers, AHI and the ABI, have the ability to reliably view
as far poleward as +65° latitude, with sub-optimal coverage at higher latitudes. Currently, AHI provides
coverage of the Aleutian Island chain, the Bering Sea and the Kamchatka Peninsula of Russia, which are
of importance to the NWS Alaska Region, including the Anchorage and Fairbanks WFOs. This allows now
for the Satellite Proving Ground to convert some of the S-NPP PG products developed for the Arctic
areas to be converted to AHI and ABI products. CIRA has already developed quite a few AHI imagery
products for this purpose.

Project Objectives:

1--Leverage the results of CIRA’s FY15 funding of a GOES-R Risk Reduction proposal to work with AHI
data in the context of true color, enhanced dust, and cloud/snow discrimination and will continue to
demonstrate ABI-like capabilities over parts of Alaska, in coordination with ESSD Chief and Acting
Director Carven Scott.

2--Working with GINA, we will supplement selected ABI and AHI products using VIIRS data with
applicable channels for areas of the Alaska Region outside the geostationary field of view.

Project Accomplishments by Objectives:
CIRA continued to leverage its connections with the University of Alaska-Fairbanks, the Geographic

Information Network of Alaska (GINA) and, in particular, the Alaska Region Proving Ground Satellite
Liaison, Eric Stevens, in demonstrating Proving Ground products of value to Alaska Region users. Tom
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Heinrichs (GINA) will also serve as POC. We have received excellent feedback from Eric Stevens
regarding how our Proving Ground products are being used by forecasters in Alaska, and we have
successfully transitioned several (JPSS) products from research to operations with the aid of Eric Stevens
and GINA. For areas of the Alaska Region outside the geostationary field of view we will supplement
selected ABI and AHI products using VIIRS data with applicable channels.

We currently produce numerous AHI and VIIRS imagery products that cover some (if not all) of the Alaska
Region, made available on our RAMSDIS Online website. These include VIIRS True Color RGB, Natural
Color RGB, Fire Temperature RGB, Snow/Cloud Discriminator, short- and longwave IR, and a variety of
Day/Night Band imagery products that help with volcanic ash, smoke and dust detection for several
sectors that include Interior Alaska, the Chukchi Sea, the Aleutian Islands and the Kamchatka Peninsula
in Russia. We also produce AHI Natural Color RGB, and several volcanic ash detection products for a
North Pacific sector that includes the Aleutian Islands and Kamchatka Peninsula. Furthermore, the default
location of the AHI rapid scan (2.5 min imagery) sector covers the Kamchatka Peninsula, unless a major
typhoon is present in the tropics. Forecasters have requested this imagery as the Kamchatka Peninsula is
a major source region of volcanic ash, as well as hurricane force (HF) lows that ultimately impact the
Aleutians and mainland Alaska. We produce rapid-scan versions of Geocolor, Natural Color RGB, and
Airmass RGB, in addition to the high-resolution visible channel (AHI Band 3). Full disk versions of the
Geocolor, Natural Color RGB, Airmass RGB, and Band 3 are also available, which cover the Aleutian
Islands.

We are coordinating with Eric Stevens and Carl Dierking (GINA) to make the VIIRS Fire Temperature
RGB and Snow/Cloud Discriminator available to forecasters through AWIPS. An example of the
Snow/Cloud Discriminator is shown in the Figure below.

Figure 4. Example VIIRS Snow/Cloud Discriminator over Alaska (20:04 20 March 2017). This product
highlights snow in white, low clouds in yellow, mid-level clouds in orange and high clouds in magenta.
CIRA’s Arctic Blogs receive regularly high praise from the GINA team and are posted directly on the GINA
homepage.
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Figure 5. On the left is a CIRA VIIRS True Color RGB image of a glacial flour dust event over the Gulf of
Alaska (22:26 UTC 25 October 2016). This glacial flour dust event was described in detail in one of
CIRA's Alaska blogs (http://rammb.cira.colostate.edu/projects/npp/blog/) . To the right is a screen shot of
the University of Alaska-Fairbanks GINA’s homepage from late October 2017 linking directly to CIRA’s
blog.

CIRA's Curtis Seaman received a special invitation from Eric Stevens to attend the upcoming Alaska Fire
Science Consortium remote sensing workshop (in April 2017) and to give an invited talk at that
conference. Curtis Seaman will combine this trip with a visit to GINA to continue our strong collaboration
with this team.

Project 7--Imagery Applications and WFO Interactions

CIRA continued to actively engage NWS forecasters at the WFO level. There are currently 43 WFOs that
receive one or more GOES-R PG products from CIRA. New WFOs continued to become interested in
and learn about CIRA PG products through various means, including: 1) from other WFOs; 2) through
training exercises such as those organized by WFO Liaison Chad Gravelle; 3) by participating in VISIT
training to learn more about potential products; 4) interaction through particular events that we may
highlight on our PG blog; and 5) presentations at conferences, particular the National Weather
Association Annual Meeting, which is well attended by forecasters. Feedback in general always comes
via email, AFDs (Area Forecast Discussions), special surveys, blogs, training, shift logs, and verbal
feedback.

Project Objectives:

We continued to distribute and improve (if requested) a suite of WFO PG Decision Aid products.
1--Continue close collaborations with local parther WFOs Boulder and Cheyenne

2--Continue general support of participating WFOs that receive CIRA PG products

3--Continue to collect and evaluate forecaster product feedback
4--Continue to refine and improve PG products as a result of forecaster feedback
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5--Work closely with Satellite Liaison Chad Gravelle to help establish product usage opportunities, collect
formal feedback for products where appropriate, and to introduce and evaluate new products as they
become available

Project Accomplishments:

During this reporting period we continued to distribute and improve (as requested) a suite of WFO PG
Decision Aid products. A new initiative that was started during this past year involved the use of synthetic
imagery to demonstrate the new water vapor bands that will be on GOES-R. The full list of CIRA PG
products which were successfully demonstrated in AWIPS Il is as follows:

-GeoColor (with and without city lights, per forecaster preference; transitioning to ABI)

-Synthetic Imagery (NSSL WRF-ARW and the CONUS NAM and Alaska Nests)

-Snow/cloud discrimination (MODIS)

-Thin cirrus detection (MODIS)

-Blowing dust products (MODIS/VIIRS based)

-Total lightning using the Colorado LMA (in coordination with Steve Rutledge of CSU Atmospheric
Science, and Geoffrey Stano of NASA/SPORT)

-Real-time Super Rapid Scan Operations for GOES-R (SRSOR) imagery when available

During this reporting period CIRA’s PG Team continued to coordinate our PG WFO activities with WFO
Satellite Liaison Chad Gravelle. We participated in bi-monthly telecons with the Satellite Liaisons, and
participated in Satellite Liaison meetings as scheduled. Given our proximity to the Boulder (BOU) WFO
we maintained a particularly close working relationship with that office, buoyed by many years of
interaction by CIRA Proving Ground WFO Liaison Ed Szoke. Ed continues to work occasional WFO
shifts at the WFO Boulder (since the mid-1980s) and holds an important practical knowledge of the issues
involved (timing, workload, forecast problems, etc.). The shifts at the WFO BOU provide Ed with the
opportunity to use the experimental PG products, as well as to fully interact with the forecast staff. Ed
also attended the seasonal WFO workshops (one in the Fall and one in the Spring) and frequently made
presentations, or coordinated presentations by others at CIRA and other Proving Ground team partners.
CIRA also holds a long-standing relationship with the Cheyenne (CYS), Wyoming WFO. CYS continued
to show strong interest in participating in PG activities through enthusiastic staff, including their SOO (Rob
Cox) and Satellite Focal Point (Becca Mazur). Dan Bikos and Ed Szoke visited Cheyenne in April 2015 to
discuss a project involving total lightning.

Project 8--AWIPS 1l and N-AWIPS Development

CIRA continued to research and implement new AWIPS Il and NAWIPS Proving Ground products. New
AWIPS I software builds were deployed as available. AWIPS Il and NAWIPS real-time product
dissemination, client support and client training also continued into this current project year. The ability to
convert existing McIDAS format products to netCDF4 and to generate new netCDF4 format products was
critical component of this effort. CIRA staff worked with VLAB, OSG and other Proving Ground partners
to develop these capabilities. CIRA also hosted a working session for satellite liaisons and NHC staff to
develop a cohesive framework for transitioning all experimental NAWIPS products to the AWIPS2 NCP.

Project Objectives:

1--Continue development, dissemination and support of CIRA AWIPS Il & NAWIPS PG products.
2--Continue hardware procurement and implementation to improve/expand in-house AWIPS I
capabilities.

3--Continue to participate in NWS AWIPS Il training and utilize information to maintain CIRA AWIPS Il
environment compatibility with NWS partner offices.

4--Continue work to improve existing and develop new Himawari and GOES-R AWIPS Il RGB products.
5--Continue work to develop/evaluate GOES-R era AWIPS Il case study ingest, archive and sharing
techniques.
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6--Continue exchange of IT expertise with SPoRT, VLAB and other experimental product development
community members.

7--Continue participation in the AWIPS Il working groups and attend AWIPS Il EPDT workshops. Will
also investigate feasibility of CIRA-hosted EPDT.

8--Continue collaborative work with the NWS WFOs, National Centers and Satellite Liaisons.

Project Accomplishments by Objectives:

Efforts continued to improve existing and develop new Himawari and GOES-R AWIPS Il RGB products
and training. Some CIRA GOES-R era RGB products, such as Rayleigh corrected true color) are too
computationally intensive to run on AWIPS Il workstations. IT staff worked with NCO partners and
Satellite Liaisons to develop pseudo 8 bit RGB products that can be displayed in NCP because the
AWIPS Il NCP does not have the software components necessary to display 24 bit RGBs. Work on
AWIPS Il 10 and 11 bit color table development with the GOES-R Color Table Working Group continued.

Support for development of AWIPS Il training case studies continued in this past year as well. The team
worked with WDTB staff to successfully implement a beta version of the WES2 software. Full case study
archive and processing capabilities similar to NWSFQ's are now available. The software has been used
to process several case studies for training courses.

CIRA IT staff also continued participation in the AWIPS Il developer working group implemented to
facilitate Cooperative Institute/Proving Ground participation in AWIPS Il product development. Deb
Molenar and Scott Longmore continued their collaboration with SPoRT and continued to share AWIPS I
expertise. They both attended SPoRT hosted EPDT work sessions. CIRA also hosted two EPDT work
sessions at the CIRA location in Fort Collins, Colorado. CIRA IT staff also continued to review AWIPS I
training materials as they become available on the Commerce Learning Center, and utilized relevant
information to advance AWIPS Il capabilities for research and training staff and field partners.

After the successful GOES-R launch in November 2016, access to the NESDIS PDA GRB feed was
established. CIRA’'s GOES-R satellite groundsystem is just about ready to ingest and store GOES-16
data. CIRA leveraged other funds (mostly GOES-R Program Office Groundsystem funds and
NESDIS/StAR Groundsystem funds) to complete its GOES-R satellite groundsystem. No GOES-R PG
project funds were utilized for this purpose. The GOES-R PG project will benefit from CIRA’s ability to
ingest GOES-R GRB data starting in April 2017. Real-time and archived PDA GRB data is being provided
to SPC and CRH while TOWR-S software fixes are implemented.

Project 9--NHC Satellite Liaison to the National Hurricane Center

CIRA continued to support Andrea Schumacher as the Satellite Liaison (SL) to the National Hurricane
Center. This is a half-time FTE position. The main task of the CIRA NHC SL is to work in close
coordination with the NHC Satellite Focal Points (M. DeMaria, M. Brennan, and J. Beven) and SOO (C.
Landsea) on the NHC Proving Ground demonstrations.

Project Objectives:

1--Participate in PG-related meetings, workshops, conference calls, and training as required (Note:
Required travel should not exceed 5 trips per year, with at least 2 of those trips being visits to NHC)
2--Coordinate with developers, training staff, NHC Satellite Focal Points, and other Satellite Liaisons to
develop and deliver training on GOES-R/JPSS demonstration products, as needed

3--Assist with development of annual NHC Proving Ground Demonstration Plan

4--Collect feedback from NHC and TAFB forecasters during the NHC Proving Ground Demonstration
period (August - November)

5--Organize annual Proving Ground review (either remote or in-person)

6--Prepare annual NHC PG report
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Project Accomplishments by Objectives:

CIRA’s NHC SL participated in numerous Proving Ground-related meetings, workshops, and conference
calls. Travel included 2 trips to NHC (Sep 2016 and Feb 2017, Miami FL), the GOES-R PG/User
Readiness Conference (May 2016, Kansas City KC), and the OCONUS Technical Interchange (June
2016, Honolulu HI).

The NHC SL ran a supplemental ABI/AHI training workshop with co-Liaison M. Folmer at NHC on 16 Feb
2017.

The 2017 NHC Demonstration Plan was completed at the end of Jan 2017 and was approved for
implementation on 21 Feb 2017.

The NHC SL gathered remote feedback on NHC PG demonstration products via emails and phone calls
during the 2016 hurricane season. She also gathered in-person feedback and provided PG-related
product support during her visit to NHC from 28 Aug - 2 Sep 2016 (during active operations for TS
Hermine, see Figure below). During the 2017 NHC Proving Ground Annual Review held at the NHC on
17 Feb 2017, further feedback was collected from forecasters, program managers, and developers
(approximately 10 participants in person, 20 remote). The 2016 NHC Proving Ground final report is
currently being prepared and will be submitted in March 2017.

Figure 6. CIRA Geocolor RGB Product used by NHC Director Richard Knabb during an interview with
The Weather Channel about TS Hermine.

Project 10--Product Documentation and Training for NWS Forecasters

In support of the GOES-R Product Demonstration and Training for NWS Forecasters, CIRA continued to
work very closely with the Office of the Chief Learning Officer (OCLO), the satellite training advisory team
(STAT) and training developers at CIMSS, COMET, and CIMMS to develop the Satellite Foundational
Course for GOES-R (SatFC-G). The SatFC-G provides training for NWS operational forecasters to use
new satellite data and products.
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Project Objectives:

1--Develop new proving ground product demonstration material

2--Merge existing modules with new products

3--Continue new PG CIRA Blog updates

4--Track usage of products

5--Track forecaster feedback

6--Work closely with PG Liaisons, COMET, SPoRT and CIMSS on training activities and the more
formal/required NWS training

Project Accomplishments by Objectives:

Where appropriate, PG demonstration content and modules were merged with current VISIT and SHyMet
activities to show how new capabilities complement and/or improve upon current product capabilities.
CIRA also continued to interact with VISIT and SHyMet counterparts at CIMSS and kept abreast of
activities being done through SPoRT, COMET, and EUMETSAT to maximize the ongoing efforts in this
area.

Project 11--Satellite Hydro-Meteorology (SHyMet) Education and Outreach

The overall objective of the SHyMet program is to develop and deliver comprehensive distance-learning
courses on satellite hydrology and meteorology. This project leverages the structure of the VISIT training
program but is distinct in that VISIT focuses on individual training modules, while SHyMet organizes
modules into courses. This work was done in close collaboration with experts at CIRA, the Cooperative
Institute for Meteorological Satellite Studies (CIMSS), the Short-term Prediction Research and Transition
Center (SPoRT), the Cooperative Institute for Mesoscale Meteorological Studies (CIMMS), COMET, and
the National Weather Service (NWS) Office of the Chief Learning Officer (OCLO) which includes the
Training Center (NWSTC), the Warning Decision Training Division (WDTD), and the Forecast Decision
Training Division (FDTD). The challenge is to provide necessary background information to cover the
many aspects of current image and product use and interpretation as well as evaluate data and products
available from new GOES-R/16 satellite technologies and provide new training on these tools to be used
operationally. In order to have training materials available for users when GOES-R was launched on 19
November 2016, the SHyMet team collaborated with the NOAA Satellite Training Advisory Team (STAT)
and partners mentioned above on developing and posting content for the Satellite Foundation Course for
GOES-R/16 (SatFC-G)

Project Objectives:

1--Interact with CIMSS, NWS OCLO (FDTD, WDTD, and NWSTC), satellite liaisons, GOES-R and JPSS
Satellite Proving Ground Partners, COMET, SPoRT, CIMMS, and groups external to the US including the
WMO VLab to meet high priority GOES-R training for user readiness. This includes participating in
conference calls: STAT team (weekly), VISIT/SHyMet (monthly), COMET (monthly), GOES-R/JPSS
Proving Ground (quarterly)

2--Create the SHyMet Satellite Foundation Course for GOES-R/16 web pages for users external to
NOAA,; provide partial support for the creation of content for the SatFC-G course; maintain and track
metrics for the SatFC-G and the existing four SHyMet courses: Intern, Forecaster, Tropical, and Severe
Thunderstorm.

3--Contribute GOES and GOES-R content to blogs, to the VISIT Satellite Chat (interactive Webinar
sessions), and monitor and respond to questions and comments proposed through the NWS VLab
“satellite help desk” forum. The materials that are presented align with NWS Satellite Training plan to
highlight use of new GOES-R/16 satellite imagery in recent significant weather events.

These activities were done in collaboration with the VISIT team.

4--Attend meteorological and educational conferences and symposiums as the opportunities arise to
present materials related to SHyMet/GOES-R and to actively solicit user needs from the community.
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Project Accomplishments by Objectives:

1-- Interact with CIMSS, NWS OCLO (FDTD, WDTD, and NWSTC), satellite liaisons, GOES-R and JPSS
Satellite Proving Ground Partners, COMET, SPoRT, CIMMS, and groups external to the US including the
WMO VLab to meet high priority GOES-R training for user readiness. This includes participating in
conference calls: STAT team (weekly), VISIT/SHyMet (monthly), COMET (monthly), GOES-R/JPSS
Proving Ground (quarterly)

-During the past year, high emphasis was put on developing content for the

Satellite Foundation Course for GOES-R (SatFC-G). The organizational

aspect of this required weekly participation in STAT calls to report on: 1)

progress of obtaining and displaying Advanced Himawari Imagery (AHI) that

were used for case examples, 2) module creation, 3) subject matter expert

review, 4) NWS Science and Operations Officer (SOO) review, 5) module

revision, 6) quiz creation, and 7) publishing the final version to the web page.

The calls also served as a means to address related issues that arose during the process. Both the
SHyMet and VISIT programs were leveraged for this activity. The following objective provides more
information on the content created for SatFC-G.

2--Create the SHyMet Satellite Foundation Course for GOES-R/16 web pages for users external to
NOAA,; provide partial support for the creation of content for the SatFC-G course; maintain and track
metrics for the SatFC-G and the existing four SHyMet courses: Intern, Forecaster, Tropical, and Severe
Thunderstorm.

- Content developed at CIRA in collaboration with the VISIT project includes:

- SatFC-G: “GOES-R ABI Water Vapor Bands”. (at right
Figure 1)
- SatFC-G: “GOES-R Baseline product: Hurricane Intensity
Estimate”
- SatFC-G: “GOES-R Baseline product: Rainfall rate”.
- SatFC-G: “GOES-R Introduction to Mesoscale and
Synoptic Sections”.
- SatFC-G: “GOES-R Pre-convective Environment”.
- SatFC-G: “GOES-R Pre-convective Cloud Features”.
- SatFC-G: “GOES-R Boundary-forced convection”. Figure 7. Water Vapor Band module
- SatFC-G: “GOES-R Mountain waves and orographic enhancement”.
- SatFC-G: “GOES-R Marine and Polar Mesolows”.
- SatFC-G: “GOES-R Cumulus Growth”. (at right Figure 2.)
- SatFC-G: “GOES-R Discrete Storms”.
- SatFC-G: "GOES-R Mesoscale Convective Systems”.
- SatFC-G: “GOES-R Cyclogenesis Life Cycle”.
- SatFC-G: “GOES-R Low-level jet features”.
- SatFC-G: “GOES-R General Circulation Patterns”.
- SatFC-G: “GOES-R Atmospheric Rivers”.
- SatFC-G: “Comparing NWP Synthetic Satellite Imagery to
Observed Satellite Imagery”.
Figure 8. Cumulus Growth module.

The complete module listing that includes content from all developers is shown in Table 1. The NWS
OCLO/FDTD took the lead in organizing the content on NOAA’s Commerce Learning Center Learning
Management System (CLC LMS) and are responsible for tracking metrics for the NWS. Because users
external to NOAA cannot access NOAA's CLC LMS, a SHyMet course page was established for
SatFC-G. http://frammb.cira.colostate.edu/training/shymet/satfc-g_intro.asp
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Table 1. Satellite Foundation Course for GOES-R/16 (SatFC-G) — Complete module listing

Topic
Introduction
Introduction
Introduction
Introduction
Introduction
Introduction

Introduction
Introduction

Introduction
Introduction

Introduction
Introduction

Introduction

Introduction
Introduction
GLM
GLM
Meso/Synop

Convection
Convection
Convection

Mesoscale

Mesoscale

Mesoscale
Convection
Convection
Convection

Synoptic

Synoptic
Synoptic
Synoptic
Synoptic
Synoptic
Synoptic
NWP
NWP

NWP

| Title
Basic Principles of Radiation
Basic Operations of ABI on GOES-R
GOES-R ABI Visible and Near-IR Bands
GOES-R ABI Near-IR Bands
GOES-R ABI IR Bands, Excluding Water Vapor
GOES-R ABI Water Vapor Bands
GOES-R Multi-channel interpretation
approaches
GOES-R Aerosols in AWIPS
GOES-R Cloud and microphysical products,
fog and low stratus
GOES-R Fire characterization, land surface
temperature and snow
GOES-R Baseline Product: Hurricane Intensity
Estimate
GOES-R Baseline Product: Rainfall rate
GOES-R Baseline Product: Legacy
Atmospheric Profiles
GOES-R Baseline Product: Derived Motion
Winds
GOES-R Baseline Product: Volcanic Ash
Introduction to the Geostationary Lightning
Mapper (GLM)
Visualizing the GLM in AWIPS
GOES-R Introduction to Mesoscale and
Synoptic Sections
GOES-R Pre-convective environment
GOES-R Pre-convective cloud features
GOES-R Boundary-forced convection
GOES-R Mountain waves and orographic
enhancement
GOES-R Fog / Low clouds: Formation and
dissipation
GOES-R Marine and polar mesolows
GOES-R Cumulus growth
GOES-R Discrete Storms
GOES-R Mesoscale Convective Systems
GOES-R Cyclogenesis Potential Vorticity
concepts
GOES-R Cyclogenesis life cycle
GOES-R TROWAL Formation
GOES-R Low-level jet features
GOES-R General Circulation Patterns
GOES-R Atmospheric Rivers
GOES-R Tropical to Extratropical Transition
Impact of Satellite Observations on NWP
GOES-R Impacts on Satellite Data Assimilation
Comparing NWP Synthetic / Simulated Satellite
Imagery to Observed Satellite Imagery

| Length

15
15
15
15
30
25

30
10
15

10

10
10
10

10
10
30
10
10

15
10
10

10

10

10
20
20
10

10

20
10
10
10
10
10
15
5

10

|  Contributor
COMET
CIMSS
COMET
COMET
COMET
CIRA

CIMSS
CIMSS & SMCD
CIMSS

CIMSS

CIRA, CIMSS, &
STAR
CIRA & STAR

CIMSS

CIMSS
CIMSS & STAR
COMET
SPoORT
CIRA

CIRA
CIRA
CIRA

CIRA

CIMSS

CIRA
CIRA
CIRA
CIRA

CIMSS

CIRA
CIMSS
CIRA
CIRA
CIRA
COMET
COMET
COMET

CIRA
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The following four SHyMet courses continue to be administered:

-- The SHyMet Intern course touches on Geostationary and Polar orbiting satellite basics (areal coverage
and image frequency), identification of atmospheric and surface phenomena, and provides examples of
the integration of meteorological techniques with satellite observing capabilities.
(http://rammb.cira.colostate.edu/training/shymet/intern_intro.asp ).

This continues to be the most popular course.

-- The SHyMet for Forecaster course covers satellite imagery interpretation and feature identification,
water vapor channels, remote sensing applications for hydrometeorology, aviation hazards, and what to
expect on future satellites. http://rammb.cira.colostate.edu/training/shymet/forecaster_intro.asp

--The Tropical track http://[rammb.cira.colostate.edul/training/shymet/tropical_intro.asp of the SHyMet
Course covers satellite imagery interpretation and application of satellite derived products in the tropics
as well as the models used at NHC for tropical cyclone forecasting.

-- The Severe Thunderstorm Forecasting Course
http://[rammb.cira.colostate.edu/training/shymet/severe_intro.asp

covers how to integrate satellite imagery interpretation with other datasets in analyzing severe
thunderstorm events.

Table 2. Registrations and Completions for the new and existing SHyMet Courses.
SHyMet Total since debut March 2016 - Feb 2017 Course Debut
Course

Registrations | Completions | Registrations Completions
SatFC-G 32 US 2Us
(external to 61 3 24 International 1 December
NOAA LMS) 5 unknown International 2016
Intern 517 383 25 11 April 2006
Forecaster 73 46 5 0 January 2010
Tropical 45 22 3 0 August 2010
Severe 65 40 3 0 March 2011

3--Contribute GOES and GOES-R content to blogs, to the VISIT Satellite Chat (interactive Webinar
sessions), and monitor and respond to questions and comments proposed through the NWS VLab
“satellite help desk” forum. The materials that are presented align with NWS Satellite Training plan to
highlight use of new GOES-R/16 satellite imagery in recent significant weather events. These activities
were done in tandem with VISIT activities.

During the past year from March through September, considerable effort was directed towards the
development of the SatFC-G and less effort was directed towards blogs and the virtual VISIT Satellite
chat session.

The VISIT Satellite Chat sessions are designed to discuss recent significant weather events with the
objective of demonstrating satellite products that can be applied to operational forecasting. These
sessions are brief and often lead to products being made available or further discussed in the VISIT blog.
In the past year, the following sessions were organized by VISIT/SHyMet and highlighted both internal
and external presenters:
-- Sheldon Kusselson (retired NOAA/NESDIS) titled “Satellite Derived Layered Precipitable Water
(LPW) and Total Precipitable Water (TPW) products: Applications for the West Coast this 2016-
2017 Winter Season”. (17
-- Michael Jurewicz (NOAA/NWS WFO Binghamton, NY) titled “The “Super” Lake-Effect Event of 19-
21 November 2016 across Western/Central New York. (15 December 2016)
-- Scott Lindstrom (CIMSS/SSEC/UW) on the Oregon tornado event of 14 October 2016. (20 October
2016)
-- Andrea Schumacher (CIRA/CSU NHC Satellite Liaison) and Michael Folmer (Satellite Liaison for
OPC/SAB/TAFB/WPC) on Hurricane Matthew. (5 October 2016)
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-- Brad Pierce (NOAA/NESDIS/STAR) title “High Resolution Trajectory-Based Smoke Forecasts of
the Fort McMurray wildfire using VIIRS Aerosol Optical Depth”. (18 May 2016)
-- Michael Folmer (Satellite Liaison for OPC/SAB/TAFB/WPC) titled “February Hurricane-Force
Events: OPC perspective on GOES-14 SRSOR. (27 April 2016)
-- Matt Elliot (NOAA/NWS WFO Sterling, VA) on AWIPS Lightning Outages. (30 March 2016)
Recorded sessions are located here: http://rammb.cira.colostate.edu/training/visit/satellite_chat/

Figure 9. Introductory slides for the March (left) and April (right) 2016 virtual VISIT Satellite Chat
sessions.

The VISIT blog is intended to open the doors of communication between the Operational, Academic and
Training Meteorology communities. The blog averages around 170 views per month and is located here:
http://rammb.cira.colostate.edu/training/visit/blog/

A satellite help desk exists in the NOAA Virtual Lab. So far the activity through the help desk has been
light. We will continue to monitor it. http://rammb.cira.colostate.edu/training/visit/helpdesk.asp

4--Attend meteorological and educational conferences and symposiums as the opportunities arise to
present materials related to SHyMet/GOES-R and to actively solicit user needs from the community.
-- See the presentations listed below.

-- Community Outreach at NOAA/Boulder: Ed Szoke gave an hour long weather talk at “8" Grade
Science Days” on 6 and 11 October and to a visiting 5t" Grade class on 3 November. He also
participated in the NOAA Family Tour day on 20 December. Ed Szoke has also been advising (as a
Committee Member) a Master’s student in meteorology at the University of Colorado in Boulder, Matt
Steiner, with his defense scheduled for March 2017.

Project 12--NOAA's GOES-R PG commitment to the Coordination Group for Meteorological
Satellites: Enhancing the International Virtual Laboratory (VLaB)

The World Meteorological Organization (WMO) Virtual Laboratory for Education and Training in Satellite
Meteorology (VLab) is a collaborative effort joining major operational satellite operators across the globe
with WMO regional training centers of excellence in satellite meteorology. Those regional training centers
serve as the satellite-focused training resource for WMO Members. Through its cooperative institute for
Research in the Atmosphere (CIRA) at Colorado State University (CSU), NOAA/NESDIS sponsors
Regional Training Centers of Excellence (CoE) in Argentina, Barbados, Brazil, and Costa Rica.
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The top-level objectives of the VLab are:

1-- To provide high quality and up-to-date training and supporting resources on current and future
meteorological and other environmental satellite systems, data, products and applications;

2-- To enable the regional training centers to facilitate and foster research and the development of socio-
economic applications at the local level through the National Meteorological and Hydrological Services.

Enhanced training and coordination of training that is specifically targeted for GOES-R/16 and
accomplished under this project will prepare forecasters, researchers, and managers on how to utilize
imagery and products to provide services and training in these areas. Other CIRA RAMMB projects are
leveraged to meet the VLab top level objectives.

Specific Objectives:

1--Provide partial support (2 months) for the WMO Technical Support Officer (TSO) position.
2--Provide GOES-R examples and partial support for monthly weather briefing sessions of the WMO
VLab Regional Focus Group (RFG) of the Americas and the Caribbean.

3--Participate in virtual and in-person meetings of the WMO VLab Management Group, activities of the
NOAA GEONETCast Americas (GNC-A) coordination group, and the WMO Inter-Programme Expert
Team on Satellite Utilization and Products (IPET-SUP).

4--Leverage NOAA and WMO VLab partners to organize and deliver virtual and in-person GOES-R
training on data and product access, display, and interpretation.

Project Accomplishments by Objective:

1--This project provides partial monetary support (2 months) for a WMO VLab Technical Support Officer
(TSO), Luciane Veeck. Her efforts provide a very important stabilizing factor for the global coordination of
training efforts under the umbrella of the WMO VLab. Member countries have access to her resources
through the entire year. Luciane was also supported through CIRA under a WMO grant and another
CIRA project during the past year. Highlights of her work that benefit the WMO community and the US
include:

- Maintenance of the VLab central website and the VLab calendar of events http://vlab.wmo.int

- VLMG-8 meeting support (9-13 May 2016) — Coordination and organization of meeting logistics and
agenda, collection of Satellite Operator and Centre of Excellence Status reports, analysis of reports, and
participation in the meeting. Follow up activities included writing, reviewing and publishing the meeting
summary report and tracking action items. The full report can be downloaded from the VLab website
listed above under Publications/VLMG reports.

- WMO Education and Training (WMO-ETR) Online Course for Trainers 2016 — The WMO Online Course
for Trainers of Regional Associations Il (South America) and IV (North and Central America and the
Caribbean) ran 29 March - 26 June 2016. In coordination with WMO ETR staff, other WMO trainers, and
B. Connell, the TSO facilitated “Unit 11: Facilitated Learning”, and “Unit 12: Organizing and Delivering
Training” during 13-30 June.

- CALMet Moodle Users Course Development — Collaboration occurred with the

WMO ETR and with the Community for the Advancement of Learning in

Meteorology (CALMet) throughout the past year to give continuation to the design

of the Moodle course. Moodle is a free open source Course Management System

(CMS). The course (Units 1, 2 and 3) was launched as part of CALMet Online

2016, with an online demo presentation on 27 September 2016.

- Climate Virtual Round Table (VRT) Global Event — Support for the organizing of

the Climate VRT involved revision of slides, discussion of opportunities for engagement in online
presentations, as well as the need for additional resources in easy to use formats.

- A VLab status report and presentation slides were prepared for the WMO 44th Plenary Session of the
Coordinating Group for Meteorological Satellites (CGMS-44), which took place in Biot, France (6-10 June
2016). The full report can be downloaded from the VLab website listed above under Publications/Other
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reports. The slides were presented at CGMS-44 by Stephan Bojinski, the WMO Space Programme
Representative.

- The revised Satellite Skills and Knowledge for Operational Meteorologists document was submitted to
the WMO Commission for Basic Systems (CBS).
https://www.dropbox.com/s/j2fuwgk89ltu3at/SatESkills_V2.pdf?dI=0

- Coordination and collaboration efforts were directed towards developing a survey to determine the best
training approaches to Red Green Blue (RGB) image creation and interpretation. EUMETSAT hosted the
survey and VLMG members provided input and comments to the survey questions. All VLab members
were given the opportunity to respond to the survey during the period 12 December 2016 to 8 January
2017.

2--Provide GOES-R examples and partial support for monthly weather briefing sessions of the WMO
VLab Regional Focus Group (RFG) of the Americas and the Caribbean.

Figure 10. During the January 2017 session, in anticipation of GOES-14 imagery, an example from
Himawari AHI imagery was shown to highlight applying what we currently observe: a) Water vapor
imagery with the synoptic flow pattern, b) a brief background of the Red/Green/Blue (RGB) components
of the RGB Air Mass product, and c) the realization of the synoptic pattern in the RGB Air Mass imagery

--The WMO Virtual Laboratory Regional Focus Group of the Americas and Caribbean conducted 12
monthly bilingual (English/Spanish) weather briefings. The briefings made use of VISITview software to
present GOES and POES satellite imagery from CIRA and GoToWebinar for voice communication over
the Internet. Over the calendar year 2016, the participants from the U.S. included: CIRA, the NWS
International Desk at NCEP/WPC, NWS/Office of the Chief Learning Officer (OCLO) Forecast Decision
Training Division (FDTD), the NWS Training Center, the UCAR/JOSS-NWS International Activities Office,
and UCAR/COMET. Thirty countries outside the US patrticipated: Argentina, Bahamas, Barbados, Belize,
Bolivia, Brazil, Cape Verde, Cayman Islands, China, Colombia, Costa Rica, Dominica, Ecuador, El
Salvador, Germany, Guatemala, Haiti, Honduras, Mexico, Netherlands, Panama, Paraguay, Peru,
Russia, Slovakia, Spain, Suriname, Trinidad and Tobago, Uruguay, and United Kingdom. M. Davison
and J. Galvez at the NCEP International Desks led the discussions (10 and 2 respectively). Participants
offered comments and questions for their regions. The number of countries participating each month
ranged between 7 and 18 (average 11); and the number of participants each month ranged between 8
and 48 (average 25). The sessions were recorded and can be accessed here:
http://rammb.cira.colostate.edu/training/rmtc/fg_recording.asp

3-- Participate in virtual and in-person meetings of the WMO VLab Management Group, activities of the
NOAA GEONETCast Americas (GNC-A) coordination group, and the WMO Inter-Programme Expert
Team on Satellite Utilization and Products (IPET-SUP).
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Figure 11. Participants attending the WMO VLab Management Group meeting at CIMH in Barbados
during 9-13 May.

CIRA participated in the eighth WMO VLab Management Group (VLMG-8) meeting on 9-13 May hosted
by the Caribbean Institute for Meteorology and Hydrology (CIMH) in Barbados. Funding for travel to this
meeting was provided by the CIMH project “Programmes for Building Regional Climate Capacity in the
Caribbean (http://rcc.cimh.edu.bb/) and the SHyMet Training Grant.

The main topics from the meeting were:

--VLab efficiency

--Satellite skills and knowledge for operational meteorologists

--Language translation of training resources

--Evaluation of training impact

--User readiness (particularly relevant for GOES-R)

--Climate services

--Weather ready nations, a global training campus, and continuation projects and expansion over the
coming year.

The motivation behind VLab activities is to build a strong training foundation to make it is easier to get
messages, information, and data to the user. The meeting was well attended by 13 Centres of
Excellence: Argentina, Australia, Barbados, Brazil, China (Beijing and Nanjing), Costa Rica, Kenya,
Niger, Oman, Republic of Korea, Russian Federation, South Africa, and Morocco. Only one satellite
operator was represented directly (EUMETSAT). NOAA was represented through its collaborator at
CIRA; INPE and CONAE were represented through their CoE representatives.

CIRA participated in virtual VLMG meetings on 20 September 2016 and 18 January 2017.

CIRA participated in virtual IPET-SUP meetings on 19 May, 13 July, and 15 November 2017.

GEONETCast-Americas (GNC-A) is a great way to provide instructional material to users as well as
provide products. Itis a low cost alternative to many users in countries that still do not have adequate
internet access. It is also a good backup for emergency preparedness. The lower bandwidth capability
prohibits sending level 1B type imagery, but potential products for users are those that are considered to
meet the 9 GEO societal benefit areas. GNC-A usage is strongly linked to training and aspects of this are
covered in the next objective.
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4--Leverage NOAA and WMO VLab partners to organize and deliver virtual and in-person GOES-R
training on data and product access, display, and interpretation.

Figure 12. Participants attending the Satellite Data Training workshop at CIMH in Barbados during 3-6
May (left) and participants attending the AmeriGEOSS: GEONET Cast workshop at Universidad Nacional
de Colombia in Bogota Colombia during 7-10 June (right).

CIRA integrated GEONETCast Americas (GNC-A) product dissemination information into two workshops
that occurred in May and June 2016. The 3-6 May workshop took place in Barbados at the Caribbean
Institute of Meteorology and Hydrology and focused on building regional climate capacity in the
Caribbean. This GOES-R PG VLab project leveraged travel support from the CIMH project “Programmes
for Building Regional Climate Capacity in the Caribbean (http://rcc.cimh.edu.bb/). CIRA and CIMH
organized and delivered the “Satellite Data Training” workshop.

The 7-10 June workshop took place in Colombia at the National University in Bogota as part of the
AmeriGEOSS activities for 2016. GEO-Colombia hosted the event. Funding for travel came from the
CIRA SHyMet project.

The products of interest shared between the groups include precipitation estimation, vegetation health,
and dust and ash detection. We used the opportunity to give a brief overview of GOES-R to inform on the
launch of GOES-R as well as encourage feedback from current and potential users on what GOES-R
products are desirable for the GNC-A broadcast. The freely available software McIDAS-V was used to
display and interpret either real-time or archive GOES and SEVERI imagery and products to demonstrate
the hydroestimator product, simple channel differences for identifying dust, and RGB creation for volcanic
ash detection.
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new generation geostationary weather satellites. Yonsei University, Seoul, South Korea, 28 October
2016. Invited seminar presentation.

Seaman, C. J., S. D. Miller, D. T. Lindsey and D. W. Hillger: JPSS and GOES-R Multispectral Imagery
Applications and Product Development at CIRA. 97th AMS Annual Meeting, Seattle, WA, 22-26 January
2017. Poster presentation.

Szoke, E., D. Bikos, R. Brummer, H. Gosden, D. Molenar, D. Hillger, S. Miller, D. Lindsey, B. Connell and
C. Seaman, 2016: CIRA's current and future contributions to the GOES-R Proving Ground as we
approach the launch of GOES-R. AMS 21st Satellite Meteorology Conference, Madison, W1, 15-19
August.
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Szoke, E., D. Bikos, R. Brummer, H. Gosden, D. Molenar, D. Hillger, S. Miller, D. Lindsey, J. Tores and C.
Seaman, 2016: What happens next for CIRA’s NWS Proving Ground activities after the launch of GOES-
R. 41t NWA Annual Meeting, Norfolk, VA, 12-15 September.

Szoke, E., S. G. Benjamin, C. R. Alexander, E. P., J. M. Brown and S. Weygandt, 2016: The latest on the
HRRR model after a recent upgrade. 415t NWA Annual Meeting, Norfolk, VA, 12-15 September.
Seaman, C. J., S. D. Miller, W. C. Straka Ill, 2016: llluminating the Capabilities of the VIIRS Day/Night
Band in the High Latitudes. 2016 EUMETSAT Meteorological Satellite Conference, Darmstadt. Germany,
26-30 September 2016.

Szoke, E.J., 2016: Talks on GOES-R Proving Ground updates at the Boulder Weather Forecast Office
(WFO) Winter Workshops on 30 September & 7 October 2016.

Szoke, E.J., 2016: Talk on GOES-R Proving Ground updates at the Cheyenne Weather Forecast Office
(WFO) on 1 December 2016.

Szoke, E., D. Bikos, R. Brummer, H. Gosden, D. Molenar, D. Hillger, S. Miller, D. Lindsey, J. Tores and C.
Seaman, 2017: CIRA’s contribution to the NWS Proving Ground: A look back at pre-launch activities and
a look ahead to post-launch interactions. 13" Annual Symposium on New Generation Operational
Environmental Satellite Systems, Seattle, WA, Amer. Meteor. Soc., 23-26 January 2017.

Ward, B., A. Mostek, R. Van Til, L. Spayd Jr., F. W. Alsheimer, M. T. Stavish, D. Nietfeld, B. C. Carcione,
N. Eckstein, W. Abshire, P. Dills, G. T. Stano, J. G. LaDue, M. A. Bowlan, D. Bikos, B. H. Connell, E.
Szoke, E. L. Dagg, S. Bachmeier, S. Lindstrom, J. Gerth, and T. Schmit, 2017: The Satellite Foundational
Course for GOES-R: A collection of lessons to prepare National Weather Service forecasters for GOES-
R. AMS 28t Conference on Weather and Forecasting/24 Conference on Numerical Weather Prediction,
Seattle, Amer. Meteor. Soc., 23-26 January 2017.

PROJECT TITLE: CIRA Support for Development and Evaluation of JPSS-1 Based Tropical
Cyclone Intensity and Structure Estimates

PRINCIPAL INVESTIGATORS: Jack Dostalek and Galina Chirokova

RESEARCH TEAM: Scott Longmore, Robert DeMaria

NOAA TECHNICAL CONTACT: Satya Kalluri (NOAA/NESDIS) and Liqgun Ma (NOAA/NESDIS)
NOAA RESEARCH TEAM: John Knaff (NOAA/NESDIS/STAR/RAMMB)

FISCAL YEAR FUNDING: $83,700

PROJECT OBJECTIVES:

Tropical cyclones (TCs) tend to develop and spend a significant portion of their lifecycle over tropical
oceans, out of range of aircraft reconnaissance and where in situ observations are sparse. In these
regions, meteorologists must rely on satellites to provide data to initialize atmospheric models and to
monitor TC motion and intensity. Satellite microwave sounders have proven especially useful for these
tasks, since they can be used in the presence of cloud cover. The Regional and Mesoscale Meteorology
Branch (RAMMB) at CIRA has developed products that use temperature profiles derived from microwave
radiances measured from polar-orbiting satellites in conjunction with boundary conditions from the GFS
model and TC location fixes to estimate TC intensity and structure. In a previous PSDI project, upgrades
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to the intensity and structure algorithms were successfully transitioned to operations. These upgrades
included the transition from the use of a statistical retrieval algorithm to employing the Microwave
Integrated Retrieval System (MIRS) for computing the temperature profiles. In addition, the TC intensity
and structure code can now process retrievals from the AMSU'’s successor, the Advanced Technology
Microwave Sounder (ATMS), which flies aboard NOAA'’s newest polar-orbiting satellite, the Suomi
National Polar-orbiting Partnership (S-NPP) satellite. Tropical cyclones are now monitored worldwide by
four satellites using AMSU/MIRS retrievals: NOAA-18, NOAA-19, MetOp-A, and MetOp-B, and one
satellite using ATMS/MIRS retrievals: S-NPP. In the Fall of 2017, the next satellite in NOAA’s polar-
orbiting series will be launched, JPSS-1, which carries a payload similar to that aboard S-NPP, including
the ATMS. The tasks of this project are to further modify the tropical cyclone intensity and structure code
to be able to process data from JPSS-1.

Specific objective this reporting period include 1) Participation in the Critical Design Review,2) Updating
the code to process JPSS-1 data, 3) Preparing setup for parallel runs at CIRA, and 4) User interaction.

PROJECT ACCOMPLISHMENTS:

1--Critical Design Review

The first step in preparing updated code for transition to NESDIS’ operations is the Critical Design
Review. The Critical Design Review for this algorithm, along with many other algorithms being updated
for use with JPSS-1 data occurred on 27 October 2016. The TC intensity and structure code passed the
review and is continuing toward operational implementation.

2--Updates to Algorithm

Several updates have been made to the TC intensity and structure algorithm. These updates include not
only the necessary modifications to accept JPSS-1 data, but also some streamlining of the existing code

to increase performance and flexibility. The code contains a combination of shell scripts, python scripts,

and Fortran 90 programs. Figure 1 outlines the flow of the algorithm.

The following updates have been implemented. The updated version of the CIRA Polar Orbiters
Database (CPOD) has been included in the updated code. The 15t version of the database software
rewrites all input data into a special format, which requires a lot of time and creates multiple issues with
reprocessing past cases, a step that is required to update the coefficients for the TC intensity algorithm.
The CPOD writes only the metadata to a database, which simplifies the processing and makes it more
stable.

In addition, the main TC intensity algorithm (“oparet”) has been updated. The updates to “oparet” include
creating a single version of the code capable of processing data from different instruments and adding the
option to use virtual temperature instead of temperature. The driver scripts have been updated as well to
accommodate the above changes. Together these changes make the code much more flexible, and will
simplify the expansion of the algorithm to include ATMS-MIRS data from JPSS1.
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Figure 1. UML sequence diagram outlining the TC intensity and structure algorithm workflow.

3--Setup for parallel runs

The environment has been setup for running the TC structure and intensity code at CIRA. The main goal
is to replicate exactly the operational environment to ensure we can reproduce operational runs and
quickly resolve any possible issues with the algorithm. The real-time runs of the updated algorithm with
the old coefficients and SNPP data will be started by the beginning of 2017 Atlantic and east Pacific
hurricane seasons. The runs with proxy J1 data will be started as soon as the proxy data are available
from the MIRS developers.

4--User interaction

The TC intensity algorithm and the plans to update were presented at several meetings, including the
Proving Ground Review at the National Hurricane Center (NHC) on February 17, 2017. NHC is currently
getting the intensity estimates produced by AMSU-MIRS version of the algorithm through the ATCF f-
decks. Work is underway on getting estimates from the ATMS-MIRS based algorithm.

Publications: None
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Presentations:

Chirokova, G., M. DeMaria, J. Dostalek, R. DeMaria, J. Knaff, and J. Beven, 2016: ATMS-MIRS
retrievals in tropical cyclone environments: evaluation and applications. JPSS Science Team Meeting, 8-
12 August 2016, College Park, MD.

Chirokova, G., A. Schumacher, and E. Berndt, 2017: JPSS Tropical Cyclone Products. Lecture at the
JPSS Short Course at the AMS 97 Annual Meeting, 21 January 2017, Seattle, WA.

Chirokova, G., M. DeMaria, R.T. DeMaria, J. Knaff, J.F. Dostalek, and J.L. Beven, 2017: Use of JPSS
ATMS, CrlS, and VIIRS data to improve tropical cyclone track and intensity forecasting. AMS 97 Annual
Meeting, 21-26 January 2017, Seattle, WA.

DeMaria M., J. L. Beven, G. Chirokova, E. Dagg, R. DeMaria, J. Knaff and A. Schumacher, 2017: Current
and Upcoming Proving Ground Demonstrations at NHC. February 17, 2017, NHC, Miami, Florida.

Dostalek, J., G. Chirokova, J. Knaff, S. Longmore, A. Schumacher, R. DeMaria, and C. Sampson, 2016:
Recent and future updates to the operational, satellite-based tropical cyclone products produced at the
Cooperative Institute for Research in the Atmosphere. 32" Conference on Hurricanes and Tropical
Meteorology, 19-22 April 2016, San Juan, PR.

PROJECT TITLE: CIRA Support for Dynamical Core Selection for the Next Generation Global
Prediction System (NGGPS)

PRINCIPAL INVESTIGATOR: Renate Brummer

RESEARCH TEAM: Renate Brummer, John Thuburn

NOAA TECHNICAL CONTACT: Fred Toepfer (NOAA/NCEP/EMC) and Candice Jongsma (NOAA/OAR)
NOAA RESEARCH TEAM: Fred Toepfer (NOAA/NCEP/EMC)

FISCAL YEAR FUNDING: $175,000

PROJECT OBJECTIVES:

As part of a Research to Operations (R20) Initiative, the National Weather Service (NWS) plans to
produce a state-of-the art next generation global prediction system (NGGPS) which will be readily
adaptable to and scalable on evolving high-performance computing (HPC) architectures. The NGGPS
will be designed to produce useful forecast guidance to 30 days, as well as become the foundation for the
operating forecast guidance system for the next several decades. Current research and development
efforts both inside and outside NWS, including the Navy, NOAA laboratories, National Center for
Atmospheric Research (NCAR), the university research community, and other partnership efforts, will
contribute to the development of this prediction system.

Selecting a non-hydrostatic atmospheric dynamic core (dycore) was the first step in building the NGGPS.
Six dycores currently being developed and modified from a variety of institutions are viewed as potential
candidates to be evaluated for the new system. The NGGPS Dycore Testing Plan guided the testing of
these dycores and leverage ongoing High-Impact Weather Prediction Project (HIWPP) activities in the
evaluation of the dycores.
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PROJECT ACCOMPLISHMENTS:

Objective and unbiased assessment of the test and evaluation results is essential to the selection of the
future atmospheric model dynamic core for the NGGPS. A Dynamic core Test Group (DTG) was
established to conduct this assessment. The DTG assessed the results of NGGPS testing and provided
first assessment of the results to NOAA (NWS) management. This assessment, along with business
considerations, was used in the development of the business case supporting the selection of the next
dycore by NWS management.

The Draft Plan of the DTG called for two levels of testing, with Level 1 completed April

2015 and Level 2 completed March 2016. There was a computational line of testing to be performed by
the Advanced Computing Evaluation Committee. After the completion of the prescribed testing suites, the
dycores required further testing. This testing included accuracy with operational components (e.g. any
future upgrade to physics, data assimilation), opportunities for accuracy tuning and evaluation of
computational performance. Emphasis was put on testing under the conditions in which the chosen
dycore will eventually operate. Details are still to be determined by the DTG and its sponsors.

John Thuburn, an international recognized expert in this research area from the United Kingdom,
participated in this project and has contributed to reports and presentations at all interim and major
milestones. These reports were written in Summer 2015 and 2016. The final Dynamical Core Evaluation
Test Report was made public in September 2016. The final report recommended that NWS should adopt
the FV3 dynamical core for its Next Generation Global Prediction System.

Publications: None

Presentations: None

PROJECT TITLE: CIRA Support for Feature-Based Validation of MIRS Soundings for Tropical
Cyclone Analysis and Forecasting

PRINCIPAL INVESTIGATORS: Jack Dostalek and Galina Chirokova
RESEARCH TEAM: Robert DeMaria, Natalie Tourville

NOAA TECHNICAL CONTACT: Satya Kalluri (NOAA/NESDIS)
and Mitch Goldberg (NOAA/NESDIS/JPSS Program)

NOAA RESEARCH TEAM: John Knaff (NOAA/NESDIS/STAR/RAMMB)

FISCAL YEAR FUNDING: $0

PROJECT OBJECTIVES:

CIRA has been producing analyses of tropical cyclone (TC) intensity and structure based on microwave
radiances measured from polar-orbiting satellites for well over a decade. Using knowledge gained from
the FY14 CIRA StAR Cal/Val project and with the goal of improving the global utility of MIRS operational
TC products, the objective of this work is to further calibrate and correct the ATMS and high-resolution
AMSU profiles, as well as the operational TC intensity and structure algorithm (ISATC) using newly
created databases. This effort will improve the accuracy of the operational estimates of TC intensity,
central pressure and wind radii. Three objectives define this project.
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The first objective consists of conducting additional research into improving the ISATC. This includes
updating the bias adjustments to the MIRS retrievals The MIRS algorithm was designed for global use, so
some maodifications may be necessary when applying them to specific areas, such as tropical cyclones.
The second objective involves supplementing our “ground truth” database of dropsonde profiles with
radiosondes from island and coastal sites. Including radiosonde data is particularly important in the
Pacific, where reconnaissance flights are rare. The final objective is to look into using NUCAPS retrievals
in the ISATC. The NUCAPS algorithm combines both microwave and infrared measurements to retrieve
profiles of temperature and moisture.

PROJECT ACCOMPLISHMENTS:
1--Develop bias-correction for ATMS/AMSU profiles

The performance of ATMS-MIRS retrievals in the TC environment has been evaluated. It was found that
ATMS-MIRS data provide the best temperature and humidity estimates at the center of the storm. The
NUCAPS data provide more information beyond 500 km from the storm center. A bias-correction for
ATMS-MIRS data has been developed based on comparison with dropsondes. The MIRS versions are
regularly updated, and the bias-correction developed on a limited sample size using a specific version of
MIRS will not work for future data. For that reason it was decided that the bias-corrected version should
not be implemented in operations. A publication describing the results of this evaluation is in preparation.

2--Test the ISATC algorithm with NUCAPS input

The NUCAPS data were evaluated in the TC environment as well. It was found that many NUCAPS
soundings close to the TC center do not pass quality control, which is reasonable since NUCAPS is using
IR data from CrlS. Figure 1 shows the azimuthally averaged vertical temperature profile for Hurricane
Edouard, al062014, calculated from AMSU-MIRS (left) and NUCAPS (right) retrievals. The NUCAPS data
shows a very significant, but unrealistic cold anomaly at the middle-and lower- levels. Overall, the
NUCAPS soundings close to the TC center provide less information about the vertical temperature
structure than the ATMS-MIRS or AMSU-MIRS soundings. Therefore, NUCAPS soundings are best
suited for diagnosing the storm environment; they do not currently add value to the TC-intensity algorithm
that relies heavily on the inner core data.

Figure 1. Azimuthally-averaged temperature profiles for Hurricane Edouard, al062014, calculated from
AMSU-MIRS (left) and NUCAPS (right) retrievals.

Publications: None
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Presentations:

Chirokova, G., M. DeMaria, J. Dostalek, R. DeMaria, J. Knaff, K. Musgrave, and J. Beven, 2016:
Evaluation of the ATMS-MIRS and NUCAPS retrievals in the vicinity of tropical cyclones. 32nd
Conference on Hurricanes and Tropical Meteorology, 19-22 April 2016, San Juan, PR.

Chirokova, G., M. DeMaria, J. Dostalek, R. DeMaria, J. Knaff, and J. Beven, 2016: ATMS-MIRS
retrievals in tropical cyclone environments: evaluation and applications. JPSS Science Team Meeting, 8-
12 August 2016, College Park, MD.

Dostalek, J., G. Chirokova, J. Knaff, S. Longmore, A. Schumacher, R. DeMaria, and C. Sampson, 2016:
Recent and future updates to the operational, satellite-based tropical cyclone products produced at the
Cooperative Institute for Research in the Atmosphere. 32" Conference on Hurricanes and Tropical
Meteorology, 19-22 April 2016, San Juan, PR.

PROJECT TITLE: CIRA Support to Improving CRTM Solar Reflection

PRINCIPAL INVESTIGATOR: Louie Grasso

RESEARCH TEAM: Yoo-Jeong Noh, Renate Brummer, Kevin Micke

NOAA TECHNICAL CONTACT: Satya Kalluri (NOAA/NESDIS) and Fuzhong Weng (NOAA/NESDIS)
NOAA RESEARCH TEAM: Dan Lindsey (NOAA/NESDIS/STAR/RAMMB)

FISCAL YEAR FUNDING: $0

PROJECT OBJECTIVES:

The Cooperative Institute for Research in the Atmosphere (CIRA) together with the NOAA/NESDIS/StAR
Regional and Mesoscale Meteorology Branch (RAMMB) have extensive experience using the Community
Radiative Transfer Model (CRTM). A year ago, the CIRA/RAMMB synthetic imagery team noticed some
significant errors (~50 K for the 3.9 ym band) in the CRTM solar reflective bands for clouds, particularly
ice clouds. This was brought to the attention of the NESDIS/StAR CRTM team who looked into it and
verified that the error exists. It was decided that the way reflection of solar radiation by clouds is handled
in the CRTM needs to be overhauled. What the CRTM had was built on an original framework of clear
sky, single line-of-sight radiative transfer with an effectively specular surface.

The CIRA/RAMMB team has extensive previous experience with solar scattering radiative transfer, after
having developed a Radiative Transfer Model (RTM) that extends from visible wavelengths into the
infrared over the last many years. Specifically, the RTM can successfully simulate the 3.9 ym band by
using solar scattering lookup tables in a routine called SHDOM (developed by Frank Evans). The tables
originated from Ping Yang's (Texas A&M) solar scattering lookup tables.

In close collaboration with the NESDIS/StAR CRTM team members Tong Zhu, Mark Liu and Paul van
Delst, the source of the error at 3.9 ym in the CRTM code was identified. Based on a several
teleconferences the CIRA/RAMMB team and the CRTM developers agreed on the following tasks do be
conducted by the CIRA/RAMMB team:

1--Compare the Ping Yang lookup tables and associated solar scattering calculations between the CRTM
and CIRA's SHDOM routine.
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2--ldentify where in the CRTM code the error in the computation of the CRTM brightness temperature at
3.9 ym is occurring, and then determine what needs to be done in order to fix the error.

3--Depending on the nature of the problem, either update CRTM LUTs/fix CRTM code following the
CRTM coding and performance guidelines or demonstrate an accurate result with a combined CRTM-
SHDOM method.

PROJECT ACCOMPLISHMENTS:

1--Synthetic imagery was produced from a WRF-ARW simulation that used the Thompson microphysics.
In one case, synthetic imagery was calculated with the CRTM_v2.1.3 that uses scattering lookup tables
that are generated by Ping Yang’s group at Texas A&M (Fig. 1b). In another case, synthetic imagery was
calculated with the CIRA RTM that uses SHDOM and associated lookup tables (Fig. 1c). Observations
(Fig. 1a) highlights the lack of solar reflection from the CRTM_v2.1.3 while supporting the results from the
CIRAR

Figure 1. Comparisons between

(a) Observed GOES-13 3.9 um (top figure),

(b) CRTM (V2.1.3) with a lack of solar reflection (center figure), and

(c) CIRA 009 for 29 April 2014 at 18 Z (bottom figure). Compared to the CRTM, CIRA 009 results are
supported by observations. Both (b) and (c) are based on a WRF-ARW simulation that employed the
Thompson microphysics.
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2--Together with the NESDIS CRTM developer team a coding error was located in routine
ADA_Module.f90, line 448'ish, in version 2.1.3. Below is a summary.

Original: “if (RTV%Visible_Flag_true) then”
was replaced by the following Fix:
Fix: “if (RTV%Solar_Flag_true) then”

Further, the delta-fitted Legendre coefficients that are used to describe the Legendre Phase Function of
pristine ice were in error in the cloud coefficient lookup table. This table is in the file CloudCoeff.bin
version 3.04. An example of a set of six-stream coefficients that resulted from a quadratic interpolation in
four wavelengths and four effective radii are the following:

Term I=: 1 pcoeff(l,m,kc,n): -2.141713177739546E-002
Term I=: 2 pcoeff(l,m,kc,n): -3.569515777398292E-002
Term I=: 3 pcoeff(l,m,kc,n): -3.604496566266741E-002
Term I=: 4 pcoeff(l,m,kc,n): -9.854570003897810E-002
Term |=: 5 pcoeff(l,m,ke,n): -9.992454293002201E-002
Term I=: 6 pcoeff(l,m,kec,n): 1.405910709521107E-002

An updated CloudCoeff.bin version 3.07 was provided by the CRTM team that contained correct
values. The updated set of Legendre coefficients of pristine ice from above then became the

following:

Term I=: 1 pcoeff(l,m,ke,n): 0.840471362872913
Term I=: 2 pcoeff(l,m,kec,n): 0.904354761761248
Term I=: 3 pcoeff(l,m,ke,n): 0.725027547657389
Term I=: 4 pcoeff(l,m,kc,n): 0.477582211656941
Term |=: 5 pcoeff(l,m,ke,n): 0.176536461781458
Term I=: 6 pcoeff(l,m,kc,n): 0.705481548343187

In order to evaluate the values of the Legendre coefficients of pristine ice in the CloudCoeff.bin version
3.07, a comparison was made with Legendre coefficients that were used by the CIRA RTM (Fig. 1c).
Although the CIRA RTM uses approximately 2500 Legendre coefficients, a technique was applied to
extract the corresponding values for a six-stream approximation. Results of the comparison exhibited
similar values between the CRTM and CIRA.

In summary, the above discussion applies only to the microphysical habit called pristine ice. As a result,
we have communicated with Paul van Delst, via a telecom, out findings and recommendation thus far:
Due to the relatively course spacing of the data in CloudCoeff.bin, we suggested reducing both the
spacings between wavelengths and effective radii. That is, increase the resolution of the optical
properties in the lookup table.

Brightness temperatures at 3.9 um also exhibit discrepancies between the CRTM and observations. We
are currently working on this issue.

3--Depending on the nature of the CRTM problem, the CIRA team was tasked to either update CRTM
LUTs/fix CRTM code following the CRTM coding and performance guidelines or demonstrate an accurate
result with a combined CRTM-SHDOM method. The CIRA Team took the following action:

-We have included the code error that was outlined in ADA_Module.f90.

-We have pass along recommendations for updating the CRTM LUT for pristine ice.

-We updated the CRTM via a telecom in late January 2016 after which Paul van Delst send the
following comment: “Let me end by reiterating my thanks to you all at CIRA for doing this. Your work there
will make a big difference in how well the CRTM, indeed *any* RT model, can simulate cloudy radiances”.
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The final CRTM task left for the CIRA Team is to investigate any CRTM cloud liquid water issues.

Figure 2. Synthetic (left) and observed (right) GOES-13 imagery at 3.9 of the liquid water cloud in the
central plains. Observations does not support CRTM generated brightness temperatures of the liquid
water cloud layer. Black vertical line at x=650 (left) is the location of a vertical cross section to be shown
next. Liquid water cloud drop sizes may be too small over central plains thus leading to unrealistically
large brightness temperatures at 3.9 um.

Publications: None
Presentations:

Grasso, L., D. Lindsey, Y-J Noh, and C. O’Dell, 2016: Improving CRTM Solar Reflection at 3.9 um. 14t
Technical Review Meeting and Science Workshop on Satellite Data Assimilation, 31 May-2 June, 2016,
Monterey, California

Grasso, L., D. Lindsey, Y-J Noh, and C. O'Dell, 2016: Improving CRTM Solar Reflection at 3.9 um. Visit
to the Naval Research Laboratory, June, 2016, Monterey, California

Grasso, L., 2016: Synthetic Satellite Imagery. Invited speaker at the University of Utah, Salt Lake City,
Utah, 21 October 2016,

Lindsey, D.T., L.D. Grasso, Y-J Noh, 2016: Improvements to the CRTM for Cloudy Radiance
Calculations. 4th Annual Symposium on the Joint Center for Satellite Data Assimilation (JCSDA),96th
AMS Annual Meeting, 10-14 January 2016, New Orleans, LA.
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PROJECT TITLE: CIRA Support to the JPSS Proving Ground and Risk Reduction Program:
Addressing NWS Desires for a Cloud Cover Layers Product using Merged VIIRS and ATMS
Products

PRINCIPAL INVESTIGATOR: Steve Miller

RESEARCH TEAM: Yoo-Jeong Noh, Curtis Seaman, John Forsythe, Steve Finley, Renate Brummer
NOAA TECHNICAL CONTACT: Satya Kalluri (NOAA/NESDIS) and Andy Heidinger (NOAA/NESDIS)
NOAA RESEARCH TEAM: Dan Lindsey (NOAA/NESDIS/STAR/RAMMB)

FISCAL YEAR FUNDING: $0

PROJECT OBJECTIVES:

This project is collaboration between Andrew Heidinger of NOAA/NESDIS/STAR/ASPB and his
colleagues at the Cooperative Institute for Meteorological Satellite Studies (CIMSS) and the Cooperative
Institute for Research in the Atmosphere (CIRA), led by Steve Miller on the CIRA side. The ultimate goal
was to address key challenges articulated by the National Weather Service (NWS) with regard to Cloud
cover and layers (CCL). The requirement was for improved plan-view imagery at 2 km spatial resolution
reporting the presence of cloud, its classification, and an estimation of its phase at selected flight levels.

The CIRA team assisted CIMSS in the exploitation of Day/Night Band by supplying updated version of its
lunar irradiance model for use in CLAVR-x cloud retrievals. Retrieval of cloud optical depth at night is
enabled by the high sensitivity of visible light reflectance (in this case, moonlight), which requires the
assistance of the lunar model to determine. In order to calculate the cloud geometric thickness (CGT) the
CIRA team derived the cloud optical depth, particle size, and the cloud water path. The cloud water path
was used to estimate cloud geometric thickness—a key parameter for an augmented CCL application.

1--Continue development of cloud geometric thickness (CGT) retrieval algorithm

2--Continue Initial CCL development and visualization

3--Implementation and demonstration of the CCL Application for AWC (Alaska and Hawaii). Work directly
with respective point of contacts and use feedback to improve CCL

4--Begin work on extension of CCL to Nighttime VIIRS Data

PROJECT ACCOMPLISHMENTS:

1--The statistical CBH/CGT algorithm developed by CIRA by using A-Tran satellite data has been
implemented with support from CIMSS colleagues and successfully run in the Clouds from AVHRR
Extended (CLAVR-x) processing system. The NESDIS/STAR Algorithm Scientific Software Integration
and System Transition Team (ASSISTT) is testing the algorithm in the operational environment. A few
modifications of the algorithm codes have been implemented to improve error flags and the cloud base
calculation for deep convective clouds. Two journal papers on the VIIRS cloud base algorithm validation
and development have been published this year.

2--In collaboration with the CIMSS team, the CGT information from the CBH algorithm was added to
improve the current CCL algorithm embedded in the CLAVR-x system. The old algorithm employs the
cloud top information only. Figure 1 shows an example (at 1202 UTC on 11 May 2016 over central Africa)
of the improved VIIRS layer cloud fractions implemented at CIRA into AWIPS Il. The addition of the new
cloud base information from the CGT retrieval can enhance lower cloud layer fractions often missed by
the old CCL retrieval.
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Figure 1. Example display of VIIRS Cloud Cover Layers products implemented at CIRA into AWIPS II
(top left: VIIRS I-band 5 image).

3--The improved CCL algorithm has been applied to VIIRS. The CLAVR-x system with the new CCL
algorithm has been run in near time at CIRA, targeting the Alaska region. This product is distributed to the
Aviation Weather Center (AWC). We have received feedback about our products from AWC Satellite
Liaison Amanda Terborg and discussed potential collaborations for the algorithm improvement. The same
approach has been applied to Himawari-8 AHI and also showed potential to obtain enhanced CCL
products.

4--Lunar reflectances from VIIRS DNB have been utilized for nighttime cloud optical properties to
calculate CGT. Figure 2 shows a sample result of the layered cloud fractions over Alaska from the new
CCL retrieval. Nighttime cloud optical properties for CWP to retrieve CGT and CCL are retrieved using
lunar reflectances from VIIRS DNB data with supplementary NWP data. The initial validation results using
ground-based measurements over Alaska (polar winter in 2015-2016) were presented at the AGU annual
meeting. We will collaborate with Andrew Heidinger and his development team to merge VIIRS and
ATMS data for improvement of the CWP retrieval.
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Figure 2. Sample of VIIRS layered cloud fractions over Alaska from the improved CCL algorithm using
the cloud base information (1351-1401 UTC on 29 February 2016).
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PROJECT TITLE: CIRA Support for the JPSS Proving Ground and Risk Reduction Program:
Application of Joint Polar Satellite System (JPSS) Imagers and Sounders to Tropical Cyclone
Track and Intensity Forecasting

PRINCIPAL INVESTIGATOR: Galina Chirokova
RESEARCH TEAM: Robert DeMaria, Jack Dostalek, Andrea Schumacher

NOAA TECHNICAL CONTACT: Satya Kalluri (NOAA/NESDIS)
and Mitch Goldberg (NOAA/NESDIS/JPSS Program)

NOAA RESEARCH TEAM: John Knaff (NOAA/NESDIS/STAR)

FISCAL YEAR FUNDING: $150,000

PROJECT OBJECTIVES:

The ability to forecast tropical cyclone (TC) intensity changes has improved much more slowly than the
ability to forecast TC tracks. An especially difficult but very important forecast problem is predicting rapid
increases in TC intensity, that is Rapid Intensification (RI). Improving RI forecasts is one of the highest
priorities within NOAA. The time scale of TCs’ track and intensity changes is on the order of 12 hours,
which makes the JPSS instruments well suited for the forecasting of these parameters. Several TC
applications of JPSS data using S-NPP ATMS, CrlIS, and VIIRS data are being developed. The first group
of applications uses ATMS-MIRS and NUCAPS retrievals to improve the Rapid Intensification Index (RII).
JPSS data will be used to develop new predictors for the RIl as well as to improve existing predictors. As
part of the development of the new predictors for the RII, two additional end user applications are being
developed: (1) the moisture flux application that will allow for the detection of dry air intrusions that are an
important factor for forecasting intensity; and (2) the improved eye-detection application. The objective
automated eye-detection algorithm is being improved by using VIIRS data and ancillary data, and will be
adapted to be used as an additional predictor in the RIl. The newly developed and improved predictors
developed here will be incorporated into the NHC’s operational RIl to improve its performance. The
second group of applications develops tools to better utilize VIIRS imagery, especially VIIRS DNB
imagery, for TC forecasting, and will include a proxy-visible imagery application and improved TC VIIRS
DNB imagery.

The newly developed products will be made available via the satellite Proving Ground to operational
forecasters at the National Hurricane Center (NHC) and the Joint Typhoon Warning Center (JTWC) for
evaluation and feedback. If the evaluation is positive, the products can be transitioned to NHC and JTWC
operations.

PROJECT ACCOMPLISHMENTS:

1--New CIRA Polar-Orbiters Database (CPOD) software for efficient selection of TC data from global S-
NPP data

Many JPSS tasks require the ability to select data around a TC (or other point of interest) at a particular
time. The basic version of the improved software for efficient selection of TC data from global S-NPP
data, the CPOD, has been developed. As part of the previous JPSS-TC project, software was developed
to perform selection by re-writing ATMS-MIRS (or similarly formatted data such as AMSU-MIRS) in a
searchable database. However, several of the JPSS tasks require the use of a variety of data sources,
each with different formats. Additionally, each task may require slight variations in the algorithm
necessary to process and select data. For these reasons, the previously written software needed to be
redesigned to: 1) allow support for new data sources to be added with minimal new code, 2) for variation
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in the algorithm to be supported per task, and 3) improve performance over the old algorithm where
possible.

The CPOD accomplishes goals 1) and 2) by using a plugin architecture. The functionality of the CPOD is
separated into three major tasks: creating a new searchable database, updating a database with new
data, and querying the database for data using a space/time window. These main steps are implemented
in the code as swappable plugins. For example, in Figure 1, that shows the activity diagram for the
“Update” command, the “Get Time, Lats, Lons From File” node may have a plugin that can be used with
NUCAPS data or another plugin that can be used with VIIRS data. Thus, a wide variety of file formats
and variation in the algorithm can be supported with an array of short plugins. Goal 3) was accomplished
by changing the way the database is written to disk. In the first version of the software, the entire set of
desired data was re-written to disk using a searchable format. That turned out to create multiple issues
as the database needed to be reprocessed every time the data format changed. The new code only
writes meta-data to disk, massively reducing the amount of file 10 needed to update and query a
database. This CPOD has already been used to process data from several hurricane seasons and can be
used with any NetCDF/HDF data that includes a timestamp variable. Support for various formats that do
not meet those requirements can be added if needed.

!
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Get Time, Lats, Lons
From File
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Store Time, Space, Filename

In Database
[Has more files to process]
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Figure 1. Activity diagram for the “Update” command. Each activity node is implemented in the code as
a swappable plugin.
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2--Continue developing database of ATMS-MIRS, NUCAPS, VIIRS, and ancillary data

The development of the database of ATMS-MIRS, NUCAPS, and VIIRS TC data has been continued.
Specifically, the reprocessing of ATMS-MIRS and NUCAPS data using the new CIRA Polar-Orbiters
Database (CPOD) software has begun. Pool database for the 2014-2015 NUCAPS data and 2014 ATMS-
MIRS data has been created using the new software. In addition, testing of creating queries around TCs
for both ATMS-MIRS and NUCAPS data has begun. Once the database and the queries are completed,
they will be incorporated into data processing required for the moisture flux application.

3--VIIRS TC DNB imagery

The real-time code for displaying global VIIRS TC-centered real-time imagery has been updated. The
updates consist of bug fixes and additional capabilities. The bug fixes include preventing duplicate
images from being displayed online, filtering out incomplete data, and displaying data close to the
dateline. The addition to the code includes an algorithm to ensure past data will be reprocessed if the
processing has been interrupted (e.g. network issues or power outages). Also, a single version of the
code capable of processing real-time data with low-latency for different VIIRS bands has been created.
This enables a processing of low-latency data for all currently displayed VIIRS bands. The current
average latency is approximately two hours for IR and visible images and 1.5 hours for DNB. The
displayed bands include high-resolution IR (105, 11.45 um, 375 m resolution), high-resolution visible (101,
0.64 um, 375 m resolution), and DNB (DNB, 0.7 um, 750m resolution). Together, all the above
improvements resulted in a much more stable code which should ensure that almost all available images
are displayed online. Figure 2 shows an example of IR and DNB images for TC sh062016, Ula. The
previous version of the code was unable to display these images.

Figure 2. Examples of the high-resolution IR and high-resolution images close to the dateline. The
previous version of the code was not able to display these images. Images are for the TS Ula, sh062016,
on 2016 01/09.

In addition, work continued on looking at different categories of DNB images that are not well displayed,
and investigating the possibility of improving the imagery in such cases. Figure 3 shows an example of
low-light imagery (left) and its improved version. Work will continue on looking at different cases and
developing an algorithm or combination of algorithms that provide the best overall performance.

In July, 2016 work began on delivering CIRA TC-centered VIIRS DNB and high-resolution IR imagery to
NHC. Examples of VIIRS TC-centered imagery produced at CIRA were presented to NHC specialists and
forecasters for testing and evaluation. Figure 4 shows an example of VIIRS TC imagery converted to
NAWIPS format. NHC expressed interest in receiving the CIRA's TC-centered VIIRS imagery in real-
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time on their N-AWIPS system. In response to that request, CIRA has developed the capability to convert
TC-centered VIIRS imagery to N-AWIPS format and has been providing VIIRS high-resolution IR and
DNB imagery to NHC in near-real time via LDM since the middle-August. NHC is currently putting that
imagery on their operational N-AWIPS workstations. NHC provided feedback on VIIRS imagery,
specifically indicating that it was useful during east Pacific storm Ivette and Atlantic storms Karl and Lisa.
Figure 5 shows DNB and 105 images for the major Hurricane Gaston, as displayed on NHC’s N-AWIPS
system. NHC also expressed interest in receiving VIIRS TC-centered imagery from CIRA with low-
latency, which will require CIRA to process data from JPSS Direct Broadcast sites.

Figure 3. Low-light images as plotted by the current automated algorithm (Left) and manually adjusted for
the best display (Right). Both of these images occurred very close to the new moon and had a minimal
amount of light available. Images are for the tropical cyclone Ula, sh062016, on 2016 01/09.

AL022016 Bonnie

Figure 4. DNB imagery of Tropical Storm AL02 2016, Bonnie, displayed at NAWIPS system. The data
from 05/29 at 07:29 UTC show the storm center completely obscured by the upper-level thin cirrus, but
clearly visible on DNB. Figure contributed by Dan Lindsey.
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Figure 5. DNB (left) and 105 (right) imagery for major Hurricane Gaston, as displayed on NHC N-AWIPS
system.

4-- Automated objective eye-detection algorithm
Several tasks have been completed for the automated eye-detection algorithm.

Additional wind and other ancillary data have been added to the eye-detection algorithm. A wide variety of
available ancillary data such as the storm motion vector, the maximum TC wind speed, and the storm
date and position were analyzed and the four predictors that best separated “eye” images from “no-eye”
images were selected. The most significant among these predictors was the “maximum TC wind speed”
which is included in ATCF best-track data. The “hybrid” version of the algorithm that uses both IT and
ancillary shows a substantial performance improvement over the IR only algorithm and correctly classifies
new images roughly 90% of the time (see Figure 6, "Num Correct" is the number of correctly classified
cases) whereas the IR only version classified images correctly about 80% of the time. This performance
places the accuracy very close to the underlying uncertainty of the problem. The data used for the
development of the eye-detection algorithm were previously classified as “eye” or “no-eye” by hurricane
specialists from NHC TAFB and NOAA/NESDIS SAB, and they agree on whether an image contains an
eye roughly 95% of the time.

Further, both the IR-only and the hybrid IR and best track versions of eye-detection algorithm were
modified to generate an estimated probability that an eye is present in an image rather than to perform a
simple binary classification that only classified an image as a binary “eye-present” or “eye-absent”. This
provides additional information to the users, and will also be more useful for use as input to the Rapid
Intensification Index (RII). When the probability that an image contains the eye is above 50% the updated
algorithms would classify the image as “eye-present”. The probabilities of the eye-detection algorithm
had a Brier Skill Score (BSS) of about 0.6. Figure 7 shows the output of the quadratic discriminant
analysis (QDA) and linear discriminant analysis (LDA) versions of the hybrid IR and best track algorithm
run over the lifetime of Hurricane Katrina (al122005). It can be seen that both QDA (red line) and LDA
(green line) probabilities of eye presence increase as the storm intensifies. The algorithm was less
confident during storm intensification (cases 9 — 14 on Figure 7). Similar results were obtained for tropical
storm Arlene (al012005) and hurricane Danielle (al062010). Additionally, while the algorithm produced an
incorrect binary classification for case 7, the probabilities did see an increase for that case.
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Figure 6. Eye-detection number of correct classifications has increased to about 90% after incorporating
additional wind data into the algorithm.

150
IS
2125
:,EU
o 100
4
o Vmax
‘o- 75 -
= LDA Eye Prob
g— 50 - = QDA Eye Prob
T
£ =«===0bserved Eye Prob
=
(4]
E 0 gl <= i B -

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Case Number

Figure 7. Algorithm probabilities/classifications vs truth for the lifetime of Hurricane Katrina, al122005.

The case number represents an IR image obtained at each synoptic time during the lifetime of Hurricane
Katrina. Vmax (blue line) was obtained from the best track. The green and red lines are the estimated
probability that an image contained an eye. The green line is provided by Linear Discriminant Analysis
(LDA) and the red line is provided by Quadratic Discriminant Analysis (QDA). The black dashed line
represents whether an eye was observed by a forecaster from TAFB while performing a Dvorak fix.
LDA/QDA probabilities above 50% are classified as “eye-present” cases. LDA and QDA misclassified
case 7 and LDA also misclassified case 10.

The algorithm has been further modified to use VIIRS IR data as input in addition to geostationary IR
data. The additional information contained in high resolution VIIRS imagery may assist the algorithm in
cases that are difficult to classify. The amount of currently available VIIRS IR data is not sufficient to fully
retrain the algorithm. As a workaround, the algorithm was modified to use inverse squared distance
interpolation to convert the VIIRS IR data to the 4km resolution grid the algorithm was trained on. Figure
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8 shows a scatter diagram of the eye probabilities with VIIRS input versus that with GOES input for the 89
test cases from 2014-2015. The correlation coefficient between the two probability estimates was 0.995.
Both the VIIRS and GOES versions algorithm had a MAE of 0.23. These results indicate that the GOES
data can be replaced by the smoothed VIIRS data without changing the underlying algorithm. This is an
encouraging result because it indicates that the GOES algorithm can be used as input to a correction step
that uses additional features from full resolution VIIRS imagery. The correction algorithm will not rely on
EOFs, so it can be developed from a much smaller sample. The correction algorithm will be part of the
iterative procedure, as described below.

Figure 8. Scatter diagram of eye detection probabilities with VIIRS input versus that with GOES input for
the 89 cases from 2014-2015. The cases with an eye (without an eye) as determined by the NHC
Tropical Analysis and Forecast Branch (TAFB) are shown in green (red) points.

One of the very first steps performed by the eye-detection algorithm is selecting a small sub-set of data
surrounding the tropical cyclone center. If the center location estimate is incorrect, this can lead to poor
classification of the imagery. Currently, improving center location estimates is an open problem. Work
has begun on a method to reduce the impact of poor center location estimates on algorithm performance.
If the algorithm is run several times with each run using a small random offset from the provided center
estimate, several probability estimates will be produced. These estimates can be averaged and may
produce a more accurate estimate of whether the image contains an eye. Work will continue to develop
this scheme and verify its impact on algorithm performance. Also, as described above, when sub-
sampled, the VIIRS imagery produces results very similar to that from the GOES imagery. This indicates
that when VIIRS imagery is available, the standard GOES-based algorithm can be used first, followed a
by a second “correction” pass that refines the initial estimate using features from the full-resolution VIIRS
imagery.
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5--Moisture flux application using ATMS-MIRS and NUCAPS data

Figure 9. Left: ATMS-MIRS relative humidity at 700 hPa for hurricane Danny, al042015, on August 20,
2015, at 04:24UTC. The storm intensity at that time was 45 kt. Right: Matching balanced winds and
geopotential height at 850 hPa derived from ATMS-MIRS using CIRA's operational algorithm.

Figure 10. Relative humidity derived from ATMS-MIRS mixing ratio profiles at a cylinder around the
center of hurricane Danny, al042015, on August 20, 2015, at 04:24UTC.

RH is shown approximately 2 degrees and 5 degrees longitude around the storm center, zero on the x-
axis is north from the storm, and 90° is east from the storm center. These RH fields match RH at 700 hPa
and winds shown in Figure 9.

Dry air intrusions are an important factor for TC intensity changes. The radial flux contribution to the time
tendency of the total mass of water vapor contained within the volume r =0 to R, A = 0° to 360", and
pressure F; to 100 hPa can be estimated as

MF®R) = [ RS 2 g (R4 p) u(R, A p)dAdp, N

where R is the radius at which MF is evaluated; & - azimuth; u — radial wind component ; q — mixing ratio;
p — pressure; B, - surface pressure. The magnitude and direction of moisture flux at a given radius R from
the TC center can be estimated from ATMS and/or NUCAPS, using relative humidity (RH) calculated from
ATMS-MIRS and NUCAPS mixing ratio profiles, and GFS winds.

The code was developed to calculate and plot relative humidity on a cylinder at different distances from
the storm center. Figure 9 shows an example of the different fields that will be used as input for the
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moisture flux application. The example is for hurricane Danny from 2015 and has been used in January
2016 for the NHC PG presentation. As can be seen from Figure 10 that shows the RH around the storm,
dry air is entering the storm environment from the east. While the environment remains mostly moist at
266 km from the storm center (Figure 10, upper), at 510 km (Figure 10, lower) there is a significant layer
of dry air present at the middle levels (around 500 hPa). In addition, the software to calculate radial
moisture flux using GFS winds and the code to estimate the integrated moisture flux convergence (MFC)
using equation (1) has been developed and combined with the previously developed code to select
matching ATMS and GFS data, and interpolate them to a cylindrical grid. As a next step, the MFC will be
calculated for all cases available from 2012 to 2016 and the statistical relationship between Vmax and
MFC at several distances from TC center will be evaluated and prepared to use for testing in the Rapid
Intensification Index model.

6-- Evaluate NUCAPS data in TC environment

The evaluation of NUCAPS data by comparing them with dropsondes, ATMS-MIRS, and GFS
temperature and moisture profiles has been completed. It was found that the NUCAPS temperature
profiles tend to have a smaller bias and MAE compared to ATMS-MIRS profiles, especially away from TC
center. NUCAPS moisture is also slightly better than ATMS-MIRS, except close to TC center, where
NUCAPS has rather large errors. Overall, NUCAPS seems to provide data superior to ATMS, however,
the number of available good NUCAPS soundings in the TC vicinity is usually much smaller compared to
ATMS-MIRS, and might not be large enough to accurately sample the environment.

ATMS NUCAP
(ag

Figure 11. ATMS-MIRS (left) and NUCAPS (right) soundings collocated to dropsonde for al112015,
major hurricane Joaquin, on September 30, 2015 at 18:25UTC. Red line: T (ATMS/NUCAPS), blue line:
dew point Td (ATMS/NUCAPS); magenta line: T (dropsonde), cyan line: Td (dropsonde).

Figure 11 shows the collocation of a dropsonde with an ATMS-MIRS sounding (left) and NUCAPS
sounding (right). The dropsonde is located 533 km away from the storm center. NUCAPS provides data
for only 30 soundings across the swath. ATMS-MIRS has better horizontal resolution and provides 96
FOVs across the swath. However, both T, g from NUCAPS look more similar to the dropsonde than
ATMS-MIRS, especially at the lower levels. For example, ATMS-MIRS tends to have a cold and dry bias
at the surface. The cold and dry ATMS biases at the surface are clearly seen on the left plot. NUCAPS
surface values of both T and Td are very similar to the dropsonde values. Both ATMS-MIRS and
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NUCAPS T soundings look similar to the dropsonde T profile at the upper levels. The biggest difference
between ATMS-MIRS and NUCAPS moisture is observed around the 550 hPa level. Moisture from that
level down to about 850 hPa can be very important for TC intensity changes because that is where drying
often occurs in association with the Saharan Air Layer and other areas of strong moisture gradients.

7—Development of “proxy visible” algorithm

Work continued on the development of the "proxy-visible" algorithm. Four IR channels that will be used for
the development of the proxy visible algorithm were identified. These are VIIRS channels M13 (4.04 pum),
M14 (8.55 um), M15 (10.763 um), and M16 (12.013 um). New modules for reading and scaling M-band
data have been developed, as well as the software to project and regrid data from the above four
channels, to remove the bow-tie effect, and to combine developmental data for a single case into a single
HDF5 file that was created for each of the 20 cases previously selected for the algorithm development.
Figure 12 shows the TC-centered images for four M-band channels for the wp042015 case (on April 02
2015 at 16:40 UTC).

Figure 12. Four VIIRS M-bands (M13, M14, M15, and M16) for the Typhoon Maysak, wp042015 on April
02 2015 at 16:40 UTC.

68 | 2016/2017 CIRA Annual Report - Satellite Algorithm Develop., Training & Ed.



8-- Estimate the utility of ATMS-MIRS/NUCAPS data for detecting warm core changes prior to RI

Work has begun on evaluating the utility of ATMS-MIRS data for detecting warm core changes prior to,
and during RI. The database of all available ATMS-MIRS data and corresponding TC intensities for S-
NPP passes within 800 km of a TC center has been created. A total of 1423 ATMS passes over TCs
including 162 RI cases with intensity change of more than 25 kt have been identified. Several Rl and non
RI cases were selected from the database to look at the warm core changes. Figure 13 shows the vertical
cross-section of azimutally-averaged temperature for Hurricane Edouard and the corresponding intensity
change for several times. The changes in the temperature field at the time of RI are clearly seen on these
plots.

V =25 kt, V =50 kt,

V =40 kt, V =100 kt,

Figure 13. Azimuthally-averaged vertical temperature cross-section for Hurricane Edouard, al062014 for
four different times, and the corresponding intensity change from the ATCF Best Track.

In addition, work begun on looking at the changes in the ATMS temperature fields to see if Rl is
associated with better vortex alignment. In order to see these changes, we need to look at vertical
temperature cross-sections along- and cross-shear, rather than the azimuthally-averaged vertical profiles.
In order to do that, the vertical shear values were obtained from the Statistical Hurricane Intensity
Prediction Scheme (SHIPS) diagnostic files, available at
http://rammb.cira.colostate.edu/research/tropical_cyclones/ships/developmental_data.asp. These files
include the database of 850-200 hPa shear with the vortex removed and averaged from 0-500 km relative
to 850 hPa vortex center (SHDC), as well as the heading of the above shear vector (SDDC). The cross-
shear and along-shear changes were analyzed for the Edouard (al062014) case, and it was found that
ATMS-MIRS data are capturing the warm core tilted downshear. Further testing that includes more cases
and different ways of calculating anomalies is being conducted next quarter to determine the utility of
ATMS data for detecting warm core changes during the RI.
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9—Training

1--A training session on the use of VIIRS DNB imagery for TC forecasting has been included (by Dan
Bikos) in the SHyMet Tropical course and published in the NOAA CLC.

Knaff J. and G. Chirokova, 2015: Use of VIIRS imagery for tropical cyclone forecasting. VISIT Training
Session is available online at

http://rammb.cira.colostate.edu/training/visit/training_sessions/use_of viirs_imagery_for_tropical_cyclone
_forecasting. SHyMet Tropical course is available online at
http://rammb.cira.colostate.edu/training/shymet/tropical_topics.asp

2--Several applications developed as part of this project, including the moisture flux application, the eye-
detection application, detecting worm core changes, and the VIIRS TC-centered DNB imagery have been
presented at the NHC PG Review on February 17, 2017.

3—G. Chirokova presented a lecture covering several applications developed as part of this project at the
JPSS Short Course at the 97" AMS Annual meeting

Publications: None
Presentations:

Chirokova, G., M. DeMaria, J. Dostalek, R. DeMaria, J. Knaff, K. Musgrave, and J. Beven: "Evaluation of
the ATMS-MIRS and NUCAPS retrievals in the vicinity of Tropical Cyclones". 32" AMS Conference on
Hurricanes and Tropical Meteorology, 18 — 22 April 2016, San Juan, PR.

Chirokova G., J. Knaff, R. DeMaria, M. DeMaria, and J. Beven: "Use of the VIIRS Day-Night Band
Imagery for Tropical Cyclone Analysis and Forecasting". 32" AMS Conference on Hurricanes and
Tropical Meteorology, 18 — 22 April 2016, San Juan, PR.

Chirokova G., M. DeMaria, J. Dostalek, R. DeMaria, J. Knaff, and J. Beven, 2016. ATMS-MIRS Retrievals
in Tropical Cyclone Environments: Evaluation and Applications. StAR JPSS 2016 Annual Science Team
Meeting, 8-12 August 2016, College Park, MD

Chirokova, G., A. Schumacher, and E. Berndt, 2017: JPSS Tropical Cyclone Products. Lecture at the
JPSS Short Course at the AMS 97 Annual Meeting, 21 January 2017, Seattle, WA.

Chirokova, G., M. DeMaria, R.T. DeMaria, J. Knaff, J.F. Dostalek, and J.L. Beven, 2017: Use of JPSS
ATMS, CrlS, and VIIRS data to improve tropical cyclone track and intensity forecasting. AMS 97 Annual
Meeting, 21-26 January 2017, Seattle, WA.

Chirokova G., J. Knaff, D. Lindsey, R. DeMaria, M. DeMaria, J. Knaff, and J. Beven, 2016. Tropical
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http://rammb.cira.colostate.edu/training/visit/training_sessions/use_of_viirs_imagery_for_tropical_cyclone_forecasting
http://rammb.cira.colostate.edu/training/shymet/tropical_topics.asp

DeMaria R., J. Knaff, G. Chirokova, and J. Beven: "Automated Objective Tropical Cyclone Eye
Detection". 32" AMS Conference on Hurricanes and Tropical Meteorology, 18 — 22 April 2016, San Juan,
PR.

Dostalek, J., G. Chirokova, J. Knaff, S. Longmore, R. DeMaria, A. Schumacher, and C. R. Sampson.
“Recent and Future Updates to the Operational, Satellite-Based Tropical Cyclone Products Produced at
the Cooperative Institute for Research in the Atmosphere”. 32" AMS Conference on Hurricanes and
Tropical Meteorology, 18 — 22 April 2016, San Juan, PR.

Knaff J. A., T. Birner, G. Chirokova, L. Rivoire, and R. DeMaria: "Satellite Views of the Tropical Cyclone
Lifecycle". 32" AMS Conference on Hurricanes and Tropical Meteorology, 18 — 22 April 2016, San Juan,
PR.

Seaman C., D. Lindsey, S. Miller, J. Knaff, G. Chirokova, J. Dostalek, A. Schumacher, K. Musgrave, L.
Grasso, J. Forsythe, R. DeMaria, and D. Molenar, 2016: CIRA/RAMMB Research Activities in Support of
the OCONUS. 2016 GOES-R/JPSS OCONUS Satellite Proving Ground Technical Interchange Meeting,
27-30 June 2016, Honolulu, HI

PROJECT TITLE: CIRA Support to the JPSS Proving Ground and Risk Reduction Program: Cold
Air Aloft Aviation Hazard: Detection Using Observations from the JPSS Satellites and Application
to the Visualization of Gridded Soundings in AWIPS 1|

PRINCIPAL INVESTIGATOR: Jack Dostalek
RESEARCH TEAM: Rosemary Borger, Kevin Micke

NOAA TECHNICAL CONTACT: Satya Kalluri (NOAA/NESDIS) and Mitch Goldberg
(NOAA/NESDIS/JPSS Program)

NOAA RESEARCH TEAM: Carrie Haisley (NOAA/NWS) and Gail Weaver (NOAA/NWS)

FISCAL YEAR FUNDING: $25,000

PROJECT OBJECTIVES:

At high latitudes during the winter months, the air at altitudes used by passenger and cargo aircraft can
reach temperatures cold enough (-65°C) such that the jet fuel used by the aircraft can begin to freeze.
Currently, aviation forecasters rely on a combination of isolated aircraft reports, a sparse network of
radiosondes, and global model fields for identifying and characterizing these cold air hazards. They have,
however, expressed a need for additional data that can be used to fill in observational data gaps and/or
confirm information that is seen in models. Direct-broadcast satellite soundings offer a potentially valuable
source of observations that can greatly improve the information forecasters disseminate to pilots in real-
time. Retrievals from the JPSS series of satellites, such as the NUCAPS algorithm which uses both the
CrlS and ATMS instruments, offer the latest in retrieval capabilities. These retrievals may be combined
with the additional coverage offered by the numerous satellites from which MIRS retrievals are available
to effectively observe the areas of potentially dangerous cold air within jet aircraft flight tracks.
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This project, a multi-agency effort with participants from SPoRT, CIRA, CIMSS, GINA, and the NWS, is
ultimately tasked with providing satellite-derived cold air aloft visualization for display within AWIPS II.
CIRA's primary contribution to this project, however, is to develop web-based tools for monitoring cold air
aloft as a complement to the AWIPS Il activities. Ideas can be more quickly implemented via web loops,
and cold air aloft information can be received by users without AWIPS Il. The work this reporting period
was centered around three objectives: 1) Maintain and update the cold air aloft website as needed,

2) Incorporate data from additional retrieval algorithms, in particular the Dual Regression algorithm and
the NUCAPS retrievals available from the S-NPP satellite, and 3) Along with the other project members,
perform a testbed evaluation of the NUCAPS product.

PROJECT ACCOMPLISHMENTS:

Maintenance of Website:

In coordination with Carrie Haisley and Gail Weaver of the Anchorage, AK Center Weather Service Unit
the domains covered by CIRA’s cold air aloft loops were altered to be of most use for the Alaskan
forecasters. There are four sets of two loops, each set consisting of images from a different data set.
The four data sets are NUCAPS, ATMS-MIRS, AMSU-MIRS, and the GFS analyses. Figures 1 and 2
below demonstrate the two domains (Arctic Overview and Alaska) with the NUCAPS data.

NUCAPS 2017-03-07-14-01-41
Min. T (°C) between Sfc and 100 mb | ssesssemrse—o. S + indicates cold air loyer

—" . e extends below FL450

-60 -65 -70

Figure 1. Arctic overview sector from 14:01:41 UTC on 7 March 2017 created from NUCAPS data.
Colors represent coldest temperatures from the surface to 100 hPa. The '+’ signs indicate where the cold
air is found at or below Flight Level 450.

72 | 2016/2017 CIRA Annual Report - Satellite Algorithm Develop., Training & Ed.



NUCAPS 2017-03-07-14-01-41

Figure 2. As in Figure 1, only for the Alaska sector. The numbers to the right of the ‘+’ indicate the Flight
Level bounds of temperatures below -65°C.

Incorporation of Different Retrieval Algorithms:

Initially, only the AMSU-MIRS retrievals were used to create the web page loops. Over the past year
additional retrieval methods were processed for display on the cold air aloft web page. These include
ATMS-MIRS retrievals, NUCAPS retrievals, and GFS analyses. At this time, it has not been determined
whether or not to process retrievals from the Dual Regression algorithm.

NUCAPS Evaluation:

During the 2016-2017 winter season, a focused evaluation of the ability of the NUCAPS retrievals to
capture cold air aloft events over Alaska was performed. Forecasters at the Anchorage, AK Center
Weather Service Unit were asked to report on the usefulness of the AWIPS Il and web displays of
NUCAPS data in their decision making process when issuing cold air aloft Meteorological Impact
Statements. Results of the evaluation will be used to implement changes in the products for the 2017-
2018 season.

Publications: None
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Presentations:

Dostalek, J., 2016: Using Polar-Orbiting Satellites to Monitor the Upper Atmosphere for Cold Air Pockets
That Are Potentially Dangerous to Passenger Aircraft. Joint 215t Satellite Meteorology, Oceanography and
Climatology Conference and 20t Conference on Air-Sea Interaction, Madison, WI, 15-19 August 2016.

Dostalek, J., 2016: Using Polar-Orbiting Satellites to Monitor the Upper Atmosphere for Cold Air Pockets
That Are Potentially Dangerous to Passenger Aircraft. National Weather Association’s 415t Annual
Meeting held, Norfolk, VA, 10-15 September 2016.

PROJECT TITLE: CIRA Support to the JPSS Proving Ground and Risk Reduction Program:
In Pursuit of the Shadows: VIIRS Day/Night Band Research Enabling Scientific Advances and
Expanded Operational Awareness of the Nocturnal Environment

PRINCIPAL INVESTIGATOR: Steven Miller

RESEARCH TEAM: Curtis Seaman, Yoo-Jeong Noh, Louie Grasso, Scott Longmore, Cindy Combs,
Natalie Tourville

NOAA TECHNICAL CONTACT: Satya Kalluri (NOAA/NESDIS)
and Mitch Goldberg (NOAA/NESDIS/IJPSS Program)

NOAA RESEARCH TEAM: Dan Lindsey (NOAA/NESDIS/STAR/RAMMB)

FISCAL YEAR FUNDING: $91,181

PROJECT OBJECTIVES:

The overarching goal of this project is to integrate ‘low-light visible thinking’ into the minds of the
operational forecaster, providing familiarity with the new technology, and a new empowerment to
forecasters as they contend with longstanding challenges of nocturnal environmental characterization.
This research spans essential DNB tool development, novel user applications, instrument stewardship,
and foundational research. Key components of this research are listed below:

1--Lunar Irradiance Modeling:

This proposal will continue the work to advance the model’'s phase-dependent albedo using lunar
views, reducing biases. We will also verify and quality-control the model’s performance as applied to
the DNB radiances, and assist in its infusion to various NOAA nocturnal applications to expand the
baseline suite of JPSS products.

2--Nocturnal Imagery Application Development:

We will continue to refine and explore new nocturnal applications involving the DNB, including:

i) Dynamic Scaling Algorithm, ii) Disaster Monitoring, (anthropogenic light changes), iii) Cryospheric
Applications (snow cover, sea ice), iv) Visibility Hazards (fog, fires/smoke, dust, ash), and v) Tropical
Cyclones (exposed low-level circulation)

3--Sensor Performance Assessment & Preparation for JPSS-1 (J1):

This proposal will secure our participation in ongoing Cal/Val Team discussions, Technical Interchange
Meetings, test/evaluate potential software solutions, and support studies concerning DNB data quality
on J1 and beyond. These interactions will involve the broader community of Sensor Data Record
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(SDR) Cal/Val and various industry partners involved in the ongoing performance assessment and
waivers process.

4--Exploratory Studies:

We propose to expand the horizons of science by researching the information content present the DNB
nightglow observations. This work will include the analysis and interpretation of gravity waves occurring
globally as observed via specially scaled DNB nightglow imagery during the new-moon phase. We will
also continue the search for widespread ‘milky sea’ marine bioluminescent events via strategic
monitoring of historically active locations in Southwest Asia and Indonesia.

5--Training Opportunities:

From the rich pool of examples produced here we will formulate user training, leveraging established
programs and tools such as VISIT, interactions with the Satellite Liaisons (in particular, the JPSS
Satellite Liaison, Jorel Torres, the Alaska Region Liaison, Eric Stevens), Cooperative Institute managed
web-based blogs, and other mechanisms such as subject matter expert consulting to the COMET
program.

This project directly addresses NOAA'’s Weather Ready Nation objectives. The project also fits under the
Satellite Algorithm Development, Training and Education theme of CIRA’s current Cooperative
Agreement with NOAA.

PROJECT ACCOMPLISHMENTS:

1--We are working on a journal paper summarizing the developments of the lunar irradiance model and
its validation. We have been contacted by multiple researchers who have interest in using the refined
model for their own research pursuits.

2--We have developed a merged “Day/Night Snow/Cloud Discriminator” that combines the previous
daytime-only Snow/Cloud Discriminator with the recently developed nighttime version that utilizes the
Day/Night Band. An example is shown in the figure below. This product is now available in near-real time
on the RAMSDIS Online website. We are working with Eric Stevens (U. Alaska-Fairbanks/GINA) to
determine the best way to distribute it to forecasters in Alaska, who have expressed high levels of interest
in this product.

Figure 1. VIIRS Day/Night Band image (left) and Day/Night Snow/Cloud Discriminator (right) from 02:21
UTC 12 September 2016. The Snow/Cloud Discriminator uses the Day/Night Band along with 10 other
VIIRS bands to discriminate snow and ice (white) from low clouds (yellow) and high clouds (magenta).
The dashed line (right) represents the day/night terminator.
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--DNB imagery is produced in near-real time on CIRA’s RAMSDIS Online and TC Realtime webpages.
CIRA-produced imagery is distributed by GINA and NASA SPoRT to NWS users in the Alaska Region,
National Hurricane Center, Ocean Prediction Center and elsewhere.

3--We are working with the VIIRS Imagery Team and the JPSS Program to implement terrain-corrected
geolocation for the Imagery Environmental Data Records (EDRSs), including the Near Constant Contrast
(NCC) EDR. We have demonstrated negative impacts on the NCC imagery caused by the lack of terrain
correction in the EDRs. For example, fires detected in the NCC at night appear to move from one orbit to
the next, purely due to a parallax-related artifact in high terrain, as the instrument line-of-sight is projected
onto a smooth ellipsoid. This causes a displacement error in the apparent location of the fire. Correcting
the geolocation for these terrain effects will benefit all EDR imagery on JPSS-1 and beyond.

4--We have documented numerous cases where ionospheric gravity waves have appeared Day/Night
Band imagery as a result of airglow (Fig. 2). These waves are important for upper-atmosphere energy
transport. Work has begun on the development of an automated gravity wave detection algorithm. We
met a student of Prof. John Makela (Matthew Grawe; U. Illinois Urbana-Champaign) who is working on
ionospheric waves. We may collaborate with him on wave detection techniques.

Figure 2. VIIRS DNB satellite image from 1 October 2016 at 0651 UTC shows gravity waves, lightning
flashes and the eye of Hurricane Matthew. The arrow in the upper-right corner of the image shows the
location of Frankie Lucena, a photographer who captured an image of these gravity waves as well as red
sprites (stratospheric lightning) above the hurricane (Figure 3).

76 | 2016/2017 CIRA Annual Report - Satellite Algorithm Develop., Training & Ed.



Figure 3. Photograph of mesospheric gravity waves at 85 to 95 km height and red sprite lightning flashes
above thunderstorms which were created by Hurricane Matthew. (Photo by Frankie Lucena taken on 1
October 2016 at 0656 UTC).

--We continue to search for evidence of bioluminescence (milky seas) and have identified several cases
with potential. More research is needed to verify the presence of bioluminescence in these cases.

5--We have done extensive training and outreach to users on the use of Day/Night Band (and NCC)
imagery. A poster and oral presentation at the EUMETSAT Satellite Conference (26-30 September 2016)
were very well received, with forecasters and researchers from KNMI, SMHI, EUMETSAT, Lithuania and
South America all expressing an interest in our error function scaling algorithm for DNB imagery. This
scaling algorithm has made it into operations in the NWS Alaska Region, thanks to a collaboration with
CIMSS and GINA.

--JPSS Satellite Liaison Jorel Torres has become actively involved in the VISIT Training Blog, with 12
blog posts related to Day/Night Band applications. Curtis Seaman has also added 2 blog posts related to
Day/Night Band applications to the VIIRS Imagery Team Blog. The CIRA Team frequently provides
example DNB imagery and demonstrations of the use of DNB to WFO forecast offices. J. Torres and
CIRA’s WFO Liaison Ed Szoke participated in several WFO workshops and demonstrated DNB imagery
to operational forecasters. J. Torres also participated in a “short course” at the AMS Annual Meeting (21-
26 January 2017) where he trained users on DNB applications and use of NCC. Steve Miller has
maintained close contact with the UCAR COMET program, which provides DNB training materials to a
wide variety of users.

--Presentations on various applications of the DNB have been given at the AMS Annual Meeting, JPSS
Annual Science Team Meeting, AMS Satellite Conference, National Weather Association Meeting,
EUMETSAT Satellite Conference, and AGU Fall Meeting. William Straka (CIMSS) gave an invited
seminar at EUMETSAT headquarters on DNB applications featuring numerous CIRA-produced examples.
S. Miller also gave a presentation on the DNB to the Northern Colorado Astronomical Society. Informal
presentations were also given to visitors from Chengdu University of Information Technology and Rick
Anthes (UCAR President Emeritus).

--S. Miller taught nine class lectures for AT 652 (Remote Sensing) in the CSU Atmospheric Science
department during the Fall 2016 semester. Several class lectures included DNB applications.
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--This project continues outreach efforts with various media and social media outlets. CIRA produced
DNB imagery is routinely featured on the @NOAASatellites Twitter and Facebook pages. S. Miller was
also interviewed by The Huffington Post about airglow gravity waves. The cover of the November 2016
issue of the Bulletin of the American Meteorological Society featured a DNB image produced by S. Miller

(Fig. 4).

Figure 4. The cover image of the November 2016 issue of BAMS produced by S. Miller.

Publications:

Albrecht, R., S. Goodman, D. Buechler, R. Blakeslee, and H. Christian, 2016: Where are the lightning
hotspots on Earth? Bull. Amer. Meteor. Soc., 97(11). doi:10.1175/BAMS-D-14-00193.1,
BAMS Cover Image by Steve Miller.

Hillger, D. W., T. Kopp, C. J. Seaman, S. D. Miller, D. T. Lindsey, E. Stevens, J. Solbrig, W. Straka Ill, M.
Kreller, A. Kuciauskas, and A. Terborg, 2016: User Validation of VIIRS Satellite Imagery. Remote
Sensing, 8(11); doi:10.3390/rs8010011
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Lai, C., J. Yue; J. Xu; W. Straka lll; S. D. Miller; X. Liu, 2017: Suomi NPP VIIRS/DNB imagery of
nightglow gravity waves from various sources over China. Advances in Space Research, in press.
Manuscript Number: ASR-D-16-00683R1; Section: EM -Earth Magnetosphere/Upper Atmosphere.

Mills, S. and S. Miller, 2016: VIIRS Day/Night Band—Correcting striping and nonuniformity over a very
large dynamic range. J. Imaging 2016, 2(1), 9; doi:10.3390/jimaging2010009

Presentations:

Chirokova, G., J. Knaff, D. Lindsey, R. DeMaria, M. DeMaria and J. Bevin, 2016: Tropical Cyclone Uses
of VIIRS. STAR JPSS Annual Science Team Meeting, College Park, MD, 8-12 August 2016.

Miller, S.D., 2016: Satellite Research and Application Development at CIRA. NOAA/NESDIS CoRP
Science Symposium, CIRA Science Project Overview. CIRA Executive Board Meeting, Fort Collins, CO,
May 2016.

Miller, S., 2016: “Advances in Day/Night Band Science and Applications: Making Good on Promises of
the Moon.” 21t AMS Satellite Meteorology, Oceanography, and Climatology Conference, Madison, WI,
15-19 August 2016. Invited keynote presentation.

Miller, S. D., 2016: Day-Night Band. Science presentation for visitors of Chengdu University of Information
Technology. Meeting held at CSU, Lory Student Center, Fort Collins, CO, July 2016.

Miller, S., C. Seaman, C. Combs, J. Solbrig, W. Straka lll, A. Walther, Y.J. Noh, and A. Heidinger, 2016:
“Status and Prospects for Low-Light Visible Sensing from the VIIRS Day/Night Band on Suomi NPP and
JPSS-1.” 2016 AGU Fall Meeting, San Francisco, CA, 12-15 December 2016. Oral presentation.

Miller, S. D., 2016: “Taking Back the Night with the VIIRS Day/Night Band.” 2016 AGU Fall Meeting, San
Francisco, CA, 12-15 December 2016. Invited oral presentation at NOAA Exhibit Booth.

Seaman, C., S. Miller, J. Torres, D. Lindsey, and D. Hillger: “VIIRS Imagery Applications at CIRA.” 3d
Annual STAR/JPSS Science Team Meeting, College Park, MD, 8-12 August 2016. Oral presentation.

Seaman- C. J., D. T. Lindsey, S. D. Miller, J. A. Knaff, G. Chirokova, J. F. Dostalek, A. B. Schumacher, K.
M. Musgrave, L. D. Grasso, J. Forsythe, R. DeMaria, D. A. Molenar, 2016: CIRA/RAMMB Research
Activities in Support of the OCONUS. OCONUS Technical Interchange Meeting, Honolulu, HI, June 2016.

Seaman, C. J., S. D. Miller and W. Straka lll, llluminating the Capabilities of the VIIRS Day/Night Band in
the High Latitudes. 2016 EUMETSAT Meteorological Satellite Conference, Darmstadt. Germany, 26-30
September 2016. Oral presentation.

Seaman, C. J. and S. D. Miller: A Dynamic Scaling Algorithm for the Optimized Display of VIIRS
Day/Night Band Imagery. 2016 EUMETSAT Meteorological Satellite Conference, Darmstadt. Germany,
26-30 September 2016. Poster presentation.

Seaman, C. J., S. D. Miller, D. T. Lindsey and D. W. Hillger: “JPSS and GOES-R Multispectral Imagery
Applications and Product Development at CIRA.” 97t AMS Annual Meeting, Seattle, WA, 22-26 January
2017. Poster presentation.

Seaman, C. J., W. Straka Ill, S. D. Miller, D. T. Lindsey and J. Torres: “Night Vision: Illuminating the
Capabilities of the VIIRS Day/Night Band.” 97" AMS Annual Meeting, Seattle, WA, 22-26 January 2017.
Invited oral presentation at NOAA Exhibit Booth.

Straka, W., S. D. Miller, C. J. Seaman, D. T. Lindsey and J. Torres: “Usage of the VIIRS Day/Night Band
as an Operational Tool.” 97t AMS Annual Meeting, Seattle, WA, 22-26 January 2017. Oral presentation.
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Straka, W., S. Miller and C. Seaman: “Overview of the Day and Night Band of VIIRS on Suomi-NPP with
specific examples.” Visiting Scientist Seminar, EUMETSAT, Darmstadt, Germany, 22 September 2016.
Invited oral presentation.

Torres, J. B. Connell, and S. Miller, 2016: “JPSS Imagery and Products in AWIPS-1I for NWS
Forecasters.” 215t AMS Satellite Meteorology, Oceanography, and Climatology Conference, Madison,
WI, 15-19 August 2016. Poster Presentation.

Torres, J., B. Connell, and S. Miller: “JPSS Imagery and Products Available in AWIPS-II for NWS
Forecasters.” 415t Annual National Weather Association Meeting, Norfolk, VA, 10-15 September 2016.
Oral Presentation.

Torres, J., B. H. Connell and S. D. Miller: “Utility of JPSS Products for NWS forecasters.” 97t AMS
Annual Meeting, Seattle, WA, 22-26 January 2017. Oral presentation.

PROJECT TITLE: CIRA Support to the JPSS Proving Ground and Risk Reduction Program:
Improving NUCAPS Soundings for CONUS Severe Weather Applications via Data Fusion

PRINCIPAL INVESTIGATOR: Jack Dostalek

RESEARCH TEAM: John Haynes, Renate Brummer, Rosemary Borger, Kevin Micke, Natalie Tourville,
Dave Watson

NOAA TECHNICAL CONTACT: Satya Kalluri (NOAA/NESDIS) and Mitch Goldberg
(NOAA/NESDIS/JPSS Program)

NOAA RESEARCH TEAM: Dan Lindsey (NOAA/NESDIS/STAR/RAMMB) and Daniel Nietfeld
(NOAA/OAR/ESRL)

FISCAL YEAR FUNDING: $100,000

PROJECT OBJECTIVES:

Currently, the only observational platform having adequate vertical resolution of temperature and
moisture for severe thunderstorm applications is the radiosonde. The vertical resolution is sufficient to
detect sharp low-level temperature inversions and vertical gradients in moisture common during severe
weather events. However, the major limitation of radiosonde data is inadequate temporal and spatial
resolution. Balloons are launched only at 00 and 12 UTC (and occasionally at 18 UTC), and the launch
sites are 300-500 km apart in the central U.S.

As part of the JPSS mission, under the direction of Chris Barnet, Science and Technology Corporation
developed the NOAA Unique CrIS/ATMS Processing System, or NUCAPS. This algorithm uses data
from the Cross Track Infrared Sounder (CrlS) in clear sky conditions and from the Advanced Technology
Microwave Sounder (ATMS) in cloudy regions to retrieve global vertical profiles of atmospheric
temperature and water vapor. These instruments are aboard the S-NPP satellite that was launched in
November 2011, and are planned to be a part of the forthcoming JPSS satellites.
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Given the requirement for NUCAPS to be available globally, it is a satellite-only retrieval and does not
incorporate ancillary information other than surface pressure from the GFS model. The retrieved
soundings are relatively smooth in the vertical and are unable to resolve sharp vertical gradients that are
often found at the top of the boundary layers in a summertime severe weather environment.

NWP output continues to improve every year, especially with the advent of high resolution (e.g., <4 km
grid spacing), convection-resolving models. But the models still struggle with important details such as
surface to 850 mb moisture advection in the central plains of the CONUS. Surface analyses of
temperature and water vapor are now available hourly at high resolution (2.5 km), from the Real-Time
Mesoscale Analysis (RTMA). Strategically combining portions of the NWP output and RTMA data with
the NUCAPS soundings will undoubtedly result in improved characterizations of the vertical profile of
temperature and moisture than the NUCAPS soundings alone.

Work in 2016 focused on five objectives: 1) Launch radiosondes from northeast Colorado, timed with the
S-NPP overpass, on days for which convection was likely, 2) Calculate error statistics of the NUCAPS
data with respect to collocated radiosondes, 3) For the radiosonde data obtained in 1) collect
corresponding NUCAPS, NWP, and RTMA data, 4) Begin creating the algorithm which modifies the
NUCAPS soundings to generate a more accurate depiction of the pre-convective environment, and 5)
Work on displaying the modified NUCAPS profiles in AWIPS II.

PROJECT ACCOMPLISHMENTS:

Northeast Colorado Radiosonde Launches:

In addition to the radiosondes collected from the NWS and SGP launches, 20 radiosondes were
purchased for release by the project members. This additional dataset sampled the pre-convective
atmosphere of the high plains environment of northeastern Colorado, which is in general different from
the pre-convective environment of the central and southern plains, and the eastern United States. The
opportunity was also taken to launch a few balloons when thunderstorms were not anticipated, to see
how well the NUCAPS distinguishes between the two regimes. The launches were timed to coincide with
the pass of the S-NPP satellite, with a typical launch time for the balloons of about one-half hour before
the overpass.

Error Statistics:

Using a homogeneous sample from years 2014, 2015, and 2016, the performance of the NUCAPS
retrievals and RAP profiles were compared with collocated radiosondes (within 50 km and 1 hour) for
both temperature and dewpoint temperature. The bias and rmse as a function of pressure for the
NUCAPS and RAP are shown in Figures 1 and 2. Looking at the temperature rmse, the NUCAPS
retrievals are below 2 K from 100 mb to just above 2 K near the surface. The bias alternates between
positive and negative, but is generally within 1 K. The RAP rmse is below 2 K and under 1 K for most of
the middle atmosphere. The bias is around 1 K near the surface, and well below 1 K above the surface.
Both the NUCAPS and the RAP show a poorer performance in measuring the vertical profile of the
dewpoint temperature. For the NUCAPS, the rmse is generally between 2 and 6 K, with values above 7
K in the middle atmosphere. The struggle of NUCAPS in this region is due to the common existence of a
sharp drop-off in moisture that is often seen between the low- and middle-levels. The coarse vertical
resolution inherent in satellite retrievals makes it very difficult to capture such features. Biases for the
NUCAPS dewpoint temperature are generally less than 4 K, with higher values at the drop-off in moisture
just mentioned and near the tropopause. The RAP analyses also had difficulty in measuring the vertical
distribution of water vapor. Although lower near the surface, the rmse was at least 5 K at all levels.
Below 300 mb, the biases were less than 3 K, but were greater than 4 K at some pressures above this
level. It appears that the RAP model also has trouble with the rapid decrease in moisture between the
lower- and middle-levels.
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Figure 1. Bias and rmse between NUCAPS and collocated radiosonde as a function of pressure. Red
lines are for temperature and blue lines are for dewpoint temperature.

Figure 2. Bias and rmse between RAP and collocated radiosonde as a function of pressure. Red lines
are for temperature and blue lines are for dewpoint temperature.

The figures demonstrate the greater accuracy of the RAP model over the NUCAPS retrievals. However,
the RAP data used in these computations are the analyses, which likely assimilate some of the
radiosonde data.

Ancillary Data Collection:

CIRA maintains an ongoing, real-time collection and archive capability for NUCAPS retrievals. Some
case specific data from the RAP model and the RTMA have also been collected. For real-time
application, both the RAP and the RTMA are available via NOAAPORT.
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Algorithm to Modify NUCAPS Retrievals:

NUCAPS retrievals typically perform well in capturing the general shape of the temperature and moisture
profile of the atmosphere, as seen in the example below. The red and blue lines in Figures 3 and 4 are
the temperature and dewpoint temperature profiles, respectively, as measured by a radiosonde launched
from Fort Collins, CO on 16 June 2016. The overlaid black lines are the temperature and dewpoint
temperature retrievals from the NUCAPS algorithm. NUCAPS struggled, however, at the lowest levels —
a characteristic not unusual in satellite retrievals.

200

(hPa)

300

PRESSURE

600

700

800
900}

1898E% IR DSl SF el

40 —20

TEM@ERATURE (°C)

Figure 3. Vertical profile of temperature (red) and dewpoint temperature (blue) as measured by
radiosonde. Black lines are the temperature and dewpoint temperature from a collocated NUCAPS
retrieval. The NUCAPS retrieval captures the broad features of the temperature and moisture, but misses
some of the fine details, and struggles near the surface.

In an attempt to correct these errors, a simple mixed layer algorithm was applied:
i

" 2 F
Zig1 = |Z; + ,}j Cel V1(Bspein — HAir}ﬁt]

Where

zZ: height of mixed layer

Oskin:  Potential temperature of surface skin (GOES West sounder 11/12 pm)
Oair:  Potential temperature of surface air (Surface observations)

[V]: Wind speed (Surface observations)

Y: Lapse rate of free atmosphere (12 UTC Denver Radiosonde)

CH: Exchange coefficient

83| 2016/2017 CIRA Annual Report - Satellite Algorithm Develop., Training & Ed.



The mixed layer height was determined by applying the above equation from sunrise to 1900 UTC (just
before the S-NPP overpass). Blending the mixed-layer temperature and moisture (using potential
temperature and water vapor mixing ratio) with nearby surface observations results in the corrected
profile shown below.
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Figure 4. Same as above figure, but with the near-surface NUCAPS retrievals modified using a simple
mixed-layer algorithm and surface observations.

For this case the simple algorithm worked quite well and as long as the assumption of a well-mixed
boundary layer holds, it should be broadly applicable.

Modified NUCAPS Soundings in AWIPS Il

Work on making available the modified NUCAPS soundings in AWIPS Il is well underway. Some difficulty
has been encountered inside AWIPS Il in relation to the system being able to distinguish the original
NUCAPS retrievals from the modified retrievals. This issue is currently under investigation.

Publications: None
Presentations:

Dostalek, J., 2016: Using NUCAPS Retrievals to Diagnose Pre-Convective Environments over the United
States. Joint 215t Satellite Meteorology, Oceanography and Climatology Conference and 20" Conference
on Air-Sea Interaction, Madison, WI, 15-19 August 2016.
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PROJECT TITLE: CIRA Support to the JPSS Proving Ground and Risk Reduction Program:
JPSS Satellite Training for NOAA Users

PRINCIPAL INVESTIGATORS: Bernadette Connell and Steve Miller
RESEARCH TEAM: Jorel Torres, Ed Szoke, E. Dagg
TECHNICAL CONTACT: Satya Kalluri (NOAA/NESDIS) and Candice Jongsma (NOAA/OAR)

NOAA RESEARCH TEAM: Brian Motta and Anthony Mostek NOAA/ NWS/OCLO/ Forecast Decision
Training Division, Leroy Spayd (NWS/OCLO)

FISCAL YEAR FUNDING: $60,000

PROJECT OBJECTIVES:

This project supports a Satellite Liaison and research staff at the Cooperative Institute for Research in the
Atmosphere (CIRA) as a critical link between the Joint Polar Satellite System (JPSS) program and
National Oceanic Atmospheric Administration (NOAA) operational end users primarily at National
Weather Service (NWS) Offices and National Centers. The Satellite Liaison is devoted to connecting
satellite algorithm developers, trainers, and forecasters, enhancing multi-path communication, ensuring
that operational needs are not lost in translation, while also steering and focusing the research and
training directions to best serve operational needs.

The Liaison provides training for operational NW'S forecast staff about multiple initiatives including NOAA-
Unique Products, Day-Night Band, Visible Infrared Imaging Radiometer Suite (VIIRS) Imagery, Advanced
Technology Microwave Sounder (ATMS), Cross-track Infrared Sounder (CrlS), NOAA Unique CrIS ATMS
Products (NUCAPS), and Numerical Weather Prediction (NWP) data assimilation. This includes current
JPSS Program initiatives such as Smoke and Fire, Hydrology and Flooding, Severe Convective Weather,
Critical Weather Applications, and targeted specific NWS forecast and warning operations. The projects
are coordinated with the NWS Office of the Chief Learning Officer (OCLO) in particular the Forecast
Decision Training Division (FDTD).

Specific Objectives:

1-- Participate in JPSS Initiative teleconferences, take inventory of user needs and developer capabilities;
map connections between the two.

2-- Interact and collaborate with training partners: the NWS OCLO, the Virtual Institute for Satellite
Integrated Training (VISIT) and the Satellite Hydrology and Meteorology (SHyMet) training programs, the
Short-term Prediction Research and Transition Center (SPoRT), COMET, and Satellite liaisons.

3-- Review draft JPSS Formal Training Program (Draft provided by Bill Ward and Jordan Gerth, January
2016), map existing training and training needs; prepare JPSS training tracking spreadsheet.

4-- Prepare training materials based on interactions with users, developers, and understanding of training
requirements.

5-- Participate in Domestic Science Conferences (NWA/AGU/AMS) and travel locally to Boulder and
Cheyenne WFOs.

PROJECT ACCOMPLISHMENTS:

1--Participate in JPSS Initiative teleconferences, take inventory of user needs and developer capabilities;
map connections between the two.

The satellite liaison, J. Torres, participated in monthly JPSS Initiative teleconferences: River and Ice
Flooding, Fire and Smoke, NUCAPS, and Artic. The conference calls bring researchers together to
discuss progress and issues associated with their research projects or the transition of products to
operations. Some relevant outcomes noted over the past year:
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--Collaborations with Eric Stevens, from the Geographic Information Network of Alaska (GINA) at the
University of Alaska, focused on the use of NUCAPS soundings for the NUCAPS initiative and the Alaska
Fire Initiative. As part of this effort, quick-guides were developed for “NUCAPS in AWIPS II: How to
Access Data & Edit Soundings” and “How To Access Pop-Up Skew-T Data”. There are plans to
incorporate these into the Integrated Training Tool (ITT) which was developed by SPoRT for AWIPS-II
version 16.4.1. The quick guides are located at the following link.
ftp://rammftp.cira.colostate.edu/torres/Quick_Guide/

-- Participation in the Field Campaign during the Spring and Summer 2016: 'Improving NUCAPS
Soundings for CONUS Severe Weather Applications via Data Fusion' field campaign. As part of this
experiment, radiosondes were launched across the Colorado Front Range to provide in-situ
measurements to compare with NUCAPS derived soundings. Partners on the project include D. Lindsey,
J. Dostalek, J. Haynes, C. Barnet, D. Nietfeld and G. Chirokova.

-- Near-Constant Contrast Imagery of the May 2016 Fort McMurray Wildfires was presented at the 10
June ‘Fire and Smoke’ Initiative call. The imagery highlighted the utility and capabilities of NCC and how
forecasters can access the data in the AWIPS-II interface. This imagery and discussion points were
posted on the VISIT Blog in late May.

-- One of the ways to test the flow of imagery and products into the Advanced Weather Interactive
Processing System (AWIPS) environment is through Data Operations Exercises (DOE) conducted by the
Total Operational Weather Readiness — Satellites (TOWR-S) Group. On the Fire and Smoke Initiative
teleconference on 20 October, Aerosol Detection information was shared with researchers A. Huff and S.
Kondragunta. This included the locations of participating DOE-4 sites at Weather Forecast Offices
(WFOs) and the upcoming polar products relevant to them (e.g. Active Fires and Aerosol Detection) that
will be flowing into AWIPS-I1I. Of particular concern is a terrain correction that is needed for the Near
Constant Contrast (NCC) product derived from the Day-Night Band (DNB) on the VIIRS instrument. The
CIRA JPSS Visualization and Imagery Team is expediting this process.

-- On the 10 October 2016 NUCAPS call, feedback from the GOES-R/JPSS Satellite workshop held in
conjunction with the 41t Annual National Weather Association Meeting on 13 September in Norfolk,
Virginia was used to plan for the “Experiencing JPSS Capabilities” Short Course held in association with
the 97t American Meteorological Society Meeting on 21 January in Seattle, Washington.

2-- Interact and collaborate with training partners: the NWS Office of the Chief Learning Officer (OCLO),
the VISIT and SHyMet training programs, COMET, Satellite liaisons.

Background: The primary user that this project targets for training is the NWS forecaster. The NWS
Office of the Chief Learning Officer (OCLO) oversees training of its employees and has several divisions
devoted to this task: The Training Center (NWSTC), the Warning Decision Training Division (WDTD), and
the Forecast Decision Training Division (FDTD). The NWS OCLO designed and launched a Satellite
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Foundation Course for GOES-R/16 (SatFC-G) and is planning a similar type of foundation course for
JPSS. A Satellite Training Advisory Team (STAT) consisting of Science Operations Officers (SOOs),
satellite liaisons, representatives from the NWS OCLO, and training developers, were brought together to
guide the design, development, tracking, review, and implementation of the course. Training developers
included those associated with the VISIT and SHyMet programs at the Cooperative Institute for Research
in the Atmosphere (CIRA) and the Cooperative Institute for Meteorological Satellite Studies (CIMSS), as
well as COMET, the Short-term Prediction Research and Transition Center (SPoRT), the Cooperative
Institute for Mesoscale Meteorological Studies (CIMMS), and OCLO.

--During the past year, this project participated in weekly STAT calls to provide input on the development
of the SatFC-J and to observe the process for the SatFC-G in order to gather feedback relevant to the
design of the SatFC-J. The progress of SatFC-J is presented in objective 3 below.

--Participation in virtual meetings of the Total Operational Weather Readiness — Satellites (TOWR-S)
project to keep abreast of the deployment timelines of JPSS imagery and products that are planned for
broadcast over the Satellite Broadcast Network (SBN) for use in AWIPS-II. The intent of tracking the
timelines for product availability in AWIPS-I1 is to ensure that user training is also available.

--CIRA local interactions with NOAA personnel ensure data access and display capabilities on AWIPS-I|
to be able to adequately address training activities.

--CIRA hosted and participated in the 'AWIPS-II Experimental Products Development Team (EPDT)
Introduction Class Fall 2016'. The 3-day course was held 7-9 December 2016 and was led by S.
Longmore (CIRA) and D. Molenar (NOAA/STAR/RAMMB at CIRA). J. Torres and D. Bikos (both at CIRA)
presented 'Weather Event Simulator-2 (WES-2) Demonstration' on 9 December. Users were shown how
to process polar-orbiting data ingested by the Satellite Broadcast Network (SBN). Once the data is
processed, the user can then create and save case studies in the Weather Event Simulator-2 (WES-2).

3--Review draft JPSS Formal Training Program (Draft provided by Bill Ward and Jordan Gerth, January
2016), map existing training and user training needs; prepare JPSS training tracking spreadsheet.

-- Using the “Plan for Formal Training Program on the Joint Polar Satellite System (JPSS) and Global
Change Observation Mission (GCOM) for National Weather Service Operational Meteorologists by Bill
Ward and Jordan Gerth (January, 2016)", a first draft of the Satellite Foundation Course for JPSS (SatFC-
J) training tracking spreadsheet was prepared in May 2016. The targeted length for the foundational
course is 4 hours with the goal of having the course available to forecasters by the launch of JPSS-1.

--During a STAT meeting held 6-9 September in Boulder, Co, training groups were matched to the 3
overarching objectives that were captured in the training tracking spreadsheet. (see Figure 2 at right for
objectives)

-- During the last quarter of calendar year 2016, a list of JPSS relevant training objectives was initiated to
be used to direct training. The various training groups at CIRA, CIMSS, COMET, and SPoRT have
reviewed and made contributions to the list. The list has been shared with SOOs to get their feedback.
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Figure 2. Satellite Foundation Course for

JPSS (SatFC-J)} Training Plan Overview

Objective 1: Introducing Suomi-NPP, JPSS,
GCOM, GPM

Objective 2: Introduction to Microwave
Remote Sensing

Objective 3: Basic Forecast Applications

(Optional) Product Applications:
Section 1: Fires/Ash/Aerosols
Section 2: Rain Rate/TPW
Section 3: Cryosphere
Section 4: Wind/Waves
Section 5: Additional Products

--It is noted that in December 2016, the STAT group started receiving feedback on both the GOES-R
preparatory course for SOOs and from the SatFC for GOES-R. Around the same time it was announced
that JPSS-1 would launch no earlier than the 4" Quarter of FY 17. In light of both feedback and delayed
launch, the rapid development of training materials was essentially put on hold pending review of
feedback and assessment of the way forward to improve the design, development, and implementation of
SatFC-J. An in-person meeting of the STAT team for SatFC-J is scheduled for the last week in April
2017.

4--Prepare training materials based on interactions with users, developers, and understanding of training
requirements.

--Blogs

The following Blogs highlighted imagery and products associated with the NCC imagery, River and Ice
Flooding, Fire and Smoke, NUCAPS, and Artic and have been posted on the VISIT site:
http://rammb.cira.colostate.edu/training/visit/blog/

- Madagascar: Tropical Cyclone Enawo

- 7-8 February 2017, New Orleans Power Outage

- More Precipitation for the West Coast, 3 February 2017

- Post Atmospheric River Events in California, 011317

- Lake Effect Snow: Buffalo and Rochester, NY, 121416-121516

- Nantahala National Forest Wildfires 11-11-16

- South-Central Colorado: Junkins Fire

- Hurricane Matthew 100616

- 19 June - 8 July 2016: Beaver Creek Fire, Jackson County, Colorado

- NCC Imagery, Colorado Fires in July

- VIIRS Flood Detection Product: Gulf Coast Flooding, August 2016

- Hurricane Season in the Atlantic: Invest Area 99L and TS Gaston

- Puerto Rico Power Outage

- Fort McMurray Wildfires and the Near-Constant Contrast (NCC) Imagery

- NUCAPS, Part One: Introduction

- NUCAPS, Part Two: Field Campaign and Observations

- Synthetic Imagery from the NAM Alaska Nest 4 km
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Figure 3. The NCC product showing various features of Hurricane Matthew (lightning and the eyewall)
and city lights.

Figure 4. The NCC product showing the Junkins fire compared with nearby city lights.
--Modules
- Development has begun on two of the modules for the SatFC-J course: “Basics of Microwave Remote
Sensing” and “Oxygen and water vapor absorption bands”.

5--Participate in Domestic Science Conferences (NWA/AGU/AMS) and travel locally to Boulder, Colorado
and Cheyenne, Wyoming WFOs

-- See the presentations listed below.

-- Participation in the 3@ NOAA Satellite Proving Ground/User-Readiness Meeting from 9-13 May 2016
held at the National Weather Center in Norman, Oklahoma.

-- Participation in the OCONUS Direct Broadcast (DB) Workshop and Proving Ground Meeting in
Honolulu, Hawaii on 27-30 June 2016.

-- Participation in the Satellite Training Advisory Team (STAT) meeting in Boulder, Colorado, 6-9
September 2016.

-- Assistance provided for logistics, data collection, and production of the webpage as well as attendance
at the NWA GOES-R/JPSS Satellite Workshop held on 13 September 2016.

-- Visit to WFO-Boulder to attend their Winter Weather Workshop, Boulder, Colorado, 7 October 2016.
Information was presented on 'JPSS in Operations'. Forecasters were given access to the presentations,
supplemental links, and quick guides.

-- Visit to WFO-Cheyenne, Cheyenne, Wyoming, 1 December 2016. Met with R. Cox (SO0, WFO-
Cheyenne) and his team, gave them access to the presentations and the quick guides involving NUCAPS
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and NCC. Also, debriefed them on the Integrated Training Tool (ITT) that will be able to help forecasters
utilize on-the-spot training guides in AWIPS-II. The ITT will be in the new AWIPS-II build 16.4.1 coming
out in early 2017.

-- Public outreach opportunity: Radiosondes were launched from Poudre High School and the Fort
Collins Museum of Discovery on two separate days in June. Both are located in Fort Collins, Colorado.
This was part of the 'Improving NUCAPS Soundings for CONUS Severe Weather Applications via Data
Fusion' field campaign, which is launching radiosondes across the Colorado Front Range in order to
compare temperature and moisture profiles from radiosondes with satellite derived NUCAPS sounding
profiles.

Publications: None
Presentations:

Bikos, D. and J. Torres: Training on the Weather Event Simulator (WES-2) provided for the Experimental
Products Development Team at CIRA, 9 December 2016.

Connell, B., D. Bikos, S. Lindstrom, E.J. Szoke, S. Bachmeier, J. Torres, E. Dagg, T. Mostek, B. Motta, M.
Davison, and L. Veeck, 2016: Satellite User Readiness Through Training: VISIT, SHyMet, and WMO
VLab. AMS 215t Satellite Meteorology Conference, Madison, WI, 15-19 August. Poster.

Connell, B., D. Bikos, S. Lindstrom, J. Torres, E. J. Szoke, E. L. Dagg, A. B. Schumacher, A. S.
Bachmeier, A. Mostek, B. C. Motta, M. Davison, and L. Veeck, 2017: Satellite user readiness through
training: VISIT, SHyMet, WMO VLab and liaisons. 13t Annual Symposium on New Generation
Operational Environmental Satellite Systems, Seattle, WA, Amer. Meteor. Soc., 23-26 January 2017.
Presentation.

Szoke, E., D. Bikos, R. Brummer, H. Gosden, D. Molenar, D. Hillger, S. Miller, D. Lindsey, J. Tores and C.
Seaman, 2016: What happens next for CIRA’s NWS Proving Ground activities after the launch of GOES-
R. 41t NWA Annual Meeting, Norfolk, VA, 12-15 September. Poster.

Torres, J. 2016: JPSS in Operations. SOO Development Course. Norman, OK, 22-23 August.
Presentation.

Torres, J. 2017: NOAA CLASS Demonstration. AMS Short Course: Experiencing JPSS Capabilities.
Seattle, Amer. Meteor. Soc., 21 January 2017. Presentation.

Torres, J. 2016: JPSS Training. 2016 Annual Science Team Meeting. College Park, MD, 8-12 August.
Presentation.

Torres, J., B. Connell, and S. Miller, 2016: Uniqueness of JPSS Products for NWS decision support
activities. AMS 21st Satellite Meteorology Conference, Madison, W1, 15-19 August. Poster.

Torres, J., B. Connell, and S. Miller, 2016: JPSS Imagery and Products in AWIPS-II for NWS
Forecasters. 415t NWA Annual Meeting, Norfolk, VA, 12-15 September. Poster.

Torres, J., B. Connell, and S. Miller, 2017: Utility of JPSS Products for NWS Forecasters. 13" Annual
Symposium on New Generation Operational Environmental Satellite Systems, Seattle, WA, Amer.
Meteor. Soc., 23-26 January 2017. Presentation.
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PROJECT TITLE: CIRA Support to the JPSS StAR Science Program: S-NPP VIIRS EDR Imagery
Algorithm and Validation Activities and S-NPP VIIRS Cloud Validation

PRINCIPAL INVESTIGATOR: Steve Miller

RESEARCH TEAM: Yoo-Jeong Noh, Curtis Seaman, Matt Rogers, John Forsythe, Scott Longmore, Louie
Grasso, Stan Kidder, Steve Finley, Natalie Tourville, Hiro Gosden, Dave Watson, Kevin Micke, Renate
Brummer, Rosemary Borger

NOAA TECHNICAL CONTACT: Satya Kalluri (NOAA/NESDIS) and Lihang Zhou (NOAA/NESDIS)
NOAA RESEARCH TEAM: Don Hillger, Dan Lindsey (NOAA/NESDIS/STAR/RAMMB)

FISCAL YEAR FUNDING: $432,126

PROJECT OBJECTIVES:

The Suomi National Polar-orbiting Partnership mission (NPP), serving as risk-reduction to the Joint Polar
Satellite System (JPSS) and providing continuity to the National Aeronautics and Space Administration’s
(NASA) Earth Observing System (EOS) climate mission, was launched successfully on 28 October 2011.
The Visible/Infrared Imaging Radiometer Suite (VIIRS) on board Suomi NPP provides atmospheric, cloud,
and surface imagery for both weather and climate applications. VIIRS is the next-generation to the
Advanced Very High-Resolution Radiometer (AVHRR) that has flown on board the Polar-Orbiting
Environmental Satellites (POES) since NOAA-15 in 1998. VIIRS was originally designed to merge the
capabilities of the Defense Meteorological Satellite Program (DMSP) Operational Linescan System (OLS)
and the NASA Moderate-resolution Imaging Spectroradiometer (MODIS).

This is a multi-agency research project with teams involved from NOAA/NESDIS/StAR, CIRA, CIMSS,
NRL, NCEI-Boulder, NGAS, and Aerospace. CIRA's research in this area is divided in into two distinct
elements: Project |) Support of VIIRS Imagery Validation Activities and

Project I1) Support of VIIRS Cloud Validation Activities.

Progress on each element is detailed below.

These projects directly address NOAA’s Weather and Water goal, which seeks to serve society’s needs
for weather and water information. This research also falls within the NOAA-defined CIRA thematic area
of Satellite Algorithm Development, Training and Education, as calibration/validation is an integral and
critical first step in the algorithm development process. Outcomes of the current research may in some
cases lead to adjustments in the original algorithm to correct issues discovered during the
calibration/validation analysis.

Project 1--Support of the VIIRS Imagery Validation Activities
Research Objectives:

1-- Report on the analysis of the VIIRS Imagery EDR software, imagery, and image products produced
from that imagery — Either as uncovered, or end of term.

2-- Document any EDR software and imagery issues that might be uncovered, whether in the image data,
or products derived from that imagery — Either as uncovered, or end of term.

3-- Contribute to StAR long-term monitoring website, with Imagery products over either CONUS or
Alaska.

4-- Provide real-time web displays of VIIRS imagery and products that will serve as a source of material
for training of NWS and other meteorologists, especially for those spectral bands that are new to the
operational satellite data stream.
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5-- Provide monthly reports on the VIIRS Imagery EDR Team activities and spending

Achievements:

1--When changes to the JPSS ground system are made, test data are provided to the VIIRS Imagery
Team for analysis. Reports of the findings are provided to the JPSS Program Office.

2--VIIRS imagery is produced in near real-time on the RAMSDIS Online website, as well as on location at
the various partner agencies and institutes (NRL, CIMSS, NCEI-Boulder, etc.), and this imagery is
routinely monitored for artifacts. One example VIIRS artifact is shown in Figure 1. These events are
documented and reported to the JPSS Program Office. Presentations are provided at the STAR JPSS
Annual Science Team Meeting, which is held every August. We work with the VIIRS SDR Team and
JPSS Program Office to resolve any issues with the imagery.

3--VIIRS Day/Night Band (DNB) imagery is produced on a daily basis for the STAR JPSS Long Term
Monitoring (LTM) website (https://www.star.nesdis.noaa.gov/jpss/EDRs/products_Imagery.php). This
imagery includes nighttime DNB imagery over Alaska, which has been defined by the JPSS Program as a
Key Performance Parameter (KPP). An example is shown in Figure 2.

4--VIIRS images and imagery products are produced in near real-time on the RAMSDIS Online website.
The imagery and its applications are discussed on various blogs, including the VIIRS Imagery and
Visualization Team Blog (http://rammb.cira.colostate.edu/projects/npp/blog/), the Seeing t