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Federal Coordinator (FC) for Meteorological Services 
and Supporting Research (OFCM) hosted the 2021 
Tropical Cyclone Operations and Research Forum 
(TCORF)/75th Interdepartmental Hurricane Confer-
ence (IHC) for Federal agencies, operational forecast 
centers, weather modelers, aerial, ocean, satellite, and 
radar observing groups, supporting research functions, 
and user communities. 

There were 184 registered participants, which convened 
virtually on March 3-5, 2021 to review 2020 hurricane 
season challenges, and planned operations for the 
upcoming season, and to discuss research efforts in the 
context of  operational needs. The agenda comprised a 
combination of  themed sessions and reported on the 
Working Group (WG) for Tropical Cyclone Operations 
and Research (TCOR) meeting held on March 2nd. A 
summary of  each of  these agenda elements follows. 
Slide presentations used by panelists and other partici-
pants are available online. 

Opening Session. Mr. David Chorney, Executive Sec-
retary, welcomed participants, provided instructions 
on how the virtual meeting would be conducted, and 
reviewed the agenda. He introduced Mr. Martin Yapur, 
recently appointed Deputy Director of  the Interagen-
cy Meteorology Coordination Office (IMCO), which 
will transition activities, previously under OFCM, into 
the Interagency Council for Advanced Meteorological 
Services (ICAMS) infrastructure. Mr. Yapur summarized 
the background and rationale for ICAMS, and the prog-
ress made so far in transitioning the OFCM activities 
into the Committees and subordinate groups that will 
comprise the ICAMS interaction with and support for 
the Federal Weather Enterprise. The TCORF / IHC will 
continue to be a key annual event coordinating tropical 
cyclone support and research across the federal govern-
ment.

Session 1: Operations...2020 Highlights and 
2021-22 Possible Changes.

The National Hurricane Center (NHC) reported that 
2020 was a record-breaking Atlantic season with 30 
named storms, 13 hurricanes (6 major), and 1 depres-
sion that did not reach tropical storm strength.

It was the busiest year for NHC since 2005 and sec-
ond busiest since 1990. There were 12 U.S. landfalls, 
6 as hurricanes, 6 as tropical storms and 1 a tropical 
storm “strike”. In addition, there were 13 international 
landfalls (impacts in nearly every country in the Atlan-
tic basin). NHC track and intensity forecasts for the 
Atlantic were very skillful. The NHC genesis forecasts 
for the Atlantic from 2018-2020 show a small low bias 
across most probability thresholds. For the East Pacific 
(EPAC), the track forecasts were very skillful, intensity 
forecasts were skillful through 60 hours, but had little 
skill beyond that time, and genesis forecasts from 2018-
2020 are very well calibrated for all time periods and 
probability thresholds. NHC issued the fewest forecasts 
for this area since 2010. 2020 presented a potent mix of  
challenges for NHC: record-breaking Tropical Cyclone 
(TC) activity and landfalling systems, staffing shortages, 
COVID, and other factors that severely stressed the sys-
tem. Outreach and training for 2021 will again be greatly 
reduced/affected by COVID.

Joint Typhoon Warning Center 

The Joint Typhoon Warning Center experienced a near 
average climatological tropical cyclone year for the 
Western Pacific (WPAC), Southern Hemisphere, and the 
Indian Ocean. However, the impact of  the storms was 
significant with 316 fatalities and $3.2 billion in dam-
age related to Typhoons affecting the Koreas, flooding 
from tropical cyclones over Vietnam/Cambodia, and 
Super Typhoon Goni over the Philippines and Vietnam. 
JTWC warnings for the three basins plus repackaged 
warnings for the DOD totaled 1621. The 2020 WPAC 
forecast track errors had record low mean absolute error 
at days 2, 4, and 5. Forecast intensity skill increased for 
days 1 and 2. JTWC expanded the use of  satellite recon-
naissance products but has concerns about the loss of  
WindSat data and degraded microwave imagery refresh 
rates.TC intensity change, and data exploitation were 
cited as the top two JTWC Research and Development 
priorities. 

Aircraft Operations Center 

The 2020 season was the first season in six years with 
both WP-3Ds available for most of  the season. 678 
hours were flown during the 2020 season across all 
hurricane missions. The G-IVSP flew 82% of  FY20 
and 69% of  FY21 allocated hours. WP-3D flew 97% of  
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FY20 and 95% of  FY21 allocated hours. Funding was 
recently allocated for additional FY21 reconnaissance 
hours. Operational limitations were related to severe 
weather (strong winds) at the staging base and availabili-
ty of  trained flight directors. Aircraft Operations Center 
(AOC) reconnaissance data are available at the National 
Centers for Environmental Information website.

53rd Weather Reconnaissance Squadron

In support of  the 2020 NHOP, the 53rd Weather 
Reconnaissance Squadron flew 146 missions with 187 
fixes, 14 invests, 13 missed fixes, 8 late fixes, and 1 
early fix for a total of  1160.8 flying hours. Challenges 
included COVID restrictions, insufficient manpower 
for recon and equipment maintenance, aircraft and 
Met equipment limitations, and 4 home base hurricane 
evacuations. Near term projects are planned upgrades 
to pallets, communications, and improvements in ocean 
sensing, vertical profiling, and SMFR capabilities. 

NHC Marine, Tropical Analysis and Forecast 
Branch 

Eighteen marine forecasters provided marine prod-
ucts for 10 million square miles of  ocean. The world’s 
oceans and seas are divided into 16 separate regions 
known as “METAREAS” with different nations having 
responsibility for providing high seas marine forecasts 
for those waters. The high seas forecasts are used main-
ly by large transoceanic vessels but can also be used by 
smaller vessels or those on shorter voyages. The U.S. 
National Weather Service (through the National Hur-
ricane Center, the Ocean Prediction Center, and the Ho-
nolulu Weather Forecast Office) has the responsibility to 
provide high seas marine forecasts for METAREAS IV 
and XII, which cover most of  the North Atlantic Ocean 
and North Pacific Ocean. Each product is updated 
every 6 hours and includes a description of  winds and 
waves for the current time (a nowcast) and a 24- and 48- 
hour forecast of  the winds and waves, using a 20-knot 
threshold for the wind and an 8 feet threshold for the 
seas. Positions and intensities are also given for tropical 
cyclone forecasts out to the 120-hours. Intermediate 
hour forecasts are given for rapidly changing weather 
events. The High Seas products also include updated 
descriptions of  convection, particularly along the ITCZ. 
These products include marine warnings for gale, storm, 
hurricane force winds, and tropical cyclone-related 
conditions and can also include information on reduced 
visibility and other marine hazards. The marine forecasts 
enable ships to avoid hazardous weather and support 
the U.S. Coast Guard when they conduct distress oper-
ations. Plans are to add surface forecast graphics out to 
seven days and weekly marine weather briefings through 
five days. 

Central Pacific Hurricane Center 

The hurricane season for the central Pacific was very 
light with only two tropical cyclones. The first threat 
was Boris which at its peak was a tropical depression. 
The second was Douglas which became a category 
4 hurricane and made the closest approach to Oahu 
(30 miles) in modern records. The messaging focus 
on Douglas was for lead time, continuity, and consis-
tency. Peak 48-hour rainfall was 6.35 inches for Kauai 
County. The RECON support to CPHC for Douglas 
was excellent with 5 mission profiles flown. For the 
2021 season products will be added for Extreme Wind 
Warning (EWW), short-fused warning (2 hours or less) 
for a major hurricane eyewall landfall, and EAS/WEA 
activation. Forecast zone changes will be implemented 
in March 2021 to better align with marine hazards.

Q&A: Participants submitted questions and comments 
that clarified or added to information in the presenta-
tions. They also emphasized that ICAMS should include 
in their structure all the current OFCM groups that 
support TCOR operations and research.

Session 2: Research and Development Support-
ing 2020-22 Operations

Hurricane Forecast Improvement Program Over-
view/Updates

The Hurricane Forecast Improvement Program (HFIP) 
Strategic Plan provides details on long-term HFIP goals 
(Appendix A), priorities, and strategies and its goals are 
aligned with the Weather Act. HFIT highlights for 2020 
include the HFIP Real-time Experiment (HREx) for 
the Unified-Hurricane Analysis and Forecast System 
(UFS-HAFS), HAFS-Ocean Model (HYCOM) cou-
pling, providing guidance for NHC’s experimental 6 and 
7-day forecasts, and implementation of  HWRF models. 
Progress was also made on improvements to guidance, 
products, and community outreach and participation. 
Future directions are to align hurricane models with the 
Unified Forecast System (UFS) and implement and add 
more configurations to the HAFS. 

HFIP and Hurricane Supplemental Development 
Projects at the National Hurricane Center

The NHC has work underway on HFIP projects that 
address storm surge watch/warning improvements, 
wind watch/warning improvements, statistical post-pro-
cessing model updates, public-facing product improve-
ments, and infrastructure upgrades. Their HSUP proj-
ects in progress include extending statistical intensity 
models to seven days, developing 3-D visualization 
methods, and recalibrating the SFMR algorithm. 



Hurricane Research Division

Advancing the Prediction of  Hurricanes Experiment 
(APHEX) is motivated by the priorities of  the “next 
generation” 5-year HFIP Strategic Plan (2019-2024). 
Flight strategies and instruments need to evolve to keep 
advancing the understanding and prediction of  TCs. 
Like 2020, the main science and observing objectives in 
2021 will continue to prioritize collaborative programs 
inside and outside of  NOAA. Priority will be given to 
sampling genesis and early stages of  storms, testing new 
P-3 instrumentation, and exploring new deployment 
sites to maximize research and operational objectives.

National Environmental Satellite, Data, and Infor-
mation Service

Satellite status and updates were provided for the GOES 
Constellation. During last year’s record Atlantic hurri-
cane season, GOES-16 meso scanning sectors targeted 
TCs with 1-min. refresh multispectral imagery. From 
automated processing algorithms tailored to hurricane 
scales, UW-CIMSS produced and demonstrated exper-
imental very-high spatiotemporal atmospheric motion 
vector (AMV) datasets in real time at 15-min. intervals 
during GOES-16 TC-targeted observing periods. Sever-
al published studies show assimilating these vortex-scale 
AMVs into hurricane models yields positive forecast 
impacts. Efforts now are focusing on transitioning this 
product to NOAA/ National Environmental Satellite, 
Data, and Information Service (NESDIS) and Na-
tional Centers for Environmental Prediction (NCEP) 
operations. NESDIS Satellite Analysis Branch (SAB) 
continues to work with NWS to gradually transition its 
weather watch functions in a manner that assures NWS 
and other forecasters’ needed information sources will 
be maintained or enhanced. Emerging GEO Applica-
tions Technology advancements, including the National 
Aeronautics and Space Administration and international 
missions, provide opportunities to improve observa-
tions for weather forecasting and extend observations 
to ocean and atmospheric monitoring. The mission to 
follow GOES-R is projected to provide continuity for 
GEO Earth observations, improve observations for 
weather forecasting, extend observations to ocean and 
atmospheric monitoring, and provide accommoda-
tions for Space Weather mission instruments. GOES-T 
(GOES-18) is scheduled for launch in December 2021 
and after post-launch checkout will be evaluated for 
transition to on-orbit storage or operations. Planning 
has begun for NOAA’s next gen GEO system GeoXO, 
which is needed by 2032. The recommended GeoXO 
observations will provide a comprehensive understand-
ing of  the atmosphere, oceans, and weather in the U.S. 
and Western Hemisphere through 2050.

National Aeronautics and Space Administration Kenne-
dy Space Center is a multiuser spaceport launching on 

average once per week. Tropical cyclones impact shuttle 
operations and when the risk of  high winds or other 
storm effects is high, actions are taken to move and 
shelter the shuttle and associated support equipment. 
The TCs that impacted Kennedy from 2004-2020 were 
reviewed and NHC products were identified that were 
used to advise the sheltering actions needed. The most 
used NHC products were the 5-Day track/intensity 
forecast with 66.6% error cone, forecast discussions 
– around the clock, and probability products. Current 
products that would have been useful then include the 
Graphical Tropical Weather Outlook (TWO), and the 
Potential Tropical Cyclone Forecast. Newer products re-
lated to storm genesis, timing, and storm surge are very 
helpful. A continued challenge is the need for earlier 
storm surge products and displaying data.

Office of  Naval Research

The Tropical Cyclone Rapid Intensification (TCRI) 
Program is an Office of  Naval Research (ONR) De-
partmental Research Initiative (DRI) that is a compet-
itive, focused three to five-year effort to advance basic 
scientific understanding on an environmental topic. It 
has a conceptual framework of  the physical hierarchy 
of  processes contributing to RI, with a focus on micro-
physics and boundary layer and enabled by modeling 
and observational strategies. The hypothesis is that 
RI can be solved through basic research combining 
targeted observing strategies with advanced model-
ing to better understand missing or incorrect physical 
processes in mesoscale models. The science objectives 
and technical approach were presented for each of  the 
Naval Research Lab (NRL) projects. TCRI will build 
on key findings from previous ONR field campaigns at 
the air sea interface, at the tropopause, and through the 
atmospheric column by focusing on the onset of  RI, 
boundary layer and microphysics processes, and sheared 
storms that undergo RI. During the next few seasons 
ONR will expand its partnership with NOAA by having 
their TCRI PIs work closely with HRD and NOAA 
IFEX and adding additional P-3 and Gulf-IV flights. 
NRL future efforts beyond TCRI are to participate in 
the NOPP program for predicting hurricane coastal im-
pacts, continue efforts on the Geolocated Information 
Processing System, and continued support and improve-
ment of  the Automated Tropical Cyclone Forecasting 
(ATCF) system.

Hurricane Supplemental

There are two current NOAA Disaster Supplemental 
Programs. The first involves Improving Forecasting 
and Assimilation (IFAA)with 12 projects that include 
hurricanes, data assimilation, floods, physics, and in-
frastructure and funded at about $16 million. The 
second program has four projects funded at $9 million 
for Improving Forecasting of  Hurricanes, Floods and 



Wildfires (IFHFW). Modeling projects are address-
ing hurricane models, coupling and data assimilation, 
extended range to sub-seasonal, and surge and flooding. 
Data collection projects include gliders, autonomous 
ocean observations, and next generation in-situ sys-
tems. Data applications projects include dropsonde data 
observations and increasing satellite data use for hurri-
cane modeling. Forecast and communication projects 
aim to improve the effectiveness of  communication and 
improve NHC forecast techniques. The next steps will 
focus on the impact of  models and data and meeting 
the information needs of  forecasters, stakeholders, and 
the public.

Social Science

Disaster supplemental appropriations provide NOAA 
with a unique and important opportunity to integrate 
the social, behavioral, and economic sciences into 
NOAA’s tropical products, information, and services. 
Four supplemental projects are addressing areas of  con-
cern. The first is to assess how the public consumes and 
processes changing tropical cyclone forecasts over time. 
The second is optimizing tropical cyclone information 
on the NHC web to meet the public user perspective. 
The third is modernizing the TC product suite by 
evaluating NWS partner information needs. The fourth 
is assessing numeracy skills (probabilistic information) 
of  forecasters, partners, and the public to improve TC 
product uncertainty communication, Impact-Based De-
cision Support Services (IDSS), and training. Examples 
of  work underway include the publics’ understanding of  
the cone of  uncertainty and a web-based survey to esti-
mate the economic value of  improved hurricane fore-
casts. This is a coordinated social and behavioral science 
approach by OAR and NWS.

Q&A and Daily Wrap-up: Participant comments clari-
fied or added to information in the presentations. The 
presenters provided references when requested and 
offered to provide additional information via email 
exchanges.

Session 3: Research and Development Support-
ing 2020-22 Operations

Environmental Modeling Center (EMC) Global Mod-
eling

The Unified Forecast System will be advancing NCEP 
operational Global Modeling Systems for 2021 and 
beyond. Components of  UFS are configured to develop 
distinct applications while maintaining the dependencies 
between the applications and products. The GFS.v15.2 
transitioned to operations on November 6, 2019. The 
GFSv15.3 transitioned to operations on May 26 ,2020 
with additional observations assimilated. The Global 

Ensemble Forecast System GEFSv12 is the first FV3 
based UFS Sub-Seasonal Global Ensemble Forecast 
Application and was implemented on Sept. 23, 2020.
The GEFSv12 TC track errors were lower in the Atlan-
tic and West Pacific basins and the intensity errors were 
lower in all three basins. One concern is the right of  
track bias. The GDAS/GFSv16.0 is to be implemented 
on March 17, 2021. It features an increase in the verti-
cal resolution (long awaited) and advanced physics to 
enhance the model representation of  the atmosphere, 
improve the DA algorithms, and include more observa-
tions (satellite and in-situ) for better initial conditions. 
The UFS-R2O Project outcomes for years 1-2 will lead 
to forecast system unification and simplification of  the 
operational product suite. Future work is expected to 
develop coupled UFS Applications for global medium 
range, sub-seasonal and seasonal predictions.

EMC Regional Modeling

The current operational regional hurricane models at 
NWS/NCEP are the Hurricane Weather Research and 
Forecast System (HWRF) and the Hurricanes in a Multi-
scale Ocean Coupled Non-hydrostatic model (HMON). 
The HWRF model is a specialized version of  the 
weather research and forecasting model and is used to 
forecast the track and intensity of  tropical cyclones. The 
HWRF computer model is the operational backbone for 
hurricane track and intensity forecasts by the National 
Hurricane Center and uses data from satellite observa-
tions, buoys, and reconnaissance aircraft. The HMON 
model runs on-demand with input provided by the Na-
tional Hurricane Center (NHC) and consists of  multiple 
movable two-way interactive nested grids that follow the 
projected path of  a tropical system. The HWRF runs in 
all global basins (NHC and JTWC) with a maximum of  
seven storms on-demand. The HMON runs in NHC 
basins with a maximum of  5 storms on demand.

Track and intensity errors for 2020 were shown for 
operational GFS/HWRF/HMON in conjunction with 
dynamic models. Operational HWRF had the best 
intensity skill for the NATL for all lead times. In the 
EPAC, both operational HWRF and HMON had the 
best intensity skill by far for all lead times. In the WPAC 
the operational GFS has the best intensity skill at all 
lead times. Track errors showed good improvement in 
the NATL and EPAC. Both trach and intensity errors 
improved in the WPAC. The Hurricane Analysis and 
Forecast System (HAFS), a collaborative project in the 
UFS Framework, showed track and intensity skill in the 
NATL and EPAC in the various versions tested. Plans 
are to integrate HAFS developments for improved anal-
ysis and forecasts.

Naval Research Lab

Naval Research Lab (NRL) COAMPS-TC (CTCX) is 



a specialized version of  COAMPS designed to predict 
tropical cyclone track, intensity, and structure (wind 
radii). The version of  COAMPS-TC (run in real-time 
by NRL) with the initialization from the NOAA GFS 
system is known as CTCX whilst the version of  CO-
AMPS-TC initialized from the Navy NAVGEM system 
is known as COTC. CTCX track error was excellent 
through 72h in WPAC, while CTCX intensity mean 
average error was generally better than HWRF at most 
lead times. In the NATL, the track error was very good, 
but the intensity trailed HWRF. CTCX Rapid Intensifi-
cation forecasts improved markedly over the last several 
years. Both operational and experimental versions of  
the COAMPS-TC Ensemble had strong performance 
for both track and intensity for U.S.-landfalling TCs in 
2020, including Laura, Sally and Delta. Overall, CO-
AMPS-TC is much improved for RI, intensity and track 
over the last several years. There are new upgrades 
planned for 2021 but the RI challenges continue.

USAF/557TH Weather Wing

Current global capabilities are centered on the Global 
Air-Land Weather Exploitation Model (GALWEM), 
which is the USAF version of  a Unified Model. The 
current configuration (OS3) is based on UKMO OS41 
with surface conditions and observations provided by 
UKMO. The Global Ensemble Prediction Suite (GEPS) 
is designed for long-range forecasts where timing/loca-
tion uncertainties are high, to better show areas of  TC 
potential. Current regional ensembles (4 km, 16-mem-
ber) are cited by surveyed users as significantly or criti-
cally important to their operations. USAF is working to 
use Amazon Web Services Cloud as a potential COOP 
capability for regional ensembles. As user needs surpass 
computing capabilities, USAF plans to explore Cloud 
computing / cost sharing with user.

Questions and answers

Participant comments clarified or added to information 
in the presentations. The presenters provided references 
when requested and offered to provide additional infor-
mation via email exchanges.

Session 4: Research and Development Support-
ing 2020-2022 Operations

Joint Hurricane Testbed Administration Update

Current funding for FY19-22 is roughly $600K for cur-
rent projects. Projects reported this session:

• JHT 2019-22 Ensemble TC Sensitivity: Ryan Torn
• JHT 2019-22 Microwave-Probability of  Eyewall 
Replacement/PERC: Derrick Herndon 
• JHT 2019-22 Tropical Cyclone Logistic Guidance 
for Genesis (TCLOGG): Bob Hart 

• Joint Technology Transfer Initiative (JTTI) 2018-
20 Model Evaluation Tools (METplus)-TC: Dan 
Halperin
• JTTI 2019-21 Hazard Services: Nate Hardin 
• JTTI 2019-22 Ocean Stability: Galina Chirokova
• Joint Polar Satellite System (JPSS) Proving 
Ground and Risk Reduction (PGRR)Update: Monica 
Bozeman 
• GOES-R PGRR Update: Mark DeMaria

Questions for JHT.

Participants offered suggestions to the JHT project 
presenters on ways to add value to or increase the utility 
of  their projects. 

Final Plenary Session

WG/HWSOR Report (NHOP Updates) - Ed Rappa-
port (NCEP/NHC), Chairperson 

Mr. Rappaport summarized the WG/TCORF March 
2, 2021 meeting and thanked the OFCM staff  for their 
support. He briefly reviewed the WG Terms of  Refer-
ence. He noted the recent and planned changes in the 
Federal Coordination structure and the proposed assis-
tance of  the OFCM/ICAMS staff  expertise to make 
2021 NHOP updates. 

There were 25 Agenda Items (AI)s submitted:

• CARCAH (10)
• HQ AFRC/A30W (5)
• NWS (5)
• JTWC (4)
• AOC (2) 

Twenty-one of  the AIs were for changes to the NHOP 
(1 subsequently withdrawn) and 4 were information 
only. 

Action item highlights:

• Actions affecting operations.
 ▪ JTWC evaluating a new format and new basins  

for its prognostic reasoning product.
 ▪ Reduced requirements for RECCO observa-

tions.
 ▪ New backup procedures for CARCAH trans-

mitting messages from AFRC reconnaissance 
aircraft.

• Other changes
 ▪ Documented requirement for a Pacific Hurri-

cane Awareness Tour.
 ▪ Many edits simplifying NHOP Chapter 5 (Air-

craft Reconnaissance).
• Informational



 ▪ Begin routine Atlantic Tropical Weather Out-
look products on May 15.
 ▪ Expand Atlantic tropical cyclone name list.  

 
Next Steps

• A few items are still open. Revisions will be 
submitted to the Working Group Chair this week. 
The Chair will follow-up with communications to the 
Working Group next week.
• The updated NHOP will be published on May 1, 
2021.
• A Working Group expert team continues devel-
oping rules to de-conflict simultaneous use of  small 
UAS and crewed aircraft (carryover from 2020).

• New Working Group Chair will be appointed 
after 31 May 2021.
• Adapt to new parent organization to maximize 
effectiveness.

Closing comments and meeting adjournment

Mr. Rappaport and Mr. Bonadonna thanked the meet-
ing organizers and participants for contributing to the 
success of  this TCORF/75th IHC despite the COVID 
restrictions and the need for the meeting to be held 
virtually.




