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Current State of the Art

Operational Forecast Performance
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Courtesy John Cangialosi & James Franklin (NWS/NHC)
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@ Hurricane Forecast Improvement Program

e Unified approach to guide &

accelerate forecast improvements *

since 2008

o improve prediction of rapid
Intensification & track
o improve forecasts &

communication of storm
hazards

research to create more
effective products

Incorporate risk communication

HURRICANE FORECAST
IMPROVEMENT PROGRAM

HFIP\

HAFS Prototype

& Hurricane Analysis and Forecast System
(HAFS)

= =1 HAFS is the next-gener
scale multiple storm-following moving-model domain nasts,
| coupled with ocean/wave models. HAFS is being developed to
. provide on cperational cnah,'s.s an to 7-day
¢ "_ lead times for hurricane forecosters givin
- end skillful g uidan
sizo, gonesis, storm surge,
TCs.
Leamn mare

ation hurricane model which uses multi-

d forecast system out
g them rellable, robust
n tr opbcul cyclone (TC) track, intensity, storm

fall, ond tornadoes associated with

http://www.hfip.org
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Challenge: Intensity & Structure Forecasting

Multiscale nature of processes are major reason for this difficulty

Environment

(1000 km)

P e Characterizing & understanding

M Vortex .

(100 km) . these processes & their
15km P interactions are key steps in
forecast improvement
» Airborne observations provide

1 km a unique opportunity to study

Eye
Eyewall/ Th“”(‘j'frff)wrm e these processes across scales

Turbulence j
(o 001-0.1 km) =

= Courtesy Robert Rogers (AOML/HRD)




NOAA’s Atlantic Oceanographic

E and Meteorologmal Laboratory 2023 WMO Course 2/27/2023 - Marks 7
Departme COMIMerce

g

®E
NOAA Advancing Hurricane Prediction Experiment
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e Collect observations over
tropical cyclone’s life cycle

e Develop measurement

Hurricane Field Program

technologies to provide e
improved situation b
e Improve understandingof .
processes important in R o3 N -
inten Slty Change S D e it R Sy

https://www.aoml.noaa.qov/2022-hurricane-field-program/
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NOAA Hurricane
Hunters

https://www.omao.noaa.gov/learn/aircraft-operations
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- __ - Hurricane Dorian at ~1324 UTC 1 September 2019
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Courtesy Michael Fischer (HRD/CIMAS)
https://www.aoml.noaa.gov/hrd/Storm _pages/dorian2019/mission.html https://www.aoml.noaa.gov/dynamics-and-physics/
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Major Research Theme

Hurricane lan 26 September 2022

w NOAA's Atlantic Oceanographi
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Hurricane Data -

Flight Data by Storm & Year

2022 207 2020 219 218 217 2006 2015 204 2093 2002 2011 2000 2009 2008 2007 2006

A55~mllate|:l OBS Number

2005 2004 2003 2002 20001 2000 1999 1998 1997 2005 1995 1994  Priorto 1994

2022 Flight Data ‘ ‘ ‘ ‘

® CONY @ P3TDR @ TQ-FL @ UV-FL

See Data Per-Storm from the Hurricane Field Program including flight descniptions, patterns, and partners. Vizit 2022 Hurricane Dala Page & GIVTDR & NEXRAD

For experiment descriptions and planning, visit the 2022 Field Program Page. Gz oy iz e b
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Models & Visualization Products .
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Hurricane Model Basin-Scale HWRF :
Vlewer e Basin-scale HWRF, or HWRF-8, iz a o N
observations, both in situ and e e T briitrad b -
4 i es C i
CGraphic proflots for ax satellite, and some derived products, ; i s ; Biotie
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NOAA medels and operational : ; : ? storm, land-storm, and other multi- I » GIVTDR
models. atmospheric conditions prior, during, R e T e
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https://www.aoml.noaa.gov/data-products/#hurricanedata https://www.emc.ncep.noaa.gov/gc_wmb/vxt/HATCF/  Courtesy Zhan Zhang (NWS/EMC)



https://www.emc.ncep.noaa.gov/gc_wmb/vxt/HATCF/
https://www.aoml.noaa.gov/data-products/#hurricanedata

fﬂ Wﬁ} NOAA's Atlantic Oceanographic
and Meteorologmal Laboratory 2023 WMO Course 2/27/2023 - Marks
:’

'm.,v x P anartmient 6f Commerce

@

Major Research Theme

Advance Hurricane Forecast Guidance: HWRF -> HAFS
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Hurricane Ida (09L) 00 UTC 27 August 2021 HAFS: Moving Nests in Global FV3

Courtesy Bill Ramstrom (AOML/HRD)
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Major Research Theme
Improve understanding of intensity change

Cristobal

« Characterizing Inner-core Structure & Intensity Change
* Intensity Change in Vertical Wind Shear
« Boundary Layer Processes & Air-sea Interactions R
« Secondary Eyewall Formation & Replacement Cycles
* Genesis & Development of weak systems

* Most recent research focused on structures associated with

intensity change processes
» Research used tail Doppler radar & GPS dropsonde data
* Both composite (multi-case) & case study frameworks

e Composites provide robustness
» Case studies can provide temporal evolution

DSR Courtesy Robert Rogers (AOML/HRD)
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Major Research Theme

Characterize, Understand, & Predict Processes Important to TC Landfall Impacts
Hurricane lda 29 August 2021

https://www.weather.gov/sti/coastalact_elements Courtesy Forrest Masters (UF), Mike Biggerstaff (OU) & Digital Hurricane Consortium



https://www.aoml.noaa.gov/2021-hurricane-field-program-data/#ida
http://meteorology.ou.edu/tag/smart-r/
https://fcmp.ce.ufl.edu/project-overview/tower-project/
https://www.weather.gov/sti/coastalact_elements
https://ascelibrary.org/doi/10.1061/41130%28369%29216
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Emerging Research Theme

Coordination of observing systems
| Drones e to improve hurricane preparedness

Saildrones

Captured by SD 1045's onboard camera during
Category 4 Hurricane Sam, Sept. 30 2021




7 ’”"“Mg_‘ NOAA's Atlantic Oceanographic
H § and Meteorological Laboratory

2023 WMO Course 2/27/2023 - Marks

Emerging Research Theme

Improve representation of

TDR tilt analysis using streamlines in AWIPS-II
during Hurricane Lisa 1 November 2022

TC structure in AWIPS

.dmeter whgt NOAA:
.4meter whgt NOAA:
.4meter whgt NOAA:

4.4meter whgt NOAA:43

.4meter whgt NOAA:43

.4meter whygt AA:43 KalA

Wave height data in AWIPS-II during Hurricane
Lisa 1 November 2022

Courtesy Robert Rogers (AOML/HRD)
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Emerging Research Theme

Address Hurricane Forecast Guidance Uncertainty: Ensembles

HAFS Ensemble

HAFS Ensemble
. PROB OF Max WIND > 34 kt DURING 0—-120 h  PROB OF PRECIPITATION > 4 inch DURING 0—120 h
Hurricane Ida 1800 UTC Storm: NINE(GAL) init 2021082618 Storm: NINE(OQL) init 2021082618
26 August 2021
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https://www.emc.ncep.noaa.gov/HAFS/HAFSEPS/tcall.php
Courtesy Zhan Zhang (NWS/EMC)
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Emerging Research Theme

Improve forecast communication of hazards: Link SBES & Physical Science

@OPRLE@

GRID-BASED  OBSERVATIONS THE THREAT GRID USABLE EFFECTIVE VERIFICATION
THREAT & GUIDANCE FORECASTER TOOLS OUTPUT RESPONSE
PROBABILITIES

INTEGRATED SOCIAL / BEHAVIORAL / ECONOMIC SCIENCE5>

Forecasting A Continuum of Environmental Threats
(FACETS)

https://wpo.noaa.qgov/Programs/FACETS

https://sites.google.com/a/noaa.gov/tropical-roadmap/home?authuser=0

Courtesy Jessica Schauer (NWS)


https://wpo.noaa.gov/Programs/FACETs
https://sites.google.com/a/noaa.gov/tropical-roadmap/home?authuser=0
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Emerging Research Theme

Improve forecast communication of hazards: Link SBES & Physical Science

" Insight on the numeracy
of various audiences 1o
inform persona
___________ development and journey
| mapping.
Provide resources on

website for reading
" probabilistic products.

{ Provide neaded
information on Core

Highlights relevant

products for partners and
hew those could be
emphasized in the NHC
information architecture.
Interviews with partners

can inform design

\, opportunities for website |

I

|

I

|

I

|

I Partner understanding of
I products.

: Understand how Mll'ldlllg
! the Gap
|

I

|

I

|

I

numeracy challenges
might interfere/inhibit
Y understanding

Y

( Provide insight on
shifting or evolving
nature of TC events
{public vs. partner) 1o

NHC

Information Website

________ Sl Usability ~=======! | ifomnsschothe Triangulation: It's All
Behaviors Lmaesisse | About Translation!

A

Provide needed
information an genaral
publics,

Twitter analysis may
emphasize the relevance

| of numeracy.

ATy Wait, the

Forecast
Changed?

Focus on publics

Results can be shared
between these projects to
further inform research
methods, findings and

| recommendations

Courtesy Castle Williamsberg (OAR/WPO)
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Emerging Research Theme

Improve forecast communication of hazards: Link SBES & Physical Science

Translate

Project
Findings to
Transition

Opportunities

Iterate with the
Tropical
Roadmap

Team

Review
Findings to
Identify Cross-
Cutting
Themes

Identify*
Relevant
NOAA
Transition
Opportunities

Courtesy Castle Williamsberg (OAR/WPO)
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Impacts {@ Turbulence
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http://www.hfip.org
https://noaahrd.wordpress.com/
https://www.aoml.noaa.gov/hurricane-research-division/
https://www.reddit.com/r/science/comments/53ydgr/science_ama_series_hi_reddit_we_are_dr_frank/
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