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Advance understanding & prediction of tropical cyclon: \ TC

track, intensity, & structure change & their impacts utili Q
L : :
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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 & HFIP\?#:‘?&%?:?L?‘S:::;AM & g
accelerate forecast |mprovements _ :
since 2008

o improve prediction of rapid
intensification & track

it
o Iimprove forecasts & 4k
. . . pos HAFS Prototype
CO m m u n Icatl O n Of Sto rm % a7 A Hurricane Analysis and Forecast System
ERgh2 (HAFS)
h az a rd S P o | H::‘S i:he next-generation hurricane model which uses multi-

scale multiple storm-following moving-model domain nasts,

pled with ocea nlfwcwe models. HAFS is being developed to

.Pd cperational analysis and forecast system out to 7-day
lead times for hurricane forecasters giving them rellable, robust

| onds klllulg uidon rop»cul cyclone (TC) track, intensity, storm

o incorporate risk communication $&
research to create more ’ _ 3
effective products

http://www.hfip.org

‘k

ize, genesis, storm surge, fall, ond tornadoaes associated with


http://www.hfip.org
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Challenge: Hurricane Intensity 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

| km a unigue opportunity to study

Eye
Eyowal/ Th“”(fﬁf)wrm e these processes across scales

Turbulence |4
(o 001-0.1 km)

= Courtesy Robert Rogers (AOML/HRD)
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NOAA Intensity Forecast Experiment

@ NOAA's Atlantic Oceanographic T
‘ ' and Mese um] ;.b.n] Labm rory Research ~ Data AboutUs ~ MNews Outreach & Education ContactUs @
LS. Dy of Com

e Collect observations over = . ———

_...

tropical cyclone’s life cycle mg‘___ Pra

e Develop measurement
technologies to provide
Improved situation
awareness

I I I l p rove u n d e rstan d I n g Of About APHEX: Developed in partnership with NOAA's Envi | Modeling Center, | Hurricane Center, Aircraft Operations Center, and

AOMLS Physma[ Oceanogmphy Division, APHEX is i toi our ding and prediction of i track, i i . and

processes important Ta ' e e e s e e o e
Intensity change B »- i L

Program Details Operations Instrument Descriptions Data Management Plan

On this page you can find detailed p of the h field activities pl d for the current hurricane season. The 2021 Hurricane Field

https://www.aoml.noaa.gov/our-research/hurricane-research-division/hurricane-field-program/
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NOAA Hurricane
Hunters

https://www.omao.noaa.gov/learn/aircraft-operations
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https://www.aoml.noaa.gov/hrd-faq/
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REDDIT AMA


https://www.thewinnower.com/papers/5428-science-ama-series-hi-reddit-we-are-dr-frank-marks-and-commander-justin-kibbey-hurricane-hunters-and-scientists-at-noaa-s-atlantic-oceanographic-and-meteorological-laboratory-aoml-we-fly-into-hurricanes-to-help-improve-forecasts-ask-us-anything
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Major Research Areas
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Characterize, Understand, & Predict Processes R o ST
Important to TC Evolution - IFEX
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https://www.aoml.noaa.gov/dynamics-and-physics/

https://www.aoml.noaa.gov/2021-hurricane-field-program-data/



https://www.aoml.noaa.gov/2021-hurricane-field-program-data/
https://www.aoml.noaa.gov/dynamics-and-physics/
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2021 Atlantic Hurricane Season &

by the numbers

NOAA Hurricane Hunters Aircraft-Deployed Instruments

@/ 7 —~hpdei— Sppr " Sy i
Hurricanes
2 1 Average is 7 46 7 1 324

4 P-3 & G-IV flight hours

Named GPS dropsondes

Storms Major 52 1 31

Average is 14

- Hurricanes i
. !tl‘inn;y Bveramelas Operational (39) & Airborne eXpendable
gl research (13) missions  BathyThermographs (AXBTS)

Danny Odette

Elsa Peter
Fred Rose
Grace Sam 8

Henri Teresa
o vicor ﬁt:rrlns :}a:::e Tail Doppler radar ALAMO Floats
Julian B andia analyses transmitted (AOML/PhOD & Navy)

https://www.aoml.noaa.gov/2021-hurricane-field-program-data/
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Major Research Areas
Improve representation of TC structure

= i-'!

TDR data combined with satellite-detected
lightning in AWIPS-II during Hurricane

Lane (2018) flights

) 05 October 2020 19:37 UTC TDR-derived winds from sequence

of passes in Hurricane Delta (2020)
while rapidly intensifying

b) 05 October 2020 21:22 UTC

17°N

oy e

16°N

15°N

h Courtesy Robert Rogers (AOML/HRD)
81°wW 80°wW 79°wW



https://weather.gov/cp/AWIPS
https://www.aoml.noaa.gov/hrd/Storm_pages/lane2018/
https://www.aoml.noaa.gov/2020-hurricane-field-program-data/#delta
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Major Research Areas

Optimize use of Observations to Hurricane Elsa 5 July 2021
Improve Analysis & Forecasts

@ CONV @ TQ-FL ® UV-DROP @ TQ-DROP ® CONV @ NEXRAD @ UV-FL ® TQ-DROP |6
© NEXRAD @ UV-FL @ P3-TDR @ TQ-FL @ UV-DROP
https://www.aoml.noaa.gov/our-research/qosap-program/ - ~90 Y] 78 72 66 -95 ~a0 84 —78 72 ~66

https://www.emc.ncep.noaa.gov/gc_wmb/vxt/HATCF/ Courtesy Zhan Zhang (NWS/EMC)



https://www.aoml.noaa.gov/our-research/qosap-program/
https://www.aoml.noaa.gov/2021-hurricane-field-program-data/#elsa
https://www.emc.ncep.noaa.gov/gc_wmb/vxt/HATCF/
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Major Research Areas

Advance Hurricane Forecast Guidance: HWRF -> HAFS

Hurricane Sam (18L) 00 UTC 26 September 2021 HAFS: Moving Nests in Global FV3
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) ) - ) ) Courtesy Bill Ramstrom (AOML/HRD)
https://www.aoml.noaa.gov/hurricane-modeling-prediction/ https://storm.aoml.noaa.gov/basin/?projectName=BASIN
https://www.emc.ncep.noaa.gov/HAFS/HAFSvOp2a/index.php https://hfip.org/hafs



https://www.aoml.noaa.gov/our-research/hurricane-research-division/modeling-prediction/
https://www.aoml.noaa.gov/hurricane-modeling-prediction/
https://storm.aoml.noaa.gov/basin/?projectName=BASIN
https://www.emc.ncep.noaa.gov/HAFS/HAFSv0p2a/index.php
https://hfip.org/hafs

N*x NOAA's Atlantic Oceanographic

u and Meteoroiugmal Laboratory 2022 WMO Course 2/28/2022 - Marks 16
h) 1o

Major Research Areas
Improve understanding of intensity Chanqe

**[2034 UTq%Aug 5 km

» Characterizing Inner-core Structure & Intensity Change

 Intensity Change in Vertical Wind Shear

* Low-level center
repositioned
underneath midlevel
center over ~3 h
period

» Repositioning
consistent with low-
level stretching in
deep, moderate
convection around
midlevel center

* Boundary Layer Processes & Air-sea Interactions

» 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
» Composites provide robustness
» Case studies can provide temporal evolution

23.7 -
882 879 876 873 a7 B6.7 864 861

Courtesy Robert Rogers (AOML/HRD)


https://www.mdpi.com/2073-4433/12/5/650
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Major Research Areas

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



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 Areas

Optimize use of upper ocean & air-sea ge-sist = EESS—
interface observations to improve o~
analysis, forecasts & understanding

WiHA flight track data provided

4 Measurements for Hurricane Sam , 'Hurricane Sam

tion highlight r 41044 2021-09-30 06:50Z | GOES East Band13 enhanced time: 0650Z
30 Septembe

et deegrinisin grtt

e,

’ _______’_“,,,__#.,amw"“lj‘"' i *‘:‘.‘mn!b'k—m”wm
https://aoml1.geocollaborate.com/follow/index.html
Courtesy Dave Jones (StormCenter) Courtesy Greg Foltz (AOML/PhOD) & Saildrone

https://www.youtube.com/watch?v=uQM_03zuSAl



https://aoml1.geocollaborate.com/follow/index.html
https://geocollaborate.com/
https://www.aoml.noaa.gov/news/tag/saildrone/
https://www.aoml.noaa.gov/phod/goos/gliders/index.php
https://www.aoml.noaa.gov/news/coyote-uas-hurricane-research/aerial-system-coyote-gathers-data-in-hurricane-maria/
https://psl.noaa.gov/psd3/observing_systems/wsra.html
https://www.youtube.com/watch?v=uQM_03zuSAI
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Emerging Research Areas

Optimize use of Satellite Observations to Improve Analysis & Forecasts

205 GHz Hurr. Ida
TROPICS Fathfinder 28-Aug-2021 20:07 UTC

lonosphere

‘@s.nn

Neutral Atmosphere Satellite



https://www.nesdis.noaa.gov/current-satellite-missions/currently-flying/cosmic-2
https://www.star.nesdis.noaa.gov/jpss/soundings.php
https://manati.star.nesdis.noaa.gov/datasets/ASCATData.php
https://smap.jpl.nasa.gov/
https://www.nasa.gov/cygnss
https://www.esa.int/Applications/Observing_the_Earth/FutureEO/Aeolus
https://www.jpl.nasa.gov/missions/radar-in-a-cubesat-raincube
https://www.goes.noaa.gov/
https://www.jpss.noaa.gov/
https://tropics.ll.mit.edu/CMS/tropics/Mission-Overview
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Address Hurricane Forecast Guidance Uncertainty:
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Emerging Research Areas

HFMN Parallel: TC Tracks
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https://www.emc.ncep.noaa.qov/HAFS/HAFSEPS/tcall.php
Courtesy Zhan Zhang (NWS/EMC)



https://www.emc.ncep.noaa.gov/HAFS/HAFSEPS/tcall.php
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Emerging Research Areas

Address Hurricane Forecast Guidance Uncertainty: Machine learning models
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Courtesy Mu-Chieh Ko (AOML/HRD)
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Emerging Research Areas

Improve forecast communication of hazards: Link SBES & Physical Science

BOPLE@

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

INTEGRATED SOCIAL / BEHAVIORAL / ECONOMIC SCIENCES>

Forecasting A Continuum of Environmental Threats
(FACETS)

https://wpo.noaa.gov/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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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/
https://www.aoml.noaa.gov/hrd-faq/
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