Tropical Cyclone Modeling and
R Data Assimilation rgY

Jason Sippel NOAA AOML/HRD Y
2022 WMO Workshop at NHC




» History of TC forecast improvements in
relation to model development

* Future direction: A new path forward



History: Error trends

Official TC Track Forecast Errors:  Hurricane tr-a ck forecasts
1990-2020 .
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* The average Day-3
forecast location error is
now about what Day-1
error was in 1990
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* These improvements are
largely tied to
improvements in large-
scale forecasts
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History: Error trends
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History: Error trends

Official TC Intensity Forecast i ‘ -
Errors: 1990-2020 ° Hurricane intensity
T T T T T forecasts have only
recently improved
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* Improvement in intensity
forecast largely
corresponds with
commencement of
Hurricane Forecast
Improvement Project
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History: Error trends

HWRF Intensity Skill e
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Talk focus:

How better use of
data, particularly from
recon, has helped
improve forecasts
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History: Using TC Observations

/ Dropsonde impact on GFS TC track\
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\Impact of dropsondes in September 2008/

* US has used dropsondes
for TC model forecast
improvement since 1980

* Significant track
improvement globally

¢ Consistent across many
studies



Starting in 2008, it
became apparent that
assimilating 88D Doppler
velocity could improve
coastal TC forecasts

Assimilating radar data
significantly improved
analyses and forecasts of
Hurricane Humberto



History: Using TC Observations

Fcst. & Obs. Maximum winds
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History: Using TC Observations
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History: Using TC Observations
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* TDR data began being

assimilated in HWRF in

/ Fcst. & Obs. Maximum winds
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HWRF forecast
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S * For weak storms like

: 50| WITHTDR DATA Karen (left), there was

s substantial improvement

of a positive intensity
bias in HWRF

N
(@]

s

Day 1 Day 3 Dayy




History: Using TC Observations

over larger sample

 Results worse
2013 HWRF recon impact: Intensity

* Major problem No recon
was short-term 20 Recon
forecast
degradation

Error (kt)
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* Cause was physics ¥
Larger errors
n ;
d d d.ata. with recon
assimilation

deficiencies for Day!  Day2  Day3  Day4  Day5
strong storms
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History: HWRF improvements
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AND improving physics
(diffusion/mixing) are
necessary

* The challenge is to make
physics changes that
don’t make every TD a
Catg



History: HWRF improvements

Experimental & Operational ’
Intensity Errors * Data assimilation (DA)
10 +————"————— improvements are also

Operational HWRF
B OU: 3D-EnsVar necessary

OU: 4D-Ensvar

* Experimental University
of Oklahoma system with
better data assimilation
system performs much
better




History: HWRF improvements

DA INFRASTRUCTURE ADVANCES
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History: HWRF improvements

* Recon benefit
assessed in 2016-2018
high impact storms

* Many major hurricanes
in this sample

* Recon has a clear
positive impact on
intensity, 10-15%
improvement through
72h
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History: Recent Performance

Intensity skill: Near-CONUS

* Model intensity skill varies |
HWRF

greatly by region 60 1 crex
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History: Recent Changes

Example of end-point drop positions

nd-point” dropsondes from
USAF C-130 missions

* Dropsondes at end-points of
“alpha” pattern from C-130
missions tested in 2017

 Data denial tests suggested a
10% impact on intensity skill

* Based on these results, this
practice was implemented
operationally in 2018
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History: Recent Changes

Planned G-IV flight track and
dropsondes for Hurricane Florence

-IV began two complete
circumnavigations at ~90 and
180 Nm

 Stronger impact on track than
that from distant dropsondes

* Near-vortex data helps
intensity/structure

* G-V Doppler velocity data
more extensive closer to the
vortex




History: Recent Changes

-IV began two complete
circumnavigations at ~90 and
180 Nnm

* Impact off inner-circle

dropsondes evaluated in
basin-scale HWRF

* Mostly positive track impacts
from days 1-4 ~5%

* Neutral intensity impacts

/ Inner Circumnav: Impact on Track
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History: Recent Changes

Additional recon impact on GFS track

* Upgrade to GFSV16 in -
March 2021 included 500 | X0 DATA
better use of dropsondes
and flight-level data
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Brief summary

* Track and intensity errors are botl
iImproving

* DA & Physics improvements jointly
improve model performance

* Significant improvements in HWRF, GFS,
and approach to reconnaissance



* History of TC forecast improvements in
relation to model development

* Future direction: A new path forward



Future Direction: Improving DA

Improving the DA system improves analyses
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essure

4 drassure

wn High-frequency full
cycling alleviates

imbalance.

arN

36°N -

S5"W 54'W 53°W saw swW Sew ssw KW

Courtesy Xuguang Wang, HFIP partner

o

10 15 20 25 30 35 40 45 50 55 60




Future Direction: Improving DA

Improving the DA system improves analyses

HRD radar @1km 15217 Hybrid @1km 12Z17 Hybrid-4DTDR @1km 12217
Pressure

Pa Pressure Pa
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Future Direction: Improving DA

° Intensity forecasts [ Intensity forecasts initialized from
initialized off better various analyses
analyses (pvs. slides) are 60 —————————
better ? —— Best

50 —=— analyses 5
] —*— Best track [
ofey e E —w— Old way [

* These capabilities are 40 ;
being developed for next- | E 2 g
generation hurricane _ :
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* This should appeal to
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Future direction: HAFS

Hurricane Analysis and Forecast System)

Hurricane Analysis and Forecast System V0.1A
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Future direction: HAFS

Hurricane Analysis and Forecast System)

i
MAJOR POTENTIAL BENEFITS OF HAFS:

* More flexible [ capable data assimilation system than HWRF
* Much better use of satellite data than HWRF
* Realistic storm interaction, not possible in HWRF

RESULT:
* Better initialization of vortex and environment
* Improved track and intensity forecasts



Initial HAFS results
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Conclusions

NOAA TC predictionis unde
advancements, lead by lmprovements in
models and HWRF

?

* We are using more of the available data in DA

* Long term plans address ongoing issues and allow
for greater data usage

* The above factors should contribute to intensity
improvement in particular



