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Motivation

* Preserve across-scale TC genesis, development, and landfall
processes within an integrated modeling system but

— Represent better on long wave end of scale spectrum
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Motivation

Preserve across-scale on TC genesis, development, and landfall
processes within an integrated modeling system but
— Represent better on long wave end of scale spectrum

— Study on multi-scale interactions e.g. storm-storm interaction, vertical
shear on TC intensity, TC-terrain interaction, and landfall processes

and QPF etc.




The Operational HWRF system
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Not realistically represented the
interaction between two storms




The basin-scale HWRF system
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Multiple Movable Nests HWRF System
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Motivation

* Preserve across-scale on TC genesis, development, and landfall
processes within an integrated modeling system
— Represent better on long wave end of scale spectrum

— Study on multi-scale interactions e.g. storm-storm interaction, vertical
shear on TC intensity, TC-terrain interaction, and landfall processes

and QPF etc.
e Facilitate coherent capacity of cycling and initialization that can be
utilized for testing high-resolution physics, advanced data
assimilation method, ensemble forecast, etc.




The Operational HWRF system
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The basin-scale HWRF system
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Motivation

Preserve across-scale on TC genesis, development, and landfall
processes within an integrated modeling system
— Represent better on long wave end of scale spectrum

— Study on multi-scale interactions e.g. storm-storm interaction, vertical
shear on TC intensity, TC-terrain interaction, and landfall processes

and QPF etc.
Facilitate coherent capacity of cycling and initialization that can be
utilized for testing high-resolution physics, advanced data
assimilation method, ensemble forecast, etc.

Quantify model bias and diagnose sources of model errors




Motivation

Preserve across-scale on TC genesis, development, and landfall
processes within an integrated modeling system
— Represent better on long wave end of scale spectrum

— Study on multi-scale interactions e.g. storm-storm interaction, vertical
shear on TC intensity, TC-terrain interaction, and landfall processes
and QPF etc.

Facilitate coherent capacity of cycling and initialization that can be
utilized for testing high-resolution physics, advanced data
assimilation method, ensemble forecast, etc.

Quantify model bias and diagnose sources of model errors

Tailor a tool that is operationally feasible and transferable at
minimum cost

Experiment global to convective scale next generation hurricane
forecast model
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Atlantic Basin 2012-13
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Atlantic Basin 2012-13 w/o Leslie
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Forecast Hours

Intensity Verification
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Atlantic Basin 2012-13 w/o Leslie
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E. Pacific Basin 2012-13
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E. Pacific Basin 2012-13
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Hurricane Leslie
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Hurricane Leslie
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Experimental Product

Sea Surface Temperature [K] with MSLP [mb] for Ohr

WGy, (enen otrE AR 7 Ny ey 0] Fra 0 1002 =%
60N 2100211905 e £ 1017
VAt Al Py - L~ 101?
ALl \ - i N 1020 :
50N 10232 b 002N, v 7L T 1025251026
1826 .. ™ ""“ y ann X, 7
3 e N 1008 1026.
40N wosilog‘i —1 1017 e 1011, R
LAY : IR EIYY
0N RS Ny . . . SN '{ 9 sy YO s W B GU
1023 /1003 \ s o
1020—"" 3 o 1017 }/{Fioos
: : ' z 1020 1011
20N 1017 1014 -’1—011%1_;15- 0 : .10214. - f
o 1011 1008 _ A =
{ 1014 '
1011 1014
() = oSN, - - -D- ) .' ) & IS EE S LR . 1017 -
1011 ! ar:
108 - Y T . — - ,» - - - - e TERT Ao o .:.- - = 1020 ........
1014 o :
S - 1023.
208 - LY T L L LR 101404 L R 0 -----
f 'flezu' ; :
305 ' . I I = : : '
170% 160W 150W 140W 130w 120W 110w 100w 90W  80W 50W  40W 30W 204 10w O 10E
. |
1 271 274 277 280 283 286 289 292 295 298 301 304 307

D -
- ;ag‘—‘

16?*"5" 999

Initial date: 2012090200




Experimental Product

Sea Surface Temperature [K] with MSLP [mb] for Ohr

Early on 3 September, the tropical storm turned northwestward

Ik and slowed down markedly as it approached a weakness in the
Bermuda high pressure ridge centered about 300 n mi north of the
Leeward Islands.
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Experimental Product

EON

SON

Sea Surface Temperature [K] with MSLP [mb] for Ohr

As Leslie gradually turned northward into this weakness, a high-
latitude omega-type blocking pattern developed south of Atlantic
Canada; the associated ridging pattern strengthened and steadily
surrounded the cyclone. The blocking pattern resulted in weak
steering currents that caused Leslie to drift slowly northward at
forward speeds less than 4 kt for the next four days.
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Experimental Product

I

The very slow northward motion resulted in the creation of a large
SQUIE  wake of cold water beneath the cyclone that began as early as 4
September. By late on 5 September significant cold upwelling
halted the intensification process, and a slow weakening trend
ensued.
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Experimental Product

Sea Surface Temperature [K] with MSLP [mb] for Ohr
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Experimental Product

Sea Surface Temperature [K] with MSLP [mb] for Ohr
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Experimental Product

Sea Surface Temperature [K] with MSLP [mb] for Ohr
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Hurricane Sandy
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Intensity Verification
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Storm-Storm Interaction

 How often does the storm-storm interaction
happen?

 What is the forecast implication?

 What are the interaction process?




2010 Hurricane Danielle-Earl-Fiona-Gaston-
Hermine-lgor-Julia-Karl-Lisa-Matthew
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Example of Binary TC interaction
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Forecast Issue

* Basin-wide model forecast produced superior tracks after 30007
* JTWC operational forecast struggled except at early stage because of the complicate
interactions

e All models including GFS have bigger landfall location errors even 48 hour forecast

Black: best track; Purple: Basin HWREF; ; Red: GFS; Green: GFDL
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Binary TC interaction

* Fujiwhara effect (Fujiwhara, 1921, 1923, 1931)

— Two cyclonic vortices can orbit each other and
close the distance between the circulations of
their corresponding areas

— Smaller circulations can cause the development of

a larger cyclone or cause two cyclones to merge
Into one




Saomai & Bopha Interaction

Track of Obs and CNTR

08/00Z
08/00Z

P )
09/00Z Saomai

A

114°E 120°E 126°E 132°E 138°E

Xu et al. AIM, 2013




Moisture transport process

':",t‘ - _'
"
—
i
v/

I I I I

114°E  120°E  126°E  132°E

I I

138°E  144°E 114°E  120°E  126°E 132°E 138°E  144°E

2006080806
1

(d) 2006080718

IR |

30°N
27°N -
24°N
21°N ¢

18°N -

I

15°N

114°E  120°E 126°E 132°E

138°E  144°E 114°E  120°E  126°E 132°E  138°E  144°E

Back trajectories of the cluster of moisture particles released at 1200 UTC 9 August in Bopha (115.5~125.5-E, 20.1~25.0-N) in the FLEXPART
model at (a) 0600 UTC 09 August, 2006, (b) 1800 UTC 08 August, (c) 0600 UTC 08 August, and (d) 1800 UTC 07 August.
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Saomai & Bopha Interachon
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Moisture transport process
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Transition to Operation

* Transfer all developments into HWRF
repository
— Multiple movable nest capacity (completed)
— Multiple nest initialization (ongoing)
— Code speed up framework (completed)
— Forecast scripts (ongoing)

* Transfer current capacity into next generation
hurricane model

— Planned according to operational priority




Summary

We have developed a basin-scale multiple movable nest
experimental forecast system

The system can better represent multi-scale processes and
interactions of TC that may translate into better forecast guidance
both on track and intensity

The system provides very promising forecast results during 2012-13
hurricane seasons

The system can also be utilized as a research tool to explore
advanced DA, genesis, terrain-TC interaction, landfall processes,
storm-storm interactions, etc.

The development can also be applied and transferred to next
generation global hurricane model development

Real-time products website: https://storm.aoml.noaa.gov/basin




