Improved Eyewall Replacement Cycle
Forecasting Using ARCHER - a Modified
Microwave-Based Algorithm

Tony Wimmers, Derrick Herndon

Cooperative Institute for Meteorological Satellite Studies i “ @

University of Wisconsin - Madison WISCONSIN

Jim Kossin
NOAA National Centers for Environmental Information (NCEI)

Center for Weather and Climate, Asheville, North Carolina

Sponsored by the NOAA Joint Hurricane Testbed



Motivation

Intensification Weakening Reintensification

First outer wind
maximum is

detected \ \

Inner wind
maximum is no
longer detected

Inner wind maximum begins to

weaken as outer wind maximum

intensifies and arranges into ring
Inner wind maximum ! structure
intensifies, often Outer wind maximum
rapidly, asouter Concentric rings appear on exceeds inner wind
wind maxima microwave imagery near maximum and takes over
develop midpoint of this phase as primary intensity

F
2
S
L=
£
3
E
X
)
2

Schematic of an eyewall replacement cycle.
Sitkowski et al 2011 Fig 8

Sitkowski, M., J. P. Kossin, and C. M. Rozoff, 2011: Intensity and structure changes during hurricane eyewall replacement cycles. Mon. Wea. Rev., 139, 3829-3847.
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Background:
‘E-SHIPS' model (J. Kossin and M. DeMaria

* Forecast guidance tool (complement to SHIPS) to correct for SHIPS intensity

during ERC.
* Currently transitioning to NHC operations.

* Requires outside knowledge of the timing of the actual ERC

At Onset of ERC Weakening 6h Too Earl
40F  N=19 N=5 N=17 N=4 TN=17 | N=19 N=5 N=19 N=4 N=17 |
02/02 i 1 - |
307 [~ sHP T - | B .
o0 | [EHERC] | /14 ’ E 1013} 6/8 ] | 1
l 6/7 | = T — ] 1on4
__10} - - 1 36 36| 46 19/20 I
£ |35 35 | 34 5 ] Ol - Q =8 ;
=~ 0 o == — —— ' L - ‘ : —
s e o ena G| T [ T = H B
F . e7| — . . 56 | 12/16 |
20} 1619 | L o - ; 4
30| ! 17/18 12/13 1
(a) - (b)
40} 1 - 4
oh 6h 12h 18h 24h oh 6h 12h 18h 24h

SHIPS (SHP) versus E-SHIPS (ERC) Intensity Errors

Kossin, J. P., and M. DeMaria, 2016: Reducing operational hurricane intensity forecast errors during eyewall replacement cycles. Wea. Forecasting, in press.



Background:
'‘pERC’ model (J. Kossin and M. Sitkowski)

* Predicts the probability of a secondary eyewall formation using environmental
and geostationary-satellite derived quantities.

Does not use microwave imagery

Floyd 1999 Katrina 2005
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Kossin, J. P., and M. Sitkowski, 2009: An objective model for identifying secondary eyewall formation in hurricanes. Mon. Wea. Rev., 1837, 876-892.




Background:

Center Fix Synopsis  Forecast Vmax: 135.0 kts
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ARCHER Capabllltles Rad|us of50% conf7009°
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Wimmers, A. J. and C. S. Velden, 2016: Advancements in Objective Multisatellite Tropical Cyclone Center Fixing. J. Appl. Meteor. Climatol., 55, 197—212.
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Project Summary

1. Create an automated analysis of microwave image
components that relate to Eyewall Replacement

Cycles using ARCHER.

2. Create a real-time display of this analysis as a
forecasting aid.

3. Integrate this information into an improved ERC
prediction tool.




Project Status:

1) Microwave image analysis
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It's not just Floyd...
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Project Status:

2) Real-time display 9/12
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* Elements of ARCHER ring score
diagnostics are also appropriate for an
online graphical display. This will be ready
by July 2016.
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3) Development
of an
improved ERC
prediction tool

ARCHER Ring Score

S
o

0.3

Example: ARCHER 38
Ring Score profiles [
From Floyd (1999) &
* The evolution of the HE3E
ring score peaks I
(minima and |
maxima) is the key
to constructing a o
microwave-based, 2 02f
probabilistic 2 01}
forecast of ERC. i

13-Sep-1999 09:31:00

0

100 150 200
13-Sep-1999 11:23:00

50

0.2}

h

+2
5IO : 1':I'>0

200

0

oF

0 100
13-Sep-1999 12:11:00
+3h
0 50 100 150 200
13-Sep-1999 13:47:00
+4h

Radius, km

100
Radius (km

150 200

ARCHER Ring Score ARCHER Ring Score ARCHER Ring Score

ARCHER Ring Score

o
w

o
n

o
=

o

S
3

0.3

0.2}

0.1}

0.3

0.2

0.1

=
w

o
o
T

o
=

o
T

)
3

13-Sep-1999 22:39:00

0.1}

01}

+13h
0 5IO 1(I)0 1é0 2(IJO
14-Sep-1'999 01:05:00 .
+16h
0 5IO 100 1':I'>0 2(;0
14-Sep-1?99 11:10:00 . :
+20h
0 5IO 100 1tl‘>0 2(I)0
14-Sep-1'999 22:28:00 .
+37h
Radius, km
0 50 100 150 200

Radius (km



Project Status:

Cal/Val database development

* We have constructed a database of NATL 85-92 GHz imagery from 1999-2011

It consists of all TC images where Vmax >= 85 knots -> 83 events of ERC total

We have also included a subjective determination of the three phases of ERC
(following Sitkowski et al 2011) (below)
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Upcoming (major) milestones

* YearTwo:
* Finalize the multiple eyewall detection module for ARCHER

* Receive feedback from NHC and finalize the online display

* Produce a microwave-inclusive probabilistic forecast model
of ERCs (similar to pERC)




Metrics for success

1. Rating the ability of ARCHER to recognize secondary
eyewalls

2. Validating the “probability of ERC onset” derived from
trends in the microwave imagery. These will be tested using
Brier Scores and reliability diagrams (as with pERC).

3. Validating the ability of these products to predict intensity
change.
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