HWRF + COAMPS-TC + GFDL combined
ensemble retrospective test

Jon Moskaitis, Alex Reinecke, Jim Doyle: NRL-Monterey

COAMPS-TC ensemble sample: HWRF ensemble sample:
185 cases from 10 TCs: 520 cases from 2011-2013
(1) Earl, 2010/07L HFIP stream 1.5 retro sample
(2) lgor, 2010/11L in Atlantic and Eastern Pacific
(3) Irene, 2011/09L basins
(4) Katia, 2011/12L
(5) Ernesto, 2012/05L
(6) Isaac, 2012/09L
(7) Nadine, 2012/14L
(8) Sa”d_y' 2012/18L HWRF + COAMPS-TC + GFDL sample:
(9) Gabrielle, 2013/07L
(10) Humberto, 2013/09L 133 cases from 8 TCs:

(1) Irene, 2011/09L

) (2) Katia, 2011/12L
GFDL ensemble sample: (3) Ernesto, 2012/05L

)
)
716 cases from 2011-2013 > (4) Isaac, 2012/09L
HFIP stream 1.5 retro sample (5; Nadine, 2012/14L
)
)

. . . (6) Sandy, 2012/18L
in Atlantic basins (7) Gabrielle, 2013/07L

(8) Humberto, 2013/09L



COAMPS-TC ensemble design

27-,9-, 3-km horizontal grid spacing
1 control + 10 members with initial and boundary condition perturbations
No physics perturbations
No data assimilation
Control forecast:
* |nitialized from the GFS analysis
* Vortex initialized with a Rankine vortex based on TC vitals
Ensemble members IC’s perturbed about the control:

* Synoptic perturbations drawn from static covariance (e.g. WRFVAR cv3)
* Vortex IC’s based on perturbed TC vitals



COAMPS-TC ensemble design

* Synoptic perturbations:
* Perturbation drawn from a static covariance
* Perturb the boundaries o
* Use WRFVAR cv3 o

0 N T

Atlantic best track 2001-2013

* Vortex scale perturbations:
* Vortex position, max wind, and RMW. 120

* Perturbation variance from: 100 T T
 Torn and Snyder 2012 E o
« Landsea and Franklin 2013 2 >
co g
* Max wind and RMW covariance derived o e
from 2001-2013 best track data. sl G
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HWRF + COAMPS-TC + GFDL
Ensemble products

Example shown for particular Ernesto forecast,
graphics for all 133 cases are available




Track forecast plot: Lines HWRF + COAMPS-TC + GFDL, Ernesto (05L, 2012)
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Track forecast plot: Lines

GFDL

TC = al052012, DTG = 2012080500
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Track forecast plot: Ellipses HWRF + COAMPS-TC + GFDL, Ernesto (05L, 2012)

TC = al052012, DTG = 2012080500
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Ellipses are centered on ensemble mean, with length and orientation of axes according to eigenvectors of ensemble position covariance matrix



Track forecast plOtZ EIIipses Individual model ensembles, Ernesto (05L, 2012)

GFDL COAMPS-TC

TC = al052012, DTG = 2012080500 TC = al052012, DTG = 2012080500

= = = Best track
Ens. control
s Ens. mean

25°N}- -

Best track
Ens. members
Ens. control
Ens. mean

opoc<

0h(10)

24 h (10)
48 h (10)
72 h (10)
96 h (10)
120 h (10)

15°N

2 1
90°w 81°W
Longitude

H W R F TC = al052012, DTG = 2012080500

Longitude

= = m Best track
Ens. control
m— S, mean

¢ Besttrack

O Ens. members
A Ens. control

o

Ens. mean Typically, COAMPS-TC has much
onen greater track spread (2-3x)

than GFDL or HWRF

120 h (21)

Longitude

= = = Best track

m— ENs. mean

Ens. control

opoo

Best track
Ens. members
Ens. control
Ens. mean

oh(11)

24 h (1)
48h (11)
72h (11)
96 h (11)
120 h (11)




Track forecast plot: Movie HWRF + COAMPS-TC + GFDL, Ernesto (05L, 2012)
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Intensity and Min SLP

TC =al052012, DTG = 2012080500
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Deterministic forecast validation

Homogeneous comparison of:

*  COAMPS-TC control

*  COAMPS-TC ensemble mean (9+ members)
*  HWRF control

*  HWRF ensemble mean (17+ members)

* GFDL control

* GFDL ensemble mean (8+ members)

* Combined ensemble (34+ members)




Track mean absolute error
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Mean error in the along-track direction (nm)
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MAE (kt, solid), ME (kt, dashed)
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Probabilistic forecast diagnostics




Average forecast spread

Track Intensity

Homogeneous sample, tropical cyclones only Homogeneous sample, tropical cyclones only
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MNautical miles

Ensemble spread vs. Error of ensemble mean
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MNautical miles

Ensemble spread vs. Error of ensemble mean
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MNautical miles

Ensemble spread vs. Error of ensemble mean
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Nautical miles

Ensemble spread vs. Error of ensemble mean
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Relative frequency
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Summary

= HWRF/COAMPS-TC/GFDL combined ensemble mean outperforms its component
single model ensemble means in track MAE and intensity MAE

= For track, combined ensemble spread is similar to the MAE of the ensemble mean.
However, for intensity, spread-skill plots and rank histograms show underdispersion

= Work is ongoing at NRL to apply additional probabilistic verification approaches to
the individual and combined ensemble forecasts:

Track reliability: Does the observed position fall within the 2/3 probability ellipse
for 2/3 of the forecast cases?

Summary scores for intensity: Continuous Ranked Probability Score, which facilitates
comparison of probabilistic and deterministic forecasts
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