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Motivation for Statistical Ensemble

* The Logistic Growth Equation Model Atlantic Operational Intensity
(LGEM) and the Statistical Hurricane Model Errors 2007-2011
Intensity Prediction Scheme (SHIPS)
model are two statistical-dynamical
intensity guidance models

* SHIPS and LGEM are competitive with
dynamical models

e Both SHIPS and LGEM use model fields
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* Runs extremely fast (under 1 minute), ¢ JTWC experience with a similar
using model fields from previous 6 hr run statistical model shows
to produce ‘early’ guidance improvements with multiple inputs

We focus on using Decay-SHIPS (DSHP) and LGEM, initialized with model fields
from GFS, the Hurricane Weather Research and Forecasting (HWRF) model, and
the Geophysical Fluid Dynamics Laboratory (GFDL) model to create an ensemble
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SPICE (Statistical Prediction of Intensity

from a Consensus Ensemble)

* SPICE forecasts TC intensity using
a combination of parameters

Model Configuration for Consensus
from:

— Current TC intensity and trend

— Current TC GOES IR

— TC track and large-scale
environment from GFS, GFDL,
and HWRF models

 These parameters are used to run
DSHP and LGEM based off each
dynamical model
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 The forecasts are combined into
two unweighted consensus
forecasts, one each for DSHP and
LGEM

* The two consensus are combined
into the weighted SPC3 forecast
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SPICE (Statistical Prediction of Intensity
from a Consensus Ensemble)

Model Configuration for Consensus

DSHP and LGEM Weights for
Consensus
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SPICE Input — Model Diagnostic Files

HWRF 20110%1018
ALl4

STCEM DATR

NTIME 022  DELTAT 006
TIME {HR) 0
LAT {DEG) 17.5
LON [{DEG) 288.1
MAXWIND (KT) 41
RMW [®M) 164
MIN SLP (ME) 1006
SHR_MAG (XT) 18
SHR_DIR (DEG) 237 227
STM_SPD (XT) 11 g
STM_HDG (DEG) 316 306 338 336
55T {10c) 294 289  zB® 285
CHC (KJ/CMZ} s@og gg9e  ©@og  99g@g
TEW (1M} CEEE] 9995 5393 9999
LEND (KM) 41z 538 551 604
S50TENG (10M/S) 104 130 134 142
850VORT (/S) 18 8 1g 18 28
Z00DVRG 31 29 29
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SCUNDING DATZ

LEV 020 SURF 1000 0850 0850 0BOO 0750 0700 0650 0550 0500 0450 0400 0350 0300 0250 0200 0150 0100
TIME (HR) 0 1z 18 24 30 42 48 o4 &0 1] T2 78 84
T_SURF (10C) 287 286 285 284 284 283 283 282 282 281 280 278 277
E _SURF (%) 78 78 78 78 78 78 78 78 T8 78 79
F_SURF (MB) 101z 1013 1015 1015 1016 1016 1013 1014 1012 1013 1010
U _SUERF (10KT) =117 -121 -112 -105 -102 8 8 -82 -&8 -65 -&8 =75 -59
V_SURF (10KT) 13 17 13 8 22 15 25 23 Z8 35
T 1000 ({10C) 274 287 268 288 268 287
R_1000 (%) 75 81 81 80 78 79
Z 1000 (DM} 11 14 11 10 11 o
U_1000 (10KT) -142 2 -85 -81 -80 -85 —-&8
V_1000 (10KET) 17 13 35 22 34 44
T_0950 (10C) 232 228 225 228 227 228
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Friday 11:00am
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SPICE Input — Model Diagnostic Files

HWRF 20110%1018
ALl4

STCEM DATR

MNTIME 0272 DETTAT O0F

TIME (HR) 0 54

ThT )aied] 7.5 : : : : : : TTIT.o

LON [{DEG) 288.1 . . . . .4 292.7

MAXWIND (KT) 41 71 T8 83
RMW [®M) 164 38 a1 a1
MIN SLP (ME) 1006 970 982 958
SHR_MAG (XT) 18 14 11 1z
SHR_DIR (DEG) 237 253 24 227
STM_SPD (XT) 11 7 7 g
STM_HDG (DEG) 316 306 338 336
55T {10c) 294 289  zB® 285
CHC (KJ/CMZ} s@og gg9e  ©@og  99g@g
TEW (1M} CEEE] 9995 5393 9999
LEND (KM) 41z 538 551 604
S50TENG (10M/S) 104 130 134 142
850VORT (/S) 18 8 1g 18 28
Z00DVRG 31 29 29
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SCUNDING DATZ

LEV 020 SURF 1000 0850 0850 0BOO 0750 0700 0650 0550 0500 0450 0400 0350 0300 0250 0200 0150 0100
TIME (HR) 0 1z 18 24 30 42 48 o4 &0 1] T2 78 84
T_SURF (10C) 287 286 285 284 284 283 283 282 282 281 280 278 277
E _SURF (%) 78 78 78 78 78 78 78 78 T8 78 79
F_SURF (MB) 101z 1013 1015 1015 1016 1016 1013 1014 1012 1013 1010
U _SUERF (10KT) =117 -121 -112 -105 -102 8 8 -82 -&8 -65 -&8 =75 -59
V_SURF (10KT) 13 17 13 8 22 15 25 23 Z8 35
T 1000 ({10C) 274 287 268 288 268 287
R_1000 (%) 75 81 81 80 78 79
Z 1000 (DM} 11 14 11 10 11 o
U_1000 (10KT) -142 2 -85 -81 -80 -85 —-&8
V_1000 (10KET) 17 13 35 22 34 44
T_0950 (10C) 232 228 225 228 227 228
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SPICE Input — Model Diagnostic Files

HWRF 20110%1018
ALl4

STCEM DATR

HTIME 022 DELTAT

TIME (HR)

LaTl (DEG)

LON (DEG) . Ny

XN IND (RL] T

B (EM) 2 41

MIN SLP (MB) G52

SHR MAG (KT} 11

SHR DIR (DEG) 248

STM SFPD (XT) 7

STM HDG (DEG) 306 336

55T (10C) 289 288

CHC (KJ/CMZ) 9993 g9oo99

TEW (M) 9893 9399

LAND (EM) 538 551
BEOTANG (10M/5) 130 134 142
BEOVORT (/5) 8 8 13 1a 28
200DVRG 31 239 29

SCUNDING DATZ

LEV 020 SURF 1000 0850 0850 0BOO 0750 0700 0650 0550 0500 0450 0400 0350 0300 0250 0200 0150 0100
TIME (HR) 0 1z 18 24 30 42 48 o4 &0 1] T2 78 84
T_SURF (10C) 287 286 285 284 284 283 283 282 282 281 280 278 277
E _SURF (%) 78 78 78 78 78 78 78 78 T8 78 79
F_SURF (MB) 101z 1013 1015 1015 1016 1016 1013 1014 1012 1013 1010
U _SUERF (10KT) =117 -121 -112 -105 -102 8 8 -82 -&8 -65 -&8 =75 -59
V_SURF (10KT) 13 17 13 8 22 15 25 23 Z8 35
T 1000 ({10C) 274 287 268 288 268 287
R_1000 (%) 75 81 81 80 78 79
Z 1000 (DM} 11 14 11 10 11 o
U_1000 (10KT) -142 2 -85 -81 -80 -85 —-&8
V_1000 (10KET) 17 13 35 22 34 44
T_0950 (10C) 232 228 225 228 227 228
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SPICE Input — Model Diagnostic
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SPICE Input — Model Diagnostic

HWRF 20110%1018
ALl4

STCEM DATR

NTIME 022  DELTAT 006
TIME {HR) 0
LAT {DEG) 17.5
LON [{DEG) 288.1
MAXWIND (KT) 41
RMW [®M) 164
MIN SLP (ME) 1006
SHR_MAG (XT) 18
SHR_DIR (DEG) 237 227
STM_SPD (XT) 11 g
STM_HDG (DEG) 316 306 338 336
55T {10c) 294 289  zB® 285
CHC (KJ/CMZ} s@og gg9e  ©@og  99g@g
TEW (1M} CEEE] 9995 5393 9999
LEND (KM) 41z 538 551 604
S50TENG (10M/S) 104 130 134 142
850VORT (/S) 18 8 1g 18 28
Z00DVRG 31 29 29
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SCUNDING DATZ

LEV 020 SURF 1000 0850 0850 0BOO 0750 0700 0650 0550 0500 0450 0400 0350 0300 0250 0200 0150 0100
TIME (HR) 0 1z 18 24 30 42 48 o4 &0 1] T2 78 84
T_SURF (10C) 287 286 285 284 284 283 283 282 282 281 280 278 277
E _SURF (%) 78 78 78 78 78 78 78 78 78 T8 78 79
F_SURF (MB) 101z 1013 1015 1015 1016 1014 1016 1013 1014 1012 1013 1010
U _SUERF (10KT) =117 -121 -112 -105 -102 8 8 -85 -82 -&8 -65 -&8 =75 -59
YV SOURF  (10KT) 11 13 P 22 15 25 18 26 35
T 1000 ({10C) 277 274 ! 266 287 287
R 1000 (%) 7 7 75 17 78 7 81 B1 8 7 79
Z 1000 (DM} 11 12 14 3 a
U_1000 (10KT) -142 -101 =z 8 = 8 8 —68
V1000 (10KT} 17 ] 27 19 44
T_0950 (10C) 232 225 228 228

ther discussion of the model diagnostic files, see 15A.3 Friday 11:00am
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Hurricane Forecast Improvement Program (HFIP)

HFIP designates three streams for the testing and
implementation of models (Streams 1, 1.5, and 2)

— Further information on HFIP is available at www.hfip.org

SPC3 was tested with data from the 2008-2010 Atlantic and
East Pacific seasons (retrospective runs) to determine if it
would be used as a Stream 1.5 model in 2011

As a Stream 1.5 model SPC3 would be run real time during the
2011 demonstration period (August-October 2011)

Data from the 2009-2011 Atlantic and East Pacific seasons
were used to test SPC3 for Stream 1.5 in 2012

10
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2008-2010 Retrospective Runs for
HFIP Stream 1.5 Implementation

13A.1

* SPICE showed an improvement in
skill over SHIFOR when compared to
both DSHP and LGEM at all times

N * Percent improvements ranged
amm=()-SHIPS up to 5_10%
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* The components of SPICE based off
each individual model also showed
lower forecast errors than their

parent models for both HWRF and
GFDL

GHMI
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Results from 2011 Atlantic Season

Average Intensity Error (kt) Average Intensity Bias (kt)

(304) (301) (263) (225) (192) (150) (116) (92) (304) (301) (263) (225) (192) (150) (116) (92) Number
of Cases
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Results from 2011 Atlantic Season

Skill Relative to SHIFOR

(304) (301) (263) (225) (192) (116) (92) Number
of Cases
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Results from 2011 Atlantic Season

Skill Relative to SHIFOR

Intensity Forecast Skill (Stream 1.5 Early Models)
2011 - Atlantic Basin
Over Water Only and Including Dissipation
[

== SPC3

—— AHQI

= — DSHP m—Cm COT]
—— LGEM

Skill Relative to Decay-SHIFORS (%)

(Number of Ceé
101 92 76 64 48 381

24 36 48 60 72 84 96 108 120
Forecast Period (h)

(192) (150) (116) (92) Number
of Cases

Figure courtesy of James Franklin
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2012 HFIP Stream 1.5 Implementation
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DSHP consensus

 Additional Stream 1.5 model, named SPCR

* Adds Coupled Ocean/Atmosphere Mesoscale Prediction System for Tropical Cyclones

(COAMPS-TC, COTC) to regional models in ensemble
15
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2009-2011 Retrospective Runs for
HFIP Stream 1.5 Implementation

SPC3 SPCR

S
~
\\\
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742|734/640/558/482| 0 [380| 0 |288 0 |218] |# cases 473|468|428/390/355| 0 [291| 0 227/ 0 [179 # cases

| 0 |12|24|36|48|60|72|84|96|108|120| | Time (hr) | 0 |12|24|36|48|60|72|84|96 |108|120| | Time (hr)

Average Intensity Error (solid) and bias (dashed) (kt)
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Results from 2011 Atlantic Season

GFDL
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2012 HFIP Stream 2 Implementation — SPCG

FIM 10-member Ensemble

FIM Forecasts for IRENE 22 Aug 00 UTC

e Stream 2 model, named SPCG

* Uses GFS and global model ensembles as
input models

18
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Plans for 2012 Season

* In 2012 we’ll run two separate versions of SPICE in
HFIP Stream 1.5:

— The first version (SPC3) is based off the 2011 SPICE
model, with updated versions of SHIPS and LGEM

— The second version (SPCR) includes COAMPS-TC

 We'll also collect model diagnostic files for regional models
from SUNY-Albany and University of Wisconsin and test
after the season for inclusion in SPCR

e We'll also run a version of SPICE in HFIP Stream 2:

— The third version (SPCG) will include HFIP global model
ensembles

19
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Summary

e Statistical ensemble (SPICE) is a weighted consensus of DSHP
and LGEM, run from multiple dynamical models

* SPICE had better error statistics than SHIPS and LGEM in the
Atlantic basin, with neutral results in the Eastern Pacific basin

— Consistent in 2008-2010 Retrospective Runs, 2011 Demonstration, and
2009-2011 Retrospective Runs

— SPC3 showed skill improvements of up to 5-10% over SHIPS and LGEM

* SPICE model components had lower errors than parent
dynamical models (GFDL, HWRF)

* Limited storm development in 2011 may have favored SPICE
model

— Confirmation from additional tests needed

20
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