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Outline

- Overview of Model Diagnostics for Hurricane Forecasts
- Diagnostic Tools

. Specific Issues

Evolution of large-scale flow (steering currents and shear
patterns)

Impact of boundary conditions, vortex initialization
Surface physics Issues

Wind-Pressure relationship

Storm size and structure

Vortex evolution and Interactions with the storm
environment
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Draft Plan for HFIP. Hurricane Model
Diagnostics at EMC

> Diagnostics to address track and intensity
forecasts from operational hurricane models

> Evaluation of mean layer flow and steering
currents for track forecasts

> Evaluation of shear patterns for intensity (and
Intensity change) forecasts

> Impact of ocean coupling through analysis of
surface fluxes, SST, MLD, heat content etc.

> Diagnostics specific to Eastern Pacific storms
> Wind-pressure relationship



Ongoing and continuous efforts to i s 1< e it G - s

develop_a Syste_m for Comprehensive It 2007101812 vi: 2007102312 (120h)
model diagnostics for hurricane forecasts

Primary tasks include:

Evaluation of Initial storm structure
(analyzed),

\ortex evolution in the forecasts,

Representation of large-scale flow In
HWRFEF and GFDL compared to the
GES

Impact of boundary conditions,
domain configurations

Impact of physics, ocean feedback,
horizontal and vertical resolution

Evaluation of derived diagnostic
products Iincluding energy, angular
momentum and PV budgets

Collaborative effort with Mark DeMaria

850—200 mb mean wind {shaded, knots)
850—-200 mb mean wind (streamlines, )




Diagnostic Tools: HPLOT

Developed GUI based plotting program HPLOT (based on
Initial version developed by Tim Marchok and adapted for
HWRFE by Marshall Stoner) that allows visualization of
several diagnostic components of the forecasts.

Allows comparison of HWREFE forecasts with other model
forecasts as well as analysis/observations side by side
(including difference plots on a uniform grid)

Diagnostic measures include mean layer wind, vertical and
zonal shear components, skew-T diagrams etc.

Additional capabllities to compute statistical measures (RMS
errors, anomaly correlation etc.) as well as filtering of storm
component for evaluation of large-scale flow.

Vortex scale diagnostics include fixed/arbitrary horizontal/
vertical cross-sections of wind, temperature, heating rates,
RH etc., azimuthally averaged winds, data on cylindrical
coordinates.



Operational HWRE

Pre-implementation testing of HWRFE model for the 2004-2005-2006
hurricane seasons — Atlantic & Eastern Pacific

« Track forecasts in the Atlantic were comparable to GEDL, however,
large track errors in the Eastern Pacific

. Wea}lf bias and large intensity errors in both Atlantic and Eastern
Pacific
First year of HWRF implementation during 2007 season
o More short-lived storms, not a very active Atlantic season

. HV\GRIIZ performed better than GEDL but not as good as the global
model.

o Weak intensity bias, large north/west track forecast bias

o Large Eastern Pacific track errors

o Huge sensitivity to changes in vortex initialization
HWRFE performance during 2008 season

» Pre-implementation testing showed reduced intensity bias (through
iImproved initialization)

o Atlantic track errors comparable to GEDL and GES
o Severalissues - Bertha, Fay, Ike, Paloma..
Larger EastPac track and intensity errors — Norbert Genevieve..

HWRF 2009 — Inclusion ofi GWD; €Changes toinitialization, bug
fixes (radiation, land surface temp )
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Average X-Bias
Atlantic Hurricanes, 2005-2007
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Initialization

‘ GFS 12-hr forecast \

Bogus using
Composite
Storm

onditions




Composite Storm Structure (Wind m/s, Pert. Temp. degC)
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Some specific case studies

> Hurricane Bertha — northward turn In the
early stages of HWRF forecasts

> Hurricane Gustav vs. Hurricane lke
> Tropical Storm Fay
> East-Pac: Hurricane Kiko



HWRF: Hurricane WRF Operational
206038 Tropical Cy?lone Tracks
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Hurricane Bertha’s northward turn - Breaking of sub-tropical high

Evolution of 500 hPa geopotential height

HWRF compared to GFS
It: 2008070600 vt: 2008070918 (80h)

RMS Vg: 9.5 m/s RMS Vg2 7.3 m/s
ACC H500 0. 72 ACC H500 0.85

500 mb geopotential height (shaded, m)
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Hurricane Bertha’s northward turn - Breaking of sub-tropical high

Evolution of 500 hPa geopotential height

HWRF compared to GFS
It: 2008070600 vt: 2008071100 (120h)

RMSE Vgg,: 11.6 m/s RMSE Vg,: 8.4 m/s
ACC H500 0.62 ACC H500 0.81

500 mb geopotential height (shaded, m)
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Ike (O9L)

HWEF: Hurricane WEF NCO Pred
2008 Tropical Cwelone Trocks
) Storm: ALOQODE (IKE)

=0y W B0~ Oy [ L b ==

099100
050108
fa0112

020200
030208
290212
gs50214
033300
090 3046
090312

090404
090406
030412
090418
030540
040546
0I0S12

BOW 75w TOM 6B BOW  BEW
Farecasts: Baqinning 20080501250 for HWRF madel
Obszerved: Beginning 2008030100, every 12 hours

Difficulty in projecting the storm
track towards Galveston TX

0491

090418
0307430
090706
0712

0303430
090345
0903812
2a0a|a




3

Z8M

Zak 4

ZFM A

ZEM 1

23k

Z4M

Z3M

Z2M A

21

Z0M

19

18k 4

HWREF: Hurricane WREF MNCO Prod
2008 Tropical Cyclane Tracks
Storm: ALOSOS (IKE)

S22

Zan

ZER

Z4h

22

Z0OR

1ahk 4

1 SFDL
Ike — northward turn into Fl 2 32
during early stages of forecast
Sept. 05, 00Z
% g& @:_“H:nﬂf s
a4 B TEW 7E| T2 Gal BEY PR ] 574
I—_orecas‘t& EBeginning 2008020500
Observed: Beginning 2008020500, every 12 hours
2008 Tropical Cwvolane Tracks
Storm: ALOSOSE [(IIKE)
1 GFDL
2 - AVRQA
3 OFCL

24 hrs later....
Sept. 06, 00Z
Ty

T

b

B4 &1l FEl FE T2 =0T, S
Forecasts: Beginning 20023020500
Observed: Beginning 20080206020, svery 12 hours

B3




4N

20M

HWRF: Hurricane WRF NCO Prod

2008 Tropical Cyelone Tracks
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HWRF: Hurricane WRF NCG Pred
2008 Tropical Cyelane Tracks
Storm: ALOY08 (IKE
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HWREF:Zoupled Hurricane WREF MO PROD
2008 Trepical Cyzlone Intensities, “Wrnax (kis)
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HWRF — GUSTAVO7I 850—200 mb vertical shear (shaded, knots)
it: 2008082700 vt: 2008082912 (60h) 10m wind circulation {streamlines, )

Nest Grid

100W  95W AEW  BOW 7AW 7OW  GEW  60W  BBW  BOW

HWRF Shear Patterns
associated with Gustav




AVHMNO — IKEOSI
it: 20085090512 vi: 2008090812 (F2h)

GFS Shear Patterns associated with Ike
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Vertical cross-section of Hurricane Gustav

HWRF NEST GRID — GUSTAVO7?I (Sha”OW)wind magnitude (shaded, knots)
it: 2008082700 vt 2008082912 (60h) wind circulation (vecter, knots)
x—sect: E—W at 19.4N
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Vertical cross-section of Hurricane lke

HWRF NEST GRID — IKEOQ9I (Deep) wind magnitude (shaded, knots)
it: 2008090512 vt 2008090812 (72h) wind circulation (vecter, knots)
x—sect: E—W at 22.71N
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HWRF NEST GRID — IKEQ9I wind magnitude (shaded, knots)
it: 2008090512 vt: 2008090800 (BOh)
azim. ave: Q0D0—360 deg at 22.22N; 74.64W
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HWRF: Operational Coupled Hurricane WRF (NGOG PROD)

Fay (06L)

45N 1
42N 1
kLR
36N 1
33N 1
30N 1,
I7H
J4H
21N

18H 1

2008 Tropical Cwelone Trocks
Storrn: ALOGOB (FAYD

L 18

Tracks stayed
south of the

h““\.h\ 1..’-'_:"14—"‘-\_

a3 GOW  ATW AW AlW 7AW 7EW 72w 6aW
Faorecasts: Beginning 2008081518 for HWREF model
Ohzerved: Beginning 200B081518, every & hours

HWRF: Cperational Coupled Hurricane WEF (NGO FROD)

45H 4

424 1

agn {5

JEH 1

J3H 1

JOH A

27H 1

24H 1

2TH 1

18H 1

2008 Tropical Cyvelone Tracks
Stortn: ALDEOS (FAY)

al

H t\. 1..'-"'-_:"14—"‘-\_

839 G0W  BTW B4 AlW 7AW FEW  T2W  6OW
Forecaste: Beqinning Z008081518 for GFDL model
Chaerved: Begqinning 2Z00B0OB1518, every & hours




HWRF: Hurricane WRF Operational
2008 Tropical Cyclone Tracks
Storm: 0L (FAY)
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and Terrain from Nest domain (Moving nest)

Cooler (by about 6-10 deg) land surface
temperatures due to irregular computation of
radiation in the inner domain (due to nest
motion)

T and Terrain from Nest domain (Modified Moving nest) domain (9 min Radiation)
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HWREF: Hurricons WREF RNZOD Prod
2007 Troepical Swelane Tracks
Sterm: EF1507 (KIKO)
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Data Set #1 : HWRF PARENT GRID — KIKO15e 850-200 mb mean wind (shaded, knots)

Data Set #2 : GFDL PARENT GRID — KIKO15e 850—200 mb mean wind (streamlines, )
: 2007101812 vt: 2007101812 {(0Oh)
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Other problem Issues

> Topographical differences between
models

> Surface flux formulations & land surface
modeling

> Wind-pressure relationship

> Eastern Pacific Basin; west/
northwestward bias In tracks

> Eastern Pacific Basin: Initial storm size
and structure Issues



Wind-Pressure Relationship
HWRF 2009
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Fundamental guestions (process/sensitivity studies):

Relative role of vortex vs. environment in influencing intensity.
Role of ocean. Role of Oceanic heat content.

Processes within atmosphere-ocean boundary layer on
Intensity/structure changes.

Determinants of structure and relationship with preexisting wave
disturbance. Relationship between structure and intensity.

Role of Inner core processes for intensification/ weakening, €.g.
eyewall replacement cycles, mixing.

Relative role of: physics, e.qg. Alr-sea, microphysics, convection
etc. on Intensity change In various environments (sheared Vs.
non-shear)



Questions/Comments?



