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3 driving agents

Realism

* Better portray the physical processes
that parameterizations represent .
e Attribution (idealized simulations)

Model biases/problems

Identify/understand/eliminate
Positive intensity bias of weak storms &
negative intensity bias of strong storms
Secondary eyewalls
Too large Radius of Maximum Winds
Heat flux bias as reported by Joe Cione

Modeling interests

* Consistency with large scale models
Tuning imported parameterizations

e Scale aware physics

* Stochastic parameterizations
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Evidence of Secondary
Eyewall in nature

HWREF 2015 Secondary eyewalls:
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b) Too close to the primary eyewall ‘ T
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HWRF 2016 Secondary eyewalls:

a) Common in storms that exhibit 20
them in nature e.g. Edouard 2014,
Blanca 2015, Matthew 2016
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Operational cycles:

-September 28-31, ~30% of the cycles show a SE
towards the end of the integration
-October  01-05, ~80% cycles show SE & ERC

Matthew (2016)
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Forecast Valid: 12Z060CT2016
Intensity: 108kts




Identical idealized simulations except for the PBL parameterization
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HWRF 2015 PBL
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HWRF 2016 PBL
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Identical idealized simulations except for the PBL parameterization

HWRF 2015 PBL HWRF 2016 PBL
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Changing (only) PBL from HWRF 2015 to HWRF 2016

renders an idealized integration with a secondary
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HWRF 2016, “Hybrid” PBL

K-profile + other term

Mass Flux Counter Gradient
Beca'use K-profile alone under- Because mass flux deteriorates wind
predicts growth of boundary layer field over tropical oceans
New in HWRF 2016, along with As in HWRF 2011

GFS changes since 2011

Strongly unstable (over continents) Weakly unstable
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Weakly stable

Other local
Scheme
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(function of the
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Vmax @ 10m height, ms?
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Experiment initialized on 2016072912

zolcr=0.0
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disheat=False
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zolcru=-100.0

Sensitivity to:

zolcru=0/100, make all/non unstable grid points EDMF

40 -
30

20 4

10 ™

zolcru=0.0

zolcr =0, make all stable atmosphere K-profile

THRATEN=0, disable radiative feedback with PBL clouds

disheat =False, disable dissipational heating

zolcru=0, reduced Vmax ~10Kts

Time, 6-hourly output



Hurricane Edouard: 10m Wind Speed (ms)
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Hurricane Edouard: Surface Latent Heat Flux (Wm-2)

Valid: September 15" 187
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Frequency

2008-2015
Radar
126 cases
2l Mean=86.8
Median=67
ai Std=61.65

5 55 105 165 205 255 305 365
RMW km

llLa rge”

2 km RMW

HWRF
Initial conditions Hr 48
—126cases Mean=103.3  |9@ss  \Mean=85.1
Median=78 } Median=66
N Std=72.12 - Std=52.14

10 100 190 280
RMW, km

10 100 190 280
RMW, km

bias in initial conditions

Marks, Sellwood and Abarca
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Physics test — RMW bias

* HWRF 2016 PBL, COAC, and Cd/Ch
change all reduced Vmax and RMW
bias

* RMW bias still larger at analysis time
than at 6h for all tests & remains
positive throughout forecast

#CASE 61

HWRF FORECAST — RADIUS OF MAXIMUM WIND BIAS (NM) STATISTICS
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P-3 Lower fuselage HWRF simulated

2330 UTC 28 Aug

Shear: Northerly, about 5 m/s
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HWRF Ensemble forecast of
Hurricane Edouard (2014)
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Ferrier-Aligo Microphysics Changes

Problem
Solution

High reflectivity bia
in PBL clouds

Added a drizzle
parameterization (allows
larger number of droplets)

High reflectivity

bias at anvil Increased largest

possible number
concentration of snow

Lack of stratiform
precipitation Constant rain drop size
during rain evaporation

(reduces evaporation)
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DTC physics testing: Grell-Freitas

* Grell-Freitas convective scheme implemented in HWRF by G. Grell
and J.-W. Bao (NGGPS project)

* Scale-aware/Aerosol-aware (Grell and Freitas, 2014)

 DTC is undergoing testing of the G-F scheme in HWRF

* Provided developer support to bring code and subsequent bug fixes into
centralized HWRF repository

e Tests are against baseline 2016 operational HWRF configuration.
* |nitial results in AL basin show promising results in both track and intensity



DTC physics testing: clouds and radiation

* Funded DTC Visitor Program Pls M. lacono & J. Henderson (AER)
implemented alternate cloud overlap methodology (Exponential-
Random) with RRTMG in HWRF

* DTC provided support for bringing code into HWRF

* Modified partial cloudiness (icloud=3) updates provided by G.
Thompson (NCAR)

 Modifications reduce solar radiation biases

» Tests are underway for both cloud-radiation modifications using 2016
operational HWRF configuration



High Priority Areas for Physics betterment

e Continue to incorporate scale aware physics
* Continue maintaining alignment with global models
* Microphysics higher moment (or species advection?)

* Adopt stochastic approaches

 Address identified model biases

* RI/RW

* Positive intensity bias of weak (<50kt) storms and negative intensity bias of strong (>50kt) storms
Successes!:

* Air sea interaction (Joe Cione)

e Storm structure

* Secondary eyewalls
* RMW

Wavenumber 1 asymmetries!

Progress on secondary eyewalls!

Mean intensity bias is close to zero!
Intensity performance in Atlantic improved
systematically since 2011!

Improvement in storm size!



