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HAFS Operational Configuration

HAFSv2 A/B transitioned to operations in 2024
Atmospheric model: FV3
Ocean model: MOM6 (HFSA) and HYCOM
(HFSB)
e 1/12-degree horizontal grid spacing
e 55 vertical levels (MOMG6) and 41
vertical levels (HYCOM)
e Initial conditions and boundary conditions
from RTOFS
e K-Profile Parameterization (KPP)
Wave model: WW3 (HFSA)
Coupler:

CMEPS: Community Mediator for Earth Prediction Systems
CDEPS: Community Data Models for Earth Prediction Systems

HFSA

Fluxes
IC/BC from GFS SST l Tprate
SSC
| MSLP

SST, SSC
@ S el C\EPS with
sl iNline CDEPS
Fluxes, Prate, MSLP

T U10m
ATM-hybrid EnVar V10m

<— |C/BC from RTOFS

IC/BC from
<+— GFS/GDAS waves

HFSB <— IC from RTOFS

Fluxes
SST l TPrate
MSLP

l SST
D ——
@ > BEGEE
T Fluxes, Prate, MSLP

ATM-hybrid EnVar

IC/BC from GFS



HAFS Real Time Configuration

HAFSv2.0.1
Atmospheric model: FV3
Ocean model: MOM6 (HFSA and HFSB)
e 1/12-degree horizontal grid spacing and
55 vertical levels
e Initial conditions and boundary conditions
from RTOFS
e Energetic boundary layer
Parameterization ePBL (HFSA)
e K-Profile Parameterization KPP (HFSB)
Wave model: WW3 (HFSA)
Coupler:

CMEPS: Community Mediator for Earth Prediction Systems
CDEPS: Community Data Models for Earth Prediction Systems
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HAFS Ocean and Wave Domains
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Open square boxes: MOM6/HYCOM domains (stationary)

Green square boxes: WW3 domains (stationary)

Darker shaded boxes: FV3 atm parent domains (quasi-stationary)
Lighter shaded squared boxes: FV3 atm moving nest domains



Evaluation of the Ocean and Wave Components

Hurricane Helene 09l Hurricane Milton 14|

https://appliedsciences.nasa.gov/what-we-do/disast NOAA via AP. GOES-16 GeoColor satellite

ers/disasters-activations/hurricane-helene-2024 image taken on Oct. 9, 2024 at 11:46 a.m. EDT.
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Hurricane Helene 09I: Pre-storm Ocean Conditions
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- The ocean heat content
(OHC) was very well captured
along the track of Helene

- All models rapidly intensify
once the storm entered the
area of very high OHC

OHC (kJ cm

https://isotherm.rsmas.miami.edu/heat/weba/atlantic.ph
p?yda=269&year=2024&month=09&yyear=2024



Track Forecast 09 cycle 2024092500
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Hurricane Helene 09I: Wave Response

Wind Speed Cycle 2024092500 Significant Wave Height Cycle 2024092500
Track Forecast 09 cycle 2024092500
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Hurricane Milton 14l: Pre-storm Ocean Conditions
HFSA oper
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Hurricane Milton 14l: Pre-storm Ocean Conditions

TSKE Edfecast 2024092500 2024100800 Water Temperature Cycles 2024092500 2024100800
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Hurricane Milton 14l: SST cooling

Track Forecast 14 cycle 2024100800 Intensity Forecast Cycle 2024100800
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Ongoing Work

1-way ocean-wave coupling configuration

Two sensitivity tests

UFS Driver
i}

Five storms are selected: ssTs, e

Heat, LW (net), SW (dir

Ocean and diff), Rain Rate,
currents Surface air pressure

e 2022: 07L (Fiona), O9L (lan)
e 2023: 10L (Idalia), 13L (Lee), 17L (Philippe)

Mediator (with inline CDEPS)

1-way ocean-wave coupling test:

2-way ocean-wave coupling configuration

UFS Driver
i}

2-way ocean-wave coupling test: ssTs, Heat, LW (ngt) SW (dr

Ocean and diff), Rain Rate,

e Ocean current fields from MOMG6 are used in WW3

currents Surface air pressure

e Ocean currents fields from MOMG6 are used in WW3

e Stokes drift components from WW3 are used in MOM6

Mediator (with inline CDEPS)




Impacts of 2-way ocean-wave coupling on intensity and track forecasts

MODEL FORECAST — INTENSITY VMAX ERRORS (KT) MODEL FORECAST — MINIMUM CENTER PRESSURE ERRORS (hPa)
VERIFICATION FOR HAFS NATL storms VERIFICATION FOR HAFS NATL storms

e s e D s - Both intensity biases and
track errors are reduced in

general with the 2-way

ocean-wave coupling.
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Future Work for 3-way coupling

1. Wave boundary layer )
off _ eff\ 2 S
zgw = o (uy )7/, L -
(Belcher and Hunt, 1998)

Charnock coefficient @, ~ 0.010 —0.19 (2221

2. FV3 surface layer

G
S o NN ST

() = (/) In (2 — @) /257).

deff effective displacement of the sea
elevation
Nappo (1977); Grant and Mason (1990)

critical height

Surface roughness, z,

Figure 3 Flow geometry and asymptotic structure for flow over a wave viewed as moving with
the wave crests.

(Belcher and Hunt, 1998)



Future Work for 3-way coupling

OCN (U\V) & SST
ATM forcing

—

q ATM 10-m wind Atmosphere
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Stress
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Wave Stress

CMEPS

— Stress =Atm+WV &CDEPS
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Conclusions

In situ ocean observations during tropical cyclones are a very valuable asset to
evaluate the ocean and wave components of HAFS

The upper ocean conditions: OHC and SST response, were well captured by
the different HAFS experiments during Hurricane Helene and Milton

Glider observations showed that the earlier passage of Hurricane Helene cooled
the upper ocean in the Gulf of Mexico, reducing the potential for Hurricane
Milton to rapidly intensify before making landfall. HAFS captured the progressive
temperature cooling and deepening of the thermocline

Future work

To better simulate the air-sea interaction processes, wave coupling is essential,
by including additional sets of the wave properties, especially wave stress that is
important to modification of the momentum flux exchange between all 3 model
components.
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Estimates of Cd and Ch from HAFS and Saildrones (COARE3.6)
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Outstanding issues in the air-sea interface in
Tropical Cyclones Research and Forecasting

e Role of waves and sea spray in

e Large uncertainties in Cd and Ch for high
heat and momentum fluxes

winds
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Wang, Weiguo, Jongil Han, Junghoon Shin, Xiaomin Chen, Andrew Hazelton, Lin Zhu, '
Hyun-Sook Kim et al. "Physics schemes in the first version of NCEP operational hurricane Image captured by.S[.) 0 el C?mera O.n
September 22, 2022, inside category 4 Hurricane Fiona.

analysis and forecast system (HAFS)." Frontiers in Earth Science 12 (2024): 1379069.

e Contribution of Langmuir mixing to The total vertical mixing in the ocean
surface layer
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