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2. Goal and Objectives

Background

Previously, oceanupling often produced forecasts with equal or reduced skill compared to simpler or
models. This produces skepticism in the operational forecast community conceincigdbestadefd to
theart oceanoupling to operational prediction systems.

Goal

Address theenefit of adding various complexities of the ocean model under the hurricam@déinosphel
through a careful assessment to observational data sets from multiple platformsdearpiiarzciiGh
forecasts.

Coupled Model Systems
1) HWR{POM

2) HWRFIYCOM
3) HMOMIYCOM
4) COAMREC/NCOM

Objectives
1) Prescribe SSTGDEM climatology, GFS, NCODA, and RTOFS SST;

2)Assess 1D and 3D dynamic anedatoupling; and
3)Collaborate with experimental scientists to maximize the utility of various data sets for impro
conditions in the ocean model, evaluate mixing parameters and surface wave impas¢Racross
interface to reduce forecast errors.
v Needemperature, salinity, and current observations to evaluate thermodynamical and dy
balances
Turbulenceeasurements valuablevaluation
Subsurfacecean observations are criticgdtyrtant

Surfacevave observations are required to evaluatayhceepling



3. Major Milestones 1

Operational
1. POMIC: RTOFS (HYCOM) analyERa@mndCPac
2. HYCOM coupling
a) to HWRF for 200VPacTyphoon and NIO Cyclone forecasts
b) to HMON for 20EPacandCPadHurricane forecasts
3. Implementation of new version HYCOM to HWRF and HMON (Oct 2017)
4. 1-way WW3 coupled HWARIM for 20INAtHurricane forecasts
5. COAMPSCcoupled withCOM for NHC & JWTC basins

Experimental (Stream2)
1. HWRF 3vay coupling:
a) WW3POM for 20INAtHurricane forecasts (Liu et al.)
b) WW2HYCOM in progress (Kim et al.)
2. Ensemble:
a) POM coupled HWRF ensemble for 2017 Natl Hurricane forecasts (Zhang et al.)
b) HYCOM coupled HMON ensemble fotA®rricane forecasts (Wang et al.)

3. COAMPSCwith NCODA data assimilation;
a) TargetedC ocean guidance for ZRdandNAtforecasts;
b) 3wayCOAMPSCGNCOMNW3 with wave data assimiatiprogress

Observation (leveraged by other funding sources)
1. IR SST (HRD), AXBT (HRD & USNA), AXCP (UM), AXCTDsHEWM))NPELAMO (USNA), Glide
(NOAA/AOML).
2. Transition NOAA AXBTs data tanidoamletodcom
3. Currently look into other data format than JJVV (obsolete soon) for AF AXBTSs.

Diagnostic graphic package
Sets of Python and MATLAB dc@gtsan Parameters (suggested by OMITT diagnostic document, 2015).
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4. Major Milestones 2

1. Ocean Impact Investigations:

a)
b)
C)

Realcase study f@onzalo (Dong et al. Weather and Forecasting 2017)
OSSE study for Isaac, Edouard, and Gonzalo (Halliwell et al. JGR 2017)

New autonomous &adjrangiancean observations for Atlantic tropical cyclone studies and
forecast@Gonet al. TOS 2017)

Realcase study for Blaifi€anet al. in revision)

Targeted ocean sampling guidance for tropical cyclones (Chen efal. JGR 2017
SSTSensitivity Study to Hurricane Edrealidtion (Fitzpatrick et al.)

Different forecast results betweea2@ PO161WRF for SST sensitivity runs

ldeal Case Study with Coupled HWBRd 3D HYCOM for (Bathget al.)

|Ideal Case Study with Coupled HWRRd 3D HYC@dvl Bay dengalMlohantgt al.)

Observation analysis for Nate (Shay); forecast verificatio@iforgiamnacast verification for
Edouard (Zhang et al.)
s cyant presented in this talk
s Greent included in the talk, but

2. Attending national conferences and meetings:
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a)
b)

C)
d)

2017 AGU fall meetirgglider observation for Gonzalo (Zai¥Bt(al. )

2018 AMS annual meeting (3 presentaintunding OMITT (Kim et al.))

2018 AMS TC conference (6 presentations, including OMITT (Kim et al.))
Ocean Science 2018 (5 presentations)



5. An analysis of Hurricane Edouard SST sensitivity runs by
HWRF in a low-shear environment
(Fitzpatrick et al.)

NCODA 2010 SST NCODA 2011 SST NCODA 2012 SST GFS SST

Model: 2016 HWRF w/ non ocean coupling
SST: NCODA (2010-2014), GDEM, GFS and RTOFS
1) Timeseries analysis for shear<14 m/s

2) Relationshgmalysis to,\,and 24r intensitghange
3) MaximurRotential Intensity applications?

Findings
1) Time series analysis

CAPE boost assomalt

deax Vmax

linear regression variance linear regression variance d) "O —
SST -0.28 7.6 SST 0.78 60.9 T 7
PW 0.02 0.0 PW 0.27 7.2
heat flux -0.46 21.4 heat flux 0.85 71.6 T
latent flux -0.51 25.7 latent flux 0.88 77.5 o
CAPE - — CAPE -0.83 84 whereHis sensible heat flukg an environmental

0.00 0.0 RH 0.61 37.1 inhibitorlE1 is MPI conditiprendd, B are empirically
-0.44 . shear 0.10 1.0 .
derived constants.

GDEM

“ Similar NCODA 2083 T| ™

Future Plan:

3) MPI applications?

Alarge HWRF SSé&nsitivity database could elucidate
steadystate and MPI functionality with surface fluxes
empirical application:

e.g.

assumeaenerasigmoidaklationship
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6. Hurricane Edouard SST sensitivity runs by HWRF
(Dong et al.)

Additional Complexity

Differences in forecast between 2014 and 2016
version of HWRF

There are distinct stoesponse patterns with 2014
HWREF, but not with 2016 HWRF

2016 HWRF 2014 HWRF

p———— e
—N([,)(E)gn 2010 v/ NCODA 2010 —GDEM

NGODA 2011 gy NCODA 2011 —————NCODA 2010 eeeetICODA 2010

" o s=—==NCODA 2012 NCODA 2011 MCODA 2011

CODA 2012 . NCODA 2013 ———————NCODA 2012 el | CODA 2012

NCQDA 2013 NCODA 2014 NCODA 2013 NCODA 2013

NCODA 2014 NCODA 2014 MCODA 2014

Moving targeHow can we work around?

OMITT 6



/. Field Observations (2017)

storm stage

TC Name Instruments Pl NPTS GTS Dates of data pre in post
Harvey Glider G.Goni 3 yes & RT July 2017 yes yes yes
Jose Glider G.Goni 3 yes & RT July 2017 yes yes yes
Irma AXBT E.Sanabia 90 yes
ALAMO E.Sanabia 8
AXBT J. Zhang 8 yes
Glider G. Goni 3 yes & RT July2017- yes yes yes
Maria AXBT J.Cione 50 Sep 2224, 2017
IR SST J.Cione 40-50
Glider G. Goni yes & RT July2017- yes yes yes
Nate AXBT L. KShay 87 yes yes yes
APEXEM L.K.Shay 5 Floats May 2017 yes yes yes
AXCP L. KShay 40 yes yes yes
AXCTD L. KShay 10 yes yes yes

Specific Plans (by PIs):

1. GliderGonkt al. ): verification of HWRF and HMON (future) forecasts

2. IR SST, Coyote and AXEi@ et al.), focusing onsma interaction (extended work done by Zhang for
Edouard, 2017)

3. Expendable array and ABE-loats (Shay and Jaimes): Mutual responses

4. AXBTs and ALAM&ajabiaJayne and Chen): Verificati@® AMREC forecasts, ocean observations imp
experiments

Team approaatoordinat®bservational analysis, model initialization evaluation, and model perform
evaluation with respect to intensity.
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8. Future Plans

Near Future Activity

Continue analyses for Edouard (2014), Blanca (2015) and Bay of Bengal toward
publications

Do ocean model impact analyses for upcoming HWRF, HMON T&E, and COAMPS-TC

Observational data analysis (by PIs) for Nate (2017), Maria (2017), Irma (2017),
Edouard (2014) and Gonzalo (2014) (note: a postdoc at AOML/PhoD)

Continue collaboration with India
AXBT data RT transfer to GTS

Closely collaborate with observational community to assess and potentially design an
pilot ocean observing system for TC studies and forecast.

Improvement of the ocean component (EMC & NRL)
Validation with observations in collaboration with observation PIs.

Complete 3-way coupling, including implementation of non-linear currents-waves
interaction and mixing (Stokes drift, Langmuir mixing) in ocean components

Implement DA to the HYCOM ocean component
Complete 3-way coupling, including the wave DA for COAMPS-TC



/. ldeal-Case Study for Hurricane Edouard (Dong et al.)
1D vs. 3D HYCOM-HWRF

A moving vortex at 4 m/s & GDEMS3 climatology IC

T

M Exp-UNCPL s M Exp-UNCPL
M Exp-1D M Exp-1D
Exp-3D | Exp-3D
Min. P (hPa) Max. W (m/s)

48W 46W  44W 42W  40W

3D coupling, compared to 1D:

1. SST cooling is more significant and consisten

--------------- N | through the upper layer (whereas, 1D couplin

{ exhibits a4mnodal pattern of cooling above MLI

and warming below MLD).

Inertial wave is less significant, and

3. MLDs shallower on the left and deeper on the
side of the storm, having relatively large varia
space.

)

48W 46W  44W 42W  40W 48W 46W  44W 42W  40W

Future work:

1. Comparisons against observatiesisI (IAXBTS,
48W  46W  44W  42W  40W 48W | 46W | 4AW 40w | 40w XCTDs; remeﬂ;ensing:SST, SSH)
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8. Ocean Coupling Impact on Bay of Bengal Intensity Forecasts
(Mohanty/Halliwell et al.)

Domain

Configuration
A ldenticatmospheric initializat{ahesal vortex)

A ldeahorizontally homogeneous ocearclisiatplogicalSIprofiles
representative offaed post monsoon for

o wholday(BOB)northbay(1), midbay(2), andsouthhay(3)

1000 4 mPOST-Mon
E | q 500 Mon
Premonsoong i Postmonsoon £ w0 NPRE M
-
E
=
:f'
Discussion and Conclusion: E
a) Premonsoon storms stronger than post ! -
monsoon storms in BOB and south bay BOB Northbay Mid-bay South bay
cases.

mPOST-Mon

b) SST averaged over the same area ' aPREMon -
lessclosely relateditdensity. :
c) Enthalpy flux averaged overconels

closely related to interf$ithe most
accurate predictor intensity.

MSLP (hPa)

BOB  North bay Mid-bay South bav BOB Northbay Mid-bay South bay
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11. 3-way coupling HWRF (HWRF -POM-WW3)

Track and Intensity Performance for 2017 North Atlantic Storms (333 cases)

=

Track forecasts for HAWO (red) are as good as HWRF (purple) and AVNO (blue).

2. Intensity forecasts are mixed: Better than HMON (green) for the entire forecast period, bu
skill between CTCX (orange) and HWRF (purple). RatttiMRIFy degradation exists

between 486 h, showing higher intensity errors (not statistically significant).

Impact on track: little

Impact on intensity: mixed
Impact on the storm structure (not shown): Smaller sizes than HWRF and Best Track.

OIEE

OMITT 11



