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Overarching goal: 
improve air-sea interaction simulations  

IOC                  HAFSv3 

COUPLING UPDATES

3-way interactions



Outline

1. Current coupling status: 
a) extend the northern boundary for N Atlantic  
b) bug in CDEPS

2. Validation for the 2022 TCs & Danielle 05L

3. Ocean verification

4. Working toward 3-way coupling:

▪ Lessons learnt from 3-way HWRF-HYCOM-WW3

5. Summary & Future plans 
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1-1. HYCOM
● 3D primitive equations with KPP mixing 
● 1/12-d (horizontal w/ Mercator projection) 
● 41-hybrid z-σ layers (vertical) 
● IC: global RTOFS
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HAFSv1: Extend the NB of the NHC basin box from 43 to 50N



HYCOM directly communicates the FV3 outer domain at a 
coupling time step (360 s), exchanging variables from FV3 to 
HYCOM:

     ‘taux10'      'mean_zonal_moment_flx_atm‘  'Nm-2'
     'tauy10'     'mean_merid_moment_flx_atm'   'Nm-2'
     'prcp'         'mean_prec_rate'                        'kgm-2s-1'
     'swflxd'      'mean_net_sw_flx'                       'Wm-2'
     'lwflxd'      'mean_net_lw_flx'                         'Wm-2'
     'mslprs'     'inst_pres_height_surface'            'Pa'
     'sensflx'    'mean_sensi_heat_flx'                  'Wm-2'
     'latflx'       'mean_laten_heat_flx'                   'Wm-2‘

and variables from HYCOM to FV3: 
       ‘SST’         'sea_surface_temperature'   'K'
                 

1-2. COUPLING VIA CMEPS 
The Community Mediator for Earth Prediction System is a mediator based on ESMF and National Unified 
Operational Prediction Capability (NUOPC) layer, to export/import the state variables between the 
component models.  

SSC: future implementation
WW3:

 sea surface roughness based on a function of wave properties, 
             e.g. height, length, period, direction

           misalignment 
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WW3

CMEPS

FV3ATM

MOM6HYCOM

CMEPS

FV3ATM

HYCOM

COUPLING UPDATES



6

(A) MAE                                                   (B) Skill 

2-1. TC VERIFICATION

Track

Vmax

North Atlantic Basin
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      bias Vmax
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Danielle 05L (IC=2022090212)

w/ (cyan) and w/o bug fix (lime green)
Slower moving storm for the entire forecast lead time;
stronger storm from 54-h lead time (< ~30 kt)

But, why???
HMOM (hunter green) is based on the same ocean 
model

3. OCEAN VERIFICATION



8

Danielle 05L (IC=2022090212)

Comparisons of the upper layer responses 

(A)  42-h SST HYCOM-HAFS                                 (B) 42-h SST HYCOM-HMON
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HAFS-A (0.3C)                                   HMON 

Danielle 05L (IC=2022090212)

No noted difference in large scale 
(F048)

Moisture laden TC for HAFS-A, 
compared to the HMON & HWRF.

F0
6

0
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Danielle 05L (IC=2022090212)

      MD:  -0.13C
Median: -0.12C
 RMSD: 0.32C
        SI: 0.012

Comparison of initial SST condition w/ (Navy) NCODA 

39012193901851

Obs (black)
HYCOM (cyan)
POM (magenta)
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Danielle 05L (IC=2022090212)

w/ (cyan) and w/o bug fix (lime green)
Slower moving storm for the entire forecast lead time;
stronger storm from 72-h lead time (< ~25 kt)

But, why???
HMOM (hunter green) is based on the same ocean 
model

• Warm thick upper layer may play a role.
• Slower moving speed.
• Combination of the moisture laden TC 

and the warm ocean exacerbate the 
HAFS-A intensity forecast. 
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More in-situ observations than the past
• Floats – experimenting a short cycling time (to 2.5 day in 2021) 
• Drifters
• Gliders
• Saildrones

Waves
• WSRA
• Wave gliders
• Saildrones

2. OCEAN VERIFICATION

Fiona (07L) & glider

Ian (09L) & WSRA
Ian (09L) & saildroneIan (09L) & saildrone

COUPLING UPDATES
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4. 3-WAY COUPLING:  Lessons learnt from 3-way HWRF-HYCOM-WW3

                                             

(Kim et a. 2022)

WW3 to HWRF: TC quadrant dependent Cd?

 HWRF atm                        HWRF-HYCOM                 HWRF-HYCOM-WW3

Cd - Wind

WW3 
Charnock 
coefficient

Cd

 HWRF atm                        HWRF-HYCOM                 HWRF-HYCOM-WW3

WW3 
Charnock 
coefficient

 

COUPLING UPDATES



14

4. 3-WAY COUPLING: 

1. Energy shift 2. SST cooling 3. Mixed Layer Depth

Initialization 

COUPLING UPDATES



4. 3-WAY COUPLING: 
                                              

TC-LC-wave interactions

(A) 3-way

(B) 2-way 

(A) 3-way

(B) 2-way 

*
*
*
*
*
*
*
*

Inside LC & TC center LC front & right TC quadrant

*
*
*
*
*
*
*
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5. Summary & FUTURE PLANS FOR COUPLING 

1. Bug fix in CMDEPS (mapping subroutine)

2. More ocean obs → ocean verification w/ routine exercise 

3. Community efforts → Earth System Modeling (ESM)    

  better realization of air-sea interactions
  improvement of marine boundary layer
  

⇒   Ocean data assimilation (HAFSv2):
a. Marine JEDI + MOM6
b. (NCODA+HYCOM)

⇒   3-way coupling (HAFSv3):
c. FV3+MOM6+WW3
d. (FV3+HYCOM+WW3)
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