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National Unified Operational
Prediction Capability (NUOPC) Layer

NUOPC Layer interoperability rules are implemented using a set of 
generic components that represent the major structural pieces needed 
to build coupled models.

From Theurich et al. 2015
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NEMS Coupled ADCIRC-WW3 Model

Driver:
COUPLED OCEAN-WAVE

Model:

ADCIRC

Model:

WW3

Water level, 

Current

Radiation

stress

• An ADCIRC-WW3 
application (“App”) in 
NEMS/NUOPC

• Based on NEMS 
interfaces or “Caps”

• One-way atmospheric 
forcing from gridded 
data file (e.g. HWRF 
model)

• Two-way exchange 
between ADCIRC and 
WW3 models

Wind, 

Pressure
Wind

Data Cap:

Atm grids (e.g. HWRF)



NEMS Configuration and Components
##########################################

###  NEMS Run-Time Configuration File  ###

##########################################

# EARTH #

EARTH_component_list: ATM OCN WAV

::

# ATM #

ATM_model:                      @[atm_model]

ATM_petlist_bounds:             @[atm_petlist_bounds]

::

# OCN #

OCN_model:                      @[ocn_model]

OCN_petlist_bounds:             @[ocn_petlist_bounds]

::

# WAV #

WAV_model:             @[wav_model]

WAV_petlist_bounds:             @[wav_petlist_bounds]

::

# Run Sequence #

runSeq::

@@[coupling_interval_sec]

ATM -> OCN   :remapMethod=redist

ATM -> WAV   :remapMethod=redist

ATM

OCN

OCN -> WAV   :remapMethod=redist

WAV

WAV -> OCN   :remapMethod=redist

@

::

Configures interface with 
WW3, via Model Cap

Configures interface with 
ADCIRC, via Model Cap

Specifies coupling 
scheme



WW3 Cap: Extended for unstructured 
mesh support
module WMESMFMD

...

subroutine CreateImpMesh ( gcomp, rc )

... 

! Allocate and fill the node id array.

!/PDLIB      if ( LPDLIB == .FALSE. ) then

allocate(nodeIds(NX))

do i = 1,NX

nodeIds(i)=i

enddo

!/PDLIB      else

!/PDLIB!        Allocate global node ids, including ghost nodes (npa=np+ng) 

!/PDLIB         allocate(nodeIds(npa))

!/PDLIB         do i = 1,npa

!/PDLIB            nodeIds(i)=iplg(i)

!/PDLIB         enddo

!/PDLIB      endif

...

!/PDLIB      if ( LPDLIB == .FALSE. ) then

allocate(nodeCoords(2*NX))

do i = 1,NX

do j = 1,2

pos=2*(i-1)+j

nodeCoords(pos)=XYB(i,j)

enddo

enddo

!/PDLIB      else

!/PDLIB         allocate(nodeCoords(2*npa))

!/PDLIB         do i = 1,npa

!/PDLIB            do j = 1,2

!/PDLIB               pos=2*(i-1)+j

!/PDLIB               nodeCoords(pos)=XYB(iplg(i),j)

!/PDLIB            enddo

!/PDLIB         enddo

!/PDLIB      endif



WW3 recent developments
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In collaboration with USACE

WW3: V6.07

• Equipped with Domain 

Decomposition parallelization 

• Implicit Solver

Abdolali A., Roland, A., Van Der Westhuysen, A., Meixner, J., Chawla, A., Hesser, T., Smith, J.M. and M. Dutour

Sikiric (2019), Large-scale Hurricane Modeling Using Domain Decomposition Parallelization and Implicit Scheme 

Implemented in WAVEWATCH III Wave Model, Ocean Modeling, Under Review



Coupled ADCIRC-WW3 validation 
Laboratory flume (Boers, 1996)



Storm selection for field validation



Coupled ADCIRC-WW3 validation 
Hurricane Ike (Sept 3-14, 2008)

ADCIRC DD: 720 cores WW3 DD: 720 cores



Hurricane Ike (Sept 3-14, 2008)
ADCIRC-WW3: Water Level and Current



Sign Wave Height (Hs)

Fully-Coupled 

∆Hs: Fully Coupled - Stand Alone WW3 

Galveston Bay detail



Hurricane Ike (Sept 3-14, 2008)
ADCIRC-WW3: Wave height validation (Galveston)
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Hurricane Ike (Sept 3-14, 2008)
ADCIRC-WW3: Water Level and Current
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90% Accuracy: Scatterplot analysis



Output along cross-shore transect

Transect east of Galveston Bay

Note the patterns of increased 
TWL in regions of strong wave 

breaking – at coastline, and also 
inland at the inundation edge



Conclusions

1. Unstructured WAVEWATCH III and the ADCIRC surge model have been 
coupled using the versatile NUOPC/ESMF framework.

2. Coupled ADCIRC-WW3 model has validated for the standard laboratory 
flume case of Boers (1996) with good results.

3. System has been applied to U.S. East- and Gulf Coasts on large parallel 
framework (720+720 cores).

4. Field validation for Hurricane Ike (2008), using one-way forcing from 
HWRF, shows significant impacts on nearshore/overland wave heights 
and total water level, improving model performance.
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