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In late 2016 (Operational Suite 0S38) the Met Office will introduce a new global configuration of its operational wave forecast model. The model is
based on WAVEWATCH Il version 4.18. The configuration uses a Spherical Multiple-Cell (SMC) grid. This is an unstructured grid, using multiple
time-steps for different resolution cells, but retains conventional latitude-longitude grid features, such as rectangular cells and finite difference
schemes. Thus it is as efficient as a conventional latitude-longitude grid model at coarse resolutions.

The new global model uses refined cell scales reducing from 25km in the open ocean to up to 3km at the coastline, and source term physics based on
the ST4 switch. The choice of a refined grid method has been made in order to improve overall model accuracy (through providing a better description
of coastline and island masks) whilst retaining model efficiency, but has the important additional benefit of enabling good quality forecasts to be
generated in coastal waters without the requirement to set up and run nested regional models. Adaptations to the WAVEWATCH Il post-processing
code enable model outputs to be generated in either native grid 'sea-point only' or interpolated regular grid formats.

Comparisons between the new configuration and the global model run operationally during the trials period, show a major overall improvement.

For example, significant wave height errors were reduced from 18% of the background signal in the operational model to 14% in the new configuration,
representing relative change in the errors of over 20%. The model’s utility for regional forecasting has also been demonstrated, with more modest
improvements in performance also found versus the (8km resolved) European regional wave model. The changes in model quality result from a
combination of both the grid and source term updates, with the most notable impact being a reduction in large over-prediction errors during storms.

* Why adopt a refined resolution model?

* The Spherical Multiple-Cell grid and application
In the S36125 global wave model configuration

Trials results

* Conclusions
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* The problem:

Wave models comprise two steps that change the wave spectrum
— growth and propagation

In WAVEWATCH lll propagation calculations are distributed so that
each spectral energy bin is solved across the model grid on a
single processor (e.g. 1080 separate tracers for a 30x36
spectrum)

For efficiency, CFL limits are varied dependent on spectral
frequency, such that long period waves use more propagation
time-steps than short period waves

The resulting load balancing requirement sets a limit on the optimal
number of processors that the model can use (~1/4-1/3 number of
spectral bins)

WWIII very efficient for moderate sized grids and limited HPC
capacity — but will not scale well for large grids (1,000,000 cells+)

Problem where we want to run regular grids over large domains at
high resolution; however, these resolutions are most valuable near
the coast, so why not use coarser scaled cells offshore? Cell
‘refinement’...
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* Efficiency

* The use of a mixture of coarse and high resolution grid cells and
multiple time-steps ensures the model is cost effective. The need
to run multiple nested models in regions of interest is reduced.

* Accuracy

* The new model improves representation of coastal fetches and
swell blocking by small islands. An update to WWIIl vn4.18 is
accompanied by use of physics scheme following Ardhuin et al.
(2010) leading to further skill improvements.

* Relevance

* Increasing resolution in inshore waters enables us to have an
improved coastal product anywhere in the world.

* Support

* The “ww3_ounf” post-processing program has been updated to
enable generation of netCDF data in both SMC and regular grid

www.metoffice.gov.uk mOd es.




The Spherical Multiple-Cell grid

* Proposed by Li (2011, 2012) and based on the concept
of a reduced grid (Rasch, 1994) — regular lat-lon cells
are halved or doubled in size depending on need to
introduce extra resolution or reduce CFL restrictions

Met Office

* Spatial arrays used in the wave model propagation
time-step are unstructured; i.e. land points not included
In array, metadata is passed to determine which cells
talk to which (propagation scheme order dependence)

* Liand Saulter (2014) demonstrate a multiple resolution
SMC grid in WAVEWATCH lll; extends WWIII's internal
time-step variability to cells of specific sizes

* The unstructured grid can also be used to deal with
singularity and rotation issues in high latitudes. Li (2016)
demonstrates the use of an ‘Arctic part’ in a global wave
model

www.metoffice.gov.uk




The S36125 global model

* Globally 25-12-6km grid using refinement based on
proximity to coastline. Longitudinal cell sizes double at
60N, 75.5N, 82.8N, 86.4N. Includes Arctic part and
12-6-3km European region

Met Office

* Source terms follow Ardhuin et al. (2010). Propagation
scheme is UNOZ2 (Li, 2008) with GSE alleviation using a
hybrid of the Booij and Holthuijsen (1987) and Tolman
(2002) schemes

www.metoffice.gov.uk




The S36125 global model

* Hawaii — 25-12-6 km grid

Met Office
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The S36125 global model

* Northeast Scotland — 12-6-3 km grid + longitude cell
Increase at 60 degrees north

Met Office
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Example: Hurricane Matthew

* Hindcast plus forecast from 0600z 06/10/2016

Met Office

Grid mesh only @ 28/09/2016 00:00 (T+001)
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Example: Hurricane Matthew

* Hindcast plus forecast from 0600z 06/10/2016

Met Office

Grid mesh only @ 28/09/2016 00:00 (T+001)
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Trials — key results

Met Office

* Trials run using a 1-year experiment under analysis
winds forcing (from Met Office operational atmospheric
model, ~17km horizontal resolution)

* Comparisons versus:
* JCOMM-WFVS in-situ data (Bidlot et al., 2007)
* CERSAT merged altimeter product (Queffeulou, 2013)
* Operational 35km global wave model (Saulter, 2015)

www.metoffice.gov.uk




Trials — key results
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* JCOMM-WFVS: relative improvement in Hs prediction
errors of ~15-20% (5% in real terms)

WWIII-G35-0S vs Observed Hs for All JCOMM-WFVS 201409 to 201508
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Trials — key results

Met Office

* JCOMM-WFVS: relative improvement in Hs prediction
errors of ~15-20% (5% in real terms)

WWIII-536125-5T4 vs Observed Hs for All JCOMM-WFVS 201409 to 201508
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Trials — key results

Met Office

* JCOMM-WFVS: relative improvement in Hs prediction
errors of ~15-20% (5% in real terms)

WWIII-536125-5T4 Errors vs WWIII-G35-05 Errors in Hs for All JCOMM-WFVS; 201409 to 201508
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Trials — key results

Met Office

* Altimeter. NRMSE generally 10-15% across globe;
larger errors associated with high bias magnitudes and
where wind forcing also performs poorly

ST4 Normalised Model-Obs Hs RMSE
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Trials — key results

Met Office

* Altimeter. NRMSE generally 10-15% across globe;
larger errors associated with high bias magnitudes and
where wind forcing also performs poorly

ST4 Normalised Model-Obs Hs Bias
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Trials — key results

Met Office

* Altimeter. NRMSE generally 10-15% across globe;
larger errors associated with high bias magnitudes and
where wind forcing also performs poorly

ST4 Normalised Model-Obs Ws RMSE
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Parallel suite, early results

Met Office

* JCOMM-WFVS: Trials results consistent with 1st month
production
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Parallel suite, early results

* Coastal data comparison: High resolution cells give
significant improvement versus global model. Further
work to be done, but results appear consistent with Li
and Saulter (2014)
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Summary

Met Office

* Arefined grid scheme has been introduced in
WAVEWATCH Il and forms the basis for the Met Office’s
operational global wave model

* The combined model package (grid scheme, source
terms, code version) leads to significant improvement in
model skill

* Largest effects are seen in significant wave height
predictions and are strongly linked to a reduction in
forecast busts at high wave heights

* A specific benefit of the model should be a global
Improvement in inshore waters forecast capability —
further work is required to quantify this benefit

* The SMC grid defers the issue of scale-ability in the
wave model, but does not resolve it...

www.metoffice.gov.uk
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Regional WFVS stats - Hs

* Error stats normalised by RMS of observation
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Regional WFVS stats - Tp

* Error stats normalised by RMS of observation
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