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Introduction 
The Cyprus Coastal Ocean Forecasting and Observing System (CYCOFOS) was developed within 
the broad frame of EuroGOOS (European GOOS) and MONGOOS (Mediterranean 
Oceanographic Network for GOOS), to provide operational oceanographic forecast and 
monitoring on local and sub-regional scales in the Eastern Mediterranean Basin.  The system 
provides daily forecasting data to end-users, necessary for operational application in marine safety, 
such as the Mediterranean oil spill and trajectory modelling system. Like many coastal and sub-
regional operational hydrodynamic forecasting systems in the Mediterranean, CYCOFOS is based 
on the Princeton Ocean Model (POM). 
The current CYCOFOS hydrodynamical modules consists of three modeling systems for hindcast 
and forecasts with different resolution, open boundaries, and domains covering the Levantine 
Basin, the NE Levantine, and the SE coastal zone of Cyprus. Two of the downscaled modules run 
independent ofeach other, with different MyOcean and surface forcing. Our objective was to 
develop and implement a single version of CYCOFOS hydrodynamic model that is flexible enough 
to replace the three existing models, could run at higher resolutions, and was 
faster. 
We used parallelization using Message Passing Interface (MPI) and computing 
clusters running Linux to achieve our objective. The parallel software is 
constructed in a modular fashion to make it easy to integrate end-user 
applications. It was also designed to be relocatable, i.e. easy to change the 
forecasting parameters with nil to minimal modification of the source code. 

Mesh partitioning obtained for 2, 4, and 8 processors by application of a naive Cartesian algorithm. The numbers 
indicate the number of sea nodes present in each partition. Pastel colors indicate that the number of sea nodes in the 
partition are close to the mean whereas stronger colors indicate larger deviations from the mean.
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Predictions at two different depths using the serial CYCOFOS code. Contour plots are of 
the sea temperature and vector plots are of currents.

(a) Sea Surface (b) 360 m depth

Results 
The parallel version of CYCOFOS has been released. The code was 
benchmarked on a 2 x 2.4GHz Quad-Core Xeon desktop with 16 GB RAM 
using OpenMPI with gfortran (-ggdb –m64 –O0).

• Speedup is nearly linear up to eight processors
• Difference is mainly due to interprocess communication
• No significant difference in speedup between different partitioning schemes
• Results of serial and parallel version are identical

Simple Partitioning
Weighted Partitioning

Grid Name Grid Size Time in secs
Time per grid point

 in millisecs

Levantine 1.00 376 x 355 1941(32m20s) 14.54

Levantine 0.75 500 x 473 3701 (61m41) 15.65

Levantine 2.00 188 x 178 552 (9m12s) 16.50

Alermo 2.00 488 x 317 2324 (38m44s) 15.02

Conclusions
A parallel version of CYCOFOS has been developed and implemented. The 
results of the parallel model are identical to the serial hydrodynamic model. 
Additional modules were also developed to add more flexibility to the 
operational use of the parallel model. The code is undergoing further testing, 
and optimization. The parallel model is available to interested users for beta 
testing. A fully optimized and tested version will be released soon as an open-
source software. 

Comparison of sea surface temperature and currents prediction from the serial and parallel versions of the 
CYCOFOS hydrodynamic model.

(a) Serial Model (b) Parallel Model

Method
Parallelization

• Forecasting module was parallelized using MPI
• Uses distributed memory instead of shared memory (as in OpenMP)
• Larger problems can be sped-up by using more computers, when needed
• Grid is split only along latitude and longitude, not sigma levels
• Parallel file I/O using netCDF format
• Can choose between simple or weighted partitioning scheme for load-

balancing
Additional Modules (to add flexibility and relocatability)

• Grid and Bathymetry file generation
• Produces input files from GEBCO and GSHHS data for given region

• Downscaling
• Reads MyOcean forecast (MFS) and produces initial and boundary value 

files
• Parallelized using MPI for faster data processing

Time for 5 day forecast using parallel CYCOFOS
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Speedup in computation time for the Levantine 1.00 grid  when using more processors. There is no 
significant impact of the partitioning scheme in this case. The speedup is not linear beyond 6 processors 
because the communication overhead is more than the time gained by partitioning the problem.


