
A performance assessment approach for a regional ocean model of the south eastern 

coast of South Africa 

Dylan F. Bailey
1 

1
dylan@bayworld.co.za 

1
PhD Candidate (Oceanography), South African Environmental Observation Network 

(SAEON) & Institute for Coastal and Marine Research (ICMR) at Nelson Mandela 

University (NMU). Promotors: Dr W. S. Goschen and Dr J. C. Hermes 

1
Curator (Aquarium Operations and Research), Port Elizabeth Museum t/a Bayworld 

ABSTRACT 

Background 

The performance assessment of ocean models used in ocean studies is a critical step needed 

to determine the strengths and weaknesses of the data it produces, which will then guide the 

application the data in a study. The method of assessment used varies widely but is primarily 

determined by the availability of in situ data, which can be in the form of time series or 

periodic snapshots in time and space. Presented is a performance assessment approach based 

on available observational time series, sea level and sea surface temperature data that was 

used to assess a model’s ability to reproduce certain key processes that strongly govern 

coastal dynamics.  

Methods 

The Regional Ocean Modelling System (ROMS) was applied to resolve high resolution ocean 

processes along the eastern Agulhas bank on the south eastern coastline of South Africa as 

part of a study into bay scale ocean dynamics in St Francis Bay and Algoa Bay. An offline 

nesting approach was used to provide a simple and computationally inexpensive means of 

conducting numerous model runs with modified forcing in order to assess the coastal ocean 

response under specific conditions. Nested model domains of ¼° (SAnL0), 1/12° (SAnL1), 

and 1/32° (SAnL2) spatial resolution were forced at the surface with hourly wind forecast 

model data and run in an inter-annual configuration from 1
st
 January 2011 to 31

st
 December 

2015. The output of SAnL2 was then used to provide lateral ocean boundary conditions for a 

1/108° (SAnL3) model domain covering St Francis and Algoa Bay. 

For the assessment, the Agulhas Current in the SAnL1 and SAnL2 model runs was first 

evaluated against the observed boundary layer transport from the Agulhas Current Time 

Series Experiment. Using specific isolevels and examination of the standard deviation in sea 

surface height between the model and the AVISO DUACS gridded Absolute Dynamic 

Topography product then provided a simple method of quickly evaluating the overall 

Agulhas current in the model domain. Finally, sea surface temperature isotherms were 

compared between the model and the MODIS SST4 monthly averaged sea surface 

temperature products, providing a simple and straight forward method of assessing seasonal 

ocean-atmospheric heat exchange as well as wind and current driven surface circulation 

patterns. 

Results 

The mean transport was in good agreement between SAnL2 and observations, although 

SAnL1 was lower than observations. Variability was considerably lower in both runs 

compared to observations. A power spectral analysis shows that this difference in variability 



is mostly occurring at periods longer than 10 days. Daily averaged seasonal transport cycles 

of both SAnL1 and SAnL2 are comparable to observations, although sub-seasonal variance is 

higher than normal.  

Along the western edge of the Agulhas current the 0.8m isolevels matched quite closely 

between SAnL1 and AVISO until approx. 36⁰ south, where the AVISO isolevel deviated to 

the east of SAnL1 at the south western extent. The southern extents of the 0.8m isolevel was 

similiar for both SAnL1 and AVISO although the mean 0.8m isolevel area coverage in 

SAnL1 was slightly more than AVISO. The mean position of the retroflection and ring 

shedding region was identified using a standard deviation in sea level of more than 0.2m, 

which was larger and further west in SAnL1 than AVISO, indicating a later than normal 

retroflection with more Atlantic leakage than would be expected.  

Over the entire domain SAnL1 exhibited a mean warm bias when compared to MODIS, with 

a peak difference occurring in May. The 23 ⁰C isotherm was generally positioned further 

south in SAnL1 than MODIS, with a greater distance in austral winter than summer. SAnL2 

also exhibited a mean warm bias, with a peak difference occurring in February.  The area of 

water between the south eastern coast and the 20 ⁰C, 18 ⁰C and 16 ⁰C isotherms was used to 

compare the seasonal cycling of cooler coastal waters over the shelf between the SAnL2 

model and observation. For all temperatures below 20 ⁰C the mean coverage in MODIS was 

larger than SAnL2, with the largest difference between the 16 ⁰C isotherms. 

Conclusion 

The Agulhas boundary layer transport assessment yielded lower variability than observed. In 

general, this lower variance was not unexpected as mesoscale eddies will lose energy when 

traversing a one-way nested model boundary between the SAnL0 and SAnL1 model 

domains. This was an acceptable compromise as there was still good agreement between 

mean transport values and that the modelled current was still providing adequate interaction 

with coastal processes that would be expected in the study region.  

The isolevel assessment confirmed that the Agulhas current was following its expected 

course up to the retroflection region and that there were no early retroflections for the model 

period. As early retroflections would have significantly altered circulation over the shelf, this 

was a desirable outcome. The fact that the retroflection was further west than observations, as 

well as the increased leakage into the Atlantic, would have negligible influence on the shelf 

and coastal circulation patterns of the study area.  

The general warm bias found in the isotherm assessment was not unusual for ocean models in 

this region. The bias was acceptable for the purposes on the model, since the timing of the 

seasonal cycles agreed well with observations.  


