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Present study is the impact of sea surface temperature(SST) data assimilation on the results of FVCOM by using 
Nudging scheme. Results of statistical assessments showed the capabilities of the SST assimilation. The SST bias decreases 
from-0.57°C in control run to -0.49 °C in assimilation run.  Mean RMS difference of modeled and observations SST is 
significantly reduced and approaching to 0.69°C. Surface temperatures of shallow parts were optimized specially near the 
Hormuz Strait. 
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Introduction 
SST is one of the most important variables in 

studying the ocean and the atmosphere and their 
interactions and the accuracy of SST can help the 
better understanding these interactions. Although 
recently coastal models thanks to their improvements 
can simulate many of the characteristic parameters of 
the ocean systems, but the model outputs have some 
errors due to uncertainty in some factors such as 
initial and boundary conditions and the intrinsic 
numerical and input data errors. Data assimilation is 
one of the latest efforts to overcoming on this 
problem. Data assimilation is the combining of 
observational measurements with model information 
in order to reduce and, if possible, correct errors with 
observations. So remotely observed data have been 
combined with the models using data assimilation 
methods in order to decrease the simulation errors. 

The most commonly techniques in data 
assimilation are nudging, 3D and 4D variational 
methods, optimal interpolation (OI) and Kalman filter 
(KF). Manda et al.1 recognized the skill and feasibility 
of nudging method compare to sophistical 
assimilation methods such as the EnKF for estimating 
the upper mixed layer. 

In this study, we used nudging scheme to assess the 
ability of this assimilation scheme to improve the 
structure of the temperature field in a high-resolution 
setup of a FVCOM (Finite Volume Coastal Ocean 

Modeling) model. After the SST assimilation process, 
the modeled oceanic state variables were compared 
with the observed data to evaluate the improvement 
yielded by the assimilation procedure. 
 
Materials and Methods 

The model used for this study is FVCOM, an 
unstructured grid, three-dimensional primitive 
equations fully current–wave–ice coupled finite 
volume community ocean model. This model was 
developed originally by Chen et al.2 and modified and 
upgraded by a joint effort of the University of 
Massachusetts-Dartmouth (UMASS-D) and Woods 
Hole Oceanographic Institution 3. FVCOM is 
governed by seven primitive equations of 
momentums, continuity, temperature, salinity, and 
density in the spherical coordinate, with turbulent 
mixing parameterized by the general ocean turbulence 
model in the vertical and Smagorinsky4 turbulent 
closure scheme in the horizontal.  Flux forms of the 
governing equations are discretized in the 
unstructured triangular mesh in the horizontal and in 
the generalized terrain-following coordinate in the 
vertical 5. FVCOM is integrated with options of 
various mode split and semi-implicit schemes in time 
and the second-order accurate advection schemes in 
space. The unstructured grid finite volume methods 
combine the best attributes of the finite difference 
method for simple discrete computational efficiency 
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and the finite element methods for geometric 
flexibility. Flux computational approach provides an 
accurate representation of mass, heat, and salt 
conservation. 

We used the unstructured mesh and the domain 
wasbuilt with the triangular grid (Figure 1).   

Horizontal resolution of the model grid varies  
from ~5km near the coast to ~25km in the offshore 
region of the Persian Gulf. Total numbers of 
triangular cells and nodes are 30552 and 15779, 
respectively. As the Gulf is a shallow water system 
with a mean depth of ~38m, the sigma coordinate is 
used in the vertical, with a total of 10 uniform layers. 
ArvandRoud is the main freshwater inflow into the 
Persian Gulf which formed by combining the 
Euphrates, Tigris and Karun Rivers6. Climatological 
monthly mean of the river inflow is used with an 
annual mean transport of 1,576 m3/s and high-flow 
seasons between March-May. For vertical mixing and 
horizontal diffusion we used the Mellor-Yamada level 
2.5 turbulence closure7 and Smagorinskyschemes, 
respectively. The external and internal mode time 
steps are 6.0 and 60.0 s, respectively. 

The study period is from 1998 to 2003 based on the 
in situ data availability. Surface forcing including 
daily surface wind, precipitation, evaporation, 
shortwave, longwave radiation, latent and sensible 
heat fluxes, was prepared from ECMWF (European 
Centre for Medium-Range Weather Forecasts) data 
with 0.5 0spatial and 6 h temporal resolutions 
available from 1998 to 2003, containing reanalysis 
product. To modify and localize the wind data set in 
the domain, the results of Abbaspour and et al.8 were 
used. 

Five years of SST data collected between 1998 and 
2003, were selected for assimilation. These data were 
selected due to their low-spatial and high-temporal 
resolutions. Ahmadabadi et al.9 showed the 
maximum, minimum and mean of error for SST in the 
Persian Gulf is 0.77, -0.09 and ±0.43,respectively, 
which are acceptable amounts. 

For assimilation, the daily OISST gridded data 
(Optimum Interpolation SST)with spatial resolution 0.25 
x 0.25-degree10were used and for verification of the 
assimilation procedure,ROPME(Regional Organization 
for the Protection of the Marine Environment) CTD data 
collected in the 2001 summer were used. It should be 
mentioned that a large amount of in situ observations 
was collected during the ROPME cruise in 
2001(Figure2). 

To compare the results of assimilation procedure 
with the In situ measurements, three points separated 
due to their higher depths relative to other stations at 
some locations. The bias and root mean square error 
(RMSE) were used for representationof the results 
quantitativelyas follow:  ݏܽ݅ܤ = ݔ̅ − ܴ  തݕ = ∑ ൫ሺ௫೔ି௫̅ሻ×ሺ௬೔ି௬തሻ൯೙೔సభට∑ ሺ௫೔ି௫̅ሻమ೙೔సభ ∑ ሺ௬೔ି௬തሻమ೙೔సభ   

In which, xi and ݕ௜denote the measured and 
modeled values, respectively. Moreover ̅ݔ andݕത are 
their average values, respectively. 

Although the nudging method is the easiest and 
firsts of data assimilation schemes, but for many 
important applications such as forecast applications 
and operational assimilation systems because of low 
computational cost is very useful and is known as a 
fast and practical method. In this method, the model is 
slowly nudged (relaxed) towards observations at each 
time step in the model via a Newtonian relaxation 
term in the prognostic equation of the variable.  
Nudging method has been used in ocean data 
assimilation by Holland and Malanotte-Rizzoli11 and 
by Malanotte-Rizzoli and Young12. 

Manda et al.1studied the sea surface temperature 
mixing process and used nudging and ENKF methods 
and by comparing the results they showed the skill of 

 

Fig. 1 — (right) The computational mesh of the Persian Gulf, (left) 
The model domain 
 

 

Fig. 2 — Locations of the in situ CTD stations for ROPME-2001 cruise
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the nudging method against the sophisticated nonlinear 
ENKF assimilation method. The feasibility of this 
method has suitable it for the assimilation of satellite 
SST data into many oceanic models. 

The nudging schemeadds a nudging term to the 
prognostic equations would look something like 
ݐݑ߲߲  = ሻݑሺܯ + ௢௕௦ݑ − ௥߬ݑ  

 
Where߬௥and Mare the relaxation time and the 

model equations respectively. 
 
Results and Discussion 

The results of a five -year integration, starting first 
January 1998 is presented.  Simulated SST are averaged 
over the integration period and are compared to results 
of survey carried out in this region. To study the effect 
of SST assimilation, the model was run in two stages 
with the same design: the control run (without 
assimilation) and assimilation run.  Results were 
compared with databases. Figure 3 presents the daily 
averaged SST of control and assimilated run compared 
with OISST in the whole domain.  

The time is given as the number of years from the 
start of assimilation. As can be seen the the 
assimilated run results have a close neighboring with 
the OISST data and both have an equilibrium mean 

state of ~27 o C. In contrast, the SST of the control 
run shows a cold drift for the first year and reaches 
significantly colder equilibrium state of ~26 o C  
(Figure 3). As can be seen in the control run SSTs, 
although its coverage is low at the beginning of the time 
series, but gradually increases to almost 26 o C. The first 
comparison showed that the assimilation SSTs is almost 
closer to OISST than the control run in all years. 

To examine overall SST biases, Figure 4 shows 
thedifferences of the control and assimilation run with 
respect to OISST as time series. It should be 
mentioned that the OISST was selected as the 
standard of comparison in this study. 

As can be seen from this figure, the assimilation 
SSTs matches better with OISST in comparison to 
control run SSTs. Adversely, the control run SSTs 
differ considerably with OISST during the whole run 
time. Moreover, this figure demonstrates the good 
performance of the application of data assimilation 
procedure over the whole years. The SST variations 
trend can also be extracted from this figure. 

The assimilated simulation demonstrates significant 
capabilities in reproducing general spatial pattern of the 
SST, with larger variations in the northwest coast of the 
region and smaller in the southeast part near the Strait 
of Hormuz(Figure 5). 

As was mentioned, the comparison of the model 
and the OISST data confirms the improvement of the 
results due to the assimilation procedure. Specially 
the improvement of the results at three regions 
consisting of the northwest, the strait and at the 
southern parts of the domain is quite obvious. 

The RMS differences of the control run SSTs and 
assimilation run SSTs relative to the OISST during 
the modeling time are shown in Figure 6. As can be 
observed from this figure, the Assimilation has also 
increased the accuracy of SSTs. This figure also 
shows that the model accuracy in both runs in deep 
water regions is better than the results in shallow 

 

Fig. 5 — Spatial distributions of 5-years averaged SST from 
Assimilated run, OISST and Control run 

 

Fig. 3 — Time series of daily mean SST with and without
assimilation compared with OISST 
 

 

Fig. 4 —Control and assimilation run SST differences with respect to
OISST for 1998-2003 
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