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ABSTRACT 
 
Global forecast models have been widely used worldwide; however, they 
lack ability to prescribe high quality local data. In this paper, an assembly of 
oceanographic (RTOFS) and atmospheric (GFS) global data base are used 
to set up a nested forecast system. The approach proposed relies on the 
usage of python and FORTRAN scripts to download and assemble global 
metocean data, in addition to interpolate it towards the study area numerical 
grid as boundary conditions. Therefore, the TELEMAC-3D hydrodynamic 
model is automatically initiated in order to provide the regional forecast for 
the Southern Brazilian Continental Shelf. Results shows that the 
methodology proposed represent properly the flow dynamics inside the 
Patos Lagoon and also in the Tramandaí beach, with low/high frequency 
dynamic effects and influences being reported. 
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NOMENCLATURE 

 
GFS  Global Forecast System 
NLR  Naval Research Laboratory 
GODAE Global Ocean Data Assimilation 

Experiment 
TR Tramandaí 
RG Rio Grande 
open TELEMAC- MASCARET Suite of 

mathematical solvers 
TELEMAC-3d Hydrodynamic 3D model 
RTOFS Real Time Ocean Forecast System 
NOAA National Oceanic and Atmospheric 

Administration 
HYCOM HYbrid Coordinates Ocean Model 
NCODA North-American Navy assimilation system  
UTM Universal Transverse Mercator coordinate 

system 
openDAP Open-source Project for a Network Data 

Access Protocol 
netCDF4 Network Common Data Form 

NOMADS NOAA Operational Model Archive and 
Distribution System 

OTPS Oregon State University Global Tidal 
Solutions 

STJ Subtropical Jet  
NE North-east 
SO South-west 
STCZ Subtropical Convergence Zone 
ENSO El Niño-Southern Oscillation 
SSH Sea surface height 
 
INTRODUCTION 
 

Climate forecast numerical models produced by 
combining models with observations provide 
mathematical descriptions of the recent climate. 
Global forecasting systems deliver estimates for all 
locations on earth, and they span a long period that 
can extend back by decades or more. Forecasting 
involves the collection, preparation, and assessment 
of climate observations, ranging from early in-situ 
surface observations made by meteorological 
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observers to modern high-resolution satellite data sets 
(Kalnay and Kanamitsu, 1996). 

Computational advances and geostationary 
satellites enhanced the quality of atmospheric 
forecasts. The Global Forecast System (GFS) is the 
most used atmospheric forecasting model in the 
world, among several other models that are currently 
operational (Lynch, 2008). 

The development of oceanographic forecasting 
systems occurred considerably later than atmospheric 
systems. The earlier operational oceanographic 
forecasts were developed by the Naval Research 
Laboratory (NLR) and date back to late 1990’s 
(Kalnay and Kanamitsu, 1996; Smedstad et al., 
2003). The Global Ocean Data Assimilation 
Experiment (GODAE) directly invested and 
propelled the development of oceanic global 
forecasting systems and oceanographic data 
assimilation by investing (Dombrowsky et al., 2008). 

The study area (figure 1) is located in the 

eastern margin of South America, between 28 °S and 
35 °S, including the Rio Grande do Sul and southern 
Santa Catarina coasts, and the Patos Lagoon. The 
region dynamics is inserted within the Southern 
Brazilian Continental Shelf. 

The PCSB has a wide continental shelf 
influenced by the Brazilian Current and the Malvinas 
Current. It is strongly marked by the presence of 
tropical, subtropical and polar water masses, with 
distributions that change in different timescales 
(Palma et al., 2004a,b, 2008). Additionally, a density-
driven circulation transports waters of the La Plata 
river plume and colder, nutrient-richer waters, 
towards the south of Brazil (Soares et al., 2007a,b).  

Locally, interactions between the Patos Lagoon 
and La Plata river plumes control the circulation of 
the inner continental shelf, affecting the local 
biological production (Marques et al., 2009, 2010a,b; 
Seeliger and Odebrecht, 2010). 

 

 
 

Figure 1. Study area. Red dots (TR, RG) represent the points where the time series were taken. The regions of 
Rio Grande Harbor and Tramandaí are shown in details. 
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METHODOLOGY 
 

Hydrodynamic processes were simulated 
using the tridimensional hydrodynamic model 
TELEMAC-3D, developed within the frame of the 
open TELEMAC- MASCARET consortium. 
TELEMAC-3D solves the Navier-Stokes equation 
considering the local variations on the fluid free 
surface, neglecting density variations in the mass 
conservation equation, and using the Boussinesq 
approximation to solve the momentum equations 
Hervouet (2007). 

The numerical domain was discretized using 
the finite-element technique and equally-spaced 
vertical sigma levels, resulting in a numerical mesh 
with higher spatial resolution at regions of interest. 
This discretization scheme avoids the costs of mesh 
nesting, such as discontinuities and higher 
computational cost (Neta, 1992). A complete 
description of the TELEMAC-3D model and the 
finite-element technique are provided by Hervouet 
(2007). 

The Global Forecast System - GFS carried out 
by NOAA (Kanamitsu et al., 1991) provided 
meteorological data required for hydrodynamic 
forecasting. The GFS model is one of the 
production models used by the National Centers for 
Environmental Prediction - NCEP to perform 
global atmospheric forecasts. The model 
formulation is based on traditional conservation 
laws of momentum, energy and mixing, solved for 
a Gaussian grid with 28 km of horizontal spatial 
resolution. Wind, temperature and precipitation 
fields’ forecasts can reach up to fifteen days with 

acceptable reliability (Stopa and Cheung, 2014). 
Oceanographic data were provided by the Real 

Time Ocean Forecast System - RTOFS, a project 
ran by NOAA (Bleck, 2002). It consists of an 
operational implementation of the HYbrid 
Coordinates Ocean Model - HYCOM with a 
0.03125°spatial resolution and 34 vertical hybrid 
levels (Chassignet et al., 2006). The RTOFS can 
adequately solve mesoscale oceanic vortex and 
broader scale structures, such as western boundary 
currents. 

RTOFS is run once a day, providing two days 
of nowcast and six days of forecast. The initial 
conditions are set using tridimensional fields of 
temperature, salinity and sea level. The data is 
provided by the North-American Navy assimilation 
system NCODA (Cummings, 2005). 
 
THE FORECASTING SYSTEM 
 

The forecasting system structure is schematic 
according to figure 2. The forecast starts with three 
scripts that download the data used to set the initial 
and boundary conditions. A CRON job 
automatically initializes the scripts every day at 20Z 
(UTM time). The RUN_OPERATION calls the 
scripts TELEMAC_INIT and TELEMAC_ATM, 
and the Steering_file function, either manually or 
automatically (if configured to be called by the 
CRON job). At this point, all the parameters and 
files are configured, so the code is compiled, and 
the FORECAST.exec is executed and starts the 
post-processing of the results. 

 
 

 
Figure 2. Operational forecast structure. From above to bottom: data acquisition, initial and boundary conditions 

creation, update of FORTRAN parameterization file, compile, execution of the code and post processing. 
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Figure 3. Atmospheric pressure, air temperature, intensity and wind direction in Tramandaí during the studied 

period. Gray and blue points represent all observed values, while the black and blue curve stands for the best fit 
for the forecast variability. The wind is represented by the wind rose on the right. 

 
First, the GET_GFS_FORECAST access the 

NOMADS server using openDAP protocols and 
downloads the air temperature, atmospheric 
pressure at the sea level and the components of 
wind velocity at 10 m of height above the sea level. 
The data is written in the netCDF4 format to the 
local disk. The script builds the atmospheric 
database and also generates graphical visualizations 
of the air temperature, pressure and wind fields. 
The data has 3h of temporal resolution and 0.5 
degrees of spatial resolution, covering the region 
comprised between -40°S and -10°S; and -60 to -
30°W. 

The GET_RTOFS_2DVARS script 
downloads the bidimensional variables of the 
RTOFS, with a temporal resolution of 3h, a spatial 
resolution of 1/32 degrees, covering the same area 
of the atmospheric database. These variables are not 
directly used for forecasting. However, maps of sea 
surface temperature and surface currents are drawn 
to examine the integrity of the data. The access to 
the NOMADS servers is performed using the 
openDAP protocols. 

Finally, the GET_RTOFS_3DVARS script is 
started and access the oceanographic data that will 
be used to run the forecast, i.e., tridimensional 
fields of temperature, salinity, and currents, with a 

temporal resolution of 24h and spatial resolution of 
1/32 degrees. The data is written locally using the 
netCDF4 format. Once all the data is downloaded, 
and their integrity is verified, the 
RUN_OPERATION starts to run. 

The data prepared by the TELEMAC_INIT 
and TELEMAC_ATM scripts are accessed by the 
TELEMAC-3D when it starts running. The model 
internally interpolates the data for each time step, 
creating the boundary conditions. The model 
returns an error message and stops the forecasting if 
any of the data files is corrupted or contains less 
data than expected. 

The RUN_OPERATION script is called when 
the simulations are finished, and cleans the 
temporary files, moves the results to their final 
destination, sends an email informing the end of the 
operation and calls the post-processing scripts. 
 
SUPERFICIAL AND BOUNDARY 
CONDITIONS FOR TELEMAC-3D 
 

The hydrodynamic model uses temperature, 
salinity and velocity tridimensional data as initial 
conditions. Tridimensional RTOFS data are 
accessed and linearly interpolated to the 
unstructured numerical domain. The tridimensional 

 

 
Figure 4. Wavelet for the atmospheric pressure curve (presented in figure 3) in Tramandaí. Local power 
spectra calculated with Morlet Wavelet (m = 6); Thick contour lines enclose regions of greater than 95% 

confidence for a red-noise process with a lag-1 coefficient of 0.95. Cross-hatched regions indicate the cone of 
influence where edge effects become important. 
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Figure 5. Wavelet for the wind intensity in Tramandaí. a) Variation time series for the wind intensity for the 
entire simulated period. b) Local power spectra calculated with Mexican Hat Wavelet (m = 2); Thick contour 
lines enclose regions of greater than 95% confidence for a red-noise process with a lag-1 coefficient of 0.95. 

Cross-hatched regions indicate the cone of influence where edge effects become important. 
 
structure of the sigma levels is rebuilt, and then the 
RTOFS planes that most coincide with the 
TELEMAC-3D planes are determined and assigned 
as initial conditions. The tides were imposed 
directly on TELEMAC-3D (Pham and Lyard, 2012), 
with the results from the OTPS Global Tidal 
Solutions (Edgbert and Erofeeva, 2002) developed 
by the Oregon State University. 

A similar procedure is executed to incorporate 
the superficial forcing (wind fields, atmospheric 
pressure, and air temperature). RTOFS regularly 
gridded data are interpolated to the unstructured 
grid; however, the process evolves in time, so data 
files containing superficial conditions are generated 
every 3h. 

River discharge is a major forcing of the Patos 

Lagoon circulation and formation of its plume 
formation (Marques et al., 2009, 2010b,a). Tough, 
real-time discharge measurements are not available, 
neither a hydrological forecasting system. In this 
work, we used average discharges of the Jacuí-
Taquari system (1000 ms−3), Camaquã (700 ms−3) 
and São Gonçalo (600 ms−3) rivers obtained by 
Marques (2012) to force liquid boundaries. 

 
RESULTS AND DISCUSSION 
 
Atmosphere Forecast 
 

Figure 3 shows the variability of air 
temperature, atmospheric pressure and wind 
intensity on TR. Gray (blue) dots represent all 

 

 
Figure 6. Atmospheric pressure, air temperature, intensity and wind direction in Rio Grande during the studied 
period. Gray and blue points represent all observed values, while the black and blue curve stands for the best fit 

for the forecast variability. The wind is represented by the wind rose on the right. 
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Figure 7. Wavelet for the atmospheric pressure curve (presented in figure 6) in Rio Grande. Local power 
spectra calculated with Morlet Wavelet (m = 6); Thick contour lines enclose regions of greater than 95% 

confidence for a red-noise process with a lag-1 coefficient of 0.95. Cross-hatched regions indicate the cone of 
influence where edge effects become important. 

 
pressure (temperature) values obtained by each 
forecast, and the black (blue) line represents the 
curve that best fits the forecast variability, obtained 
by averaging the values with a 24 h running 
window curve that best fits the forecast variability, 
obtained by averaging the values with a 24 h 
running window. 

Alternated low and high pressures 
(temperatures) are associated with the passage of 
cold fronts and to the formation of the South 
Atlantic High-Pressure Center, respectively. At 
least three low-pressure events occurred during the 
simulated period, followed by a decrease of air 
temperature and subsequently by high pressure and 
warmer temperature. 

Three main meteorological systems control 
the atmospheric dynamics in South America. The 
South Atlantic High-Pressure Center and the Polar 
Mobile Anticyclone are high-pressure zones, and 
the region comprised between both is a depression 
where winds from both systems converge (Gan, 
1992). Such convergence creates the cold front 
cyclonic circulation, generally associated with the 
Subtropical Convergence Zone and the Brazil-
Malvinas confluence (dal Piva et al., 2008). 

Figures 4 and 5 shows wavelet analyses of 
atmospheric pressure and wind intensity, 
respectively, in Tramandaí. The results within the 
95% significance level indicate that the atmospheric 
pressure has energetic cycles with periodicities of 
32 to 256 hours. Such cycles reflect the passage of 
frontal systems with southwesterly winds (low 
pressure) and the restoration of the northeasterly 
winds (high pressure). 

Stringari and Marques (2014) observed 
synoptic systems with the same time scale for the 
Tramandaí region during the summer of 2012, 
analyzing the cross-correlation between currents 
intensity and wind intensity. Wavelet analysis of 
wind intensity (figure 5 b.) has significant cycles 
with shorter duration (8 to 32 hours) which may 
correspond to the variability associated with 

marine/terrestrial breeze. 
Figure 6 presents the atmospheric variables on 

RG. The results are similar to those shown in figure 
3, with a remarkable alternation of low and high-
pressure systems in response to the passage of cold 
fronts and the restoration of the South Atlantic 
high-pressure system. 

However, the temperatures are lower in RG 
when compared to Tramandaí, which is probably 
due to the latitudinal difference among both 
locations. The winds in RG are distributed between 
the N and W quadrants, whereas in Tramandaí the 
winds mostly align with the NE-SO axis. The 
Subtropical Jet (STJ) position is an important factor 
determining the atmospheric conditions observed in 
Rio Grande and Tramandaí during the study period. 
Synoptic maps produced during the forecasts 
indicate that the STJ was displaced southwards to 
its normal position, which implies that polar frontal 
systems reaching the region are deflected towards 
the ocean. This blockage causes trapping of the 
winds from SW in the southern portion of the 
continent and causes the differences observed 
between RG and Tramandaí. 

According to Grimm (2003), during ENSO 
events, the subsidence of the air in the Walker Cells 
is weakened by the warming of the equatorial 
Pacific waters. It allows the formation of jets at the 
higher layers of the atmosphere, bringing dry air to 
the Northeast and Southeast’s regions of Brazil and 
causing above average precipitation in Southern 
Brazil. 

Part of this dry air mass originated in the 
equatorial Pacific ocean feeds the Subtropical 
Convergence Zone (STCZ) at 30 °S, increasing the 
blockage of frontal systems. The Walker Cells 
weakening during ENSO events intensifies the STJ 
and the STCZ, which modifies the position of the 
South Atlantic High- Pressure System and then the 
direction and intensity of the winds observed in the 
state of Rio Grande do Sul coast. Guim (2010) 
analyzed  wind  intensity  and  direction  data  from 
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Figure 8. Wavelet for the wind intensity in Rio Grande.  a) Variation time series for the wind intensity for the 

entire simulated period.  b) Local power spectra calculated with Mexican Hat Wavelet  (m = 2);  Thick  contour  
lines  enclose  regions  of  greater  than  95%  confidence  for  a red-noise process with a lag-1 coefficient of 0.95.  

Cross-hatched regions indicate the cone of influence where edge effects become important. 
 

 
Figure 9. Sea surface height (SSH) high frequency variation for Tramandaí (a) and Rio Grande (b).  The light 
blue (green) envelop indicates the variability of the results in all simulations performed while the dark blue 

(green) line stands for the best fit of observed values.  The error bars indicates one standard deviation of error. 
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2006 to 2008 and found the same blockage effect 
during ENSO events. 

Figures 7 and 8 shows wavelet analyses of 
atmospheric pressure and wind intensity on RG. 
The Mexican Hat wavelet, with m = 2, showed the 
best adjustment for the series. The observed pattern 
is similar to Tramandaí, where the atmospheric 
pressure is described by a synoptic variability 
controlled by the passage of frontal systems, 
whereas the winds capture shorter cycles. 
 
Hydrodynamic Forecast 
 

The analysis process is similar to the one 
applied to atmospheric variables. All forecasts were 
plotted continuously, superimposing different 
values for the same day. This variability is 
represented in the figures by dashed envelopes, and 
a curve is adjusted to represent the desired 
frequency by applying of a moving average. To 
represent high (low) frequencies, the curves were 
adjusted for 3h (96h). The standard deviation of 
each day is represented by vertical bars. Blue colors 
represent Tramandaí data, and Green colors 
represent Rio Grande. 

Figures 9a. and 9b. shows the high-frequency 
results of sea surface height (SSH), respectively on 
TR and RG. The tidal variability is observed in both 
locations, with a daily cycle and a syzygy-
quadrature cycle. 

Both series are disturbed by less regular 
cycles, probably associated with atmospheric 
forcing. The amplitude variability of Rio Grande is 
about half the values observed for Tramandaí. The 
difference is due to the attenuation of tides imposed 
by the Patos Lagoon estuary, which restricts the 
tidal influence in the Patos Lagoon (Fernandes et 
al., 2004). 

The forecasts result variability reflects the 
model sensitivity to the initial conditions. However, 
the adjusted series with their standard deviations 
are always inside or very close to the total 
variability envelope, indicating that the model 
forecasts are plausible conditions. If the standard 
deviations of the adjusted series had considerably 
diverged from the total variability envelope, it 
would indicate that consecutive forecasts had 
presented entirely divergent results. 

Figures 10a. and 10b. show the low-frequency 
(subtidal) results of sea level, respectively on TR 
and RG. The time series were obtained by applying 
a 96h running mean on the forecasting results.  Two 
syzygy-quadrature cycles and perturbations caused 
by meteorological systems are distinctively 
observed in Tramandaí. However, the tidal cycles 
are not easily observed in Rio Grande due to its 
location inside the Patos Lagoon estuary. 

According to Kjerfve (1986), the surface flow 
of choked lagoons is predominantly ruled by the 
wind, because the complex morphology increases 
the relative effect of the shear stress and reduces the 

amplitude of tidal waves that propagate towards the 
estuary (Woo and Yoon, 2011). Moller et al. (2001) 
studied the influence of local and remote winds, 
observing sea level heights similar to the present 
work. Many other studies corroborate the sea level 
results found (Marques et al., 2010b, 2009; 
Fernandes et al., 2002, 2004; Moller et al., 2001, 
1996). 

Analysis of sea level amplitude variability 
directly shows that the model’s performance was 
satisfactory. However, it does not reveal which 
processes cause the variability. Hence, we 
performed wavelet transforms for Rio Grande and 
Tramandaí to separate those effects. 

The global wavelet spectrum (figure 11) 
shows the separation of processes in a low-
frequency cycle (temporal scale of days) and a 
high-frequency cycle (temporal scale of hours). The 
low-frequency cycle represents the passage of 
frontal meteorological systems and the subsequent 
restoration of the South Atlantic Anticyclone, 
similar to the findings of Stringari and Marques 
(2014) for the Summer of 2012. The most energetic 
processes of high-frequency (figure 11, between 8 
and 36 hours) have periodicities corresponding to 
the daily tidal oscillations. 

On the other hand, it is not possible to observe 
the separation of processes occurring in cycles of 
low and high frequencies in Rio Grande (figure 12). 
High-frequency cycles are not as remarkable as 
they are in Tramandaí, due to the attenuation of the 
tidal influence imposed by the narrow channel that 
connects the estuary to the continental shelf 
(Fernandes et al., 2004). Moreover, the local and 
remote effects of the wind acting over the coastal 
zone and the lagoon body may be masked in the 
local energy spectrum. 

Moller et al. (2001) observed that winds from 
the NE quadrant could block the entrance of tidal 
waves towards the estuary because the winds 
directly oppose the tidal propagation. Moller et al. 
(2001) and (Fernandes et al., 2004) observed that 
additionally to the attenuation of tidal oscillations, 
subtidal cycles are filtered in the mouth. 

 
CONCLUSIONS 
 

The present work is focused on the utilization 
of global forecasting systems together with the use 
of the TELEMAC-3D to create an operational 
system for forecasting the hydrodynamics of the 
Southern Brazilian Continental Shelf. According to 
the proposed objective, the main results are 
summarized as follows: 

• The system was operational during the 
period comprised between 01/07/2014 to 
31/08/2014, resulting in a database with 800 GB; 

• The results obtained during the simulation 
period were discussed regarding the quality of the 
generated forecasts; 
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Figure10. Sea surface height (SSH) low frequency variation for Tramandaí (a) and Rio Grande (b).  The light 
blue (green) envelop indicates the variability of the results in all simulations performed while the dark blue 

(green) line stands for the best fit of observed values.  The error bars indicates one standard deviation of error. 
 

 
Figure 11. Wavelet analysis for sea surface height in Tramandaí.  a) Time series of SSH for the  entire  simulated  
period.  b)  Local  power  spectra  calculated  with  Mexican  Hat  Wavelet (m = 2);  Thick contour lines enclose 
regions of greater than 95% confidence for a red-noise process with a lag-1 coefficient of 0.95.  Cross-hatched 

regions indicate the cone of influence where edge effects become important. 
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• Analysis of atmospheric variables indicate 
that processes occur in two different time scale: a 
low-frequency time scale represented by the 
passage of frontal meteorological systems over the 
region and another a high- frequency timescale, 
probably related to marine breeze circulation; 

• The sea level variations were used as model 
performance diagnose variable. Low-frequency 
cycles are related to syzygy-quadrature tidal cycles, 
and high-frequency cycles may reflect either daily 
tidal cycles, inertial oscillations, and barotropic 
circulation; 

 • Future works will be focused on coupling 
the hydrodynamic forecast model to operational 
modules of local and regional importance, to 
analyze oil spills, wastewater dispersion, and ship 
dynamics. 
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