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ABSTRACT 
This work is part of a project for implementing an oceanographic forecasting system for the 
Amazon shelf and adjacent oceanic region. In this phase, we evaluated the algorithm for 
assimilation of sea surface height (ESM) and temperature (SST) in the hydrodynamic model. 
From twin experiments, we observed an increase of 50% in the ability to reproduce the control 
ocean, comparing values of mean squared error between simulations WITH and WITHOUT 
data assimilation. The model was able to satisfactorily reproduce the main oceanographic 
features of the region: North Brazil Current (NBC), its eddies and retroflection, and tide 
circulation. 
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INTRODUCTION 
In recent years, a worldwide effort has been made to increase the predictability of 
oceanographic models, essentially based on data assimilation in real time. However, despite 
the environmental and economic importance of the Amazon region, there are no operating 
systems for diagnosis and prognosis of currents, able to provide the necessary information to 
estimate, for example, the trajectory of a possible oil spill in the sea. 
In order to start a system of operational forecasting of currents in this region, a methodology for 
the daily data assimilation was applied, making the model to be continuously supplied with 
satellite data so that their solutions will not differ from the values observed in nature. The 
objective of this study was to evaluate qualitatively and quantitatively the performance of this 
methodology. 
 

 
MATERIALS AND METHODS 
The model used was the POM (Princeton Ocean Model) (BLUMBERG and MELLOR, 1987). 
The grid has 200 points at x, 150 points at y (extending from 54 ° to 38 ° W and 4 ° S to 8 ° N, 
approximately), with spatial resolution ranging from 5 km, in the coastal region, and 40 km, as it 
approaches the northern limit of the domain. In the vertical, 20 sigma levels were defined: three 
logarithmic surface layers and two at the bottom. Monthly climatology data for temperature, 
salinity and barotropic velocity, obtained from a global model (ASSAD et al., 2009), were used 
in the lateral boundaries. The model included three important inputs: wind (NCEP reanalysis), 
tide (TPXO model) and river flow. The total flow of the Amazon River was included according to 
a sinusoidal function in time with values between 120,000 m3 s-1 (December) and 240,000 m3 
s-1 (June). 
The methodology for validating the assimilation algorithm is based on an approach called twin-
experiments, where there is a control simulation, which corresponds to the "real ocean", from 
which is extracted the data to be assimilated into another category of simulations, with initial 
conditions different from the control (HOLLAND and MALANOTTE-RIZZOLI, 1989). 
The control period was of 50 days, between days 685 and 735, from a simulation of 835 days. 
The initial conditions of the experiments WITH and WITHOUT assimilation are referent to day 
490. During the 50 days, the first temperature level (simulating SST) and the elevation field 
(simulating altimetry data) were extracted from the control, with daily frequency. These two-
dimensional fields were converted into three-dimensional mass fields (temperature and salinity) 
and assimilated in the experiment WITH assimilation. It is expected that, over time, the results 
of the experiment WITH data assimilation converge to the control with smaller errors than the 
experiment WITHOUT assimilation. 
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The assimilation scheme was based on Mano (2007), where the surface data are extrapolated 
along different depths using statistical correlations (EZER and MELLOR, 1997) and assimilated 
by a nudging algorithm that includes a weight proportional to the correlation of each parameter 
(T or S) between a given depth and the sea surface. 

 

 
RESULTS AND DISCUSSION 
The mean surface circulation obtained (not shown) shows the CNB, flowing toward W-NW, with 
magnitudes of up to 1.3 m s-1, and its retroflection to east around 5°N. These characteristics 
are consistent with the literature (SILVEIRA et al, 1994; JOHNS et al, 1998; ARNAULT et al, 
1999). Instantaneous fields showed perturbations (eddies and meanders) and tidal circulation 
also compatible. 
Figure 1 shows the surface current field at the end of the study period, for the control and for 
experiments WITH and WITHOUT data assimilation. It is possible to see that the assimilation 
scheme really did the surface circulation become more similar to the one observed in the 
control. Both in the control and in the experiment WITH assimilation, it is observed the following 
pattern: to the south of 4°N, CNB flow to W-NW with a maximum speed of 1.4 m s-1 off the Foz 
do Amazonas, and to the north of this latitude, retroflection and recirculation of CNB. In the 
other hand, the experiment WITHOUT assimilation showed the highest velocities near the 
eastern boundary and generated a eddy centered at 3.5°N and 46ºW nonexistent in the control. 
 

 

  
Figure 1: surface current field in the day 50 of the study period in control (top), in the experiment 
WITHOUT assimilation (down left) and in the one WITH assimilation (down right). 
 
To quantify the improvement due to the data assimilation, Figure 2 presents a plot of the 
effectiveness of the method by evaluating the U and V components of the surface current. An 
efficacy of 0% means that the mean squared error (compared to control) of the experiment 
WITH assimilation is equal (or greater) to the error of the experiment WITHOUT assimilation, 
and an efficacy of 100% means that the error of the experiment WITH assimilation is null. The 
method achieves a performance higher than 50% at the end of the period, i.e., data assimilation 
improves by more than 50% the ability to simulate the real ocean. 
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Figure 2: Evolution in time of the effectiveness of the assimilation method related to the 
components of the surface circulation, U component (left) and V component (right)  

 

 
CONCLUSIONS 
Qualitatively, the model was able to satisfactorily reproduce the CNB and tidal circulation. 
Furthermore, the surface circulation of the experiment WITH assimilation at the end of the study 
period was very close to the control. In quantitative terms, the assimilation method increased by 
over 50% the ability to reproduce the control. 
Within the context of the current forecasting system, the model is able to: (1) use lateral and 
surface bounday conditions, varying in time with the resolution of interest, (2) enter the main 
external forcing for the region: tide, wind and river flow, also varying in time, and (3) assimilate 
real SST and ESM data in order to improve the ability to forecast the real ocean. Currently the 
system is in the pre-operational stage, performing daily forecasts for a period of 5 days. 
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