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ABSTRACT   

 

Sousa, M. C., Alvarez, I, Vaz, N. and Dias, J. M, 2011. Evaluating QuikSCAT wind data to study wind induced 
coastal phenomena along the Galician Coast. Journal of Coastal Research, SI 64 (Proceedings of the 11th 
International Coastal Symposium), 445 – 449. Szczecin, Poland, ISSN 0749-0208 

The wind regime is studied at the Western Galician coast (NW Iberian Peninsula) using a comparative analysis 
of two different wind datasets: QuikSCAT satellite and meteorological data collected at stations situated near the 
coast. The main interest of this research is to evaluate if the wind data from QuikSCAT can be used to study 
wind induced coastal phenomena. These datasets allow an adequate statistical assessment between QuikSCAT 
and meteorological wind data, which has been carried out by analyzing the correlation, mean error, root mean 
square errors, wind speed and directional bias. The results showed that the wind regime was similar for both 
datasets and presented the same pattern and similar speed during the whole periods. The wind direction was 
approximately the same, although some differences were observed in wind speed, with higher values at the 
points located offshore. Positive bias of the meteorological with respect to the satellite data was observed, 
indicating that meteorological data is anticlockwise rotated with respect to satellite data. Some errors due to wind 
direction arise, hence the relatively high RMSE values, which reach their highest in Peinador meteorological 
station. A seasonal behavior arose in wind speed ME and RMSE, with the highest values in winter. The results 
demonstrated that the study of wind induced phenomena near the coast, such as upwelling events, may be 
performed using QuikSCAT satellite data, which revealed to be an useful and reliable tool to obtain 
representative wind data near the coast.  
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INTRODUCTION 
The Western Galician coast (NW Iberian Peninsula) has an 

important hydrographical and biogeochemical activity, mainly 
attributable to coastal upwelling processes, which occur in spring-
summer. This upwelling generates a great primary productivity 
which can support the high fishery and aquaculture yields in this 
region. The coastal geometry and topography modulates the wind 
regime, and previous studies have shown that the summer and 
winter wind patterns are not necessarily representative. Summer 
patterns (northerly wind) may dominate in winter and winter 
patterns (southerly winds) may dominate in summer, depending 
on the coastal area (Torres et al., 2003; Gómez-Gesteira et al., 
2006).  

In this way, the analysis of wind regime along this coast 
constitutes an important task, although the lack of real wind 
measurements over the coast, near the shoreline, turns this 
analysis very difficult.  

In order to overcome this difficulty, data provided by the 
QuikSCAT satellite can be used to study the wind regime in the 
open ocean and near coastal area. Remote sensing from satellites 
can provide information in regions where traditional surface-based 
observations are not available, as the case of the Galician coast. 
Thus, satellite data are a useful tool to analyze this area helping to 

better understand the processes which take place, as for example 
the upwelling events.  

During the last years, several studies have been published with 
comprehensive statistical analysis of QuikSCAT data compared to 
buoys, meteorological stations and model results. Chelton and 
Freilich (2005) estimated an accuracy of 1.8 ms-1 and 14º in wind 
speed and direction, using data from buoys and QuikSCAT from 
August 1999 to July 2000. A regional study over the 
Mediterranean Sea was performed by Accadia et al. (2007), in 
order to verify the 0.1º horizontal resolution QBOLAM regional 
model outputs against the QuikSCAT data and comparing both 
datasets with buoy measurements from January 2001 to December 
2002. Their comparison showed that the QuikSCAT wind speed 
was lightly biased, ranging from 0.5 to 1.5 ms-1 in the Western 
Mediterranean Sea and close to zero in the Aegean Sea. The bias 
for the wind direction (5º and 15º) was small if was associated 
with a high standard deviation. In the southwestern Iberian 
Peninsula, Sánchez et al., (2007) compared QuikSCAT wind 
measurements with winds from anemometer stations. They 
concluded that anemometer wind data can be used for descriptive 
purposes of the nearby ocean winds. Also in the Iberian Peninsula, 
along the Galician coast, Penabad et al. (2008) compared wind 
measurements obtained by QuikSCAT satellite and wind forecasts 

Journal of Coastal Research SI 64 445 - 449 ICS2011 (Proceedings) Poland ISSN 0749-0208



446

 

Journal of Coastal Research, Special Issue 64, 2011 

Evaluating QuikSCAT wind data to study wind induced coastal phenomena along the Galician Coast 

from two different operational numerical models revealing similar 
results between models and satellite data. 

In this work, the wind regime at the Western Galician coast is 
studied using a comparative analysis between surface winds 
obtained from the QuikSCAT satellite in locations at a distance of 
about 50 km from the nearest shoreline and meteorological data 
measured at three stations located along the coast. This 
comparison will allow evaluating QuikSCAT wind data quality in 
order to access its applicability to study wind induced coastal 
phenomena. 

DATA AND METHODS 

Data 
Wind data used in this study were obtained from two different 

datasets. The first one consists of surface winds obtained from the 
QuikSCAT (Quick Scatterometer) satellite, which are available 
from July 1999 and retrieved from the Jet Propulsion Laboratory 
web site (http://podaac.jpl.nasa.gov/ quikscat/qscat_data.html). 
This dataset consists on global grid values of meridional and zonal 
components of wind, measured twice a day in an approximately 
0.25º × 0.25º global coverage grid. QuikSCAT data are given in 
an ascending and descending pass. Data corresponding to one pass 
present numerous shadow areas, therefore an average between 
both passes was considered to increase the coverage. Wind speed 
measurements range from 3 to 20 ms-1, with an accuracy of 2 ms-1 
and 20º in direction (JPL, 2001). The reference height of wind 
data is 10 m. In addition, it is necessary to take into account that 
the wind data close to the coast (~25 km) are not available due to 
the existence of a coast mask. The time series used in this study 
results of the data extraction at 3 points: A (42º35’N, 9º30’W), B 
(42º13’N, 9.30’W) and C (41.41ºN, 9.30’W) located at a distance 
of about 50 km from the nearest shoreline (Figure 1). 

The second dataset corresponds to the wind supplied by the 
“Instituto Nacional de Meteorologia” of Spain for the 
meteorological stations situated at Corrubedo (42º35’N, 9º6’W) 
and Peinador (42º13’N, 8º38’W), and “Administração do Porto de 
Viana do Castelo” at the Viana do Castelo meteorological station 
(41º41’N, 8º50’W) (Figure 1). For the two first stations, the wind 
is measured four times a day over the period January 2000 to 
December 2001 and for the last station it is measured every ten 
minutes over the period November 2008 to October 2009. 

Methodology 
In order to analyze the relation between offshore and coastal 

wind behavior in the Western Galician coast, an adequate 
statistical assessment between QuikSCAT and in-situ 

meteorological wind data was performed. This analysis was 
carried out in terms of the minimum, mean and standard deviation 
of the wind speed and direction.  

Due to the different location, meteorological and satellite wind 
data do not necessarily represent the same measurement. Austin 
and Pierson (1999) showed that satellite scatterometer winds 
represent synoptic scale winds with mesoscale fluctuations 
removed. Besides the tidal and other supra-inertial effects, coastal 
winds often exhibit diurnal cycles caused mainly by the land–sea 
interaction, in the form of breezes. These may be significant in 
locations with strong land–sea temperature gradients. With the 
purpose of removing the mesoscale fluctuations present in the 
meteorological stations datasets, these data were low-pass filtered 
with an arbitrary low-pass filtered response of 33 h (Limeburner, 
1985). 

The statistics used for the comparison include the wind speed 
and direction correlations (r), which provide an estimate of the 
degree of linear relationship between the QuikSCAT and the in-
situ meteorological stations. 

In order to evaluate the difference between the satellite and 
meteorological data the mean error (ME) and root mean square 
error (RMSE) are computed for wind speed and direction. The 
mean wind speed and directional biases (satellite minus 
meteorological data) have also been computed to identify 
systematic differences. Positive (negative) values in direction bias 
indicate that the satellite is anticlockwise (clockwise) rotated with 
respect to meteorological data. These statistical methods are fully 
described in Wilks (1995). 

RESULTS AND DISCUSSION 

Time evolution 
The QuikSCAT (points A, B and C) and meteorological stations 

(Corrubedo, Peinador and Viana do Castelo) wind speed time 
series are shown in Figures 2 and 3. 

In general, despite the distance between oceanic and land 
stations (around 50 km), they show similar wind direction patterns 
with some differences in speed throughout the year, presenting 
evidences of a seasonal variation. Thus, there are two different 
wind regimes over the Galician coast: autumn/winter, dominated 
by southwesterly wind and spring/summer, dominated by 
northeasterly wind. 

During the summer, the wind blows predominantly from the 
North and Northwest directions, with the highest speed in 2001 (7 
ms-1 for all meteorological stations and 13 ms-1 for all points) 
(Figure 2). A few rare events with the wind blowing from the 
south are also observed between June and September for all the 
periods under study (Figures 2 and 3). This can be explained by 
the passage of cold fronts through the area, associated with deep 
low pressure systems, as observed by Vitorino et al. (2002) in the 
Portuguese northern shelf for June 1997. 

During the winter the wind regime is more variable, presenting 
strong direction and speed fluctuations for both datasets. In 
general, the wind pattern is characterized by a southerly 
component (downwelling favorable), which occur from October to 
January. Wind blows more intensely from December to February, 
reaching a maximum of 14 ms-1 for the meteorological stations 
and 18 ms-1 (for the year 2001) for the oceanic stations (Figure 2).  

In what concerns point C and Viana do Castelo meteorological 
station (Figure 3), the wind blows predominantly from the North 
and Northwest directions for both seasons, with the exception of 
January and October 2009. In these cases it is predominantly from 
Southwest. 

 
Figure 1. Map of the Western Galician coast with the 
meteorological stations location and the nearest QuikSCAT data 
extraction points (A, B and C). 
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These seasonal wind regimes depend on the position of the 
Azores High and the Iceland Low (Wooster et al., 1976). 
Typically, during the summer months, when the Azores high-
pressure cell is located over the central North Atlantic, the 
associated trade wind blows southward along the coast of Iberia 
inducing upwelling and associated southward currents. During the  
winter, the Azores high is usually located farther south of the 
North West Africa and the Iceland low pressure is deeper and 
located in southeastern Greenland. Thus, the pressure gradient 
between the two systems results in an onshore and slightly 
northward wind along the west coast of the Iberian Peninsula. 

 Statistics for the year 2000 
An overview of the seasonal statistics computed for the oceanic 

stations (A and B) and meteorological stations (Corrubedo and 
Peinador) for the year 2000 is given in Figure 4. The winter is 
defined as January, February and March and summer as July, 
August and September. 

 In winter, the maximum wind speed presents 17.03 and 16.11 
ms-1 and a minimum of 0.54 and 0.31 ms-1 at points A and B, 
respectively. For the Corrubedo and Peinador meteorological 
stations the maxima are 12.50 and 6.39 ms-1 and minima are 0.28 
and 0.56 ms-1.During the summer, the maxima are 16.00 and 
14.00 ms-1 at points A and B and minima are 8.61 and 5.56 ms-1, 
respectively (Figure 4). As it can be observed in Figure 2 and from 
these values, the wind speed from the Corrubedo and Peinador 
meteorological stations show lower values (about 49% and 31 % 
respectively) than the QuikSCAT data. The winds measured at the 
land meteorological stations are very much influenced by the 
orography (Sánchez et al., 2007). Satellite and land 
meteorological stations have similar wind direction values during 
both seasons (as it can be seen in Figure 2). 

A statistical analysis was performed in order to analyze both 
datasets. Correlations between wind from QuikSCAT and land 
stations, as well as calculation of bias, mean error and RMSE for 
the year 2000 were performed (Table 1). 

The wind speed correlation between point A and the Corrubedo 
meteorological station shows high values, both in winter and 
summer (0.78 and 0.54). Data from Point B are stronger correlated 
with the Peinador meteorological station for the winter (0.83), as 
opposed to the summer (0.14) (Table 1). In respect to the wind 
direction, the correlation between data from Point A and the 
Corrubedo meteorological station ranges from 0.30 (winter) to -
0.63 (summer). On the other hand, data from Point B and from the 
Peinador meteorological station presents a wind direction 
correlation ranging from -0.76 (winter) to 0.86 (summer). In both 
cases correlations have significance levels of 5%. The great 
variability of the wind direction and the correlation decreasing at 
Corrubedo meteorological station in the summer may be related to 
diurnal fluctuations that reflect the sea-breeze regime. Moreover, 
results from the northern Portuguese shelf (Vitorino et al., 2002) 
indicated that the summer wind variability at time scales > 2days 
is about 25% less than in winter, and that the main factor affecting 
wind variability in summer is the sea-land breeze, at scales of 1 
day. 

As it can be observed in Table 1, both wind speed and 
directional bias are always positive, indicating that satellite data is 
anticlockwise rotated with respect to the meteorological data. This 
result is in accordance with Penabad et al. (2008) in their work for 
the Galician coast. With respect to the other variables, the values 
of wind direction ME are always higher for data from Point A and 
Corrubedo meteorological station for both seasons. However, the 
opposite can be observed in ME wind speed, where it is higher in 

 
Figure 2.  Wind speed time series from January 2000 to 
December 2001 for QuikSCAT points A and B and Peinador and 
Corrubedo meteorological stations. 

 
Figure 3.  Wind speed time series from November 2008 to 
October 2009 for QuikSCAT point C and Viana do Castelo 
meteorological station. 

 
Figure 4. Wind speed and direction minimum, maximum, mean 
and standard deviation for QuikSCAT points (A and B) and 
meteorological stations (Corrubedo and Peinador) for winter 
and summer 2000. 
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the Peinador meteorological station. A seasonal behavior arises in 
the ME and RMSE of wind speed, presenting high error values in 
winter. These errors are mainly attributed to the effect of the 
distance from the points to the coast. These may be also caused by 
the local effects near shore, which are not resolved by the satellite. 
The southeasterly winds change frequently and abruptly, 
associated to passage of frontal systems (Penabad et al., 2008). 
Some errors are due to the wind direction variability, contributing 
to the relatively high RMSE values (Table 1). Nevertheless, these 
results reveal that the wind regimes from the two datasets have 
similar wind direction patterns but some differences in wind speed 
along the Western Galician coast (Gómez-Gesteira et al., 2006). 

Statistics for the year 2001 
The statistical results of the wind speed and direction for the 

year 2001 for the QuikSCAT (point A and B) and meteorological 
stations (Corrubedo and Peinador) are presented in Figure 5. 

The wind speed presents higher values than in 2000. In the 
oceanic stations, the wind speed maximums are 20 and 13 ms-1 
during winter and summer, respectively. At meteorological 
stations of Corrubedo and Peinador, the maximums are 14.4 and 
11.1 ms-1, and 6.9 and 5.6 ms-1 during the winter and summer 
respectively. The maxima occurring during the winter, in both 
locations, can be explained by the presence of cold fronts that 
affect the study area and are responsible for the wind variability.  
The wind speed differences between the offshore and 
meteorological stations can be also explained by the presence of 
frontal systems, occurring during the winter (Vitorino et al., 
2002). When they reach land, these frontal systems lose speed due 
to the friction exerted by topography. Thus, it is expected that the 
wind speed at stations near the shore presents values lower than at 
offshore stations. According to the results presented in Figure 5, 
all the statistical variables studied herein for the wind direction 
shows a good agreement between both datasets. 

Taking into account wind speed, the higher correlation values 
are obtained between point B and the Peinador meteorological 
station for the winter and summer (0.66 and 0.87). Point A and 
Corrubedo meteorological station show lower correlations values 

(0.22 winter and 0.13 summer) (Table 1). During the winter, the 
correlation value may be related to the strong precipitation 
occurring in the study area (deCastro et al, 2006; Lorenzo et al., 
2010). As previously referred, during this season the large-scale 
circulation is mainly driven by the position and the intensity of the 
Iceland Low. The Western Iberia is affected by westerly winds 
that carry moist air and produce rainfall events, affecting the wind 
variability. During this year, a negative phase in the North Atlantic 
Oscillation (NAO) index which represents a reduced pressure 
gradient, resulting in fewer and weaker winter storms crossing the 
Galician Coast (deCastro et al, 2008). This analysis is confirmed 
by Torres et al. (2003), where the winter 2001 was characterized 
as an “atypical” winter season. 

Relatively to the wind direction, the correlation between data 
from point B and from the Peinador meteorological station ranges 
from -0.90 in winter to 0.13 in summer (Table 1). During the 
winter, the wind direction has a large variability, therefore it is 
expected that the wind direction varies largely between these two 
stations, since they are 75 km away. In general, according to 
Torres et al. (2003), the winter winds present larger variability 
than summer winds, showing a decrease in the wind direction 
correlation. 

The wind speed bias is always positive, ranging from 2.28 ms-1 

(A/Corrubedo) to 5.27 ms-1 (B/Peinador) in the winter and 2.33 
ms-1 (A/Corrubedo) to 4.69 ms-1 (B/Peinador) in the summer 
(Table 1). During the winter (summer), for both datasets negative 
(positive) directional bias are observed, indicating that satellite 
data are clockwise (anticlockwise) rotated with respect to 
meteorological data. It can be observed that ME is higher in the 
Peinador meteorological station, which this may be related to the 
influence of the orography (Table 1). For the wind speed RMSE 
values range from 4.10 to 5.87 ms-1 for winter and 3.35 to 4.93 
ms-1 for summer. The high RMSE values may be related to the 
very low wind speed (mainly in Peinador). 

These errors are also attributed to the effect of the distance from 
the points to the coast. Therefore, QuikSCAT satellite estimates 
wind speed as if it were in a neutral stable atmosphere, while 
meteorological stations measure wind in real time. These are in 
accordance with the results obtained for Gulf of Finland (Soomere 
and Keevallik, 2003), where the wind speed over the open sea and 
coastal area differ from 40 to 100%. 

Statistics for the year 2009 
For the year 2009, the wind speed and direction statistical result 

for the point C and Viana do Castelo meteorological station is 
presented in Figure 6. 

The wind speed pattern was similar to the one for the year 2000, 
reaching approximately the same minimum, maximum, mean and 
standard deviation values, for both locations. In the winter 
(summer), the minimum was 1.34 (0.18) and 1.31 (0.63) ms-1 at 
point C and Viana do Castelo meteorological station, respectively. 
For point C and Viana do Castelo meteorological station, the 

Table 1: Wind speed and direction comparison between QuikSCAT points (A, B and C) and meteorological stations (Cor-Corrubedo, 
Pei-Peinador, VC-Viana do Castelo) for winter (w) and summer (s) of 2000, 2001 and 2009. 

 Wind Speed Year Wind Direction 
 r Bias (ms-1) ME (ms-1) RMSE (ms-1)  r Bias (º) ME (º) RMSE (º) 
 w         s w         s w         s w         s  w         s w         s w         s w         s 

A/Cor 0.78   0.54 3.51   3.33 3.71   3.52 3.67   3.48 0.30   -0.63 77.55   62.36 82.06   65.95 86.40   89.73 
B/Pei 0.83   0.14 3.91   4.28 4.81   5.25 4.44   4.81 

2000 
-0.76   0.86 39.07   27.05 48.70   33.19 67.80   32.80 

A/Cor 0.22   0.13 2.28   2.33 3.80   3.90 4.10   3.35 -0.15   0.10 -3.44   24.78 -5.73   41.46 121.95  128.57 
B/Pei 0.66   0.87 5.27   4.69 6.33   5.13 5.87   4.93 

2001 
-0.90   0.13 -51.64   44.70 -61.16   48.96 67.19   72.20 

C/VC 0.24  -0.82  1.08    2.32  1.65   2.57   3.63     3.03  2009 -0.02   0.29 119.1    91.32 119.0   92.32 134.5  102.04 

 
Figure 5. Wind speed and direction minimum, maximum, 
mean and standard deviation for the QuikSCAT points (A and 
B) and meteorological stations (Corrubedo and Peinador) for 
winter and summer 2001. 
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maxima were 17.88 and 14.71 ms-1 (winter and summer) and 
14.17 and 8.22 ms-1 (winter and summer), respectively (Figure 6).  

In fact, the wind speed and direction correlation values for both 
seasons are lower than 0.29 (Table 1), indicating that offshore and 
land meteorological stations winds are out of phase (see Figure 3). 

In spite of this low correlation, the values of the bias (1.08 and 
2.32 ms-1), ME (1.65 and 2.57 ms-1) and RMSE (3.63 and 3.03 ms-

1) (Table 1) for the wind speed for the winter and summer 
respectively are low, showing the similarity of values into both 
datasets. The largest difference can be seen in the wind direction 
ME (119.1º and 92.32º), which can be attributed to the effect of 
the distance to the coast. Finally, the RMSE for the wind direction 
are 134.5º and 102.04º for winter and summer, respectively, 
showing once again the similarity of values. 

CONCLUSIONS 
The main goal of this work was to study the wind regime along 

the Western Galician coast, using a comparative analysis between 
two different wind datasets: QuikSCAT and meteorological 
station data. This comparison allowed the assessment of the 
QuikSCAT wind data quality in order to study wind induced 
coastal phenomena. 

Results showed that near the coast, the wind pattern strongly 
depends on coastal geometry and orography. During the study 
periods, the wind regime was similar for the years 2000 and 2009. 
The winter 2001 was characterized by the passage of cold frontal 
systems that affected the study area. They induced important wind 
variability. Thereby, during the winter, the wind variability was 
larger than in the summer.  

The main results obtained through the comparison of the two 
wind datasets show that the wind direction from QuikSCAT was 
approximately the same from meteorological station data, 
although some differences were observed in speed with higher 
values at the points located offshore, measured by QuikSCAT.  

In summary, despite the deviations found in the comparative 
analysis performed, the offshore data from the QuikSCAT satellite 
has revealed to constitute a good approach to the wind data 
measured in inland meteorological stations, and therefore an 
useful and reliable tool to study the wind induced phenomena near 
the coast.  
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Figure 6. Wind speed and direction minimum, maximum, mean 
and standard deviation for the QuikSCAT point C and Viana do 
Castelo meteorological station for winter and summer 2009. 


