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Abstract 

Currently, continuous measurements of wind speed and direction in the Persian Gulf Basin are 

limited to the locations of few fixed buoys. The main reason for doing this research was the lack of 

sufficient observations of surface wind data over the Persian Gulf Basin .Surface wind data are 

essential in maintenance of coastal structures, oil industry, transportation and fishery in the region. 

In this study, two sources of offshore wind speeds and directions including ERA-Interim reanalysis 

data with three resolutions (0.75, 0.25 and 0.125) and satellite data collected from National 

Climatic Data Center-Blended Sea Winds (NCDC-BSW) are compared against the corresponding 

verifying buoys observations. If gaps exist in buoys dataset, the nearest synoptic station data are 

used instead to generate relevant wind roses and distributions. Observed buoys data are obtained 

from three buoys located in different parts of the Persian Gulf‘s Northern Coast. Examining the 

observed buoys data show that the wind circulates from Northwest in Bushehr synoptic station to 

West in Asaluyeh and finally, to Southwest in Qeshm. This circulation that is also confirmed by 

sea level pressure and streamline maps could be associated to the effect of intense Shamal winds 

which blow most of the times during the year in the region. The results of comparison of the 

reanalyzed and satellite wind data against the corresponding buoys data showed that if the wind 

speeds in the reanalyzed and satellite wind data are in the range of 3.6-6.6 m/s, then lower RMSEs 

and also better correlations are calculated both for satellite and reanalyzed datasets. Generally, as 

the wind speeds deviate from their respective mean values then, the errors in both datasets will 

increase. Overall results for wind directions are much better. NCDC-BSW showed acceptable 

correlation and fine P values with observations collected by buoys, nevertheless, the results for 

reanalyzed datasets were not as satisfactory, and attempting different resolutions of this dataset did 

not improve the results significantly, as the main resolution of this data set is 0.75 and other 

resolutions are just retrieved by the interpolation of the original data. 
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1. Introduction 

Sea surface winds are important in ocean 

circulation, down-and up-welling events, variability of 

the sea surface mixed-layer, swell systems and wind 

stress. This concept is mentioned in many studies 

(Alves 2006; Athié et al. 2009; Deng et al. 2009; Jiang 

et al. 2008; Gan and Allen 2005; Seo et al. 2008). As 

the wind is the main energy source for sea waves (Liu 

et al. 2007), there is a serious need of wind data for 

numerical simulation of sea waves (Xu et al. 2007). 

Therefore, knowledge of the surface wind fields over 

the ocean is a key factor for many academic and 

industrial activities (Carvalho et al. 2012; Risien and 

Chelton 2006). Ocean surface wind data (defined at 

10m above the sea surface level) are necessary for 

running ocean models. Inaccurate estimation of local 

wind field disrupts the model forcing processes and 

damages the ocean models outputs (Myers et al. 1998; 

Ruti et al. 2008). 

Ocean surface wind data can be reached from buoy 

measurements, measurements done by ships and 

vessels and satellite observations. Since these types of 

measurements are usually limited in time and space 

window, they make the data insufficient to represent 

the wind field over a large area. Because of the lack of 

sufficient data for specified areas and/or periods, and 

due to the importance of high-resolution 

representative mapping of the wind fields, mesoscale 

meteorological models are used as an alternative to 

measured ocean wind data. Although,  the simulations 

done by models must be evaluated with in-situ 

measurements in the study region to achieve 

confidence for being used, These models, because of 

their capability in driving wind climatologies at high 

resolution and regional scale (Carvalho et al. 2012), 

are powerful tools for simulating and studying the 

wind. 

Reanalysis datasets are valuable sources of data for 

sea surface wind fields. Cavaleri and Sclavo (2006) 

confirmed that operational ECMWF (European Center 

for Medium Range Weather Forecast) significantly 

underestimated wind speed in the Mediterranean 

basin. Cavaleri and Bertotti (2004) showed that the 

error detected in ECMWF wind fields depends on 

fetch. (Moeini et al. 2010) focused to assess the 

accuracy of two sources of surface winds, i.e. the 

ECMWF and measured data. They concluded that 

ECMWF underestimated the wind magnitude. In a 

study by Ruti et al. (2008), the ERA-Interim wind 

field presented the best performance compared to 

other datasets such as ERA40 (ECMWF Re-analysis-

40) and NCEP (National Centers for Environmental 

Prediction) data. Studies (e.g. Carvalho et al. 2012), 

show that simulations driven with ERA-Interim 

reanalysis reveal lower errors when compared to 

measured winds. This dataset provides the most 

realistic initial and boundary data that can generate 

ocean wind simulations closest to real winds even 

though the NCEP-CFSR simulation results are very 

close to those obtained with ERA-Interim. The NCEP-

R2 reanalysis showed higher errors when compared to 

the new generation reanalysis (ERA-Interim) 

(Carvalho et al. 2012). Moreover, Menendez et al. 

(2011), tested the use of several reanalyses (NCEP-

R1, JRA25, ERA-40 and ERA-Interim) in offshore 

wind simulation, and concluded that simulations 

driven by ERA-Interim are the ones that present the 

highest accuracy.  

The other valuable tool for studying sea surface 

wind over the global oceans is observations by space-

borne microwave sensors with high spatial resolution 

and frequent temporal sampling. Wind speed changes 

the ocean surface roughness and affects ocean thermal 

emission (Hong and Shin 2013). Surface wind fields 

derived from scatterometer observations are utilized to 

drive ocean circulation models on various scales and 

in global numerical weather prediction models for 

data assimilation. In fact, rather than measuring the 

sea surface wind directly, microwave scatterometers 

and radiometers measure the electromagnetic radiation 

backscattered or emitted from the sea surface. Surface 
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winds are then retrieved through empirical 

relationships between the backscatter cross sections or 

brightness temperatures and 10m neutral equivalent 

winds (Liu and Tang 1996). Therefore, validation of 

the observed satellite sea surface winds is essential to 

evaluate the accuracy of the data and to estimate the 

error and its causes. Many studies have validated 

satellite data by comparing winds derived from 

microwave scatterometers and radiometers with in-

situ observations by buoys and other meteorological 

instruments (Bentamy et al. 1994; Ebuchi et al. 2002; 

Freilich & Dunbar 1999; Masuko et al. 2000; 

Schroeder et al. 1982; Wentz et al. 1982; Wentz 

1997). 

There are many different remote sensing 

instruments retrieving the sea surface wind data. The 

QuikSCAT (Quick Scatterometer) mission (1999-

2009) was planned to obtain sea-surface wind speed 

and direction data. SeaWinds, an active radar 

scatterometer, is the main instrument on the 

QuikSCAT satellite. QuikSCAT data provide high 

spatial and temporal resolution, near-global coverage 

and considerable validation. Some limitations include 

the presence of rain-contaminated measurements, 

uneven daily sampling and the short temporal record 

(Ricciardulli 2016). Since May 2007, ASCAT 

(Advanced Scatterometer) wind data are available at 

Eumetsat3 or in near real time from the Dutch Met 

Office (www.knmi.nl) (Luzi et al. 2010). Working at 

C-band (5.255 GHz), the available spatial resolutions 

are 25 km by 25 km and 12.5 km by 12.5 km. ASCAT 

and QuikSCAT show persistent differences during 

their period of overlap (Bentamy et al. 2012). 

Oceansat-2 scatterometer (OSCAT) is an active 

microwave sensor onboard the Oceansat-2 satellite 

launched by Indian Space Research Organization 

(ISRO). It is a Ku-band pencil beam scatterometer 

operating at 13.515 GHz with a ground resolution cell 

size of 50 km x 50 km. OSCAT was intended to 

provide ocean surface wind vectors covering the 

global oceans with a revisit time of 2 days (Jayaram et 

al. 2014). 
Data retrieved from satellites are utilized in various 

fields of meteorology, oceanography, and climate 

studies to investigate topics such as ocean surface 

waves, air-sea fluxes of momentum, heat, water vapor, 

and gasses and wind-driven ocean circulations (e.g. 

Katsaros et al. 2002; Liu 2002). Besides, sometimes-

insufficient temporal or spatial coverage may limit the 

application of such data. In order to lessen these 

limitations, combination of different satellite sea 

surface wind data might be required to create a more 

comprehensive dataset. Before using this combined 

dataset, verification is required. 

Since the 1970s, great efforts have been made, in 

order to achieve wind data with a required spatial and 

temporal resolution over open oceans, So far, the best 

results have been obtained with microwave 

scatterometers that measured both wind speed and 

wind direction (Pensieri et al. 2010). There has been a 

great progress in coverage, resolution, and accuracy of 

remotely sensed data (Liu 2002). Zecchetto and De 

Biasio (2007) used wind data from the SeaWinds 

scatterometer on board the NASA QuikSCAT satellite 

to present an analysis that provided a quantitative 

assessment of the characteristics of the regional wind 

systems and of the most important local-scale 

orographic effects in the Mediterranean Sea basin,. 

Studies (e.g. Pensieri et al. 2010) have proven that 

using blended data present more acceptable results 

than one single satellite data. Carvalho et al. (2014) 

found that, if analysis was limited to satellite-derived 

winds, CCMP (Cross Calibrated Multi-Platform) is 

clearly the one with the most accurate wind data. In 

this analysis QuikSCAT was, in general, the one with 

the highest errors, except for wind speed bias, among 

the satellite-derived wind data sources. These better 

performances of blended satellite products over 

QuikSCAT are in accordance with the findings of Ruti 

et al. (2008). In a study done by (Afshar-Kaveh et al. 

2016) the responses of a coastal and ocean circulation 

model (FVCOM) to four wind products, QuikSCAT, 
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ECMWF ERA-Interim, GFS, and CCMP, were 

evaluated. They concluded that using the GFS
1
 wind 

field, produces better results compared with using 

other wind datasets (e.g. QuikSCAT, ECMWF, and 

CCMP).  

Carvalho et al. (2014) showed that all databases 

have higher errors in the presence of low and very 

high wind speeds, and better performances for 

intermediate ones (between 4 and 12 m/s). An 

outstanding point is that all databases show extent 

positive biases for low wind speeds, which decrease in 

magnitude and change from positive to negative with 

increasing wind speed. The only exception is 

QuikSCAT that shows positive biases. This reflects 

the fact that most databases have a tendency to 

overestimate weak winds and underestimate strong 

winds, with the over/underestimation tendencies being 

minimized for intermediate wind speeds. Li et al. 

(2013) also found similar behavior in wind speed 

estimation. 

Carvalho et al. (2013) showed CCMP’s ability to 

improve these results, but not to mitigate the issue 

completely. Although the high-resolution QuikSCAT 

L2B (12.5km) product was not able to show any 

significant improvement for the data closest to the 

shore when compared to QuikSCAT with 25km 

resolution, it is still the one with the best overall 

results. Generally, CCMP is able to bring significant 

improvements in wind direction temporal variability 

and mean wind speed. Furthermore, this dataset has a 

higher temporal sampling and more available data in 

compare with QuikSCAT (Carvalho et al. 2013). 

Because many studies mentioned here found that 

the multi-platform (CCMP) dataset performed better 

than single datasets for coastal wind data, it is 

expected that NCDC-BSW has a similar advantage. In 

addition there are not many investigations about using 

NCDC-BSW multi satellite data for enhancing the 

wind fields. 

——— 
1
 - Global forecasting System 

The main reason for doing this research was the 

insufficient knowledge about wind field over the 

Persian Gulf Basin. This is actually because of the 

scarcity of measurements in this area. Here, the 

accuracy of different datasets over the northern parts 

of the Persian Gulf is evaluated.  

The objective of this research is to determine the 

accuracy of ERA-Interim and NCDC-BSW sea 

surface wind data over the Persian Gulf‘s northern 

coast. This research is done because of lack of 

sufficient in-situ observations data over this region. 

Therefore, there is a need to verify other sources of 

data, for example, reanalysis and satellite data to be 

used instead. One year of available observation data is 

chosen to evaluate the other sources of data. Year 

2009 is selected as there is no special high wind 

pattern or extreme events occurred in this year. In 

order to perform this evaluation, three high temporal 

resolution meteo-marine observational datasets with 

hourly data for the period of January to December 

2009 collected by the IRIMO (Iranian Meteorological 

Organization) and PMO (Ports and Marine 

Organization) buoys moored in the northern coast of 

Persian Gulf and also three coastal synoptic stations in 

this area with long-term data are used. The satellite 

(NCDC-BSW) and reanalysis (ERA-Interim) data for 

the year 2009 are investigated and compared with 

observations (buoys) over the Persian Gulf Basin. 

2. Study region 

The Persian Gulf Basin is an open sea located in 

the Southwest of Asia between latitudes 24 to 30 

degrees north. This region is affected by the tropical 

circulations (Hadley cell) from south and the 

synoptic weather systems of the mid-latitudes from 

north. Therefore, the region is influenced mainly by 

the extra-tropical weather systems from the 

northwest (Reynolds 1993). The dry air descends in 

these latitudes and produces clear skies and arid 

conditions. 
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Summer Shamal (meaning north in Arabic) is the 

most famous weather phenomena in the Persian Gulf 

region, a northwesterly wind that blows strongly 

from late May to early July (Membery 1983). The 

Shamal is a well-known Low Level Jet (LLJ) of the 

Persian Gulf and southern Iraq (Membery 1983). 

Shamal results from strong northwest winds that 

blow into the Persian Gulf by the Zagros Mountains 

of Iran to the northeast and the high plains of Saudi 

Arabia to the southwest. These famous winds blow 

nearly 8 months (Summer: May-Jul and Winter: 

Nov-Mar) of the year (Rao et al. 2003). 

The Shamal is a heavy wind at the surface, during 

the daytime and usually weakens at night. Generally, 

this does not occur above the surface, since the wind 

speed reaches its maximum at night at low levels 

(300–700m) of the atmosphere (Membery 1983). 

The climatology and the topography of the region 

play a dominant role in the Shamal generation. The 

Shamal usually occurs first in the northwest and then 

expands south. It rarely exceeds 10 ms-1 although 

continues blowing for several days. In winter, the 

Shamal brings some of the strongest winds and the 

waves get high in the Persian Gulf Basin. Winds in 

the area before approaching cold front blow from the 

southwest. These winds, are called Kaus in Arabic or 

Shakki in Persian, they slowly increase in intensity 

as the front reaches the region. They may rise up to 

gale force before the passage of the front and the 

onset of the Shamal. Due to the channeling of the 

low-level air flow by the Zagros Mountains of 

western Iran, the strongest southerly winds occur on 

the eastern coastline (Reynolds 1993). 

As a result of the oil industry and influenced by 

political factors, The Persian Gulf has a great 

geopotential importance in the region. Many 

valuable works have been done on sea surface wind 

speed in other parts of the World. A special issue 

about the Persian Gulf is that it has a very limited 
observational data. Last nearly-complete analysis of 

the wind regime in this area was done by IMCOS 

(International Map Collectors Society) project in 

1974. This project aside, there is no investigation on 

the wind data and its regime in this area. Most 

studies in this region have used QuikSCAT data (e.g. 

Mazaheri et al. 2013). Studies in other regions 

confirm a good agreement between satellite estimates 

and in situ measurements. Nonetheless, no work has 

been carried out yet in the Persian Gulf Basin using 

NCDC-BSW data. Fig. 1a shows the position of the 

buoys and Qeshm synoptic station used in this study 

and also the Persian Gulf bathymetry and 

surrounding topography. The bathymetry data are 

obtained from GEBCO website 

(http://www.gebco.net). To compare satellite and 

reanalysis wind data with buoy observations, 

matchup datasets of collocated (in space and time) 

wind pairs were produced. The closest grid point 

values of the NCDC-BSW and ERA-Interim data to 

the buoys have been considered for the comparisons 

(Fig. 1b). 

3. Data and Methodology 

Three types of data are used in this study. The two 

datasets of ERA-Interim and NCDC-BSW have been 

compared against the corresponding buoys data. In the 

following section, the datasets used in this study are 

briefly described. 

3.1. NCDC-BSW 

The NCDC-BSW database consists of a 6-hourly (0, 

6, 12 and 18h) gridded global dataset of ocean surface 

wind vectors (at 10m above sea level), with a spatial 

resolution of 0.25° in latitude and longitude. Wind 

speeds are produced by blending observations from 

multiple satellites: the several SSM/I missions (SSM/I 

F08, F10, F11, F13, F14, F15 and F17), QuikSCAT, 

the Tropical Rainfall Measuring Mission Microwave 

Imager (TRMM-TMI), and the Advanced Microwave 

Scanning Radiometer Earth Observing System
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Fig.1: a) Map of the Persian Gulf, showing the location of the: a) Bushehr, b) Asaluyeh, c) Qeshm buoys and Qeshm synoptic station 

overlaid on Bathymetry and Iranian coast topography. 

b) NCDC-BSW, ECMWF, and Buoy data locations overlaid on a 0.25 degree Grid mesh for satellite data, and Grid mesh of ERA-

Interim (NCDC-BSW (Green Circle), ECMWF (Purple Triangle) and Buoy (Red Star)) 

 

(AMSR-E). Wind direction data are retrieved from 

NCEP-R2 and interpolated to the blended wind speed 

grids. Blending the multiple satellite observations fills 

the gaps, both in time and space and allows the 

construction of an ocean surface wind database that 

spans from 1987 to the present time in near real-time. 

This dataset includes four valid records per day, and 

thus it is able to offer much more data than any other 

satellite data for sea surface wind field (Carvalho et al. 

2014). A detailed description of this dataset, including 

time periods of data from different satellites used to 

produce NCDC-BSW, can be found in Zhang et al. 

(2006). The satellite wind data used in this research are 

obtained from NOAA FTP directory: 

(ftp://eclipse.ncdc.noaa.gov/pub/seawinds/SI/uv/). 

3.2. ERA-Interim 

ERA-Interim dataset (Dee et al. 2011) is one of the 

global atmospheric reanalysis datasets produced by the 

ECMWF and covers the period from January 1979 

onwards, and continues to be extended forward in near 

real time. This dataset is a considerable improvement in 

the near-surface wind simulation and it is the one that 

likely provides the most practical initial and boundary 

data for regional models (Carvalho et al. 2014). 

Information about the ongoing status of ERA-Interim 

production, the availability of online data, and near-

real-time updates of various climate indicators derived 

from ERA-Interim data can be found at ECMWF 

website available from: 

(http://www.ecmwf.int/research/era). Here three 

resolutions of ERA-Interim dataset are used, 0.75, 0.25 

and 0.125, hereafter named ERA0.75, ERA0.25 and 

ERA0.125. 

3.3. Offshore measured wind data 

The main reference for all different sources of data is 

in-situ/field observation. The comparison of the 

selected wind datasets is based on the period covering 

the year 2009. As there are some gaps in buoy data, 

synoptic (3-hourly) data are used as supporting data. 

Three buoys considered in this study are Bushehr and 

Qeshm, established by the Iranian Meteorological 

Organization (IRIMO) and Asaluyeh, by the Iranian 
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Ports and Maritime Organization (PMO). The buoy 

data from the Qeshm station covered only the first 

seven months of 2009, therefore they are supported by 

Qeshm synoptic data. The buoy data is 1-hourly and in 

order to compare it with reanalysis and satellite data 6-

hourly data are extracted from it. The main 

characteristics of the considered buoys are shown in 

Table 1. More detailed information on the buoys 

instruments is available online, Oceanor: 

(https://www.bodc.ac.uk/data/documents/nodb/pdf/wav

escan_buoy.pdf), AANDERAA: 

(http://www.aanderaa.com/media/pdfs/Data-Buoy-

4700.pdf) and IUT: (http://subseard.iut.ac.ir/node/554). 

Near real-time data are available at the website of the 

organizations: IRIMO: (http://buoy.irimo.ir) and PMO: 

(http://marinedata.pmo.ir). 

Table 1- Main characteristics of the considered buoys 

Station Lat Lon 

Distance 

to coast 

(km) 

Height 

(m) 

Accuracy, 

speed/ 

direction 

Company 

Local 

water 

depth (m) 

Sensor Model/ 

Manufacture 

Data 

source 

& period 

Bushehr 28.84 50.73 ~11 3 
±0.3 m/s / 

±3 degrees 
Oceanor ~43m 

04106-19 

JR-MA, R.M. 

/Young 

IRIMO/20

09 

Qeshm 26.76 56.05 ~1 3 
±0.2m/s 

/±5 degrees 
Aanderaa ~19m 

AADI - Model 

DB 4700 – 

Data Buoy 

IRIMO/Jan

-Jul 2009 

Asaluyeh 27.32 52.31 ~27 3 
±0.2m/s 

/±5 degrees 

Iran/ 

Esfehan, 

(IUT) 

~25m 

AADI - Model 

DB 4700 – 

Data Buoy 

PMO/2009 

 

Stability-dependent measured wind speeds are 

collected at 3m above the sea surface level. Therefore, 

buoy wind speeds U were adjusted to a reference level 

of 10m assuming effective neutral conditions (U10N) 

following Walmsley (1988). The greatest change 

usually results from the conversion of U to U10; the 

difference between U10 and U10N is generally much 

smaller. Atmospheric stability is estimated using air 

and sea temperatures, ignoring the smaller contribution 

of humidity (Stull 1988; Benschop 1996): 

                   (1) 

Where zm is observation height, U10 is the wind 

speed at a height 10m, and z0 is the roughness length, 

set to be z0=0.003m for this region (Kämpf and 

Sadrinasab 2006). Equation (1) is valid only for wind 

speeds under 15 m/s (Mears et al. 2001). As there is no 

wind profile at the buoy stations and the wind speed 

seldom exceeds 15m/s in the Persian Gulf Basin, 

therefore this equation can be used in the study region. 

In 2009, the wind never exceeded 15m/s in this region. 

3.4. Statistical error and comparative analysis 

In this section, a statistical analysis is conducted 

focusing on record-by-record spatial and temporal 

accuracy of the databases, in this comparison only 

the simultaneous and valid records shared by all 

databases are considered. Therefore, for this 

comparison only the 6-hourly records of the buoys, 

NCDC-BSW and ERA-Interim are used. Root mean 

squared error (RMSE), bias and correlation 

coefficient are used to evaluate the ERA-Interim and 

NCDC-BSW wind data with buoys observations for 

the year 2009. 

Equation (2) represents the deviation between the 

ERA-Interim/NCDC-BSW wind speed (U
x
) and the 

respective observed wind speed of the buoy (U
obs

). 

                   (2) 

Because wind direction θ, is a circular parameter and 

its absolute deviation cannot exceed 180°, Yamartino 

(1984) is used to calculate deviation as: 
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        (3) 

4. Results and discussion 

Fig. 2 shows the diurnal variation of wind speed for 

the three buoys used here. The wind speed increases 

during the day reaching a maximum in the 

midafternoon (about local times 4 pm) and then 

decreases until the early morning. This could be 

caused by heating and changes in boundary layer 

depth throughout the day. 

The daily cycle of radiative heating including, 

sunrise, sunset and sunrise, causes a daily cycle of 

sensible and latent heat fluxes between the Earth and 

the atmosphere, during clear skies over land. These 

fluxes influence only the bottom section of the 

troposphere, the section that touches the ground. This 

layer is called the atmospheric boundary layer (ABL). 

It experiences a diurnal cycle of temperature, 

humidity, wind speed, pollution variations and 

pressure somehow. Turbulence is all-over ABL and is 

one of the causes of the individual nature of this layer 

in atmosphere (Stull, 2000). 

Fig. 3 shows the streamlines overlaid on the mean 

sea level pressure for the year 2009 retrieved from 

NCEP/NCAR data in the Persian Gulf region. This 

clearly confirms the Shamal effect on the wind regime 

in the region, which makes the wind circulate in a 

cyclonic direction in Persian Gulf region.    

 

 

Fig.2: Mean diurnal cycle of wind speed from Qeshm, Asaluyeh and Bushehr buoys data (Local time) 
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Fig.3: Mean sea level pressure field from NCEP/NCAR data superimposed over streamlines for 2009.   

Based on the Beaufort wind scale
1
 hourly averaged 

wind speed data reveal that calm winds (lower than 

0.6 ms−1) occur in approximately 5% of the times for 

buoy data and about 25% for synoptic data. Light air, 

1-3 Knot and light breeze, 4-6 Knot (Beaufort Wind 

Scale) were measured for about 45% for buoy data 

and near 25% for synoptic data, and wind speeds 

greater than 9.5 ms−1 occur only about 5% for the 

buoys and synoptic data (Fig. 4a & b). In order to 

limit the problem caused by insufficient data from 

Qeshm buoy station the synoptic station data from 

Qeshm meteorological station is used to find out the 

distributions.  

Fig. 5 shows the frequency of distribution of wind 

speed for Qeshm synoptic and buoy stations for Jan-

Jul 2009 and also that of the long-term synoptic data 

for this station. Despite small differences, the wind 

distributions of the Qeshm buoy and synoptic station 

are generally similar. Higher frequencies are seen in 

——— 
1
 Developed in 1805 by Sir Francis Beaufort, U.K. Royal 

Navy 

NOAA: 

http://www.spc.noaa.gov/faq/tornado/beaufort.html 

lower wind speeds for synoptic data, which is 

consistent with the positive skewness for wind speed 

reported by Monahan et al., (2006). Therefore, light 

air and light breeze represent the wind regime of this 

area. There is no significant difference between 

Qeshm 7-month period wind speed distribution and 

that of the whole year of 2009; they both have some 

differences from synoptic data. The differences are in 

calm and low wind speeds. The frequencies of wind 

speed higher than 3.6 m/s are consistent for the 

synoptic station and buoy measurements. The higher 

frequency of very low wind speeds over land can be 

explained by the higher surface roughness of the land 

compared to the water surface. 

Fig. 6 shows the time series of hourly averaged 

atmospheric pressure and wind speed measured at the 

buoy stations during 2009. No significant extreme 

event was observed during this period. In the warm 

season (Mar-Oct) surface air pressure usually falls in 

theregion (Fig. 6a) due to the dominance of a thermal 

low and rises in the cold season as the high pressure 

becomes stronger in this area. Fig. 6 can obviously 

show how wind speed changes with seasons. There 

are summer and winter Shamal in this region and the
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Fig. 4: a) Wind class frequency distributions of three synoptic stations in the region for long term 3-hourly data, 

b) Hourly averaged buoys data of Asaluyeh, Qeshm and Bushehr during the year 2009 

 

 

 

 

Fig.5: Comparing the frequency distribution of winds in Qeshm synoptic and buoy stations for the short period buoy data in 2009 

(Jan-Jul), same short term synoptic data and long term synoptic data 
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Fig. 6: Time series of (a) atmospheric pressure of Bushehr buoy and  

(b) Wind speed measured by the three buoys of Asaluyeh, Bushehr and Qeshm in 2009   

winter Shamal is stronger, even though it lasts for a 

short period and the summer Shamal is weaker and 

exists in a longer period and in the transitional seasons 

(spring and autumn) the wind is calm somehow. 

In Fig. 6b time series of wind speed in the three 

stations are shown. Wind speeds are lower in Qeshm 

than the two other stations because of the weaker 

effect of Shamal in this area. 

The buoys had different results depending on their 

location. The highest wind speed values, often 

affected by Shamal, observed at Bushehr, Asaluyeh 

and Qeshm buoys are mainly north-westerly, westerly 

and south-westerly, respectively (Fig. 7). The wind 

regimes in these three stations could be affected by 

changes in Shamal strength, as it becomes weaker 

southward when the wind blows far from Northwest. 

Wind (speed and direction) distribution for the Qeshm 

synoptic station for the same period in 2009 is 

consistent with that for the buoy data (Fig. 7d). It 

seems that the wind follows the northern coastline of 

the Persian Gulf and circulates along the coast. Fig. 3 

shows the cyclonic wind direction along the northern 

coast of the Persian Gulf. 

Fig. 8 shows the distribution of the wind vectors for 

the same period as shown before in Fig. 7 in the 

nearest points to observations, from NCDC-BSW 

satellite dataset. The number of calm winds is less for 

estimates done by NCDC-BSW dataset. Because very 

low winds are overestimated by scatterometers, such 

winds move to higher wind classes (Kent et al. 2013). 

The same procedure was applied to ECMWF-Interim 

dataset in order to find its accuracy in the region. It 

seems that the ECMWF-Interim 0.75 dataset has a 

large difference from the in situ measurements in
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Fig.7: Distribution of hourly averaged wind speed and direction data measured by (a) Bushehr, (b) Asaluyeh and (c) Qeshm buoys 

in the period Jan - Dec 2009 for (a) and (b) and Jan-Jul 2009 

for (c). (d) Shows the distribution for Qeshm synoptic station for Jan-Jul 2009 

 

  

 [
 D

ow
nl

oa
de

d 
fr

om
 jp

g.
in

io
.a

c.
ir

 o
n 

20
23

-0
5-

23
 ]

 

                            12 / 18

http://jpg.inio.ac.ir/article-1-513-en.html


Journal of the Persian Gulf (Marine Science)/Vol. 7/No. 24/ June 2016/18/67-84 

79 

 

 

 

 

Fig. 8: Distribution of 6-hourly averaged wind speed and direction from NCDC-BSW dataset at the nearest point to the location of 

a: Bushehr, b: Asaluyeh and c: Qeshm buoys in the period Jan-Dec 2009 for (a) and (b) panel and Jan-Jul 2009 for c panel   

distributions of wind speed and direction. However, 

this difference could be caused by the large distance 

(nearly 46 km) between the observations and the 

reanalysis data points, as the resolution of the Interim 

dataset is coarse (0.75). In order to find out the effect 

of distance between observation and reanalysis data 

points, caused by coarse resolution, other resolutions 

of ERA-Interim datasets e.g. ERA0.25 and ERA0.125 

are also examined. 

4.1. Statistical analysis 

In this section, wind speed and direction data 

provided by NCDC-BSW and ERA-Interim are 

statistically compared against buoys’ observations. In 

order to do so, three statistical parameters including 

RMSE, Bias and Correlation Coefficient (R) are 

applied. 

Bias, or mean error (ME) represents the mean value 

of deviations between forecasts and verification 

values. Root Mean Square Error (RMSE) is often used 

for representing the accuracy of forecasts. If RMSE is 

closer to zero, it means that the forecasts are closer to 

the verifying values. For a perfect forecast, RMSE is 

equal to zero (Jolliffe and Stephenson, 2012). The root 

mean square error (RMSE) has been used as a 

standard statistical metric to measure model 

performance in meteorology, air quality, and climate 

research studies (Chai and Draxler, 2014). 

The Correlation Coefficient (R) is a one possible 
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choice of a verification measure which describes the 

strength of the linear relationship between forecasts 

and the corresponding observations. The correlation 

may be computed over a period of record, over a 

spatial domain for a single forecast or a combination 

of both. It is a continuous parameter-that is, it is 

sensitive to the finest details of each forecast versus 

observed (Barnston, 1992). Here reanalysis and 

satellite data are used instead of model forecasts to 

derive the statistics. 
Tables 2 and 3 show the results of overall 

comparisons and comparison for different wind speed 

classes. The highest agreement is found for the 

NCDC-BSW data in the 3.6-6.6 m/s wind speed class. 

This was expected due to the wind speed distribution 

in this region. As the most frequent winds are blowing 

in this wind speed ranges. NCDC-BWS wind speed 

error increases for lighter and heavier wind speed 

classes. This error is much more at high wind speeds. 

This was expected, due to the known problems of the 

scatterometers in the presence of low and high wind 

speeds as mentioned in other studies e.g. Kent et al. 

(2013). It is seen that the bias and RMSE strongly 

depend on the wind speed and direction. Wind speeds 

in Qeshm station did not have data in the range of 

V<= 0.6, therefore this box is left empty in table 3. 

Overall, the NCDC-BSW wind speed data have a 

higher correlation than ERA-Interim with buoy 

observations. In addition, the correlation seen in 

different resolutions of ERA-Interim dataset does not 

change significantly. For example, the statistics for 

Qeshm station in 0.25 and 0.125 resolutions are the 

same as the distance between the nearest point and the 

observation data does not change by changing the 

resolution. 

For the wind direction, correlation coefficients 

between both datasets and observations are high. This 

can mainly be due to the wind circulation over the 

region under the great impact of Shamal. 

The bias of wind speed is negative for NCDC-BSW 

and positive for the Interim dataset, meaning that 

generally, satellite estimates are underestimated and 

Interim dataset is overestimated in the study area. Fig. 

10 shows the scatter plot of NsCDC-BSW wind speed 

versus buoy measurements. The linear fit refers to all 

the matchup pairs, and the equation of the linear fit is 

also given for three plots. Satellite data are more 

consistent with buoy data in Asaluyeh and Bushehr 

stations and not as good at Qeshm station. As this 

station had some lack of data. Statistical calculation of 

p values is done in Fig. 9. All three stations data show 

acceptable results.   

Table 2: Statistics of the comparison between alternative sources of offshore wind data 

and buoy wind measurements (for all wind speeds). 

Station Dataset 
RMSE Bias R 

N 

Speed (m/s) Direction (°) S Dir S Dir 

Bushehr 

NCDC-BSW 2.94 96.33 -1.06 14.86 0.54 0.85 1191 

ERA0.75 3.43 83.96 1.03 -12.21 0.12 0.84 1461 

ERA0.25 3.20 74.94 -0.59 6.15 0.35 0.85 1461 

ERA0.125 3.17 75.21 -0.38 6.17 0.33 0.85 1461 

Asaluyeh 

NCDC-BSW 3.07 79.40 -1.41 25.20 0.58 0.70 941 

ERA0.75 3.97 98.22 -0.78 3.26 0.07 0.68 976 

ERA0.25 3.69 103.41 -0.80 15.66 0.07 0.68 1461 

ERA0.125 3.57 103.20 3.57 103.20 0.06 0.68 1461 

Qeshm 

NCDC-BSW 2.93 103.83 1.14 24.00 0.19 0.74 250 

ERA0.75 2.27 102.71 0.14 -34.75 0.49 0.75 366 

ERA0.25 1.86 113.89 0.40 -41.06 0.65 0.84 1461 

ERA0.125 1.86 113.89 0.40 -41.06 0.65 0.84 1461 
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Table 3: Wind speed RMSE and Bias for different wind speed classes 

Station Dataset 

V<=0.6 0.6<V<3.6 3.6<V<6.6 6.6<V<9.6 V>=9.6 

RMSE Bias RMSE Bias RMSE Bias RMSE Bias RMSE Bias 

Bushehr 

NCDC-BSW 3.91 -3.55 3.23 -2.18 2.18 -0.11 7.12 5.88 3.09 2.01 

ERA0.75 3.11 -2.74 2.03 -0.93 2.55 1.91 4.68 4.37 7.46 7.27 

ERA0.25 4.42 -3.89 3.12 -2.09 2.31 0.34 2.82 1.84 4.69 4.15 

ERA0.125 4.26 -3.76 2.96 -1.93 2.28 0.56 3.03 2.18 5.03 4.55 

Asaluyeh 

NCDC-BSW 4.99 -4.22 3.16 -1.94 2.75 -0.90 2.96 -0.18 2.35 0.20 

ERA0.75 4.89 -3.95 3.99 -2.63 2.98 0.27 4.31 2.96 6.25 5.15 

ERA0.25 5.08 -4.29 3.67 -2.65 2.60 0.31 4.01 2.97 6.03 4.97 

ERA0.125 4.82 -4.07 3.41 -2.39 2.53 0.58 4.14 3.25 6.26 5.34 

Qeshm 

NCDC-BSW - - 1.72 -0.01 2.69 1.03 4.49 3.72 10.11 9.80 

ERA0.75 2.26 -1.76 2.06 -0.81 1.99 1.01 3.03 2.13 4.66 4.61 

ERA0.25 2.22 -1.67 1.48 -0.39 1.84 1.18 2.80 2.27 3.45 3.37 

ERA0.125 2.22 -1.67 1.48 -0.39 1.84 1.18 2.80 2.27 3.45 3.37 

 

 

Fig. 9: Scatter plot and linear fit of NCDC-BSW satellite data and buoys wind speed with P values, 

for Asaluyeh, Bushehr and Qeshm stations    

5. Conclusions 

The performance of NCDC-BSW satellite and ERA-

Interim reanalysis ocean surface wind ver the northern 

coast of the Persian Gulf are investigated and valuated 

against wind data measured at three buoys for the year 

2009. The main conclusions can be summarized as 

follows. 

Shamal affects the wind regime and determines the 

prevailing wind distribution in this region. Along the 

northern coasts of the Persian Gulf, the wind is 

northerly in the west (Bushehr) and turns in cyclonic 

direction (as a result of topographic features on its way) 

to westerly in the middle parts (Asaluyeh) and finally to 

southwesterly in the eastern parts (Qeshm) of the coast. 

This is consistent with the wind direction pattern 

observed during extreme Shamal events. This 

conclusion is also confirmed by synoptic weather 

stations from long-term historical data (IMCOS) and 

satellite data. In addition, from the information taken 

from sailors and local people in the northern coast of 

the Persian Gulf, the most dominant winds in this 

region usually blow from north and northwest. 

The buoys are located in three different parts of the 

Iranian coasts of the Persian Gulf. Therefore, they 

could provide an acceptable representation of the wind 
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characteristics in this region. The results of the matchup 

analysis highlight the problems of the available wind 

data on the northern coast of the Persian Gulf. Even 

though the study has been mainly conducted on three 

sites only, the results obtained could be regarded as 

having general applicability over the basin. However, 

the analysis cannot be considered exhaustive because it 

has been conducted only for the year 2009. 

It should be mentioned that despite their large 

uncertainties, scatterometers and reanalyses are useful 

sources of data, as there are not long-term sea surface 

observations available with fine spatial resolution over 

the Persian Gulf. However, it is necessary to assess the 

overall quality of the satellite and reanalysis estimates 

to apply in long-term data analysis too. 

Studying the accuracy of datasets, in this research, 

the NCDC-BSW dataset provided an acceptable 

representation of the wind speed with fine P values and 

direction over this basin. Therefore, this fine resolution 

dataset can be used as an alternative to observational 

data over the northern part of the Persian Gulf, where 

there is a shortage of observations over the sea. On the 

other hand, the ERA-Interim dataset with 0.75-degree 

spatial resolution had limitations for simulating the 

wind speed and direction because of its coarse 

resolution. This is not true for all sea surface areas. In 

fact, other resolutions (0.25 and 0.125) of ERA-Interim 

dataset did not improve the results significantly, as they 

are just interpolation of the original data set that is 

ERA0.75. 

Despite their appropriate spatial coverage, the 

satellite and Interim datasets are somehow weak in 

temporal resolution as it only gives the Gulf 

instantaneous wind at 6-hour intervals. On the other 

hand, buoys have a high temporal resolution (one hour 

or even less), but weak spatial coverage. Therefore, it 

could be recommended to use satellite and interim data 

for long-term studies and larger areas and apply the 

buoys observations for short-term, local, and extreme 

event studies. 

As observed sea surface wind is an important data 

for assimilation into models, lack or inaccuracy of such 

data increases simulation errors. An increase in the 

number of buoys, deployment of accurate measuring 

instruments and regular calibration of them are required 

for a more accurate simulation of the sea surface wind 

and the state of the Persian Gulf. 
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