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Abstract
Wind speed has been widely used for energy purposes. Therefore, studies focused on its knowledge are
extremely relevant to better bene�t from this resource. The aim of this study is to analyze wind behavior
and estimate wind power density (WPD) in the interior of northeastern Brazil, a region with predominance
of the semi-arid climate, based on the data made available by the automatic station installed at the
Experimental Farm in the municipality of São João do Cariri-PB, which come from the SONDA project and
refer to the year 2007. Descriptive analysis techniques were used to identify the periods in which the wind
behavior is more favorable to wind harnessing. From the results obtained, there was a predominance of
southeast in the wind direction component. However, the values of both the observed wind speed (2, 25
and 50 m) and the wind speed estimated for the levels of 100 and 150 m, as well as the estimates of
power density (50, 100 and 150 m) showed that the lowest records are present mainly in the �rst hours of
the day, as well as in the �rst half of the year, while the highest values occur from 10 a.m. extending to
the beginning of the night and prevail in the last six months of the year. These determinations denoted
higher values of wind power density available for the second half of the year (mainly from August to
December).

Highlights
1. The direction and speed wind is analyzed for hourly, monthly and seasonal at different heights

2. The surface wind speed is seasonal, with higher values in the last six months of the year.

3. The highest wind speeds at 100 and 150 m altitude occur in the dry season.

4. The greatest potential for wind energy at the 50, 100 and 150 m levels occurs between winter and
summer in the region.

1. Introduction
Derived from the horizontal gradients of atmospheric pressures, wind is a meteorological element that
has been investigated for decades by several authors, in order to better understand its behavior (Jing et
al., 2020).

Both energy resources and their applications require studies that provide increasingly detailed knowledge.
This practice leads to a better pro�t and more sustainable use of natural resources, in order to meet
human needs, without depriving generations who will bene�t from the same resources (Lopez, 2012). In
this context, according to Mariano et al. (2017), one of the most promising renewable energies with the
least impact on the environment is obtained from the wind.

Sauer et al. (2006) state that Brazil has excellent sites for the implementation of wind parks, and the best
areas are found along the coast. However, these authors indicate that sites with capacity for wind power
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generation are located in the interior, particularly in the Northeast region, where the state of Paraíba is
situated. In addition, Oliveira and Costa (2011) assume that the geographic favoritism of the Brazilian
Northeast (NE) with the intensity and constancy of the trade winds provide adequate conditions for the
exploitation of this resource as an energy alternative.

The availability of updated information from local and regional wind �elds is essential for e�cient
management and forecasting of wind energy production (Perez et al., 2014). For the installation of wind
turbines, it is essential to conduct a preliminary study to obtain the local wind potential, such as the
intensity of wind speed and direction.

Several authors have studied the wind potential existing in the Brazil territory. In their work Lima and
Filho, (2010), these authors characterized the wind regime in the region of Triunfo, Pernambuco and
found predominance of winds from the Southeast, using data obtained from the SONDA (Sistema de
Organização Nacional de Dados Ambientais) Project. However, the values showed a wind potential above
the average found in other places inside and outside Brazil.

Through statistical treatment of wind data for the year 2008, Alé et al. (2010) performed the wind
characterization of the microregion of São João do Cariri-PB. The authors estimated the average annual
wind speed at 100 m. However, they concluded that the site is not attractive for a large wind parks, but
could be a useful region for the installation of small turbines. Results similar to those of the
aforementioned authors were found by researchers Lima and Filho, (2012) when analyzing the wind
resources of São João do Cariri-PB, through data from the SONDA project for the period from 2006 to
2009 at levels of 25 and 50 m.

The results of studies on wind resources depend on the quality of the available data, and these studies
can provide only an approximation of the overall potential of wind energy. In addition, it is important to
consider that the potential for wind energy can vary signi�cantly for different regions (Hernandez-
Escobedo et al., 2011; Manzano-Agugliaro et al., 2013).

Paraíba has favorable meteorological and relief conditions for wind harnessing both in coastal areas and
inland areas. Based on this, this study aims to present, through a case study for the region of São João
do Cariri-Paraíba, the behavior of wind speed at different heights, as well as the estimation of wind power
density in this locality at levels of 50, 100 and 150 m.

2. Methodology

2.1. Study Area
The municipality of São João do Cariri is located in the Borborema Mesoregion and in the Cariri Oriental
Paraibano Microregion has a total area of 653.09 km2, being occupied by 4,344 inhabitants with a
population density of 6.65 inhabitants/km2, according to the last census. The municipality is bordered by
Gurjão and Santo André to the North; Parari, Serra Branca and Coxixola to the West; Cabaceiras and São
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Domingos do Cariri to the East, and Caraúbas to the South. It is 186.6 km away from the state capital,
João Pessoa (Medeiros et al., 2015). Fig. 1 shows the location of the city of São João do Cariri-PB.

2.1.1. Climate and Relief
According to Köppen’s classi�cation, the climate is Bsh (hot semiarid), with highly variable rainfall in its
spatial, temporal and interannual distribution, and a dry season that can reach up to 11 months (Araújo et
al., 2005). Cariri Oriental has an average rainfall ranging from 400 to 500 mm year-1 and relative humidity
of approximately 70%. The temperature ranges from 27.2 ºC in the November-March period to 23.1 ºC in
July, which are the maximum and minimum values, respectively (Sousa et al., 2007).

The geology of the area in which the municipality is situated consists of the crystalline basement of
Precambrian age, where gneisses, migmatites and granites predominate. The site under study is located
in the physiographic zone of the Borborema Plateau, in the Borborema mesoregion and Cariri Oriental
microregion, with a predominantly �at and gently undulating relief, where the area is located on a surface
of the Paraíba’s territory intensely lowered by erosion cycles initiated at the end of the Tertiary Period,
which have peripherally cut the Northeast portion of the Brazilian shield, with altitudes ranging between
400 and 600 m (Andrade-Lima, 1981; Araujo et al., 2011).

The predominant vegetation is of the hyperxerophilic Caatinga type according to Sousa et al. (2007), and
the most commonly found species are: ‘jurema preta’ (Mimosa tenui�ora Willd. Poiret.), ‘pereiro’
(Aspidosperma pyrifolium Mart.), ‘catingueira’ (Caesalpinia pyramidalis Tul), ‘angico’ (Anadenanthera
columbrina Vell. Brenan), ‘aroeira’ (Myracrodruon urundeuva Allemão) and various cactus species. 

2.2. Data Used 
Observed data of wind speed and direction at 2 m height, with records every 15 minutes were used, but
considering only those arranged in hourly averages for the year 2007 obtained from the automatic station
installed in the “Bacia Escola” Experimental Farm (Araujo et al.,2005), belonging to and made available
by the Federal University of Campina Grande.

The study of this area also used the records from the anemometric tower located in the Experimental
Farm, made available by the SONDA (Sistema de Organização Nacional de Dados Ambientais) project of
INPE (Instituto Nacional de Pesquisas Espaciais). The main objective of the SONDA project is to develop
a physical and human resource infrastructure to create and improve the surface database necessary for
the survey of solar and wind energy resources in Brazil, and the consequent planning of their use (Martins
et al., 2008).

The SONDA data network, before making the data of its stations available, subjects them to a validation
process that aims to identify suspicious data. The data validation processes obtained by SONDA stations
are based on the data quality control strategy adopted by BSRN (Baseline Surface Radiation Network).
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Although BSRN deals only with solar radiation, its data control strategy has also been applied to
meteorological and anemometric data (SONDA, 2019).

The data of the anemometric station (SONDA), available for the twelve months of the year used in the
study (lack of records in May), include the year 2007, obtained at heights of 25 m and 50 m, with records
every 10 minutes. However, this analysis considered only the data of wind speed and direction, organized
in hourly averages. 

2.3 Methods

2.3.1. Data Processing
For the modeling addressed in this study, electronic spreadsheets were used to estimate and organize the
data, as well as the programming language R (R Core Team, 2019), through the use of openair and dplyr
packages.

2.3.2. Descriptive Analysis
The data were described by means of central tendency (mean, median) and dispersion (standard
deviation), as well as frequency density.

2.3.3. Wind Speed Estimation
Wind data were measured at heights of 2, 25, and 50 m. For this reason, a logarithmic expression was
used to estimate wind speed at heights of 100 and 150 m, Eq. (1). More details can be obtained in
Manwell et al. (2002).

where: 

V (Zr) is the wind speed (m/s) at the reference height, considered as 25 m;

V (Z) is the wind speed (m/s) at the desired height;

Z is the desired height (m);

Zr is the reference height (m) and
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Z0 is the roughness (m) of the region. 

The roughness coe�cient value for the terrain used in the study was 0.15 m, according to the criteria
indicated in Table 1 (Fernandez Diez, 2003).

Table 1. Roughness coe�cients (m) as a function of the type of terrain.

Terrain Description  Coe�cients

Flat areas with ice or forest 0.08-0.12

Flat areas (sea, coast) 0.14

Slightly rugged terrains 0.15-0.16

Rustic zones 0.20

Rugged terrains or woodland 0.20-0.26

Highly rugged terrains and city 0.25-0.40

2.3.4. Wind Power Available in the Wind 
Wind energy arises from the potential energy in the wind, which is transformed into circular motion
energy that passes through the blades connected to the rotor and is converted into electric energy
(Martins et al., 2008), thus constituting the basic operation principle of wind turbines. The equation of
available wind power is expressed by Eq. (2) according to Custódio (2009).

where: Pavailable is the available wind power perpendicular to the speed (m/s) to the cube; A is the area
given in meters (perpendicular to the wind), formed by the rotational diameter of the blades of the wind
turbines through which the wind passes, and ρ (kg/m3) is the air density

However, Physicist Albert Betz determined an index that explains the total use of the energy available in
the wind, which is approximately 59%. This factor was called Betz Power (Betz,1926). This power
expresses the losses caused by the dissipation of mechanical energy in wind turbines, among other
factors. Thus, through mathematical reorganizations in Eq. (2), it was observed that wind power density
(WPD) is given by the available power divided by the cross-sectional area, which results in the following
equation:
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where: 

ρ (kg/m3) is the air density; and 

V is the speed (m/s).

3. Results

3.1. Wind Variability and Temperature at 2, 25 and 50 m
Heights
Figure 2 shows the hourly and monthly behavior of wind speed, for the year 2007, in the region of São
João do Cariri at levels close to the surface, heights of 2, 25 and 50 m.

The variability of wind speed at the level of 2 m (Fig. 2) has higher intensity in the daytime (09:00 to
18:00 h) with an average of around 4.5 m/s. However, the lowest values of wind speed occur in the
interval between the night and early morning. It is also worth mentioning that wind speed averages below
4.5 m/s were recorded throughout the studied year.

The in�uence of the surface is especially dominant in a layer comprising the �rst 50–100 m of the
atmosphere, where heat and humidity exchanges occur between the surface and atmospheric air, mainly
due to the availability of radiation from the Sun (Martins et al., 2008).

The trend of daytime winds greater than those at night occurs because the surface heating process
causes great variability throughout the day and a predominance of higher intensities in the daytime, so
the wind potential also undergoes changes in the daytime regime (Oliveira et al., 2004; Oliveira e Souza,
2018).

Thus, by analyzing the variability of wind speed at levels of 25 and 50 m (Fig. 2), it can be noted that the
speed pro�le (hourly and monthly averages) for both exhibits similar behavior. As for the hourly variation,
the greater variability of wind speed is noticeable during the morning, but with the lowest averages for
both levels. The highest wind speeds occur in the afternoon, where the maximum peak for both levels is
at 18:00 h (6.8 m/s for 25 m and 8 m/s for 50 m), thus corroborating the classical pattern with
occurrences of the highest magnitudes of wind speed during the day (Junior et al., 2010). Martins et al.
(2008) points out that at greater heights the friction on the wind is lower, so higher speeds are reached
compared to those at lower heights, exponentially increasing the speed as a function of the increase in
height.

The highest wind speed intensities throughout the Northeast occur in the second half of the year
(Nóbrega and Aquino, 2009). In line with the cited authors, Lima and Filho (2012), when analyzing the
wind in the same locality in question for the period from 2006 to 2009, obtained values consistent with
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those found in the current study, with lower values of wind speed in the �rst half (March-April-May) and
higher values in the second half (November).

In a related study for �ve regions of Paraíba, Lima et al. (2010) found similar results, with the presence of
maximum wind speeds in the second half of the year.

More intense winds in the night time is a typical characteristic of regions farther from the coast (Germano
and Junior, 2016). Therefore, this fact may explain the occurrence of stronger winds during the night time
in São João do Cariri for some months of the year.

It worth pointing out that the greater the temperature variation in a given region or place, the greater the
wind circulation (Silva et al., 2012). The magnitude of these variations is directly dependent on weather
conditions as well as local conditions (Oliveira, 2011).

Based on this assumption, the average hourly and monthly variation in air temperature in São João do
Cariri in 2007 is presented in Fig. 3. The four seasons of the this year show temperature variations,
especially during the day, when the winds are commonly stronger from a certain time, characterizing a
high variation in their intensities during the year at some heights.

It was observed that the air temperature at 2 m height begins to increase from 6:00 h, with “high” values
between 12:00 and 18:00 h, and the highest thermal gradient occurs at 15:00 h (31°C), as shown in Fig. 3.
Reboita et al. (2016) states that the temperature varies greatly with altitude and this difference in its
behavior originates in the way through which each of its layers is heated.

Thus, it was observed that at levels of 25 and 50 m there is a behavior of increase in the values of air
temperature, possibly caused by the greater supply of solar energy, and for the period from 7:00 to 18:00
h, the process of heating of the upper layers of the surface result in a higher availability of stored heat
around 18:00 h for both levels, with records of 29°C for 25 m and 28.5°C for 50 m, agreeing with the time
at which there is a sudden increase in wind speed intensities for the same heights (Fig. 2).

It is also observed that the minimum values of air temperature for the three heights are recorded in the
months of May, June, July and August, with the minimum peak observed in August (around 22°C). Over
the course of the other months, the temperature begins to rise signi�cantly. The maximum values occur
between October and February, with maximum value in January: 26.5°C for 2 m, 26.2°C for 25 m and
25.8°C for 50 m. The maximum values of air temperature are directly related to the high solar radiation.

Temperature variations as a function of height are responsible for the intensity of turbulence; the closer to
the surface the more intense, due to natural factors. As height increases, it is induced mainly by
convection (Montanher e Minaki, 2018).

3.2. Seasonal analysis of wind direction
Another key aspect to studying the wind, besides its speed, is its direction. It is essential to know this
aspect in order to determine the optimization of the use and consequently its maximization in the
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generation of energy.

Figure 4 shows the possible seasonal wind directions for the municipality of São João do Cariri at the
three heights under study in 2007. It is noted that for the level of 2 m the predominant wind direction in all
seasons is between 100 and 150° (East-Southeast and South-Southeast). For the height of 25 m, the
dominant seasonal direction for the whole year is between 150 and 200° (South-Southeast and South-
Southwest). At 50 m height, the directions are similar to those for 25 m (South-Southeast and South-
Southwest), with a greater predominance also from 150 to 200° for all seasons.

An analysis reveals that, for the three levels evaluated in the region of São João do Cariri, there is greater
variability in direction in the summer and autumn seasons, when compared to the predominant direction.

Variations in wind direction can occur on the same time scale as variations in wind speed. Seasonal
variations in wind direction can be small, around 30°, or exceed 180°. Sudden changes in direction may
also occur due to the turbulent behavior of the air due to height (Foley et al., 2012).

When studying the direction regime for São João do Cariri-PB in the period from 2006 to 2009, some
authors Lima and Filho (2012), obtained results of direction similar to those found at the three heights
analyzed, predominantly southeast, with seasonal variations.

By observing the average monthly variation of wind direction for �ve regions of the Paraíba state (São
Gonçalo, Monteiro, Patos, Campina Grande and João Pessoa), Lima et al. (2010) found similar results to
those found here, with wind direction in the regions varying between the angles of 20º and 180° in the
study period. In an analogous study for the Sub-middle São Francisco River, Lopes et al. (2017) found a
predominant frequency in the southeast direction for the winds in the region.

3.3. Estimates of wind speed at heights of 100 and 150 m
As height increases in the atmosphere, friction is reduced and the wind reaches greater speed, so it is
important to analyze the wind regime at several different levels.

From the average wind speed in the site at 25 m height, the speeds for the heights of 100 and 150 m were
estimated in order to verify the wind behavior at different levels, which are considered of interest for
energy use because they undergo lower alterations due to relief conditions, presence of obstacles and
vertical thermal stability (CEMIG,2010).

As energy production is highly dependent on wind speed, assessing its variability is extremely relevant. As
the height increases, the frictional force contrary to the direction of air�ow is reduced, increasing the
intensity of wind speeds (Silveira et al., 2000; Paula et al., 2017).

Figure 5 shows the hourly and monthly variations of wind speeds for the two heights at which they were
estimated (100 and 150 m). It can be noted that the greatest variability of wind speed (shaded area)
occurs during the day, for both 100 and 150 m. Wind intensity has greater oscillation in the daytime
possibly due to the thermal variability in the site.
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It is noted that the wind speed begins to decrease in the early morning extending until 6:00 h (with
average of around 3 m/s for both heights), from which there is a sudden increase. However, the highest
values of wind speed comprise the time interval from 9:00 to 19:00 h, the highest peak of which is seen at
19:00 h, reaching 8.8 m/s for 100 m and 9.5 m/s for 150 m.

At levels closer to the earth’s surface, the interval of greatest magnitude of the wind occurs during the day,
from dawn to late afternoon, and the strong thermal gradient generated by surface heating is the main
mechanism for this condition. However, with the increase in height, there is a variation in this cycle, and
the wind at night starts to gain speed over a certain period (Arya, 2001; Lyra and Pereira, 2007).

For elevations greater than 50 meters, the effects of the surface on the wind are already smaller and
synoptic scale mechanisms act with greater intensity. Commonly, the daytime evolution of wind is
reversed at high levels (above 100 meters), with higher peaks of speed in the night time (Arya, 2001).

The levels of wind speed variability in some wind parks installed in the interior of Bahia denote
similarities with the characteristics of the wind in São João do Cariri, where the winds blow with less
intensity during the early morning and with greater intensity after sunset (AMA, 2013).

Regarding the monthly variability for the heights under discussion, the highest values comprise the four-
month period from August to November, with averages ranging from 7 to 8 m/s for 100 m and 8.5 to 9
m/s for 150 m (Fig. 5). From December, wind speeds begin to decrease, with lower values occurring in the
six-month period from February to July, ranging from 5.3 to 5.9 m/s for 100 m and 5.7 to 6.2 m/s for 150
m. In the rainy season (February to May), the occurrence of precipitation can change the average hourly
intensities of wind speed.

Similar average values were found by Mariano et al. (2017) when analyzing the wind speed in the regions
of Agreste, Borborema and Sertão of Paraíba, at heights of 10, 70 and 100 m. The values were more
intense at levels of 70 and 100 m. Analyzing the daily wind speed cycle for a locality in the state of Ceará,
Lima et al. (2011) observed low values in the early morning period (between 1:00 and 7:00 local time)
and high values in the period between 10:00 and 18:00 local time. Maximum values are observed at night
time where there are local mesoscale circulations, such as land breezes.

Oliveira and Sousa (2018), when analyzing the wind behavior in the mesoregions of Paraíba, highlighted
Borborema as the region where the wind is most intense, with speci�c areas to the north and south
(where São João do Cariri is located).

For wind exploitation to be viable in a given area, wind speeds of 3.0 m/s are required for small turbines
and 6.0 m/s for large turbines. Below these values, the energy content of the wind does not justify its use
(Rüncos et al.,2005). Therefore, based on the estimated average values for the two levels, São João do
Cariri theoretically has favorable wind conditions to the use of wind for energy purposes.

3.4. Estimates of power densities at 50, 100 and 150 m
heights
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In most places on the planet the wind blows more intensely during the day than at night, as a result of
temperature differences, but it is more turbulent and subjected to variations in direction during the day
(Oliveira, 2011).

The highest values of WPD are between August and December at the studied heights (Figs. 6, 7 and 8).
During the winter, which is from June to September, the Northeast of Brazil has a high power density, and
this characteristic still persists between the months from September to December due to the in�uence of
southeast winds during this season (Silva et al., 2016).

By separately analyzing the power density at each level, it can be observed that at 50 m, Fig. 6, the mean
values are 150 W/m2, being around the average found by Mariano (2017), when verifying the WPD for the
Borborema region (where São João do Cariri is located) at height of 70 m (182 W/m2). This average
value is identi�ed along the entire year, but is more present in the �rst six months, especially in the
afternoon. Regarding the highest values (from 300 to 500 W/m2), they are present from August to mid-
February, ranging from 09:00 to 22:00 h. However, the maximum values are present in October, November
and December (all within the range from 18:00 to 21:00 h).

For the level of 100 m, Fig. 7, the average power density found, equal to 230 W/m2, was very close to the
average value obtained for the same height, 224 W/m2, for the mesoregion where the analyzed locality is
located (Mariano, 2017).

The lowest values of WPD (below 200 W/m2) comprise the time interval from 00:00 to 07:00 h
throughout the year 2007. Maximum values (500 to 700 W/m2) start from August to January. However, in
August and September these values vary from morning to evening (09:00 to 20:00 h), unlike the other
months, where these maximums occur from late afternoon (17:00 to 21:00 h), due to higher values of
wind speed, as already mentioned.

In an equivalent study, Lima et al. (2010) analyzed the wind power density for winds at 110 m height for
some stations, including that of Patos, and observed average values similar to those found for the region
of São João do Cariri. These authors state that in the interior of Paraíba it is assumed that there is great
orographic in�uence in all regions, and low values of power are obsrved at heights close to the surface.

Figure 7. Wind power density (WPD) for the 100 m level.

At 150 m height, Fig. 8, the mean WPD was 276 W/m2, and the minimum values (from 100 to 200 W/m2)
vary throughout the day in the �rst half of the year; however, in the second half they are more frequent in
the hours from midnight until the early morning (00:00 to 07:00 h). The maximum values (500 to 900
W/m2) start in August and continue until January. However, their time regimes follow the same pattern as
those of previously analyzed heights.

It is worth pointing out that the maximum wind energy production in the second half, according to the
WPD, coincides with the dry season in the region and consequently with the period of lower water
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availability in the production of hydroelectric energy in drought years (Becker et al., 2011). Thus, wind
energy, if properly exploited, can supply this de�ciency. On the other hand, in the �rst half, there are
greater availability of hydroelectric energy in months of lower wind power, especially in rainy years. A
similar pattern was observed among different regions of the Northeast in a study conducted by Pinto et
al. (2017), who veri�ed wind behavior throughout the NE, with higher values in the months from August to
January and lower values from February to July.

Another parameter obtained with data treatment is the frequency distribution of the seasonal wind power
densities for the heights of 100 and 150 m. Figures 9 and 10 show the frequency densities of WPD for
certain ranges. The curve superimposed on the WPD ranges denotes the probability distribution,
characterizing the amplitude of the distribution.

By separately analyzing the densities for each height, it can be observed that at 100 m (Fig. 9), in the
summer season, the highest density is between 0 and 140 W/m2, totaling about 45% of the events for the
interval. In the autumn, the highest repetitions with almost 70% range from 0 to 180 W/m2, and in the
winter the most frequent values range from 0 to 150 W/m2 with 52%, but in the spring the highest
incidences are between 0 and 170 W/m2, with 34% of the episodes in this interval. The highest levels of
variability occur in the summer (0 to 1373 W/m2) and spring (0 to 1630 W/m2) seasons.

For the height of 150 m, Fig. 10, the greatest variability occurred in summer (0 to 1646 W/m2) and in
spring (1 to 1956 W/m2), as observed for the height of 100 m. The summer had higher density between 0
and 170 W/m2, with 46% of the events in the interval, and the smallest events for this season were
between 1360 and 1530 W/m2 with only one occurrence. In autumn the largest repetitions range from 0
to 210 W/m2, with 70% of the observations, but the lowest values are present within the range from 840
to 2100 W/m2.

In winter, the most successive values range from 0 to 180 W/m2 with a predominance of 52%, whose
minimum values occur between 1260 and 1800 W/m2. Finally, spring has higher incidences of 0 and 200
W/m2, with 34% of occurrences in this interval, and minimum incidences between 1400 and 2000 W/m2.

4. Conclusions And Future Perspectives
It should be pointed out that the results of the present study necessarily have a preliminary nature,
enabling the evaluation of important characteristics of hourly, monthly and seasonal variation of wind
direction and speed at different heights, being of great relevance for the use of this variable.

As for the wind speed distribution pattern for the heights near the surface, they showed a similar behavior,
with minimum values in the initial months of the year and maximum values in the last six months. The
dominant directions found were from the southeast, with seasonal variations, for the levels near the
surface.
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In this context, the simulations generated for wind speeds at 100 and 150 m heights demonstrated that
lower values occur mainly in the morning interval as well as for the rainy season of the region (February
to May), while the highest values occur from 10:00 h in the morning until late afternoon and early
evening, and predominate in the months from September to November (dry season).

Regarding the estimation of wind power density in this locality at the levels of 50, 100 and 150 m, it was
possible to observe that the months of higher WPD were those from August to January (late winter, spring
and early summer), encompassing the dry season in the region, while the lowest densities occurred
during the morning throughout the year 2007, especially in the �rst six months.

These determinations showed, therefore, that the results obtained with the simulations generated
integrate a relevant database for the evaluation of wind behavior in this locality for future studies.
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Figure 1

Study area location. Note: The designations employed and the presentation of the material on this map
do not imply the expression of any opinion whatsoever on the part of Research Square concerning the
legal status of any country, territory, city or area or of its authorities, or concerning the delimitation of its
frontiers or boundaries. This map has been provided by the authors.
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Figure 2

Hourly and monthly variability of wind speed for heights of 2, 25 and 50 m.

Figure 3

Hourly and monthly variability of air temperature for heights of 2, 25 and 50 m.
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Figure 4

Seasonal variability of wind direction for heights of 2 m (A), 25 m (B) and 50 m (C).
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Figure 5

Wind speed variability for the levels of 100 and 150.

Figure 6

Wind power density (WPD) for the 50 m level.
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Figure 7

Wind power density (WPD) for the 100 m level.
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Figure 8

Wind power density (WPD) for the 150 m level.

Figure 9

Seasonal distribution of the WPD frequency for the height of 100 m in summer (A), autumn (B), winter (C)
and spring (D).
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Figure 10

Seasonal distribution of WPD frequency for the height of 150 m in summer (A), autumn (B), winter (C)
and spring (D).


