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Abstract

Many studies that discuss observed trends in wind speed focus primarily on regions of the North-
ern Hemisphere, so there is little research directed to the Southern Hemisphere. This paper pre-
sents a preliminary investigation of possible statistically significant trends in wind speed over the
Southern Hemisphere, with a detailing on the South American continent, between 1961 and 2008.
Thus, data from the 20th Century Reanalysis V2 were examined with statistical tests of Mann-
Kendall and Sen’s Bend in order to establish the significance and the magnitude of detected trends.
The previous results indicate statistically significant trends of increase in average wind speed over
the equatorial region of the planet, as well as in the eastern sector of the South Pacific and South
Atlantic Oceans. In South America, the most significant trends of decrease in wind speed were
noted in some areas of the southern sector of the continent, even as in the adjacent Atlantic Ocean
to Argentina. Further studies should be performed to physically support the occurrence of these
trends in wind speed. In addition, other observed and reanalysis data sets should be explored to
update and corroborate these primary analyzes.
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1. Introduction

Most of the effort in variability and climate change studies focuses on variables related to air temperature and
precipitation. These two climatic elements are very relevant and have been researched through observed and si-
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mulated data. However, as [1], the practical effects of any climate variations or changes do not involve a single
climatic component, but rather the result of a combination of variables. Several impacts of climate variability
directly or indirectly involve the wind speed. For instance, one of the main ways in which variations in air tem-
perature affect the biosphere is through the sensible heat flux density, which is dependent on the wind speed.

A significant example of this relationship is the ocean evaporation, that is, the process by which water mole-
cules change from liquid phase to vapor phase in the atmosphere-ocean interface. According to [2], the evapora-
tion depends on three basic requirements: thermal energy, moisture difference between the atmosphere and the
ocean, and the wind speed. The air turbulent motion associated with the wind speed and surface roughness faci-
litates evaporation because it carries water vapor from the evaporated surface and helps to maintain a vertical
moisture gradient between the atmosphere and the ocean. Furthermore, the wind speed also has a significant
economic and social importance. Since the 20th century, according to [3], with the rapid growth of the world
economy, energy demand is multiplying and energy industries are in massive process of wind resources devel-
opment. Wind power has as main feature its abundant, clean and renewable generation.

Several studies as [4]-[6], among others, present researches associated with wind speed variability and
changes during the years. However, much of the work is concentrated in regions of the Northern Hemisphere, so
there is little information to the Southern Hemisphere. In this context, this work has the objective of presenting a
preliminary analysis of possible statistically significant trends in wind speed on the Southern Hemisphere, with a
detailing on South America, between 1961 and 2008. This study aims to contribute positively in generating re-
levant information for strategic areas of society.

2. Data and Methodology
2.1. Study Area

The study area of this research specifically carries the Southern Hemisphere (Figure 1). Most of this hemisphere
is covered by water, wherein just 30% is land area and it comprises 10% of the world’s population.

The South American continent is also analyzed in detail in this work. South America is dominated by warmer
climate in the north and colder climate in the south, in addition to being bathed by the Atlantic and Pacific
Oceans. In the west coast of the continent are the Andes, the longest continental mountain range in the world. In
the northwest sector is the Amazon rainforest, a moist broadleaf forest. These physiographic aspects constitute
the complex climatic characterization of the continent.

2.2.Data

The database used in this study comes from the reanalysis of the Earth System Research Laboratory/National
Oceanic and Atmospheric Administration (ESRL/NOAA), entitled 20th Century Reanalysis V2 [7]. The meteo-
rological variables fields are available on a time scale of 6 (six) hours with a horizontal resolution of 2.0° and
24° vertical levels.

The data are distributed by NOAA National Model Archive and Distribution System (NOMADS). From the
monthly average of the zonal (U) and meridional (V) wind components at 10 meters for the period of January
1961 to December 2008 (48 years), the wind speed at the surface of the Southern Hemisphere was calculated
using the GrADS® software. The resulting wind speed data is then verified, without any further preprocessing,
using the statistical tests described in Section 2.3.

Figure 1. Study area of this research, the Southern Hemisphere. The black box delimits the focused area of the South Amer-

ican continent, also analyzed in this paper.
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2.3. Statistical Tests

To analyze the significance of the observed trends in wind speed is used the Mann-Kendall non-parametric sta-
tistical test [8]. This test considers that, in the hypothesis of time series stability, the succession of values occurs
independently and the probability distribution must always remain the same (simple random series). The
Mann-Kendall test is the most appropriate method to analyze the significance of possible climate changes in
historical series [9].

One of the benefits of this test is the fact that it is a non-parametric test, that is, the data do not need belong to
a particular distribution. Another advantage is that the result is less affected by outliers, because its calculation is
based on the sign of the differences and not directly in the variable values. The formulas used for calculating
Mann-Kendall statistical test are:
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In Equation (2), x are the time series, ranging from k (j = k + 1) to n. The number of groups of repeated val-
ues in each group p (to g) is represented by t in Equation (4). The trend is indicated by the Z-value in Equation
(1), where a positive (negative) Z means an increasing (a decreasing) trend by Normal table. If the probability p
(p-value) of the Mann-Kendall test is equal to or less than the significance level «, a statistically significant trend
exists, whereas a p-value greater than « confirms a non-significant trend. The adopted significance level o for
this work is 0.05% or 5%, that is, a confidence level S of 0.95% or 95%.

Sen’s Bend is a non-parametric method (assuming a linear trend) used to estimate the magnitude of trends
[10]. To calculate the Sen’s Bend, all the curvatures from all pairs of values are computed using time series:
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As Sen’s Bend is also sensitive to outliers and missing data, this test is more rigorous than the usual regres-
sion curve and provides a more realistic measure of trends in time series. Statistical tests of this research were
conducted using the MatLab® software.

3. Preliminary Results and Discussion

To assess the results, Figure 2 was created. It shows the identified trends in the mean wind speed over the
Southern Hemisphere between January 1961 and December 2008 (m/s per month); the areas with an upward
trend in wind speed are marked with colors ranging from yellow to red, while areas with decreasing trend are
represented by colors ranging from light blue to dark blue; regions with no statistically significant trend is sym-
bolized by the white color.

It was noted a statistically significant increase of the wind speed at 95% confidence level in the tropical por-
tion as a whole, but with greater magnitude in the equatorial region (on the threshold between the Northern and
Southern Hemispheres). These changes that reach over +3.6 x 10~ m/s per month are possibly associated with
an intensification of the confluence area of the trade winds and, consequently, changes in the region of the
equatorial trough related to the Intertropical Convergence Zone (ITCZ).
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Figure 2. Observed trends in wind speed for the Southern Hemisphere (above) between January 1961 and December 2008
(m/s per month). The figure below only shows the regions where the trends were statistically significant at 95% confidence
level.

In much of the tropical and subtropical oceanic portion of the Southern Hemisphere (between 10°S and 30°S),
including the Pacific, Atlantic and Indian Oceans, is also noted a marked upward trend of average wind speed
around +3.0 x 102 m/s per month that is likely aggregated to changes in the circulation of eastern outskirts of
the subtropical anticyclones located in these regions. Some significant trends of decrease in the wind speed
around —1.2 x 102 m/s per month were found in isolated areas of the oceanic mid-latitudes of the Southern He-
misphere, that is, in frontogenetic regions of emphatic meridional thermal gradient, especially on the South Pa-
cific Ocean. These alterations may be attached to changes in this north-south temperature gradient due to the
observed warming in all regions of the world during the 20th century [11].

On the South American continent and adjacent oceans (Figure 3), there is a statistically significant increase in
the mean wind speed in the northeast Pacific Ocean, as already noted and commented in Figure 2. A wind speed
increase is also identified on the southwestern Atlantic Ocean (about +1.0 x 10"* m/s per month), but with lower
magnitude to the Pacific Ocean. This alteration, which extends to the coast of southeastern Brazil, can be ex-
amined in relation to the frequency trend of frontal systems in southeastern South America and near Atlantic
Ocean over the past years.

It is also observed that the average wind speed is decreasing significantly at a rate higher than —0.5 x 10~ m/s
per month over the Atlantic Ocean adjacent to Argentina, as well as some sectors at the north of this country, at
Paraguay, in the west of the South of Brazil and Mato Grosso do Sul State (Brazil). Through investigations into
the precipitation over the past decades, it is possible to emphasize that these are regions where a statistically sig-
nificant growth trend of annual rainfall has been observed [11].

[12] showed a significant increase at 99% confidence level of the turbulent heat flux (latent and sensible heat)
on the east coast of Argentina. These changes may be related to the significant reduction in average wind speed
in this area.

4. Conclusions and Future Work

This study presents a preliminary assessment of possible statistically significant trends in wind speed over the
Southern Hemisphere, with a detailing on the South American continent, during the second half of the 20th cen-
tury. This research aims to collaborate in the production of key information for strategic sectors of society. Thus,
reanalysis data were analyzed with posterior use of statistical tests to determine the significance and magnitude

of the detected trends.
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Figure 3. Same as Figure 2 for the South American continent. The figure on the right only shows the regions where the
trends were statistically significant at 95% confidence level.

Statistically significant trends have shown an increase in the average wind speed over the equatorial region of
the planet, as well as in the eastern sector of the South Pacific and South Atlantic. Most of the Indian Ocean is
also experiencing an increase in wind speed in the last decades. In South America, the most significant trends of
reduction in the average wind speed are confined to some areas of southern portion of the continent and to the
Atlantic Ocean portion adjacent to Argentina.

Future work should be undertaken to investigate the reasons associated with such detected trends in wind
speed. Therefore, trends related to other climate variables such as precipitation and air temperature could help
understanding the wind speed trends. In addition, new observed and reanalysis data sets, such as the Climate
Forecast System Reanalysis (CFSR), whose coupled ocean model tends to improve the reliability of the statis-
tical results, should be used to update and confirm these preliminary analyzes.
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