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ABSTRACT/RESUMEN

A preliminary analysis of the behavior of the wind speed is presented using the regional climate model PRECIS, focusing on
changes in the distribution of this variable for three periods of 30 years in the future 2011-2040, 20412070 and 2071-2099. The
regional climate model PRECIS is used in high resolution scenarios of climate change SRESA 1B, using boundary conditions
from the MCG ECHAMS and 6 of the 16 members of the set of perturbed physics HadCM3 MCG. It was found that changes in
wind speed will be higher in the eastern and northern coast, becoming statistically significant for the second half of this century
with an increase in wind magnitude between 0.1 and 0.4 m s™!. It is concluded that these areas of increased wind power match
with the current projection of the Cuban wind program where the construction of 13 new wind farms are contemplated.

Key words: wind resource assessment; wind power; climate model PRECIS; changes wind speed; climate change scenarios.

Se presenta un andlisis preliminar del comportamiento de la velocidad del viento, utilizando el modelo climadtico regional
PRECIS, centrandose en los cambios en la distribucion de esta variable para tres periodos de 30 arios en el futuro 2011-2040,
2041-2070 y 2071-2099. Se emplea el modelo climdtico regional PRECIS en escenarios de cambio climatico de alta resolucion
SRESAIB, utilizando condiciones de frontera de MCG ECHAMS y 6 de los 16 miembros del conjunto de fisica perturbada
HadCM3 MCG. Se comprueba como los cambios en la velocidad del viento serdn mayores en la region oriental y costa norte
del pais, siendo estadisticamente significativos para la segunda mitad del siglo XXI, con un aumento en la magnitud del viento
entre 0.1y 0.4 m s™!. Se concluye que estas dreas de aumento del potencial edlico coinciden con la proyeccion actual del
programa edlico cubano donde se contempla la construccion de 13 nuevos parques eolicos.

Palabras clave: evaluacion de recursos eélicos; energia edlica; modelo climatico PRECIS; cambios en la velocidad del viento, escenarios de
cambio climatico.

INTRODUCTION

Exploring the impact of climate change on wind energy is a focus of research and scientific analysis in many countries around
the world. Several studies have shown that during the last three decades of measurements in the boundary layer and in the surface
layer of the atmosphere, the wind has changed over the planet.
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The use of regional climate models (MCR) in the Caribbean region is relatively limited, although in recent years there has been
a noticeable increase in the use of this tools. Recently, [1], used the model RegCM4 for similar purposes, while [2] and [3],
developed a sensitivity study to the parametrizations and dimensions of the domain, using the model RegCM4.1.

In Cuba, the first climate scenarios generated by the use of downscaling techniques were due to [4], from the participation of
researchers in a regional initiative coordinated by the Climate Change Centre of the Caribbean Community (CCCCC) ([5]). The
technique of downscaling used was dynamic, using the regional climate model HadRCM3, encapsulated in the PRECIS system,
which was fed by the outputs of the MCG HadAM3P and ECHAMA4, for emission scenarios SRESA2 and B2. The results were
generated at a resolution of 50 km and though in a limited way, they considered two important sources of uncertainty; the emission
scenarios and structural. Among other varied studies, these scenarios were the basis of the impact studies and adaptation measures
documented in [6].

In subsequent years, the technological development of INSMET and the CCCCC coordinated initiative strengthening, have
created the conditions to develop new and more complex simulations using the PRECIS system. However, increasing the number
of simulations with HadRCM3, required to assess and identify an appropriate and computationally optimal domain so that they
could be performed. In the study by [7] it was possible to demonstrate that the HadRCM3 model showed little sensitivity to
changes in the dimensions of domains and it was concluded that a relatively small domain could be used optimally to reproduce
the Caribbean climate. In that study elements showing the added value of PRECIS and the ability of this RCM to represent key
features of the climate of the region as the Caribbean low level jet, midsummer drought, and also the variations found in the
North Atlantic Subtropical anticyclone influence. Thus, these authors confirmed some of the findings by [4] and [8].

Until now, climate scenarios developed in Cuba have been used to assess impacts on different sectors such as agriculture, water
resources, and human settlements or in areas such as biodiversity. However, until now, potential impacts on renewable energy
sources such as wind power, have not been evaluated. Such evaluations have great significance when considering two key aspects:
i) Renewable energy sources appear as very promising climate change mitigation alternatives, though they are typically dependent
of the weather and ii) in addition to benefits aimed at mitigating climate change, there are other environmental and economic
issues that have led to the promotion and development of these alternatives within the energy matrix in Cuba. For these reasons,
the development of climatic scenarios linked to assessments of potential impacts on the generation of wind energy are highly
topical and have great scientific and practical importance. The main goal of this research is to generate high resolution future
climate scenarios for the Caribbean region to analyze the behavior of the wind speed, this variation will be added to the new
outputs of The Numerical Wind Atlas of Cuba to estimate the values of wind speed in the future.

METHODOLOGY

The dataset used in this study consisted of: 1. wind speed average fields at 10 m height above mean sea level (ASL) estimated by
[9], 2. average wind speed fields at 10 m height above mean sea level (ASL) estimated by [10], 3. and finally, to validate PRECIS
model performance reanalysis data for the period 01 January 1989 to 31 December 2002 will be used. The dataset used for
validation consists of 6-hourly observations of wind speed at 32 meteorological stations at 10 m AGL.

These data, including daily wind speed, estimated from the 6-hourly observations for the period 01 January 1989 to 31 December
2002 were compared with estimated wind from the PRECIS model fed by reanalysis data provided above. The availability of
these time series of observed data allowed to have an idea of the trend in the velocity of simulated and observed wind. Calculating
wind power values (fig. 7) was performed from wind speed, using the equation (1):

E =05pV° (1)

Where ¥ is the wind speed and p is the air density assumed as approximately 1.19 kg m™[11].

The experiments developed in this work were based on the proposed domain [7], who conducted a detailed analysis of the
implications of the dimensions of different domains in the simulation of key aspects of the climate of the Caribbean region. These
authors also demonstrated the ability of model PRECIS to produce added value on the higher resolution information that feeds it,
something that had already been approached by [4] and [8].

In this work is used the version 1.8.2 of the PRECIS regional climate modeling, The RCM is a 19 levels hydrostatic model
described by a hybrid system of coordinates. The horizontal resolution is 0.22° x 0.22° equivalent to 25 km, respectively, in the
Equator of the rotated grid. Due to the use of this high resolution, the model requires a time step of 2.5 minutes to maintain
numerical stability. Surface conditions are required only on water, where the RCM needs time series of sea surface temperature
and ice extensions.
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Currently the Met Office at Hadley Centre is in a position to provide the boundary conditions for 17 members of a set of physically
disturbed runs for use with the PRECIS RCM in order to allow users to generate a set of high resolution regional simulations.
However, developing projections with all 17 experiments require a computational capacity that is not currently available and
therefore it was decided to select a subset of six members for such purposes. For the selection of the six members used in this
work, results presented by ([12]) were used to develop an expert judgment exercise within the Climate Modeling Group in the
Caribbean. The elements considered were the ability of five of the six members to play the current climate in the Caribbean and
consider those who represent the widest possible range of future uncertainty, using the values of climate sensitivity of each
member. Following the selection of the subset to be used, selection methods have been published that incorporate objective
aspects ([13]), but still rely largely on subjective aspects when establishing elements for selection conditions. The sixth member
of the subset was represented by the standard version of the model HadCM3, which is a undisturbed member ([9]). All experiments
were performed at 10 m ASL to establish a comparison of the results with surface meteorological stations. To determine how
significant the increase or decrease in the values of the wind speed is, it is necessary to know the degree of significance that such
variation can have, for this we calculate the standard deviation using equation (2), for each grid point i where V}; is the value of
the PRECIS wind speed for the i-th grid point for day k and V' ;is the average speed for all days and N is the total number of days
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The significance level field in the i -th grid point is calculated according to the equation (3):
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Where V o;is the average speed of the base period and oy, is the standard deviation of the base period.
After calculating the significance ¢ for each grid point we keep only the values that are above the 95th percentile of the entire
sample ({;> 1.96) and only those grid points are now taken into account to represent the wind speed BIAS.

RESULTS AND DISCUSSIONS

It is necessary to know the ability of the modeling system used to represent aspects of the wind power. Therefore we proceeded
to calculate the absolute error of PRECIS model (fig. 1) driven by reanalysis data (1989-2001) was also calculated. The EMA
for all meteorological stations is 1.56 m s™!, maintaining a large number of stations with errors that exceed 2 ms™!. According
to the findings in this same figure 1, we can say that the PRECIS model tends to overestimate the wind resource, with some
exceptions like Punta Lucrecia (365) and Gran Piedra (366). [9] argued that some of the main factors of the discrepancies in the
calculations PRECIS can be attributed to the large size of the grid with the model (25 km) was run.
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Fig.1. the absolute error of PRECIS model driven by reanalysis data for the 32 meteorological stations selected. The results are shown
depending on the type of land with bars red, green and blue representing coastal, mountainous and plain areas respectively.
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To study in greater detail the behavior of the model and reflect the skill in the conducted experiments and the ability to represent
climate variability of the wind, stations of Casablanca , Camaguey,” Nuevitas, Puerto Padre, Punta Lucrecia and Mais’1 were
selected; which are related to wind studies currently being carried out in our country [11] and [10]. Establishing a comparison
between the time series of surface stations and time series produced by the model PRECIS, in this case using reanalysis data for
the period 01 January 1989 to 31 December 2001 (fig. 2). This figure 2, shows panels of the observed (black lines) and time
series constructed using the PRECIS model (every year) for wind speed (blue lines) at 10 m AGL. The graphs indicate that the
model overestimates the values of the wind speed in the selected meteorological stations with the exception of Punta Lucrecia
where it tends to underestimate it and the station of Mais'1t where the wind speed is very close to the measurements made.
However, the model does show a great effectiveness in the trend of the wind speed over the time series at the selected
meteorological stations.
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Fig. 2. Time series constructed using the PRECIS model for wind speed (blue) and mean wind speed in different meteorological stations
(black) at 10 m AGL

Figure 3, shows the behavior of the average wind for each of the periods selected with respect to the base period, taking into
account the average value of the ensemble, given the different scenarios. In this figure a reinforcement of the magnitude of the
wind can be seen, especially towards the second half of the century in regions where the largest wind resources in Cuba are
currently located [11] and [10]. However, to know the significance of this increase, the level of significance was calculated using
the methodology described, and the result is reflected in figure 4.
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Fig.3. Wind speed bias for each of the periods selected, taking into account the average value of the ensemble, given the different
scenarios.

Setting an absolute threshold value of 1.96, corresponding to 95 % of the interval of no significance, regions can be determined
where the increase obtained for the second half of the century is truly important.

Filtering of these values is shown on figure 5, with the significant increase for each of the periods with respect to the base period.
It can be seen that for the periods 1991-2010 and 2011-2040, the average wind does not experience any change as to its magnitude
and, from the period 2041 to 2070, it begins to show a rising trend on the north coast from the central provinces to the east of the
country, and this will further increase to the period 2071-2098. The expected increase of wind magnitude is between 0.1-0.4 m
s”!, may be higher for higher levels, if the vertical increase in wind speed in the atmospheric surface layer is taken into account
([14]). The most relevant of this increase is that it can consolidate the current projection of the Cuban wind program until 2030,
where the construction of 13 wind farms is proposed precisely where the wind power of Cuba will increase since the second half
of the century. Moreover, Cuba’s southern coast experienced a slight decrease in the values of wind speed that will be greater
towards the Caribbean Sea.

The future projection of the wind power of Cuba are based on estimates from the reference period (1961-1990) and future periods
changes (2011-2040, 2041-2070 and 2071-2098), taking approximately intervals of 30 years as this is recommended by various
authors for conducting the climatological studies. Figure 6, shows the average wind given by the ensemble using the PRECIS
model for different periods selected. In this figure it can be seen that on the north coast the highest values are obtained in
correspondence with other works on the estimation of wind resources in Cuba ([11] and [10]). Figure 7, is as figure 6, but for the
wind power in W m 2, which has tremendous value for the wind energy industry.
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1991-2010 2011-2040
24°N g W \"‘)\ —7 287N - & N
W - oy
N\ N
—— . = P : - | sgn . t % N .
Lo e
\ F b J'"J
22N st 2z - = :
: G - o
~ CONSTANT FIELD - VALUE 1S .0 =<, .
= # zya i
21°N A, 21N S, A,
20°N — ?_: PR P - | e - A : .
1 "
19°N 19N
T T T T T T =T T T T T T T T
BE"W BaW s2"w 207w 7AW TE"W T4TW as"w 4w a2"w Boyw TEW TETW Ta&W
2041-2070 2071-2098
S e T = T = N :
2N

BE"W B4 a2ow BO"W Ta"W TE"W T4 BE=W B4 -] BOW e 76w W

Wind Spe_ed Bias (m/s)

-07 -06 -05 -04 -0.3 -02 0.1 0 01 02 03 04 05 06 0.7

Fig. 5. Wind speed bias between the base period and the various selected time periods.

Revista de Ingenieria Energética,2018, vol. 39, n. 2, mayo/agosto, p. 106-114, ISSN 1815-5901
111



Wind resources assessment of Cuba in future climate scenarios
Y. Alonso et al.

23°N 23°N

22°N 22°N
21°N 21°N
20°N 20°N
19°N 19°N
86°W BE"W
2041-2070 2071-2098
23°N 23°N
22°N 22°N
21°N 21°N
20°N 20°N
19°N 19°N
BE'W B4W B2*W B0°W TBW TETW T4IW 8E°W BAW B2'W B0"W TBW TETW T4W
Wind Speed (m/s)

05 1 15 2 25 3 35 4 45 5 55 6 65 7

Fig.6. Average wind speed given by the ensemble using the PRECIS model for different selected periods. The values of the average
wind speed are given in [m™2].
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Fig. 7.average wind power given by the ensemble using the PRECIS model for different periods selected. The values of the average
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CONCLUSIONS

The wind atlas generated from the 53 years experiment is compared with the wind speed observations collected during the same
period of time at 32 meteorological stations, distributed all over the country. All the experiments were carried out at 10 m height
ASL to be able to establish a comparison with the results at the meteorological stations. The results for this first experiment
indicate that, overall, PRECIS overestimates the near surface wind speed and the largest wind resources are obtained on coastal
areas, at the top of the hills and in areas of plateaus.

PRECIS estimates highly accurately the wind resource in those areas. The largest discrepancies between observations and model
are found at the stations with observed wind speed below 2.5 m s™! which are mainly located in coastal regions, areas of dense
and high vegetation clusters, and narrow keys that were smoothed out by the model grid spacing.

In the future it is observed that the wind resource will be greater in the Eastern and Northern coast of the country. Coincidentally
with other studies on estimation of the wind resource in Cuba. Comparing with the baseline it is observed that the major changes
will occur in the north east coast of our country in the second half of this century and these changes are statistically significant
for an increase in the magnitude of the wind between 0.1 and 0.4 m s™! with a confidence level of 95 % to 10 meters in height,
coinciding with the current projection of the Cuban wind program until 2030 where the construction of 13 new wind parks has
been planned.
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