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ABSTRACT 
 
As part of the actions deemed necessary to re-
duce climate change, emerging economies such 
as that of México have begun to look at new 
methods of power generation, to help ensure that 
its energy demand can be met in a transition 
period of fossil fuel depletion. Several groups 
have started working on the analysis and the 
determination of adequate systems to exploit the 
national potential of renewable resources. Thus, 
this paper provides some evidence of the work 
that has been done to evaluate the potential for 
future power generation using wind in the Baja 
California Peninsula and the Caribbean (Yucatán 
and Quintana Roo).  These analyses were intend-
ed to create a national atlas of renewable tech-
nologies as part of the national development plan 
and international commitments discussed in the 
United Nations Forum of Climate Change 2010. 
Wind intensity maps were generated using 25 
weather stations and the prospecting system 
MesoMap ® from MeteoSim Truewind, S. L. 
Geographical layers were also added to charac-
terize each region in order to define zones where 
to construct wind farms with the highest com-
mercial potential and lowest environmental im-
pacts. The results demonstrate a high potential, 
especially in Baja California with a seasonal 
dependence, whilst the Caribbean shows a highly 
directional nature with just some potential sites 
for elevated power generation.  
 
RESUMEN 
 
Como parte de las acciones necesarias para 
reducir los efectos del Cambio Climático, 
economías emergentes como México han 
comenzado a buscar métodos alternativos para la 
generación de energía eléctrica, de tal manera 

que se asegure que la demanda energética  pueda 
cumplir un periodo de transición en la reducción 
de combustibles fósiles. Varios grupos han 
comenzado a trabajar en el análisis y 
determinación de sistemas adecuados para 
aprovechar el potencial nacional de energías 
renovables. Bajo este contexto, este artículo 
presenta la evidencia del trabajo realizado en la 
evaluación del potencial para la generación de 
energía eléctrica futura utilizando el viento en la 
península de Baja California y el Caribe 
(Yucatán y Quintana Roo). La intención de estos 
estudios es crear un “Atlas Nacional” de las 
tecnologías renovables como parte del Plan 
Nacional de Desarrollo y de los Comités 
Internacionales discutidos en el Foro de 
Naciones Unidas del Cambio Climático 2010. 
Los mapas de la Intensidad del Viento fueron 
generados utilizando 25 estaciones 
meteorológicas y el sistema MesoMap ® de 
MeteoSim Truewind, S. L. Capas geográficas 
fueron agregadas a cada región de interés en 
orden para definir las zonas para la construcción 
de parques eólicos con el mayor potencial 
comercial y los impactos ambientales más bajos. 
Los resultados muestran un alto potencial, 
especialmente en Baja California con una 
dependencia estacional, mientras que el Caribe 
muestra una naturaleza altamente direccional con 
solo algunos sitios potenciales para la generación 
de energía de gran capacidad.               
 
INTRODUCTION 
 
Up to the end of this decade it has been estimated 
that natural gas will be used to produce over 57% 
of the total available electrical energy [1]. Never-
theless, political and commercial problems relat-
ed to this fuel around the globe have made the 
improvement and implementation of new forms 
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of renewable energies crucial. Moreover, con-
cerns about climate change and fossil fuels de-
pletion have generated renewed interest in the 
use of these technologies for power generation, 
with special emphasis on wind energy. 
 
Wind energy is an indirect form of solar energy 
generated as a consequence of the differences in 
temperatures and pressures in the atmosphere 
produced by the sun and the earth´s rotation. 
Wind energy has been used in the past for the 
propulsion of vessels and ships, as well as for the 
movement of windmills. Today, due to ad-
vantages such as practically zero-carbon dioxide 
production in its life cycle and relatively high 
potential [2], wind power generation is a focus as 
one of the most promising technologies for ener-
gy production in the world. 
 
According to the World Wildlife Fund [3], five 
emerging economies, including México, demon-
strate leadership with plans to cut greenhouse gas 
emissions. México is integrating its climate 
change mitigation and adaptation plans and has 
committed to reducing greenhouse gas emissions 
by 50% by 2050 relative to 2000 levels. In order 
to achieve this ambitious goal, the country has 
focused on the implementation of several renew-
able sources, with wind generation being one of 
the key points in its emission reduction plans. 
This is essentially a consequence of the contin-
ued growth of this technology at an annual rate 
of 29%, combined with the potential of the re-
source and the decline in national fossil fuel 
reserves [4]. Recent studies [5] estimate that 
México will have installed power up to 4.7 GW 
by 2014, with an estimated technical potential of 
40 GW. In 2010, México occupied fourth place 
after Brazil in installed wind generation capacity, 
with 518MW, with a continuous growth in the 
last few years, Fig. 1.  Thus, México has become 
an attractive market for this technology, with an 
average growth rate of 256% in the last decade.  
 

 

Figure 1. Mexican wind energy evolution [5]. 

The Mexican energy regulator has stated that 
Oaxaca has a world-class wind resource, whilst 
other sites such as Baja California, Zacatecas, 
Hidalgo, Veracruz, Sinaloa and Yucatán present 
excellent exploitation conditions. Nevertheless, 
the true potential for such sites has to be calcu-
lated in a realistic manner in order to be ap-
proved for implementation.  

 
Therefore, this study is part of a compilation of 
studies aimed to create a data base for a national 
atlas of renewable technologies that will aid in 
the definition, characterization and implementa-
tion of the best available technology to produce 
adequate energy for domestic and foreign con-
sumption. The study was performed on two sites 
of great interest to the Mexican Government: the 
Caribbean, one of the most attracting touristic 
locations, which has also been studied by other 
groups [6-7]; and the Baja California Peninsula, 
with an estimated high potential, reduced con-
nectivity to the national grid and common border 
with the United States, where part of the energy 
is exported. Other authors [8-10] have also pro-
vided data about these locations, with probable 
generation potential.  
 
 
METODOLOGY 
 
Site Characteristics 

Baja California Peninsula 

This peninsula is located in northwest México, 
Fig. 2, sharing a common border with the United 
States through the State of California, with an 
approximate territory of 145,800 km2. Two 
states, Baja California Norte and Baja California 
Sur, comprise the peninsula with an approximate 
length of 1,280 km. This is a region where tour-
ists from California and Nevada come every year 
due to its favorable weather. Moreover, its geog-
raphy and proximity to North America make it a 
location of strong winds and easy connection to 
foreign grids, respectively. These parameters 
create a very favorable scenario for wind power 
generation. 
 
The Caribbean (Yucatán and Quintana Roo) 
 
This portion of land is located in the east of 
México dividing the Gulf of México and the 
Caribbean Sea, Fig. 3. Three states, Yucatán, 
Quintana Roo and Campeche share the peninsu-
la, which also includes the countries of Belize 
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and part of Guatemala. It is in this region where 
places such as Cozumel and Cancun are located, 
which attract millions of tourists every year.  For 
this study only the states of Quintana Roo and 
Yucatán were considered, with an effective land 
area of 90,403 km2.  
 

 
 

Figure 2. Territorial limit and elevations in the  
Baja California Peninsula. 

 
 

 

Figure 3. Territorial Limit and Elevations in the Caribbean. 

 
In this study, large regions where selected for 
each peninsula. For the Caribbean (Yucatán and 
Quintana Roo), the study area was defined by a 
single square, whilst for the Baja California 
Peninsula 3 squares were used in order to mini-
mize the sea area as much as possible, Table 1. 
Fig. 4 shows these areas.  

Baja California Peninsula Caribbean 

Area 1 Area 2 Area 3 Area 1 

Longi-
tude 

Lati-
tude 

Lon-
gi-

tude 

Lat-
itud

e 

Lon-
gi-

tude 

Lati-
tude 

Longi-
tude 

Lati-
tude 

-
113.90

6  

32.72
47  

-
111.1

24  

29.5
197  

-
109.2

17  

26.05
38  

-
86.487 

21.8
19 

-
114.00

5  

29.61
61  

-
111.3

03  

26.1
517  

-
109.4

14  

22.83
16  

-
86.487 

17.5
51 

-
117.15

5  

29.64
99  

-
115.6

48  

26.2
584  

-
112.5

16  

22.94
99  

-
89.729 

17.5
51 

-
117.16

0  

32.76
28  

-
115.6

05  

29.6
426  

-
112.3

99  

26.19
10  

-89.73 21.8
17 

 
Table 1. Description of the measuring areas. Geographical 

coordinates [°] 

 
 
Figure 4. a) Baja California Peninsula. Three areas of study 

were used in order to improve the analysis. b) Caribbean 

area of study. 

MesoMap ® Software 
 
Developers typically want to find project sites in 
regions that have not already been identified and 
evaulated by others. That means that there is 
usually little or no reliable data from tall towers 
to indicate how much wind is available and 
where the best locations are. Atmospheric model-
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ing using a combination of mesoscale and mi-
croscale models can overcome this problem [11]. 
One approach is to create high-resolution wind 
resource maps of large regions, such as a state or 
country, without the need for surface wind data. 
This approach is based on two models: A 
mesoscale weather model, which develops a 
picture of the historical wind climate in the re-
gion at a scale of about 2km, and a mass con-
serving microscale wind flow model, which 
accounts for local terrain and surface roughness 
changes at a scale of 100m or 200m. Mesoscale 
models are useful for simulating complex wind 
climates featuring time-varying temperature 
gradients, stability effects, temperature inver-
sions and other phenomena [11]. The program 
has been proved in numerous cases in North 
America [12] and other sites in Asia [13], show-
ing good agreement between real and simulated 
wind velocities.  
 
Wind maps were generated using this software 
based on the last generation of the Mesoscale 
Atmospheric Simulation System (MASS), simu-
lating the physical phenomena in the atmosphere 
that includes the analysis of mass conservation, 
momentum and energy. Moreover, the program 
models turbulent kinetic energy with viscosity 
and the shearing mechanism of wind propaga-
tion. The program characterizes the wind re-
source in the region, recreating real conditions 
for 366 randomly selected days out of a 15 years 
data base. For each day, wind direction and ve-
locity are simulated, as well as temperature, 
precipitation, and cloud thickness, etc. in macro 
(2.5km) and micro scales (100m). When the 
simulation is completed and has been validated 
with real data, the results show the wind veloci-
ty/direction and power potential. Fig. 5 shows 
the flow diagram for such a methodology. 
 
There are some issues remaining to be resolved 
in the simulation program. The first is related to 
the discretization of a finite scale, which produc-
es a softening of the geography. This can overes-
timate wind speeds where high mountains are 
located. This can be addressed by increasing the 
resolution of the simulation, albeit at a higher 
computational cost. Other problems are related to 
the rugosity and vegetation density, which can 
produce uncertainty if they are not properly ana-
lyzed. In this analysis, a typical rugosity was 
used for each surface, Table 2. Although it is 
recognized that the values can change, the final 
results show good agreement with the simula-
tion.  

 

 
Figure 5. MesoMap methodology. 

 

Surface Description Rugosity [m] 

Glacier and perpetual ice 0.003 

Crops 0.03 

Fields with bushes 0.07 

Grassland 0.05 

Caducifolious forest 0.9 

Mixed forest 113 

Urban areas 0.3 

 
Table 2. Rugosity values for different surfaces 

 
Rugosity is not the only surface property to be 
taken into account, the direct effect of vegetation 
density must also be considered in the simula-
tion. The software also solves using complex, 
important phenomena such as Katabatic winds 
(wind carrying down high density air due to 
gravity), channelization through mountains, sea 
breeze, low level jets and temperature.  Hurri-
canes were not taken into account, since they 
pose an exceptional effect on wind that will not 
be usable for power generation.  

 
The data base used for the analysis is comprised 
of historical meteorological bases referred to as 
the US National Center for Environmental Pre-
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diction (NCEP) and the National Center for At-
mospheric Research (NCAR). These data pro-
vide the description of the global meteorological 
conditions in six hour intervals. For the mi-
croscale analyses, the elevation data have been 
generated during the Shuttle Radar Topography 
Mission (SRTM) project conducted by the Na-
tional Geospatial Intelligence Agency (NGA) 
and the National Aeronautics and Space Admin-
istration (NASA). The land usage maps were 
obtained from the GeoCover data base created by 
Landsat Thematic Mapper with a 28.5m resolu-
tion. In order to reduce the final modeling error, 
a correlation between both the simulated velocity 
and directions and the data collected from the 
meteorological weather stations was established. 
The filtering was done using those stations where 
the effective measuring period is superior to one 
year with average velocities above 2.5m/s. Typi-
cally, a quadratic error of 5% is found for simple 
wind regimes. Under complex regimes, the error 
is about 7% [13-14].  
 
Wind potential maps 
 
Wind maps are the first step in understanding the 
distribution of the wind resource at a specific 
site, taking into consideration not only entire 
countries, but also large regions, and even small-
er locations such as districts and harvest fields 
where more detail is required to maximize the 
use of such a resource. Simulations for these 
maps at an altitude similar to the turbines, with a 
standard value of 80m above ground level is 
recommended. This is the average height of 
modern turbines. On the other hand, the resolu-
tion of the mesh grid of the analysis is a funda-
mental element to obtain congruent results that 
can be matched to real parameters. A low resolu-
tion would overpass some effects produced by 
the mountains, the ground or even rugosity. For 
the study of entire countries the reference scale 
can be between 2.5 and 1.0km depending on the 
extent of the study area. Depending on the de-
sired accuracy of the resource the resolution 
might be increased to a microscale up to 100m. 
However, for evaluation studies the microscale 
can be up to 50m, requiring a specialized compu-
tational cluster to handle millions of information 
nodes.  
 
Wind measurement 
 
Once the wind maps are created, correlations and 
adjustments to the model are performed over the 
numerical analysis, taking the values obtained 

from the weather towers strategically distributed 
across the surface of the study area. These should 
be located at the same height as the wind tur-
bines. If this is not the case, an extrapolation of 
the data can be done using the Logarithm Profile 
Law or the Hellman Exponential Law. It is nec-
essary that these measurements have at least one 
year of continuous monitoring in order to estab-
lish the wind regime for the entire year.  

 
For this research 25 automatic meteorological 
stations of the Servicio Meterológico Nacional 
(The National Meteorological Service) were 
utilized for the analyses, Fig. 6.  Two types of 
structures were utilized to support the sensors at 
10 m height, Fig. 7. The data base for each 
weather station was provided by the Water Na-
tional Commission (CONAGUA), a decentral-
ized organization of the Secretary of Environ-
ment and Natural Resources (SEMARNAT). 
 

 
 

Figure 6. Location of 25 weather stations used for the  
analyses 
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The data obtained from these weather stations 
are wind velocity (m/s), wind direction (°), tem-
perature (°C), relative humidity (%), pressure 
(mbar), pluvial precipitation (mm), and solar 
radiation (W/m2). These data have been filtered 
and selected to identify the necessary quality of 
the wind resource. The use of weather stations at 
10m height provided a good approximation to 
the numerical analysis.  
 

 
Figure 7. Structures used to support the sensors. 

Geographic Information System (GIS) 
 
Once the wind models were created and were 
correlated to real data, different GIS layers were 
added to define the real potential zones of each 
region. This is done using an specialized soft-
ware such as ArcGIS ® 10 [15], which allows 
the handle of different GIS layers, superimposing 
the layers of interest that impact on the analysis 
of the wind resource to determine those zones 
that could be exploited, which are not necessary 
those with the highest wind potential, Fig. 8. It is 
fundamental to determine these zones, establish-
ing their viability and sustainability with respect 
to social, economic and environmental consid-
erations.   
 

 

Figure 8. Layers Used in the Analysis of the Potential of the 

Regions of Interest. 

Therefore, the GIS layers included were road 
maps, inhabited zones, electric transmission 

lines, political entities, transportation routes, 
satellite cartography at 1:250,000 and topogra-
phy, Table 3.  
 
GIS layer Source 

INFORMATIVE  

      Elevation INEGI 

      State limit CONABIO 

      District limit INEGI 

      Roads INEGI 

      Electric transmission lines INEGI 

      Power plants INEGI 

      Urban locations INEGI 

      Rural locations  INEGI 

      Archeological zones INEGI 

      Train lines INEGI 

      Basins 
SIGA, S. A. de C. 
V. 

      Sub-Basins 
SIGA, S. A. de C. 
V. 

RESTRICTIVE  

      Protected Natural Areas CONANP 

      Wetlands CONANP 

      Mangrove 
SIGA, S. A. de C. 
V. 

      Water currents INEGI 

      Water bodies INEGI 

 
Table 3 - GIS layers utilized 

 
RESULTS AND DISCUSSION  
 
The results of the integration of the mesoscale 
and microscale models, data bases from the 
weather towers and geographic information al-
lowed the presentation of the prospective distri-
bution of the wind resource in both regions at 60, 
80 and 100m above the ground level, Figs. 9 and 
10. These wind maps represent a good practice 
by international standards for preliminary as-
sessment of wind resources for wind power gen-
eration. 
 
The available information of each map, Fig. 11, 
can be utilized for the analysis of annual, season-
al and monthly data such as velocity, direction, 
Weibull distributions, etc. Additional GIS infor-
mation related to elevation, rugosity and geo-
graphical data for each node are used to predict 
the potential favorable zones. 
 
The highest wind resource is concentrated at the 
north of the Baja California Peninsula, in the 
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Sierra de Juárez and Sierra Santa Isabel, from the 
Angel de la Guarda Island to El Infiernillo, with 
wind values that range from 6.5 to 13.2m/s (Fig. 
9). In the south there are some small, isolated 
regions with some potential such as El Morro 
Hermoso, El Coyote, La Reforma, etc. In the 
Caribbean (Yucatán and Quintana Roo), the 
resource is basically concentrated in the north-
east, in the Sierra Papacal from Chicxulub to 
Dzidzantum with velocities that range from 6.5 
to 8.5m/s, Fig. 10. Additionally, there are minor 
zones in the east such as Chunyaxché passing 
through the coast towards Sian Ka’an.   

 

 
Figure 9. Wind Potential in the Baja California Peninsula at 

80m Above the Ground Level. 

 

Figure 10. Wind Potential in the Caribbean (Yucatán and 

Quintana Roo) at 80m Above the Ground Level. 

 

 
 

Figure 11. Information in all maps. 

The surface with wind velocities above 6.5m/s in 
the Baja California Peninsula is 31,457 km2, a bit 
more than one fifth of the total area. In the Car-
ibbean, only 13,080 km2 has values above 
6.5m/s, just one seventh of the entire territory. 
Table 4 shows the potential areas for each region. 
Although these areas are large, there are other 
considerations such as land use and internal 
politics (protected areas, archeological zones, 
mangroves, etc.) that decrease the potential of 
each region considerably. 

 

Peninsula 
Total Surface 

[km2] 
Potential Surface 
(>6.5 m/s) [km2] 

Baja California 145,800 31,457 

Caribbean 90,403 13,080 

 
Table 4. Total surface and potential of each peninsula 

 
According to the National Wind Atlas developed 
by the Instituto de Investigaciones Eléctricas 
(IIE) and the Secretary of Energy (SENER) [16], 
the total available area for the potential usage of 
wind power generation is 233,750 km2, from 
which only 10% can be used for a potential in-
stalled capacity of 71,000MW for factor plants 
above 20%, and 11,000MW for factor plants 
above 30%, Fig. 12. In an equivalent manner, 
considering these values, the Baja California 
Peninsula can contribute with a 33.8% and 
12.5% for factor plants above 20% and 30%, 
respectively, Table 5, and the Caribbean with 
17.0% and 5.3% for factor plants above 20% and 
30%, respectively, Table 6.    
 
Using the average wind velocities obtained from 
the simulations, the power curve for a wind tur-
bine of 2MW and considering exclusively the 
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10% of the potential area with a factor plant of 
20%, the real wind potential estimated for the 
Baja California and Caribbean Peninsulas are 
7,120MW and 1,696MW, respectively.  
 

Peninsulas 

Potential 
surface, 

AT 
[km2] 

Usable 
surface 
(10% 
of AT) 

(1) 
[km2] 

Surface 
contribution 

(2) 
[%] 

Potential 
installed 
capacity 

(3) 
[MW] 

Baja 
California 

79,080.0 7,908.0 33.8 7,120.0 

El Caribe 39,867.0 3,987.0 17.0 1,694.0 

(1) Considering only 10% of surface with potential.  
(2) With respect to the 10% of 233750 km2 estimated 
by the IIE. 
(2) Considering a power curve using 2MW wind tur-
bines 

 

Table 5. Surface and power calculations for a factor plant of 

20% 

Peninsu-
la 

Total 
surface 

with 
poten-
tial, AT 
[km2] 

Usable 
surface 
(10% of 
AT) (1) 
[km2] 

Surface of 
contribu-
tion (2) 

[%] 

Installed 
power 

(estimat-
ed) (3)  
[MW] 

Baja 
Califor-

nia 

29,382.
0 

2,938.0 12.5 1,322.0 

Carib-
bean 

12,691.
0 

1,269.0 5.3 556.0 

(1) Considering only 10% of surface with potential. 
(2) With respect to the 10% of 233750 km2 estimated 
by the IIE. 
(3) Considering a power curve using 2MW wind tur-
bines 
 

Table 6. Surface and power calculations for a factor plant of 

30%. 

 

 
 

Figure 12. Usable region for power generation [16]. 

Fig. 13 and Table 6 show an equivalent of 93% 
and 97%, respectively, of the investigated areas 
with wind speeds greater than 6.5m/s. This dif-
ference is caused by the Weibull distribution, 
which does not present a parameter that adjusts 
to the analyzed factor plant as well as to those 
isolated points inherent in the numerical model.  
 

 
Figure 13. Territorial contribution to the usage of wind 

power in each region. 

Conventional techniques for the study of wind 
potential require considerable time and usually 
depend on the availability of expensive weather 
stations. Moreover, the conventional numerical 
models are somehow imprecise under variable 
wind regimes, with a debatable exactitude when 
analyzing complex surfaces, making their results 
unreliable.  
 
The usage of a sophisticated model for atmos-
pheric simulation, capable of reproducing the 
wind patterns at large scale in a combination 
with a microscale model that responds to the 
surface and geographical characteristics, can 
improve considerably the exactitude and preci-
sion of the results. This software allows the study 
of wind potential for regions that can range from 
small fields to entire countries, with a higher 
level of detail. Moreover, the usage of real data 
from the weather stations validates the simula-
tions, giving even more reliability to the final 
results. The implementation of such a model 
reduces costs and time for the identification and 
evaluation of potential regions for wind power 
generation.  
 
This was corroborated in this study, where the 
real potentials of the Baja California and Carib-
bean (Yucatán and Quinta Roo) Peninsulas were 
estimated. High potential is availalbe from Baja 
California, representing a considerable portion of 
the national potential. On the other hand, the 
Caribbean shows some potential, but only small 
regions can be exploited commercially.  
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CONCLUSIONS 
 
The presented data shows clear evidence of the 
wind potential capacity of the Baja California 
and Caribbean (Yucatán and Quintana Roo) 
Peninsulas. Baja California has considerable 
potential, mainly in the north of the peninsula, 
whilst the Caribbean has some small exploitable 
regions along the coast of Quintana Roo and one 
large zone in the north of Yucatán.   
 
It was found that the peninsula of Baja California 
can provide 13,220MW in a potential territory of 
29,382 km2 without considering the land usage 
limitations and wind speeds between 6.5 and 
13.2m/s, with a factor plant equal or greater than 
30%. Meanwhile, the Caribbean can provide  
5,560 MW in a 12,691 km2 territory, with aver-
ages wind speeds of 6.5 and 8.9m/s.  
 
Using published data by national and interna-
tional governmental agencies and utilizing the 
10% adjustments of the total area with potential, 
it is notable that 17.8% of the total national ca-
pacity comes from these two sites considering a 
30% factor plant. This denotes the high contribu-
tion of these regions to the total potential of the 
nation from wind generation, which is not lim-
ited to 10% of the presented area but to an ex-
haustive analysis of sustainability.  
 
In order to determine if a region is favorable for 
wind generation, it is necessary to define other 
factors that will impact the final decision of 
whether a zone can be exploited or not: wind 
frequency, potential density, hydrology, geogra-
phy, vegetation, electric grid, roads, among oth-
ers. A follow up analysis is required to estimate 
the factor plant considering a fully charged wind 
turbine, defining the theoretical power provided 
by the site.    
     It is important to note that the modeling of the 
wind resource is only the first step in the evalua-
tion of wind potential.  Modeling should be fol-
lowed by the definition of boundaries and re-
gions where the resource can be exploited with 
sustainability, considering economic, political, 
and environmental factors.  This ensures the 
most appropriate   implementation of strategic 
plans for the region and the country as a whole.   
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