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Abstract 

 

This paper presents the results of the analysis of persistence of wind speed from a 

statistical point of view applying the concepts of the autocorrelation function, 

conditional probability and wind duration curves for two weather stations. The 

name of the stations are Puerto Bolívar and Riohacha in the Department of La 

Guajira, Colombia. Initial data for the analysis is from historical hourly data 

provided by the IDEAM during the period 2006 - 2012. Additionally, monthly 

averages wind power density was calculated to estimate the power generated by 

future wind farms that could be installed in the Department of La Guajira. The 

obtained results for the three evaluated concepts indicate that the Puerto Bolívar, 

located on the northern coast of La Guajira is the most suitable place to generate 

energy with the wind. Even when the autocorrelation function, conditional 

probability and wind duration have same result under high wind potential at the 

location studied, a noticeable difference is observed between them, because of the 

correlation function and the wind duration curve are based on meteorological 

conditions, and the conditional probability depends on the truncated speed 

established in order to determinate the “high wind” and “calm wind” two stages. 
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1 Introduction 
 

Increased dependency on oil and other fossil fuels pushed the environmental 

deterioration of the planet, leading to a significant climate change. A more rational 

use of the resources is need in order to improve the actual conditions. The global 

energy matrix shows that only 2 % of all produced energy corresponds to renewable 

sources. In Colombia, only 0.4 % of the produced energy is generated by smaller 

hydroelectric plants and wind farms. Although by 2028 according to the UPME it 

is expected that 6 % of all energy produced in Colombia would be environmentally 

friendly [1]. 

A brief evaluation of South American countries energy production shows a wide 

spectrum that varies from Brazil that has more than 190 wind farms with an average 

capacity of 32 MW, to Paraguay that does not have any wind farms, although wind 

resource evaluation projects have being developed [2]. Brazil, Chile and Uruguay 

produce more than 93 % of all wind energy in South America [3]. Projects have 

been proposed for the creation of wind farms in the Colombian Caribbean, as shown 

by documents published by the Ministry of Mines and Energy of Colombia [4]. Just 

as it was the Jepírachi wind farm in the department of La Guajira with capacity for 

19.5 MW in 2002, it is currently the only electric power generation plant based on 

wind potential [5]. More recently, statistical studies carried out in the Colombian 

Caribbean coast focused on the analysis of the potential of their natural resources 

to be used as renewable energy have been listed [6]–[9]. Information gathered 

during mentioned projects has been published in wind and solar atlases of 

Colombian territory [10], [11]. Koçak in 2002 [12] studied the persistence of wind 

in northeastern Turkey, from speed duration curves. To complement the wind 

analysis, in 2008 Koçak [13] proposed the inclusion the methods autocorrelation 

function and conditional probability but it was concluded that the method of speed 

duration curves is the best method for studies of persistence because it marks the 

contrast between the different stations under study. In 2009, Koçak [14] posed an 

alternative to the models of persistence previously studied by him and arises the 

analysis of fluctuations without trend. In 2010, Yoreley-Cancino [15] studied the 

persistence of winds for the state of Veracruz, Mexico, using the function methods 

of autocorrelation, conditional probability and speed duration curves; concluding 

that the coast stations have greater persistence due to their geographical 

characteristics. In other studies, Cancino-Yoreley [16] conducted a study of the 

electrical demand capacity of the Mexican electricity sector, comparing the effect 

of different energy generation methods, implementing wind analysis and data 

collection for five meteorological stations and two anemometric stations in the state 

of Veracruz – Mexico. In 2011, Masserana [17] calculated the persistence of winds 

in the Malaysian peninsula, by applying unit root tests and equality of variances, 

concluding that this study did not provide the information necessary to identify 

areas with high wind resource and proposes to continue investigating.  
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In 2013, Agüera-Pérez [18] presented a special and easy-to-implement model for 

wind prediction based on persistence models. In 2014, Ahmed Mohandes [19] 

proposed to make short-term estimates of the wind energy potential based on 

persistence concept. 

In Colombia, the use of wind energy as an alternative source of energy is not 

widely spread; therefore, studies should be conducted to investigate their potential. 

Initially it is necessary to evaluate the persistence of wind and wind power density. 

In this article  results of the evaluation the persistence of the wind using the function 

methods of autocorrelation, conditional probability and speed duration curves is 

reported and discussed. Finally, to measure the capacity of future wind farms, the 

available wind power density was estimated. 

 

2 Materials and methods 
 

2.1 Site location and data collection 

The Department of La Guajira, located in the northernmost part of Colombia and 

in turn of the entire South American continent, presents great marine and coastal 

influence in its landscape, mainly arid and semi-arid lands [20].  

The sea breeze and the trade winds of the Northeast, during most of the year, 

influence the climate regime in this zone of the country. The trade winds also 

transport the clouds to the north-east side of the Sierra Nevada de Santa Marta, 

which is why this region, which corresponds to Baja Guajira, becomes the one with 

the greatest precipitation in the department. In contrast, the remaining territory, 

corresponding to the Middle and Upper Guajira, has scarce rains with values that 

do not exceed 500 mm/year [21]. 

The analysis of the winds in the Department has been carried out from the 

historical meteorological series of speed and direction registered every hour at a 

height of 10 m during a period of 6 years, from January 1st, 2006 until December 

31th, 2012, supplied by Instituto de Hidrología, Meteorología y Estudios 

Ambientales de Colombia (IDEAM). These values were recorded in the 

meteorological stations Almirante Padilla Airport (ATP), and Puerto Bolívar 

(PTB), which coordinates are reported in Table 1. 
 

Table 1. Location of the meteorological stations Almirante Padilla and Puerto Bolívar 
 

 Station Department City/Town Latitude Longitude m.s.n.m. 

1 Almirante Padilla Airport  Guajira Riohacha 11°32´N 72°56´W 5 

2 Puerto Bolívar Guajira Uribía 12°11´N 71°55´W 0 

 

2.2 Statistical analysys 

Statistical analysis of wind persistence is one of the most successful methods in the 

world to locate possible areas for wind farms. This parameter can be explained as a 

measure of the average duration of the wind speed within a given range of values 

for a particular region [15]. In this study the properties of persistence are evaluated 

from the methods of conditional probability, autocorrelation function, and speed  
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duration curves, which are used satisfactorily by other authors in different regions 

of the world [13]. The wind power density available in the wind is a design 

parameter to quantify the energy per unit area that can be taken advantage of the 

study area [22-23]. In studies of wind, it is essential to know the persistence of the 

speed, to evaluate the viability to implement future wind farm. 

 

2.2.1 Auto-Correlation Function 

One way to characterize persistence is through the autocorrelation function, which 

is very useful for finding repetitive patterns within a time series. This statistical 

method determinates a value to compare series, beginning from the most important 

values of their respective correlograms, where the values are the autocorrelation 

coefficient of order 1 (r1) and the lag (k0) when the function passes through zero, 

the lag (km) for which the function reaches its first minimum [15]. 

 

𝑟𝑘 =
∑ (𝑣𝑖−�̅�)(𝑣𝑖+𝑘−�̅�)𝑛−𝑘

𝑖=1

∑ (𝑣𝑖−�̅�)2𝑛
𝑖=1

                                                                     (1) 

 

To obtain a measure of persistence more reliable it is convenient to combine the 

information of 𝑟1 and 𝑘0 as 

𝑃𝐴𝐶𝐹 =
1

2
𝑟1(𝑘0 − 1)                                                                                             (2) 

 

therefore, high values of 𝑃𝐴𝐶𝐹 will have high persistence indexes. In case the 

autocorrelation coefficient is not canceled, the delay value 𝑘𝑚, is used, for which 

the autocorrelation function reaches its first minimum. In this way, the calculation 

of persistence is done by the expression: 

 

𝑃𝐴𝐶𝐹 =
1

2
𝑟1(𝑘𝑚 − 1)                                                                                  (3) 

 

2.2.2 Conditional Probability 

 

The conditional probability is defined as the probability that an event A occurs, 

knowing that another B event also occurs. For the application in the analysis of the 

persistence of the wind, it is necessary to establish a minimum speed that it is 

necessary to overcome, sometimes called truncation speed. In case of wind 

assessment this speed corresponds to the starting speed of wind turbines and 

commercially is 3.5 m/s at a height of 50 m. 

The conditional probability can be considered as a measure of persistence, 

estimated for at least two consecutive hours, which means the information supplied 

by this value is little because there is not enough evidence of how long this 

persistence parameter is valid. To correct this, the probability condition includes q 

reference points in order to consider the past information as follow 

 

�̂�(𝑣𝑡 = 𝑤
𝑣𝑡−1⁄ = 𝑤, 𝑣𝑡−2 = 𝑤, … , 𝑣𝑡−𝑞 = 𝑤)                                               (4) 
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achieving the conditioning of the probability of occurring a speed superior to the  

truncation velocity corresponding to previous hour, or two, three, four, etc.; So that 

𝑞 is directly related to persistence. If the value of 𝑞 for which this probability is 

canceled is taken, then it will represent the maximum length of the series of 

persistence of the wind 

�̂�(𝑣𝑡 = 𝑤
𝑣𝑡−1⁄ = 𝑤, 𝑣𝑡−2 = 𝑤, … , 𝑣𝑡−𝑞 = 𝑤) = 0                                   (5) 

 

High persistence will correspond a high value of 𝑞. 

 

2.2.3 Speed Duration Curves 

The speed duration curves (𝐶𝐷𝑉) show the cumulative distribution of the wind 

speed over a certain period of time. They are graphs in which the wind speed is 

shown on the ordinate axis and the percentage of time for which the wind speed is 

equal to or greater than a particular speed value in the abscissa 𝑃𝑣𝑖
. In the speed 

duration curve, the value 𝑃(𝑣𝑜) for the truncation rate 𝑣0, is used as an indicator of 

persistence and is denoted by  𝑃𝐶𝐷𝑉. 

𝑃𝐶𝐷𝑉 = 𝑃(𝑣0) = 𝑃(𝑉 ≥ 𝑣0)                                                                      (6) 

 

2.2.4 Wind Power Density (WPD) 

The wind power density can be calculated as follow 

               𝑊𝑃𝐷 =
1

2𝑛
∑ 𝜌𝑣𝑖

3𝑛
𝑖=1                                                            (7) 

The above equation should only be used for individual measurement records (per 

hour, every 10 minutes, etc.) and not for long-term average records. The available 

power density is directly proportional to the area swept by the blades of the wind 

turbine but it depends mainly on the speed hub, which means that if a increment of 

10 % in speed is achieved, the available power density increases by 33 % [24]. 

 

3 Results and discussion 
 

3.1 Autocorrelation Function Persistence (PAC) 

Figure 1 shows that the ATP graph crosses zero, so the value is 𝑘0 corresponding 

to said delay. In the PTB station the delay value to evaluate the persistence is that 

where the autocorrelation function registers its first minimum 𝑘𝑚. 

 

 
 

Figure 1. Autocorrelations of the series of data analyzed. 
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The value of 𝑟1 for PTB is higher than 0.90 whereas that of ATP approaches 0.90, 

which demonstrates the existence of a strong correlation. Persistence was calculated 

by means of recovered data and the results are presented in Table 2. Showing that 

although the two stations under study are located in the same region, to the north, 

where the PTB station is located, there is a greater Persistence (𝑃𝐴𝐶𝐹). 

 

The best value of persistence obtained with the three methods, as evidenced in 

Table 2 is Puerto Bolívar, a coastal zone surrounded by the desert, which determines 

that they have the best characteristics of persistence and wind speeds, on the 

contrary Of Almirante Padilla, located in the interior of the city of Riohacha, which 

finds in the roughness of the city the reason for its low average speed and low levels 

of persistence. 

 
Table 2. Summary of the data obtained with Persistence Analysis methods. 

 
STATION ATP PTB 

Persistence by Autocorrelation Function (PACF) 3 5 

Persistence by Conditional Probability (𝑃𝑃𝐶  (h)) 137 3573 

Persistence by Speed duration curves (𝑃𝐶𝐷𝑉(%)) 73 91 

 

The persistence values obtained with the Autocorrelation function are very 

different from those that result from the Conditional Probability method and from 

the Speed Duration Curves. In the first case very similar values are obtained for all 

the stations whereas in the second and third case, PTB is by far superior to ATP. 

These results indicate that the methods of conditional probability and speed 

duration curves offer valid results because they clearly reflect the differences in the 

persistence of the wind speed between the stations. 

 

3.2 Wind Power Density 

Considering a monthly average from the individual data, in September, October and 

November in Puerto Bolívar the wind power density present the lower values, 

around 100 W/m2, with the highest peak in the month of March with a wind power 

density higher than 280 W/m2 (Figure 2). 

 

 
 

Figure 2. Power density per W/m2 average. 
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In the rest of the months it was found values in the range between 113 W/m2 and 

204 W/m2, while the wind power density in Almirante Padilla was around 50 W/m2 

as shown in Figure 2 for data recovered at a height of 10 meters.  In order to 

determinate the energy production of a wind turbine is necessary to calculate the 

wind power density profile according to the surface roughness. 

 

4 Conclusion 
 

The most important factor in choosing an area where wind farm is intended to be 

installed is wind speed. To carry out a complete analysis of this speed it is essential 

to know the properties of persistence in order to guarantee the most suitable for the 

electricity generated by the wind. The stadistical methods has been applied to 

hourly data of wind speed corresponding to two weather stations located in the 

Caribbean region of Colombia during the years 20032013. The results obtained in 

this study indicate that the northern coast of La Guajira is the most suitable place to 

generate energy from the wind. This result was foreseeable, since the strongest 

winds of the Guajira peninsula take place at the north of that location. Puerto 

Bolívar, located on the north coast has the best characteristics of persistence and 

wind speed finding in the trade winds, the main engine to start a large-scale wind 

project. With the calculated power density, it is possible to measure the theoretical 

capacity that could be generated by a wind turbine and therefore a wind farm. In 

this study it was shown that Puerto Bolívar has the best characteristics of power 

density. According to the results obtained, the north region of the Departments of 

La Guajira presents a huge potential for the implementation of wind farms as 

sources of clean energy conversion.  
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