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Abstract: The climatological characterization of variables allows us to understand the average 

behavior of atmospheric conditions, detect extremes and fluctuations, relationships of variables 

with geographic physical factors; and is presented as another alliance for weather forecasting. The 

aim of this research is characterize the behavior of the meteorological variables at the Antonio Maceo 

International Airport in Santiago de Cuba, in the period 2017-2021. Antonio Maceo International 

Airport has the particularity of being located in a complex relief, exposed to marked breeze 

influences, and a significant number of wind shear pilot reports. The characterization was based on 

the concepts and graphs of descriptive statistics. The mean monthly distribution of the variables: 

temperature, relative humidity, atmospheric pressure, and wind speed and direction was obtained 

and represented. The distributions of the maximum monthly and annual accumulations, the cloud 

cover and the ranges of the reduction of the horizontal and vertical visibility were analyzed. 
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1. Introduction 

The climate according to the definition of the World Meteorological 

Organization (WMO), is "the fluctuating set of atmospheric conditions, 

characterized by the evolution of the state of the weather, during a period and a 

given place or region, which is controlled by the so-called forcing factors, 

determining factors and by the interaction between the different components of the 

climatic system (atmosphere, hydrosphere, lithosphere, cryosphere, biosphere and 

anthroposphere)” [1]. The climatic aspect allows knowing the weather states that 

occur successively over long periods, its physical influences, changes and 

development of physical phenomena of the atmosphere, and its effects on the earth's 

surface. The Climatological Normal or normal value is used to define and compare 

the climate and generally represents the average value of a continuous series of 

measurements of a climatological variable for at least 30 years [2]. For climatic 

studies in aviation, the International Civil Aviation Organization (ICAO), in Annex 

3, stated that meteorological data series of at least 5 years should be used [3].  

In order to make landing and take-off operations more effective, aerodrome 

weather forecasts are prepared. One of the tools on which the aeronautical 

meteorologist relies to make his forecast more effective is the climatological 

characterization of meteorological variables. Aeronautical climatologies have been 

carried out internationally [4-11]. In Conde et al. [5-11] the aeronautical climatology 

is prepared with the data extracted from the aerodrome meteorological 
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observations, in METAR code, from the years 1998 to 2011. The results are offered 

in the form of tables of relative frequencies or monthly average values of wind, 

component (cross) of the wind perpendicular to the runway, (longitudinal) 

component of the wind in the direction of the runway, visibility, runway visual 

range (RVR), height of the lowest cloud layer with coverage greater than half of the 

sky, visibility/cloud height combination, RVR/cloud height combination, 

temperature, pressure (QNH) and significant weather phenomena. Likewise, the 

aeronautical climatology of Castellón is also carried out by (Quereda, et al., 2012). 

 In the case of Cuba, De Armas Echevarria et al. [13] develop the climatological 

characterization of the direction and speed of the wind at the "Abel Santamaría" 

International Airport in the period 2011-to 2015. Nationally there is no 

climatological characterization for the country's airports, so a climatological analysis 

is beginning to be planned for each aerodrome, and thus have a tool that allows the 

meteorologist to access the peculiar meteorological characteristics of the areas where 

they are located. In this way, the forecast of each of the meteorological variables is 

perfected.  

2. Materials and Methods  

 

Figure 1. Location of the "Antonio Maceo" International Airport in Santiago de Cuba. 

For the present investigation, the "Antonio Maceo" International Airport of Santiago 

de Cuba (MUCU) was selected as the study region. This aerodrome is located at 1905812N 

and 7505008W, about 7 km south of Santiago de Cuba, along the coast, as shown in figure 

1. It has an elevation of 76 m above sea level. The aerodrome is located on the last level of 

the coastal terraces to the south of the Sierra Maestra mountain chain. The peculiarities of 

the relief that surrounds the aerodrome constitute a risk factor for landing, takeoff, and 

approaching air operations. It has two runways, one of which is oriented East-West 

(identified as 10/28), and the other is oriented North-South (identified as 01/19), which is 

used only by smaller aircraft.  

2.1. Statistical analysis methods used for the study of meteorological variables  

Meteorological data series of at least 5 years should be used to develop climate 

studies for aviation [3]. In the present investigation, the climatological characterization at 

the "Antonio Maceo" International Airport in Santiago de Cuba was made for the 2017-
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2021 period through an analysis of the main descriptive statistics. The data was extracted 

from climatological records of the Empresa Cubana de Navegación Aérea.  

2.2. Meteorological variables 

Methods of descriptive statistics were used to search elements that characterize the 

behavior of the fundamental meteorological variables. The data on temperature, relative 

humidity, atmospheric pressure, accumulated precipitation, wind speed, wind direction, 

present weather, vertical visibility, cloud base height, and cloud cover was used.  

2.2.1 Wind rose  

The wind that prevailed in a range of time could be represented by employing a wind 

rose, which indicated the percentage of time in which the wind blew from different 

directions. The graph consisted of using bars or extensions that went from the center of a 

circle to a certain point that illustrated the direction of the wind, the length of each 

extension indicating the percentage of time in which the wind went in that direction 

(Ahrens, 1998). The data was presented in eight primaries and eight secondary directions 

that were shown in table 1. 

Table 1. Primary and secondary directions. 

Primary  Secondary 

N (north) NNE (north northeast) 

S (south)   ENE (east northeast) 

E (east) ESE (east southeast) 

W (west) SSE (south southeast) 

NE (northeast) SSO (south-southwest) 

NW (northwest) WSW (west southwest) 

SE (southeast) WNW (west-northwest) 

SW (southwest)  NNW (north northwest) 

On the other hand, the wind speed was divided into ranges that could be given in 

various units, which ranged from miles per hour to meters per second. Periods with zero 

speed were also recorded, which were reported as calm, and periods with light wind 

conditions (less than 6 km/h) or storms, which were reported as "VRB”.  

3. Results 

3.1. Behavior of the meteorological variables in the period 2017-2021  

Monthly mean, maximum and minimum temperatures, and monthly mean relative 

humidity were calculated. Table 2 shows the results. 

Table 2. Mean, minimum, maximum temperatures, and monthly relative humidity in the period 

2017-2021. 

Months 
Mean Temperature 

(0C) 

Minimum 

Temperature 

(0C) 

Maximum 

Temperature (0C) 

Relative 

Humidity (%) 

J 24.2 18.0 31.2 70.4 

F 24.8 18.9 31.9 70.6 

M 24.8 18.9 32.3 67.2 

A 25.9 20.1 32.1 71.5 

M 26.4 21.6 31.5 76.2 

J 27.3 22.0 32.7 67.2 
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J 27.6 22.5 33.9 73.5 

A 27.9 23.0 34.1 72.6 

S 27.4 22.0 33.6 76.4 

O 26.6 21.8 32.6 78.7 

N 25.7 20.7 32.5 76.6 

D 25.0 19.7 31.7 72.6 

 

 Throughout the year the average temperatures ranged between 24.20C and 27.90C. 

The lowest minimum temperatures were obtained in January and February, since in these 

months the number of cold fronts to the region is increased, and the influence of the cold 

air on the continental migratory anticyclones that are established later. The highest 

temperatures of the maximums were obtained between July to September. Figure 2 shows 

the mean distribution of mean, maximum, and minimum air temperatures. 

 

Figure 2. Mean distribution of mean, maximum, and minimum air temperatures 

The mean relative humidity from January to December ranged between 67.2% and 

78.7%. The highest was obtained in the months of the rainy season, starting in May, with 

a minimum of 67.2% in June. Figure 3b shows the monthly mean distribution of the 

variable. 

(a) ( b) 

Figure 3. The behavior of (a) the mean air temperature and (b) relative humidity in MUCU in the 

period 2017-2021  

Monthly mean, minimum and maximum atmospheric pressures were calculated 

(Table 4). The mean atmospheric pressures ranged between 1013hPa and 1017hPa. The 
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minimums were obtained in September, October, and November, and the maximums in 

January and February (Figure 4). 

 Table 4. Mean, minimum, and maximum monthly atmospheric pressures in the period 2017-2021. 

Month 
Mean atmospheric 

pressure (hPa) 

Minimum 

atmospheric pressure 

(hPa) 

Maximum 

atmospheric pressure 

(hPa) 

J 1017 1012 1022 

F 1017 1012 1022 

M 1017 1012 1021 

A 1016 1011 1020 

M 1015 1012 1019 

J 1016 1013 1019 

J 1016 1012 1020 

A 1015 1010 1021 

S 1013 1008 1018 

O 1013 1009 1017 

N 1014 1009 1018 

D 1016 1011 1020 

 

 

Figure 4. Annual behavior of the mean, minimum, and maximum atmospheric pressure in MUCU 

in the period 2017-2021.  

The monthly total accumulated precipitation is represented in figure 5. Two maxima 

are observed in September, months of the rainy season, where local-scale phenomena such 

as convective storms are formed by the interaction of the sea breeze front with horizontal 

convective rolls and the passage of synoptic-scale phenomena such as cold lows, tropical 

waves, and tropical cyclones. 
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Figure 5. Behavior (a) monthly and (b) annual of the accumulated precipitation in MUCU in the 

period 2017-2021. 

3.2. Analysis of the behavior of the wind in the period 2017-2021  

Figure 6 shows the wind rose, with the 16 courses with the most frequent wind 

direction from the north with an average speed of 11 km/h. The most frequent directions 

ranged from north-northwest to north-northeast and reached the maximum average 

speed in the east-southeast and southeast directions of 17 km/h. 

 

 
 

Figure 5. Rose of the winds corresponding to the period 2017-2021. 
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4. Conclusions 

For the present investigation, the "Antonio Maceo" International Airport of Santiago 

de Cuba (MUCU) aeronautical climatology was developed. The lowest minimum 

temperatures were obtained in January and February, and the highest maximum 

temperatures were obtained between July and September. The mean relative humidity 

from January to December ranged between 67.2% and 78.7%. The most frequent directions 

ranged from north-northwest to north-northeast and reached the maximum average 

speed in the east-southeast and southeast directions of 17 km/h. 
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