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Abstract- This study concerns the analysis of temporal and spatial variability of precipitation during 1981-2010 from three 
stations (Guachaca, Buritaca and Airport) in the Magdalena Coastal Zone, Colombian Caribbean.  Temporal variability of 
precipitation was determined by the precipitation classification based on the grounds of annual total precipitation according 
to the criteria established in the methodologies applied in several studies. This classification is based on the calculation of the 
percentage of precipitation in a year compared to the standard threshold values in the multi-year period. Results indicated a 
high temporal and spatial variability of Magdalena Coastal Zone, both wet and dry years within of the studied period. The 
2010 recorded the highest precipitation according with the data of the three meteorological stations with a total annual 
precipitation up 4297,0 mm on Guachaca meteorological station. 
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I. INTRODUCTION 
 
The Second National Communication to the United 
Nations Framework Convention on Climate Change, 
based on simulations of climate scenarios, and 
estimates of probable changes in annual rainfall, 
establish that the most significant reductions in 
rainfall would occur especially in part of the 
Colombian Caribbean departments as follows: Sucre 
(-36.3%), Córdoba (-35.5%), Bolívar (-34.0%), 
Magdalena (-24.6%) and Atlántico (-22, 3%) [1] 
The climatic conditions of a coastal zone contribute 
to establish its functioning, so that variables such as 
precipitation play an important role because they 
potentially affect the geomorphological 
characteristics of the area and even the ecosystems. 
 
One of the main impacts expected from climate 
change is recorded in coastal areas caused by the 
increase in sea level. Previous studies established 
critical areas in the continental Caribbean zone for a 
rise of 30 cm at sea level, those of Santa Marta, 
Cartagena and Turbo, with population and 
infrastructure at risk as well as biological diversity in 
the surrounding protected areas [2]. 
 
The temporal and spatial variability of precipitation 
conditions affects the functioning of the Magdalena 
Coastal Zone environment. The intensity of 
precipitation determines the dynamics of seashore 
geomorphological changes, which are the results of 
water erosion processes and mass movements [3]. 
 
 In this sense, it is important to analyze data obtained 
by meteorological stations at the regional level, 
because the projections made by other studies show 
general data, which in some cases are usually of little 
use in specific local scenarios [4]. Thus, the spatial 
and temporal distribution of meteorological data 

series allows us to identify patterns of climate 
behavior in a region [5]. 
 
The aim of this work was to analyze the temporal and 
spatial variability of precipitation in the Magdalena 
Coastal Zone, Colombian Caribbean during 1981-
2010 (30 years in accordance with the 
recommendations of the World Meteorological 
Organization-WMO, 1989), using the data available 
at the meteorological stations operated by the 
Institute of Hydrology, Meteorology and 
Environmental Studies. 
 
II. DETAILS EXPERIMENTAL 
 
2.1. Study Area 
The Magdalena department whose capital is Santa 
Marta is located on Caribbean Sea, northern 
Colombia between 8º56’25” and 11°36’58” N, and 
73º32’50” and 74º56’45” W (Fig. 1). It is about 220 
km long of coast with major ecosystems of great 
fragility present in areas of conservation and natural 
reserve such as Tayrona National Natural Park, 
Salamanca Island, Sierra Nevada of Santa Marta and 
Cienaga Grande of Santa Marta. 
 
These four protected areas represent 12.8% of the 
total area of the department with a dry climate and an 
average temperature of 29 ° C, except in the Sierra 
Nevada de Santa Marta, where it is recorded from the 
warm climate in the lower parts to the glacial in the 
peaks. Northwest trade winds also exert a decisive 
influence modifies high temperatures and the 
distribution of rainfall is subject to the intertropical 
convergence zone and the relief [6]. The Magdalena 
Coastal Zone has a strategic geographical location 
and natural, scenic and historical attractions facilitate 
tourist, port, agroindustry and commercial 
development.  
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Fig.1. Magdalena Coastal Zone, Colombian Caribbean 

 
2.2. Materials and Procedures 
The characteristics of precipitation were obtained of 
data collected from the following meteorological 
stations: Guachaca, Buritaca, and Airport operated by 
The Institute of Hydrology, Meteorology and 
Environmental Studies (IDEAM, for its acronym in 
Spanish) (See Table 1). 
 

Table 1: Location of the meteorological stations at the 
Magdalena Coastal Zone 

Meteorologic
al station 

Longitude 
(W) 

Latitude 
(N) 

Elevati
on 
(masl) 

Guachaca 73°50’12” 11°15’23” 45 

Buritaca 73°45’53,
1”  

11°15’0,4
7” 30 

Airport  74°13’44”  11°07’42” 4 
 
The analysis of the precipitation was carried out from 
various investigations [3,7,8,9]. The total daily 
precipitation collected in the period of 1981-2010 
were the data source used to formulate the 
precipitation characteristics of Magdalena Coastal 
Zone. The long-term and homogeneous series of 
measurement used in the study ensure comparability 
and reliability of the resulted trends. 
 The precipitation classification was formed 
on the grounds of annual total precipitation according 
to the criteria established in the methodologies 
applied in the studies cited above. This classification 
is based on the calculation of the percentage of 
precipitation in a year compared to the standard 
threshold values in the multi-year period of 1981-
2010 (Table 2). 
 

Table 2: Precipitation conditions classification (Compiled by 
Camargo et al. 2018) 

Year´s 
precipitation 
class 

Class 
delimitation 
criteria 

Color 
indicator 

Very wet P ≥ 70% Pnorm  

Wet P = 60%-70% 
Pnorm 

 

Normal P = 40%-60% 
Pnorm 

 

Dry P = 30%-40% 
Pnorm 

 

Very dry P ≤ 30% Pnorm  
 
The results of the precipitation classification of the 
Magdalena Coastal Zone are presented in the form of 
precipitation charts of individual meteorological 
stations. They form the basis for determining the 
temporal and spatial changes in climatic conditions 
on an annual basis. 
 
III. RESULTS AND DISCUSSION 
 
The precipitation classification applied in the study 
required to determine the annual total precipitation. 
The threshold values were set for all the analyzed 
meteorological stations about the multi–year of 1981–
2010 (Table 3). 
 

Table 3: Threshold values of annual total precipitation (mm) 
for 1981-2010 period 

 
 
3.1. Guachaca meteorological station  
In Guachaca values of annual total precipitation 
showed that its standard precipitation conditions 
occurred in 15 cases, which accounted for 50% of the 
studied period. There were five wetter than standard 
year, including four wet ones and one very wet ones 
(2010). Then, there were ten cases of drier than 
standard years among which there were six dry one 
and four very dry ones (1982, 1993, 1997 and 2002).  
 
3.2. Buritaca meteorological station 
The precipitation evaluation showed that its standard 
precipitation conditions occurred in ten cases, which 
accounted for 33% of the studied period. There were 
eleven wetter-than standard year, including seven wet 
ones and four very wet ones (1981, 1987, 1998 and 
2010). Then, there were nine cases of drier than 
standard years among which there were six dry one 
and three very dry ones (1986, 1991 and 2002).  
 
3.2. Airport meteorological station 
The analysis of its annual amounts of precipitation 
showed that its standard precipitation conditions 
occurred in twelve cases, which accounted for 40% of 
the studied period. There were nine wetter-than 
standard year, including five wet ones and four very 
wet ones (1999, 2005, 2007 and 2010). Then, there 
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were nine cases of drier than standard years among 
which there were five dry one and four very dry ones 
(1982, 1983, 1991 and 2006).  
 
CONCLUSIONS 
 
Precipitation in the Magdalena Coastal Zone is 
characterized by its high temporal and spatial 
variability. There were both wet and dry years within 
of the studied period. The 2010 was a special year 
with the highest record of precipitation according 
with the data of the three meteorological stations 
(total annual precipitation up 4297,0 mm). While that 
Guachaca and Buritaca meteorological stations 
recorded a very dry period in 2002. 
 
The study results constitute the basis for determining 
trends within climatic conditions of the Magdalena 
Coastal Zone. The precipitation classification makes 
the grounds for determining actual and future trends 
of climatic changes at this coastal zone of the 
Colombian Caribbean. 
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