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Abstract: Spatiotemporal conditions that rule hydro-climatology over northern South America and 
the Caribbean Sea are influenced by a large amount of phenomena taking place at different 
timescales. Characterizing the activity of the AEWs over northern South America and the Caribbean 
is an imperative work to do in order to improve our understanding of the tropical atmospheric 
dynamics involved in hydrology and climate features over the region. The latter regulates the 
availability of very important resources such as water. Furthermore, AEWs activity plays an 
important role on air quality characteristics as a consequence of its connections with dust transport. 
In order to approach an adequate characterization of the AEWs activity over the region, this work 
addresses the relationship between these atmospheric perturbations and the occurrence or 
inhibition of precipitation, as well as possible connections with dust transport, when the AEW’s 
oscillations take place over northern South America and the Caribbean region. In particular, relative 
vorticity and outgoing long-wave radiation are used to identify AEW’s activity during the 1983–
2013 period, together with daily precipitation anomalies, surface divergence, vertical integrated 
moisture flux, and Aerosol Optical Depth, in order to understand how the passage of AEWs could 
influence meteorological interactions in the region. 
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1. Introduction 

Due to its geographical location, the spatiotemporal conditions that shape the hydro-climatology 
over northern South America and the Caribbean Sea are influenced by a large amount of phenomena 
taking place at different timescales. Such location determines that the region receives a huge amount 
of solar radiation throughout the year. Such tropical location, as well as the local topography, explains 
why northern South America is a complex region in terms of climate dynamics [1]. 

The African Easterly Waves (AEWs) are among the intraseasonal features influencing the 
complex climate dynamics of northern South America [2]. AEWs consist on undulatory atmospheric 
perturbations with a quasi-periodic behavior. They occur within the trade winds regime in the 
Northern Hemisphere during boreal summer, and are related to cyclonic circulation and convergence 
of air masses in the lower levels [3,4]. AEWs propagate westward across the Atlantic Ocean with a 
velocity of 7–8 ms−1, and exhibit a latitudinal extension around 10–15 degrees [5]. 

The importance of studying the AEWs and their relationship with precipitation over northern 
South America is highlighted by previous studies stating that AEWs are frequent during the rainy 
season in northern Colombia [6]. Besides, a strong signal of AEWs-related spectral band is observed 
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in the wavelet spectrum of precipitation records in Colombia [7]. Furthermore, it is known that AEWs 
enhance convective activity by inducing surface convergence processes to the east of the wave trough, 
allowing the occurrence of precipitation events [8]. 

On the other hand, mineral dust incursion into the Atlantic Ocean and the Caribbean is one of 
the major climatological features of the distribution of aerosols in this region [9]. Furthermore, such 
dust transport is considered as an important feature of the climate system [10], mainly because 
aerosols modulate radiation budget and hydrological cycle by direct and indirect processes, playing 
a potential role in regional weather and climate variability [11,12]. During the boreal summer, most 
of the mineral dust is transported to the Caribbean Sea and North America [13,14]. It has been pointed 
out that mineral dust incursion into the Caribbean Sea and North America during this season is 
modulated by the activity of AEWs [15]. The role of AEWs on mineral dust entrainment into the 
atmosphere, due to the strong winds during some phases of these waves life cycle, as well as the transport 
of the Saharan mineral dust across the Atlantic Ocean, have been discussed for years [12,15,16]. It is 
considered that between 10% and 20% of desert dust that is transported across the Atlantic Ocean 
during the boreal summer is related to AEW’s activity [9]. 

2. Data and Methods  

Daily zonal and meridional components of wind from the ERA-Interim reanalysis with a spatial 
resolution of 1.5° × 1.5° [17] are used to calculate the relative vorticity, which is vertically averaged 
between the 850 hPa and 600 hPa levels and smoothed to a T42 resolution, using a bilinear 
interpolation technique. The T42 resolution (approximately 280 km grid space at the equator) is used 
in order to filter variability in a smaller spatial scale than the AEW’s typical wavelengths [18,19]. 

In order to complement the identification of AEW’s activity, OLR anomalies exceeding a 
threshold of 2Wm2, computed from daily values of the NOAA Interpolated OLR dataset, with a 
spatial resolution of 2.5° × 2.5°, are used [20]. The OLR daily anomalies are filtered within 2 to 8 days 
applying a digital Lanczos bandpass filter in order to keep the variability related to the convectively 
coupled AEWs [21]. Additionally, 0.25° × 0.25° daily PERSIANN-CDR precipitation anomalies [22] 
are used to study the relationship between AEW’s activity and the occurrence or inhibition of 
precipitation over northern South America. This work is focused on the June-to-September season 
(JJAS), the time of the year with the highest activity of these waves, during the period 1983–2013, 
which is the common period available for the different datasets mentioned above. 

Combined land and ocean MODIS AOD is also used aiming to perform a daily trace of the 
mineral dust transport across the Atlantic Ocean, related to AEW’s activity. The MODIS aerosols 
retrieves are made at a spatial resolution of 10km X 10km using separate retrieval algorithms for 
ocean and land [23]. The AOD analysis is performed within the 2000–2013 period due to the 
availability of this dataset, allowing to find information not only about dust transport over the 
Atlantic Ocean related to the AEWs activity but also about the dry waves and their link with the 
inhibition of precipitation over northern South America. 

3. Results and Discussion 

The link between AEWs and precipitation over northern South America was initially addressed 
aiming to identify the statistical relationship between AEW’s activity over the region and the 5° N–
15° N, 80° W–70° W domain average for PERSIANN-CDR precipitation anomalies. Precipitation 
anomalies were considered in order to filter interannual variability, which is the first mode of 
variability for precipitation over northern South America [1,24]. Figure 1 shows the point-by-point 
daily-lagged significant cross-correlation between the JJAS season precipitation anomalies in 
northern South America and the relative vorticity anomalies during the 1983–2013 period. 

The correlation pattern exhibits the westward propagation of the AEWs and the occurrence of 
precipitation due to the enhanced convection activity related to these disturbances. Furthermore, a 
region of influence of AEWs on precipitation over northern South America is clearly identified 
between 50° W–90° W and 0°–20° N, as suggested by precipitation anomalies—smoothed relative 
vorticity cross-correlation patterns for the daily lagged PERSIANN-CDR precipitation. In order to 
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accomplish a better understanding of the existing relationship between the passage of AEWs over 
northern South America and the occurrence of precipitation, a daily composite analysis is performed 
after identifying the exact dates in which the AEWs cross over northern Colombia. The composite 
analysis is done using a lag of 4 days before to 4 days after the passage of an AEW over the domain 
5° N–15° N, 80° W–70° W (Figure 1). 

 
Figure 1. Significant lagged cross-correlation between precipitation anomalies in northern South 
America and smoothed relative vorticity anomalies for the JJAS season. The box in the middle panel 
shows the region where precipitation anomalies were computed. 

Table 1 shows the total of AEWs identified as well as their classification into convective and dry 
waves. This identification was compared to the passage of AEWs reported by the Costa Rican 
Meteorological Institute (IMN) and the Colombian Meteorological Institute (IDEAM), finding a 
consistent pattern on the dates of the AEW’s displacement over the region, as depicted by the 
smoothed relative vorticity and the reports issued by these two meteorological institutes. AEWs were 
classified into convective and dry waves, according to their effect on precipitation and OLR 
anomalies during day 0 (i.e., when the AEW is over the region 5° N–15° N, 80° W–70° W). 

Table 1. Amount of AEWs crossing over the 5° N–15° N, 80° W–70° W region during the 1983–2013 
period and their classification into convective and dry waves. 

AEWs
Total 364 100% 

Convective AEWs 312 85.7% 
Dry AEWs 52 14.3% 

As shown in Table 1, from the total of AEWs identified crossing over Colombia during the 1983–
2013 period, 85.7% are related to a positive precipitation anomaly over northern South America while 
the remaining 14.3% AEWs have an opposite effect on precipitation. Thus, our analysis is detached 
into convective and dry AEWs. 

3.1. Convective AEWs 

The convective AEWs (i.e., those favoring precipitation) represent more than 85% of the total 
AEWs crossing over Colombia during the period 1983–2013, where the occurrence of precipitation is 
one of the main meteorological responses to the passage of these disturbances over northern South 
America. Figure 2 (left) shows that convective AEWs influence precipitation in agreement with their 
physical characteristics. The AEWs, which are tracked using smoothed relative vorticity anomalies, 
displace together with a region of positive precipitation anomalies over the wave trough, due to near-
surface local convergence, while to the west and east of the wave trough, negative precipitation 
anomalies appear. Both types of anomalies are thought to be related with the AEWs effect on the 
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wind field and are explored below. In addition, the convective AEWs relationship with OLR is shown 
in Figure 2 (right). 
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Figure 2. (Left) composites of smoothed relative vorticity anomalies [s−1] (black contour) and 
precipitation anomalies [mm/day] (shades); (Right) composites of smoothed relative vorticity 
anomalies [s−1] (black contour) and filtered OLR anomalies [W·m−2] (shades). Composites are shown 
from 4 days before (Day −4) to 4 days after (Day +4) the passage of a convective AEW over northern 
South America.  

OLR anomalies composite shows a more defined pattern than that related to precipitation. In 
particular, the relationship between AEWs displacement and precipitation appears to be noisy from 
2 days before to 2 days after the passage of an AEW (Figure 2, left) while the influence of these 
disturbances on OLR anomalies is more consistent during the interval between 4 days before to 4 
days after the wave passage (Figure 2, right). Negative values of OLR anomalies move 
simultaneously with the AEWs, as tracked from smoothed relative vorticity anomalies. 

Thus, the occurrence of precipitation could be a secondary effect of the passage of an AEW, as 
the result of enhanced cloud cover induced by surface convergence due to the wave propagation. 
Besides, a precisely delimited region of positive OLR anomalies, related to an absence of cloudiness, 
is located to the west, as well as to the east of the wave trough. The latter is not only in agreement 
with previous studies [6] but also with the pattern exhibited by significant cross-correlation between 
smoothed relative vorticity anomalies and precipitation anomalies (Figure 1).  

3.2. Dry AEWs 

Whereas only 14% of the AEWs tracked during the 1983–2013 period were classified as dry 
waves, according to their link with precipitation anomalies over northern South America, it is still 
important to analyze their connection to local meteorological conditions. The latter is supported 
taking into account that previous studies highlighting the occurrence of precipitation as the main 
effect of AEWs displacement over northern South America, particularly Colombia. Figure 3 (left) 
indicates that negative precipitation anomalies related to the dry AEWs propagation are evident on 
Day 0; nevertheless, the pattern is not clear on the lagged composites during the period between 4 
days before and 4 days after the passage of the AEWs, exhibiting a noisy structure. 

Although the OLR anomalies composite pattern shown in Figure 3 (right) shows a less noisy 
pattern, the relationship between the propagation of dry AEWs and OLR anomalies is still not as 
clear as that for convective waves. In particular, a cloud propagation structure (negative OLR 
anomalies) can be seen over the Atlantic Ocean; however, this propagation is not unmistakable 
following the AEWs track, and more important, is not preserved once the dry AEWs approach South 
American landmass, in contrast to what is observed for convective waves (Figure 2). 

3.3. AEWs and Dust Transport 

Although the relationship between dry AEWs and wind fields in northern South America and 
the Atlantic Ocean is not clear, the inhibition of precipitation during the westward propagation of 
such dry perturbations might be interconnected to the role of these waves on mineral dust transport 
over the Atlantic Ocean. The link between aerosols and precipitation is complex, depending among 
others on the size of the cloud condensation nuclei (i.e., size of aerosols) and cloud microphysics; 
nevertheless, Saharan mineral dust has been identified to inhibit precipitation while being 
transported [25,26].  

AEW’s role on mineral dust transport is a well-known feature of these tropical perturbations 
[10,12]. In fact, all of the 21 dry AEWs identified during the 2000–2013 period (21 perturbations in 
total) are related with dust transport. We consider this shorter period due to AOD data availability. 
Figure 4 suggests that dust is deposited throughout its transport across the Atlantic Ocean. Thus, 
aerosol concentration decreases as the dry wave propagates toward the west, being the dust plume 
more extensive across the Atlantic Ocean and the northeastern coast of South America, where AOD 
starts to decrease. The latter is in agreement with previous studies stating that large mineral dust 
particles are removed during atmospheric transport over the Atlantic Ocean, concluding into a 
redistribution of dust size [27]. 
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These results provide further evidence on how the AEWs may affect not only precipitation but 
also air quality over northern South America, as observed over Central America and the Amazon 
[13,28,29].  

 

Figure 3. Same as Figure 2 but for dry AEWs. 
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Figure 4. Composites of smoothed relative vorticity anomalies [s−1] (black contour) and MODIS AOD 
[1] (shaded) from 4 days before (Day −4) of the passage of a dry AEW over northern South America. 

4. Conclusions 

Most of the AEWs passing over northern South America that are identified in this study (about 
86%) appear to enhance convective activity, favoring the occurrence of precipitation over the region. 
The effect of these perturbations on precipitation over northern South America is evident, 
approximately around 4 days before an AEW reaches northern South American territory. 
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Convective AEWs enhance precipitation while the wave trough is above northern South 
America. However, few days before and after the passage of the AEWs over this region, they inhibit 
precipitation. 

While the convective AEWs enhance convective activity, favoring precipitation over northern 
South America, the dry AEWs are more related to the transport of mineral dust from northern Africa 
towards the Atlantic Ocean and the Caribbean Sea. Therefore, dry AEWs, which account for only the 
14.3% of the total AEWs crossing over northern South America identified in this study, influence local 
conditions not only by inhibiting precipitation over northern South America but also by transporting 
aerosols as they cross over the region. 

Although the occurrence of precipitation as a result of the convective activity induced by the 
convective AEWs is well explained when analyzing composites of precipitation and OLR anomalies, 
the inhibition of precipitation related to dry AEWs follows a random and noisy pattern on these 
composites. Therefore, as all of the dry AEWs identified during the 2000–2013 period are related to 
mineral dust transport across the Atlantic Ocean, the inhibition of precipitation over northern South 
America during the passage of these dry waves might be related to the aerosols effects on 
precipitation. However, further analyses are necessary in order to explain such behavior. 
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Abbreviations 

The following abbreviations are used in this manuscript: 

AEWs African Easterly Waves 
OLR Outgoing Longwave Radiation 
NOAA National Oceanic and Atmopsheric Administration 
PERSIANNCDR Precipitation Estimation from Remotely Sensed Information Using Artificial Neural 

Networks—Climate Data Record 
JJAS June, July, August, September season 
MODIS Moderate Resolution Imaging Spectroradiometer 
AOD Aerosol Optical Depth 
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