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Materials and Methods 

We use both polar-orbiting and geosynchronous satellite data in our analysis. A 
primary data set is the Moderate Resolution Imaging Spectroradiometer (MODIS) 
corrected reflectance true color data from the NASA Aqua and Terra satellites (42). We 
also examined MODIS Merged Dark Target/Deep Blue Aerosol Optical Depth (43) and 
Suomi-National Polar orbiting Partnership (Suomi-NPP) satellite Visible Infrared 
Imaging Radiometer Suite (VIIRS) corrected reflectance imagery. These data were 
obtained from NASA’s Earth Observing System Data and Information System (EOSDIS) 
Worldview tool (38). The MODIS instrument has a swath width of 2330 km. The 
corrected reflectance data have an approximate pixel size of 250 m. The sun-synchronous 
orbits of the Terra and Aqua satellites result in data over the subtropical southeast 
Atlantic twice daily during daylight hours at roughly 10:30 LT (Terra) and 13:30 LT 
(Aqua) (MODIS). The Suomi-NPP satellite VIIRS corrected reflectance product is 
daylight only at roughly 13:30 LT and is provided at 250 meters resolution. The swath 
width is 3000 km. Along the southwestern African coast, the local time is one hour ahead 
of UTC, while the area further west near St. Helena Island (-15.9° latitude, -5.7° 
longitude), the local time aligns with UTC. For simplicity, we ignore the small 
discrepancy between UTC time and local time in the region of interest.  

Short time-scale and short spatial-scale features of the marine stratocumulus 
erosion during daylight hours were examined using High Rate Spinning Enhanced 
Visible and IR Imager (SEVIRI) Level 1.5 visible satellite data from the Meteosat-10 
geosynchronous satellite (centered at 0°latitude, 0°longitude). These data were obtained 
from the European Organization for the Exploitation of Meteorological Satellites 
(EUMETSAT) (39). Meteosat full-Earth scans are available roughly every 15 minutes 
with a pixel size between 3.1 and 4 km in the region of interest. Three-channel visible 
and near-infrared images using the 0.6 μm, 0.8 μm, and 1.6 μm channels were retrieved 
from the EUMETSAT Earth Observing Portal (39). 

Half-hourly global merged infrared satellite data were obtained from NASA’s 
Goddard Earth Sciences Data and Information Services Center (GES DISC) (40). This 
merged infrared product is created by combining brightness temperature data from 
multiple geostationary satellites into a globally-complete brightness temperature data set 
on a uniform global grid with a pixel size of ≈4 km (44). The geosynchronous IR data are 
used to examine the brightness temperatures over the southeast Atlantic and southern 
Africa throughout the diurnal cycle. 

Data from the Modern-Era Retrospective Analysis for Research and Application 
(MERRA) (45) were obtained through NASA’s GES DISC. We used the 3-hourly 
instantaneous fields with a grid spacing of 0.5° latitude by 0.625° longitude, for the 
period 01 January 2000 through 31 December 2015. Monthly averages of 700 hPa 
pressure vertical velocity were computed from the daily-averaged meteorological 
variables to facilitate comparisons among different calendar months. 

A sharp cloudiness transition boundary is defined as an abrupt transition 
(typically ≤10 km) between visually obvious regions of nearly overcast conditions to 
either decreased cloudiness or complete clearing (37). Our definition of a westward-
moving cloudiness transition specifies that the boundary has to be at least 200 km in 
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length (≈2° latitude/longitude) and have a predominantly westward component of motion. 
In accordance with the latter criterion, most of the boundaries were oriented roughly in a 
north-south direction. We used visual examination of pairs of satellite images to tabulate 
days on which at least one westward-moving cloudiness transition occurred during the 
period from 8 May 2012 through 31 July 2017 in the region bounded by 10°S and 20°S 
latitude and 0° and 12°E longitude. Eight different analysts participated in examining the 
set of pairs of MODIS Aqua and Terra corrected reflectance images for each day 
(subsequently referred to as a ‘cloud scene pair’). Each person was trained on the specific 
visual cues required to identify and categorize the boundaries and performed supervised 
practice on real examples before conducting the actual analysis. Most individuals 
analyzed 10-12 months of cloud scene pairs. To mitigate potential classification biases 
among individual analysts, cloud scene pairs for each day were analyzed by at least two 
people. The Terra and Aqua overpasses were analyzed in tandem to ascertain the 
movement of the boundary between the two overpasses (≈3 hours apart). When available, 
Suomi-NPP data were used to observe areas that fell in the gaps between Aqua MODIS 
swaths. The daily cloud scene pairs were categorized as definitely having a sharp 
cloudiness transition present (‘yes’), definitely not having a sharp cloudiness transition 
present (‘no’), or possibly having a sharp cloudiness transition present (‘maybe’). In 
instances where the swath of the MODIS instrument missed a portion of the cloud deck, a 
‘yes’, ‘no’, or ‘maybe’ decision was still made with the available information.  

After this first round of cloud scene pair categorization, the two or more decisions 
for each cloud scene pair were compared. Scenes for which all analysts agreed on either a 
‘yes’ or ‘no’ categorization were placed into the respective categories. For instances in 
which the analyzers disagreed or at least one analyzer indicated a ‘maybe’ categorization, 
the cloud scene pair was subsequently analyzed by two experienced satellite imagery 
analysts to determine if their categorization as ‘yes’, ‘no’, or ‘maybe’ could be resolved. 
For the 1911-day data set, there was a total of 377 ‘yes’ days (days with a boundary 
present), 109 ‘maybe’ days, and 1425 ‘no’ days. 

We consider the ‘yes’ subset of cloud scene pairs a robust underestimate of the 
actual number of cloudiness transitions that occur since it does not take into account 
multiple boundaries occurring on a single day or the ‘maybe’ category. Subjective 
analysis of satellite images to determine the occurrence frequency of atmospheric gravity 
waves has previously been done many times in the literature (26, 28, 31, 46). 

A combination of Hovmöller diagrams based on Meteosat IR plus Aqua and Terra 
corrected reflectance image pairs were used to estimate the westward speed of the 
cloudiness transitions. We estimated speeds using several dozen pairs of Aqua and Terra 
images and about a dozen Hovmöller diagrams. Hovmöller diagrams of the satellite data 
were generated for the region between 6°W to 11°E longitude and 12.5°S to 17.5°S 
latitude (Fig. 3B). Brightness temperature values and corrected reflectance values within 
the analysis region were averaged meridionally for each 30-min and 15-min time step 
respectively. 
 
Supplementary text 
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Propagating lines of clouds associated with atmospheric gravity waves occur in 
many locations throughout the world including the Morning Glory over the Gulf of 
Carpenteria (28, 29, 47-49), the northwest coast of Australia (26), the Mozambique 
Channel between Africa and Madagasar (31), the western Gulf of Mexico (32), and the 
Arabian Sea (30, 50). Similar dynamics have been documented in gravity waves that do 
not produce lines of clouds over the Red Sea (46), in Alabama (51), and over the Los 
Angeles Basin (52). The wave-cloud lines are all associated with increases in boundary 
layer height from either single solitary waves, solitary wave packets, and/or bores. The 
interaction between a density current and a stable layer can generate a leading undular 
bore and a trailing set of solitary waves that together raise the height of the boundary 
layer for several hours (32, 35). 

Data from microbaragraph and infrasonic arrays in northwest Australia illustrated 
that waves of elevation were much more common than those of depression in that region 
(53). Over a two-year period, 99 solitary waves of elevation were observed compared to 
only 3 ‘down-up’ single solitary waves of depression (53). The waves of depression 
occurred in clear skies and from their phase speed characteristics were inferred to be high 
altitude rather than boundary layer structures. 

The observed westward speed of motion of the cloud-eroding boundaries, as 
derived from the Hovmӧller diagrams of IR and visible geosynchronous satellite data as 
well as the Terra and Aqua MODIS corrected reflectance overpasses, was found to be 8-
12 ms-1. To compare this observed speed to theory, we calculated the intrinsic gravity 
wave phase speed of the environment (54): 

𝑐𝑐 =  
𝑁𝑁

�(2𝜋𝜋
𝐿𝐿𝑥𝑥

)2 + (2𝜋𝜋
𝐿𝐿𝑧𝑧

)2
 

 (1) 

 
where 𝑁𝑁 is the Brunt Väisälä frequency, and 𝐿𝐿𝑥𝑥 and 𝐿𝐿𝑧𝑧 are the horizontal and vertical 
wavelengths. Horizontal wavelengths of 2, 5, and 8 km are estimated based on 
observations of wave features along the cloud-eroding boundaries in Terra and Aqua 
MODIS corrected reflectance images. Given the dearth of operational upper sounding 
stations along the southwest African coasts of Nambia and Angola, we used upper air 
soundings from St. Helena Island, the nearest operational sounding station which is 1800 
km from coast of Africa, (55) to estimate inversion height and Brunt Väisälä frequency 
characteristics. We used the subset of soundings from 2000 through 2011 that exhibited a 
strong inversion (i.e. a change in potential temperature of at least 8 K within a 300 m 
layer) and were obtained in an environment where the daily average lower tropospheric 
stability between -5.625o and -16o longitude (from MERRA reanalysis data) varied by 3 
K or less (i.e., they were obtained in conditions where the environment at St. Helena 
Island was expected to be reasonably representative of the region adjacent to the African 
coast).  This analysis yielded estimated maximum and minimum values of the Brunt 
Väisälä frequency of 0.052 s-1 and 0.04 s-1. We used 1.75 km, the median inversion height 
from St. Helena Island in January as an estimated upper bound, and 1 km, the cloud top 
heights observed adjacent to the African coast during austral spring (56) as an estimated 
lower bound for the vertical wavelengths. The resulting intrinsic gravity wave phase 
speeds for the combinations of these parameters range from 5.7 to 14.1 ms-1 (Table S1)  
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Table S1: Intrinsic gravity wave phase speeds for various parameter values (in ms-1). Lx denotes 
horizontal wavelength, Lz denotes vertical wavelength, and N denotes Brunt Väisälä frequency. 
 

 N = 0.04 s-1 N = 0.04 s-1 N = 0.052 s-1 N = 0.052 s-1 
Lx (km) Lz = 1 km Lz = 1.75 km Lz = 1 km Lz = 1.75 km 

2 5.7 8.4 7.4 10.9 
5 6.2 10.5 8.1 13.7 
8 6.3 10.9 8.2 14.1 
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Fig. S1: Examples of cloud clearing events with corresponding aerosol optical depth 
estimates. MODIS Corrected Reflectance images for abrupt cloudiness transition events 
over the southeast Atlantic from (A) Terra on 9 July 2013, (B) Aqua on 26 May 2014, 
and (C) Aqua on 19 July 2013. (D, E, and F) The corresponding MODIS Merged Dark 
Target/Deep Blue Aerosol Optical Depth data overlaid on the MODIS Corrected 
Reflectance images.  
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Movie S1: Movie of 15-minute Meteosat visible imagery for 26 May 2014 from 05:00 to 

18:15 UTC showing (left) regional view off the southwest coast of Africa and (right) 

close-up view corresponding to the yellow box on the left. 

Movie S2: Movie of 30-minute merged infrared 12 µm brightness temperatures for the 

period from 25 May 2014 00:00 UTC to 27 May 2014 23:30 UTC showing a regional 

view of southern Africa and the southeast Atlantic. Red denotes missing data. 

Movie S3: Movie of 15-minute Meteosat visible imagery for 26 May 2012 from 05:00 to 

17:15 UTC showing (left) regional view off the southwest coast of Africa and (right) 

close-up view corresponding to the yellow box on the left. 

Movie S4: Movie of 30-minute merged infrared 12 µm brightness temperatures for the 

period from 25 May 2012 00:00 UTC to 27 May 2012 23:30 UTC showing a regional 

view of southern Africa and the southeast Atlantic. Red denotes missing data. 

Movie S5: Movie of 15-minute Meteosat visible imagery for 12 May 2015 from 05:00 to 

17:45 UTC showing (left) regional view off the southwest coast of Africa and (right) 

close-up view corresponding to the yellow box on the left. 

Movie S6: Movie of 30-minute merged infrared 12 µm brightness temperatures for the 

period from 11 May 2015 00:00 UTC to 13 May 2015 23:30 UTC showing regional view 

of southern Africa and the southeast Atlantic. Red denotes missing data. 
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