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MODIS captures large-scale atmospheric gravity waves over
the Atlantic Ocean
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On April 27, 2016, a striking true-color satellite image acquired by the Moderate Resolution Imaging Spectroradiometer (MODIS)
onboard National Aeronautics and Space Administration’s (NASA’s) Aqua satellite showed several groups of very well structured arc
cloud patterns (Fig. 1), which are associaed with atmospheric gravity waves, aligned in the middle of the Atlantic Ocean between
South America and the African continents and extended over 2 000 km. The observed atmospheric gravity wave packet contains 20
individual waves and the distance between the leading and trailing waves is over 2 000 km. The longest cloud line associated with the
largest individual wave extends over 2 000 km and the wavelength between wave crests is about 80 km. The curvature of the patterns
indicated that the cloud moved toward South America. The unique feature of this satellite observation is that the scale of the
atmospheric gravity wave is an order of a magnitude larger than the previously reported cases in the literature.

Fig. 1. True-color MODIS images collected on April 27, 2016 show several groups of very well structured arc cloud in the middle Atlantic. These large-scale cloud patterns are interpreted as being caused by atmospheric gravity waves. The bright patch in the top
right is caused by sun glint, while the black stripes represent gaps between consecutive satellite overpasses about 100 min apart
(MODIS has a swath of 2 330 km).

Internal gravity waves occur in stratified fluid when a disturbing force exists. Both ocean and atmosphere are time-space-varying
stratified fluids that provide necessary conditions for the generation of oceanic and atmospheric gravity waves, which have generated
a lot of research interest in recent years. In the atmosphere, air temperature drops with increasing altitude. However, at about 1 km
altitude, there exists an inversion layer where temperature sharply increases within a short distance and the inversion layer is similar
to the oceanic pycnocline that acts like a cap to separate the lowest dense air mass from the thin air mass above. Thus, atmospheric
gravity waves may occur at this interface. Atmospheric gravity waves over the middle of the ocean can usually propagate thousands of
kilometers with the mean flow for a few days. Often times, they are also generated by the topographic forcing of mountains/islands
and solenoidal circulation induced by the horizontal thermal gradient. Under these situations, atmospheric gravity waves are standing
waves and they are trapped at the coastline or locked with the mountains. Vertically, atmospheric gravity wave propagates a few tens
of kilometers and may cause aviation safety concerns and dissipate when the strong synoptic wind diminishes. Since air density is
about three orders of magnitude lower than that of the ocean, the wave crests, wavelengths, and amplitudes of atmospheric gravity
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waves are much larger than their counterparts in the ocean.
Atmospheric gravity waves leave imprints in the air because they modulate the temperature and moisture content of the
atmosphere and appear in nature as structured cloud bands. Large wave patterns can therefore be observed by various types of
satellite sensors that provide synoptic coverage over the vast ocean and atmosphere. With the increasing number of Earth
observational satellites, observations of various types of interesting atmospheric and oceanic phenomena are likely to be made more
frequently, thus providing new information to help weather forecast and monitor the Earth environment.
We also implemented a two-way, interactive, double nested grid (27–9 km) Weather Research and Forecasting (WRF) model and
started the model run at 00 UTC on April 26, 2016 and continues for 48 h. Figure 2 shows the modeled cloud mixing ratio at 950 hPa.
The pattern agrees with the MODIS observations very well. Cold dry air entered the study region from the northeast boundary and
helped to form the arc-shape of the low-level cloud.

Fig. 2. WRF-simulated cloud mixing ratio at 950 hPa at the 18 UTC on April 27, 2016.
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