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Introduction: A gravity wave is a periodic atmos-

pheric disturbance in which buoyancy acts as the re-

storing force. It can only exist in a stably stratified at-

mosphere and can be triggered for example by convec-

tion below or by horizontal flow passing an obstacle. 

An example are Lee waves formed when a stable air 

flow passes over a mountain. Gravity waves can prop-

agate both vertically and horizontally and they play an 

important role in transporting energy and momentum 

within the atmosphere [1]. Gravity waves have been 

detected in the mesosphere of terrestrial planets both as 

oscillations on the temperature field and as patterns on 

the cloud layer [2]. On Earth, images of polar meso-

spheric clouds, also known as noctilucent clouds, often 

show distinct wave-like structures likely due to upward 

propagating and breaking gravity waves [3]. In the 

Martian atmosphere, direct evidence of gravity waves 

is found on mesospheric CO2 ice clouds observed by 

the High Resolution Stereo Camera and the imaging 

spectrometer OMEGA on board Mars Express [4], as 

well as by the Mars Odyssey spacecraft’s Thermal 

Emission Imaging System [5]. Ultraviolet images of 

Venus cloud tops acquired by Mariner 10 and Pioneer 

Venus showed cloud features which were interpreted as 

gravity waves. Vertical propagating gravity waves were 

detected in the temperature profiles acquired by the 

Pioneer Venus Probes and by radio occultation ex-

periments [6]. Since 2006 the European mission Venus 

Express (VEx) [7] is studying Venus atmosphere with a 

special regard to atmospheric dynamics and circula-

tion. Gravity waves at different cloud layers of Venus 

atmosphere have been detected in UV and IR images 

acquired by the Visible and InfraRed Thermal Imaging 

Spectrometer (VIRTIS)-M and the Venus Monitoring 

Camera (VMC) on board Venus Express [8, 9]. In Ve-

nus upper atmosphere gravity waves were revealed by 

non-LTE CO2 emissions [10]. 

 

Observations and results: The Venus Monitoring 

Camera (VMC) is a CCD-based camera specifically 

designed to take images of Venus in four narrow band 

filters in UV (365 nm), visible (513 nm), and near-IR 

(965 and 1000 nm) [11]. Venus Express orbit allows 

VMC to capture during  the pericentre passage high 

resolution images of the planet that are used to study 

small-scale dynamical phenomena at the cloud tops 

(~70 km altitude). A systematic visual search of waves 

in VMC images was performed; more than 1700 orbits 

were analyzed and wave patterns were observed in 

about 200 images. Four types of waves were identified 

in VMC images; by applying the same nomenclature 

given by [12], wave species are defined as: long, me-

dium, short and irregular waves (Fig. 1).  

 

 

  
Figure 1: Types of waves observed by VMC. From 

top – left  to bottom: long, medium, short, and irregular 

waves. 

  
We retrieved wave properties such as location (lati-

tude and longitude), local time, solar zenith angle, 

packet length and width, and orientation. A wavelet 

analysis was also applied to determine the wavelength 

and the amplitude of each wave. Fig. 2 shows the  loca-

tions of the observed waves. Waves are located at high 

latitudes (60–80ºN) in the Northern hemisphere and 

seem to be concentrated above Ishtar Terra, a continen-

tal size highland that includes the highest mountain 

belts of Venus,  suggesting a possible orographic origin 

of the waves. However, at the moment it is not possible 

to rule out a bias in the observations due to the space-

craft orbit that prevents waves to be seen at lower lati-

tudes, because of lower resolution, and on the night 

side of the planet. 

 The long type waves are characterized by long and 

narrow straight features with a wavelength within the 

range of 7 to 48 km. Medium type waves appear as or-

ganized wave packets of parallel and sometimes irregu-

lar wavefronts extending more than 100 km and with 
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wavelengths in the range 8 – 21 km. Short wave pack-

ets have a width of several tens of kilometers and ex-

tends to few hundreds kilometers and are characterized 

by small wavelengths (3 – 16 km). Often short waves 

trains are observed at the edges of long features align-

ing with them. Irregular wave fields are irregularly dis-

tributed features; they extend beyond the field of view 

of VMC and appear to be the result of wave interfer-

ence or wave breaking. 

 

 
Figure 2: Location of VMC waves. Different colours 

correspond to different wave types: (Red) long waves; 

(Green) short waves; (Orange) medium waves; and 

(Yellow) irregular waves. 
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