Giant pattern discovered in the clouds of
planet Venus
10 January 2019
The sky of Venus is fully covered by thick clouds of
sulfuric acid that are located at a height of 45-70
km, making it hard to observe the planet's surface
from Earth-based telescopes and orbiters circling
Venus. Surface temperatures reach a scorching
460 degrees Celsius, a harsh environment for any
observations by entry probes. Due to these
conditions, there are still many unknowns regarding
Venus' atmospheric phenomena.
To solve the puzzle of Venus' atmosphere, the
Japanese spacecraft Akatsuki began its orbit of
Figure 1: (left) the lower clouds of Venus observed with Venus in December 2015. One of the observational
the Akatsuki IR2 camera (after edge-emphasis process). instruments of Akatsuki is an infrared camera "IR2"
The bright parts show where the cloud cover is thin. You that measures wavelengths of 2 ?m (0.002 mm).
can see the planetary-scale streak structure within the
This camera can capture detailed cloud
yellow dotted lines. (right) The planetary-scale streak
morphology of the lower cloud levels, about 50 km
structure reconstructed by AFES-Venus simulations. The from the surface. Optical and ultraviolet rays are
bright parts show a strong downflow. Credit: Nature
blocked by the upper cloud layers, but thanks to
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infrared technology, dynamic structures of the lower
clouds are gradually being revealed.
A Japanese research group has identified a giant
streak structure among the clouds covering planet
Venus based on observation from the spacecraft
Akatsuki. The team also revealed the origins of this
structure using large-scale climate simulations.
The group was led by Project Assistant Professor
Hiroki Kashimura (Kobe University, Graduate
School of Science) and these findings were
published on January 9 in Nature Communications.

Venus is often called Earth's twin because of their
similar size and gravity, but the climate on Venus is
very different. Venus rotates in the opposite
direction to Earth, and a lot more slowly (about one
rotation for 243 Earth days). Meanwhile, about 60
km above Venus' surface a speedy east wind
circles the planet in about 4 Earth days (at 360
km/h), a phenomenon known as atmospheric
superrotation.

Before the Akatsuki mission began, the research
team developed a program called AFES-Venus for
calculating simulations of Venus' atmosphere. On
Earth, atmospheric phenomena on every scale are
researched and predicted using numerical
simulations, from the daily weather forecast and
typhoon reports to anticipated climate change
arising from global warming. For Venus, the
difficulty of observation makes numerical
simulations even more important, but this same
issue also makes it hard to confirm the accuracy of
the simulations.
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high latitudes of Earth, a large-scale dynamics of
winds (baroclinic instability) forms extratropical
Figure 2: The formation mechanism for the planetarycyclones, migratory high-pressure systems, and
scale streak structure. The giant vortexes caused by
polar jet streams. The results of the simulations
Rossby waves (left) are tilted by the high-latitude jet
showed the same mechanism at work in the cloud
streams and stretch (right). Within the stretched vortexes,
layers of Venus, suggesting that jet streams may
the convergence zone of the streak structure is formed, a
be formed at high latitudes. At lower latitudes, an
downflow occurs, and the lower clouds become thin.
Venus rotates in a westward direction, so the jet streams atmospheric wave due to the distribution of largescale flows and the planetary rotation effect
also blow west. Credit: Kobe University
(Rossby wave) generates large vortexes across the
equator to latitudes of 60 degrees in both directions
(figure 2, left). When jet streams are added to this
phenomenon, the vortexes tilt and stretch, and the
AFES-Venus had already succeeded in
convergence zone between the north and south
reproducing superrotational winds and polar
temperature structures of the Venus atmosphere. winds forms as a streak. The north-south wind that
Using the Earth Simulator, a supercomputer system is pushed out by the convergence zone becomes a
strong downward flow, resulting in the planetaryprovided by the Japan Agency for Marine-Earth
Science and Technology (JAMSTEC), the research scale streak structure (figure 2, right). The Rossby
wave also combines with a large atmospheric
team created numerical simulations at a high
fluctuation located over the equator (equatorial
spatial resolution. However, because of the low
quality of observational data before Akatsuki, it was Kelvin wave) in the lower cloud levels, preserving
the symmetry between hemispheres.
hard to prove whether these simulations were
accurate reconstructions.
This study revealed the giant streak structure on
This study compared detailed observational data of the planetary scale in the lower cloud levels of
the lower cloud levels of Venus taken by Akatsuki's Venus, replicated this structure with simulations,
and suggested that this streak structure is formed
IR2 camera with the high-resolution simulations
from two types of atmospheric fluctuations (waves),
from the AFES-Venus program. The left part of
baroclinic instability and jet streams. The
Figure 1 shows the lower cloud levels of Venus
successful simulation of the planetary-scale streak
captured by the IR2 camera. Note the almost
symmetrical giant streaks across the northern and structure formed from multiple atmospheric
southern hemispheres. Each streak is hundreds of phenomena is evidence for the accuracy of the
simulations for individual phenomena calculated in
kilometers wide and stretches diagonally almost
this process.
10,000 kilometers across. This pattern was
revealed for the first time by the IR2 camera, and
Until now, studies of Venus' climate have mainly
the team have named it a planetary-scale streak
structure. This scale of streak structure has never focused on average calculations from east to west.
This finding has raised the study of Venus' climate
been observed on Earth, and could be a
to a new level in which discussion of the detailed
phenomenon unique to Venus. Using the AFESthree-dimensional structure of Venus is possible.
Venus high-resolution simulations, the team
reconstructed the pattern (Figure 1 right-hand side). The next step, through collaboration with Akatsuki
and AFES-Venus, is to solve the puzzle of the
The similarity between this structure and the
climate of Earth's twin Venus, veiled in the thick
camera observations prove the accuracy of the
cloud of sulfuric acid.
AFES-Venus simulations.
Next, through detailed analyses of the AFES-Venus
simulation results, the team revealed the origin of
this giant streak structure. The key to this structure
is a phenomenon closely connected to Earth's
everyday weather: polar jet streams. In mid and

More information: Hiroki Kashimura et al.
Planetary-scale streak structure reproduced in highresolution simulations of the Venus atmosphere
with a low-stability layer, Nature Communications
(2018). DOI: 10.1038/s41467-018-07919-y

2/3

Provided by Kobe University
APA citation: Giant pattern discovered in the clouds of planet Venus (2019, January 10) retrieved 15
January 2021 from https://phys.org/news/2019-01-giant-pattern-clouds-planet-venus.html

This document is subject to copyright. Apart from any fair dealing for the purpose of private study or research, no
part may be reproduced without the written permission. The content is provided for information purposes only.

3/3
Powered by TCPDF (www.tcpdf.org)

