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EXPLORING ENERGY
FLOW IN PLANETARY
ATMOSPHERES
Within the atmospheres of different planets, energy is continually
moving around and being converted into different forms. In his
research, Dr Liming Li at the University of Houston studies how the
different worlds of our solar system generate, transfer and convert
energy in different ways. Through analysing the atmospheres of
Jupiter, Saturn, Titan and Earth, his team has made discoveries
that provide new insights both for astronomers and for scientists
studying our own changing climate.

Focus on Four Worlds

Heat (red) emitted from the interior of Saturn shows up in this false-colour image, made
from data taken in 2008 by Cassini’s visual and infrared mapping spectrometer.
CREDIT: NASA/JPL/ASI/University of Arizona.
Flowing Energy
Scientists can draw conclusions about
planetary atmospheres from three
fundamental properties of the energy
flowing within them. Firstly, the ‘radiant
energy budget’ is the balance between
the energy that a planet absorbs from
the Sun and the energy that the planet
emits. The energy from the Sun travels
through space in the form of radiation,
before interacting with a planet’s
atmosphere. Once this energy has been
absorbed, ‘radiative transfer’ describes
how it moves around – crossing
between different systems within
the larger planetary system. Finally,
this radiant energy can be converted
into many different forms, such as
mechanical energy.

As Dr Liming Li of the University
of Houston describes, these three
energy flow properties together have
a profound influence over the ways
in which atmospheres behave. ‘The
radiant energy budget and its variation
over time influence the thermal
structure of these atmospheric systems,’
he says. ‘Furthermore, the transfer
and distribution of radiant energy
within these atmospheric systems
can generate mechanical energy to
drive atmospheric circulation, weather
and climate.’ Understanding these
three aspects is vital for explaining the
dynamics of planetary systems as a
whole, including our own.
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Dr Li and his colleagues investigate
real observations of the planets and
moons of the solar system, each
of which displays its own unique
behaviour. Within the solar system,
there is a diverse range of active worlds
to explore, from small, rocky moons
to colossal gas giants. Clearly, such a
high degree of diversity means that
energy budgets, and the rates of energy
transfers and conversions, will vary
widely between different bodies.
Though it is challenging to study such
different systems using the same
techniques, Dr Li believes it is hugely
beneficial for astronomers and Earth
scientists alike. ‘For giant planets, the
radiant energy budget and the related
internal heat also can help understand
the evolutionary history of planets,’ he
explains. ‘In recent years, my research
group has been exploring the radiant
energy budgets and mechanical energy
cycles for the atmospheric systems of
the gas giant planets, including Jupiter
and Saturn, and some rocky bodies,
including Earth and Titan.’

Jupiter’s visible image, recorded with the Cassini Imaging
Science Subsystem. CREDIT: NASA/JPL/SSI/Color composite by
Gordan Ugarkovic.
These four worlds each present their own unique set of
challenges for astronomers and Earth scientists exploring
the flow of energy within their atmospheres. Yet despite their
differences, studies of such planets and moons can yield
important insights into Earth’s atmosphere. At a time when the
atmospheric energy budget is severely disrupting the climate
on our home planet, these insights are now critically important.
Jupiter’s Energy Budget and Internal Heat
The solar system’s largest planet has been mystifying
astronomers for centuries, with its endlessly swirling clouds
masking a deeply complex set of underlying behaviours. One of
the biggest uncertainties about Jupiter is the reflectivity of its
gases – a value that is strongly linked to its energy budget. From
data gathered by the Pioneer and Voyager missions, which each
flew past Jupiter in the 1970s, astronomers had estimated that
the planet reflected just 30% of the Sun’s light back into space.
In their work, Dr Li and his colleagues used updated data on
Jupiter, gathered by the Cassini spacecraft, which made its
closest approach to the planet in 2000. Using data on reflected
light gathered by the spacecraft, the researchers concluded
that Jupiter reflects around 50% of the sunlight that it initially
absorbs. In addition, they found that Jupiter generates more
heat in its interior than previously thought.
Dr Li believes that the new findings will help us to better
understand the formation and evolution of planets in our
solar system. ‘Based on the observations from the Cassini
spacecraft, we conducted the best measurements of Jupiter’s
radiant energy budget and internal heat,’ he summarises. ‘The
new measurements significantly improve previous estimates
and have wide applications and impacts in planetary science,
meteorology and astronomy.’

Multi-spectra image of Titan. CREDIT: NASA/JPL/Space Science
Institute – NASA planetary photojournal, prepared by
Alfred McEwen.
Saturn’s Emitted Power
Cassini also provided Dr Li’s team with useful data about Saturn
– the end point of the mission. After the craft began orbiting
Saturn in 2004, its infrared spectrometer collected consistent
data on the energy emitted from the planet’s surface. The data
revealed that Saturn’s southern hemisphere was emitting more
energy than its northern one – a result that was consistent with
the gas giant’s distinctive systems. More mysteriously, however,
the data also showed that the planet as a whole cooled for
several years before 2009, before beginning to heat up again.
In 2010, astronomers observed a violent storm on Saturn,
which increased the global power emitted from its surface
by around 2%. Similar violent storms could be a regular
occurrence on this planet, reappearing once every Saturnian
year – the equivalent of around 30 Earth years. If this is the case,
storm clouds could be periodically affecting Saturn’s radiant
energy budget and hence atmospheric evolution.
‘We examined the temporal variations of Saturn’s emitted
energy for the first time,’ Dr Li summarises. ‘Our studies suggest
that seasonal cycle and the 2010 great white spot – the largest
storm ever discovered on Saturn – both play important roles in
Saturn’s radiant energy budget.’
Titan’s Energy Budget
As the only moon in the solar system with a thick atmosphere,
Saturn’s largest moon, Titan, is a particularly intriguing subject
of study due to its similarities with Earth. Comparable to the
water cycle on Earth, Titan’s atmosphere is able to support
lakes and seas of liquid methane, which evaporates to form
clouds and rainstorms. Therefore, studying Titan’s energy
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as energy is being converted and
dissipated more quickly.
This type of approach to studying
climate change is often overlooked by
scientists, but as Dr Li concludes, it is
crucially needed to fully understand
its effects on our atmosphere. ‘Our
exploration of the temporal variations
of the energy cycle suggests that the
efficiency of the global atmosphere
as a heat engine increased during the
modern satellite era,’ he says. ‘These
studies are helping us better understand
climate change and storm activities on
Earth.’
Preparing for the Future

The background image of Earth was obtained by NASA’s Earth Polychromatic Imaging
Camera aboard NOAA’s Deep Space Climate Observatory. The curves are the time series
of the dissipation of the total kinetic energy, which is used to measure the efficiency of the
global atmosphere as a heat engine during the modern satellite era (1979–2013).
budget could tell us more about that of
Earth’s atmosphere.
Again, using observations made by the
infrared spectrometer on board Cassini,
the researchers compared how much of
the Sun’s energy was absorbed by Titan,
with how much was emitted back into
space. They concluded that Titan is in a
rough equilibrium even though a small
energy imbalance is possible.
‘Our analyses suggest that Titan does
not have a large energy imbalance
between the absorbed solar energy
and emitted thermal energy discovered
on its mother planet, Saturn, but it
possibly has a small energy imbalance,’
Dr Li comments. His discoveries
offer important insights into Earth’s
atmospheric system, which is currently
experiencing a small energy imbalance
and related changes in climate.
Earth’s Lorenz Energy Cycle
On our home planet, scientists describe
the flow of energy throughout the
atmosphere using the ‘Lorenz energy

cycle’, which describes how much
mechanical energy is generated, how
much of it is converted into different
forms, and how much is dissipated.
Dr Li’s team studied the long-term
variations in the cycle, which had not
been particularly well studied in the
past. To explore them, they analysed
three independent meteorological data
sets over several decades. ‘We updated
the classical picture of the energy cycle
of Earth’s global atmosphere based on
modern-time satellite-based datasets,’
Dr Li describes.
The researchers discovered that while
the total mechanical energy of the
Earth’s atmosphere has remained
relatively constant over time, it is
also converting heat into mechanical
energy more efficiently. In other words,
its performance as a thermodynamic
heat engine is improving over time.
Ultimately, this means that as the
climate warms, Earth’s atmosphere
is becoming increasingly turbulent,
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In studying the flow of energy
throughout planetary atmospheres,
Dr Li and his colleagues have provided
astronomers with potential answers to
a variety of problems. These insights
are invaluable to the field of planetary
astronomy, but they also come at a
critical stage for our own planet, as our
atmosphere experiences changes in its
energy flow that have not been carefully
examined in its history.
By gaining a more sophisticated
understanding of the atmosphere’s
performance as a heat engine, climate
scientists will be better equipped to
understand the extent to which the
climate is changing, and to predict how
it could transform in the future.
In addition to Jupiter, Saturn, Titan
and Earth, Dr Li’s team is also exploring
other planets and moons in our solar
system. In particular, they are working
on the radiant energy budgets and
internal heat of the two ice giant
planets – Uranus and Neptune. They
are also developing an instrument
with a possible space mission to better
measure the radiant energy budgets
and internal heat of the two ice planets.
Such an instrument could be used to
explore the radiant energy budgets
and internal heat of other planets and
moons.
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