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internally, and how much of it is lost back into
space? The key common source of energy in our
solar system is the Sun, and this energy is distrib-
uted either through radiation or via the solar
wind. Since the time of formation of our solar
system, some energy has been stored internally
in the planetary bodies as thermal, chemical, or
rotational energy. Energy also reaches us from
outside our solar system in the form of cosmic
radiation, in particular gamma rays.

The high-energy ultraviolet portion of radia-
tion from the Sun is absorbed in Earth’s upper
atmosphere by the principal gases nitrogen (N,)
and oxygen, both molecular and atomic (O,, O).
Most of the absorbed energy is thermally con-
ducted to lower altitudes. Near 90 km (the meso-
pause region), CO, and other radiating molecules
are abundant enough to emit a large portion of the
energy back to space through infrared radiation.
At high latitudes, energetic particles precipitat-
ing from the magnetosphere interact with the
atmosphere, leading to substantial heating as
well as spectacular auroral emissions. Electrical
currents between the magnetosphere and the
atmosphere can also heat the atmospheric gases
at high latitudes, particularly during geomag-
netic disturbances.

In essence, most of the physical processes
that control Earth’s energy balance are also act-
ing on other planets. On Venus and Mars, the
large abundances of CO, lead to effective radia-
tive cooling of their upper atmospheres. The
heating processes at auroral latitudes on Jupiter
and Saturn may exceed solar heating rates
because of the larger distances from the Sun.
Another likely heat source on the gas giants is
the transfer of energy from inside the planets to
their outer atmospheres via waves.

The exploration of other bodies in our solar
system also helps us understand our own planet
far better. Cooling by CO,, which dominates
Venus and Mars, is also acting on Earth and turns
out to be one of the keys to understanding the
evolution of our atmosphere as well as climate
change. Major uncertainties, however, pertain to
Earth’s CO, cooling rate, which is controlled by
the excitation of CO, through collisions with
atomic oxygen. It turns out that observing Mars
or Venus simultaneously with Earth can help us
better determine this rate, but such observations
are challenging and have not been made until
recently.

Now, analyses by Forbes et al. of the atmo-
spheric drag on satellites orbiting Earth and
Mars have yielded measurements of how varia-
tions in solar radiation intensity affect atmo-
spheric densities. At any given altitude, heating
of the atmosphere will result in an enhancement
of densities and stronger atmospheric drag on a
satellite. Measuring these drag variations allows
derivation of atmospheric temperature changes,
and thereby of the effects of solar forcing. Mars
is found to be half as responsive as Earth to
changes in solar forcing, but is estimated to be

four to seven times as responsive as Venus. These
numbers are corrected for distances from the
Sun; thus, the differences are primarily due to the
varying CO, cooling efficiencies, which have so
far remained poorly understood. This study, in
helping us to improve our knowledge of the CO,
cooling efficiencies, is a prime example of how
we can use other planets in our solar system as
laboratories to better understand the complexity
of our own atmosphere, and thereby improve our
predictions of changes, including those due to
anthropogenic effects.

Previous simultaneous observations of plan-
ets had focused on comparing solar forcing of
the ionized portions of the atmospheres on Earth
and Mars (2—4) and the propagation of inter-
planetary shocks through the solar system.
Interplanetary shocks are triggered by violent
solar eruptions and cause compression of mag-
netospheres around planets. Such compressions
lead to increased levels of energetic particle pre-
cipitation into upper atmospheres, and thereby
enhanced auroral brightness. Only recently, ob-
servations have followed an interplanetary shock
as it propagated from the Sun to Earth, Jupiter,
and Saturn and successively caused enhanced
brightness of their aurorae (5), confirming the
effects of solar forcing on planetary magnetic

and plasma environments and atmospheres.
These comparative space weather observations
have highlighted important differences between
the ionospheres and magnetospheres of planets,
again helping us to better understand Earth and
its space environment.

The examples illustrate that comparative
studies of planets are far more effective than
examining each body individually. Knowledge of
Earth’s atmosphere and environment helps us
understand aspects of other planets, but we can
only understand the evolution of our own atmo-
sphere by studying those of other planets.
Ultimately, the lessons learned within our solar
system can also be applicable to the exploration
of planets orbiting stars far from our solar system.
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Align in the Sand

Daniel Griinbaum

Many animal species form large organized groups, but how information is shared within swarms,
flocks, and heards is not clear. Studies of locust swarms reveal distinct transitions from disordered

to ordered phases.

arge, coordinated animal groups such as
I swarms, herds, schools, and flocks are
widespread phenomena that strongly
affect many biological systems (7). High popula-
tion densities often bring negative consequences
(increased competition for resources, disease
transmission, and attention from predators), but
species that take advantage of dense populations
to form organized groups may benefit by more
effective foraging, reproduction, migration, and
escape from predators. The analysis by Buhl ez
al. of coordinated movement in juvenile desert
locusts on page 1402 of this issue presents the
most detailed description yet of the behavioral
mechanisms enabling social animals to form and
maintain coherent, large-scale groups (2).
Locust plagues can contain 10° individuals
and are among the most spectacular and conse-
quential of animal aggregations (3). Seemingly
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spontaneous appearances of multitudes of hun-
gry locusts, which fill the air and carpet the
ground as each eats its own weight per day of
natural and agricultural vegetation, have caused
ecological, economic, and (after these locusts
die and putrefy) epidemiological catastrophes of
historic proportions (4). All of this devastation
originates with a profound transition by imma-
ture, nonflying locusts from a relatively innocu-
ous solitary phase, in which they actively avoid
each other, to a behaviorally and physiologically
distinct gregarious phase, in which they seek
each other out (5). When this happens, the
locusts form massive, coherent, and highly
mobile foraging groups (see the figure). Desert
locusts almost completely destroy plant material
as they go, and they go a long way; migrations
routinely carry these insects thousands of kilo-
meters across Africa and have reached as far as
Europe and the New World (6).

“The locusts have no King, yet all of them
march in rank,” observed an insightful ancient
naturalist (7), capturing the enduring mystery of
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