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Fig. 2. The radiative balance of a thermally black Earth: the effective equilibrium radiative
temperature, Tey , is defined by equating the incoming energy per second [rr3(1 — A)F/R?]
to the thermal energy loss per second [4nr2cT¢q]. 1 is the Earth radius; A is the planetary
albedo; F is the solar constant (1370 W m™2), R is the sun-earth distance (= 1 AU); and ¢
is the Stefan-Boltzmann constant.

from extremes of temperature during the diurnal cycle, is an extremely
thin shell that would appear to be quite vulnerable to change. We do
not really understand how vulnerable.

The Earth is uniquely the “Water Planet”. Water plays a profoundly
important role in many aspects of the operation of the planet. The existence
of significant quantities of water in all three phases (solid, liquid and
vapour) is of critical importance to the Earth’s geophysical and biospheric
systems. A great part of the physical and biological diversity we observe
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and enjoy on our planet is due to the presence of water: it gives rise
to clouds and rain, plant growth, animal development, oceanic processes
and biota, and the variety of landscape and ecosystems. Within the total
Earth system, the balance — and indeed the long-term stability of the
climate — is due to the existence of a massive thermal “buffer” in the
oceans and the radiative properties of water vapour, ice and liquid water
clouds. Thus, some of the important features for our topic include:

(i) Oceanic heat storagés;
(ii) Ice sheets;

(iii) Greenhouse effect;
(iv) Clouds;

(v) Atmospheric humidity.

Two major problems in current climate research, which have occupied
our group at Imperial College, are:

(1) The ozone hole and the physical state of the stratosphere;
(i1) Global warming and the greenhouse effect.

We will now go on to consider, in turn, work on these two problems.

The Trouble with Ozone

Ozone (Os) is a gas made up of three oxygen atoms. As such, its
photochemistry is closely connected to that of molecular oxygen (O,)
through a basic series of reactions known as the Chapman reactions
(Brasseur & Solomon, 1984):

02+hV - 0+0
O+0,+M - 0O;+M
O;+hv - 0,+0

0;+0 - 0,+0,

Because it requires the existence of a free oxygen atom (an unstable
species), ozone is easily formed in the stratosphere, where high levels



12 J.E. Harries

(i1) Is there a detectable trend in surface temperature due to global
warming?;

(iii) Can we attribute any detectable trend to a particular cause?;

(iv) What is the effect of natural variability?

In our group, we have been attempting to address some of the issues
raised by these questions.

As we have seen earlier (for example Fig. 2), incoming solar shortwave
(SW) radiation is balanced by outgoing thermal longwave (LW) radiation
to cold space if the planet is in energy equilibrium. Any mechanism
which disturbs this balance can lead to climate change. Imbalance in
the SW energy input can arise from (inter alia):

(1) Vanations in the energy output of the Sun;

(ii) Changes in absorption of solar radiation by ozone;

(iii) Backscatter of solar radiation to space (for example, due to volcanic
aerosols, surface albedo variations and cloud variations).

Imbalance in the LW energy output can arise from (inter alia):

(i) Variations in surface temperature or emissivity;

(it) Changes in atmospheric absorption (for example, due to CO, or
H,O increases);

(iii) Variations in cloud amount, height or type;

(iv) Changes in atmospheric dust or aerosol loading.

Our work at Imperial College is focussing on the importance of changes
in water vapour concentrations in the atmosphere; the radiative cooling
to space from the upper troposphere via the pure rotation band of water
vapour; and the SW and LW effects of clouds and aerosols.

To illustrate some of this work, Fig. 6 shows a calculation using a
theoretical so-called “band model” of radiative transfer (Sinha & Harries,
1995). It shows a plot of radiative energy loss (the “cooling rate”) due
purely to water vapour, shown on a diagram of pressure-altitude against
spectral wavenumber. The high intensities indicate regions where the
cooling to space is most efficient, including the upper troposphere, radiating
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Fig. 6. Calculations using radiative transfer model of the heating rate (actually negative,
hence a measure of rate of energy loss by radiation) for a tropical model atmosphere, and for
water vapour only, expressed as a function of pressure altitude and spectral wave number
(Courtesy of Sinha, 1995).

in the far IR from the pure rotation band. Until recent work by Clough
and co-workers, and follow-up work at Imperial College, this strong
cooling to space from the upper troposphere was not expected. It is
an important planetary cooling mechanism for the maintenance of climatic
balance.

Two other projects in this area are both experimental in nature. The
first is called TAFTS (Tropospheric Airborne Fourier Transform
Spectrometer). This is an accurate aircraft-borne radiometer for making
direct measurements of spectral fluxes in the far IR within the atmosphere.
Such measurements, at different levels within the troposphere and into
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the lower stratosphere, will allow us to test our theories of greenhouse
cooling to space by water vapour. The second, GERB (Geostationary
Earth Radiation Budget) experiment, is a broad band, accurately calibrated
radiometer to fly on Europe’s next geostationary meteorological satellite,
Meteosat Second Generation (MSG). MSG-1 is due for launch in the
year 2000, and will occupy the geostationary slot over the Greenwich
meridian. GERB — which is a collaboration between Imperial College,
the Rutherford Appleton Laboratory, the University of Leicester in the
United Kingdom and laboratories in Belgium and Italy, with funding
also from the EU — will make measurements of the SW and LW radiation
arriving at MSG-1 every half-hour. It will also permit unique studies
of the diurnal variation of the energy budget, for example, over continental
Africa: such observations will be quite new, and will allow sensitive
tests of weather and climate general circulation models.

Some Reflections on the Future

Status report

A new group has been established at Imperial College, based in the
Physics Department, active in atmospheric and climate physics,
using Earth observation from space, coupled with the application of
powerful computer programmes for simulating the radiative, chemical
and dynamical properties of the atmosphere. The new group is
working on a variety of theoretical and experimental problems in
climate and atmospheric physics, some of which have been illustrated
above.

Scientific quality and relevance

Many difficult but fascinating problems still exist in trying to understand
the Earth’s climate system. This remains one of the greatest challenges
in modern science — one of the “grand challenges” as we move into
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the third millennium. Not only is the subject one of great intellectual
challenge, but it is also of enormous practical importance. The relevance
of understanding our climate system to the peoples of this Earth is
fundamental, for weather prediction, agriculture and food production,
fresh water supply, coastline changes (sea level change), and for the
whole stability of the global economic and political system which can
all too easily be de-stabilised by even a small shift of climate patterns,
precipitation, water supply and food production.

Controversy

Some observers have tried to undermine climate change research by
suggesting that it is either unnecessary or a fabrication by scientists
desperate for research funding. (Not all these observers are funded by
interested groups, such as the fossil fuel lobby.) While it is extremely
healthy to have criticism and controversy, so that a science does not
become ossified, it is simply a fact that mankind must understand his
climate system, and how his population numbers and activities relate
to it. The Earth is the only survival system which we have available,
and out of self-interest, if not out of altruism, we ought to understand
and protect it.

Priority

The priority of climate research in the United Kingdom and elsewhere
must be maintained. This is not a subject which decision-makers can
treat as a passing fashion in science. In the universities in particular,

the mechanisms for providing a degree of stability of research funding
are urgently needed.

Conclusion

Understanding the basic physics of how our planet works, and how it
might change in the future, remains a scientific problem of the highest
priority and challenge to humanity.
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This beautiful planet can be monitored and studied using the techniques
of Earth Observation from space across all the colours of the rainbow
and beyond.
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