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Change is the norm in climate.  The climate is never
standing still.   The climate is either cooling or warming.  To
consider each a cause for alarm is to be perpetually
alarmed.  A static climate would be a true cause for alarm.
However, alarm may also be justified if changes are well
beyond the norm, but as we will see, the norm for change
is really quite large.  Moreover, climate change is more
than global warming or cooling.  Regional variations are
greater than global changes.

We will begin with some description of observations



















The relation between
global mean
temperature and CO2
is suggestive, but by
now, we know that
changes in
temperature preceded
changes in CO2.



Of course, as noted some time ago by Budyko and Izrael,
climate change is not solely or even primarily described by
global mean temperature.  Prior to the last decade, we were
pretty sure that tropical temperatures changed little while
major climate changes were associated with changes in the
temperature difference between the equator and the poles.







In point of fact, the equator to pole temperature difference is
always much less that would expect on the basis of radiative
considerations.  This is due to the transport of heat by the
atmosphere and oceans.





The cycles of  ice ages are themselves an indication of the
importance of transport - at least to the extent that the
Milankovic hypothesis is correct.







These orbital variations provide very little change in net radiation, but they
profoundly impact regional and seasonal distributions of radiation, thus
changing the pressure gradients that lead to motion changes.

These results should have resulted in two obvious questions:

What changes the heat flux between the tropics and high latitudes?

What keeps tropical temperatures from changing much?

What determines the global mean temperature?

Instead, the most common approach has been to assume changes are
due to changes in CO2, and to assume that heat fluxes automatically
follow Budyko-Izrael curve.













It should be clear by now that one cannot answer all three
questions by simple reference to the greenhouse effect.
Nonetheless, the greenhouse effect is undoubtedly important
to setting the overall temperature.  That said, it should be
emphasized that the natural greenhouse effect is mostly due to
water vapor and clouds.
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The above illustrates a number of points.  1) If we omit the albedo due mostly to clouds,
then the earth would only be about 16K colder than it is.  2) If we include both the visible
AND the infrared impact of clouds, then the temperature will be similar to today’s. 3) If one
changes the solar output about 2% (which is roughly equivalent to doubling CO2, then Te
changes about 1K,
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This is at the heart of the controversy over differences between satellite
measurements of tropospheric temperature and thermometric
measurements of surface temperature.

The fact that the warming trend in the atmosphere is much smaller than
the trend at the surface is at odds with the fact that in the greenhouse
effect, it is the atmosphere that warms the surface.

As we have seen, if warming were solely due to the greenhouse effect
of added CO2, we would actually know the climate sensitivity.  It would
be about 1C for a doubling of CO2.  Greater sensitivities require that the
main greenhouse substances, water vapor and clouds, act to amplify
whatever CO2 does.  There is, in fact, little support for this.  We will
discuss this further tomorrow.

Let’s turn instead to the issue of transport.  Why does the equator to
pole temperature difference change?



For many years, it has been argued that the change in transport
must come from the ocean, and be associated with the
thermohaline circulation.

The argument runs as follows.  Atmospheric transport is due to
midlatitude eddies and these eddies arise from meridional
temperature gradients.





In a warmer world, the meridional temperature gradient is reduced
and yet, this reduced gradient requires a greater heat flux.  This
would seem to preclude the atmospheric eddies from being the
mechanism.

A similar argument can be used against the wind driven surface
ocean circulation that we generally associate with the Gulf
Stream.

Thus, we are left with the thermohaline circulation which depends
on deep water formation in the North Atlantic, which in turn
depends on the presence of fresh water rather than meridional
temperature gradients.

This appears reasonable but …...





Assuming the observational analysis is correct (and it has been
confirmed by the WOCE program), where has our thinking
gone wrong?

An idea that was suggested in the 50’s and returned to
popularity in the 70’s and 80’s, and is again coming to be of
interest in somewhat modified form, is that the atmosphere acts
to bring its state close to what would be neutral for the
baroclinic eddies.  However, given that the meridional gradient
varies for different climates, we might reasonably wonder
which of these climates represents the adjusted state, and how
does the climate get to other states.



Lindzen and Farrell in 1981 found the following:



The pole to equator temperature difference was about 25C.

This is approximately correct for the Eocene, but at present the difference is
more like 40C and during the peak of the ice age, it was more nearly 60C.

Following a suggestion by Held and Suarez (1976), we assumed that an ice
surface was associated with an inversion (and hence much increased static
stability) in the lowest 2 km or so.  This, in turn, served to significantly reduce
the impact of heat transport on the arctic surface.  With this ‘correction,’ we got
the following:





The notion that baroclinic adjustment could replicate equable
climates, and that the onset of ice provides a positive feedback
through its inhibition of meridional heat transfer forms an
interesting hypothesis that is worth exploiting.

Finally, there is the question of whether there is anything that is
constraining the variation of tropical temperatures.  The answer
appears to be yes, but this is something I will discuss tomorrow
when I describe the Iris Effect.  However, it is worth noting that
if tropical temperatures are constrained, then changes in the
meridional gradient will automatically lead to changes in global
mean temperature (rather than what is currently assumed.)



In concluding this lecture, I would like you to take away the
following:

1. The normal behavior of our climate is rich in variety.

2. We still do not understand the climate well enough to explain
its remarkable behavior.

3. Nevertheless, there is good reason to believe that we can
understand its behavior.  General Circulation Models may play
a role in this understanding, but, so far, that role has been small.
On the other hand, understanding climate may not depend
GCMs.  That has certainly been the case for what
understanding we currently have.

4. Climate alarm has likely slowed rather than accelerated our
understanding of climate.


