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Adapt your cortical cells. First, look at the dot between the cen-
tral gratings and confirm that they are both vertical and have the
same spacing. Then, place the figure about 30 cm in front of you
and fix your eyes for 30 s on the black strip between the left grat-
ings, moving them along the strip but not outside it. Next, transfer
your gaze to the central dot and compare the upper and lower
gratings; for a brief period the upper grating should appear tilted
to the right and the lower one to the left. To produce an illusion of
size, repeat the procedure by adapting to the right pair of grat-

ings. [Adapted from (6)]

As expected, movement of a grating
over the portion of the visual field that ex-
cites a neuron causes a modulated stream of
action potentials that diminish in number
during adaptation. The new result is that
the stimulus-induced responses of the intra-
cellular potential are barely attenuated by
adaptation; instead, the reduction in the
number of action potentials is caused by a
slowly developing and persistent increase in
the negative intracellular potential of the
cell, so that a diminished fraction of each
cycle of modulation rises above the cell’s
firing threshold, and fewer impulses occur
with each cycle as adaptation progresses.
They obtained no direct evidence about the
cause of this hyperpolarization, but it was
not accompanied by any significant change
in the membrane resistance of the cell.

The biophysical mechanisms underlying
this phenomenon are likely to be the sub-
ject of further experiment and argument,
but the existence of a factor that slowly
changes the membrane potential of a corti-
cal neuron may tie in with other recent
developments.

The increase in the cortical response
that occurs when an animal is attending to
a particular stimulus could be accom-
plished by such a tonic process that depo-
larizes the neuron (2). Although in the
opposite direction, this could work through
the same mechanism as the hyperpolariza-
tion of adaptation. There are also dramatic
changes in the receptive fields of neurons in
the primary visual cortex when regions out-
side the receptive field are stimulated,
which could result from a change in the
neurons’ responsiveness (3). If so, this plas-
ticity could also use the same mechanism.
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There is little evidence to
decide whether such a
common modulatory sys-
tem would work through
tonic excitation that is in-
creased by attention or sur-
round stimulation and de-
creased by adaptation, or
through tonic inhibition
with the directions of
change reversed.
Glutamate released into
the synaptic cleft of hippo-
campal neurons can leak

back to metabotropic gluta-
mate receptors on the syn-
aptic terminals, thereby in-
hibiting further release (4).
Such negative feedback looks
at first like a promising mech-
anism for adaptation, but if
it were operative in Car-
andini and Ferster’s experi-
ment it would have de-
creased the modulated re-
sponse and would only cause a persistent hyper-
polarization if a high proportion of the neuron’s
tonic input were presynaptically inhibited;
hence, it cannot explain adaptation at these
neurons, but serves as a warning that adapta-
tion in the cortex is a not a simple affair.
There are other adaptation experiments
in the pipeline (5) showing that cortical neu-
rons adapt and respond to the joint presenta-

tion of two patterned stimuli in a manner
that cannot be accounted for by their adapta-
tion to the stimuli presented separately, sug-
gesting that a component of their adaptation
is contingent on their joint presence during
adaptation. The cerebral cortex, a part of the
brain that first appeared in mammals and is
largest in primates and humans, is thought to
give its owner the power to adapt its behav-
ioral responses in accordance with variations
in enviromental circumstances. This in turn
requires it to take account of the observable
statistical contingencies and associations, for
it is these that necessitate something beyond
a stupid, invariant response. Neurophysiol-
ogy has so far told us very little about how the
cortex does this, so this ability to adapt to
contingencies is particularly interesting, and
the elucidation of adaptation mechanisms
may ultimately give us insight into these
broader problems of cortical function.
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| CLIMATE CHANGE |}

Are We Seeing Global Warming?

K. Hasselmann

The measured increase in global mean sur-
face temperature since the last century is
about 0.5°C. This value is consistent with
the predictions of state-of-the-art climate
models (see figure, top), but an order of mag-
nitude smaller than the climate variations
experienced year for year in any given region
of the Earth (1). Regional climate fluctua-
tions are largely due to shifts in air masses and
tend to cancel when averaged over the globe
or over a longer time period. Thus, attempts
to detect anthropogenic global warming
have focused on global scales and long-term
trends. Despite considerable progress, the
question of whether the observed gradual
increase in global mean temperature over the
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last century is indeed caused by human ac-
tivities or is simply an expression of natural
climate variability on larger spatial and tem-
poral scales remains a controversial issue.
To answer this question we need to (i)
predict the anthropogenic climate change
signal, (ii) determine the natural climate
variability noise, and (iii) compute the sig-
nal-to-noise ratio and test whether the ratio
exceeds some predefined statistical detec-
tion threshold. The last problem is the easi-
est one. [t can be solved by generalizing stan-
dard signal analysis methods developed for

An enhanced version of this Perspec-
tive with links to additional resources is
available for Science Online subscribers
at http://www.sciencemag.org/
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They simulate the time-depen-
dent three-dimensional flow
fields and associated transports
of mass, heat, and other fluid
properties at a resolution of typi-
cally a few hundred kilometers.
Processes below this resolution
(such as clouds and ocean ed-
dies) cannot be represented ex-
plicitly and must be parameter-
ized, that is, expressed in terms of the re-
solved larger scale motions. This is the major
source of uncertainty of CGCMs. Advances
in supercomputers enabling higher model
resolution have helped reduce these uncer-
tainties, and the latest greenhouse warming
simulations by different modeling groups
show a scatter of only 20% in the predicted
global mean temperature, compared with a
value of typically 50% a few years ago (3).
But significant differences still exist in the
predicted patterns of temperature change, or
in other distributions such as precipitation or
sea level rise.

Similar uncertainties apply to the estima-
tion of natural climate variability on the
decadal-to-century time scales relevant for an-
thropogenic climate change detection. The
instrumental record for global surface tempera-
tures extends back over little more than a hun-
dred years (4), insufficient for useful estimates
of climate variability except at short decadal
time scales. The instrumental record can be
augmented by longer paleoclimatic records
from tree rings, corals, or deep-ocean cores (5),
but such proxy data also have numerous prob-
lems of interpretation.

Nevertheless, combining these indepen-
dent analyses, various groups have produced
best-guess estimates of the space-time struc-
ture of natural climate variability and have
applied fingerprint methods to test whether

www.sciencemag.org ® SCIENCE e VOL. 276 ¢ 9 MAY 1997

Patterns of climate change. (Top) Evolution of observed (4) and com-
puted global mean temperatures. Curves GHG (7) and GHG + SO, (7)
for greenhouse gas-plus-aerosol forcing are from Hegerl et al. (6). The
corresponding curves GHG (2) and GHG + SO, (2) are from computa-
tions with the improved model of Roeckner et al. (17), see also (7). (Bot-
tom) Pattern correlation between observed 30-year trends and climate
change signal simulated for the greenhouse gas only case and the
greenhouse gas-plus-aerosol case (green). Also shown are correlations
after subtraction of the spatial mean from the patterns (red). [Adapted
from Hasselmann et al. (12), see also (7)]

the global warming pattern predicted by
state-of-the-art climate models can be de-
tected in the observed temperature data (6—
8). The general conclusion of these efforts
(adorned by numerous caveats), in the cau-
tious words of the Intergovernmental Panel
on Climate Change (IPCC), is that “the bal-
ance of evidence suggests a discernible hu-
man influence on climate” [(3), p. 4].

The hesitant reversal of the original nega-
tive detection assessment of the first 1990
IPCC report (9) was the fruit not only of
improved models and the application of
more advanced fingerprint techniques, but
also a shift of focus from the 100-year tem-
perature trends to shorter 30-year trends,
whose noise statistics can be more reliably
determined, and which exhibit higher sig-
nal-to-noise levels—a consequence of the
accelerated warming in recent decades (see
figure, top). Another important factor was
the availability of new global warming pre-
dictions including both greenhouse gases
and aerosols, which gave better agreement
between the observed and predicted tem-
perature patterns (see figure, bottom). How-
ever, the impact of aerosols is still poorly
known, and the pattern correlations for the
greenhouse gas-plus-aerosol forcing shown
in the figure, although generally higher in
the last decades than for the greenhouse gas—
only case, are still relatively low. A statisti-

ocean, and sea-ice in high lati-
tudes, and the snow and soil wa-
ter budget (3).

However, the inherent sta-
tistical uncertainties in the de-
tection of anthropogenic cli-
mate change can be expected to
subside only gradually in the
next few years while the pre-
dicted signal is still slowly
emerging from the natural climate variability
noise. It would be unfortunate if the current
debate over this ultimately transitory issue
should distract from the far more serious
problem of the long-term evolution of global
warming once the signal has been unequivo-
cally detected above the background noise.
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