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Abstract

It has been increasingly recognized that the radiative forcing of carbon dioxide is not a
constant, but a value that varies with location and time. For example, negative forcing
values have been reported in Antarctica, which seemingly signifies a cooling, instead
of warming, effect on the local climate. In this talk, | will first review the physics of
radiative transfer that gives rise to the nonconstancy of the carbon dioxide radiative
forcing and the resulted global pattern. The negative forcing in Antarctica is found to
be predominantly caused by the stratospheric, as opposed to near-surface,
temperature inversion. That the carbon dioxide absorption spectrally overlaps with
water vapor leads to a change of sign of its impact on the atmospheric energy budget
when going from low to high latitudes. Then, | will discuss the climate implications of
the nonconstancy of the carbon dioxide forcing. Using mechanism denial experiments
conducted with climate models, we tested different aspects of climate responses to
the pattern effects of the carbon dioxide forcing, ranging from its differential heating
within the tropics, across different latitude bands and at different vertical levels,
respectively. For example, the poleward energy transports in the atmosphere and
ocean are found to increase and decrease, respectively, driven by the contrasting
meridional gradients of the forcing in the two fluid components. The unique heating
rate profile of the carbon dioxide forcing is found to destabilize the troposphere and
give rise to convective and circulation adjustments during climate change.
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