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How strong a part does water vapor play
in global warming?
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Schematic of the water vapor feedback. Because
thermal emission to space by water vapor does not
increase, more warming is needed to balance a
given energy input.

feedbacks is also smaller than the water vapor
feedback—about half the magnitude—and
more consistent among climate models (8),
because no model predicts substantial and
systematic changes in relative humidity.
Despite these advances, observational evidence is crucial to determine whether models
really capture the important aspects of the
water vapor feedback. Such evidence is now
available from satellite observations of the
response of atmospheric humidity (and its
impacts on planetary radiation) to a number of
climate variations. Observations during the
seasonal cycle, the El Niño cycle, the sudden
cooling after the 1991 eruption of Mount Pinatubo, and the gradual warming over recent
decades all show atmospheric humidity changing in ways consistent with those predicted by
global climate models, implying a strong and
positive water vapor feedback (9–13). A strong
and positive water vapor feedback is also necessary for models to explain the magnitude of
past natural climate variations (14).
Both observations and models suggest that
the magnitude of the water vapor feedback is
similar to that obtained if the atmosphere held
relative humidity constant everywhere. This
should not be taken to mean that relative
humidity will remain exactly the same everywhere. Regional variations of relative humidity are seen in all observed climate variations
and in model simulations of future climate,
but have a negligible net impact on the global
feedback (12).
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which air leaves stormy regions in a saturated
condition, but with negligible ice or liquid
content. Water vapor is thereafter transported
by the large-scale circulation, which conserves the specific humidity (the ratio of the
mass of water vapor to the total mass in a unit
volume of air), except during subsequent saturation events, when loss of water occurs
instantaneously to prevent supersaturation.
Despite the simplicity of this idea, which
entirely neglects detailed microphysics and
other small-scale processes, such models
accurately reproduce the observed water
vapor distribution for the mid and upper troposphere (3, 4). One recent study (5) estimated the uncertainty in the water vapor feedback associated with microscale process
behavior at less than 5%, as a result of the
overwhelming control of humidity by the
large-scale wind field.
Thus, the water vapor feedback is essentially controlled by the large-scale dynamics
and the saturation specific humidity in the
outflow of the tropical deep convective systems. Convective outflow temperature should,
on average, warm along with the mean atmosphere, thus producing the feedback (6, 7).
Given these considerations, there are good
reasons to expect global climate models to
accurately simulate the water vapor feedback:
The large-scale wind and temperature fields
that mainly control the humidity are explicitly
calculated from the basic fluid equations,
unlike small-scale processes that must be represented by crude parameterizations.
Although the water vapor feedback is
strong in all global climate models, its magnitude varies somewhat due to differences
among the models in the amount of upper tropospheric warming (and hence the increase in
specific humidity) per unit of surface warming. The spread among models in the water
vapor feedback is, however, largely compensated by an opposite spread in the “lapse-rate
feedback,” a negative feedback that occurs
because a warmer atmosphere radiates more
power to space, thereby reducing net surface
warming. As a result, the sum of the two feedbacks is insensitive to errors in predicted
warming of the upper troposphere, and to
quantify the sum accurately, one only needs to
know how relative humidity (the ratio of specific humidity to that in a saturated condition)
changes as the climate warms. The sum of the
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he water vapor feedback is the process
whereby an initial warming of the
planet, caused, for example, by an
increase in atmospheric carbon dioxide, leads
to an increase in the humidity of the atmosphere. Because water vapor is itself a greenhouse gas, this increase in humidity causes
additional warming. The water vapor feedback has long been expected to strongly
amplify climate changes because of the
expectation that the atmosphere’s relative
humidity would remain roughly constant—
meaning that the specific humidity would
increase at the rate of the equilibrium vapor
pressure, which rises rapidly with temperature. However, observational evidence has
been harder to come by, and the effect has
been controversial. Much of that controversy
can now be laid to rest, thanks to new observations and better theoretical understanding.
In the 1990s, there was little observational
or theoretical understanding of atmospheric
humidity and how it varied with global climate. As a result, debate raged over whether
the water vapor feedback would really occur,
with some very influential proposals that it
would not (1). In particular, many believed
that atmospheric humidity and the water
vapor feedback were controlled by processes—such as the details of cloud dynamics
and microphysical processes—that are not
sufficiently well understood and inadequately
represented in climate models.
Successive reports from the Intergovernmental Panel on Climate Change (IPCC)
have suggested increasing confidence in our
understanding of the water vapor feedback,
but they have remained cautious in defending
its magnitude. However, recent advances
have placed the traditional view of the water
vapor feedback on a stronger footing than is
widely appreciated.
The water vapor feedback mainly results
from changes in humidity in the tropical upper
troposphere (2), where temperatures are far
below that of the surface and the vapor is
above most of the cloud cover. The distribution of humidity in this region is well reproduced by “large-scale control” models, in
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uncertainties in our simulations of the climate,
but evidence for the water vapor feedback—
and the large future climate warming it
implies—is now strong.
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Transcriptional regulators that respond
to stress also influence life span.

Stress Response and Aging
Laura R. Saunders and Eric Verdin
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Thus, although there continues to be some
uncertainty about its exact magnitude, the
water vapor feedback is virtually certain to be
strongly positive, with most evidence supporting a magnitude of 1.5 to 2.0 W/m2/K, sufficient to roughly double the warming that
would otherwise occur. To date, observational
records are too short to pin down the exact size
of the water vapor feedback in response to
long-term warming from anthropogenic
greenhouse gases. However, it seems unlikely
that the water vapor feedback in response to
long-term warming would behave differently
from that observed in response to shorter-time
scale climate variations. There remain many
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