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ABSTRACT
Historically, the most dangerous storms in California have been warm wet storms that strike in winter,
producing intense rains over large areas and unleashing many of the State’s largest floods. The most
commonly recognized of these storms have been described as “pineapple express” storms because of the
way that they appear (in weather satellite imagery) to draw warm, moist air from the tropics near Hawaii
northeastward into California. Recent studies, though, have shown that pineapple express storms are just
one version of a common feature of midlatitude weather, called “atmospheric rivers” (ARs). We now know
that, globally, about 90% of all the water vapor transported towards the poles across the midlatitudes is
transported within the narrow, intense filamentary bands of moist air that form these ARs. Because AR
storms are increasingly understood to have been the source of most of the largest floods in California, an
evaluation of the future of floods under climate change must attempt to project the future frequencies and
intensities of ARs.
Using a locally-based strategy for detecting AR-type storms along the California coast, developed at the
NOAA Earth System Research Lab, climate simulations from seven global-climate models (GCMs) were
analyzed to compare frequencies and magnitudes of AR storms arriving in California under simulated
historical and climate-changed conditions. First, numbers of AR episodes in the climate models and in the
observational record were compared to find that, although on average most of the models generate more
ARs than observed, the general distribution of AR days per winter were not so different as to preclude
evaluations of the projected changes. Next, in comparing historical to future climate simulations, changes in
AR storms in the models were found to occur mostly at the extremes: Years with many AR storms become
more frequent in most of the climate-change projections, but the average number of such storms per year
are not projected to change much. Similarly, although the average intensity of the storms is not projected to
increase much in most models, occasional much-stronger-than-historical-range storm intensities are
projected to occur under the warming scenarios. The simulated AR storms also warm along with the wintermean temperatures in the seven models. Together these findings suggest that California flood risks from the
warm-wet, atmospheric-river storms may increase beyond those that we have known historically, mostly in
the form of occasional more-extreme-than-historical storm seasons.
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Recognizing Atmospheric Rivers
Simulated Forcings (upslope wind) and
Fuel (water vapor) on Central CA Coast
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Future Atmospheric Rivers
Numbers of AR storms on Central California coast in
7 climate-change projections & historical record
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Numbers of AR storms on Central California coast in
7 climate-change projections & historical record
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Future Atmospheric Rivers
Projected trends in numbers of AR storms on Central
California coast in 7 climate-change projections
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Projected: AR warming along
with general winter temperatures,
but not as fast
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Summary
• The future of landfalling atmospheric rivers is
important for the future of flood hazards AND
water resources in California
Projections of 21st Century climates suggest:
• More years with lots of ARs, fewer with few
• Moister ARs with weaker upslope winds
• Overall average intensities don’t change much but
occasional much stronger than historical ARs
• ARs warmer by about +2C on ensemble avg
• AR season extends

Implication
• Thus, preparations for extreme storms (like the
one being dramatized by the ARkStorm effort) is
all the more prudent in view of current climatechange projections

For broader discussion of projected flood regimes, see:
Dettinger, M.D., Hidalgo, H., Das, T., Cayan, D., and Knowles, N.,
2009, Projections of potential flood regime changes in California:
California Energy Commission Report CEC-500-2009-050-D, 68 p.

