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ABSTRACT
The global water cycle is expected to intensify under current climate change projections, which will lead
to more extreme precipitation and flood events. In California, many of the extreme hydrological events
are caused by atmospheric rivers (ARs), narrow regions of high water vapor transport across the midlatitudes. This presentation will cover the characteristics of ARs, discuss climate change impacts on ARs
according to the latest Coupled Model Intercomparison Project, Phase 5 (CMIP5) simulations, and will
introduce a method that may yield earlier warning of upcoming extreme hydrological events. The results
show that in the future, water vapor transport, a key variable used to identify ARs, is expected to
intensify, which is in turn expected to cause more extreme events. Potential for earlier warning of future
extreme events based on forecasts of water vapor transport instead of precipitation will also be
presented, an approach that may aid hydrometeorological applications.
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Examples of Atmospheric Rivers (ARs)

Source: CW3E AR Portal

Integrated Water Vapor (in cm) is
a commonly-used variable to
identify ARs.
Source: Ralph et al. (2010)

Atmospheric Rivers (ARs)
• Region of strong water vapor transport across midlatitudes (30°N – 60°N).
• Located in warm sector of mid-latitude cyclones.
• Can carry more water than 7 – 15 Mississippi Rivers.
• In the lower atmosphere (mostly below 2.5km).
• About 400km wide and 2000km long.

Atmospheric River Events 20 Nov-3 Dec 2012

Click here
to view
animation
on YouTube

Source: Integrated water vapor (in mm) from the ERA-Interim reanalysis dataset.

Why are ARs important?
ARs provide beneficial rain and
snow for water supply

From
Dettinger et
al. in Water,
2011

25% - 45% of
annual
precipitation in
the west coast
states fell in
association
with
atmospheric
rivers

Can cause flooding when
an AR is strong and stalls
over an area
Flooding on CA’s
Russian River

Conclusion is from Ralph et al. 2006,
2010, 2011, and Neiman et al. 2008

ARs provide
WATER SUPPLY
and can
CAUSE FLOODS
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ARs and floods
Flooding on California’s Russian
River: Role of atmospheric rivers
Ralph, F.M., P. J. Neiman, G. A. Wick, S. I.
Gutman, M. D. Dettinger, D. R. Cayan, A. White
Geophys. Res. Lett., 2006

Russian River floods are associated
with atmospheric rivers
- all 7 floods over 8 years.
Flooding in Western Washington: The
Connection to Atmospheric Rivers

• SSM/I satellite data shows atmospheric river
• Stream gauge data show regional extent of high
stream flow covers 500 km of coast

Paul J. Neiman, Lawrence J. Schick, F. Martin
Ralph, Mimi Hughes, and Gary A. Wick
J. Hydrometeorology (2011)

Of 48 annual peak daily flows on 4
watersheds, 46 were associated with the
land-fall of atmospheric river conditions.
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Climate Change
Projections

Global IVT and Climate Change
Extra-tropical ‘IVT’ storm tracks

Projected
Water Vapor &
T-test
Low-Level
Windsresults

given
by black dots.

Projected
Water Vapor &
Low-Level Winds

Easterly trade winds

Multi-model mean of IVT calculated from 22 CMIP5 models (DJF)

Global IVT and Climate Change
20-30 % IVT increase near California

Projected
Water Vapor &
Low-Level Winds

Projected
Water Vapor &
Low-Level Winds

ARs in future climate projections
Projected
Water Vapor &
Low-Level Winds

(historical
run)
Example of an AR in GFDL-ESM2G model (RCP8.5
run)
• ARs continue in
21st century.
• Increased
likelihood of
stronger ARs.

Projected
Water Vapor &
Low-Level Winds

Potential for Earlier
Warning

Potential for Earlier Warning
• Warnings of extreme events can be given based on
precipitation or river discharge forecasts.
• An extreme event has a varying level of
predictability depending on the predictor used.
• What other variables (or predictors) could provide
increased warning of upcoming ARs?
• Water vapor transport (IVT) is an option because IVT
is regularly used to describe AR conditions.

Potential for Earlier Warning
• Use an approach called the ‘potential predictability’
to investigate whether IVT may be an alternative.
• The spread of an ensemble forecast can provide a
measure of the predictability.

Example of methodology in Europe using ECMWF model (Lavers et al., 2014 Nature Comms.)

Potential for Earlier Warning
Using the daily NCEP GEFS ensemble forecasts during winter 2013/14
Water vapor transport (IVT)
Precipitation

Last forecast day on which the skill level (r2) is greater than 0.5.

IVT has higher potential predictability than the precipitation.

Conclusions
• ARs are a major cause of heavy precipitation and
floods in California.
• ARs are important for California’s water supply.
• Climate change is projected to cause stronger ARs.
• Increased warning of ARs may be possible by using
water vapor transport as a predictor.

