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ATMOSPHERIC RIVERS: POTENTIAL DROUGHT BUSTERS

Snapshots of examples of ARs in the North Atlantic (bottom panels) 
and North Pacific (top panels) when using a standard 1° ocean 
configuration (right panels) and a high-resolution (0.1°) 
configuration (left panels). The high-resolution ocean provides 
significantly more detailed structure to the AR. (Figure courtesy of 
Christine Shields, NCAR)

Atmospheric rivers (ARs) are a subset of midlatitude storms that can have a profound regional 
impact, such as producing heavy rainfall events. This project investigates how ARs on the West Coasts 
of the United States, United Kingdom, and Iberian Peninsula may change under a future high-
emission warming scenario using fully coupled high-resolution atmospheric and oceanic climate 
simulations.

Rather than focusing on the atmosphere, as most previous AR research has 
done, the team focused on the ocean’s role in AR development, intensity, and 
structure. They compared simulation results to those of prior, lower-resolution 
runs, which showed that increasing resolution generally improves the AR count 
compared to observations. They also investigated changes in ARs that could 
occur by the mid-21st century under the future high-emission scenario. They 
found that there would be more or stronger ARs on the California Coast and 
fewer or weaker ARs in the Pacific Northwest. In the North Atlantic, there would 
be more or stronger ARs for both the U.K. and the Iberian Peninsula. 

The team used the Community Earth System Model (CESM) for their 
simulations. A coupled climate model for simulating the earth's climate system, 
CESM has the ability to simulate Earth's atmosphere, ocean, land surface, sea 
ice, land ice, and river transport. In this study, the team investigated the 
representation of ARs and their potential future change using a climate model 
configuration with a high-resolution atmosphere (0.25°) uncoupled and 
coupled to both a medium- (1°) and high- (0.1°) resolution ocean. Higher-
resolution models match observations better than low-resolution models.

Accurately modeling climate processes and projecting future changes requires multiple century-long simulations, including a long, stable preindustrial control, 
followed by historical and future scenarios. Furthermore, multimember ensembles are needed to quantify and reduce uncertainty. The simulations conducted on 
Blue Waters this past year consist of a 0.25° atmosphere/land coupled to both a 1° and 0.1° ocean. These high-resolution simulations, necessary for investigation of 
climate extremes such as ARs, at a minimum require petascale computing resources and cannot be completed without a computational platform like Blue Waters.
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