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Atmospheric rivers and extreme precipitation 

http://cimss.ssec.wisc.edu/tropic/real-time/tpw2/global/main.html 
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integrated water vapor transport (IVT) 
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extreme precipitation and climate change 

Global extreme increases of  ~7.5% C-1 (similar to IWV) 
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Changes in Winter 

Atmospheric Rivers 

along the North 

American West Coast 

in CMIP5 Climate 
Models  

Warner, Mass, and Salathé,  
J Hydrometeorology, 2014 



13 grid boxes, 33°N – 49°N  

16 CMIP5 models  
(RCP 8.5): 
 

- CMCC-CM 
- MRI-CGCM3 
- CCSM4 
- MIROC5 
- CNRM-CM5 
- HadGEM2-CC 
- CMCC-CMS 
- CSIRO-Mk3.6.0 
- MPI-ESM-LR 
- MPI-ESM-MR 
- INMCM4 
- IPSL-CM5A-MR 
- NorESM1-M 
- GFDL-CM3 
- GFDL-ESM2M 
- GFDL-ESM2G 
 

+ NCEP reanalysis 

 



integrated water vapor transport (IVT) 
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26-30% increases 
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integrated water vapor (IWV) 
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850-hPa wind 
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precipitation 
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19-35% increases 
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ΔT and %ΔP °C-1 
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+3°C +5-19% (extreme) 
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Conclusions 

• In a 16 member CMIP5 ensemble, large increases are apparent in IWVF, the 
main metric for extreme precipitation along the North American west 
coast. 

 

 

• The IWVF increase is due almost entirely to increases in column integrated 
water vapor and not due to increases in low-level wind. 

 

 

• The models reproduce theoretical increases in mean precipitation (1.6-
3.6%/K) and extreme precipitation (6.5-10.7%/K) for this region. 

 





“Great Coastal Gale of 2007” 

GOES-11 IR Image 00 UTC 3 Dec 2007 



WRF Retrospective Simulation 
6-hour Precipitation 

60-year Simulation 1950-
2009 
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Boundary Conditions from 
NCEP-NCAR Reanalysis 
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ECHAM5 Downscaled with WRF Regional Climate Model  

Simulated difference in the 30-year average annual maximum wintertime 

precipitation from current climate (1970-1999) to future climate (2030-2069) 

conditions. Contour lines indicate model terrain height in meters.  
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Regional Climate Model Projections of Future 
Flood Risk 
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VIC Hydrologic Model 



Results from Statistical Downscaling 
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Conclusions 

• Projected changes in Atmospheric Rivers yield 
increases in local intense precipitation 

• Changes in intense precipitation substantially 
alter flood risk in warm basins 

• Orographic effects likely contribute to shifts in 
flood risk 
 

• Pathways for Climate Change: 
– Connection to Subtropics 
– Thermodynamics 
– Orographic Enhancement 

















Reservoir Refill for Summer Water Storage 
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Climate Change Pathways:  
Physical Drivers 
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Climate Change Pathways:  
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