
Observing and Detecting ARs in California –
Water Management Opportunities



Overview

• A Brief History

• Observations, and Current Capabilities

• Opportunities in Integrated Water Management

• Next Steps



History

• Sustained engagement with federal research partners: CalJet, 
HMT West, Calwater I and II…

• Post HMT-West investment in AR Observing Network for 
California to improve Flood Emergency Response and 
Preparedness

• Expanded engagement with academic research community on 
atmospheric rivers and water management applications



California’s precipitation is uniquely variable

Std Dev of Annual Precipitation
Mean Annual Precipitation

From Dettinger et al, 2011



Decadal scale precipitation variability tied to Atmospheric 
River landfall variability

Source: Dettinger and Cayan (2014)





Atmospheric River Timing

Pineapple Express (AR subset) catalog from Mike Dettinger







Storm Track changes
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The size, number, and characteristics of atmospheric 

river events (ARs) result from the alignment of key 

processes operating on different space/time scales



Satellite Data of Water Vapor
http://woodland.ucsd.edu/images/ssmi/download/images/Global/GlobalAnim.gif

http://woodland.ucsd.edu/images/ssmi/download/images/Global/GlobalAnim.gif


The California AR Observing Network

Bodega Bay ARO

Shasta Dam SLR

Potterville GPS-Met



Atmospheric Rivers and Precipitation Accumulation

1/3 of WY 
total fell in 
7 days

1/3 of northern Sierra 
snowpack

fell in 7 days

16.8”
404 Days

8.4“ in 14 days

http://cdec.water.ca.gov/cgi-progs/products/PLOT_ESI.pdf
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3/3/16-3/15/16 3ARs

24.7% of water year precip

1MAF gain Shasta
818taf gain Oroville

20% northern region SWE (6”)

12/2/14 – 12/18/14
34% of WY Precip
481 taf gain Shasta
273 taf gain Oroville
60% of northern
region SWE (3”)
Flood Stages Obs.

http://cdec.water.ca.gov/cgi-progs/products/PLOT_ESI.pdf




WY 2016 Storm Summary:  Top-10 Wettest Events - Northern Sierra 8-Station Index 
Dates, Landfall Locations, Storm Orientations – All Were Atmospheric Rivers
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CW3E at UCSD Scripps; B. Kawzenuk/M. Ralph
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Each of the top-10 wettest events of WY 2016 were 
identified and examined in terms of their strength and 
nature of the storms that produced them
• The 10 events produced 54% of WY16 precip.
• All 10 were atmospheric river (AR) events*
• All 10 had winds from west or southwest
• All struck NorCal or OR coast and forced water vapor into the 

northern Sierra/Shasta area

Each dot represents the central landfall location of the 
associated atmospheric river
• Dot’s color represents the maximum AR strength (i.e., its water 

vapor transport – IVT)

Dates and AR orientations are shown 
• Arrow’s color represents total precip.  measured by the 8-Station 

Index in that event (over 48,72, or 96 hours)



Location of AR Conditions
AR conditions indicated 

along line with 
corresponding color

• Each line indicates where AR 
conditions were met during each 
event

- Black lines are coastal and red 
and blue indicate inland 
penetration of AR conditions

• AR conditions made inland penetration near 39°N during nine 
events

- ARs most likely made penetration through the Petaluma 
gap to the northern Central Valley and Sierra Nevada

• The majority of the CA coast experienced AR conditions in 
nine of the ten cases

AR conditions are defined as IWV >20 mm and IVT >250 kg m-1 s -1. Data from the GFS 0.5° analysis

8-Station
Index

5-Station
Index



Forecast of AR Landfall Probability using GFS Forecast Data
(http://vortex.plymouth.edu/~j_cordeira/ARPortal/Current/Ensemble/LandfallTool/Ensemble_Landfall_IVT250.html)

http://vortex.plymouth.edu/~j_cordeira/ARPortal/Current/Ensemble/LandfallTool/Ensemble_Landfall_IVT250.html


Next Steps

• Continued development of data visualization and archiving 
capabilities that depict strength and temporal evolution of 
events including animation of data for past events

• Observational gap analysis and link to water management

• Extreme thresholds and further early warning applications

• Research into seasonal and annual forecasts of AR activity



Questions?

Email: Michael.L.Anderson@water.ca.gov


