




California Precip is Uniquely Variable

Dettinger et al. 
(Water, 2011)



Personal comms, 
Ben Cook, Columbia U

Drought-deluge reversals are not unusual



Drought and plenty in California…

Dettinger & Cayan, SFEWS, 2014; 
Dettinger, SFEWS, 2016



How are California droughts made?

Dettinger & Cayan, SFEWS, 2014; 
Dettinger, SFEWS, 2016

Wettest 5% of wet days

All other wet days

Total wy precip



How are Cal droughts made?

95‐th %‐ile contributions
R**2 = 92% (5‐yr mavg)

= 85% (unfiltered)

Other wet days
R**2  = 24% (5‐yr mavg)

= 45% (unfiltered)

Dettinger & Cayan, SFEWS, 2014; 
Dettinger, SFEWS, 2016



Pineapple Expresses & Multi-yr Precip Variations

R**2 = 69%

Dettinger, SFEWS 2016



Storm‐contributions in CMIP5 Climate Models 
(Historical simulations)

Do Global Climate Models Simulate This Large-
storm Dominance? (remarkably…yes)

Answer: Pretty much…

Dettinger, SFEWS, 2016



Projected Changes in Average & Variances of  
Total Precipitation (& Large-Storm Contributions)

2046‐2095 minus 1951‐2000

• Largest‐storm avg contributions increase in 16/20 projections (80%)
• Remaining‐storm contributions decline in all 20/20 projections (100%)
• Models with large big‐storm increases yield total‐precip increases; 

models with smaller big‐storm increases yield total‐precip declines. 

Changing Avg Precip Changing Precip Var



Projected Drought-to-deluge Transitions
How often do year‐to‐
year switches from 
very dry (lowest 5% of 
years) to very wet 
(highest 5% of years) 
precipitation years 
occur among 32 
climate models 
responding to rapid 
greenhouse gas 
increases? 

Unpublished analyses courtesy 
of Dave Pierce, Scripps Inst
Oceanography, UCSD

Imperial Valley



45 atmospheric rivers arrived on West Coast this winter (normal ~ 15‐20)

Was Winter 2017 an ARkStorm scenario?

ARkStorm FloodingWinter 2017 
Atmospheric Rivers



1862 Sacramento

• Major storms in California are most often atmospheric rivers.
• Prolonged storm episodes are a frequent mechanism for 

winter-storm disaster conditions in California

Presenter
Presentation Notes
We had no good way of recreating the storms of 1862, so instead they served as examples of how large storms had gotten in earlier historical times as well as providing several key lessons about how to make a storm sequence particularly challenging. 



ARkStorm Scenario

1969 Phase
(focused to south)

1986 Phase
(focused to north)

0 120inches

Courtesy, Tim 
Brown & 
CANSAC/DRI

Dettinger et al. NatHaz 2012



Rough estimates of Flooding 
(based on expert judgements & FEMA 
Flood Insurance maps)

RUNOFF 
RETURN 
PERIODS

e.g., Bay Area:
500 yr flood
3‐10 ft flood depth
<12 hours duration

Presenter
Presentation Notes
Summary of results, and a paper in journal review that will provide more background and details.



Estimated ARkStorm 
recurrence: ~300 yr

Estimated ARkStorm 
Direct Damages: $400B

Estimated long‐term 
ARkStorm Losses: $725B

ARkStorm Recurrence & Losses

California Megafloods, Every 2‐3 Centuries

Dettinger & Ingram, SciAm, 2013



Examples of ARkStorm Reports

USGS Open‐File Report 2010‐1312
http://environment.unr.edu/academy/



ARkStorm@Tahoe vs NewYrs 1997

~10 days of heavy rain~10 days of heavy snow

ARkStorm ~ 1.5‐3x the precipitation total 
of 1997 New Years storm sequence, at 
Tahoe City

Tahoe City



ARkStorm ~ 3x precipitation in the 23‐days 
leading up to Oroville Feb 2017 events

ARkStorm@Tahoe vs New Yrs 1997
vs Winter 1997

Tahoe City



ARkStorm@Tahoe compared to 

January‐March 2017 compared to PMP
(@ Tahoe City)

Winter 2017 matched ARkStorm precip but took ~80 
days to do so

Neither ARkStorm nor Winter 2017 came close to 
intensity of Probable Maximum Precip

Events at Oroville

Jan‐Mar 2017
ARkStorm Probable Max

Precip (3‐day)

ARkStorm@Tahoe vs Winter 1997
vs PMP

Tahoe City
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