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•Variable Infiltration Capacity (VIC) hydrology data
• Soil moisture, precipitation, runoff, etc., 1/8° grid
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Top Events

Number Start Date
Number of 
Days

Crossing 
Latitude

Crossing 
Region Max IVT Claims

Insured 
Losses 
(millions)

Total 
Damage 
(billions)

1 2796 1/4/95 11 32.5 S. California 922.47 4621 122.6 3.677

2 3482 12/29/05 5 40 N. California 780.84 2547 115.0 3.449

3 2912 12/29/96 8 35 C. Coast 1215.73 3249 99.8 2.993

4 2859 2/5/96 4 45 N. Oregon 684.56 2554 95.0 2.850

5 2265 2/15/86 5 47.5 Washington 825.94 1966 63.1 1.893

6 2804 3/7/95 5 42.5 S. Oregon 883.79 2293 57.7 1.730

7 2987 2/1/98 3 37.5 Bay Area 751.30 2362 45.2 1.357

8 3534 11/1/06 7 40 N. California 996.58 1070 33.1 0.993

9 2073 1/25/83 5 37.5 Bay Area 968.56 1427 32.7 0.981

10 2079 2/25/83 7 37.5 Bay Area 613.87 1713 27.1 0.814

11 2007 1/3/82 3 40 N. California 480.87 1341 26.4 0.792

12 1887 2/12/80 9 30 Baja Norte 677.02 1926 26.2 0.786

13 2264 2/11/86 5 40 N. California 859.92 817 23.0 0.690

14 2543 11/21/90 5 47.5 Washington 899.02 886 21.7 0.652

15 2988 2/4/98 5 40 N. California 849.31 1529 17.0 0.509

16 2843 11/27/95 5 45 N. Oregon 749.63 676 15.2 0.457

17 3420 1/6/05 6 30 Baja Norte 606.81 606 13.4 0.403

18 1888 2/16/80 3 42.5 S. Oregon 771.20 937 11.1 0.332

19 2991 2/20/98 4 42.5 S. Oregon 518.49 1067 10.3 0.310

20 2488 1/5/90 5 47.5 Washington 984.71 303 9.0 0.270
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How much did AR events cost?

•Average cost $28m (median $0)

•53% of events caused zero insured losses

•Conditional on insured loss > 0
• Average cost $60m (median $1.8m)

•Maximum cost estimated at $1b to $3.5b

•22 days accounted for 50% of losses over 30 years
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   All were associated with Atmospheric Rivers



Questions

•How much did AR events cost?

•What fraction of losses were due to ARs?

•What were the characteristics of damaging events?

•What were the key drivers of damages?

•Will costs increase with climate change?



AR Significance in Top Counties

County State

Insured 
Losses 
(millions)

AR Insured 
Losses 
(millions)

AR 
Proportion Claims

Total 
Damages 
(billions)

1 Sonoma CA 159.490 158.421 0.9933 6089 4.478

2 Los Angeles CA 91.276 76.798 0.8414 7443 2.563

3 Marin CA 69.063 68.218 0.9878 2807 1.939

4 Sacramento CA 52.160 51.052 0.9788 3273 1.464

5 Napa CA 42.327 42.215 0.9974 1295 1.188

6 Monterey CA 41.903 41.592 0.9926 1192 1.177

7 Lewis WA 41.722 40.439 0.9693 1080 1.171

8 King WA 39.742 38.807 0.9765 1845 1.116

9 Washoe NV 39.032 38.917 0.9971 572 1.096

10 Clackamas OR 26.733 25.825 0.9660 606 0.751

11 Snohomish WA 26.519 25.940 0.9782 1146 0.745

12 Placer CA 25.586 25.228 0.9860 534 0.718

13 Orange CA 24.624 21.812 0.8858 3169 0.691

14 Santa Clara CA 23.541 22.843 0.9704 1253 0.661

15 Maricopa AZ 20.847 13.716 0.6580 1829 0.585

16 San Diego CA 19.723 17.436 0.8841 1416 0.554

17 Lake CA 19.148 17.209 0.8987 1174 0.538

18 Cowlitz WA 19.028 9.981 0.5245 516 0.534

19 Santa Cruz CA 18.893 18.432 0.9756 1122 0.530

20 Pierce WA 18.729 18.147 0.9690 614 0.526
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What fraction of losses were due to 
ARs?



•89% of flood damages in the western 11 states are 
caused by atmospheric river events

•Causes of flood damages other than ARs (cutoff 
low-pressure systems, tropical storms, mesoscale 
convective systems) require further investigation
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Time Series of IVT and Claims
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Characteristics of damaging events

•Multi-day events

•Affected multiple latitude bands

• Strong south-westerly component

•Orientation effects varied by latitude

•A small number of extreme events account for a 
large proportion of total damages
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Conclusions

•How much did AR events cost? Up to $1 – 3b

•What fraction of losses were due to ARs? 89%

•What were the characteristics of damaging events?
• Multi-day, spatially distributed, south-westerly flow

•What were the key drivers of damages?
• Risk exposure, AR intensity, antecedent moisture levels

•Will costs increase with climate change?
• Costs increase exponentially with AR intensity
• Costs increase exponentially with antecedent soil 

moisture and snowpack


