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Talk Overview

• Background  

• Intel for Water Management in a Changing Climate

• FIRO as an Adaptive Strategy



Key Phenomena Affecting California 
Water Supply/Flooding:

Storm Track changes

Flooding & 

water supply

MJO/Tropical 

Convection ENSO

Polar Processes

Easterly Wave

Cyclogensis

L

The size, number, and strength of atmospheric river 

events (ARs) result from the alignment of key 

physical processes operating on different space and 

time scales that will change with climate change





ENSO

King Tides

Spring Tides

Storm Surge

Factors 

Impacting 

Sea Level

Flooding Is:

Rare

Episodic

Periodic

Permanent



• Single Event – Hours to Days

• Timing of Events and Inter-Event Times

• Seasonal Accumulation and Variability

• Annual Accumulation and Interannual Variability

• Decadal Scale Variability

• Climate Change over a Century

Cascading Time Scales and Variability



0

10

20

30

40

50

60

70

51 52 53 54 55 56 57 58 59

A
n

n
u

al
 P

re
ci

p
it

at
io

n
 (

in
ch

es
)

Annual Average Temperature (degrees F)

1896-2000 21st Century Period of Record Avg 21st Century Average

Climate Division 2 Water Year Data

2



0

5

10

15

20

25

30

35

40

0 2 4 6 8 10 12 14 16

W
at

e
r 

Ye
ar

 R
u

n
o

ff
 (

M
A

F)

April-July Runoff  (MAF)

Sacramento River

1901-2000 2001-2018 POR Average

How much can 

be managed?



Variability on Multiple Scales
Atmospheric Rivers and Precipitation Accumulation 

16.8”
404 Days

8.4“ in 14 days

16.4” in 24 days
44% of WY total

6.84” in 5 days
18% of WY total

WY2015:
121 days
37.24”

1” in 45 days

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


What do I 

know here?

Runoff Volume?

Freezing Elevation?

Rain/Snow Distribution?

Number of Events/Timing?

Blocking Ridges?

How do observations

and forecasts

inform decisions?
Freezing

Elevation
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How and when should changed 

hydrology be reflected

in regulatory frameworks?



Snow Level 

Radar

New Timing

New Extremes Observed



Distribution of Landfalling Atmospheric Rivers on the U.S. 

West Coast During Water Year 2015

AR Strength AR Count

Weak 22

Moderate 20

Strong 13

Extreme 1

Exceptional 1

Location of landfall represents 

position where AR was strongest 

at landfall .  Many ARs move 

down the coast over time.  This 

map does not show these areas.

By F.M. Ralph, C. Hecht, J. Kalansky

• 57 Atmospheric Rivers made landfall on the 

USWC during the 2015 water year 

Ralph/CW3E AR Strength Scale
Weak: IVT=250–500 kg m–1 s–1

Moderate: IVT=500–750 kg m–1 s–1

Strong: IVT=750–1000 kg m–1 s–1

Extreme: IVT=1000–1250 kg m–1 s–1

Exceptional: IVT>1250 kg m–1 s–1



Distribution of Landfalling Atmospheric Rivers Over the U.S. 

West Coast During Water Year 2017

AR Strength AR Count

Weak 21

Moderate 26

Strong 16

Extreme 5

Exceptional 0

• 68 Atmospheric Rivers made landfall on the 

USWC during the 2017 water year 

Location of landfall represents 

position where AR was strongest 

at landfall .  Many ARs move 

down the coast over time.  This 

map does not show these areas.

By F.M. Ralph, C. Hecht, J. Kalansky

Ralph/CW3E AR Strength Scale
Weak: IVT=250–500 kg m–1 s–1

Moderate: IVT=500–750 kg m–1 s–1

Strong: IVT=750–1000 kg m–1 s–1

Extreme: IVT=1000–1250 kg m–1 s–1

Exceptional: IVT>1250 kg m–1 s–1



• West Coast precipitation extremes have their origin in winter-

time atmospheric rivers and spring/fall decaying tropical 

systems. How will timing and magnitude change in the future?

• The interaction of atmosphere and watershed is a key element 

in how the precipitation extreme manifests itself as well as the 

associated runoff.  

• As the world continues to warm, the characteristics of 

atmospheric rivers/extreme precipitation drivers will change 

leading to potentially larger extremes or critical events in the 

coming decades. More work is needed to study the details of 

those characteristics and important thresholds motivating 

adaptive measures.

Summary Thoughts



• Trends are not the only important element of a warming 

world. Key thresholds for processes to happen or become 

extreme may be crossed more frequently without an 
identifiable trend.  We need to ask the right questions.

• Water management can identify conditions that challenge 

existing operational practices and evaluate adaptive strategies 

should those conditions become more commonplace.  

Identifying triggers to employ those adaptive measures is 

important.  Understanding resilience of adaptive strategies is 
also important.

• Continued collaboration with science community can provide 

key intel to facilitate improved water management in a warming 

world.

Summary Thoughts



Michael.L.Anderson@water.ca.gov

Questions?


