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What is “Actionable Intelligence”?

•
 

Information
 

about water in a changing climate 
that provides the basis for an adaptation

 
that 

reduces net adverse impacts.



Impact, Mitigation, and Adaptation (Schematic)
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Stationarity
 

vs. Adaptation

•
 

Stationarity
 

is a state of affairs where the future
 

looks 
like the past.

•
 

Under stationarity, historical
 

stream flow observations 
can be used to evaluate performance of future

 
water 

projects.
•

 
The assumption

 
of stationarity

 
is the foundation

 
of water 

planning (and planning in other important sectors).
•

 
The assumption of stationarity

 
implies no need for 

adaptation.





Why Does Use of Stationarity
 

Persist?

•
 

Inertia: legal, professional, corporate
•

 
Straightforward, standard methods

•
 

Lack of a clear, simple alternative
•

 
Legitimate distrust of model projections



Observed and Modeled Precipitation



Observed Precipitation Modeled Precipitation

mean (mm)
coefficient of variation (-)

Annual Total Annual Total

mean (mm)
coefficient of variation (-)



(After Milly, P.C.D., K.A. Dunne, A.V. Vecchia, Global pattern of trends in streamflow and 
water availability in a changing climate, Nature, 438, 347-350, 2005.)

Model-Projected Changes in Annual Runoff, 2041-2060 
Percentage change relative to 1900-1970 baseline. Any color indicates that >66% 
of models agree on sign of change; diagonal hatching indicates >90% agreement.
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Potentially Actionable Intelligence

•
 

Sea-level rise
•

 
Snow-pack loss

•
 

Global redistribution of runoff



Model-Estimated Sea-Level Rise
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(Data from IPCC WGI Summary for Policymakers)



Sea-Level Rise and Water Supplies

• Saltwater contamination 
of coastal ground-water 
wells

• Salinity encroachment 
on municipal water 
intakes from rivers Coastal States



Snowpack Runoff

Merced River 
at Happy Isles
Bridge



Snowpack Runoff: Winter
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Snowpack Runoff: Spring
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Snowpack Runoff: Spring-Summer
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Snow-Pack Loss and Water

• Loss of natural winter- 
summer storage

• Loss of natural flood 
control system

• Loss of natural fire 
suppression Snow-Pack States



Model-Projected Changes in Annual Runoff, 2041-2060 
Percentage change relative to 1900-1970 baseline. Any color indicates that >66% 
of models agree on sign of change; diagonal hatching indicates >90% agreement.

(After Milly, P.C.D., K.A. Dunne, A.V. Vecchia, Global pattern of trends in streamflow and 
water availability in a changing climate, Nature, 438, 347-350, 2005.)

WHY SHOULD ANYONE 
BELIEVE THIS?



Gaged Streamflow Trends, 1900s

streamflow decreased

streamflow increased



Gaged Streamflow Trends, 1900s

Modeled Streamflow Trends, 1900s



Gaged Streamflow Trends, 1900s
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Gaged Streamflow Trends, 1900s
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Gaged Streamflow Trends, 1900s
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Gaged Streamflow Trends, 1900s

Modeled Streamflow Trends, 1900s



Gaged Streamflow Trends, 1900s

Modeled Streamflow Trends, 1900s



(After Milly, P.C.D., K.A. Dunne, A.V. Vecchia, Global pattern of trends in streamflow and 
water availability in a changing climate, Nature, 438, 347-350, 2005.)

Model-Projected Changes in Annual Runoff, 2041-2060 
Percentage change relative to 1900-1970 baseline. Any color indicates that >66% 
of models agree on sign of change; diagonal hatching indicates >90% agreement.



Redistribution of Water Resources

• Changing risk of unmet water demands
• Changing risk of floods (?)
• Changing risk of droughts

Drying States Wetting States



Final Thoughts

•
 

A practical alternative to stationarity
 

will need to use 
climate-model projections.

•
 

Climate-model projections have errors.
•

 
The perfect is the enemy of the good.

•
 

Stationarity
 

is a projection, too.
•

 
Climate projections do not need to be perfect to be 
actionable; they only need to be better than 
stationarity.
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