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In western North 
America, 
topography is 
important



because of 
orographic 
precipitation and 
rain shadows

winter mean, NLDAS-2 forcing dataset
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and where it is cold enough for snow. 
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Global models don’t have the resolution.
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CAM5 AMIP (1°)

(typical global model)



We also need to 
know about the 
large-scale. 

to understand where extreme precipitation 
comes from. 
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Internal Variability
Variations internal to the climate, not 
forced like warming that is forced by 
Greenhouse gases.



We can quantify internal 
variability with models

...ensembles of simulations that are identical but for random tweaks of initial conditions.



Any modeling 
setup needs to 
balance these 
considerations. 

Model for 
Prediction Across 
Scales + CAM5*

*Community Atmosphere Model, version 5 physics



Here’s where we have 
higher resolution:



So we can resolve mountain snowpack*.

SNODAS CAM5 AMIP (1°)MPAS-CAM5
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(based on observations) (our model) (typical global model,
 same atmospheric physics)



precipitation

NLDAS-2 CAM5 AMIP (1°)MPAS-CAM5
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 same atmospheric physics)



and atmospheric rivers (“Pineapple Express”)
… which cause the extreme precipitation.
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I have a fast 
way of detecting 
events.



Some years have more, some have fewer.



We make an AR-index from the counts to study interannual variability.



Count atmospheric 
rivers impacting 
the Northwest…

● for winter or  
spring

● in model or 
reanalysis

Northwest

California



So what do 
atmospheric rivers 
do to snowpack, on 
the whole?



Three 30-year ensemble members 
from MPAS-CAM5… to study variability

snowpack (SWE) regressed on normalized winter AR index
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Years with more atmospheric rivers
have less snowpack in the Cascades
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Compared with... SNODAS & SNOTEL (obs) 
regressed on reanalysis AR-index

let us study variability.
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What about spring?
from MPAS-CAM5

let us study variability.

snowpack (SWE) regressed on normalized spring AR index
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What about spring? ...SNODAS & SNOTEL (obs) 
regressed on reanalysis AR-index

from MPAS-CAM5

let us study variability.

snowpack (SWE) regressed on normalized spring AR index
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      Summary    &     Questions

Multi-scale modeling is a good way to 
study relationships between 
large-scale circulation and regional 
hydrology.

More ARs in winter lead to less 
Cascades snowpack. 

Is MPAS-CAM5 less good at spring?

Or is spring inherently more variable? 

What about other regions?



What about California?
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A consistent picture in winter.
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Like in the Northwest, 
spring is not robust.

snowpack (SWE) regressed on normalized spring AR index
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And a different ensemble member
best matches observations.
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