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Motivation

In a warming climate
• Earlier snowmelt
• Lower summer flows
• More rain & rain on snow events
• More runoff events in fall



Background

Rood et al 2008.

Autumn Events



Aspects of the problem

• Change is intermittent
• Event timing irregular

• Magnitude, frequency, duration
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Autumnal events 
1 September – 31 December

• Rainfall events >10mm
• Snowfall events >10mm*
• Runoff >Qf10 [anomaly]



Method

• Isolate flow events 
• Remove base effect
• Seasonal Maximum  (Mann-Kendall)
• Frequency & Duration  (Logistic Regression)





Magnitude
Frequency #events >Qf10
Duration #days >Qf10



Daily Anomaly



MAF 39.1







Spatial distribution of change



128 climate sites
128 sites



Maximum Magnitude

↑ 8 ↓2 ↑ 14 ↓11 ↑ 4  ↓4

Numbers black  green>expected red >2 * expected



Frequency

↑ 20 ↓18 ↑ 9 ↓10
↑ 10 ↓0

Numbers black  green>expected red >2 * expected



Duration

↑ 12 ↓0
↑ 20 ↓16

↑ 7 ↓5

Numbers black  green>expected red >2 * expected



• Interaction between  Latitude and elevation?









Summary

• More significant cases than expected
• Uneven 

• snow >>  flow > rain     99 39 32
• Frequency > duration >> magnitude  67 60 43

• Spatial pattern
• Differences between south and north
• Interaction with elevation
• Gradients?



Next Steps

• Partial Duration for fall magnitudes
• Address east west & range differences
• Expand to other seasons
• Trends in components [e.g. baseflow]
• Detection of type [rain, rain on snow, snowmelt]
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