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The paradox of 
water in the 

West…



Sierra Nevada Snowpack Shrinks to 
Lowest Level in 500 Years (Belmecheri et al., 2015)

Credit: NASA/MODIS



Temperature in 14 of 
the last 17 years are 

above normal



Ensemble of 20 
GCMs



Ensemble of 20 
GCMs



Shifts in California’s temperatures 
and why it matters

• Higher evapotranspiration 

• Higher environmental flow

• Increase in the size of wildfires

• More heat waves, a longer frost-free season, and 
fewer cold snaps

• A lack of snow accumulation during near-normal 
winter precipitation (a.k.a. warm snow drought)
– A shift in precipitation phase



Warm and cold periods of the past

Cold years Warm years



Why Dry Season Runoff? 
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Based on current trend in 
temperature, snowfall 

equivalent (SFE) may decline 
by 50%, by the end of 21st 

century



Between 30-65% 
decline in snow 

covered areas (areas 
where 50% or more 
precipitation falls as 

snow)

2/3rd of the snow is below <2500 m 
elevation 



Impact of warming on simulated April 
1st snowpack storage





Warmer temperature = more water yield¡



Warmer temperature = more evapotranspiration (ET)

Goulden and Bales, 2014





Analyzing the effect of temperature changes on 
groundwater banking potential

90th percentile
Flood flows

Kocis and Dahlke (2017) approach 

1-day peaks 
increased by more 

than 3 folds.



https://mavensnotebook.com/dpg/Chapter_3.html

Managed Recharge

Opportunistic Recharge

Reservoir reoperation



Conclusions
• Historical variability in snowfall closely resembles the 

projected 2040-warming scenario (+1.8 ∘C) 

• By 2080s (+3.0 ∘C), mountain snowfall will be reduced 
to 17 MAF, 30% lower than the average snowfall in 10 
warmest years.

• Snowpack storage in the Kings River Basin may decline 
by 50%  under +4 oC warming

• Water yield in the Kings River Basin may likely increase 
under warmer climate 

• Flow will likely shift early in the year, i.e. more winter 
runoff.




