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Water in the Western U.S. is Managed Based on the Assumption of a 
Reliable Snowpack – but it is Rapidly Disappearing!
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90% of 
stations 
report a 

decline of 
23% April 
1 snow 

since 1955

Mote and Sharp, 2016; 
Mote et al., 2018Siirila-Woodburn et al., 2021 4



Climate Projections Reveal a Low-to-No Snow Future 

Siirila-Woodburn, Rhoades, et al., NREE, 2021

Synthesis of >300 
peer-review journal articles

Performed an analysis on 
the 18 studies which 
provided detail on the 
timing of snowpack 
disappearance

Results show regional 
differences, but generally 
predict WUS snow losses 
of:~25% ± 5% by 2050
 ~35%  ± 10% by 2075

 ~50 ± 10% by 2100

5

5



Translating Snowpack Loss to Future Water Resources is Difficult Due to 
Hydrologic Feedbacks 

Siirila-Woodburn, Rhoades, et al., NREE, 2021 6



DOE is Supporting The World’s Most Comprehensive Bedrock Through Atmosphere Observatory 

High-Resolution Surface and 
Subsurface Data Layers

Upper Colorado: 
Water Tower of the West

• Water to 1 in 10 Americans
• Irrigates over 4.5 M acres of 

agriculture
• Hydroelectric power to millions
• USD 1 trillion per year of economic 

activity

East River Watershed 
Mountainous Headwaters Catchment

• Location Near Crested Butte, CO
• Size ~300 km2
• Elevation 2800 - 4000m
• Historical Snowfall 5-10 m/year
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How do we transition from relying on snowpack as a natural storage?

Siirila-Woodburn, Rhoades, et al., NREE, 2021 8



AQUIFER 
STORAGE

For example, underground aquifers provide nearly 40% 
of the water used by California’s farms and cities

PPIC and 
Department of 
Water 
Resources, Calif
ornia Water Plan 
Update 2018

Department of 
Water 
Resources, Calif
ornia Water Plan 
Update 2020



Technology to ‘See’ Where the Water Goes Across Scales

Water Flowing Through Sandy Fast Paths

AgMAR
• Utilizes existing flood irrigation infrastructure to apply 

water across large acreages.
• Monitoring geophysics highlights optimal preferential 

flow paths for recharge.
• Large quantities of recharge can help improve nitrate 

levels through dilution.

Sandy soils

Sandy soils

Clayey soils

• Recharge observed 
down to aquifer at 
50 ft. 

‘commuter lanes’ of 
recharge

Change in saturation 
over time.

Almond Orchard



Basin Recharge

Technology to ‘See’ Where the Water Goes Across Scales

• Basin studies can be used characterize, monitor and 
optimize basin recharge performance.

• High performing basins used for recharge and poor 
for settling of fines from diverted surface water.

• Monitoring data used to estimate spatial recharge 
rates!

Again geophysics shows where 
water goes!

Removal of poor surface 
soils results in 185% 
increase in recharge 
capacity……….4 AF daily!

Clayey 

Sandy



Green Infrastructure
Technology to ‘See’ Where the Water Goes Across Scales

Satellite: InSAR & GRACE

• Monitoring drywell = under 
performance from inlet design.

Water 
exiting 
into dry 
aquifer

• Satellites 
can be used 
to monitor 
at full basin 
scale!

• Observe pumping effects at discrete depths!

Large ScaleSmall Scale



Roadmap to Achieving Water Resiliency 

What We Have
Technology &  

Motivation

Incentivize 
Farmer 

Participation

Map & Rank 
Recharge 
Locations

We Can Contribute
Monitoring & 

Modeling
Capacity 

Efficient 
Permitting

Agency 
Funded Pilot 

Studies

Fast Reaction 
in Wet Years

Outreach for 
Team 

Development

Which is Needed for

Water 
Quality


