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NO! 

 

Ground measurements 

are critical. 



Knowing the magnitude and timing 
of snowmelt runoff requires 

knowing 
SNOW WATER EQUIVALENT and 

SNOW ALBEDO 



April 2010 
Senator Beck Basin, San Juan Mountains 

Senator Beck Basin; Tmax 13-15 °C 

Bales et al. (2006) 

Solar radiation controls snowmelt 

repeat, spatially 
explicit maps of 
snow albedo are 
needed 



Painter et al (in preparation) 

What controls the steepness of the 
rising limb of the hydrograph? 

2005-2014 

Uncompahgre River, Colorado 

Senator Beck Basin Study Area, Colorado 



The way we’ve measured snow in 

the West since 1910 



The way we 

see SWE now 

in the 

Tuolumne 
(3600x expanded) 

The way we 

want to see it 

10 km 

…. 39 million times more 
coverage 



CASI-1500 Imaging Spectrometer 

0.35-1.05 μm 

2 m spatial resolution from 4000 AGL  

Riegl Q1560 3D Scanning lidar 

1064 nm, canopy penetration 

1 m spatial resolution 

Albedo 

Snow Water 

Equivalent 

• Retrieve topography snow-free and 
snow-on 

• Difference gives snow depth 

• SWE comes from assimilation of 
modeled density field constrained 
by observations 

• SWE variation primarily from depth  



ASO scanning lidar 

Riegl Q1560, dual-laser 





Data processing 

• From flight landing, < 
24 hr turnaround of 
SWE and albedo 
maps at 50 m 
resolution 

• Complex interwoven 
data chain between 
spectrometer and 
lidar 

• Coarsening to 
modeling hydrologic 
response units 
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ASO-DM1 Results 



ASO-DM1 Results 



ASO-DM1 Results 



ASO SWE and albedo 2014 

 
Tuolumne River Basin 



Total SWE and inflow 

0 

1,000 

2,000 

3,000 

4,000 

5,000 

6,000 

7,000 

8,000 

9,000 

10,000 

0 

50,000 

100,000 

150,000 

200,000 

250,000 

3/23/14 3/30/14 4/6/14 4/13/14 4/20/14 4/27/14 5/4/14 5/11/14 5/18/14 5/25/14 6/1/14 6/8/14 6/15/14 

H
et

ch
 H

et
ch

y 
In

fl
o

w
 (

cf
s)

 

B
as

in
 S

W
E 

(A
F)

 

ASO Basin SWE - Tuolumne, 2013 vs 2014 

2013 Basin SWE 
(AF) 

2014 Basin SWE 
(AF) 

2013 HH Inflow 
(cfs) 

2014 HH Inflow 
(cfs) 



The AR snowfall map 
Snowfall 

24 March to 7 April 2014 

Lyell Fork, Tuolumne 

-0.2                 0                0.2 
 Δ SWE (m) 



Evaluating what we’ve thought we’ve known 



APPLICATIONS:  
INTEGRATING ASO WITH WATER MANAGEMENT… 



Hetch Hetchy Operations 
balancing streamflow, water supply, & hydropower needs 



Tuolumne Basin above Hetch Hetchy Reservoir 
SWE/Met Stations & PRMS Model Units 

ASO SWE & Albedo 
aggregated to PRMS 
model units 

May 3, 2013 
SWE (m) 



Runoff Forecasting 

Hetch Hetchy – Tuolumne River Basin 

Snowmelt runoff forecasting with USGS Precipitation/Runoff Modeling System (PRMS) 



ASO in California  

Present + Near Future 



ASO in California 

Envisioned program 

Runoff forecasting 
 

Water allocations 
(winter and spring 

updates of AJRO) 
 

Robust assessment of 
weather modification 

(cloud-seeding) 
 

Establishment of 
modeling boundary 

and initial conditions 



ASO in Colorado River Basin 
Present + Near Future - South 



ASO in Colorado River Basin 
Present + Near Future - North 



ASO in Colorado: 
Envisioned 

program 
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