Remote Sensing of Snow

Thomas H. Painter, NASA JPL/Caltech, Pasadena, CA



Outline

Energy and mass balance
Fractional snow covered area
Dust/black carbon radiative forcing in snow

Airborne Snow Observatory
— SWE
— Albedo

Implementations with CBRFC and BOR



Energy and Mass Balance
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MODSCAG



Spectral libraries



MODSCAG vs MOD10A1l
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MODIS
image
(all at 500 m resolution)

snow from
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MODSCAG



JeRy W B @ aRRi@ ERR

dU

E+Qm =(1—a)S+L*+QS+QV+Qg+Qr

FlRIERIER Rycc y2lith Eea?






Growing EB
and Radiation
Network

At these, we find that dust
radiative forcing accelerates
melt by 27-51 days



What’s Normal?
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Hydrograph rising limb



Rising Limb
Steepness

Painter et al in preparation
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Rising Steepness Anomaly (cfs/d)

Steepness of rising limb
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TEMPERATURE
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MODIS Dust Radiative Forcing in SNow



The regression yields coefficients:
B;=0.75+0.11and B, =31.2 + 14.4
MAE =28 W m-2, RMSE =33 W m-2

After Bias Correction:
MAE =25 W m-2, RMSE =32 W m-2

MODDREFS retrievals < 30° sensor zenith vs. energy-
balance tower retrievals at time of MODIS overpass.
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As dust forcing increases observed

streamflow is earlier relative to
simulated streamflow.
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As dust forcing increases, so does
the likelihood of underforecast.



MODDRFS



Jet Propulsion Laboratory
California Institute of Technology
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Knowing the magnitude and timing
of snowmelt runoff requires
knowing

SNOW WATER EQUIVALENT and
SNOW ALBEDO
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The way we’ve measured snow in

the West since 1910
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The way we
secwant to see it
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Albed
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LiDAR Spectrometer
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NO!

Ground measurements
are critical.




Tuolumne Basin above Hetch Hetchy Reservoir
SWE/Met Stations & PRMS Model Units
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2014 Hetch Hetchy Observed & Forecasted
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Colorado River Basin ,
19 April 2013

Uncompahgre River Basin (above
Ridgway Reservoir)



Colorado River Basin
17 May 2013

Uncompahgre River Basin (above
Ridgway Reservoir)



Colorado River Basin
17 May 2013

Uncompahgre River Basin (above
Ridgway Reservoir)



Colorado River Basin
17 May 2013

Uncompahgre River Basin (above
Ridgway Reservoir)



Colorado River Basin
17 May 2013

Uncompahgre River Basin (above
Ridgway Reservoir)



ASO in California
Present + Near Future
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ASO in Colorado River Basin
Present + Near Future



ASO in Colorado River Basin
Present + Near Future



ASO in Colorado:
Envisioned
program






Validation
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error =-0.05 * elevation + 135.6

(W2
o

MAE =12.4 kg m?3
ME =-6.2 kg m?3
STDEV =17.3kgm?

Tuolumne River Basin, 2013
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MODSCAG

* There has been frequent
comments that

MODSCAG is tuned only
to the Sierra Nevada

* Given that MODSCAG is
physically-based and not
empirical, this is not a
valid statement

e Spectral libraries are
dense for vegetation and
rock/soils






