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The Landsat Mission Timeline
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source:  http://landsat.usgs.gov/about_mission_history.php
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Motivation for Landsat Snow Work
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Landsat as Reference Data
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Landsat’s Relevance to SnowPEx Objectives

1. Review sensor-specific limitations for optical snow mapping

2. Establish accuracy standards for Landsat TM, ETM+, and OLI image 
pre-processing

3. Reconcile sensor differences in the context of snow map 
comparisons and validation
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Objective #1 Determine the accuracy of cloud/cloud shadow 
masking for Landsat TM, ETM+, and OLI/TIRS at the pixel scale
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Radiometric Calibration
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Spectral Bandwidths, Gain Settings, and Detector Saturation
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Snow and Clouds
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Heritage Automated Cloud-Cover Assessment (ACCA) Algorithm
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Note: a per-pixel version of the heritage ACCA has been developed for TM, 
ETM+, and OLI/TIRS with some refinements (a paper is in draft)
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Projected Cloud Shadows using Solar Geometry
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Western Wyoming Study Region
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Temporal Scale:  Julian peak snow accumulation (98-112) and melt (143-158) 
intervals from 2000-2014

365 image samples from TM, ETM+ and OLI/TIRS
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Peak Snow Accumulation and Melt Intervals for 
Western Wyoming, USA
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Method:  Cloud/Shadow Accuracy Assessment

Heritage ACCA Population 
Sample 

Thematic Sample Size: 
Binomial Probability Theory
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 Z2(p)(q)
_________________________

E2

 1.962(90)(10)
_________________________

102
N= =35 samples

Z: standard normal deviate
p: expected map accuracy
q: 100-p
E: allowable error
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Error Matrix:  Visual Interpretation vs. ACCA
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Class Assignments

Cloud/Shadow-Free Pixels: Snow Surface (SS) or Snow-Free Land (SFL)

Cloud/Shadow Pixels: Cloud over Snow-Free Land (CSFL), Cloud Edge over Snow-Free Land 
(CESFL), Cloud over Snow Surface (CSS), Cloud Edge over Snow Surface (CESS), Shadow 
over Snow-Free Land (SSFL), and Shadow Edge over Snow-Free Land (SESFL)

Tuesday, July 22, 2014



Peak Snow Accumulation Peak Snowmelt
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Peak Snow Accumulation Peak Snowmelt

Error Distribution
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Error Distribution
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Objective #2 Determine the importance of topographic normalization 
for Landsat TM, ETM+, and OLI/TIRS images during snowmelt
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Topographic Normalization for Local Solar Illumination
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Method:  Sample Size / Minnaerts Correction
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cos (sz)
cos (i)LT *LH=

k

LH: path radiance for horizontal surface

LT: path radiance over sloped terrain

cos (sz): sun’s zenith angle

cos (i): sun’s incidence angle
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Landsat TM and the Lambertian Assumption
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August 10, 2009
snow-off

April 20, 2009
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Landsat ETM+ and the Lambertian Assumption
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Landsat OLI and the Lambertian Assumption

snowpex 1st International Satellite Snow Intercomparsion Workshop (ISSP1)

June 4, 2014
snowmelt

July 7, 2014
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Wavelength-Dependent Response by Sensor
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Peak SnowmeltPeak Snow Accumulation
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Summary and Way Forward
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* Cloud/cloud shadow omission and commission errors are seasonally    
dependent and reflect the limits of observation over changing heterogenous 
surfaces

* Topographic-induced effects on local solar illumination cannot be ignored
for higher resolution sensors that exhibit wavelength-dependent responses

* Evaluate pixel and sub-pixel snow algorithm performance under partially 
cloudy conditions
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