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ABSTRACT 

Single-day snow covered area (SCA) products are incomplete and often inadequate 

representations of ground conditions due to short term variations in cloud cover, snow cover, and 

sensor geometry.  To mitigate these effects, we developed a by-pixel filtering algorithm to produce 

relatively cloud-free SCA products based on 16 days of MODIS imagery.  To be positively 

identified as SCA, a pixel must be snow-covered in the two most recent, cloud-free scenes in the 

16-day period.  We applied this methodology to two single-day MODIS fractional snow cover 

products over the period of record and compared the outputs to the respective single day products 

and to historical snow assessment reports from the Cold Regions Research and Engineering 

Laboratory (CRREL).  The CRREL reports were generated and quality-controlled by an analyst 

and are treated as ground truth.  In general, algorithm outputs agree strongly with the CRREL 

reports both temporally and spatially.  Discrepancies were most often observed early in the season 

in relatively low elevation areas and are likely attributable to transient SCA being removed by the 

algorithm.  The generated products are less temporally variable than their respective single day 

inputs and are essentially cloud-free, making them more reliable indicators of ground conditions 

on any given day. 
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BACKGROUND 

Since the winter of 2004, the US Army Corps of Engineers Cold Regions Research and 

Engineering Laboratory (CRREL) has produced biweekly assessments of snow covered area 

(SCA) and snow-water equivalent (SWE) for the major watersheds of Afghanistan using 

multispectral (AVHRR and MODIS) and passive microwave (SSM/I and AMSR-E) imagery 

(Daly et al., 2012).  Accurate delineation of SCA is important for transportation and operations 

planning and for constraining estimates of SWE for water management and hydrological/climate 

modelling, particularly in areas like Afghanistan with extremely limited real-time precipitation and 

snowpack data.  Imagery from the Moderate Resolution Imaging Spectroradiometers (MODIS) 

onboard Aqua and Terra was first used in the CRREL snow assessments in 2008; biweekly SCA 

maps were generated using the most acceptable scene, a scene with low cloud-cover near the 

assessment date, during each two week time period.  These maps were generated using 

unsupervised classification techniques described by Daly et al. (2012) and validated, qualitatively, 

by an analyst.  Due to variations in cloud cover, these single day maps provided temporally 

inconsistent and often incomplete snapshots of SCA. Additionally, manually classifying and 
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validating each scene is both time consuming and subjective.  Here we describe and validate 

automated methods to create cloud-free SCA maps using temporally filtered, MODIS-derived 

snow products. 

METHODS 

Imagery Sources 

The MODIS/Terra Snow Cover Daily L3 Global 500m Grid (MOD10A1, Hall et al., 2006) is a 

global, gridded fractional snow covered area (FSCA) product produced daily by the National 

Snow and Ice Data Center (NSIDC).  SCA is derived using the normalized difference snow index 

(NDSI, Hall et al., 2002), which leverages the contrasting reflectance of snow in the visible and 

shortwave infrared regions of the spectrum.  FSCA is estimated using an empirical relationship 

between FSCA and NDSI (Salomonson and Appel, 2004). 

 The MODIS Snow Covered Area and Grain size retrieval algorithm (MODSCAG, Painter et al., 

2009) is a gridded FSCA product produced daily by the Jet Propulsion Laboratory (JPL).  

MODSCAG uses spectral mixture analysis of the eight MODIS surface reflectance bands to 

estimate FSCA.  

Both of these products are released in the MODIS sinusoidal projection and gridded to the 

MODIS tile system at 500 m pixel resolution.  Examples and analysis presented in this study are 

limited to imagery from Terra of tile H23V05 (30 to 40°N, 57.7 to 78.3°E), which encompasses 

the majority of snow covered areas in Afghanistan.   

The CRREL snow assessments prior to water year 2014 (hereafter ‘historical assessments’) 

were delivered as binary snow maps.  When comparing the current and historical SCA products, 

the current product is assumed to be binary with the FSCA>20% set as SCA.  We find this 

assumption appropriate for this application because (1) FSCA retrievals from the two input 

methodologies vary widely, particularly at low FSCA, and (2) noise in MODIS Band 5 tends to 

produce artifacts in MODSCAG’s FSCA products. 

Temporal Filtering 

An analysis of MODSCAG cloud cover from winter 2011 shows that areas of MODIS tile 

H23V05 are cloud-covered in more than 40% of scenes; however, we find that the chance of 

persistent cloud cover decreases exponentially as time goes on (Figure 1).  Despite mean cloud 

cover persistence being less than a day, isolated areas do occasionally experience extended cloud 

cover.  To minimize cloud outputs in the final product and to include the full spectrum of Terra 

MODIS’ viewing geometries, we use 16 days of imagery as the processing inputs.   
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Figure 1. By-pixel Cloud Cover Persistence November, 2010 – April, 2011 over MODIS tile H23V05 for all 

pixels (blue) and those pixels output as snow by the 16-day algorithm (red). 

 

Output pixels are flagged as cloud if all 16 days of imagery are cloud in the original product.  

To be output as snow, a pixel’s two most recent, cloud-free instances must be SCA (FSCA > 

20%).  For output snow pixels, the most recent FSCA value from the inputs is retained.  All other 

pixels are assumed to be snow-free (Figure 2).  This approach eliminates the majority of clouds 

and erroneous SCA detections that appear in daily snow products at the expense of some transient 

SCA that fails to satisfy the two consecutive, cloud-free SCA detection criterion.  16-day filtered 

outputs show much less variability when compared to the single day inputs and are reliably cloud-

sparse.  

 

Figure 2. Example output (left) for 20 February, 2011, and the 16 days of input MOD10A1 imagery used to 

produce it (right).  The image from 20 February appears bottom right; previous days appear to the left, then 

up to 5 February in the top left.  Color scale ranges from 20% FSCA (dark blue) to 100% FSCA (white).  

Clouds are shown in pink. 

Masking 

Misclassification of clouds and water bodies as SCA, as determined by visual inspection of the 

daily MODIS surface reflectance product (MOD09GA), is common in both MODSCAG and 

MOD10A1.  A historical water mask was created using visible and near infrared bands from the 

MOD09GA Surface Reflectance data set from November to April, 2008-2013.  The MOD09GA 

product was obtained through the online Data Pool at the NASA Land Processes Distributed 

Active Archive Center (LP DAAC, 2001).  Rivers were extrapolated from the USGS 

HydroSHEDS flow accumulation data set (Lehner et al., 2008), resampled to 500 m resolution.  

These pixels were assumed to be snow-free in all outputs.  A historical snow mask was created 

using the daily MOD10A1 over the period of record.  Those regions where snow did not appear 

more than 5% of the time were assumed to be snow-free in all outputs. 

VALIDATION 

While there is little ground data available in this region to use as validation of the new product, 

we were able to compare it to the historical CRREL (analyst-derived) snow assessments (Figure 

3).  We find that from 2004-2013, the 16-day products are both representative of the 105 CRREL 
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reports in terms of total SCA (Figure 4; MODSCAG m=0.88, r
2
=0.76; MOD10A1 m=0.94, 

r
2
=0.88) and mean co-located SCA, μ (MODSCAG μ=0.77, MOD10A1 μ=0.75).   

 

 

Figure 3.  Comparison of Total SCA seen in historical CRREL reports (cyan), MODSCAG 16-day product 

(blue), and MOD10A1 16-day product (red) for five-year subset (bottom panel).  Top-panel shows 

percentage of co-located SCA, or SCA that appeared in both the CRREL report and the respective 16-day 

product (points).  Bounding bars show SCA that appeared in only one 16-day product (upper) or historical 

CRREL report (lower) as a percentage of total historical CRREL SCA. 
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Figure 4.  Total SCA for both 16-day products as compared to the single-day historical CRREL reports for 

the assessment dates of the CRREL reports (n=105). 

Temporally, the largest disagreements occur in periods of relatively low SCA, which can be 

attributed both to comparing a single, partially cloud-covered scene (historical CRREL product) to 

a temporally smoothed scene (16-day product) and to the tendency of the 16-day algorithm to 

ignore transient SCA.  We also observe a small seasonal effect such that the MOD10A1 16-day 

product is often in better agreement with the historical reports leading up to peak SCA while 

MODSCAG is in better agreement with the analyst-derived reports during the melt out.  This is 

likely due to differences in the way each of the input products estimates SCA and their relative 

sensitivities and accuracies regarding low FSCA.  Spatially, disagreement is limited to areas where 

snowfall is less common, lower elevations and latitudes, as well as high relief areas where 

topography likely complicates detections for all detection algorithms. 

CONCLUSION 

 We present methodology for automatically producing a near cloud-free, temporally smoothed 

SCA product using existing snow products and show that said methodology is both accurate when 

compared with manually-generated, analyst-validated maps and applicable to multiple types of 

input imagery.   
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