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Executive Summary 

This Algorithm Description Document (ADD) defines the algorithm used for the 
generation of Landsat Collection 2 (C2) Level 3 (L3) Fractional Snow Covered Area 
(fSCA) Science Product created at the U.S. Geological Survey (USGS) Earth Resource 
Observation and Science (EROS) Center.  
 
This document is under Data Processing and Archive System (DPAS) Configuration 
Control Board (CCB) control. Please submit changes to this document, as well as 
supportive material justifying the proposed changes, via Change Request (CR) to the 
Process and Change Management Tool. 
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Section 1 Introduction 

1.1 Background 
The Landsat Collection 2 (C2) Level 3 (L3) Fractional Snow Covered Area (fSCA) 
Science Product determines the fraction of snow cover for each pixel in a C2 Landsat 
U.S. Analysis Ready Data (ARD) tile. This algorithm was created at the U.S. Geological 
Survey (USGS) Alaska Science Center in cooperation with USGS Earth Resources 
Observation and Science (EROS) Center. 
  
The algorithm is currently being applied for Landsat U.S. ARD tiles but is designed to be 
applicable worldwide. 
 
For additional information about the characteristics of the fSCA product please see the 
Landsat Collection 2 Level 3 Fractional Snow Covered Area Data Format Control Book 
(DFCB). 

1.2 Purpose and Scope 
The primary purpose of this document is to provide technical details about how the 
fSCA algorithm is applied to Landsat data.   

1.3 Document Organization 
This document contains the following sections:  
 

• Section 1 introduces the fSCA algorithm 
• Section 2 provides technical details on the inputs and outputs of fSCA 
• Section 3 provides details on the fSCA algorithm procedures 
• Section 4 provides citation information 
• Appendix A provides information specific to the fSCA algorithm auxiliary inputs 
• Appendix B describes the rule-based model for the fSCA Quality Assessment 

(QA) revised cloud mask  
• The References section contains a list of reference documents and supporting 

webpages 
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Section 2 Fractional Snow Covered Area Algorithm Details 

2.1 Fractional Snow Covered Area Algorithm Details 
The fSCA algorithm determines the fraction of snow for each pixel in Landsat U.S. ARD 
tiles.  
 
The algorithm is currently applied to Landsat 4-5 Thematic Mapper (TM), Landsat 7 
Enhanced Thematic Mapper Plus (ETM+), and Landsat 8 Operational Land Imager 
(OLI) U.S. ARD tiles. 
 
The fSCA algorithm involves the following steps: 

 
1. Generate a Quality Assessment (QA) mask for fSCA processing. 
2. Preprocess the input data (and prepare for modeling). 
3. Model fractional snow cover. 
4. Post-process the output fSCA and QA. 
5. Mask the water pixels. 
6. Optional post-processing adjustments attempt to correct for snow covered pixels, 

which exist in heavy tree canopy areas.   
 

Note: The canopy cover adjustments are applied to ARD tiles only in western U.S. due 
to the restricted geographic coverage of the required auxiliary inputs. 

2.2 Fractional Snow Covered Area Algorithm Inputs 
Table 2-1 lists the inputs for the fSCA algorithm. 
 

Description Purpose 
Landsat Level 1 Pixel QA Mask Used for identifying cloudy pixels classified from CFMask 
Landsat TOA Reflectance 
bands (1-5, 7 for TM / ETM+ 
and 2-7 for OLI) 

Spectral indices (NDVI, NDSI) used to differentiate snow from 
CFMask classified clouds in snow covered scenes. Creation of 
Level 3 fSCA QA band. 

Landsat Surface Reflectance 
bands (1-5, 7 for TM / ETM+ 
and 2-7 for OLI) 

Used for Landsat Thematic Mapper Snow Covered Area and 
Grain Size (TMSCAG) modeling. 

Dynamic Surface Water Extent 
(DSWE) product Used to identify water pixels 

Spectral libraries, model control 
files, NLCD landcover, NLCD 
tree canopy percent cover, 
Elevation dataset, solar 
radiation 

Static inputs (Appendix A) 

Table 2-1. Fractional Snow Covered Area Algorithm Inputs 
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2.3 Fractional Snow Covered Area Algorithm Outputs 
Table 2-2 lists the outputs of the fSCA algorithm.  
 

Description Units Type 
fSCA QA band Flag 8-bit Unsigned Integer 
Fractional Snow Covered Area 
band from TMSCAG (viewable 
snow) 

N/A 16-bit Scaled Integer 

{Optional} Fractional Snow 
Covered Area band adjusted for 
canopy cover (ground snow) 

N/A 16-bit Scaled Integer 

Shade fractions band from 
TMSCAG N/A 16-bit Scaled Integer 

Model mask from TMSCAG Flag 8-bit Unsigned Integer 

Table 2-2. Fractional Snow Covered Area Algorithm Outputs 

2.4 Fractional Snow Covered Area Flow Diagram 
Figure 2-1 shows the overall flow diagram of the fSCA algorithm. 
 

 

Figure 2-1. Fractional Snow Covered Area Algorithm Flow Diagram 
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Section 3 Fractional Snow Covered Area Algorithm 
Procedure 

The following section describes the fSCA algorithm procedure in detail and contains the 
steps listed in Table 2-1. 

3.1 fSCA QA Band 
The Landsat Level 1 pixel QA (based on C version of Fmask (CFMask)) flags many 
snow pixels as cloud pixels (particularly in the conifer forests with snow cover), which is 
problematic for identification of snow.   
 
The Level 3 fSCA QA band includes fill, cloud, cirrus, revised cloud, water, terrain 
shadowing, and NLCD landcover/tree canopy fill bits to identify various conditions for 
fSCA processing. The revised cloud algorithm uses a rule-based model to enhance the 
Level 1 QA to correctly identify snow pixels and not classify them as clouds. Therefore, 
the revised cloud bit is expected to be turned off for Level 1 cloud pixels that are over 
snow. The model is based on Top of Atmosphere (TOA) reflectance values. The code 
was set up to support TOA or surface reflectance values; however, the rule-based 
model currently has values only for TOA reflectance. This revised cloud bit is provided 
for mapping glaciers. See Appendix B for more details regarding the rule-based model. 
 
Input 

1. Landsat Level 1 pixel QA mask 
2. Landsat TOA reflectance bands (1-5, 7 for TM / ETM+ and 2-7 for OLI) 

 
This QA band also flags pixels that are less than seven percent reflectance in the green 
and Near Infrared (NIR) bands. When reflectance is that low in both bands, it is possible 
that flagged pixels are shadowed – usually by terrain, but possibly from clouds. (When 
running an algorithm, which maps glaciers and perennial snowfields as only those pixels 
where snow cover is retrieved in every cloud-free instance over a certain period, it might 
be desirable to exclude cases where snow may have been missed due to shadowing.) 
 
The model uses the input QA mask to look only at pixels identified as cloud in the Level 
1 pixel QA (high confidence cloud and dilated cloud). If the pixel is identified as a “true 
cloud” from the new model, it is flagged as cloud in the revised cloud bit. The model 
uses the reflectance bands, along with Normalized Difference Vegetation Index (NDVI) 
and Normalized Difference Snow Index (NDSI) indices.   
 
The cloud pixels are then run through a 5x5 erosion filter, followed by a 5x5 dilation 
filter, to obtain the final output. Any pixel determined clear in the Level 1 QA is clear in 
the revised cloud bit. Any pixel determined cloud in the revised cloud is flagged as such 
in the fSCA QA. Fill pixels in the Level 1 pixel QA are flagged as fill in the fSCA QA. 
 
The fSCA QA band is an unsigned 8-bit integer with each bit representing the following 
conditions:  
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0 – Fill 
1 – Level 1 high confidence cloud 
2 – Level 1 medium confidence cloud 
3 – Level 1 high confidence cirrus 
4 – Level 3 revised cloud 
5 – Water (populated in Section 3.5 Mask Water Pixels) 
6 – Terrain shadowing 
7 – NLCD landcover / tree canopy fill (populated in Section 3.6 Adjustment for 
Canopy Cover) 

 
Output 

1. fSCA QA band (unsigned 8-bit integer) 

3.2 Preprocessor 
This step performs the necessary preprocessing of the input Landsat U.S. ARD tile (and 
associated inputs) to prepare the data for Landsat Thematic Mapper Snow Covered 
Area and Grain Size (TMSCAG) modeling. TMSCAG requires one or more saturation 
models to identify pixels that are saturated, which are then not modeled.   
 
Input 

1. fSCA QA band 
2. Landsat surface reflectance bands (1-5, 7 for TM / ETM+ and 2-7 for OLI) 

 
These saturation files specify the pixels, which are modeled in TMSCAG and/or the 
TMSCAG emulator. All saturation files skip modeling for fill (from the fSCA QA band). 
The base file for these is the no saturation file (nosat), which represents the general 
information for modeling pixels, ignoring any saturation.   
 
If processing TM / ETM+, then a saturation 1 (sat1) and saturation 1&3 (sat13) file are 
also needed as input to TMSCAG:  
 

• sat1 turns modeling off when band 1 is saturated, and bands 2 and 3 are not 
saturated 

• sat13 turns modeling off when bands 1 and 3 are saturated, and band 2 is not 
saturated 

• Although it is currently not needed, this application also generates a sat123 file, 
which turns off modeling if bands 1, 2, and 3 are all saturated. A value of 1 in 
these saturation files indicates the pixel is to be modeled. 

 
These saturation files are needed for TM / ETM+ because pixels in the visible range 
tend to saturate over snow covered areas. The OLI instrument has a higher range of 
represented values, and saturation is generally not common over snow covered areas. 
 
TMSCAG also requires the surface reflectance to be input as Band Interleave by Pixel 
(BIP). The input single-band reflectance bands are stacked into a single BIP output file 
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to be read by TMSCAG. The surface reflectance values in the BIP file are written the 
same as they appear in the input reflectance files, except as BIP. The data are scaled 
16-bit integers, with a scale factor of 10,000. 
 
Output 

1. Surface reflectance bands in BIP, 16-bit integer, 1-5, 7 for TM / ETM+ and 2-7 for 
OLI 

2. No-saturation mask (unsigned 8-bit integer) 
3. Saturation band 1 mask (unsigned 8-bit integer) 
4. Saturation bands 1 and 3 mask (unsigned 8-bit integer) 
5. Saturation bands 1, 2, and 3 mask (unsigned 8-bit integer) 

3.3 Thematic Mapper Snow Cover and Grain Size (TMSCAG) 
This model performs spectral mixture analysis to identify various spectra at the pixel 
level. 
 
Input 

1. Landsat surface reflectance bands in BIP, 16-bit integer, 1-5, 7 for TM / ETM+ 
and 2-7 for OLI 

2. No-saturation mask (unsigned 8-bit integer) 
3. Saturation band 1 mask (unsigned 8-bit integer) – for TM / ETM+ 
4. Saturation bands 1 and 3 mask (unsigned 8-bit integer) – for TM / ETM+ 
5. Spectral libraries for 30°, 45°, and 60° solar zenith angles (4-byte floats in BIP 

format for each of the 6 TM / ETM+ and OLI reflectance bands) 
6. Model control files – contain information on the spectral library, endmember 

models, grain size table 
 
The back-end spectral libraries are integral for this process. The libraries are 2-
endmember and 3-endmember linear spectral signatures created from in-situ 
measurements and laboratory-generated signatures. The last endmember in each 
library is shade. The first endmember is commonly snow; however, there are a few 
libraries that do not include snow and instead include another endmember such as 
granite or vegetation. This means that for any pixel, the results do not include all the 
possible endmembers (e.g., snow, rock, vegetation, lake / ice, etc.)   
 
Each pixel will be limited to the number of endmembers represented (two or three). The 
libraries include vegetation, granite, lake ice, volcanics, metamorphics, soils derived 
from glacial till, snow, and shade. 
 
The model being used was originally called tmscagSAT, which handles the saturation in 
the visible bands for TM / ETM+. ETM+ and TM frequently saturate over snow in bands 
1 through 3, resulting in a spectrum with artificially low apparent reflectance in the 
visible wavelengths (Painter et al., 2009). Landsat TM has a larger dynamic range in 
bands 2 and 3 than ETM+, resulting in fewer saturated pixels in bands 2 and 3. Raw 
spectral mixture analyses of these saturation-afflicted reflectance spectra result in 
erroneously low estimates of snow fraction. Therefore, when the three visible bands are 
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saturated, the algorithm assumes 100 percent snow cover. This assumption can 
represent an overestimate if subpixel rock or vegetation is present, but this is the most 
reasonable assumption with the given information. In the scenarios of bands 1 and 3 
saturated or band 1 only saturated, the algorithm performs spectral mixture analysis on 
the remaining bands (Painter et al., 2009). 
 
The fractions modeled by TMSCAG are shade-normalized fractions. When the spectral 
signature of the current pixel is matched to the spectral library signature, the library with 
the lowest Root Mean Square Error (RMSE) is selected. Furthermore the 3-endmember 
results are selected as higher priority over the 2-endmember results. The fractions for 
each endmember are then calculated. Those fractions are divided by the shade fraction, 
which then allows the sum of the non-shade fractions to add to 1.0. 
 
The spectral libraries are generated for three solar zenith angles (30°, 45°, and 60°) as 
the solar illumination heavily affects the spectral signature of the pixel. The source code 
identifies the desired spectral library by using the solar zenith angle at the scene center 
and uses the closest library to that solar zenith angle. The values in the spectral library 
represent surface reflectance for each endmember.   
 
The spectral libraries have been scaled by 10,000. This scaling matched the scaling on 
the Collection 1 Landsat surface reflectance products. For Collection 2, the Landsat 
products are unscaled and then scaled by 10,000 when comparing individual pixels to 
the spectral libraries. There are separate spectral libraries for TM / ETM+ and OLI. 
Figure 3-1 shows the TM/ETM+ and OLI spectra at the 45° solar zenith angle (SZA) 
conditions. 
 

  

Figure 3-1. Spectral Libraries for Landsat ETM (left) and OLI (right) at 45° SZA 

The 2-endmember and 3-endmember models have a tight constraints control file and a 
loose constraints control file. Each spectral library is run through the model using tight 
constraints, then again with loose constraints. The results from the tight constraints are 
prioritized over the loose constraints, if the RMSE is reasonable (based on model 
constraints from a control file). A total of 15 model sets are each run twice for the 
constraints. Therefore, overall, TMSCAG is run a total of 30 times to cover the 15 model 
sets at each constraint level. 
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Each model has a model constraint file that applies to all 2-endmember or 3-
endmember models (separate constraint files for both as well as tight and loose 
parameters). These constraint values include the fraction minimum / maximum values 
(to be used for each endmember), the RMSE threshold, and the residual threshold. 
When running TMSCAG, these constraint values are used to indicate whether the 
results for the current pixel and model are within the constraints. If they are, then those 
values are written to the output images, including the RMSE. If they fall outside the 
constraints, then that pixel remains unmodeled in the output images for that model.   
 
The original TMSCAG constraint files used a loose RMSE threshold and a residual 
threshold of 30.0 for 2-endmember and 50.0 for 3-endmember models. Given that these 
thresholds often left pixels in the snow region unmodeled, those loose threshold 
constraints were increased to 2500.0. The goal with such a large increase was to model 
the pixel, regardless of any thresholds. For comparison, the tight constraints for these 
thresholds are 15.0. 
 
After all the models are run, then TMSORT is called to iterate through the 30 different 
model and constraint results, sorting according to the priorities (3-endmember models 
over 2-endmember models, tight constraints over loose constraints, and the highest 
RMSE model value) to create the optimized results for that set of models. 
 
Due to the common saturation in the visible bands for TM / ETM+, the spectral signature 
of snow with the saturated pixels does not model well. Therefore, TM / ETM+ tiles are 
run through the TMSCAG models three different times, using the saturation mask 
generated in the preprocessor. The first model set run is with the no saturation mask, 
which ignores saturation, using all reflective bands. The second run is with the 
saturation band 1 mask, and not using TM / ETM+ band 1. The third model set run is 
with the saturation bands 1 and 3 mask, and not using TM / ETM+ bands 1 and 3. For 
each of these runs, the TMSORT application is used to generate optimized results for 
that saturation model run. The final output from the TMSCAG model runs then include 
TMSCAG results for each of the saturation levels. When processing OLI tiles, saturation 
is not an issue and therefore TMSCAG modeling is only applied at the no saturation 
level. 
 
Due to the saturation levels, modeling TM / ETM+ becomes quite time-consuming. 
There are 30 models run for each saturation level, which means a total of 90 “model 
runs”. 
 
The 15 different models currently used by TMSCAG include one two-endmember and 
14 three-endmember models. The three-endmember models are gr (granite), grveg 
(granite-vegetation), lkice (lake ice), met (metamorphics), metveg (metamorphics-
vegetation), till (soils largely derived from glacial till), veg [1-4] (four different vegetation 
models), vlc [1-3] (three different volcanics models), and vlcveg (volcanics-vegetation). 
In most cases, snow is the first endmember, then the next endmember is dependent 
upon the model name, and shade is the third endmember. In the models where there 
are two endmembers described in the model name (e.g., grveg), then the model name 
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describes the first two endmembers (in this example granite and vegetation) and shade 
is the third endmember. 
 
The spectral libraries used by each model are stored as band interleave by pixel; the 
first 6 pixels are the first spectra values for all 6 bands. Next are the spectra values for 
all 6 bands of the next spectra, etc. There are 165 spectra listed in each spectral library, 
and the data are each four-byte floats (and are scaled by 10,000). Each of the control 
files specifies which spectral library should be used, based on the solar zenith angle. 
The control file also includes a TM.LIB.EMTYPE file that describes the endmember type 
of each of the spectra in the library. This file lists 0-snow, 1-veg, 2-rock, 3-other, and 
shade is always the last endmember. 
 
Output 

1. TMSCAG fractional products for each of the saturation levels (snow, vegetation, 
rock, shade, other, grain size, RMSE) (16-bit scaled integer) 

2. TMSCAG mask files for each of the saturation levels (8-bit integer) 

3.4 Post-Processor 
This application handles the TMSCAG post-processing to:  
 

• Mosaic the results of each of the saturation levels into one product 
• Address fractional snow covered area results for fully saturated pixels 
• Emulate TMSCAG results for pixels that were not modeled 

The post-processor emulates TMSCAG values if emulation-only was specified, in which 
case the TMSCAG results are not needed. 
 
Input 

1. Landsat surface reflectance bands (1-5, 7 for TM / ETM+ and 2-7 for OLI) 
2. TMSCAG fractional products for each of the saturation levels 
3. TMSCAG mask files for each of the saturation levels 
4. No-saturation model mask 

 
If TMSCAG modeling is used, the output TMSCAG model masks are used from each 
saturation level to determine the final mosaic of TMSCAG values. If the mask for the 
saturation level (in order of no saturation, saturation band 1, and saturation bands 1 and 
3) indicates the pixel was modeled, then the TMSCAG results from that saturation level 
are used. If the pixel was not modeled in any of the saturation levels, then the results for 
that pixel remain unmodeled.   
 
When processing OLI tiles, the mosaic is simply the TMSCAG results from the no 
saturation run, given that multiple saturation levels do not exist. In the case of 
emulation-only modeling, then all pixels are marked as unmodeled so that they will be 
emulated in the following steps.   
 
The overall model mask is an unsigned 8-bit integer with the following values: 
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0 – unmodeled in all saturation levels (also used for emulation-only) 
1 – used the results from the no-saturation level 
2 – used the results from the saturation 1 level 
3 – used the results from the saturation 1 and 3 level 

 
Based on the modeling mask generated for the mosaicking of the TMSCAG products, 
each of the TMSCAG fractional outputs are mosaicked from the various saturation 
levels into one overall product. The TMSCAG results for fractional snow covered area 
are mosaicked into one overall fractional snow covered area product, based on the 
saturation levels identified in the overall model mask. The same goes for grain size, 
rock, vegetation, other, and shade fractional area products. The RMSE is also 
mosaicked. Each of these fractional products and RMSE are written as a 16-bit integer 
that maintains the original scaling from TMSCAG. 
 
If the pixel is saturated in TM / ETM+ bands 1, 2, and 3, then the fractional snow cover 
is reset to 100 percent if the band 5 value is below 0.2 (band 5 snow low threshold). 
 
At this time, any unmodeled pixels that were masked to be modeled in the no-saturation 
mask are emulated for fractional snow covered area using a rule-based model 
developed to emulate the TMSCAG fractional snow covered area. Any pixels that were 
marked to not be modeled are left as unmodeled. Any pixels masked to be modeled but 
were not able to be emulated remain unmodeled. 
 
All fractional snow covered area values and shade fractions are output as scaled 16-bit 
integers using the original scaling from TMSCAG. All unmodeled pixels are set to 0 
percent as well. The overall TMSCAG model mask is also updated. 
 
Output 

1. Fractional snow covered area (16-bit integer) 
2. Shade fractions (16-bit integer) 
3. TMSCAG model mask (unsigned 8-bit integer) 

3.5 Mask Water Pixels 
As TMSCAG tends to mark water (lakes and rivers / streams) as snow covered, this 
procedure uses the Dynamic Surface Water Extent (DSWE) product to identify water 
pixels and flags pixels as such in the fSCA QA band.   
 
Input 

1. fSCA QA band 
2. Fractional snow covered area 
3. DSWE interpreted layer (INTR) 
4. DSWE interpreted layer with all mask applied (INWAM) 

 
The DSWE interpreted layer with all mask applied (INWAM) band is used to first identify 
water pixels. With this band, pixels with water-high confidence (value of 1) and water-
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moderate confidence (value of 2) are marked as water in the fSCA QA band. This 
DSWE band tends to miss rivers; however, those river areas are flagged as high-
confidence in the DSWE interpreted layer (INTR) band. If the pixel is high-confidence 
water in the DSWE interpreted (INTR) band, then it is marked as water in the fSCA QA 
band. Any pixel with low reflectance (e.g., terrain shadowed areas) is not marked as 
water. 
 
After identifying the water pixels, a 3x3 filter is applied to the pixels identified as water, 
to provide a water buffer. The updated fSCA QA values are written back to the existing 
fSCA QA band. 
 
Output 

1. fSCA QA band – updated to flag water pixels 

3.6 Adjustment for Canopy Cover 
This application adjusts the fractional snow covered area values for canopy cover and 
adjusts zero-valued pixels of high canopy cover to match similar pixels in the 
surrounding area.  
 
Input 

1. Fractional snow covered area (16-bit scaled integer) 
2. fSCA QA band 
3. Solar radiation (10-day intervals) datasets 
4. National Land Cover Database (NLCD) landcover (unsigned 8-bit integer) * 
5. NLCD tree canopy percent cover (unsigned 8-bit integer)  
6. Elevation file (16-bit integer) 
 

*  NLCD is available only for the United States so the canopy cover adjustment cannot 
currently be applied to geographic areas outside the United States. 
 
Similar pixels are determined from accumulated solar radiation, snow cover, and 
elevation. The accumulated solar radiation is based on the current Day of Year (DOY) 
for the tile – and is the sum of the solar radiation starting on October 1 (DOY 274) up 
through the current DOY (wrapping around at the start of the year for tiles before DOY 
274). Currently, the application expects the solar radiation bands to be available starting 
with DOY 274 and in 10-day increments for the remaining days in the year through DOY 
189, for a total of 29 solar bands. The actual solar radiation for each day is interpolated 
between the 10-day intervals. 
 
The algorithm first clips fractional snow covered area values below the 0.15 snow 
threshold to 0 and above 1.0 to 1.0. Any non-zero fSCA pixels that are set to revised 
cloud in the fSCA QA band are set to 0. The process then calculates the accumulated 
solar radiation for each pixel and sets the canopy cover to 0 for deciduous forest pixels 
and half the original canopy cover value for mixed forest pixels. It then loops through the 
tile looking for clear pixels (not cloud, based on the revised cloud bit in the fSCA QA 
band, or fill) that have a fractional snow cover of 0. Any pixel with a fill value for the 
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landcover / tree canopy is masked in the fSCA QA band and no canopy adjustment is 
done. 
 
The clear pixels are assessed to determine whether they may be snow covered but 
obscured by the canopy. If such a pixel is found, the 31x31 surrounding window is 
checked for snow covered pixels. If one or less snow covered pixels exist, then this 
pixel is not snow covered. Otherwise, the mean of the canopy values is computed for 
the 3x3 surrounding window. When computing the mean or looking at the surrounding 
window to assess canopy values, any pixel in the window with a fill landcover / tree 
canopy value is not used. 
 
If the canopy value of the current pixel meets the threshold and the 3x3 canopy mean 
also meets the threshold, then the 11x11 window is assessed for “similar pixels”. Similar 
pixels are identified as those having lower canopy values, slightly higher solar loading 
(greater than or equal to 1.01 times the solar radiation of the current pixel), an elevation 
less than 75 meters above the current pixel, and not obscured by clouds (based on the 
revised cloud bit in the fSCA QA band). If the pixel is found to be similar, then it is also 
checked if it is snow. If enough similar pixels can be found within the search window, 
based on a threshold, then the ratio of similar snow covered pixels to the total similar 
pixels is computed. If that ratio meets the threshold criteria, then the pixel is marked as 
new snow. 
 
If sufficient similar pixels were not found, then the search window is expanded to a 
31x31 window. This time “similar pixels” are assessed, based on the previously 
identified criteria. If enough similar pixels are found, based on a new threshold, and the 
ratio of similar snow covered pixels to the total similar pixels meets another threshold, 
then the pixel is marked as new snow. If sufficient fractional snow covered pixels were 
not found, then the pixel is flagged as not snow. 
 
Now that pixels are flagged as not snow or new snow, another loop is made through the 
pixels. If a pixel is not new snow and the fractional snow cover is non-zero, then the 
fractional snow cover value is adjusted based on the canopy cover. Otherwise, for 
newly identified snow cover pixels, their fractional snow cover is estimated based on the 
canopy cover. All other fractional snow cover values remain unmodified.   
 
All fractional snow covered area values are clipped to be between 0 and 100 percent 
and are output (overall TMSCAG fractional snow covered area values are updated) as 
scaled 16-bit integers using the original scaling from TMSCAG. 
 
Output 

1. Fractional snow covered area, updated to account for canopy cover (16-bit 
scaled integer) 

2. fSCA QA band – updated to flag NLCD landcover / tree canopy fill pixels 
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3.7 fSCA Statistics 
This procedure processes the N-year fSCA mean fractions (monthly and annual) using 
the clear pixels (non-fill and non-cloud) from each ARD tile in the stack. 
 
Input 

1. Stack of fractional snow covered area products, including the fSCA QA band and 
XML file 

 
Monthly and annual fractions for fractional snow cover are generated, using the N-year 
date ranges. The mean fractions are values between 0 and 100. 
 
“Annual” statistics are generated for 5-year and full stack time periods. In addition, 
monthly statistics are generated for the full stack time period. 
 

5-year (7): 1986-1990, 1991-1995, 1996-2000, 2001-2005, 2006-2010, 2011-
2015, 2016-2020 
 
Full stack (1): 1986-current year 

 
Output 

1. Monthly and “annual” mean fractions generated as 5-year and full stack time 
periods (unsigned 8-bit scaled integer) 

2. Count of the number of clear pixels (non-fill and non-revised cloud) used for the 
fractions (unsigned 16-bit integer) 

3. XML metadata files will be provided for each time period, including the data files 
and information for that time period 

3.8 Scripts to Assist with Landsat U.S. ARD Tile Processing 
The process_tmscag_stack_ard_tiles.py script (and associated scripts) are available to 
handle the end-to-end processing for an entire stack of Landsat U.S. ARD tiles. 
Different command line options can be specified to include canopy-adjustment or to use 
the local scratch space, identified by the LOCAL_SCRATCH environment variable.  
 
The stack of TOA reflectance and surface reflectance products are processed one at a 
time, and the resulting fractional snow cover bands and fSCA QA band are provided for 
delivery. 
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Section 4 Citation Information 

There are no restrictions on the use of Landsat Science Products. It is not a 
requirement of data use, but the following citation may be used in publication or 
presentation materials to acknowledge the USGS as a data source and to credit the 
original research.  
 

Landsat Collection 2 Level 3 Fractional Snow Covered Area (fSCA) Science 
Products courtesy of the U.S. Geological Survey.  
 
Selkowitz, D.J., Painter, T.H., Rittger, K.E., Schmidt, G., & Forster, R., (2017). 
"The USGS Landsat Snow Covered Area Products: Methods and Preliminary 
Validation." Automated Approaches for Snow and Ice Cover Monitoring Using 
Optical Remote Sensing. D. Selkowitz. Salt Lake City, UT: The University of 
Utah. pp. 76-119. Available online: 
https://www.researchgate.net/publication/331024289_The_USGS_Landsat_Sno
w_Covered_Area_Products_Methods_and_Preliminary_Validation 

 
Reprints or citations of papers or oral presentations based on USGS data are welcome 
to help the USGS stay informed of how data are being used. These can be sent to the 
contact information listed below: 
 
USGS EROS Customer Services 
Email: custserv@usgs.gov 
 
 

mailto:custserv@usgs.gov
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Appendix A fSCA Algorithm Static Inputs 

Processing for fSCA is based on various inputs to the algorithm that need to be 
processed and made available prior to running the fSCA algorithm. These include: 
 

• Spectral libraries for 30°, 45°, and 60° solar zenith angles 
• Model control files 
• NLCD landcover 
• NLCD tree canopy percent cover 
• Elevation dataset 
• Solar radiation datasets 

The spectral libraries and model control files were provided as part of the TMSCAG 
software and are static products, not related to tile/region being processed. The 
TMSCAG_CONFIG environment variable is used to identify the directory that contains 
these libraries and control files. 
 
The ESPA_LANDCOVER_CONUS environment variable is used to identify the current 
location of this conterminous U.S. dataset. This dataset is resampled and cropped to 
the current tile extents for input into the fSCA algorithm. The current product is the 2016 
NLCD edition from 2021. 
 
The ESPA_TREE_CANOPY_CONUS environment variable is used to identify the 
current location of this conterminous U.S. dataset. This dataset is resampled and 
cropped to the current ARD tile extents for input into the fSCA algorithm. The current 
product is the 2016 NLCD edition from 2021. 
 
The ESPA-elevation project is used to generate the elevation dataset, based on the 
geographic extents of the ARD tile. 
 
The solar radiation bands are generated via the Geographic Resources Analysis 
Support System (GRASS) Geographical Information System (GIS) Application 
Programming Interface (API), using the Digital Elevation Model (DEM) as input. Solar 
radiation bands need to start at DOY 274, wrap into the beginning of the year, and 
continue through DOY 189. These solar radiation bands are in 10-day intervals (274, 
284, 294, 304, … 364, 009, 019, 029, … 189) for a total of 29 bands. The 
ESPA_SOLAR_RADIATION_DIR environment variable is used to identify the directory 
containing the solar radiation bands. These bands need to be available for each ARD 
tile. 
 
Scripts are available that assist in generating the canopy-adjustment inputs needed 
prior to canopy adjustment.   
 
The generate_canopy_adjust_inputs_ard_tiles.py script produces the inputs needed for 
canopy adjustment for the specified ARD tile and region (CU). Elevation files are written 
to the region and ARD tile directory under ESPA_DEM_DIR. That elevation product is 
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then passed into the GRASS application to generate the solar radiation files, which are 
written to the ARD tile directory in ESPA_SOLAR_RADIATION_DIR.   
 
Given that all the tiles in the ARD tile stack have the same geographic extent, the 
landcover and canopy cover products are also generated for this tile. These products 
are stored in the ARD tile/region directory under ESPA_LANDCOVER_DIR and 
ESPA_TREE_CANOPY_DIR directories. 
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Appendix B Revised Cloud Mask Rule-Based Model 

The following is the pseudocode for the rule_based_model C function used in the 
Fractional Snow Covered Area algorithm to determine the revised cloud mask, using the 
TOA reflectance and Level 1 cloud mask as inputs. The revised cloud mask is output 
from this function. The rule-based model runs on the input lines of data, including the 
reflectance bands, NDVI, and NDSI. Five model runs are made per model. 
 
for each pixel in the image 
    if this is a fill pixel in the Level-1 pixel QA cloud mask 
        Skip to the next pixel 
 
    if this isn't a cloudy pixel in the Level-1 pixel QA cloud mask 
        Skip to the next pixel 
 
    Set b1 to the input band 1 pixel value * scale + offset 
    Set b2 to the input band 2 pixel value * scale + offset 
    Set b3 to the input band 3 pixel value * scale + offset 
    Set b4 to the input band 4 pixel value * scale + offset 
    Set b5 to the input band 5 pixel value * scale + offset 
    Set b7 to the input band 7 pixel value * scale + offset 
    Compute the NDVI from bands 3 and 4 pixels 
    Compute the NDSI from bands 2 and 5 pixels 
 
    /* 1st model run */ 
    /* Rule 0/1: (10764/235, lift 2.1) */ 
    if (m1_cloud_code == -1 and b3 > .1424 and b7 <= .1187) 
        m1_cloud_code = 50  /* class cloud_free  [0.978] */ 
 
    /* Rule 0/2: (753/16, lift 2.1) */ 
    if (m1_cloud_code == -1 and b1 <= .2999 and ndvi <= 0.158153 and 
        ndsi <= -0.212327) 
        m1_cloud_code = 50  /* class cloud_free  [0.977] */ 
 
    /* Rule 0/3: (447/10, lift 2.0) */ 
    if (m1_cloud_code == -1 and b1 <= .2079 and b3 > .2080) 
        m1_cloud_code = 50  /* class cloud_free  [0.976] */ 
 
    /* Rule 0/4: (1763/48, lift 2.0) */ 
    if (m1_cloud_code == -1 and b1 > .6251 and b4 <= .5012 and b7 <= .2077) 
        m1_cloud_code = 50  /* class cloud_free  [0.972] */ 
 
    /* Rule 0/5: (960/27, lift 2.0) */ 
    if (m1_cloud_code == -1 and b1 <= .2483 and b3 > .2408 and 
        ndsi > -0.212327) 
        m1_cloud_code = 50  /* class cloud_free  [0.971] */ 
 
    /* Rule 0/6: (728/29, lift 2.0) */ 
    if (m1_cloud_code == -1 and b1 <= .2999 and b2 > .2771 and 
        ndvi <= 0.0912175) 
        m1_cloud_code = 50  /* class cloud_free  [0.959] */ 
 
    /* Rule 0/7: (4653/195, lift 2.0) */ 
    if (m1_cloud_code == -1 and b4 > .4172 and b7 <= .1464) 
        m1_cloud_code = 50  /* class cloud_free  [0.958] */ 
 
    /* Rule 0/8: (5826/279, lift 2.0) */ 
    if (m1_cloud_code == -1 and b1 <= .3532 and b3 > .1727 and b4 > .1928 and 
        b7 <= .1464) 
        m1_cloud_code = 50  /* class cloud_free  [0.952] */ 
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    /* Rule 0/9: (1917/93, lift 2.0) */ 
    if (m1_cloud_code == -1 and b1 <= .2999 and b2 > .1970 and b5 <= .1937 and 
        b7 <= .1619 and ndvi <= 0.0912175) 
        m1_cloud_code = 50  /* class cloud_free  [0.951] */ 
 
    /* Rule 0/10: (1198/63, lift 2.0) */ 
    if (m1_cloud_code == -1 and b1 > .2999 and b1 <= .3589 and b4 > .3588 and 
        b7 <= .2077) 
        m1_cloud_code = 50  /* class cloud_free  [0.947] */ 
 
    /* Rule 0/11: (1293/71, lift 2.0) */ 
    if (m1_cloud_code == -1 and b1 <= .2999 and b4 > .3173 and 
        ndsi > -0.0444104) 
        m1_cloud_code = 50  /* class cloud_free  [0.944] */ 
 
    /* Rule 0/12: (2832/157, lift 2.0) */ 
    if (m1_cloud_code == -1 and b1 <= .1600 and b4 <= .1928) 
        m1_cloud_code = 50  /* class cloud_free  [0.944] */ 
 
    /* Rule 0/13: (2380/185, lift 1.9) */ 
    if (m1_cloud_code == -1 and b4 <= .2729 and ndsi <= -0.212327) 
        m1_cloud_code = 50  /* class cloud_free  [0.922] */ 
 
    /* Rule 0/14: (2208/176, lift 1.9) */ 
    if (m1_cloud_code == -1 and b1 <= .2638 and b5 > .1937 and 
        ndvi <= 0.0912175) 
        m1_cloud_code = 50  /* class cloud_free  [0.920] */ 
 
    /* Rule 0/15: (1742/156, lift 1.9) */ 
    if (m1_cloud_code == -1 and b7 <= .1799 and ndsi <= -0.212327) 
        m1_cloud_code = 50  /* class cloud_free  [0.910] */ 
 
    /* Rule 0/16: (1724/180, lift 1.9) */ 
    if (m1_cloud_code == -1 and b1 <= .1993 and b5 > .1937 and b7 > .1464 and 
        ndvi <= 0.210062) 
        m1_cloud_code = 50  /* class cloud_free  [0.895] */ 
 
    /* Rule 0/17: (23277/7218, lift 1.4) */ 
    if (m1_cloud_code == -1 and b1 <= .2999) 
        m1_cloud_code = 50  /* class cloud_free  [0.690] */ 
 
    /* Rule 0/18: (3593/38, lift 1.9) */ 
    if (m1_cloud_code == -1 and b1 > .2483 and ndvi > 0.0912175 and 
        ndsi <= -0.0444104) 
        m1_cloud_code = 100  /* class cloud  [0.989] */ 
 
    /* Rule 0/19: (5613/71, lift 1.9) */ 
    if (m1_cloud_code == -1 and b7 > .1266 and ndsi > 0.491986) 
        m1_cloud_code = 100  /* class cloud  [0.987] */ 
 
    /* Rule 0/20: (1100/125, lift 1.7) */ 
    if (m1_cloud_code == -1 and b7 > .1464 and ndvi > 0.210062 and 
        ndsi > -0.212327) 
        m1_cloud_code = 100  /* class cloud  [0.886] */ 
 
    /* Rule 0/21: (267/39, lift 1.6) */ 
    if (m1_cloud_code == -1 and b1 > .1600 and b3 <= .1299 and b4 <= .1928 and 
        b7 > .0919 and b7 <= .1464) 
        m1_cloud_code = 100  /* class cloud  [0.851] */ 
 
    /* Rule 0/22: (193/35, lift 1.6) */ 
    if (m1_cloud_code == -1 and b1 > .1451 and b3 <= .1139 and b7 <= .0919 and 
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        ndvi > 0.0602801 and ndvi <= 0.421493 and ndsi <= 0.169811) 
        m1_cloud_code = 100  /* class cloud  [0.815] */ 
 
    /* Rule 0/23: (32298/7826, lift 1.4) */ 
    if (m1_cloud_code == -1 and b1 > .1802 and b7 > .0919) 
        m1_cloud_code = 100  /* class cloud  [0.758] */ 
 
    if (m1_cloud_code == -1) 
        m1_cloud_code = 100; 
 
 
    /* 2nd model run */ 
    /* Rule 1/1: (801.4/3.8, lift 2.1) */ 
    if (m2_cloud_code == -1 and b4 > .6829 and b5 <= .3315) 
        m2_cloud_code = 50  /* class cloud_free  [0.994] */ 
 
    /* Rule 1/2: (657/4.5, lift 2.1) */ 
    if (m2_cloud_code == -1 and ndvi > 0.44504) 
        m2_cloud_code = 50  /* class cloud_free  [0.992] */ 
 
    /* Rule 1/3: (220.2/1.5, lift 2.1) */ 
    if (m2_cloud_code == -1 and b1 <= .3544 and b4 > .4212 and b5 > .1136 and 
        b5 <= .3315) 
        m2_cloud_code = 50  /* class cloud_free  [0.989] */ 
 
    /* Rule 1/4: (6122.8/130.4, lift 2.1) */ 
    if (m2_cloud_code == -1 and b3 > .1258 and b5 <= .1136) 
        m2_cloud_code = 50  /* class cloud_free  [0.979] */ 
 
    /* Rule 1/5: (988.6/45.5, lift 2.1) */ 
    if (m2_cloud_code == -1 and b1 <= .3544 and b5 > .1136 and b7 <= .1067 and 
        ndsi > 0.143936) 
        m2_cloud_code = 50  /* class cloud_free  [0.953] */ 
 
    /* Rule 1/6: (3721.5/193.8, lift 2.0) */ 
    if (m2_cloud_code == -1 and b1 > .6251 and b7 <= .1683) 
        m2_cloud_code = 50  /* class cloud_free  [0.948] */ 
 
    /* Rule 1/7: (504.2/47.8, lift 1.9) */ 
    if (m2_cloud_code == -1 and b1 > .1555 and b1 <= .2321 and b4 <= .3520 and 
        b5 > .2467 and b7 <= .1726) 
        m2_cloud_code = 50  /* class cloud_free  [0.904] */ 
 
    /* Rule 1/8: (1057/103.5, lift 1.9) */ 
    if (m2_cloud_code == -1 and b1 <= .3544 and b2 > .3236 and b5 <= .3315) 
        m2_cloud_code = 50  /* class cloud_free  [0.901] */ 
 
    /* Rule 1/9: (671.1/76.4, lift 1.9) */ 
    if (m2_cloud_code == -1 and b1 <= .2835 and b3 > .2538 and 
        ndsi > -0.106196 and ndsi <= 0.143936) 
        m2_cloud_code = 50  /* class cloud_free  [0.885] */ 
 
    /* Rule 1/10: (650.1/75.1, lift 1.9) */ 
    if (m2_cloud_code == -1 and b4 <= .4001 and b5 > .3315 and 
        ndvi <= 0.0617448) 
        m2_cloud_code = 50  /* class cloud_free  [0.883] */ 
 
    /* Rule 1/11: (1812.6/334.2, lift 1.8) */ 
    if (m2_cloud_code == -1 and b1 <= .2082 and b3 > .1839 and b4 <= .3520) 
        m2_cloud_code = 50  /* class cloud_free  [0.815] */ 
 
    /* Rule 1/12: (31120.8/12936.8, lift 1.3) */ 
    if (m2_cloud_code == -1 and b4 <= .4001) 
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        m2_cloud_code = 50  /* class cloud_free  [0.584] */ 
 
    /* Rule 1/13: (11094.4/118.4, lift 1.8) */ 
    if (m2_cloud_code == -1 and b4 > .4001 and b5 > .3315) 
        m2_cloud_code = 100  /* class cloud  [0.989] */ 
 
    /* Rule 1/14: (519/12.9, lift 1.8) */ 
    if (m2_cloud_code == -1 and b1 > .2043 and b2 <= .1763 and 
        ndsi <= 0.143936) 
        m2_cloud_code = 100  /* class cloud  [0.973] */ 
 
    /* Rule 1/15: (12178.2/334.3, lift 1.8) */ 
    if (m2_cloud_code == -1 and b1 > .3544 and b7 > .1683) 
        m2_cloud_code = 100  /* class cloud  [0.972] */ 
 
    /* Rule 1/16: (3402.2/106.4, lift 1.8) */ 
    if (m2_cloud_code == -1 and b1 > .2599 and b5 > .3315 and 
        ndvi > 0.0617448) 
        m2_cloud_code = 100  /* class cloud  [0.968] */ 
 
    /* Rule 1/17: (9675.1/785.7, lift 1.7) */ 
    if (m2_cloud_code == -1 and b1 > .2835 and ndsi <= 0.143936) 
        m2_cloud_code = 100  /* class cloud  [0.919] */ 
 
    /* Rule 1/18: (1278.7/104.9, lift 1.7) */ 
    if (m2_cloud_code == -1 and b1 > .3264 and b2 <= .3334 and b7 > .1067) 
        m2_cloud_code = 100  /* class cloud  [0.917] */ 
 
    /* Rule 1/19: (564.8/53.3, lift 1.7) */ 
    if (m2_cloud_code == -1 and b1 > .2151 and b2 <= .1898 and b5 > .1537) 
        m2_cloud_code = 100  /* class cloud  [0.904] */ 
 
    /* Rule 1/20: (228.7/24.9, lift 1.7) */ 
    if (m2_cloud_code == -1 and b1 > .2082 and b3 <= .1994 and 
        ndvi > 0.179141 and ndsi <= 0.143936) 
        m2_cloud_code = 100  /* class cloud  [0.888] */ 
 
    /* Rule 1/21: (4430.9/528.7, lift 1.6) */ 
    if (m2_cloud_code == -1 and b1 > .3544 and b1 <= .6251 and b4 <= .6829 and 
        b5 > .1136) 
        m2_cloud_code = 100  /* class cloud  [0.881] */ 
 
    /* Rule 1/22: (179.6/32.6, lift 1.5) */ 
    if (m2_cloud_code == -1 and b2 <= .2204 and b4 > .3520 and b5 <= .3315 and 
        ndvi <= 0.44504 and ndsi <= 0.143936) 
        m2_cloud_code = 100  /* class cloud  [0.815] */ 
 
    /* Rule 1/23: (481.3/131.1, lift 1.4) */ 
    if (m2_cloud_code == -1 and b1 > .1800 and b1 <= .2082 and b3 <= .1839 and 
        b5 <= .3315 and b7 > .1342 and ndvi > 0.179141 and ndvi <= 0.207702) 
        m2_cloud_code = 100  /* class cloud  [0.727] */ 
 
    /* Rule 1/24: (4787.7/1392.3, lift 1.3) */ 
    if (m2_cloud_code == -1 and b1 > .2321 and b2 <= .3236 and b4 <= .4212 and 
        b5 <= .3315 and ndsi <= 0.143936) 
        m2_cloud_code = 100  /* class cloud  [0.709] */ 
 
    /* Rule 1/25: (2379.8/758.4, lift 1.3) */ 
    if (m2_cloud_code == -1 and b1 > .1555 and b1 <= .1800 and b3 <= .1839 and 
        b5 > .1537 and ndvi > 0.179141 and ndvi <= 0.44504 and 
        ndsi <= -0.0472716) 
        m2_cloud_code = 100  /* class cloud  [0.681] */ 
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    /* Rule 1/26: (2563.3/868.5, lift 1.2) */ 
    if (m2_cloud_code == -1 and b1 > .1182 and b5 > .1136 and b5 <= .1537 and 
        b7 > .0542 and ndvi <= 0.44504 and ndsi <= 0.143936) 
        m2_cloud_code = 100  /* class cloud  [0.661] */ 
 
    /* Rule 1/27: (897.2/366.5, lift 1.1) */ 
    if (m2_cloud_code == -1 and b3 <= .1258 and b5 <= .1136 and b7 > .0542 and 
        ndvi <= 0.44504) 
        m2_cloud_code = 100  /* class cloud  [0.591] */ 
 
    if (m2_cloud_code == -1) 
        m2_cloud_code = 50  /* Default class: cloud_free */ 
 
 
    /* 3rd model run */ 
    /* Rule 2/1: (286.3, lift 2.0) */ 
    if (m3_cloud_code == -1 and b1 <= .2497 and b3 > .2156 and b3 <= .2276 and 
        b7 <= .1626 and ndvi > 0.0650248) 
        m3_cloud_code = 50  /* class cloud_free  [0.997] */ 
 
    /* Rule 2/2: (2084.7/6.1, lift 2.0) */ 
    if (m3_cloud_code == -1 and ndsi > 0.881556) 
        m3_cloud_code = 50  /* class cloud_free  [0.997] */ 
 
    /* Rule 2/3: (347/7.9, lift 2.0) */ 
    if (m3_cloud_code == -1 and b2 > .3653 and b7 <= .1626 and 
        ndvi > 0.0650248) 
        m3_cloud_code = 50  /* class cloud_free  [0.974] */ 
 
    /* Rule 2/4: (642.5/16.7, lift 2.0) */ 
    if (m3_cloud_code == -1 and b1 <= .2497 and b3 > .1979 and b7 <= .1626 and 
        ndsi <= 0.0546875) 
        m3_cloud_code = 50  /* class cloud_free  [0.973] */ 
 
    /* Rule 2/5: (3129.8/84.8, lift 2.0) */ 
    if (m3_cloud_code == -1 and b2 > .1011 and b7 <= .0486) 
        m3_cloud_code = 50  /* class cloud_free  [0.973] */ 
 
    /* Rule 2/6: (264.7/8.4, lift 2.0) */ 
    if (m3_cloud_code == -1 and b1 <= .1966 and b5 > .1707 and b7 <= .1626 and 
        ndvi > 0.0650248 and ndvi <= 0.12763) 
        m3_cloud_code = 50  /* class cloud_free  [0.965] */ 
 
    /* Rule 2/7: (152/6.1, lift 1.9) */ 
    if (m3_cloud_code == -1 and b5 > .2507 and b7 <= .1626 and 
        ndvi > 0.0650248 and ndsi > -0.254112) 
        m3_cloud_code = 50  /* class cloud_free  [0.954] */ 
 
    /* Rule 2/8: (1358.7/66.7, lift 1.9) */ 
    if (m3_cloud_code == -1 and b2 <= .1011) 
        m3_cloud_code = 50  /* class cloud_free  [0.950] */ 
 
    /* Rule 2/9: (7074/402.6, lift 1.9) */ 
    if (m3_cloud_code == -1 and b3 > .1265 and b7 <= .1008) 
        m3_cloud_code = 50  /* class cloud_free  [0.943] */ 
 
    /* Rule 2/10: (918.4/59.4, lift 1.9) */ 
    if (m3_cloud_code == -1 and b3 <= .1265 and ndvi > 0.403095) 
        m3_cloud_code = 50  /* class cloud_free  [0.934] */ 
 
    /* Rule 2/11: (2111.8/153.8, lift 1.9) */ 
    if (m3_cloud_code == -1 and b1 <= .1725 and b7 <= .1286 and 
        ndvi <= 0.139127) 
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        m3_cloud_code = 50  /* class cloud_free  [0.927] */ 
 
    /* Rule 2/12: (1275.7/107.6, lift 1.9) */ 
    if (m3_cloud_code == -1 and b1 <= .1725 and b3 > .1205 and b4 <= .2458 and 
        b7 <= .1286) 
        m3_cloud_code = 50  /* class cloud_free  [0.915] */ 
 
    /* Rule 2/13: (3639.5/324.7, lift 1.8) */ 
    if (m3_cloud_code == -1 and b1 > .1842 and b2 <= .4235 and b4 > .1742 and 
        b7 <= .1286 and ndvi <= 0.0979757) 
        m3_cloud_code = 50  /* class cloud_free  [0.911] */ 
 
    /* Rule 2/14: (1170.6/111.3, lift 1.8) */ 
    if (m3_cloud_code == -1 and b2 <= .4235 and b3 > .1265 and b5 > .1747 and 
        b7 <= .1286) 
        m3_cloud_code = 50  /* class cloud_free  [0.904] */ 
 
    /* Rule 2/15: (126.8/12.2, lift 1.8) */ 
    if (m3_cloud_code == -1 and b4 > .6150 and b5 <= .3315 and 
        ndsi <= 0.49737) 
        m3_cloud_code = 50  /* class cloud_free  [0.898] */ 
 
    /* Rule 2/16: (1897.2/223.5, lift 1.8) */ 
    if (m3_cloud_code == -1 and b5 <= .3315 and ndsi > 0.368125 and 
        ndsi <= 0.49737) 
        m3_cloud_code = 50  /* class cloud_free  [0.882] */ 
 
    /* Rule 2/17: (775.9/102.5, lift 1.8) */ 
    if (m3_cloud_code == -1 and b1 <= .3284 and b3 > .2276 and b5 > .1707 and 
        b7 <= .1626 and ndvi > 0.0650248) 
        m3_cloud_code = 50  /* class cloud_free  [0.867] */ 
 
    /* Rule 2/18: (441.9/66.5, lift 1.7) */ 
    if (m3_cloud_code == -1 and b4 <= .3074 and b5 > .3315) 
        m3_cloud_code = 50  /* class cloud_free  [0.848] */ 
 
    /* Rule 2/19: (972/154.3, lift 1.7) */ 
    if (m3_cloud_code == -1 and b1 <= .3418 and b5 > .3315 and 
        ndvi <= 0.079329) 
        m3_cloud_code = 50  /* class cloud_free  [0.841] */ 
 
    /* Rule 2/20: (1000.4/161.7, lift 1.7) */ 
    if (m3_cloud_code == -1 and b3 <= .1205 and b7 <= .1286 and 
        ndsi <= -0.0934991) 
        m3_cloud_code = 50  /* class cloud_free  [0.838] */ 
 
    /* Rule 2/21: (168.1/31.5, lift 1.6) */ 
    if (m3_cloud_code == -1 and b5 > .2885 and b7 <= .2112 and 
        ndvi > 0.0650248 and ndsi > -0.254112) 
        m3_cloud_code = 50  /* class cloud_free  [0.809] */ 
 
    /* Rule 2/22: (3523.5/696, lift 1.6) */ 
    if (m3_cloud_code == -1 and b1 <= .1966 and b3 > .1220 and b4 <= .2470 and 
        b7 <= .1458) 
        m3_cloud_code = 50  /* class cloud_free  [0.802] */ 
 
    /* Rule 2/23: (795.3/160.6, lift 1.6) */ 
    if (m3_cloud_code == -1 and b1 <= .1966 and b4 > .2470 and b4 <= .3217 and 
        b7 > .1286 and b7 <= .1626) 
        m3_cloud_code = 50  /* class cloud_free  [0.797] */ 
 
    /* Rule 2/24: (557.4/120.5, lift 1.6) */ 
    if (m3_cloud_code == -1 and b5 > .2528 and b7 <= .1805 and 
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        ndvi > 0.0650248 and ndsi > -0.254112) 
        m3_cloud_code = 50  /* class cloud_free  [0.783] */ 
 
    /* Rule 2/25: (8172.8/1851.2, lift 1.6) */ 
    if (m3_cloud_code == -1 and b1 <= .3376 and ndvi <= 0.0650248) 
        m3_cloud_code = 50  /* class cloud_free  [0.773] */ 
 
    /* Rule 2/26: (1800.2/430.1, lift 1.5) */ 
    if (m3_cloud_code == -1 and b4 <= .2856 and ndsi <= -0.254112) 
        m3_cloud_code = 50  /* class cloud_free  [0.761] */ 
 
    /* Rule 2/27: (308.2/41.3, lift 1.7) */ 
    if (m3_cloud_code == -1 and b1 > .1725 and b3 <= .1265 and b7 > .0486) 
        m3_cloud_code = 100  /* class cloud  [0.864] */ 
 
    /* Rule 2/28: (278.4/47.5, lift 1.6) */ 
    if (m3_cloud_code == -1 and b1 <= .1725 and b2 > .1011 and b3 <= .1265 and 
        b4 > .2458 and b7 > .0486 and b7 <= .1286 and ndvi <= 0.403095) 
        m3_cloud_code = 100  /* class cloud  [0.827] */ 
 
    /* Rule 2/29: (1011.9/222.6, lift 1.5) */ 
    if (m3_cloud_code == -1 and b2 > .1011 and b5 <= .1707 and b7 > .1286 and 
        ndsi <= 0.368125) 
        m3_cloud_code = 100  /* class cloud  [0.779] */ 
 
    /* Rule 2/30: (515.1/136.5, lift 1.5) */ 
    if (m3_cloud_code == -1 and b1 > .1842 and b4 <= .1742 and b5 <= .1747 and 
        b7 > .1008) 
        m3_cloud_code = 100  /* class cloud  [0.734] */ 
 
    /* Rule 2/31: (46915.3/22120.7, lift 1.0) */ 
    if (m3_cloud_code == -1 and ndsi <= 0.881556) 
        m3_cloud_code = 100  /* class cloud  [0.528] */ 
 
    if (m3_cloud_code == -1) 
        m3_cloud_code = 100  /* Default class: cloud */ 
 
 
    /* 4th model run */ 
    /* Rule 3/1: (709.4/15.7, lift 1.9) */ 
    if (m4_cloud_code == -1 and b1 <= .2118 and b2 > .2012) 
        m4_cloud_code = 50  /* class cloud_free  [0.976] */ 
 
    /* Rule 3/2: (196.5/4.4, lift 1.8) */ 
    if (m4_cloud_code == -1 and b1 <= .3234 and b2 > .3108 and b5 > .3315) 
        m4_cloud_code = 50  /* class cloud_free  [0.973] */ 
 
    /* Rule 3/3: (1753.6/96.9, lift 1.8) */ 
    if (m4_cloud_code == -1 and b1 <= .2467 and b3 > .2364) 
        m4_cloud_code = 50  /* class cloud_free  [0.944] */ 
 
    /* Rule 3/4: (1047.4/69.7, lift 1.8) */ 
    if (m4_cloud_code == -1 and b1 <= .2654 and b5 > .3315 and 
        ndvi <= 0.1719) 
        m4_cloud_code = 50  /* class cloud_free  [0.933] */ 
 
    /* Rule 3/5: (2283.3/179.7, lift 1.7) */ 
    if (m4_cloud_code == -1 and b1 <= .2467 and b2 > .1983 and b5 > .1706 and 
        ndvi <= 0.114312) 
        m4_cloud_code = 50  /* class cloud_free  [0.921] */ 
 
    /* Rule 3/6: (1552.5/128.6, lift 1.7) */ 
    if (m4_cloud_code == -1 and b1 <= .2762 and b3 > .2437 and 



 - 24 - LSDS-2086 
Version 1.0 

        ndsi > -0.115228) 
        m4_cloud_code = 50  /* class cloud_free  [0.917] */ 
 
    /* Rule 3/7: (3784.7/387.6, lift 1.7) */ 
    if (m4_cloud_code == -1 and b3 > .1665 and b7 <= .1347 and 
        ndvi > -0.0240739 and ndvi <= 0.131339) 
        m4_cloud_code = 50  /* class cloud_free  [0.897] */ 
 
    /* Rule 3/8: (3288.9/361.2, lift 1.7) */ 
    if (m4_cloud_code == -1 and b1 > .6251 and b5 <= .3112 and b7 <= .2077) 
        m4_cloud_code = 50  /* class cloud_free  [0.890] */ 
 
    /* Rule 3/9: (1266.7/159.1, lift 1.7) */ 
    if (m4_cloud_code == -1 and b1 <= .3160 and b3 > .2834 and b5 <= .3112) 
        m4_cloud_code = 50  /* class cloud_free  [0.874] */ 
 
    /* Rule 3/10: (1701.1/238.9, lift 1.6) */ 
    if (m4_cloud_code == -1 and b4 > .5404 and b5 <= .3112 and b7 <= .2077) 
        m4_cloud_code = 50  /* class cloud_free  [0.859] */ 
 
    /* Rule 3/11: (388.7/55.3, lift 1.6) */ 
    if (m4_cloud_code == -1 and b1 <= .2467 and b5 > .1706 and b7 > .1347 and 
        ndvi > 0.114312 and ndsi > -0.0444104) 
        m4_cloud_code = 50  /* class cloud_free  [0.856] */ 
 
    /* Rule 3/12: (902.2/145.9, lift 1.6) */ 
    if (m4_cloud_code == -1 and b1 <= .2118 and b4 <= .3249 and b5 > .2406 and 
        b7 <= .1726) 
        m4_cloud_code = 50  /* class cloud_free  [0.838] */ 
 
    /* Rule 3/13: (2501.9/446.9, lift 1.6) */ 
    if (m4_cloud_code == -1 and b1 <= .2118 and b4 <= .2223 and b5 > .1706) 
        m4_cloud_code = 50  /* class cloud_free  [0.821] */ 
 
    /* Rule 3/14: (2864.7/535.5, lift 1.5) */ 
    if (m4_cloud_code == -1 and b1 <= .1873 and b5 > .1138 and b7 <= .1347 and 
        ndvi <= 0.317016) 
        m4_cloud_code = 50  /* class cloud_free  [0.813] */ 
 
    /* Rule 3/15: (1899.1/420.7, lift 1.5) */ 
    if (m4_cloud_code == -1 and b1 <= .3544 and b2 > .3043 and b5 <= .3112) 
        m4_cloud_code = 50  /* class cloud_free  [0.778] */ 
 
    /* Rule 3/16: (1598/394.3, lift 1.4) */ 
    if (m4_cloud_code == -1 and b1 <= .2654 and b5 > .3315) 
        m4_cloud_code = 50  /* class cloud_free  [0.753] */ 
 
    /* Rule 3/17: (737.3/186, lift 1.4) */ 
    if (m4_cloud_code == -1 and b1 <= .1684 and b2 > .1342 and b5 <= .2406 and 
        b7 > .1347) 
        m4_cloud_code = 50  /* class cloud_free  [0.747] */ 
 
    /* Rule 3/18: (38683.4/14494.6, lift 1.2) */ 
    if (m4_cloud_code == -1 and b5 <= .3315) 
        m4_cloud_code = 50  /* class cloud_free  [0.625] */ 
 
    /* Rule 3/19: (7194.6, lift 2.1) */ 
    if (m4_cloud_code == -1 and b1 > .3544 and b7 > .2077) 
        m4_cloud_code = 100;   /* class cloud  [1.000] */ 
 
    /* Rule 3/20: (323/3.8, lift 2.1) */ 
    if (m4_cloud_code == -1 and b1 > .2467 and b5 <= .3315 and 
        ndsi <= -0.115228) 



 - 25 - LSDS-2086 
Version 1.0 

        m4_cloud_code = 100  /* class cloud  [0.985] */ 
 
    /* Rule 3/21: (563.4/23.1, lift 2.0) */ 
    if (m4_cloud_code == -1 and b1 > .3160 and b2 <= .3043 and b7 > .1347) 
        m4_cloud_code = 100  /* class cloud  [0.957] */ 
 
    /* Rule 3/22: (8425.6/406.2, lift 2.0) */ 
    if (m4_cloud_code == -1 and b1 > .2654 and b5 > .3315) 
        m4_cloud_code = 100  /* class cloud  [0.952] */ 
 
    /* Rule 3/23: (8942.7/654, lift 2.0) */ 
    if (m4_cloud_code == -1 and b1 > .3544 and b7 > .1347 and 
        ndvi > -0.626148) 
        m4_cloud_code = 100  /* class cloud  [0.927] */ 
 
    /* Rule 3/24: (5373.8/411.2, lift 2.0) */ 
    if (m4_cloud_code == -1 and b5 > .1157 and ndvi > -0.564211 and 
        ndvi <= -0.0240739 and ndsi <= 0.881468) 
        m4_cloud_code = 100  /* class cloud  [0.923] */ 
 
    /* Rule 3/25: (1531.5/144.8, lift 1.9) */ 
    if (m4_cloud_code == -1 and b1 > .2762 and b3 <= .2834 and b7 > .1347) 
        m4_cloud_code = 100  /* class cloud  [0.905] */ 
 
    /* Rule 3/26: (115.6/13, lift 1.9) */ 
    if (m4_cloud_code == -1 and b1 > .1526 and b2 <= .1342 and b5 <= .3315 and 
        b7 > .1347 and ndvi > 0.114312) 
        m4_cloud_code = 100  /* class cloud  [0.881] */ 
 
    /* Rule 3/27: (1386.2/198.3, lift 1.8) */ 
    if (m4_cloud_code == -1 and b1 > .2467 and b3 <= .2437 and b7 > .1347) 
        m4_cloud_code = 100  /* class cloud  [0.856] */ 
 
    /* Rule 3/28: (107.2/23.2, lift 1.7) */ 
    if (m4_cloud_code == -1 and b5 > .1136 and b5 <= .1138) 
        m4_cloud_code = 100  /* class cloud  [0.778] */ 
 
    /* Rule 3/29: (1097.6/247.2, lift 1.7) */ 
    if (m4_cloud_code == -1 and b1 > .2123 and b2 <= .1983 and b7 > .1347) 
        m4_cloud_code = 100  /* class cloud  [0.774] */ 
 
    /* Rule 3/30: (4230.3/989.1, lift 1.6) */ 
    if (m4_cloud_code == -1 and b1 > .2118 and b7 > .1347 and 
        ndvi > 0.114312 and ndsi <= -0.0444104) 
        m4_cloud_code = 100  /* class cloud  [0.766] */ 
 
    /* Rule 3/31: (483.4/114.7, lift 1.6) */ 
    if (m4_cloud_code == -1 and b1 > .1526 and b2 <= .2012 and b4 > .3249 and 
        b5 <= .3315 and b7 > .1347 and ndvi <= 0.44504) 
        m4_cloud_code = 100  /* class cloud  [0.762] */ 
 
    /* Rule 3/32: (516.7/123.6, lift 1.6) */ 
    if (m4_cloud_code == -1 and b1 > .1526 and b1 <= .2467 and b3 <= .2364 and 
        b5 <= .1706 and b7 > .1347) 
        m4_cloud_code = 100  /* class cloud  [0.760] */ 
 
    /* Rule 3/33: (1601.7/412.5, lift 1.6) */ 
    if (m4_cloud_code == -1 and b1 > .1873 and b3 <= .1665 and b5 > .1157 and 
        ndvi > -0.0240739 and ndvi <= 0.317016 and ndsi > -0.184974) 
        m4_cloud_code = 100  /* class cloud  [0.742] */ 
 
    /* Rule 3/34: (2091.4/633.1, lift 1.5) */ 
    if (m4_cloud_code == -1 and b1 > .1684 and b4 > .2223 and b5 <= .2406 and 



 - 26 - LSDS-2086 
Version 1.0 

        b7 > .1347 and ndvi > 0.114312 and ndvi <= 0.44504 and 
        ndsi <= -0.0800831) 
        m4_cloud_code = 100  /* class cloud  [0.697] */ 
 
    /* Rule 3/35: (2531.2/772, lift 1.5) */ 
    if (m4_cloud_code == -1 and b1 > .1526 and b3 <= .2364 and b5 <= .2626 and 
        b7 > .1726 and ndvi > 0.114312) 
        m4_cloud_code = 100  /* class cloud  [0.695] */ 
 
    /* Rule 3/36: (781.6/292.1, lift 1.3) */ 
    if (m4_cloud_code == -1 and b7 > .1086 and ndvi > 0.131339 and 
        ndsi > 0.0375777 and ndsi <= 0.416984) 
        m4_cloud_code = 100  /* class cloud  [0.626] */ 
 
    /* Rule 3/37: (4079.4/1565.3, lift 1.3) */ 
    if (m4_cloud_code == -1 and b1 > .1526 and b3 <= .2364 and b5 <= .2406 and 
        b7 > .1347 and ndvi > 0.114312 and ndvi <= 0.44504) 
        m4_cloud_code = 100  /* class cloud  [0.616] */ 
 
    if (m4_cloud_code == -1) 
        m4_cloud_code = 50  /* Default class: cloud_free */ 
 
 
    /* 5th model run */ 
    /* Rule 4/1: (400.1, lift 2.1) */ 
    if (m5_cloud_code == -1 and b7 <= .1461 and ndsi <= -0.224928) 
        m5_cloud_code = 50  /* class cloud_free  [0.998] */ 
 
    /* Rule 4/2: (815.6/0.4, lift 2.1) */ 
    if (m5_cloud_code == -1 and b1 <= .2601 and b3 > .2260 and b7 <= .1623) 
        m5_cloud_code = 50  /* class cloud_free  [0.998] */ 
 
    /* Rule 4/3: (273, lift 2.1) */ 
    if (m5_cloud_code == -1 and b1 <= .1511 and b2 > .1317 and b5 > .1516) 
        m5_cloud_code = 50  /* class cloud_free  [0.996] */ 
 
    /* Rule 4/4: (1665.9/5.6, lift 2.1) */ 
    if (m5_cloud_code == -1 and ndsi > 0.85271) 
        m5_cloud_code = 50  /* class cloud_free  [0.996] */ 
 
    /* Rule 4/5: (677.9/4.5, lift 2.1) */ 
    if (m5_cloud_code == -1 and b1 <= .2601 and ndvi <= 0.107894 and 
        ndsi <= -0.177533) 
        m5_cloud_code = 50  /* class cloud_free  [0.992] */ 
 
    /* Rule 4/6: (1275.5/13, lift 2.1) */ 
    if (m5_cloud_code == -1 and b1 <= .1645 and ndvi <= 0.107894) 
        m5_cloud_code = 50  /* class cloud_free  [0.989] */ 
 
    /* Rule 4/7: (586.3/6.4, lift 2.1) */ 
    if (m5_cloud_code == -1 and b2 <= .1027 and b5 > .0796) 
        m5_cloud_code = 50  /* class cloud_free  [0.987] */ 
 
    /* Rule 4/8: (2953.5/46.3, lift 2.0) */ 
    if (m5_cloud_code == -1 and b5 <= .0796) 
        m5_cloud_code = 50;   /* class cloud_free  [0.984] */ 
 
    /* Rule 4/9: (1042.7/19.5, lift 2.0) */ 
    if (m5_cloud_code == -1 and b1 <= .2601 and b3 > .2569) 
        m5_cloud_code = 50  /* class cloud_free  [0.980] */ 
 
    /* Rule 4/10: (988.3/19.6, lift 2.0) */ 
    if (m5_cloud_code == -1 and b1 <= .1802 and b2 > .1292 and 
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        ndvi <= 0.107894) 
        m5_cloud_code = 50  /* class cloud_free  [0.979] */ 
 
    /* Rule 4/11: (268/4.7, lift 2.0) */ 
    if (m5_cloud_code == -1 and b2 > .1387 and b3 <= .1461 and 
        ndvi <= 0.412224 and ndsi <= -0.22841) 
        m5_cloud_code = 50  /* class cloud_free  [0.979] */ 
 
    /* Rule 4/12: (719.9/16, lift 2.0) */ 
    if (m5_cloud_code == -1 and b1 <= .2005 and b3 > .1949) 
        m5_cloud_code = 50  /* class cloud_free  [0.976] */ 
 
    /* Rule 4/13: (565.2/15.4, lift 2.0) */ 
    if (m5_cloud_code == -1 and ndvi > 0.412224) 
        m5_cloud_code = 50  /* class cloud_free  [0.971] */ 
 
    /* Rule 4/14: (3293.8/99.1, lift 2.0) */ 
    if (m5_cloud_code == -1 and b7 <= .0579) 
        m5_cloud_code = 50  /* class cloud_free  [0.970] */ 
 
    /* Rule 4/15: (966.4/33.4, lift 2.0) */ 
    if (m5_cloud_code == -1 and b1 <= .3037 and b2 > .2885 and b5 <= .4374) 
        m5_cloud_code = 50  /* class cloud_free  [0.964] */ 
 
    /* Rule 4/16: (744.4/28.7, lift 2.0) */ 
    if (m5_cloud_code == -1 and b2 <= .1317 and b5 > .1516 and 
        ndvi > 0.107894) 
        m5_cloud_code = 50  /* class cloud_free  [0.960] */ 
 
    /* Rule 4/17: (864.7/38.2, lift 2.0) */ 
    if (m5_cloud_code == -1 and b1 > .2601 and b1 <= .3037 and 
        ndsi > 0.143982) 
        m5_cloud_code = 50  /* class cloud_free  [0.955] */ 
 
    /* Rule 4/18: (1667.8/114.9, lift 1.9) */ 
    if (m5_cloud_code == -1 and b1 <= .3037 and b3 > .2909) 
        m5_cloud_code = 50  /* class cloud_free  [0.931] */ 
 
    /* Rule 4/19: (441.2/30.5, lift 1.9) */ 
    if (m5_cloud_code == -1 and b4 > .7015 and b5 <= .4374) 
        m5_cloud_code = 50  /* class cloud_free  [0.929] */ 
 
    /* Rule 4/20: (129.7/8.6, lift 1.9) */ 
    if (m5_cloud_code == -1 and b4 <= .4251 and b5 > .4374) 
        m5_cloud_code = 50  /* class cloud_free  [0.927] */ 
 
    /* Rule 4/21: (1596/121.5, lift 1.9) */ 
    if (m5_cloud_code == -1 and b1 <= .2247 and b2 > .1763 and b5 > .1493 and 
        ndvi <= 0.107894) 
        m5_cloud_code = 50  /* class cloud_free  [0.923] */ 
 
    /* Rule 4/22: (6175.3/491.4, lift 1.9) */ 
    if (m5_cloud_code == -1 and b3 > .1223 and b7 <= .1084 and 
        ndsi > -0.0853392) 
        m5_cloud_code = 50  /* class cloud_free  [0.920] */ 
 
    /* Rule 4/23: (3766.2/366.4, lift 1.9) */ 
    if (m5_cloud_code == -1 and b2 <= .3959 and ndsi > 0.267478) 
        m5_cloud_code = 50  /* class cloud_free  [0.902] */ 
 
    /* Rule 4/24: (414.9/46.3, lift 1.8) */ 
    if (m5_cloud_code == -1 and b5 <= .1516 and ndsi <= -0.0853392) 
        m5_cloud_code = 50  /* class cloud_free  [0.887] */ 
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    /* Rule 4/25: (3150.8/363.8, lift 1.8) */ 
    if (m5_cloud_code == -1 and b1 <= .2005 and b5 > .1516 and 
        ndvi <= 0.175138) 
        m5_cloud_code = 50  /* class cloud_free  [0.884] */ 
 
    /* Rule 4/26: (1868.5/321.3, lift 1.7) */ 
    if (m5_cloud_code == -1 and b1 <= .2005 and b4 <= .2856 and 
        ndsi <= -0.22841) 
        m5_cloud_code = 50  /* class cloud_free  [0.828] */ 
 
    /* Rule 4/27: (126.6/21.5, lift 1.7) */ 
    if (m5_cloud_code == -1 and b2 > .3959 and b5 <= .4374 and 
        ndvi > 0.0799109) 
        m5_cloud_code = 50  /* class cloud_free  [0.825] */ 
 
    /* Rule 4/28: (2695.3/480.2, lift 1.7) */ 
    if (m5_cloud_code == -1 and b1 <= .2601 and b2 > .1906 and 
        ndvi <= 0.107894 and ndsi > -0.115822) 
        m5_cloud_code = 50  /* class cloud_free  [0.822] */ 
 
    /* Rule 4/29: (3038/650.2, lift 1.6) */ 
    if (m5_cloud_code == -1 and b1 <= .2394 and b5 > .2533 and 
        ndvi <= 0.201976) 
        m5_cloud_code = 50  /* class cloud_free  [0.786] */ 
 
    /* Rule 4/30: (13065.9/2877.5, lift 1.6) */ 
    if (m5_cloud_code == -1 and b3 > .1267 and b7 <= .1461 and 
        ndvi <= 0.412224) 
        m5_cloud_code = 50  /* class cloud_free  [0.780] */ 
 
    /* Rule 4/31: (3319.6/846.9, lift 1.5) */ 
    if (m5_cloud_code == -1 and b1 <= .2392 and b2 > .1698 and b5 > .1516 and 
        b7 <= .1623 and ndvi <= 0.412224) 
        m5_cloud_code = 50  /* class cloud_free  [0.745] */ 
 
    /* Rule 4/32: (477.2, lift 2.0) */ 
    if (m5_cloud_code == -1 and b1 > .2005 and b2 <= .1698 and b5 > .1516) 
        m5_cloud_code = 100  /* class cloud  [0.998] */ 
 
    /* Rule 4/33: (261.5, lift 2.0) */ 
    if (m5_cloud_code == -1 and b1 > .2247 and b2 <= .1906 and b7 > .1082) 
        m5_cloud_code = 100  /* class cloud  [0.996] */ 
 
    /* Rule 4/34: (546.4/1.6, lift 2.0) */ 
    if (m5_cloud_code == -1 and b1 > .1645 and b2 <= .1292 and b5 > .0796) 
        m5_cloud_code = 100  /* class cloud  [0.995] */ 
 
    /* Rule 4/35: (286.3/3.2, lift 2.0) */ 
    if (m5_cloud_code == -1 and b1 > .2040 and b2 <= .1763 and b7 > .1082 and 
        ndvi <= 0.107894) 
        m5_cloud_code = 100  /* class cloud  [0.986] */ 
 
    /* Rule 4/36: (262.7/10.2, lift 1.9) */ 
    if (m5_cloud_code == -1 and b5 <= .1516 and b7 > .1084 and 
        ndvi > 0.107894 and ndsi > -0.0853392 and ndsi <= 0.267478) 
        m5_cloud_code = 100  /* class cloud  [0.958] */ 
 
    /* Rule 4/37: (375.3/16.8, lift 1.9) */ 
    if (m5_cloud_code == -1 and b1 > .2392 and b3 <= .2260 and b5 > .1516 and 
        ndvi > 0.107894) 
        m5_cloud_code = 100  /* class cloud  [0.953] */ 
 



 - 29 - LSDS-2086 
Version 1.0 

    /* Rule 4/38: (7438.5/586.8, lift 1.8) */ 
    if (m5_cloud_code == -1 and b2 > .3959 and b5 > .0796 and 
        ndvi <= 0.0799109 and ndsi <= 0.85271) 
        m5_cloud_code = 100  /* class cloud  [0.921] */ 
 
    /* Rule 4/39: (863.1/107.7, lift 1.8) */ 
    if (m5_cloud_code == -1 and b1 > .2247 and b3 <= .2569 and 
        ndsi > -0.177533 and ndsi <= -0.115822) 
        m5_cloud_code = 100  /* class cloud  [0.874] */ 
 
    /* Rule 4/40: (198.3/30.9, lift 1.7) */ 
    if (m5_cloud_code == -1 and b1 > .1511 and b2 > .1317 and b2 <= .1387 and 
        b7 > .1461 and ndvi > 0.175138) 
        m5_cloud_code = 100  /* class cloud  [0.841] */ 
 
    /* Rule 4/41: (2902.8/463.9, lift 1.7) */ 
    if (m5_cloud_code == -1 and b1 > .2601 and b2 <= .2885 and b3 <= .2909 and 
        ndsi <= 0.143982) 
        m5_cloud_code = 100  /* class cloud  [0.840] */ 
 
    /* Rule 4/42: (1471.7/245.2, lift 1.7) */ 
    if (m5_cloud_code == -1 and b1 > .1802 and b2 <= .1584 and b5 > .0796 and 
        ndsi > -0.177533 and ndsi <= 0.267478) 
        m5_cloud_code = 100  /* class cloud  [0.833] */ 
 
    /* Rule 4/43: (369.8/61.3, lift 1.7) */ 
    if (m5_cloud_code == -1 and b1 > .2040 and b1 <= .2601 and b3 <= .2569 and 
        b5 <= .1493 and b7 > .1082 and ndsi <= 0.267478) 
        m5_cloud_code = 100  /* class cloud  [0.832] */ 
 
    /* Rule 4/44: (3386.7/901.7, lift 1.5) */ 
    if (m5_cloud_code == -1 and b1 > .1511 and b7 > .1461 and 
        ndvi > 0.175138 and ndsi > -0.22841) 
        m5_cloud_code = 100  /* class cloud  [0.734] */ 
 
    /* Rule 4/45: (44465.5/20067, lift 1.1) */ 
    if (m5_cloud_code == -1 and b5 > .0796 and ndsi <= 0.85271) 
        m5_cloud_code = 100  /* class cloud  [0.549] */ 
 
    if (m5_cloud_code == -1) 
        m5_cloud_code = 100  /* Default class: cloud_free */ 
 
    Set limited_cloud_code to the maximum cloud code (of each model m1, m2, m3, m4, 
m5_cloud_code) as the cloud value from this set of model runs 
 
    /* Use the cloud codes to determine the revised cloud codes */ 
    if (limited_cloud_code == 50) 
        Original fmask identified cloud, but upon further inspection it looks like 
           it's not cloudy 
    else 
        Original Level-1 QA identified cloud, and it appears to have been correct 
end for 
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