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• Create a snow map 

 Part III: 
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Mapping snow cover using MODIS  
Part I: The MODIS Instrument 

Objective  

 Learn about the MODIS instrument and MODIS data 

 Download MODIS data 

MODIS 

MODIS (Moderate Resolution Imaging Spectroradiometer) is a land, ocean, and lower atmosphere 
observing instrument.   It is aboard the Terra (EOS AM) and Aqua (EOS PM) satellites that are part of 
NASA’s Earth Observing System (EOS) established for long term observations of the Earth’s biosphere. 
The data it provides is improving our understanding of global processes and helps us accurately predict 
global change. The key land surface objectives of MODIS are to study global vegetation and land cover, 
global land surface change, vegetation properties, surface albedo, surface temperature, and snow and 
ice cover on a daily or near daily basis. 

MODIS views the entire Earth every 1 to 2 days. It has 36 spectral bands ranging in wavelength from 0.4 
µm to 14.4 µm, this includes visible light, near infrared, short, mid, and long wave infrared. The spatial 
resolution in bands 1-2 is 250 m, 500 m in bands 3-7, and 1,000 m in bands 8- 36. MODIS has a high 
radiometric sensitivity of 12 bits. MODIS uses a double sided cross track scan mirror. It has a ±55 degree 
scanning pattern, and a swath width of 2,330 km. The Terra and Aqua satellites orbit at an altitude of 
705 km above the Earth. They have near polar sun synchronous circular orbits. The Terra satellite has a 
descending node, satellite crosses the equator going south, at 10:30 am and the Aqua satellite has an 
ascending node, satellite crosses the equator going north, at 1:30 pm.   

Data Levels 

Data products from MODIS and other instruments are processed at different levels. Data levels range 
from Level 0 to Level 4. The higher the data level the more processing and formatting the data has been 
through. Level 0 data is raw data at the instrument’s full resolution, it has been reconstructed. Level 1A 
data is also reconstructed unprocessed data at full resolution, it does however have ancillary 
information associated with it such as calibrations and georeferencing parameters but this information 
is not applied. Level 1B data is Level 1A data that has been processed to sensor units and is 
geometrically and radiometrically corrected. Level 1B data is most often used by researchers to conduct 
their own calculations. Level 2 data is processed data where geophysical variables have been derived 
averaged or grouped in some way, it is at the same resolution as Level 1 data. Level 3 data is at a high 
level of processing, variables are mapped on uniform space- time grid scales usually with some 
completeness and consistency. Level 4 data is usually the results of a model or analysis that used lower 
level data and may have multiple measurements.  

For this assignment level 2 data will be used.  

MODIS Products 

There are many MODIS products available. Data is available for the land, atmosphere and ocean. To 
explore some of the products available and find out what their short names are (which is necessary for 
downloading) visit http://modis.gsfc.nasa.gov/data/dataprod/index.php.  

http://modis.gsfc.nasa.gov/data/dataprod/index.php


 

1. Download MODIS reflectance data 

In this lab snow cover will be examined using level 2 data of the MODIS instrument. At this time we will 
also download a final snow cover product map from MODIS that will be used later to compare results at 
the end of the exercises. MODIS data will be downloaded, imported into ERDAS Imagine and a true color 
image produced. MODIS data can be downloaded from the Reverb website: 

http://reverb.echo.nasa.gov/reverb/#utf8=%E2%9C%93&spatial_map=satellite&spatial_type=rectangle  

For this exercise we will focus on snow cover in the Sierra Mountains. To download data on the Reverb 
website use the spatial search box. Try locating Yosemite National Park (it may be easier to do this by 
changing the map style from satellite to map). Select an area by using the Bounding box option (top left) 
and drag the mouse over an area of interest. The bounding box works the best by clicking in the top left 
corner and dragging to the bottom right corner of the area of interest.  In the Search Terms box type in 
MOD09GA, level 2 data for snow cover. In the temporal search select a start and end data for the data. 
Be sure to search for a past winter month when snow would be present (It may be better to select a 
time frame of a week or more to ensure that an image will be returned from the search query).    

Results should populate under “Step 2: Select Datasets”.  

 

http://reverb.echo.nasa.gov/reverb/#utf8=%E2%9C%93&spatial_map=satellite&spatial_type=rectangle


Check the MOD09GA (MODIS/Terra Surface Reflectance Daily L2G Global 1km and 500m SIN Grid V005) 

data under "Step 3: discover Granules" and Search for Granules. 

On the new page, “Step 1: Select Granules” lists the granules for the data. Select the Map View tab. You 
will see a satellite image with snow cover and your bounding box displayed. Below that is a list of 
granules.  In the header just above the list of granules titled "MODIS/ Terra Surface Reflectance ..." there 
are 3 buttons to the right.  

 

Click on the magnifier for more search options. Images taken in the day only are needed because data in 
the visible bands are used to calculate snow cover. Change the search options to flag data captured in 
the Day Only and press OK. 

 



Next to each granule file there are 3 buttons. The first button, a shopping cart, will add the image to the 
cart to be downloaded. The second button, “i” logo, provides more information about the image. The 
third button, the magnifier and globe, will show the coverage area of the layer on the satellite image 
above. More than one coverage area can be displayed on the map at a time, the data will display in 
different colors.  

 

MODIS filenames (i.e., the local granule ID) follow a naming convention which gives useful information 
regarding the specific product. For example, the file name 
MOD09GA.A2011004.h08v05.005.2011006191321.hdf indicates:  

 MOD09GA- Product Short Name 

 .A2011004- Julian Date of Acquisition (A- YYYYDDD) 

 .h08v05 - Title Identifier (horizontal XX vertical YY) 

 .005 – Collection Version 

 .2011006191321 – Julian Date of Production (YYYYDDDHHMMSS) 

 .hdf – Data Format (HDF- EOS) 

There may be many files for your results depending on how many days you selected above in the 
temporal search. Preview the images to be sure that there is not an excessive amount of cloud coverage 
by clicking on the "i" button Granules Details.  



 

Select at least 1 image that provides coverage for your bounding box, has some amount of cloud 
coverage, and add it to your shopping cart. (You may want to select more than 1 image to download 
because there have been some problems with the data. If your image is white when you open it you will 
have to choose a new date and download other data.) 

When you are ready to check out, under “Step: 2” click view items in cart or click the shopping cart on 
the toolbar. The shopping cart page provides information on whether or not the image is orderable 
and/or downloadable. Download your image.  

 

In the download instructions box select the Text file download option and save. A text file will be 
downloaded that contains a URL of the image file. (The text file may also contain other links – like the 
.jpg image and metadata in an .hdf.xml file.) Open the text file with Wordpad or your favorite word 



processor and copy/paste the URL ending in .hdf into a web browser to download the original file. (This 
works with Firefox and Chrome but may give an error in Internet Explorer.) 

 

Once your file has downloaded save it your folder.  

2.  Download a MODIS snow product map 

Next you will download the snow product map that will be used for comparison with your final results at 
the end of the exercises. 

On the Reverb website use the bounding box again to select the same spatial area and select the same 

temporal period as before. Use the Search Options column on the left. Under Platform and Instruments 

choose platform: Terra and Instrument: MODIS. Close the dialog box. 

 

For Science Keyword expand Cryosphere (water in its solid state) -> expand Snow/ Ice -> choose Snow 

Cover.  



 

 

From the results that populate select MOD10A1 data to download (look at the short name to find it 

under Step 2: Select Datasets) then click on Search for Granules.  You can also type MOD10A1 in the 

search box. 

Click on the map view page to make sure that your study area is within the coverage of the layer you will 
download. Then add the layer to the cart-> download the text file -> open in Wordpad-> copy the URL 



ending in .hdf into the web browser -> download and save your image just like before. (Again, this works 
best with Firefox and Chrome.) 

3.  Import data  

You will notice that MODIS level 2 data comes as a Hierarchical Data Format .hdf file. This format is 
designed for sharing scientific data, is platform independent and contains descriptors. We will convert it 
into Imagine's original file format, .img, for processing. We can extract certain bands of the MOD09GA 
.hdf file and stack them together in the Imagine file.  

If you are using ERDAS 2010 find the Manage Data tab and select Import (in the classical interface click 
Import). Set the format to MODIS EOS HDF Format, set the input file to what was downloaded, pick a 
location to save the output file and make sure that the output file type is .img. 

 

A pop up box "Select MODIS GRID to import" will appear it is asking if you want to extract bands with a 1 
km or 500m resolution select the 500m "2)MODIS_GRID_500m_2D". 

  



 

Select "Import all fields as one output image". 

 

There are 12 layers in the file. The layer number may be different from the band number (be sure to 
look out for this in future band manipulations). 

500m Band Number Wavelength (nm) Color 

Sur_refl_b01 0.620- 0.670  Red 

Sur_refl_b02 0.841- 0.876  NIR 

Sur_refl_b03 0.459- 0.479  Blue 

Sur_refl_b04 0.545- 0.565  Green 

Sur_refl_b05 1.230- 1.250  NIR  

Sur_refl_b06 1.628- 1.652  MIR 

Sur_refl_b07 2.105- 2.155  MIR 

 

4.  Display data as a true color image 

To produce a true color image in ERDAS 2010 open the stacked layer just created click on the 
Multispectral tab-> and locate the bands box (for the Classical Interface Raster-> Band combinations) 
Use the table above to change the color guns to the correct bands.  



Save your work. 

Figure 1. MODIS True color image of Sierra Nevada Mountains for January 4, 2011. 
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