
Satellite coverage, repeat period, and illumination as a function of latitude:

For Landsat:
(http://landsathandbook.gsfc.nasa.gov/images/
orbit_coverage/landsat_orbit.gif)

orbital period 98.8 minutes - orbit altitude 705 km

1. a) Using a nominal radius for the earth of 6371 km, 
what is the speed of the satellite along the orbit track?

  b.) How many orbits per day does the satellite make?

  c.) Landsat is sun synchronous - the local solar time for scenes at the equator is always 9:45 
AM - if the scene is projected with north up, and is at 60 degrees north (about where we are) 
from which direction (upper left, lower right, etc. (or approximate bearing clockwise from 
north)) is the solar illumination coming from in the scene?  

Will this direction vary over the year?      

What will cause the largest change in solar illumination through the year?  How will this be 
affected by the latitude of the scene (will the effect be larger in Alaska or Brazil)?
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2) Comparing Landsat and MODIS coverage of the Earth:
Landsat and MODIS (both Modi - on Terra and Aqua) are all in the same orbit, which you 
worked with in problem one.  A Landsat swath is 185 km wide - Landsat scenes are ~ square. 
MODIS swaths are 2330 km wide, and 5 minutes of data long.

a) Approximately how many kilometers long is a 5 minute data take for MODIS?  Are MODIS 
images ~ square?

b)  Background first: If someone gives you a map that only has units of latitude and longitude, 
which are angular measures, it is useful to have a quick way to convert this to distance.  It would 
be helpful if either latitude or longitude had a direct conversion to distance on the Earth’s surface 
- and one of them does.  Which one?

Helpfully, one of the early definitions of a kilometer was 1/10,000 of the distance from the pole 
to the Equator.  Show that a spherical Earth with a radius of 6371 km fits with this (find it’s 
circumference)?

Given this, what is the length on the ground represented by 1 degree of latitude? (this is a useful 
number to remember…)

Now, back to remote sensing.  Landsat (and MODIS as well) has how many orbits in a 16-day 
repeat cycle?

If the width of the image track is 185 km, how much do images from adjacent orbits in that cycle 
overlap at the Equator?  How much do they overlap at 60 degrees N or S?

Here are 1-day and 16-day coverage examples for Landsat over North America:

�     �
(from Lillesand and Kieffer 1999)  



One day of MODIS coverage:

(http:/eoimages.gsfc.nasa.gov/images/imagerecords/0/687/world_2000_110_rgb143_lrg.jpg)

MODIS nearly images the Earth at the Equator in one day - if it’s swath is 2330 km wide, how 
wide are the gaps along the Equator?

Now for the important bit:  The orbit we are working with has an inclination of 98.2 degrees (see 
the first figure).  This means that the highest latitude at the nadir point (point directly below the 
satellite along the orbit) is 81.8 degrees N or S.  Ignoring the curvature of the Earth, what is the 
furthest point N or S imaged within a Landsat swath?  In a MODIS swath?  

What is the angle of incidence (angle from local vertical) at the swath edge for Landsat?  for 
MODIS?  (orbit altitude 705 km…)  

Finally, at 60 degrees N or S, what is the difference in local solar time from the eastern to 
western edge of a Landsat image?  By how many degrees of compass bearing does the sun 
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direction change across a swath?  same two questions for a MODIS image?  (if it helps, a ‘time 
zone” is 360 degrees of longitude/24 hours wide (so 15 degrees of longitude for an hour)).

The MOA (MODIS Mosaic of 
Antarctica) (greyscale image) is a 
composite of many images with 90 
degrees of solar illumination variation 
across the upper right quadrant - while 
the LIMA (Landsat 7 Image Mosaic of 
Antartica) has illumination from which 
direction in the image below?    Why 
was a range of illumination directions 
used?

What are the blue areas in the LIMA 
mosiac?  

These areas are a favorite place for 
collecting what?  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Spectral evolution of snow reflectivity:
Snow optical properties - from https://atmos.washington.edu/~sgw/PAPERS/1982_RGSP.pdf

What causes the changing spectral character in the following two graphs of reflectance (melt or 
grain size)? (write it on the plot)

In both plots, as snow ages/metamorphoses, what happens to red reflectance relative to blue or 
green? 

What Landsat 8 bands would you ratio to see this effect?  Sentinel 2 bands? 
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