	Lesson 2 (revised 6/6/07)

Objectives:

· Learning to open multiple NEO images, add them to the ICE Box, use the probe, transect, graphing tools, and how to save an ICE session for offline use.
· Learning to recognize and interpret spatial patterns in complex (image) data.

· Learning to interpret random vs. non-random spatial relationships.  Formulate initial hypotheses and determine a potential route to address the hypotheses.
	

	Step-by-Step
Adding An Image to ICE Box

1. Select the Atmosphere – Aerosol Optical Thickness (MODIS) data set for September 2005 as was done during Lesson 1.


· Open NEO http://neo.sci.gsfc.nasa.gov.


· Click on the Atmosphere tab along the bottom of the image window.


· Click on Aerosol Optical Thickness. This will cause a list of the Aerosol Optical Thickness (1 month composite - Terra/MODIS) data sets to be displayed in the Search Results window.


·  Using the Next link at the bottom of the results list, find the Aerosol Optical Thickness(1 month - Terra/MODIS) data set for September 1, 2005 00:00 to October 1, 2005 00:00.

2. Click the + sign alongside the September 1, 2005 00:00 to October 1, 2005 00:00 dataset. (See Figure 1)


· What does ICE stand for? (Hint: select “?” to the right of Add to ICE Box)

· What web site can you go to get more information about ICE?

3. Click on “Add to ICE Box” (See Figure 1)
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Figure 1.



	4. Note that this image data set is now listed in the ICE Box section. (See Figure 2)
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Figure 2.

	5. Now select the “configure/launch ICE” item in the ICE Box window. This will bring up the window to allow one to configure ICE. (See Figure 3)


· What are the main categories that one can configure?
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Figure 3.

	6. One can use this window to select a subset of the area (Figure 4), select different analysis modes (Figure 5), adjust the file sizes (Figure 6) and download the selected data set for offline analysis (Figure 7).
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Figure 4.
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Figure 5
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Figure 6
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Figure 7

	7. For now we will use the default settings: entire scene with the basic exploration tools.  Select “Launch ICE”.  After a brief time while the Java applet loads, you will see something like the image in Figure 8.


· What is to the left of the image?

· What color represents optical depths of 0.5?

· What color represents optical depths of 0?

· What color represents optical depths of 0.9?

· What operations does it appear that one can do with the image?

· Where are the north and south poles in the image?
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Figure 8

	8. Select the “Probe” button and then move the cursor over the image to see what the optical depth values are for the pixel along with the location of that pixel. (See Figure 9) Note that “no data” pixels are represented by “---“. No data can occur because of continuous coverage by clouds of that area or the inability of the algorithm to compute a data value with the information available.  One can select the “Probe” button again to turn the data value display off.


· What is the optical thickness of the pixel being “probed” in Figure 9?

· What is the Latitude and Longitude of that pixel?

· Where are pixels in the scene that have “no data”? Any thoughts on why there are no optical depth data for them? 

9. One can also zoom and pan. Select the Zoom & Roam radio button and then click in the image to zoom in. If one clicks on the area of high optical thickness in South America, one will obtain an image similar to that in Figure 10.  One can then mouse down and drag within the image to roam around. One can continue to click within the image to zoom in more. One can right click (or command-click on the Mac) to zoom out. One can also “probe” the pixels in the zoomed-in image.


· What is the optical thickness of the dark areas in South America?

10. Another tool is the “Plot transect” tool to graph the data for a select line. Note the line in the graph in Figure 11 that cuts across South America and Africa and the change in the optical depth values across this line.  One can see that the optical depth values are very high across areas in South America that are experiencing many fires during this time.
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Figure 9
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Figure 10
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Figure 11

	11. The  “Distance” radio button allows one to measure distance on the image for the length of the line drawn by mousing down and dragging across the image. See Figure 12.  Note that this measurement is currently in units of degrees; these are the spatial units that the image is in.  There are plans by the NEO team to modify to also display the measurement in units of meters or kilometers in the future.


· What is the approximate width of the area in South America with high values of optical thickness?

· What countries in South America does this area include?
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Figure 12

	12. The “Select Region” or the “Outline Region” radio buttons allow one to determine the average optical depth value for a selected area. See Figure 13. 


· What is the average optical depth for the selected area in South America in Figure 13?

· What is the average optical depth for a selected area in the blue portions of South America?

· What is the average optical thickness for a selected area in the dark area in South America?
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Figure 13

	13. The “Outline region” radio button allows one to select a non-rectangular area in the image.  See Figure 14.  Do this by mousing down and holding down as you move the cursor around the desired area.
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Figure 14


	Comparing Two Data Sets using ICE Box
Now that you are familiar with several of the tools in ICE to analyze an image, lets see what one can do to compare a couple of data sets.

14. Go back to the NEO home page by selecting Home in the top part of the page below NEO. See Figure 15.
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Figure 15

	15. Now let’s add another data set to the ICE box. This time click on Atmosphere, then on Carbon Monoxide (MOPITT).  Find the dataset for September 1, 2005 00:00 to September 30, 2005 23:59. Explore the data some (Click on “About this dataset”.  


· What is Carbon Monoxide?

· Does it cause global warming?

· What does it lead to around large urban areas?

· What does MOPITT stand for?

· What areas of the world seem to have high levels of carbon monoxide in the September 2005 image?

Add the September 1, 2005 00:00 to September 30, 2005 23:59 dataset to the ICE Box.  You should now have two data sets in the ICE box as illustrated in Figure 16.
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Figure 16

	16. Sometime during the transfer back to the home page you may find that there are no files in the ICE box. If this is the case then you will need to add the data sets for both Aerosol Optical Thickness (MODIS) and Carbon Monoxide (MOPITT) for September 2005.
Now click on configure/launch ICE to set options to compare the two data sets. You will now see a window as shown in Figure 17.

· What do the images along the left side represent?

· For review what are the main categories that one can configure?
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Figure 17

	17. Select the File Sizes tab to request that the image be re-sampled so that the pixels in each image represent the same area on the ground.  For this case use 0.25 degrees; see Figure 18. 

· What is the size (horizontal by vertical) of the image in pixels when each pixel represents 0.25 degrees?

· What is the size of the image when each pixel represents 0.5 degrees?
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Figure 18

	18. Then select Launch ICE to bring up the window to allow you to compare the two data sets. You now have a window that looks that in Figure 19.

There are thumbnails of the two data sets above the main image window.  

· What happens when you select either of the thumbnails?

Note the legend on the left.

· What color represents the higher carbon monoxide values?


One can “Probe” the images for data values.  In this case the data values for both images will be shown as you move the cursor around the image.  One can zoom and roam around the image to display more detail for a specific location.  For example you may want to zoom in on South America to view the affects of the fires in more detail.
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Figure 19

	19. You can plot a transect to see the variation in both data sets along the selected line. See Figure 20.

· Which data set has a fairly flat response along the right side of the  transect plot?

· Which data set has a decreasing response along the right side of the graph?
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Figure 20

	20. Select an area within the image and then select the Histogram button to show a graph of the distribution of the data values within the selected area for both images.  See Figure 21.

· Why are there two scales along the bottom of the histogram plot?

· Around how many pixels in the selected area have carbon monoxide values of 160?

· Around how many pixels have no aerosol optical depth values?
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Figure 21

	21. One can also see how the data values for the two data sets vary relative to each other by selecting the Scatter button. Note that the points in Figure 22 are roughly along a sloping line which is an indication that the data values within the selected area of the two images are highly correlated.  In other words if Optical Depth is higher in the one area, Carbon Monoxide is higher also. You may be able to make an estimate of what the carbon monoxide value is by knowing what the optical depth value is.

· If a pixel in the selected region has an aerosol optical depth value of 0.4, around what would the carbon monoxide value be?
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Figure 22

	22. If one selects are area off the west coast of Africa which has higher optical depth values one finds that the correlation is not as high.  There is a wide range in optical depth values but very little change in the carbon monoxide data values.

· If the carbon monoxide value in the selected region is around 75, what range of values could the aerosol optical depth value be?
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Figure 23

	23. One can do further analysis using the scatter plot by selecting an area within the scatter plot to find where those data value pairs occur within the 2 data sets. See an example in Figure 24.

· Where are the pixels in the image that have aerosol optical depth values around 0.1 and carbon monoxide value around 170?

Summary

The tools described in lesson 2 allow one to investigate and compare one to three data sets from the same sensor across different dates or different sensor data.  The tools allow one to determine if data from different sensors are related to each other.

In the next lesson, you will learn how to create an animation to illustrate changes.
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Figure 24


