Importing and Working with Raw Sea Ice Data Fields
The NSIDC Sea Ice Index is a collection of summary data and browse imagery of monthly sea ice conditions.  It is derived from raw data fields produced for one of NSIDC’s products:  “Sea Ice Concentrations from Nimbus-7 SMMR and DMSP SSM/I Passive Microwave Data”, http://nsidc.org/data/nsidc-0051.html.  Detailed information on the data and how it is derived is available at the website.  Basically, sea ice concentrations (0-100%) indicate how much of the ocean in a given location is covered by sea ice.  It is derived using an algorithm that converts data collected by satellites into concentration values.  There are many uncertainties, errors, and known limitations of the data, but for simple analysis purposes, the data can be assumed to be representative of sea ice conditions at a given time.

The information provided here will allow the raw concentration fields be imported into the ImageJ software package and used as a demonstration and for exposure to using real scientific data.  Other imager processing software or GIS software could be used to import, view, and manipulate the data if desired.

Data location:  The data can be access from the main product web page above using the “Access Data”.  You will be asked to fill out a User Registration Form, though this can be bypassed with a link in the upper right.  There are three directories, each for different time periods.  Most of the data, the oldest data, are in “final-gsfc”, more recent data from the end of the “final-gsfc” through ~3-6 months ago are in “preliminary”, and the most recent data (the last 3-6 months) are in “near-real-time”. 

Within each directory, are subfolder by hemisphere and then by “daily” and “monthly”.  It will generally be easiest to work with monthly data. The time of each field is in the filename with the 4-digit year immediately followed by the 2-digit month (and then immediately followed by the 2-digit day of month for the daily data).

Data format:  The data is in binary format as one-byte integer.  There is a 300-byte header followed by the array of data:

· 304 columns x 448 rows for Northern Hemisphere

· 316 columns x 332 rows for Southern Hemisphere

Data values:  The data range is 0-255.  The values are as follows:

· 0-250 – sea ice concentration scaled by 2.5 (divide by 2.5 to get 0-100%)

· 251 – in the Northern Hemisphere, the pole ‘hole’, the region near the North Pole where the satellite does not collect data

· 252 – not used

· 253 – denotes a pixel that is on the coast (land that is bordering the ocean)

· 254 – land

· 255 – missing, any location where data was not collected by the satellite (other than the pole hole)

Reading one data field in ImageJ

1.  Open ImageJ.

2.  File ( Import ( Raw
3.  Select:

· Image Type = 8-bit

· Width = 304 pixels for North (316 pixels for South)

· Height = 44 pixels for North (332 pixels for South)

· Offset to First Image = 300 bytes

· All others leave as default

4.  Check “Open All Files in Folder” to read in a sequence of fields

· All fields to be read in must be in the same directory

· Filenames for the fields should be such that they are imported into ImageJ in the appropriate order (ImageJ reads in by alphanumeric order, so to import sequentially by time, the filenames should have YYYYMMDD order for the date.
5.  Click “OK”
Apply color scale (LUT) to fields
1.  The fields will be read in as grayscale images, but it can be useful to add a colorscale.

2.  To do so:  File ( Import ( LUT

3.  Select LUT file

4.  See below to create an LUT

Creating an LUT

1.  In ImageJ an LUT is a 3x256 array of values between 0-255, stored as an ascii text file of three columns

2.  The columns correspond to:

· Column 1 = Red (R)

· Column 2 = Green (G)

· Column 3 = Blue (B)

· 0 = no intensity, 255 = maximum intensity for the given color, e.g.:

· RGB = 0,0,0 for white

· RGB = 255,255,255 for black

· RGB = 255,0,0 for red

3.  In Excel, one can create an LUT by inputting numbers between 0 and 255 in three columns over 256 rows, then saving as a tab-delimited text file (comma delimited may also work).
4.  An example LUT was created for the sea ice concentrations, see seaice_lut.txt.  This yields a color scale of blue (0% ice) to white (100% ice), with land green, coast black, and missing (e.g., pole hole) gray.

Animating fields
1.  A stack of images can be animated using “Image ( Stacks ( Animate ( Start Animation”.  “Stop Animation” stops the animation

2.  “Animation Options” controls the speed (in frames per second) and looping options.

3.  Animation can be more easily started/stopped by simply pressing the ‘=’ key.
Converting field to ice extent
1.  As discussed above, it is more appropriate to investigate extent, the region covered by at least 15% ice, instead of concentration.  So, we need to convert to extent.  This can be done by thresholding the image

2.  To look only at 15-100% ice, we need to threshold the image to values between 38 (corresponding to 15% ice) and 250 (corresponding to 100%)

3.  Go to “Image ( Adjust ( Threshold”

4.  Set the upper slide bar value to ‘38’ and the lower slide bar to ‘251’ (be sure to use ‘251’ instead of ‘250’ so that the pole hole region is also included because we can assume that it is ice-covered.
5.  Do not click anything else in the Threshold window; close the Threshold window.

Estimating ice extent
1.  You can estimate total ice extent.

2.  Open a monthly data file

3.  Apply color scale and threshold

4.  Go to “Analyze ( Set Measurements”

5.  Check boxes next to “Area” and “Limit Threshold”; uncheck any other checked boxes.

6.  Go to “Analyze ( Measure”

7.  Multiply the value in the “Results” window, which is the total number of ice pixels or grid cells, by the nominal area of a pixel, which is 625 km2.  This will yield the total ice extent in km2.

8.  Compare the value calculated here with the value given in the Sea Ice Index text summary files for the chosen month.  The values should be reasonably close.  However, they will not be exact because the pixel area varies over the field and is not necessarily 625 km2.
Using raw data fields for analysis

An advantage of using the raw data over the provided text summary fields is that subregions can be analyzed (the summary fields provide information only on the whole hemisphere.  An example of such an advantage is provided in the following case study in Hudson Bay.  Other case studies could be developed for different regions (e.g., Bering Sea for fishing, Baffin Bay for Inuit communities, Weddell Sea for Emperor Penguins).
Case Study:  Churchill Polar Bears
Churchill, Manitoba, on the western shore of Hudson Bay is home to a large population of polar bears.  Polar bears need sea ice to survive – they traverse the sea ice to hunt for seals, and other prey, that live largely on the ice.  Polar bears are good swimmers, but can need to have ice nearby or else they will drown.  Churchill is a region that is ice-covered in winter, but is ice-free through much of the summer.  The polar bears must wait on land through the summer for ice to return before than head out to hunt.  The task here is to investigate how polar bears fare in different ice conditions.

A.  When does ice come into Churchill – e.g., when can bears head out to start hunting?
1.  Open up the sequence of images for 1995_NovDec_Daily

2.  Animate the sequence to see how the ice varies day-to-day

3.  Stop the animation and use the slide bar at the bottom to scroll through the images

4.  Look for the first day in which ice comes into Churchill

5.  It is probably useful to threshold to 15% to get ice extent to best see when the ice comes in.  Also, do not count just a pixel or two right along the coast, which may be erroneous – wait for a substantial band of ice to form.
6.  Note the date. (roughly Nov.  11)
7.  Open up the 2006_NovDec_Daily image sequence

8.  Find the date the ice comes in and note it.  (roughly Nov. 24)
Which year does the ice come in earlier?

In which year will bears be hungrier?

How do conditions in Hudson Bay compare with the rest of the Arctic?
This exercise can also be done for when the ice melts out from Churchill – the first day when the bears become stranded on land.  This occurs in June or July.

B.  How is Hudson Bay ice changing and what could be the impacts on Churchill polar bears?
1.  Open up the sequence of fields from N_July – the July monthly means
2.  Threshold the image to values from 38 to 251

3.  Go to “Analyze ( Set Measurements” and check on “Area” and “Limit to Threshold” boxes.

4.  Start with the first field in the sequence (1979)

4.  Using the drawing draw a perimeter around Hudson Bay.  The best tool is the polygon tool (third from left) on the drawing toolbox row, but the rectangle or ellipse or other shape could be use.

5.  Draw around Hudson Bay, capturing the entire bay, but as little as possible from outside the bay.

6.  Go to “Analyze ( Measure” to get the number of ice pixels in the bay.  Do not clear the Results window.

7.  Advance to the next year’s field and measure again.  A shortcut to do the measurement is to use the “Ctrl+M” keys.

8.  Advance through each year and measure the area.

9.  After all years have been measured, in the Results window, go to “File ( Save As…” as save the data as a text file with the desired name in the desired location.

10.  Repeat the above steps for the fields from N_November – the November monthly means.

The text data values can be read into Excel or other spreadsheet software for analysis.  For  Excel:

1.  Open Excel and go to “Data ( Import External Data…”
2.  Select text file to import (July or November – repeat to import the other month)

3.  Select “Delimited” and check “Tab”

4.  Select cell to import data

5.  You need to convert the area from # pixels to km2 – add a column with the formula ‘= #_pixels*625’.

6.  It will also be useful to add a column for ‘Year’.  Row 1 corresponds to 1979 (for July) or 1978 (for November) and the years should follow in sequence (assuming things were measured correctly in ImageJ). 

7.  You can read in the other month in adjoining columns, but be sure years match up as the start year may not be the same).

8.  Once the data has been imported and converted to km2, it can be analyzed or plotted.

9.  Avg., St. Dev., Slope, %/decade, and Trend lines can be created.  These are described in “Using NSIDC Sea Ice Index”.
10.  For the Trends, they can be extrapolated into the future to estimate when the Hudson Bay may be ice-free during the given month.

In which month is sea ice decreasing faster?  
What is the rate of decline (in %/decade) for July and November?
When will Hudson Bay become ice-free in July?

When will Hudson Bay become ice-free in November?
What are the implications of the reduced ice cover for polar bears?
