Using Data from the NSIDC Sea Ice Index

The NSIDC Sea Ice Index measures how much of the world’s oceans are covered with ice.  It is derived from satellite data that can detect differences in the characteristics (microwave emission) of ice and ocean

Extent = total amount covered by at least 15% ice (where you would find the ocean covered by at least 15% ice – not necessarily completely ice-covered)

Area = total amount covered by ice (takes into account unfrozen ocean within the ice cover)

The extent and area values are in square kilometers scaled by 106 (one million).  In other words, the data values represent units of “millions of square kilometers”

Extent is more appropriate for use in tracking changes in the ice cover, because (1) it is less susceptible to error, and (2) there is a region near the pole not covered by the satellites, which can be assumed to be at least 15% ice-covered, but for which we cannot estimate the area.
The main page for the Sea Ice Index:  http://nsidc.org/data/seaice_index/
Getting the Extent and Area Values
The Sea Ice Index contains text files of total extent and area for each month for each hemisphere.  These are updated monthly.  The files can be accessed from the main web page by clicking on the “Compare, Animate, or Download Data” tab and then the “FTP Access to Archived Data and Image Files” link near the bottom of the page.  The text files can also be accessed directly via ftp at:  ftp://sidads.colorado.edu/DATASETS/NOAA/G02135.

The relevant files are in the format “N_MM_area.txt” for Arctic and “S_MM_area.txt”, where MM refers to the 2-digit month number (‘01’ – ‘12’).

Importing the Extent and Area Values

The text data can be manipulated by a variety of means – computer programs or, more easily, spreadsheet programs such as Excel.  The directions here are for Excel.

1.  Open up a blank workbook in Excel

2.  Go to the tabs “Data” ( “Import External Data” ( “Import Data”

3.  Select the January file to import for either North or South

4.  Use the “Fixed width” option (default) or “Delimited” with “Space” delimiter

5.  Use “General” for Column data format (default)

6.  Select desired location (cell #) for importing

7.  Delete the explanatory note below the data (select rows and delete)

8.  Repeat for the following months for the given hemisphere, placing each new month below the last line of the month before (you may need to leave a blank row between each month’s imported data.
9.  Follow steps 1-8 for the other hemisphere in a separate set of columns or in a separate worksheet.

Using the Extent and Area Values

At this point, you have a worksheet with six columns of values, which in order are:  year, month (‘mo’), data_type, region (‘N’ or ‘S’), extent value, area value.  The rows are in order of years for each month.  It is accurate and useful to focus on extent, so doing the following for only ‘extent’ is recommended.  The ‘area’ fields have an inconsistency due to satellite coverage and trends/anomalies will therefore yield erroneous results.
Excel commands for each are provided.  Capital letters indicates an Excel function.  The values are based on the column header (e.g., ‘extent’, ‘year’) with row denoted by ‘m’ for first year in timeseries (i.e., 1978 or 1979), ‘n’ for last year in the timeseries (e.g., 2006 or 2007), and ‘i’ or ‘j’ for a given year within the timeseries (>= m and <= n)

Compute monthly extent means and standard deviations

1.  Insert rows below each month’s set of data

2.  Compute average (‘=AVERAGE (extent_m:extent_n)’ in Excel) – this provides the long-term mean for each month

3.  Compute std. deviation (‘=STDEV(extent_m:extent_n)’ in Excel) – this provides the year-to-year variability

Which month has the most ice?  Why?

Which month has the least ice?  Why?

Which month’s ice cover is most variable from year-to-year?

Which month’s ice cover is most variable from year-to-year?

What are the differences in the answers for the Arctic vs. the Antarctic?

Compute extent slope for each month
1.  Insert another two rows below each month

2.  Calculate the slope of the trend line (‘=SLOPE(extent_m:extent_n, year_m:year_n)’ in Excel)

3.  This tells whether ice is decreasing or increasing (>0 means increasing ice; <0 means decreasing ice)

4.  Commonly, ‘% per decade’ is used to more easily understand the change.  To calculate this add another row and calculate ‘=slope/mean*10*100’ in Excel.  ‘*10’ to convert to ‘per decade’, ‘*100’ to convert to ‘%’

Which months show increasing ice?

Which months show decreasing ice?

Which month has the biggest increase/decrease?

Is ice increasing more in the Arctic or in the Antarctic?

Compute anomaly for each month
1.  Add a column titled “Anomaly”

2.  Calculate the anomaly for each year (row) within a given month by (‘=year_extent – avg_extent’ in Excel)

3.  This provides how different from the average each individual month is.  ‘>0’ means that the month has more ice than normal, ‘<0’ means that the month has less ice than normal
Compute trend for each month
1.  Add another column titled ‘Extent Trend’

2.  Calculate trend values (yearly values if they followed a straight line with the slope calculated above) with (‘=TREND (extent_m:extent_n,year_m:year_n, year_i)’ in Excel)

3.  The values should be consistently increasing or decreasing at the rate of the slope if things are done correctly

4.  Another check for the Trend is that the average, slope, and %/decade should be the same as for the original extent column
Plotting extent timeseries for each month
1.  It is much easier to look at the data with a plot.  Select a month to use.  September in the Arctic is a nice plot to look at.

2.  Select the ‘extent’ column for all the rows in the desired month

3.  In Excel, go to “Insert ( Chart ( Line”

4.  In the Chart Wizard, “Series” tab, fill in the “Name” field for the extent.  Also in the “Category (X) axis labels” select the rows in the ‘year’ column for the same month

5.  Label the X axis with “Year” and the Y axis with “Extent (millions of sq. km.)”, and give an appropriate title, e.g., “September Arctic Sea Ice Extent”

6.  Select a name for the Chart and insert it as a separate worksheet

Can you see a trend in the data?

7.  Left-click in the plot area and go to “Source Data”.  In “Series”, click on “Add”.  Then select the Trend values for the given month.  Label the series “Trend”.  This will show you the trend line.

8.  Left-click again in the plot area and go to “Source Data”.  In “Series”, click on “Add”.  Then select the Anomaly values fro the given month.  Label the series “Anomaly”.  This will show you the difference from the mean.

Is the trend more evident in the anomaly data?  Try changing the Y-axis range to focus on the anomaly values – now the trend should be even more evident.

9.  Repeat the steps for a different month if you desire.  A useful contrast would be to do one in September and one in March.

How do the plots for the different months differ – how are they similar?

Computing overall timeseries
It is useful to also organize the data in complete chronological order to show the variability through the year and from year-to-year.
1.  Copy all the data in the ‘year’ column through the ‘Anomaly’ column
2.  Open another worksheet and “Edit ( Paste Special” and check the “Values” box

3.  Delete the “Average”, “St Dev”, “Slope”, and “%/decade” rows and any other blank rows between the monthly values.  Also delete the header rows for all except the first month (January).  You should then have one header row followed by consecutive rows of data without any empty rows or rows with values other than the monthly data. 

4.  Now we want to put the data in chronological order by sorting. Select all rows and columns of the data (can be done by selecting each column heading, e.g. “A”, “B”, etc. for columns with data).  Sort by year first and then month.  Go to “Data” ( “Sort” and then Sort by “year” in the top category, then by “mo”, both in “Ascending” order.  (Be sure “Header row” option is clicked in “My list has” field – or sort by Column 1, then by Column 2.  The data should be ordered from the first month (November 1978) through the last month of the data
Calculating the “Decimal Year”
1.  Because everything is ordered chronologically, we need a unique value for the date.  This is done by computing the “decimal year”

2.  Insert a column to the right of the month column

3.  Set the formula in that column to ‘=year_i+(mo_j-0.5)/12’ in Excel.  This sets the data point to the middle of each month.  Do this for each year and month row.

4.  Use the “decimal_year” column for the rest of the calculations instead of the “year” or “month” column
Computing overall average and slope and trend
1.  Now you can compute the average, slope, %/decade slope, and the trend (trend in a new column) using the same method as for the monthly data, but now selecting the range to be from the very first month of data (November 1978) to the last month within the “decimal_year” column.
Plotting the overall timeseries
1.  Select the “extent” columns and then “Insert” ( “Chart” ( “Line” chart

2.  Select range of extent values for the y-axis, select the “decimal year” column for the x-axis (first data value to last data value for each).

3.  As before, select the X-axis, Y-axis, and chart title labels.

4.  Format the X-axis scale so that there is a label and tick mark every 12 months.  It’s also useful to set the Number format for the years to 0 decimal places.

What does the plot look like?

Which is larger the year-to-year variability or the seasonal (within one year) variability?  Why?

Does the Arctic or the Antarctic have a larger seasonal cycle (difference between maximum extent and minimum extent within a year)?

Can you see a trend?

5.  Now you can overlay the trend line, as before, by left-clicking in the plot area, clicking on “Source Data” and “Add” the Trend column.

6.  Now you can add the anomaly, as before, by left-clicking in the plot area, clicking on the “Source Data” and “Add” the Anomaly column.
Does the anomaly help you see the trend?  Try adjusting the Y-axis to focus in on the anomaly range.  Now is the trend easier to see?

Other Applications
1.  Significance testing can be done using Excel functions (e.g., ‘f-test’) to determine the confidence level of trends

2.  Correlations with air temperatures can be conducted, using reanalysis fields (e.g, from NOAA Earth System Research Laboratory:  http://www.cdc.noaa.gov/cgi-bin/Composites/printpage.pl
3.  Correlations with the Arctic Oscillation can also be conducted
