NSIDC Special Report 6

An Evaluation of the Results from Using
Nearest Neighbor and Area Min/Max
Resampling Methods to Regrid AARI
Digitized Sea Ice Charts to EASE-Grid

Raymond F. Kokaly
26 April 1996

National Snow and Ice Data Center
Cooperative Institute for Research in Environmental Sciences
University of Colorado, Boulder, Colorado, USA

1. Introduction

The Russian Arctic and Antarctic Research Institute (AARI) digitized their operational sea ice
charts as part of an international data exchange program. The National Snow and Ice Data
Center (NSIDC) is distributing this data in the digitized format known as SIGRID (Sea Ice Grid).
Due to the difficulty in working with data in this encoded ASCII format, NSIDC has developed a
gridded form of the AARI data. The Equal Area SSM/I Earth Grid (EASE-Grid) was selected as
the map projection scheme for the gridded product. The EASE-Grid is the standard projection
and grid for SSM/I (Special Sensor Microwave Imager), and other polar data distributed by
NSIDC.

The data are being transferred to a gridded map projection for several reasons:

1.

2.

3.

Data visualization. In their current format, the data are in an encoded ASCII format
that contains latitude and longitude positions with associated data values. In that format,
it is difficult to create a sensible "picture" of the data. By regridding to a standard map
projection such a picture is created. This resulting image can be used to check the spatial
coverage of data or to quickly assess the content of the files visually.

Ease of extraction. Currently, the AARI data are difficult to extract from the SIGRID
format. It requires running a program to interpret the coded ASCII format to get a
tabular form of output that lists grid point locations and data values. In contrast, with
EASE-Grid the analyst can use standard image processing tools.

Scientific applications. By having the data in a gridded format scientists will be able
to use the data for more applications. For example, a climatological analysis of the entire
data set can be made by selecting an area on the map projection and reading the data
values in each file. In their current SIGRID form, the scientist would first have to extract
the data from the encoded ASCII format and then put them in another format before



conducting an analysis. Another use of the data in a gridded form would be for
compositing with similar data (for example, with the digitized charts of the National Ice
Center or Japan). By having the AARI data already in a map projection, other data can be
overlaid or aggregated onto the map. Furthermore, climate and sea ice modelers can
more readily use a gridded product as input or for validation.

For some uses of the data, such as validating SSM/I sea ice concentrations, working with the
original data is more appropriate. However, the reasons listed for creating a gridded product
motivate the work summarized in this document.

This document presents two resampling methods suitable for regridding Russian AARI digitized
sea ice charts to EASE-Grid. These two methods, nearest neighbor and area min/max, are
applied to the AARI files for 1972. The results of the regridding are presented and each method
is evaluated on its ability to precisely, accurately, completely, and consistently transfer the data
to EASE-Grid. Based on these evaluations, a resampling method is recommended for regridding
the entire AARI data set to the EASE-Grid northern hemisphere projection.

This document assumes the reader has a basic familiarity with the AARI data and EASE-Grid
projection. For background documents describing these topics consult the reference section
below for links to the World Meteorological Organization (WMO) report on SIGRID, and to
EASE-Grid documentation. While the relevant details of regridding data from AARI to EASE
using nearest neighbor and area min/max are presented, the reader may consult NSIDC Special
Report 5 which discusses general aspects of regridding and evaluates several methods for
regridding AARI to EASE.

2. AARI Data

This section describes the AARI data format, SIGRID. NSIDC currently has AARI data in the
SIGRID format for 1967 to 1990. One year, 1972, was selected to test the regridding schemes.
This section also describes why this year was selected and the temporal and spatial
characteristics of this subset of data.

2.1. SIGRID Format

SIGRID was developed for the World Meteorological Organization. It was designed to place
information recorded on operational ice charts into a digitized format more suitable for
statistical and climatological use. This was done by assigning numerical values to the ice
parameters and recording them at specific grid points on the charts.

2.1a. Data Values

All the data values in SIGRID are symbolic. The numbers are codes for a specific value or a
range of values. For example, an AARI ice concentration code of 9o refers to 90% ice
concentration and a value of 91 refers to the range of concentrations greater than 90% and less
than 100%. Furthermore, many of the SIGRID data values are descriptions of the ice rather than
numerical measurements of sea ice. For example, a value for an ice form of icebergs or level ice.
The descriptive and symbolic nature of AARI data affects regridding approaches that combine
data values (e.g., interpolation or averaging methods). This was a major factor that led to
selecting nearest neighbor and area min/max as the only candidate regridding methods.

Although the published format of SIGRID allows for many more parameters, AARI digitized
only ten parameters. These parameters are: total sea ice concentration, the partial



concentration, stage of development, and form of the 1st thickest ice, the concentration, stage
and form of the 2nd thickest ice, and the concentration, stage and form of the third thickest ice.



Table 1. AARI Codes for Ice Concentration

Ice Concentration

AART numerical code

[ce Free

Less than 1/18 (open water)
Bergy Water

1/18

2/18

9/18
More than 9418 less than 18/18
18/1A

Concentration Intervals
{C1 = lowest concentration in interval)
{Ch = lowest concentration in interwal)
Examples:

1/168-3/18@

4/18-6/18

7/18-9/18

7/18-18/18

unknown

9@
52
C1Ch




Table 2. &ARI Codes for Ice Stage of Dewelopment

Ice Stage of Development AART numerical code
Ice Free 51|
Ice Thickness in cm Al
Ice Thickness of 58 cm SH
Ice Thickness of 55 cwm ————————-————-———- 51
Ice Thickness of BB cm 52
Ice Thickness of B5 cm 53
Ice Thickness of 78 cm 54
Ice Thickness of 75 cm 55
Ice Thickness of 88 cm b15]
Ice Thickness of 85 cm 57
Ice Thickness of 98 cm bta]
Ice Thickness of 95 cm 59
Ice Thickness of 180 cm -————————-——-—————- GH
Ice Thickness of 1168 cm Gl
Ice Thickness of 1268 cm G2
Ice Thickness of 1368 cm 63
Ice Thickness of 148 cm G4
Ice Thickness of 15 cm B5
Ice Thickness of 16 cm GG
Ice Thickness of 17H cm 67
Ice Thickness of 1868 cm 6o
Ice Thickness of 1968 cm B9
Ice Thickness of 280 cnp —————-——-————— 7H
Ice Thickness of 256 cm 71
Ice Thickness of JEHE cm 7z
Ice Thickness of 358 cm 73
Ice Thickness of 488 cm 74
Ice Thickness of SHA o) -~ 75
Ice Thickness of BHHE cm 7B
Ice Thickness of 7HBE cm 77
Ice Thickness of 8B cm 7
Ice Thickness of »>= 98B cm 79
Mo stage of development a5}
Mew Tce gl
Milas, ice rind g2
Young Ice g3
Gray Ice g4
Gray-white Ice g5
First Year Ice tal=
Thin First Year Ice a7
Thin First Year Ice stage | g8
Thin First Year Ice stage 2 g9
For Later Use an
Medium First Year Ice 91
For Later Use 9z
Thick First Year Ice 93
For Later Use 94
01d Ice 95
second year Ice 36
Multiyear Ice 97
Glacier Ice 93

undetermined/unknown 99




Table 3. AARI Codes for Forms of Ice.

Ice Form AART numerical code
pancake ice Jdcm - 3 m HiA
shuga/small ice, brash ice < 2m a1l
ice cake < 2B m Az
small floe 20 m - 1HE m H3
medium floe 186 m - S@E m A4
big floe SBA m - Zkm H5
vast floe 2km - 1@km HE
giant floe > 18km H7
fast ice Ag
growlers, floebergs or floebits L]
icebergs 1A
strips and patches 11
level ice 12
undetermined or unknown 99

In the AARI files of digitized sea ice charts, each grid point is coded with a value for either land,
unknown or with a value of total sea ice concentration. If a value of total ice concentration is
recorded, then more parameters describing the ice at the grid point may also be present. For ice
concentrations of 0% (ice free) no additional ice information is digitized. For non-zero ice
concentrations, the next set of three ice parameters describe the 1st thickest ice type: its partial
concentration, stage of development, and form. Partial concentration and stage of development
are always recorded. However, ice form is only recorded if it is fast ice. As a result, some grid
points should only have the first two of the three parameters recorded.

If the partial concentration of the 1st thickest ice does not equal the total ice concentration,
indicating there is some thinner ice at the grid point, then three more parameters describing the
2nd thickest ice at the grid point will be present. These parameters are again: partial
concentration, stage of development and ice form. Finally, if there is still more ice that is thinner
than the first two ice types, there will be the same three parameters describing the 3rd thickest
ice. As a result, AARI grid points may have up to ten values describing the sea ice at each grid
point.

2.1b. Grid Points

The SIGRID format uses a "geographical" grid. Essentially, this type of grid defines grid point
locations according to latitude and longitude spacing. According to observations of the AARI
implementation of SIGRID, the latitude spacing of the grid points is constant at 0.25°. The
longitude spacing, in contrast, varies with latitude (Table 4). The longitude spacing in degrees of
longitude is determined by multiplying the latitude spacing by a lon/lat ratio. The value of the
ratio is different for each of eight defined latitude regions of SIGRID. As shown in Table 4, grid
points at higher latitude regions have greater spacing in longitude.

In each AARI file, the locations of the grid points are determined from an origin latitude and
longitude. The initial latitude and longitude must be consistently selected to always yield the
same grid point locations. The regridding methods have been implemented for the grid point
locations defined in the document describing the SIGRID format (1). Unfortunatly, the initial
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longitude for many AARI files is not consistant with the expected value. The result is that the
initial longitudes selected by AARI give grid points that match the original grid points for
latitudes equal to and below 87°. Thus, these values are correctly regridded to EASE. Above 87°
latitude, the AARI grid points do not transfer to the EASE-Grid.

If the initial longitudes selected in the entire AARI data set result in consistent grid point
locations then the regridding methods could be redefined to match these points and all data
could be properly regridded to EASE. However, problems may arise later when trying to make
comparisons with National Ice Center (NIC) data that have been digitized in the SIGRID format
with the different grid point locations. This problem with inconsistent initial longitudes should
be fixed in the revised implementation of SIGRID. The new format, called SIGRID-2, is
described in a report by AARI to the WMO (6). NSIDC plans to verify the quality of the SIGRID-
2 data and also plans to compare the contents of SIGRID and SIGRID-2 files.

2.2. AARI 1972 Data Set

Typically, AARI produced separate sea ice charts for eastern and western sectors. However, the
AARI data for 1972 are compiled on a single chart covering the north polar region. In order to
simplify the processing, analysis, and comparisons, the candidate regridding schemes were
applied to this one year subset of of the full AARI data set. The coverage and content of the AARI
1972 data in SIGRID are presented in this section in order to later assess how well the
regridding schemes transfer the data to EASE-Grid.

2.2a. Coverage

The AARI data set has been described as consisting of charts spaced in time by 10 days. While
this has been observed for some of the 1990 data, the 1972 data does not follow this sampling. In
fact, the data are not consistently spaced in time. Figure 1 shows how these files are distributed
through the year. Table 5 lists the 19 files in the 1972 data set.

Every digitized chart does not contain data for the entire polar region. The coverage varies from
file to file. For the 1972 data, the coverage is primarily in the eastern half of the Arctic. Figure 2
shows, in the EASE-Grid, the spatial coverage of the data. The different shadings discriminate
how frequently ice information is recorded. For example, the lightest shading indicates only one
file has ice information for the pixel and the darkest shading indicates all 19 files recorded ice
information for the pixel. Section 2.2b details the content of the 1972 AARI data set.

The initial longitude selected by AARI when digitizing the sea ice charts affects the location of
the SIGRID grid points. In all but two of the 19 files, the initial longitude was -24°. For the last
two AARI files, an origin of 108° was used. These origin longitudes are the same as those
observed for the 1990 AARI "eastern" and "western" sectors, respectively. As discussed in
Section 2.1b, the origin longitude must be carefully selected when digitizing each ice chart in
order to ensure that the grid points are always at the same locations. For latitudes greater than
87°, the two origin longitudes observed in the 1972 AARI files result in different grid points than
the originally specified grid points for SIGRID (see the WMO report, 1). As a result, the
regridding results presented in Section 4 will not show data above 87°. Furthermore, when
comparing the grid points resulting from the two origin longitudes to one another again they do
not match above 87°. The consequence of this mismatch for production of AARI data in EASE-
Grid is that the selected regridding method, for latitudes above 87°, will have to be defined
twice, once for each initial longitude.
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2.2b. Content

As discussed in Section 2.1a, the AARI data has ten layers. Table 6 summarizes how many grid
points in each AARI file have values for each of these different layers. The second column lists
the total number of SIGRID grid points that are digitized in each file. The next three columns
show the breakdown of what these points represent: land, unknown or sea ice concentration.
Few of the points are digitized as land. As will be seen in the EASE-Grid images, AARI rarely
digitized grid points on land with the code for land. Instead, most of these points were digitized
as unknown. This accounts for the high percentage of the total grid points that were digitized as
unknown.

In general, all AARI files for 1972 have similar proportions of land, unknown and ice grid points,
with the exception of three files:

1) 720813 - many more grid points than average were digitized, however, these additional grid
points were digitized as unknown.

2) 721015 - a lesser proportion of grid points were digitized as sea ice. Section 4.1c will show that
this is due to AARI digitizing only a small area of sea ice in the eastern Arctic and continuing to
digitize points in the western Arctic with unknown values.

3) 721025 - a more extreme example of 721015.

Excluding these three cases, the 1972 AARI files, on average, are digitized according to the
following

breakdown:

unknown = 47%

land = 3%

sea ice concentration = 50%

The total number of grid points and the number in each of these three categories are plotted
versus time in Figure 3. In general, the total number of digitized grid points is between 13,000
and 20,000. The three exceptions are evident: 720813 as the big increase in total and unknown
grid points, 721015 and 721025 as above average number of grid points in the unknown plot and
the below normal number of grid points in the plot of grid points with total ice concentration
values.

Figure 4 and columns 6-8 in Table 6 show how many grid points were digitized with information
on the concentration, stage of development and form of the 1st thickest ice. Because some of the
grid points that have information on the total ice concentration have a zero value (i.e., ice free
grid points) the number of grid points with information on the 1st thickest ice is less than the
number with total ice concentration. As discussed in Section 2.1a, the only grid points that have
a value of ice form are those with a form of fast ice. As a result, there are far fewer grid points
with this parameter digitized than the other two parameters describing the 1st thickest ice.

Similar to the first thickest ice, columns 9-11 in Table 6 and Figure 5 show the number of grid
points with values describing the second thickest ice. Finally, Figure 6 and columns 12-14 in
Table 6 present the data content regarding the third thickest ice.



3. Regridding Methods

This section describes the two regridding methods: nearest neighbor and area min/max. For
general background information concerning regridding AARI data to EASE, consult NSIDC
Special Report 5(5) which includes a discussion of these and other resampling methods.

3.1. Nearest Neighbor

This method starts by establishing the center locations (latitude and longitude) of grid cells of
the target projection, EASE-Grid. Then, the distances from these points to the grid points of the
original projection, SIGRID, are calculated. Next, the SIGRID point closest to each EASE grid
point is identified. Finally, the value of each EASE grid cell is filled by assigning it the value of its
"nearest neighbor" SIGRID point.

The grid point spacing along latitude and longitude, of EASE and SIGRID change as latitude
increases from the equator. Figure 7 shows the variation. The greater the grid spacing, the fewer
grid points exist for a line of latitude. As a result, sometimes there are many more SIGRID
points than EASE. For example, at 85° latitude, where the SIGRID spacing is 14.55 km and the
EASE spacing is 25 km. Conversely, at some latitudes there are far fewer SIGRID points than
EASE. For example, at 50.25° latitude the SIGRID spacing is 36 km and the EASE spacing is
23.5 km.

In areas where there are more SIGRID points than EASE points some of the SIGRID points are
never selected as nearest neighbors. The values of these unselected SIGRID points are never
transferred to EASE-Grid because other SIGRID points always lie closer to the surrounding
EASE grid points. In situations where the SIGRID points are fewer in number than the EASE
points, then more than one EASE grid point may select the same SIGRID point as their nearest
neighbor. These two situations result in data loss and data replication, respectively, when
regridding the AARI data to the EASE-Grid. Table 7 shows the amount of data loss (11%) and
redundancy(20%) when resampling AARI to the 25 km EASE northern hemisphere projection.

Section 4 presents the results of regridding the AARI 1972 data to the 25.0 km EASE-Grid.
However, the most serious fault with the nearest neighbor method remains the data loss of
approximately 11% when regridding to this grid. In order to eliminate this data loss, regridding
AARI data to the 12.5 km EASE-Grid is explored in Section 5.1.

3.2. Area Min/Max

The area min/max concept is based on overlaying the SIGRID grid cells onto the EASE-Grid.
For each EASE grid cell, the SIGRID cells which have some area overlapping it are determined.
From the overlapping SIGRID values, two EASE images are created: one with the maximum of
the values lying in the EASE cells and one with the minimum of the values lying in the EASE
cells.

For example, in Figure 8 the EASE grid cell with overlapping SIGRID values of 60%, 80% and
100% sea ice concentration would have a value of 60% in the minimum image and 100% in the
maximum image.

As with the nearest neighbor approach, the disparate grid spacing of the two grids complicates
the regridding. Figure 9 shows the amount of area the grid cells cover as a function of latitude.
For the equal area EASE-Grid this is constant at 625 km2. However, the SIGRID again shows

variation as latitude increases. At the beginning of latitude regions the SIGRID cells are larger
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than EASE cells, thus, only a few overlap each EASE cell. However, within each region, as the
latitude increases, the SIGRID cell sizes shrink and EASE cells are covered by more SIGRID
cells.

Table 8 summarizes for the entire EASE-Grid how many SIGRID cells overlap each EASE cell.
The majority of EASE grid cells have four overlapping SIGRID cells. The next most numerous
are six and nine overlapping cells. Figure 10 shows how the number of overlapping SIGRID cells
are distributed on the EASE-Grid. Within each latitude region, the number of overlaps is smaller
at the beginning and increases at higher latitudes.

Figure 11 shows a closeup of the EASE subset region which will be used for distributing the
AARI data. The majority of data in the AARI digitized sea ice charts cover the East Siberian,
Laptev, Kara and Barents Seas. For each of these, the number of SIGRID cells overlapping the
EASE cells is different. For example, the Laptev Sea near the coast has a high number of
overlapping cells (in the range of 8 to 12) while the northern Kara Sea has fewer overlaps (in the
1to 4 range).

The area min/max approach is more complex than the nearest neighbor because a decision must
be made on the minimum and maximum values. From the previous example of four values of ice
concentration overlying the EASE cell, the approach seems straightforward. However,
complications arise when considering non-ice SIGRID values: grid points that are digitized with
values for land or unknown and points that are not digitized. A major problem is deciding if the
EASE pixel should be assigned a value for an ice parameter if it is covered primarily by one or
more of these non-ice values.

This document contains results from area min/max regridding in which the ice parameter is
always assigned to the pixel no matter how little area the SIGRID cell may cover. For example, if
an EASE cell is covered over 90% of its area by three SIGRID cells with the value of unknown
and 10% of its area by one cell with 100% ice concentration, the EASE grid cell is assigned the
value of 100% ice concentration. The results of the application of this simple approach to the
1972 AARI data are presented in Section 4.2 and alternatives to this approach are discussed in
Section 5.2.

4. Results of Regridding
4.1. Nearest Neighbor

This section presents the results of regridding AARLI files for 1972 in the SIGRID format to the
EASE-Grid northern hemisphere projection at 25.0 km resolution by nearest neighbor
resampling. The average time to regrid an AARI file to EASE-Grid using an IDL (Interactive
Data Language) program was 67 seconds.

4.1a. Data Transfer

As discussed in Section 3.1, the major drawback with the nearest neighbor method as applied to
SIGRID is that approximately 11% of the SIGRID points do not transfer to the 25.0 km EASE-
Grid. Additionally, some of the SIGRID values transfer to more than one EASE grid cell. The
relative grid spacing between AARI and EASE affect these processes. Figure 12 compares the
total number of SIGRID points in the AARI files to the number in the EASE-Grid images created
using nearest neighbor regridding. On average, the EASE images have only 90% of the original



number of grid points. Both data loss and replication are going on, thus, the net of these two
processes is a 10% fewer grid points in the EASE-Grid.

Similarly, Figure 13 compares the number of EASE grid points with total ice concentration
values to the original number of such SIGRID points. Again, there is a significant data loss. The
amount of loss increases from 10% at the beginning of the year to over 20% at the end of the
year. This is linked to a change in where the grid points are located (see the regridding examples
in Section 4.1c for changes in spatial coverage). At the beginning of the year (for example,
720411), the grid points cover almost all the western Arctic. In addition, the early files cover the
eastern coast of Russia. However, near the end of the year (e.g., 720915) the grid points are not
located at the high latitude, polar portion of the western Arctic; instead, they cover a lower
latitude zone of the northern Russian coast. The variation in data losses through the year are a
result of such changes in coverage. As discussed in Section 3.1, the relative spacing of AARI and
EASE grid points changes with latitude. The region off the Russian coast in the Laptev and East
Siberian Seas is below 75°. Figure 7 shows that this is a region where there are more SIGRID
points than EASE; consequently, nearest neighbor regridding results in high rates of data loss.
In the latter part of the year when there are fewer grid points digitized in other areas, this data
loss is more prominent.

Figure 14 shows a similar trend in data transfer of the partial concentration and stage of
development of the 1st thickest ice. However, Figure 15, a plot illustrating the data transfer of
the form of the 1st thickest ice, is different. The first ten AARI files are regridded to EASE with a
net loss of 20% of the data. The loss is constant thru these files because the grid points are
consistently located on the northern Russian coast. However, when the number of grid points
with the ice form of the 1st thickest ice becomes small and restricted to a higher latitude area,
the islands of North Land, then the effect of data replication becomes apparent (i.e., over 100%
data regridded to EASE). Figure 15 shows that in August and September, there are few SIGRID
points digitized with the form of the 1st thickest ice (see Table 9). The reason is simple, AARI
records only the ice form of fast ice and in the warm summer months, the ice retreats and the
land fast ice melts. Table 9 shows how on 720804 and 720907 EASE-Grid has more ice form
grid points than AARI. Thus, the net effect of the nearest neighbor regridding on the AARI data
is to increase the number of grid points in EASE. In contrast to the data loss, this is because the
SIGRID grid points are located in an area where the EASE grid spacing is less than SIGRID.
Thus, there are more EASE grid points than SIGRID and more than one of the EASE grid cells is
filled with the value from a single SIGRID point.

For the 2nd and 3rd thickest ice types, similar trends in data transfer as those of the 1st thickest
ice were observed.

4.1b. Spatial Coverage of Each Layer

The images presented in this section show the spatial coverage of each AARI parameter. The
images are in the EASE-Grid projection. The colors represent the number of files (regridded by
nearest neighbor) that contain information for that grid cell. Figure 16 shows the total ice
concentration. Figure 17 shows the concentration, stage, and form of the 1st thickest ice. Figure
18 shows the concentration, stage and form of the 2nd thickest ice. Figure 19 shows the
concentration, stage and form of the 3rd thickest ice.

4.1c. Regridding Examples of Individual Files

The following images are examples of nearest neighbor regridding to the 25.0 km EASE-Grid.



720411

This example shows the most complete coverage of the 1972 files. Figure 20a is the EASE-Grid
image of total ice concentration for this date. The data covers the entire western Arctic and
extends south down the western coast of Russia. AARI digitized almost all the grid points as
100% ice cover. Figure 20b shows the partial concentration of the 1st thickest ice. Note that the
pixels that had 0% total ice concentration, ice free, in the Barents Sea, do not have additional ice
information in this layer of AARI data. Figure 20c shows the stage of development of the 1st
thickest ice. Figure 20d shows where the AARI digitized ice form of the 1st thickest ice. As
expected, since AARI seems to only record fast ice, these pixels are along the coast lines. Figure
20e shows the stage of development of the 2nd thickest ice. Note that there is no multi-year ice
in the image. The thicker multi-year ice is described in the images of the 1st thickest ice.

720722

This mid-summer image, Figure 21 shows a decrease in ice concentrations and an increase in
the amount of ice free area in the Barents, Kara, and Chukchi Seas. Also note the absence of
higher latitude grid points in comparison to Figure 20a.

720915

This image, Figure 22, shows the minimum ice extent in the AARI files. Ice free areas have
developed in the Laptev and East Siberian Seas. The ice extent is near the average for these
areas. In the Kara Sea, the data shows a slightly less than average extent of ice.

721015

In this image of total ice concentration, Figure 23, only a small portion of the grid points
digitized in previous files were recorded. As mentioned in Section 2.2b, AARI continued to
digitize unknown values through the eastern Arctic. The image shows complete ice cover of
areas that were ice free on August 15 (see Figure 22).

Summary

All the EASE-Grid images show that grid points over land were commonly recorded as
unknown. In addition, they confirm the assertion in Section 2.2b that approximately 50% of the
content of the AARI files is information on sea ice. Also seen is that sometimes land values are
present in the ocean and, conversely, sea ice concentrations are located inland.

4.2. Area Min/Max
This section presents the results of regridding AARI 1972 data to the 25 km EASE-Grid. First,

the effect of the transfer on data content is discussed. Secondly, examples of regridding are
presented. The average time to regrid an AARI file to EASE-Grid was 864 seconds.

4.2a. Data Transfer

Area min/max uses all the SIGRID values to create two EASE-Grid images. Because the output
at each EASE pixel is dependent on making a decision on the minimum and maximum values of
different SIGRID points, it is difficult to summarize how well the data transfers from AARI to
EASE. However, although all the SIGRID points are considered during the regridding, all are
not necessarily represented in the two resulting images. Figure 24 presents a situation in which
a SIGRID point would not be put in either the min or max EASE-Grid image. Again, since the
output at each EASE grid point is dependent on the geometry of the two overlapping grids and



the values at each point, it is difficult to estimate the number of grid points that do not transfer
from AARI to EASE.

As mentioned in Section 3.2, the implementation of area min/max used to generate the
examples in this document uses the most straightforward method for selecting the min and max
values. Simply stated, the maximum ice value is put in the max image and the minimum ice
value is put in the min image. What are the problems with this implementation?

1) The SIGRID cell with the maximum or minimum value may only cover a small portion of the
EASE grid cell.

2) Sea ice values are chosen preferentially over land or unknown values, even though these non-
ice values may cover a greater proportion of the EASE cell. This leads to the ice parameters
spreading out or creeping over the EASE image.

3) Although represented in the same pixel (location) in EASE-Grid, the minimum value and
maximum value come from different SIGRID grid points. This itself is not a problem, just a
product of how the regridding scheme is defined.

3a) However, one problem comes when comparing one EASE max image to another EASE max
image. For two different files, the values may come from different SIGRID points. In
comparison to the consistency of the nearest neighbor approach, this makes it difficult for a user
to work back from the EASE-Grid data to the original SIGRID.

3b) The major problem with this inconsistency in not using the same SIGRID point to assign the
values to EASE-Grid comes when looking at the ten different layers of the AARI data. For
example, consider an EASE grid cell with three overlapping SIGRID cells that have the values
listed in Table 10. The resulting EASE grid max image would have values in its ten AARI layers
that come from a different one of the three overlapping grid points. The results is an EASE grid
cell with values different from any one of the three and inconsistent with the format of SIGRID
(i.e., the partial concentrations add up to more than the total concentration).

4.2b. Examples of Regridding

The following images are examples of area min/max regridding.
720411

Figures 25a and b show the min and max images of total ice concentration for the AARI files
from the date April 4, 1972. In comparison to the nearest neighbor image for this date (Figure
20a) there are more pixels with values for ice concentration. For example, note the increase in
the number of pixels along the "inland" side of the Russian coast that have 100% ice
concentration. Also note, in the min and max images, the shrinking of the region of unknown
values in the Kara Sea that is present in the nearest neighbor image.

On the whole, the EASE-Grid min and max images each have 10,402 pixels with total ice
concentration values as opposed to 9,421 in the nearest neighbor image. This is due to EASE
grid cells along the edge of the ice covered region being filled with an ice value if even a tiny
portion of the cell is ice covered.

Figures 26a and b show the min and max images for the ice form of the 1st thickest ice for
720411. They are identical since AARI only digitized one code for ice form, fast ice. However, in
comparison to the nearest neighbor EASE image, the area min/max images have many more



fast ice pixels. The original SIGRID file had 1387 grid points with fast ice. The nearest neighbor
image contains 1099, a 20% loss. The area min/max images, in contrast, have 1697 fast ice grid
cells, a 22% increase. The nearest neighbor images lost SIGRID points within the area of fast ice.
The points not transferred were within the fast ice region where the SIGRID spacing was much
greater than EASE. Thus, although these points are not transferred to EASE, the resulting image
accurately represents the SIGRID data since the area is homogeneous. The area min/max
images, in contrast, add grid points along the edge of the fast ice region, essentially, expanding
the coverage of fast ice. This is a result of the simple implementation of having ice values take
precedence over non-ice values (as mentioned in Section 3.2). A better implementation, which
considers how much of the EASE cell the SIGRID values cover, is presented in Section 5.2.

720722

Figures 27a and b show the min and max images of total ice concentration for 720722. The min
and max images are quite different. For example, the strip of 100% ice concentration (red pixels)
in the Laptev Sea is larger in the max image as opposed to the min image. Furthermore, there is
much more ice in the Kara Sea in the max image.

5. Improvements to Regridding Schemes

Based on observations of the results of regridding the 1972 AARI data to EASE-Grid, this section
recommends improvements to the regridding schemes.

5.1 Nearest Neighbor Regridding to 12.5 km EASE-Grid
Because of the data loss problem in regridding AARI data to the 25.0 km EASE-Grid, the
procedure was tested with the 12.5 km EASE-Grid. Since the data loss occurs when the SIGRID
cells are more closely spaced than EASE, the higher resolution grid with half the distance
between the grid points was expected to eliminate the data loss.

5.1a The 12.5 km Resolution Northern Hemisphere Projection of

EASE-Grid

The EASE-Grid projections were developed under the SSM/I Pathfinder program for use with
SSM/I data. Three equal area projections were defined: a global, a northern hemisphere and a
southern hemisphere. The EASE-Grid for the northern hemisphere is a Lambert Equal-Area
Projection in north polar aspect. It is based on a spherical model of the Earth with radius Re =
6371.228 km. The important aspects of this projection are its equal area, the azimuthal property
showing true direction from center of the projection, and its scale invarience: the scale at a given
distance from the center varies less from scale at the center than any of the other major
azimuthal projections. For use with data from the SSM/I instrument, two grids with different
scales were defined: a 25.0 km resolution for the lower SSM/I channels (19, 22, and 35 GHz)
and a 12.5 km resolution for the higher channel (85 GHz). Table 11 shows the change in scale
factors and grid cell dimensions with latitude for the 12.5 km EASE-Grid.

The nominal cell dimension of the 12.5 km grid is 12.5338 km. In order to remain equal area, the
latitude spacing increases and the longitude spacing decreases from the north pole to the
equator to preserve a nominal cell area of 157.0952 km2;. The projection is shown in Figure 28
with coast lines and a graticule of 15°; latitude and 30°; longitude overlaid (black pixels). In this
projection, the corner pixels are in the southern hemisphere (negative latitude) and are shown
in grey. These pixels are not used to represent data and are considered blank or non-valid pixels.



The EASE-Grid projection was established for the full hemisphere; however, the AARI data
contain sea ice information over the polar regions only. Thus, a majority of a full EASE-Grid
image resulting from regridding AARI data would show land and oceans at lower latitudes
which are never covered by sea ice. In order to eliminate the need to store the full image when it
is only partially filled with data, a subset of the EASE-Grid (see Figure 29) will be provided to
the user. This subset covers the area in the northern hemisphere for which sea ice is likely to
appear. The subset has the corner points at 29.8048°; latitude and 135°; W, 135°; E, 45°; W, and
45°; E longitude. These coordinates match the outside corners of EASE grid cells at the
column,row coordinates of (360,360), (1080,360), (360,1080), and (1080,1080) respectively.
The subset was selected to cover the same area as that defined for the "Pathfinder AVHRR
(Advanced Very High Resolution Radiometer) Polar Products" (4) . The subsetted image has
dimensions of 721 columns by 721 rows.

5.1b The Results of Nearest Neighbor Regridding to the 12.5 kim

EASE-Grid

The grid point spacing of the 12.5 km EASE-Grid is half that of the 25.0 km EASE-Grid. As a
result, the amount of data loss in regridding (which occurs when SIGRID grid points are more
closely spaced than EASE grid points) was expected to decrease. Table 12 shows the number of
grid points lost in regridding from AARI to the 12.5 km EASE is only 66 points. Compare this to
the loss of 37,212 grid points (see Table 7) when regridding to the 25.0 km EASE-Grid.

As expected Table 12 also shows that regridding to the 12.5 km EASE-Grid also causes an
increase in data replication. In fact, almost all the AARI grid points are regridded to more than
one EASE cell. This is the consequence of regridding to a finer resolution grid. Users should be
aware of this. However, data replication will be a problem when going to an equal area grid of
any resolution since the AARI data in SIGRID format have such a variable grid spacing (see
Figure 7). Only a projection that exactly replicated the spacing of the SIGRID format would be
able to eliminate data loss and data replication. As a result, the best approach is to regrid to an
EASE projection that, although increasing the amount of replication, eliminates the data loss.
Thus, regridding the AARI data to the 12.5 km EASE-Grid is an improvement to the 25 km grid.

The following images are examples of AARI files regridded to the 12.5 km EASE.

Figure 30 shows the total ice concentration for file 720411 (a file from April, 1972). Figure 31
shows the total ice concentration for file 720722 (a file from July, 1972). Figure 32 shows the
total ice concentration for file 720915 (a file from September, 1972).

Because the resolution of the 12.5 km EASE is double that of the 25.0 km EASE grid, there are
four times as many grid points, and there is an approximately four-fold increase in the
processing time to regrid from SIGRID to EASE-Grid. The average processing time is 240
seconds. In addition, there is a four-fold increase in the size of the EASE-Grid images.

5.2 More Complex Decision Making for Area Min/Max

Selection

Several problems with the simple approach to area min/max regridding were identified in
Section 4.2a. The first two of these, selecting a min or max value that only covers a small portion
of the EASE cell and selecting ice values preferentially over non-ice values, may be solved by
including a consideration of the amount of the EASE grid cell each value covers when deciding
on the min and max values. For example, if a value from a SIGRID cell is greater than all others
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but it covers less than 10% of the EASE grid cell, it is not selected as the maximum value.
Instead, the next highest value covering 10% or more of the grid cell should be selected.
Similarly, to solve the second problem, if the EASE grid cell is covered 50% or more by non-ice
values, the EASE cell should not be filled with the minimum of maximum ice value, but rather
with an appropriate non-ice value. These solutions will reduce the "growth" of ice when
transferring from AARI to EASE.

Another problem encountered when examining the results of the area min/max resampling was
an inconsistency in grid point selection between AARI files. The inconsistency in grid point
selection between AARI files is a consequence of the definition of the regridding. The data loss
problem of nearest neighbor regridding is averted by considering all the SIGRID points,
although, which ones of the whole are selected as min and max values remains ambiguous in the
resulting images. Still, additional EASE grid images with the location of the min and max grid
points could be generated. These would have to be made for each AARI file.

The inconsistency in grid point selection among data layers for each EASE grid cell is a more
serious problem. In the results presented in Section 4.2, the min and max for each data layer
were determined separately. Rather than having values from a single SIGRID point, the results
in the min and max images contain a combination of layers from all the grid points with area
overlapping the EASE grid cell. Unfortunately, the result is not consistent between the layers.
For example, for the maximum EASE result presented in Table 10, the total ice concentration
(code of 92 = 100%) is not equal to the sum of the partial concentrations of the 1st, 2nd, and 3rd
thickest ice types (codes of 92, 10, and 20 = 100%+10%+20% = 130%). The solution to this
problem is to not determine the min and max values independently for each layer. Instead, the
min and max values for each layer must come from the same SIGRID point. For example, this
could be done by selecting the grid point with the min or max value of total ice concentration
and, subsequently, transferring all ten AARI values at this grid point to the EASE image.

6. Evaluation of the Effects of Regridding

This section evaluates the regridding schemes based on the results of regridding the 1972 AARI
files and the improvements discussed in Section 5. The evaluation is done in three parts. First,
the regridding methods are evaluated for how accurately and consistently values are transferred
from AARI to EASE. Secondly, the computer resource requirements of each method are
presented. Finally, the methods are evaluated on what indirect impacts they may have on a
scientific analysis of the AARI data in EASE-Grid. Based on these evaluations, one method is
recommended for regridding the entire AARI data set to EASE-Grid in Section 7.

6.1 Direct Effects on Data Transfer and Values in EASE Images
The primary concerns in regridding the AARI data in the SIGRID format to the EASE-Grid
projection are: precise, accurate, complete and consistent transfer of the data.

The requirement to precisely transfer data from AARI to EASE eliminated several standard
methods of regridding. NSIDC Special Report 5 (5) detailed problems with interpolation and
area weighted averaging for regridding the AARI data. The AARI data values are symbolic codes.
These methods combine values; consequently, some of the results are not acceptable AARI
codes. The two regridding schemes considered in this document for regridding AARI data,
nearest neighbor and area min/max, precisely regrid AARI codes.



Accurately regridding AARI data to EASE-Grid requires the locations of the regridded values to
be as close as possible to the the original grid points. By definition, the "nearest neighbor"
regridding accomplishes this task. The area min/max method, on the other hand, is not as
accurate. This method may reject the closest value in favor of a higher or lower value that is
further away.

While accurately regridding data, the nearest neighbor regridding to the 25.0 km EASE-Grid
does not completely transfer all AARI grid points. Approximately 11% of the data are not
represented in the image. In contrast, performing a nearest neighbor regridding to the 12.5 km
EASE-Grid transfers 99.98% of the SIGRID points. The area min/max regridding does not
explicitly represent all the SIGRID points in the two resulting EASE-Grid images. The method
does, though, use or consider all the SIGRID values during the regridding process.

The final desirable characteristic of regridding methods is consistency. For nearest neighbor
regridding, once the method has established the SIGRID points that are closest to the EASE grid
points, the SIGRID points are transferred to the same locations in the EASE-Grid for each AARI
file. In contrast, during area min/max regridding, a SIGRID point may transfer to the min image
or max image or neither depending on its value and the values of the surrounding grid points.
Thus, the same points are not always transferred to the same location in EASE-Grid.

6.2 Impacts on Computer Resource Requirements

The computer resource requirements for the various regridding methods are listed in Table 13.
The requirements listed are for regridding one AARI file to EASE-Grid. These numbers are
averages calculated from the results of regridding the entire 1972 AARI data set. In terms of
processing time, nearest neighbor regridding to the 25.0 km EASE-Grid requires the least
amount of resources, followed by nearest neighbor regridding to the 12.5 km EASE and, finally,
area min/max regridding. In terms of storage requirements for the results of the regridding,
nearest neighbor resampling results in EASE images that take up 1.24 Megabytes of space. Area
min/max requirements are double this since two output images are created for each of the ten
AARI data layers. Nearest neighbor regridding to the higher resolution 12.5 km EASE-Grid
requires four times the storage of the 25 km results.

Computer storage requirements are lessened by using data compression. For the 1972 subset of
AARI data in EASE-Grid, compression resulted in files that were, on average, 0.5% of the
original volume. Using this compression ratio and generous estimates on the total number of
AARI files, it is projected that the volume of the entire data set (using the most voluminous
results from nearest neighbor regridding to the 12.5 km EASE-Grid) will compress to
approximately 30 Megabytes. Thus, the requirements for computer storage of the data set in
compressed form are minimal.

6.3 Indirect Impacts

This section presents some impacts of the regridding on subsequent analysis of the AARI data in
EASE-Grid. In other words, how will the results of analyzing the EASE-Grid images differ from a
direct analysis of the AARI data in the SIGRID format. This section only mentions the possible
impacts of regridding, but does not assess the magnitude of the effects. However, after a
regridding method has been selected, additional work to quantify these impacts is
recommended (see Section 8).



For a simple example of the effect of regridding on analysis, consider a researcher that is
interested in ice concentration at a specific latitude and longitude. This user may find the closest
point in the EASE image. However, the EASE-Grid point locations are different from the
SIGRID points. A user may mistakenly think the EASE-Grid points are where the data values
were actually gathered. Similar to this example is a question of how much does the location of
the ice edge in EASE differ from one derived from the SIGRID data. With nearest neighbor
regridding, it is possible to provide a data file that documents, for each EASE grid point, the
SIGRID point (and thus the location) from which the value was transferred. Since the area
min/max regridding selects the min and max values from many possible SIGRID grid point
locations, it is not possible to provide a single file that gives the original location of the data.

Another impact of regridding is on calculations of the areal extent of ice cover in the EASE-Grid
images. This is a simple calculation in EASE: 1) count up the number of ice covered pixels and 2)
multiply the total by the amount of area covered by each pixel (a constant). However, how does
this value compare to the a calculation from the AARI data in SIGRID format, in which the grid
cell sizes are variable? This brings up a more basic issue of how much area does a grid cell in
SIGRID cover as opposed to its regridded equivalent in EASE-Grid. A single SIGRID point may
transfer to more than one EASE grid cell. What is the difference in the amount of area covered?
For nearest neighbor resampling, the change in areal coverage can be easily computed.
Furthermore, since the regridding method is constant, the calculation applies to all AARI files
regridded by the method. For the more complex area min/max regridding, an estimate may be
made for a single regridded file, but this would not be representative for other AARI files.

7. Recommendation for a Regridding Method to
Apply to the Entire AARI Data Set

An NSIDC working group met to consider the regridding methods, the results for the 1972
subset of AARI data, and the evaluations contained in this document. As a result, nearest
neighbor regridding to the 12.5 km EASE-Grid is recommended as the best technique for
transferring the entire AARI data set to EASE-Grid. Based on the evaluations in Section 6, this
method was the best at performing accurate, precise, complete and consistent data transfer from
SIGRID to EASE-Grid. The resulting images are easily stored, retrieved and interpreted and
satisfy the uses of the gridded product, including, visualization, ease of use and ease of
application to climatological analysis, compositing, and incorporation into climate or sea ice
models.

8. Future Work

In order to address the issues raised in Section 6.3 further work is recommended. Additional
information should be gathered on the selected regridding method (nearest neighbor
resampling to the 12.5 km EASE-Grid). The additional information should include:

1. For each EASE grid cell, the SIGRID cell from which the data transfered. That is, the
latitude and longitude of the SIGRID point. This information is established during the
definition of the regridding, that is, the selection of the "nearest neighbor" SIGRID
points to the EASE grid points. Thus, a file can be provided to the user with the
"locations" of SIGRID nearest neighbor for each EASE grid point.



2.

The difference in location between the EASE grid centers and their "nearest neighbor"
SIGRID cells. Again, this is easily obtained during the definition of the regridding. Thus,
a file can be provided to the user with this "distance" for each EASE grid point.

Information quantifying the change in areal coverage of each SIGRID cell when
regridding to EASE-Grid. This is readily computed by:< >calculating the area of a
SIGRID cell.counting the number of EASE grid cells to which the SIGRID cell transfers
by nearest neighbor regridding.multiplying the number of cells by the area that each
EASE cell covers (a constant = 157.0952 km2).Information describing the overlap of
SIGRID cells on EASE-Grid. That is, for each EASE cell tell the user which SIGRID cells
overlap and how much area each have overlapping.

9. References

1.

Thompson, T. 1981. Proposed Format for Gridded Sea Ice Information (SIGRID),
Report prepared for the World Climate Program, World Meteorological Organization.

Brodzik, M.J., 1995. README file for NOAA/NASA Pathfinder Program SSM/I Level 3
Brightness Temperatures Equal-Area SSM/I Earth Grid (EASE-Grid) CD , National
Snow and Ice Data Center, Boulder, Colorado.

Brodzik, M.J., 1995. All About EASE-Grid, National Snow and Ice Data Center, Boulder,
Colorado.

Brodzik, M.J., 1998. Summary of NOAA/NASA Polar Pathfinder Grid Relationships,
National Snow and Ice Data Center, Boulder, Colorado.

Kokaly, R.F. 1996. Methods for Regridding AARI Data in the SIGRID Format to the
EASE-Grid Projection, NSIDC Special Report No. 5, National Snow and Ice Data Center,
Boulder, Colorado.

Bushuev, A. V., R. G. Barry, V. M. Smolyanitsky, and V. J. Troisi. 1994. Format to
Provide Sea Ice Data for the World Climate Program (SIGRID-2). Unpublished report to
the World Meteorological Organization Commission for Marine Meteorology.



Figures
.Dutascﬁ ﬁﬂHLFHesIn 19?2

Jan éFeb bor EApr §|"-.-"|CI}-’ édun édul éﬂaug éSep éDu::t éNov éDer:

0D O O O 000000000 ooopoo

01,/01 02/01 03701 04701 05/01 06/01 07/01 OB/01 08701 10,01 11701 12701 12/31

Figure 1. Temporal Distribution of AARI file in 1972.
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Figure 14. Transfer of 1st Thickest Ice Concentration and Stage Grid Points from AARI to EASE by Nearest Neighbor
Regridding.
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Figure 15. Transfer of 1st Thickest Ice Form Grid Points from AARI to EASE by Nearest Neighbor Regridding.
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Figure 16. Spatial Coverage and Frequency Distribution of Total Ice Concentration Grid Points in the 1972 AARI
Data.
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Figure 17. Spatial Coverage and Frequency Distribution of 1st Thickest Ice Grid Points in the 1972 AARI Data.
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Figure 18. Spatial Coverage and Frequency Distribution of 2nd Thickest Ice Grid Points in the 1972 AARI Data.
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Figure 19. Spatial Coverage and Frequency Distribution of 3rd Thickest Ice Grid Points in the 1972 AARI Data.
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Figure 20a. Total Sea Ice Concentration for AARI file "a720411.sig" regridded to the 25.0 km EASE-Grid by Nearest

Neighbor Resampling.
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Figure 20b. Partial Ice Concentration of the 1st Thickest Ice for AARI file "a720411.sig" regridded to the 25.0 km

EASE-Grid by Nearest Neighbor Resampling.
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Figure 20c. Stage of Development of the 1st Thickest Ice for AARI file "a720411.sig" regridded to the 25.0 km EASE-

Grid by Nearest Neighbor Resampling.
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Figure 20d. Form of the 1st Thickest Ice for AARI file "a720411.sig" regridded to the 25.0 km EASE-Grid by Nearest
Neighbor Resampling.
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Figure 20e. Stage of Development of the 2nd Thickest Ice for AARI file "a720411.sig" regridded to the 25.0 km
EASE-Grid by Nearest Neighbor Resampling.
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Figure 21. Total Sea Ice Concentration for AARI file "a720722.sig" regridded to the 25.0 km EASE-Grid by Nearest

Neighbor Resampling.
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Figure 22. Total Sea Ice Concentration for AARI file "a720915.sig" regridded to the 25.0 km EASE-Grid by Nearest

Neighbor Resampling.
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Figure 23. Total Sea Ice Concentration for AARI file "a721015.sig" regridded to the 25.0 km EASE-Grid by Nearest

Neighbor Resampling.
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Figure 25a. MIN Image of Total Sea Ice Concentration for AARI file "a720411.sig" regridded to the 25.0 km EASE-
Grid by Area Min/Max Resampling.
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Figure 25b. MAX Image of Total Sea Ice Concentration for AARI file "a720411.sig" regridded to the 25.0 km EASE-
Grid by Area Min/Max Resampling.
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Figure 26a. MIN Image of Ice Form of the 1st Thickest Ice for AARI file "a720411.sig" regridded to the 25.0 km

EASE-Grid by Area Min/Max Resampling.
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Figure 26b. MAX Image of Ice Form of the 1st Thickest Ice for AARI file "a720411.sig" regridded to the 25.0 km

EASE-Grid by Area Min/Max Resampling.
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Figure 27a. MIN Image of Total Sea Ice Concentration for AARI file "a720722.sig" regridded to the 25.0 km EASE-
Grid by Area Min/Max Resampling.
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Figure 27b. MAX Image of Total Sea Ice Concentration for AARI file "a720722.sig" regridded to the 25.0 km EASE-
Grid by Area Min/Max Resampling.



Figure 28. EASE Grid Projection with Coastlines and Graticule.

white = pixels in the northern hemisphere.

black = coastline and graticule pixels overlaid.

grey = pixels in southern hemisphere (no data values are displayed for these pixels).
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Figure 29. Subset of the 12.5 km EASE-Grid for AARI data.
Corner Latitude Longitude
Point (degrees) (degrees)
1 29.8048 N 135 W
2 " 135 E
3 " 45 W
4 " 45 E
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Figure 30. Total Sea Ice Concentration for AARI file "a720411.sig" regridded to the 12.5 km EASE-Grid by Nearest

Neighbor Resampling.
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Figure 31. Total Sea Ice Concentration for AARI file "a720722.sig" regridded to the 12.5 km EASE-Grid by Nearest

Neighbor Resampling.
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Figure 32. Total Sea Ice Concentration for AARI file "a720915.sig" regridded to the 12.5 km EASE-Grid by Nearest

Neighbor Resampling.



Tables

Table 1. AARI Codes for Ice Concentration

Ice Concentration AART numerical code
[ce Free 51|
Less than 1/18 (open water) A1
Bergy Water Az
1/18 14
2/18 2
9/18 95
More than 9418 less than 18/18 91
18/16 9z
Concentration Intervals C1Ch

{C1 = lowest concentration in interwval)
{Ch = lowest concentration in interwal)

Examples:
1/18-3/ 18 13
4/18-6/1A 46
7/18-9/14 79
7/ 18-18/10 71
unknown 93

Table 1



Table 2. &ARI Codes for Ice Stage of Dewelopment

Ice Stage of Development AART numerical code
Ice Free 51|
Ice Thickness in cm Al
Ice Thickness of 58 cm SH
Ice Thickness of 55 cwm ————————-————-———- 51
Ice Thickness of BB cm 52
Ice Thickness of B5 cm 53
Ice Thickness of 78 cm 54
Ice Thickness of 75 cm 55
Ice Thickness of 88 cm b15]
Ice Thickness of 85 cm 57
Ice Thickness of 98 cm bta]
Ice Thickness of 95 cm 59
Ice Thickness of 180 cm -————————-——-—————- GH
Ice Thickness of 1168 cm Gl
Ice Thickness of 1268 cm G2
Ice Thickness of 1368 cm 63
Ice Thickness of 148 cm G4
Ice Thickness of 15 cm B5
Ice Thickness of 16 cm GG
Ice Thickness of 17H cm 67
Ice Thickness of 1868 cm 6o
Ice Thickness of 1968 cm B9
Ice Thickness of 280 cnp —————-——-————— 7H
Ice Thickness of 256 cm 71
Ice Thickness of JEHE cm 7z
Ice Thickness of 358 cm 73
Ice Thickness of 488 cm 74
Ice Thickness of SHA o) -~ 75
Ice Thickness of BHHE cm 7B
Ice Thickness of 7HBE cm 77
Ice Thickness of 8B cm 7
Ice Thickness of »>= 98B cm 79
Mo stage of development a5}
Mew Tce gl
Milas, ice rind g2
Young Ice g3
Gray Ice g4
Gray-white Ice g5
First Year Ice tal=
Thin First Year Ice a7
Thin First Year Ice stage | g8
Thin First Year Ice stage 2 g9
For Later Use an
Medium First Year Ice 91
For Later Use 9z
Thick First Year Ice 93
For Later Use 94
01d Ice 95
second year Ice 36
Multiyear Ice 97
Glacier Ice 93
undetermined/unknown 99

Table 2



Table 3. AARI Codes for Forms of Ice.

Ice Farm AART numerical code

pancake ice Jdcm - 3 m HiA

shuga/small ice, brash ice < 2m a1l

ice cake < 2B m Az

small floe 20 m - 1HE m B3

medium floe 188 m - SEE m a4

big floe SBA m - Zkm H5

vast floe Zkm - 18km HE

giant floe > 18km H7

fast ice 5]

growlers, floebergs or floebits L]

icebergs 1A

strips and patches 11

level ice 12

undetermined or unknown 99

Table 3
Table 4. Characteristics of SIGRID cells
Latitude Regions Lon/Lat Grid Spacing Grid Spacing Area of Grid Cells
Ratino along parallels along parallels
Start Stop in Longitude Start Sto Start Stop
(deg) (deg) {deqg) Ckml (kmg Ckm~23  (km™2)
A.68 - 5B.686 1 8.25 27.83 17.89 774.47  497.82
CH.25 - 75.68d 2 8.58 35.59 14.41 996.45  4E0.89
75.25 - £5B.@\ 4 1.64 28.34 19.33 7E8.72  537.94
8@.25 - B85.8@ B 1.54 28.28 14.55 78E6.94 465,84
85.25 - 57.68@ 12 J.688 27.E5 17.48 769.59  4B8E.39
A7.25 - 89.4A 2A 5.H8 26.78 9.71 743,15 27@.33
89.25 - 89.5@ 4A 18.A8A 14.57 9.71 4@5.50  27H.34
89.75 - 98.8A aA 208.688 9.71 A.[A 270.34 A.[A
Radius of Earth = B378.68  km
Spacing of grid points on meridians = H.25 degrees
= 27.82 km

spacing of grid points on parallels = 27.82  km (at B deg. lat)

Area of grid cells 7446 kmt2 (at B deg. lat)

Table 4



Table 5. List &ARI Files for 1872
File Date
a/Z2B217.s1g Feb 17, 1972
a/2B317.s1g Mar 17, 1972
a/2B41l.s1g Apr 11, 1972
a728586.s1g May B6, 1972
a72B68Z.51q Jun B2, 1872
a72B611.s1g Jun 11, 1872
a728624.s1qg Jun 24, 1972
a 728785, s1g Jul B5, 1972
a/28713.s1g Jul 13, 1972
a/2B722.51g Jul 22, 1972
a/2H884.s1g Aug B4, 1972
a72B813.s1qg Aug 13, 1972
a72B821.s1q fug 21, 1972
a728987.s1g Sep B7, 1972
a728915.s1g sep 15, 1972
a 728924 .=1g Sep 24, 1972
/21884 .s1g Oct B4, 1972
a/21815.s1g Oct 15, 1972
a/21825.51g Oct 25, 1972

Table 5



Table 6. Summary of Data Content in AARIT 1972 Files.

Date Number of DHigitized Grid Points

Ist Thickest Ice end Thickest Ice drd Thickest Ice
Total Land Unknown Total Partial Stage Form  Partial Stage Form  Partial Stage Form
Conc Conc Dev Conc Dev Conc Dev

72R217  186HS B39 7917 18853 8736 8736 1428 G965 G965 87 5732 5732 4]
728317 17571 541 7814 9166 8188 8188 1391 EB514 EB514 74  GSHE3 SHE3 B
728411 18464 571 7166 18727 9745 9745 1387 5916 S916 86 1748 1748 @
720586 16993 56A BZ2E8 18178 8853 8853 1384 G438 G438 118 2864 2804 4]
J2RERZ 13732 468 7H9R 6174 45827 4827 1328 3A5H 3A5A 71 452 452 4]
72BG11 13658 528 G7E4 6426 5338 5338 1356 2323 2323 91 ] A 8
728624 14278 547 7148 G575 45813 4813 11598 1122 1122 77 4] 4]
J2A7AS 19655 YZ6 18877 BHSE G188 G158 1H@BS 1353 1353 21 4] 5] 4]
728713 17363 B89 18311 6363 4781 4781 485 1875 1875 4 ] A B
728722 17838 44m@ 9539 7553 4881 4881 248 1413 1413 12 ] A B
720884 13394 384 59R3 7187 4414 4414 38 1865 1AES 4] 4] 5] 4]
7PAE13  3387E 341 23739 5994 4911 4911 a 1639 1633 4] 4] 5] 4]
728821 18146 374 G813 18953 B33 6389 8 3756 3756 3 ] A 8
728987 16115 333 7885 7897 3213 3213 4 1625 1625 4] 957 957 4]
72A915 15586 354 E3Z2A 8312 29[8 29[8 4] 2A34 2A34 4] 530@ 53A 4]
728924 15469 327 7853 8E89 3548 3540 2 2994 2964 ] 43 43 @
721884 13923 296 6943 6684 3613 3619 IE 7@z 27@2 7 ] A B
721815 19623 a3 ] 16222 3332 3826 36826 139 2042 2042 4] 4] 5] 4]
721825 14749 23 13822 1704 1318 1318 48 93A 93A 4] 4] 5] 4]
Table 6
Table 7. Data Transfer - Mearest Heighbor Resampling
Latitude Total # of # of Times AARI point is used in EASE-Grid
Region Grid Points G 1 2 3 4
B.08 - SA.6[ 289448 27499¢ 9%y 212422(73%) 494RQ3(17%) 116(@% B8
GH.25 - 75.6@ 72088 7E5A( 1E% ) 48R28(EE% ) 15682{21% 424(8%) 16(E%
75.25 - 88.66 720A 7200 18%) S36E( 7480 1112{15%) B % B %
BH.25 - 85.6H 486A 7EA(1E% 35A8(73%) 5120 18%) A{R% A{R%
B85.25 - 87.60 96H 1361 14%) BA2(72%) 132(13%> A{A% A{A%
87.25 - 89.6d 576 16417 28%) IEA(EZE 52( 9% A{ax) A{ax)
89.25 - 89.5@ 72 36(5A%) 36(56%) AC B%) B8 B8
89.75 - 968.06@ 36 27(75%) 9(Z5%) Al BE) B % B %
H.HA - 98 .HA 375084 IPRIZ20 18 278423(72%) BEE93( 18%) S48(E%Y 16(E%)
GH.25 - 9@.64 85644 97130 11%) EBAA1(EE% 17498{28%) 424(8%) 16(E%

Table 7



Tahle 8.  Area Min/Max Regridding - SIGRID Cells OVerlapping EASE Cells

Number of SIGRID Murmber of EASE
Cells overlapping Cells with this
EASE cell Mumber of Overlaps
1 29
z2 1339A
3 7HEA
q ZAARGZ
5 1846
B 163268
7 282
bt 73a
g 19829
18 3[
11 a
12 166
13 4
14 A
3l A
32 1

Table 8

Tahle 9. Transfer of ice form data from AARI to
EASE for August and September files.

Date SIGRID EASE
points points

7288084 3
728813
728821
728987
728915
720924

Ml = = 00 00O
e R cw By R RN I wow

Table 9



Table 1H. Example of Data Transfer from SIGRID Points
to EASE by Area Min/Max Regridding.

SART Ice SIGRID Codes EASE-Grid Results
Parameter Grid Grid Grid b MIMN
Pt 1 Ft 2 Pt 3

Total Ice Concentration 91 92 91 92 91
Conz - 1st Thickest Ice g6 9z [a15] 9z GH
atage - lst Thickest Ice 97 =l 95 97 =l
Form - 1st Thickest Ice a9 99 Ha Ha Ag
Conc - Znd Thickest Ice 18 93 18 18 1
stage - Znd Thickest Ice 91 93 95 95 91
Form - 2nd Thickest Ice 99 99 Ha Ha ag
Conc - 3rd Thickest Ice Hl1 99 2H 2H A1
Stage - 3Ord Thickest Ice B4 93 g2 g4 82
Form - 3rd Thickest Ice 99 93 99 99 93

Table 10

Table 11. Scale Factors and Grid Cell Dimensions for 12.5 km EASE-Grid

Longitudinal Latitudinal Grid Spacing Grid Spacing

Latitude Zcale Factar 3cale Factor along parallels  along meridians
{degrees) h k ?km) ?km)

a. B.78711 1.41421 §.56 17.73

1. H.7GEA4 1.368541 9.6A 16.36

20, H.81915 1.22877 18.27 15.30

3. H.BEEA3 1.1547@ 18.85 14.47

40, H.9[631 1.1A338 11.36 13.82

oM. H.93969 1.BE418 11.78 13.34

6A. H.96593 1.83528 12.11 12.98

7. H.98431 1.81543 12.34 12.73

ga. H.99619 1.BA382 12.49 12.58

9. 1. BHBER 1. BEBRAR 12.53 12.53

Mominal Grid Spacing = 12.5338 km

Table 11



Takle 12. Data Transfer - Nearest Neighbor to the 12.5 km EASE.

Mumber of Latitude Region

times AARI

point is B.86 5B.25 75.25 88.25 B85.25 87.25 B89.25 B89.75

used in to to to to to to to to

EASE-Grid CA.AAR V5.8 BA.BA B5.88 87Y.B@ 89.88 89.56 90.66
5} 44 5} 5} 5} 5} a3 A 14
1 ]3] [St5] 5} 3 5} 12 16 9
2 7113 39392 136 451 52 144 36 11
3 43822 13272 1848 1421 224 189 ZH 2
4 126337 19942 3516 1863 428 139 A 5]
5 BE7Y31 16623 2161 948 228 75 A 5]
G 31274 148927 315 16A 39 9 A 5}
7 B394 2878 11 3 2 A A 5]
3 169 232 9 5} 5} A A 5}
9 H B4 4 4 3 A A 5}
168 H 5] 5] 5] 5] A A 5]
11 H 5] 5] 5] 5] A A 5]
12 H 2 5] 5] 5] A A 5]

Table 12

Table 13. Computer

Resource Reguirements of the Regridding Methods.

Regridding
Method

Processing Time
(wall clack)

Storage Requirement
for EASE Results

Mearest MNeighbor
to 25.8 km EASE

Mearest Neighbor
to 12.5 km EASE

Area mindmax
to 25.8 km EASE

67 secs

248 secs

364 secs

JB1x361x18 bytes
= 1.24 Megabytes

T21x721x18 bytes
= 4.895 Megabytes

JE1x361x 1842 hytes
= 2.49 Megabytes

Table 13



