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bin used in the histograms in Figure 3 -52 (black symbols) and mean ASPeCt SIC 

plus/minus o ne standard deviation (horizontal bars) computed for SICCI -2 SIC bins 

of the same bin widths (grey symbols) for the Northern Hemisphere. Image d): as 

image c) but using the ASPeCt ice surface fraction (ISF) instead of SIC.  ...........  116  

Figure 3 -57: As Figure 3 -56, using SICCI -2 SIC of SICCI -LF (25.0 km).  ..................  117  

Figure 3 -58: As Figure 3 -56, using SICCI -2 SIC of SICCI -VLF (50.0 km).  ................  118  
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Figure 3 -59: As Figure 3 -50 but for the Southe rn Hemisphere.  ..............................  119  

Figure 3 -60: Histograms (left) and scatterplots (right) of co - located daily mean ASPeCt 

and SICCI -2 SIC using all data for, from top to bottom, SICCI -HF (12.5 km), 

SICCI -LF (25.0km) and SICCI -VLF (50.0km) fo r the Southern Hemisphere. Bars in 

scatterplots denote Ñ 1 standard deviation. ñSAT-ASPeCtò is the mean difference 

SICCI -2 minus ASPeCt SIC together with its standard deviation in parentheses. 

Also given are the equation of the linear regression, RMSD, num ber of days with 

valid data pairs N and the squared linear correlation coefficient R².  .................  120  

Figure 3 -61: As Figure 3 -60 but separately for winter (left) and summer (right) for 

SICCI -HF. ................................ ................................ ...............................  121  
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SICCI -LF. ................................ ................................ ................................  122  

Figure 3 -63: As Figure 3 -60 but separately for winter (left) and summer (right) for 
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Figure  3-64: Mean SICCI -2 (here: SICCI -HF, 12.5 km resolution) SIC plus/minus one 

standard deviation (vertical bars) computed for each ASPeCt SIC bin used in the 

histograms in Figure 3 -60 (black symbols) and mean ASPeCt SIC plus/minus one 

standard deviation (hor izontal bars) computed for SICCI -2 SIC bins of the same 

bin widths (grey symbols) for the Southern Hemisphere.  ...............................  124  

Figure 3 -65: As Figure 3 -64, using SICCI -2 SIC of SICCI -LF (25.0 km).  ..................  125  

Figure 3-66: As Figure 3 -64, using SICCI -2 SIC of SICCI -LF (50.0 km).  ..................  125  

Figure 3 -67: Sample set of SIC histograms around SIC=0% for SICCI -HF (12.5 km) for 

Jan. through Apr. 2011 and 2013 for the Northern Hemisphere. Red vertical li ne 

denotes location of SIC=0%. Binsize: 0.5%.  ................................ ................  129  

Figure 3 -68: As Figure 3 -67, using SICCI -LF (25.0 km).  ................................ .......  130  

Figure 3 -69: Figure 3 -67, using SICCI -VLF (50.0 km).  ................................ ..........  131  

Figure 3 -70: Sample seasonal evolution of the SIC distribution around SIC=0% using 

SICCI -LF (25.0 km). Binsize: 0.5%. Shown are months January through August of 

the year 2010 for the Northern Hemisphere.  ................................ ................  132  

Figure 3 -71: Whole -period (2002 -2015) average monthly histograms of the sea - ice 

concentration around 0% for the 12.5 km (a,b), 25 km (c,d), and 50 km (e,f) 

product for January and February for the Northern Hemisphere. Bin size is 0.5%. 

Bars in cyan and magenta denote one st andard deviation of the probability with 

which a SIC value falls into the respective bin. Similar figures to this one are Figure 

3-72 through Figure 3 -76, which are showing the other months.  .....................  134  

Figure 3 -72: As Figure 3 -71 for  March and April.  ................................ .................  135  

Figure 3 -73: As Figure 3 -71 for May and June.  ................................ ....................  136  

Figure 3 -74: As Figure 3 -71 for July and August.  ................................ .................  137  
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Figure 3 -77: Multi - annual average monthly mean, median, and modal SIC of the three 

algorithms summarized from the histo grams of Figure 3 -71 through Figure 3 -76 for 

the Northern Hemisphere ï separately for AMSR -E (left) and AMSR2 (right). The 

dashed lines display ± 1 standard deviation around the mean. ........................  141  

Figure 3 -78: Multi - annual (AMSR -E and AMSR2 periods together) average modal SIC of 

the three algorithms at SIC = 0% (solid lines) for the Northern Hemisphere. The 

dashed and dotted lines mark the SIC where the frequency of the distribution as 

decreased by 66% and 95%, respectively, from the pe ak value. The distance 

between the solid and the dashed and/or dotted lines are a measure of the 

steepness of the histograms and hence of of confined the SIC values are around 

the respective modal SIC.  ................................ ................................ .........  142  

Figure 3 -79: Sample set of SIC histograms around SIC=0% for SICCI -HF (12.5 km) for 

Sep. through Dec. 2010 and 2013 for the Southern Hemisphere. Red vertical line 

denotes location of SIC=0%. Binsize: 0.5%.  ................................ ................  143  

Figure 3 -80: As Figure 3 -79, using SI CCI-LF (25.0 km).  ................................ .......  144  

Figure 3 -81: As Figure 3 -79, using SICCI -VLF (50.0 km).  ................................ .....  145  

Figure 3 -82: Sample seasonal evolution of the SIC distribution around SIC=0% using 

SICCI -LF (25.0 km). Binsize: 0. 5%. Shown are months January through August of 

the year 2010 for the Southern Hemisphere.  ................................ ................  146  

Figure 3 -83: Whole -period (2002 -2015) average monthly histograms of the sea - ice 

concentration around 0% for the 12.5 km (a,b), 25 km  (c,d), and 50 km (e,f) 

product for January and February for the Southern Hemisphere. Bin size is 0.5%. 

Bars in cyan and magenta denote one standard deviation of the probability with 

which a SIC value falls into the respective bin. Similar figures to this one are Figure 

3-84 through Figure 3 -88, which are showing the other months.  .....................  148  

Figure 3 -84: As Figure 3 -83 for March and April.  ................................ .................  149  

Figure 3 -85: As Figure 3 -83 for May and June.  ................................ ....................  150  

Figure 3 -86: As Figure 3 -83 for July and August.  ................................ .................  151  

Figure 3 -87: As Figure 3 -83 for September and October.  ................................ ......  152  

Figure 3 -88: As Figure 3 -83 for November and December.  ................................ ....  153  

Figure 3 -89: Multi - annual average monthly mean, median, and modal SIC of the three 

algorithms summarized from the histograms of Figure 3 -83 through Figure 3 -88 for 

the Southern Hemisphere ï separately for AMSR -E (left) and AMSR2 (rig ht). The 

dashed lines display ± 1 standard deviation around the mean. ........................  154  

Figure 3 -90: Multi - annual (AMSR -E and AMSR2 periods together) average modal SIC of 

the three algorithms at SIC = 0% (solid lines) for the Southern Hemis phere. The 

dashed and dotted lines mark the SIC where the frequency of the distribution as 

decreased by 66% and 95%, respectively, from the peak value. The distance 

between the solid and the dashed and/or dotted lines are a measure of the 

steepness of the histograms and hence of of confined the SIC values are around 

the respective modal SIC.  ................................ ................................ .........  155  
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Figure 3 -91: Sample set of SIC histograms around SIC=100% for SICCI -HF (12.5 km) 

for May through Aug. 2005 and 2014 for the Northern H emisphere. Red vertical 

line denotes location of SIC=100%. Binsize: 0.5%.  ................................ .......  156  

Figure 3 -92: As Figure 3 -91, using SICCI -LF (25.0 km).  ................................ .......  157  

Figure 3 -93: As Figure 3 -91, using SICCI -VLF (50.0 km).  ................................ .....  158  

Figure 3 -94: Sample seasonal evolution of the SIC distribution around SIC=100% using 

SICCI -LF (25.0 km). Binsize: 0.5%. Shown are months January through August of 

the year 2014 for the Northern Hemisphere.  ................................ ................  159  

Figure 3 -95: Whole -period (2002 -2015) average monthly histograms of the sea - ice 

concentration around 100% for the 12.5 km (a,b), 25 km (c,d), and 50 km (e,f) 

product for January and February for the Northern Hemisphere. Bin size is 0.5%. 

Bar s in cyan and magenta denote one standard deviation of the probability with 

which a SIC value falls into the respective bin. Similar figures to this one are Figure 

3-96  through Figure 3 -100 , which are showing the other months.  ...................  161  

Figure 3 -96: As Figure 3 -95 for March and April.  ................................ .................  162  

Figure 3 -97: As Figure 3 -95 for May and June.  ................................ ....................  163  

Figure 3 -98: As Figure 3 -95 for July and August.  ................................ .................  164  

Figur e 3 -99: As Figure 3 -95 for September and October.  ................................ ......  165  

Figure 3 -100: As Figure 3 -95 for November and December.  ................................ ..  166  

Figure 3 -101: Multi - annual average monthly mean, median, and modal SIC of the thre e 

algorithms summarized from the histograms of Figure 3 -95  through Figure 3 -100  

for the Northern Hemisphere ï separately for AMSR -E (left) and AMSR2 (right). 

The dashed lines display ± 1 standard deviation around the mean. ..................  167  

Figure 3 -102: Multi - annual (AMSR -E and AMSR2 periods together) average modal SIC 

of the three algorithms at SIC = 100% (solid lines) for the Northern Hemisphere. 

The dashed and dotted lines mark the SIC where the frequency of the distribution 

as decreased  by 66% and 95%, respectively, from the peak value. The distance 

between the solid and the dashed and/or dotted lines are a measure of the 

steepness of the histograms and hence of of confined the SIC values are around 

the respective modal SIC.  ................................ ................................ .........  168  

Figure 3 -103: Sample set of SIC histograms around SIC=100% for SICCI -HF (12.5 km) 

for Jan. through Apr. 2004 and 2015 for the Southern Hemisphere. Red vertical 

line denotes location of SIC=100%. Binsize: 0.5%.  ................................ .......  169  

Figure 3 -104: As Figure 3 -103, using SICCI -Lf (25.0 km).  ................................ ....  170  

Figure 3 -105: As Figure 3 -103, using SICCI -VLF (50.0 km).  ................................ ..  171  

Figure 3 -106: Sample seasonal evolution of the SIC distribution  around SIC=100% 

using SICCI -LF (25.0 km). Binsize: 0.5%. Shown are months January through 

August of the year 2004 for the Southern Hemisphere.  ................................ ..  172  

Figure 3 -107: Whole -period (2002 -2015) average monthly histograms of the sea - ice 

concentration around 100% for the 12.5 km (a,b), 25 km (c,d), and 50 km (e,f) 

product for January and February for the Southern Hemisphere. Bin size is 0.5%. 
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Bars in cyan and magenta denote one standard deviation of the probability with 

which a SIC valu e falls into the respective bin. Similar figures to this one are Figure 

3-108  through Figure 3 -112 , which are showing the other months.  .................  174  

Figure 3 -108: As Figure 3 -107 for March and April.  ................................ ..............  175  

Figure 3 -109: As Figure 3 -107 for May and June.  ................................ .................  176  

Figure 3 -110: As Figure 3 -107 for July and August.  ................................ ..............  177  

Figure 3 -111: As Figure 3 -107 for September and October.  ................................ ...  178  

Figure 3 -112: As Figure 3 -107 for November and December.  ................................  179  

Figure 3 -113: Multi - annual average monthly mean, median, and modal SIC of the three 

algorithms summarized from the histograms of Figure 3 -107  through Figure 3 -112  

for the Southern Hemisphere ï separately for AMSR -E (left) and AMSR2 (right). 

The dashed lines display ± 1 standard deviation around the mean. ..................  180  

Figure 3 -114: Multi - annual (AMSR -E and AMSR2 periods together) average modal SIC  

of the three algorithms at SIC = 100% (solid lines) for the Southern Hemisphere. 

The dashed and dotted lines mark the SIC where the frequency of the distribution 

as decreased by 66% and 95%, respectively, from the peak value. The distance 

between the soli d and the dashed and/or dotted lines are a measure of the 

steepness of the histograms and hence of of confined the SIC values are around 

the respective modal SIC.  ................................ ................................ .........  181  

Figure 3 -115: Distribution of the difference 0% minus SICCI  2 SIC (SIC error) at the 

RRDP 2 open water locations in the Northern Hemisphere (left hand side) together 

with the distribution of the SIC retrieval error at these locations (right hand side). 

Winter (Jan./Feb.) and summer (Aug./Sep.) values are denoted i n blue and red, 

respectively. Grid resolution decreases from 12.5 km (a,b) through 25 km (c,d) to 

50 km (e,f). Note that this figure is identical to Figure 3 -3.  ............................  182  

Figure 3 -116: Distribution of the difference 0% minus SICCI 2  SIC (SIC error) at the 

RRDP 2 open water locations in the Southern Hemisphere (left hand side) together 

with the distribution of the SIC retrieval uncertainty at these locations (right hand 

side). Winter (Aug./Sep.) and summer (Jan./ Feb.) values are deno ted in blue and 

red, respectively. Grid resolution decreases from 12.5 km (a,b) through 25 km 

(c,d) to 50 km (e,f). This figure is identical to Figure 3 -2.  ..............................  184  

Figure 3 -117: Histograms of the retrieval (a, c, e) and the total (b, d, f) sea - ice 

concentration uncertainty at the RRDP2 SIC=100% locations in the Northern 

Hemisphere for the 12.5 km (a,b), 25 km (c,d), and 50 km (e,f) product.  ........  186  

Figure 3 -118: Histograms of the retrieval (a, c, e) and th e total (b, d, f) sea - ice 

concentration uncertainty at the RRDP2 SIC=100% locations in the Southern 

Hemisphere for the 12.5 km (a,b), 25 km (c,d), and 50 km (e,f) product.  ........  187  

Figure 3 -119: Time -series of the daily average alg orithm standard error for water (a) 

and ice (b) grid cells computed from the algorithm standard error of the SICCI 

phase 2 SIC product of the Northern Hemisphere.  ................................ .........  189  

Figure 3 -120: Time series of the monthly averaged algorithm  standard error for 50 km 

(a), 25 km (b), and 12.5 km (c) for the Northern Hemisphere for water grid cells. 

Months with no data due to the gap between AMSR -E and AMSR2 (Oct. 2011 

through June 2012) are left out.  ................................ ................................ .  190  
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Figure 3 -121: Seasonal cycle of the monthly mean algorithm standard error for 50 km 

(a), 25 km (b), and 12.5 km (c) over water for the Northern Hemisphere. The 

dashed green lines denote plus/minus one standard deviation.  .......................  191  

Figure 3 -12 2: Time series of the monthly averaged algorithm standard error for 50 km 

(a), 25 km (b), and 12.5 km (c) for the Northern Hemisphere for ice grid cells. 

Months with no data due to the gap between AMSR -E and AMSR2 (Oct. 2011 

through June 2012) are left out . ................................ ................................ .  192  

Figure 3 -123: Seasonal cycle of the monthly mean algorithm standard error for 50 km 

(a), 25 km (b), and 12.5 km (c) over ice for the Northern Hemisphere. The dashed 

green lines denote plus/minus one standard deviation.  ................................ ..  193  

Figure 3 -124: Time series of the number of grid cells used to compute the daily 

algorithm standard deviation shown in Figure 3 -119 for 12.5 km (a), 25 km (b) 

and 50 km (c) for the Northern Hemisphere. Dips visible particula rly in the SIC < 

15 % time series are caused by missing scan lines.  ................................ .......  194  

Figure 3 -125: Time -series  of the daily average total standard error for water (a) and ice 

(b) grid cells computed from the total standard error of the SIC CI phase 2 SIC 

product of the Northern Hemisphere.  ................................ ..........................  196  

Figure 3 -126: Time -series of the monthly averaged total standard error for 50 km (a), 

25 km (b), and 12.5 km (c) for the Northern Hemisphere for water grid cells. 

Months w ith no data due to the gap between AMSR -E and AMSR2 (Oct. 2011 

through June 2012) are left out.  ................................ ................................ .  197  

Figure 3 -127: Seasonal cycle of the monthly mean total standard error for 50 km (a), 

25 km (b), and 12.5 km (c) over water for  the Northern Hemisphere. The dashed 

green lines denote plus/minus one standard deviation.  ................................ ..  198  

Figure 3 -128: Time -series of the monthly averaged total standard error for 50 km (a), 

25 km (b), and 12.5 km (c) for the Northern H emisphere for ice grid cells. Months 

with no data due to the gap between AMSR -E and AMSR2 (Oct. 2011 through June 

2012) are left out.  ................................ ................................ ....................  199  

Figure 3 -129: Seasonal cycle of the monthly mean total standard error for 50 km (a), 

25 km (b), and 12.5 km (c) over ice for the Northern Hemisphere. The dashed 

green lines denote plus/minus one standard deviation.  ................................ ..  200  

Figure 3 -130: Time -series of the daily average algorithm standard error for water (a) 

and ice ( b) grid cells computed from the algorithm standard error of the SICCI 

phase 2 SIC product of the Southern Hemisphere.  ................................ ........  201  

Figure 3 -131: Time series of the monthly averaged algorithm standard error for 50 km 

(a), 25 km (b), and  12.5 km (c) for the Southern Hemisphere for water grid cells. 

Months with no data due to the gap between AMSR -E and AMSR2 (Oct. 2011 

through June 2012) are left out.  ................................ ................................ .  202  

Figure 3 -132: Seasonal cycle of the monthly mean algori thm standard error for 50 km 

(a), 25 km (b), and 12.5 km (c) over water for the Southern Hemisphere. The 

dashed green lines denote plus/minus one standard deviation.  .......................  203  

Figure 3 -133: Time series of the monthly averaged algori thm standard error for 50 km 

(a), 25 km (b), and 12.5 km (c) for the Southern Hemisphere for ice grid cells. 

Months with no data due to the gap between AMSR -E and AMSR2 (Oct. 2011 

through June 2012) are left out.  ................................ ................................ .  204  
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Figure 3 -134: Seasonal cycle of the monthly mean algorithm standard error for 50 km 

(a), 25 km (b), and 12.5 km (c) over ice for the Southern Hemisphere. The dashed 

green lines denote plus/minus one standard deviation.  ................................ ..  205  

Figure 3 -135 : Time series of the number of grid cells used to compute the daily 

algorithm standard deviation shown in Figure 3 -130 for 12.5 km (a), 25 km (b) 

and 50 km (c) for the Southern Hemisphere. Dips visible particularly in the SIC < 

15 % time series are caused by missing scan lines.  ................................ .......  206  

Figure 3 -136: Time -series  of the daily average total standard error for water (a) and ice 

(b) grid cells computed from the total standard error of the SICCI phase 2 SIC 

product of the Southern Hemisp here.  ................................ ..........................  207  

Figure 3 -137: Time -series of the monthly averaged total standard error for 50 km (a), 

25 km (b), and 12.5 km (c) for the Southern Hemisphere for water grid cells. 

Months with no data due to the gap between AMSR -E and  AMSR2 (October 2011 

through June 2012) are left out.  ................................ ................................ .  208  

Figure 3 -138: Seasonal cycle of the monthly mean total standard error for 50 km (a), 

25 km (b), and 12.5 km (c) over water for the Southern Hemisphere. The dashed 

green  lines denote plus/minus one standard deviation.  ................................ ..  209  

Figure 3 -139: Time -series of the monthly averaged total standard error for 50 km (a), 

25 km (b), and 12.5 km (c) for the Southern Hemisphere for ice grid cells. Months 

with no data due to the gap between AMSR -E and AMSR2 (Oct. 2011 through June 

2012) are left out.  ................................ ................................ ....................  210  

Figure 3 -140: Seasonal cycle of the monthly mean total standard error for 50 km (a), 

25 km (b), and 12.5 km (c) over ice for the S outhern Hemisphere. The dashed 

green lines denote plus/minus one standard deviation.  ................................ ..  211  

Figure 3 -141: Illustration of a search area in the Sea of Ohkotsk. Shown is the 

correlation of the SICCI -LF (25 km) sea - ice concentration . Along the black double 

arrow the gradient in the correlation is relatively small and the correlation stays at 

or close to 0.9 for quite a distance. In contrast, along the magenta double arrow 

the correlation decreases quickly towards the East where the s ea- ice concentration 

decreases as well.  ................................ ................................ ....................  217  

Figure 3 -142: Correlation of multi -annual mean daily SICCI -LF (25 km) SIC of one 

seasonal cycle for six different locations in the Northern Hemisphere. Pale yellow 

grid cells off the  dark blue indicate either that no correlation could be computed or 

negative correlation values.  ................................ ................................ .......  218  

Figure 3 -143: As Figure 3 -142 but using the time series of daily SIC data of all 13 

seasonal cycles.  ................................ ................................ .......................  219  

Figure 3 -144: Correlation of multi -annual mean daily SICCI -LF (25 km) SIC of one 

seasonal cycle for the Barents Sea region (image d) in Figure 3 -142 and Figure 3 -

143) in the Northern Hemisphere. Pale yellow grid cells off the dark blue indicate 

either that no correlation could be computed or negative correlation values.  .....  221  

Figure 3 -145: As Figure 3 -144 but showing the correlation for the SIC smearing error. 221  

Figure 3 -146: As Figure 3 -144 but showing the correlation for the SICCI -LF SIC total 

standard error.  ................................ ................................ ........................  222  
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Figure 3 -147: Correlation of the SIC error for open water, i.e. SIC ï 0% of the range -

15% é SIC é 15% for Figure 3-142 a) (left) and b) (right) fo r winter months using 

the multi - annual mean daily seasonal cycle of SICCI -LF SIC. In the left image the 

search area center is located over sea ice; in the right image it is located over open 

water.  ................................ ................................ ................................ ....  223  

Figure 3 -148: As Figure 3-147 but for the SIC error over 100% sea ice, i.e. SIC ï 100% 

of the range 85% é SIC é 115%................................. ...............................  223  

Figure 3 -149: As Figure 3 -148 but for the search area of image c) in Figure 3 -142.  ..  224  

Figure 3 -15 0: Mean correlation values computed for each distance ring around the 

search area center for all valid multi - annual mean daily seasonal cycle winter - time 

SIC error and SIC total standard error correlation values obtained using the SICCI -

VLF (50.0 km) produ ct of the Northern Hemisphere. Black dots denote individual 

mean correlation values while red diamonds give the average correlation of all 

search areas.  ................................ ................................ ...........................  225  

Figure 3 -151: As Figure 3 -150 but using SICCI -LF (25.0 km).  ...............................  226  

Figure 3 -152: Correlation of the SIC error over open water, i.e. SIC ï 0% computed for 

the range -15% é SIC é 15%, for all (top) and winter-time (bottom) valid multi -

annual mean daily seasonal cycle values obtained using the SICCI -LF (25.0 km) 

product of the Northern Hemisphere.  ................................ ..........................  227  

Figure 3 -153: Correlation length = Distance from the search area center at which the 

correlations shown in Figure 3 -152 fall below 0.7.  ................................ .........  228  

Figure 3 -154: Correlation of SIC and SIC total standard error without any constraints 

(top), and of the SIC error over sea ice, i.e. SIC ï 100% computed for the range 

85% é SIC é 115%, for winter-time valid multi - annual mean daily seasonal cycle 

values obtain ed using SICCI -VLF (50 km, middle) and SICCI -LF (25 km, bottom) 

SIC of the Northern Hemisphere.  ................................ ................................  229  

Figure 3 -155: Correlation length = Distance from the search area center at which the 

correlations shown in Figure 3 -154 fall b elow 0.95 (top) or below 0.7 (middle and 

bottom).  ................................ ................................ ................................ .  230  

Figure 3 -156: Correlation of multi -annual mean daily SICCI -LF (25 km) SIC of one 

seasonal cycle for six different locations in the Southern Hemisphere. Pale yellow 

grid cel ls off the dark blue indicate either that no correlation could be computed or 

negative correlation values.  ................................ ................................ .......  234  

Figure 3 -157: As Figure 3 -156 but using the time series of daily SIC data of all 13 

seasonal cycles.  ................................ ................................ .......................  235  

Figure 3 -158: Mean correlation values computed for each distance ring around the 

search area center for all valid multi - annual mean daily seasonal cycle winter - time 

SIC error and SIC total standard error correlation values obtained usin g the SICCI -

VLF (50.0 km) product of the Southern Hemisphere. Black dots denote individual 

mean correlation values while red diamonds give the average correlation of all 

search areas.  ................................ ................................ ...........................  237  

Figure 3 -159: As Figure 3 -158 but usin g the SICCI -LF (25 km) product.  .................  238  

Figure 3 -160: Correlation of the SIC error over open water, i.e. SIC ï 0% computed for 

the range -15% é SIC é 15%, for all (top) and winter-time (bottom) valid multi -
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annual mean daily season al cycle values obtained using the SICCI -LF (25.0 km) 

product of the Southern Hemisphere.  ................................ ..........................  239  

Figure 3 -161: Correlation length = Distance from the search area center at which the 

correlations shown in Figure 3 -160 fall below 0 .7.  ................................ .........  240  

Figure 3 -162: Correlation of SIC and SIC total standard error without any constraints 

(top), and of the SIC error over sea ice, i.e. SIC ï 100% computed for the range 

85% é SIC é 115%, for winter-time valid multi - annua l mean daily seasonal cycle 

values obtained using SICCI -VLF (50 km, middle) and SICCI -LF (25 km, bottom) 

SIC of the Southern Hemisphere.  ................................ ...............................  241  

Figure 3 -163: Correlation length = Distance from the search area center at which the 

correlations shown in Figure 3.8.22 fall below 0.95 (top) or below 0.7 (middle and 
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1  Introduction  

1.1  Purpose and Scope  

This document informs about the results of the validation an d inter -

comparison of the SICCI project Phase 2 sea ice concentration (SIC , 

released in December 2016 , updated in October 2017 ) data sets .  

1.2  Document Structure  

After this introduction and the list of references, the document describe s the 

Sea Ice Concentrat ion validation and inter -comparison efforts .  

1.3  Document Status   

This is issue 1.1 release d to ESA as part of the project ôs contractual 

deliverable set.  

1.4  Applicable Documents  

The following table lists the Applicable Documents that have a direct impact 

on the contents of this document.  

Acronym  Title  Reference  Issue  

AD-1 Sea Ice ECV Project 
Management Plan  

ESA-CCI_SICCI_PMP_D6.1_v1.1  1. 3 

    

Table 1 - 1 :  Applicable Documents  

 

1.5  Reference Documents  

Acronym  Title  Refer ence  Issue  

RD-01  Algorithm The oretical 

Basis Document (ATBDv1)  

Pedersen, L. T .,  et al.  
  

v2.2, 

Sep. 
2017  

RD-02  Product Validation Plan 

(PVP)  

Laxon, S., and L. T. 

Pedersen , SICCI -
PVP-05 -12  

v1.1, 

Sep. 
2012  

RD-03  Data Access Requirement 

Document (DARD)  

Ker n, S., SICCI -P2-

DARD-08 -15  

v2 .0, 

Sep. 
2015  

RD-04  D3.4 Product User Guide 

(PUG)  

Sørensen, A. , and T. 

Lavergne, SICCI -
PUG-P2-17 -09  

V1.1, 

Sep. 
2017  

RD-05  Product Validation and 

Intercomparison Report 
for SICCI 1  

Kern, S., et al., ESA -

CCI-SICCI -PVIR 

V1.1, 

Feb. 
2015  
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Acronym  Title  Refer ence  Issue  

RD-06  Round Robin Data 

Package for SICCI 2 SIC  

Pedersen, L.T., et al.  v2.1 

Aug. 
2017  

RD-07  Revised Landsat -5 

Thematic Mapper 

Radiometric Calibration  

Chander, G., B. L. 

Markham, and J. A. 

Barsi , IEEE 

Geoscience and 

Remote Sensi ng 

Letters, 4(3), 4 90 -
494, 2007  

n.a.  

RD-08  Summary of current 

radiometric calibration 

coefficients for Landsat 

MSS, TM, ETM+, and EO -
1 ALI sensors  

Chander, G., B. L. 

Markham, and D. L. 

Helder,  Remote 

Sensing of 

Environment, 113, 
893 -903, 2009  

n.a.  

RD-09  Removal of Atmosphe ric 

Effects from AVHRR 

albedos  

Koepke, P., Journal 

of Applied 

Meteorology, 28, 
1341 -1348 , 1989  

n.a.  

RD-10  Comparison of Landsat 

TM-derived and ground -

based albedos of Haut 

Glacier dôArolla, 

Switzerland  

Knap, W. H., B. W. 

Brock, J. Oerlemans, 

and I. C. Wil lis,  

International Journal 

of Remote Sensing, 

20(17), 3293 -3310, 
1999  

n.a.  

RD-11  Surface Albedo of the 

Antarctic sea ice zone  

Brandt, R. E., S. G. 

Warren, A. P. Worby, 

and T. C. Grenfell,  

Journal of Climate, 
18, 3606 -3622, 2005  

n.a.  

RD-12  Melt ponds on A rctic sea 

ice determined from 

MODIS satellite data 

using an artificial neural 

network  

Rösel, A., L. 

Kaleschke, and G. 

Birnbaum,  The 

Cryosphere, 6, 431 -

445, doi:10.5194/tc -
6-431 -2012, 2012  

n.a.  

RD-13  On the estimation of melt 

pond fraction on the 

Arctic se a ice with 
ENVISAT WSM images  

Mäkynen, M., S. 

Kern , A. Rösel, and 

L.T. Pedersen, IEEE 

Transactions on 

Geoscience and 

Remote Sensing , 

52(11), 

doi:10.1109/TGRS.2
014.2311476, 2014  

n.a.  
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Acronym  Title  Refer ence  Issue  

RD-14  The impact of melt ponds 

on summertime 

microwave brightness 

tempera tures and sea - ice 
concentrations  

Kern, S., A. Rösel, L. 

T. Pedersen, N. 

Ivanova, R. Saldo, 

and R. T. Tonboe, 

The Cryosphere, 10, 

doi:10.5194/tc -10 -1-
2016  

n.a.  

RD-15  Studies of the Antarctic 

sea ice edge and sea ice 

extent from satellite and 

ship observati ons  

Worby, A. P. and J. 

C. Comiso, Remote 

Sensing of 

Environment , 92, 

98ï111, 

doi:10.1016/j.rse.20
04.05.007, 2004  

n.a.  

RD-16  Antarctic summer sea ice 

concentration and extent: 

comparison of ODEN 

2006 ship observations, 

satellite passive 

microwave and NIC sea 
ice charts  

Ozsoy -Cicek, B., H. 

Xie, S. F. Ac kley, and 

K. Ye,  The 

Cryosphere, 3, 1 -9, 
2009  

n.a.  

RD-17  Comparison of SSM/I and 

AMSR-E sea ice 

concentrations with 

ASPeCt ship observations 
around Antarctica  

Beitsch, A., S. Kern, 

and L. Kaleschke, 

IEEE Tra nsaction on 

Geoscience and 

Remote Sensing, 

53(4), 

10.1109/TGRS.2014.
2351497, 2015  

n.a.  

RD-18  Thickness distribution of 

Antarctic sea ice  

Worby, A. P., C. A. 

Geiger, M. J. Paget, M. 

L. VanWoert, S. F. 

Ackley, and T. L. 

DeLiberty, Journal of 

Geophysical Res earch, 

113(C5), C05S92, 

doi:10.1029/2007JC00

4254, 2008.  

n.a.  

RD-19  The Expedition of the 

Research Vessel Polarstern 

to the Antarctic in 2013 

(ANT -XXIX/6)  

 

Lemke, P., Reports 

on Polar and Marine 

Research, 679, 

154pp, 

https://doi.org/10.23

12/BzPM_0679_2014
, 2014  

n.a.  

RD-20  The Expedition of the 

Research Vessel 

Polarstern to the 

Antarctic in 2013 (ANT -
XXIX/7)  

Meyer, B., and L. 

Auerswald, Reports 

on Pola r and Marine 

Research, 674, 

130 pp, 

https://doi.org/10.23

12/BzPM_0674_2014

, 2014  

n.a.  

https://doi.org/10.2312/BzPM_0679_2014
https://doi.org/10.2312/BzPM_0679_2014
https://doi.org/10.2312/BzPM_0674_2014
https://doi.org/10.2312/BzPM_0674_2014
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Acronym  Title  Refer ence  Issue  

RD-21  The Expedition PS82 of the 

Research Vessel 

POLARSTERN to the 

sou thern Weddell Sea in 

2013/2014  

 

Knust, R., and M. 

Schröder, Reports on 

Polar and Marine 

Resear ch, 680, 

155pp, 

https://doi.org/10.23

12/BzPM_0680_2014
, 2014  

n.a.  

RD-22  The Expedition PS89 of the 

Research Vessel 

POLARSTERN to the 

Weddell Sea in 2014/2015  

 

 

Boebel, O., Reports 

on Polar and Marine  

Research, 689, 

151pp, 

https://doi.org/10.23

12/BzPM_0689_2015

, 2015  

n.a.  

RD-23  The Expedition PS96 of 

the Research Vessel 

POLARSTERN to the 

sou thern Weddell Sea in 
2015/2016  

Schröder, M., 

Reports on Polar and 

Marine Research, 

700, 142 pp, 

https://doi.org/10.23

12/BzPM_0700_2016

, 2016  

n.a.  

RD-24  The Expedition ARKTIS -

XIX/1 a, b and XIX/2 of 

the Research Vessel 

Polarstern in 2003  

Schauer, U., and G . 

Kattner, Reports on 

Polar and Marine 

Research, 481, 194pp, 

https://doi.org/10.231

2/BzPM_0481_2004 , 

2004  

n.a.  

RD-25  The Expeditions ARKTIS -

XX/1 and ARKTIS -XX/2 of 

the Research Vessel 
Polarstern in 2 004  

 

Budéus, G., and P. 

Lemke, Reports on 

Polar and Marine 

Research, 544, 

242pp, 

https://doi.org/10.23

12/BzPM_0544_2007
, 2007  

n.a.  

RD-26  Scientific cruise report of 

the Arctic Expedition 

ARK-XX/3 of RV 

Polarstern in 2004: Fram 

Strait, Yermak Plateau 

and East Greenland 
Continental Margin  

Stein, R., Reports on 

Polar and Marine 

Research, 517, 

188pp, 

https://doi.org/10.23

12/BzPM_0517_2005
, 2005  

n.a.  

RD-27  The Expedition ARKTIS -

XXII/2 of the Research 
Vessel Polarstern in 2007  

Schauer, U., Reports 

on Polar and Marine 

Research, 579, 

264pp, 

https://doi.org/10.23

12/BzPM_0579_2008
, 2008  

n.a.  

https://doi.org/10.2312/BzPM_0680_2014
https://doi.org/10.2312/BzPM_0680_2014
https://doi.org/10.2312/BzPM_0689_2015
https://doi.org/10.2312/BzPM_0689_2015
https://doi.org/10.2312/BzPM_0700_2016
https://doi.org/10.2312/BzPM_0700_2016
https://doi.org/10.2312/BzPM_0481_2004
https://doi.org/10.2312/BzPM_0481_2004
https://doi.org/10.2312/BzPM_0544_2007
https://doi.org/10.2312/BzPM_0544_2007
https://doi.org/10.2312/BzPM_0517_2005
https://doi.org/10.2312/BzPM_0517_2005
https://doi.org/10.2312/BzPM_0579_2008
https://doi.org/10.2312/BzPM_0579_2008
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Acronym  Title  Refer ence  Issue  

RD-28  The Expedition of the 

Research Vessel Polarstern 

to the Arctic in 2011 (ARK -

XXVI/3 -  TransArc)  

 

Schauer, U., Reports 

on Pola r and Marine 

Research, 649, 

205 pp, 

https://doi.org/10.23

12/BzPM_0649_2012
, 201 2 

n.a.  

RD-29  The Expedition of the 

Research Vessel 

Polarstern to the Arctic in 

2012 (ARK -XXVII/3)  

 

Boetius, A., Reports 

on Polar and Marine 

Research, 663, 

166pp, 

https://doi.org/10.23

12/BzPM_0663_2013
, 2013  

n.a.  

RD-30  The Expedition PS86 of 

the Research Vessel 

POLARSTERN to the 
Arctic Ocean in 2014  

Boetius, A., Reports 

on Polar and Marine 

Research, 685, 

133pp, 

https://doi.org/10.23

12/BzPM_0685_20 15
, 2015  

n.a.  

RD-31  The Expedition PS92 of the 

Research Vessel 

POLARSTERN to the Arctic 

Ocean in 2015  

 

Peeken, I., Reports 

on Pola r and Marine 

Research, 694, 

153 pp, 

https://doi.org/10.23

12/BzPM_0694_ 2016

, 2016  

n.a.  

RD-32  IceWatch: Standardizing 

and expanding Arctic 

ship -based sea - ice 
observations  

Hutchings, J., N. 

Hughes, A. Orlich, S. 

MacFarlane, A., 

Cowan, L. Farmer, 

and K. Faber, White 

Paper, College of 

Earth Ocean and 

Atmospheric 

Sciences, Orego n 
State University  

n.a.  

RD-33  2006 Ice Watch Joint 

Ocean Ice Study (JOIS) 

Sea Ice Observation 

Program, 1.00  

Hutchings, J., and A. 

Orlich, Arctic Data 

archive System (ADS), 

Japan, 

https://ads.nip r.ac.jp/

dataset/A20140623 -

014 , 2011  

n.a.  

RD-34  2007 Ice Watch Joint 

Ocean Ice Study (JOIS) 

Sea Ice Observation 
Program, 1.00  

 

Hutchings, J., and A. 

Orlich, Arctic Data 

archive System 

(ADS), Japan, 

https://ads.nipr.ac.jp

/dataset/A20140623 -
008 , 2011  

n.a.  

https://doi.org/10.2312/BzPM_0649_2012
https://doi.org/10.2312/BzPM_0649_2012
https://doi.org/10.2312/BzPM_0663_2013
https://doi.org/10.2312/BzPM_0663_2013
https://doi.org/10.2312/BzPM_0685_2015
https://doi.org/10.2312/BzPM_0685_2015
https://doi.org/10.2312/BzPM_0694_2016
https://doi.org/10.2312/BzPM_0694_2016
https://ads.nipr.ac.jp/dataset/A20140623-014
https://ads.nipr.ac.jp/dataset/A20140623-014
https://ads.nipr.ac.jp/dataset/A20140623-014
https://ads.nipr.ac.jp/dataset/A20140623-008
https://ads.nipr.ac.jp/dataset/A20140623-008
https://ads.nipr.ac.jp/dataset/A20140623-008
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Acronym  Title  Refer ence  Issue  

RD-35  2008 Ice Watch Joint 

Ocean Ice Study (JOIS) 

Sea Ice Observation 

Program, 1.00  

Hutchings, J., and A. 

Orlich, Arctic Data 

archive System (ADS), 

Japan, 

https://ads.nipr.ac.jp/

dataset/A20140623 -

012 , 2011  

n.a.  

RD-36  2009  Ice Watch Joint 

Ocean Ice Study (JOIS) 

Sea Ice Observation 

Program, 1.00  

Hutchings, J., and A. 

Orlich, Arctic Data 

archive System (ADS), 

Japan, 

https://ads.nipr.ac.jp/

dataset/A20140623 -

006 , 2011  

n.a.  

RD-37  2010  Ice Watch Joint 

Ocean Ice Study (JOIS) 

Sea Ice Observation 

Program, 1.00  

Hutchings, J., and A. 

Orlich, Arctic Data 

archive System (ADS), 

Japan, 

https://ads.nipr.ac.jp/

dataset/A20140623 -

013 , 2011  

n.a.  

RD-38  Sea Ice Ship Based 

Underway Standard Sea 

Ice Observation Reports 

Healy Cruises HLY -07 -01 
and HLY -07 -02  

Staup, R ., M . 

Prevenas, and K . E. 

Frey, 

https://www.eol.ucar

.edu/projects/best/ , 
2007  

n.a.  

RD-39  Sea Ice Ship Based 

Underway Standard Sea 

Ice Observation Reports, 

for Healy Cruises HLY -08 -
01 and HLY -08 -02  

 

Gradinger, R., B. 

Bluhm , K. Iken, and 

K. Frey (UAF), 

https://www.eol.ucar

.edu/projects/best/ , 
2008  

n.a.  

RD-40  Sea Ice Ship Based 

Underway Standard Sea 

Ice Observation Reports, 

Healy Cruises HLY -09 -01 
and HLY -09 -02  

Grading er, R., K. 

Iken, H. Chenelot, B. 

McConnell, M. Reedy, 

and J. Weems, 

https://www.eol.ucar

.edu/projects/best/ , 
2009  

n.a.  

RD-41  Sea Ice Ship Based 

Underway Standard Sea 

Ice Observation Reports 

Polar Se a Cruise PSEA -
10 -01  

 

Gradinger, R., M. 

Schuster, and J. 

Weems, 

https://www.eol.ucar

.edu/projects/best/ , 
2010  

n.a.  

https://ads.nipr.ac.jp/dataset/A20140623-012
https://ads.nipr.ac.jp/dataset/A20140623-012
https://ads.nipr.ac.jp/dataset/A20140623-012
https://ads.nipr.ac.jp/dataset/A20140623-006
https://ads.nipr.ac.jp/dataset/A20140623-006
https://ads.nipr.ac.jp/dataset/A20140623-006
https://ads.nipr.ac.jp/dataset/A20140623-013
https://ads.nipr.ac.jp/dataset/A20140623-013
https://ads.nipr.ac.jp/dataset/A20140623-013
https://www.eol.ucar.edu/projects/best/
https://www.eol.ucar.edu/projects/best/
https://www.eol.ucar.edu/projects/best/
https://www.eol.ucar.edu/projects/best/
https://www.eol.ucar.edu/projects/best/
https://www.eol.ucar.edu/projects/best/
https://www.eol.ucar.edu/projects/best/
https://www.eol.ucar.edu/projects/best/
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Acronym  Title  Refer ence  Issue  

RD-42  HLY12-01 Marine Mammal 

Watch  

 

Moore, S. E., and J. M. 

Grebmeier, 

doi:10.5065/D 6028PM

0 

(https://arcticdata.io/

metacat/metacat/doi:

10.5065/D6028PM0/d

efault ), 2012  

n.a.  

RD-43  HLY13-01 Marine Mammal 

Watch  

 

Moore, S. E., and J. M. 

Grebmeier, 

doi:10.5065/D6V9864

3 

(https://arcticdata.io/

metacat/metacat/doi:

10.5065/D6V98643/d

efault ), 201 3 

 

n.a.  

RD-44  SWL14 Marine Mammal 

Watch  

 

Moore S. E., J. M. 

Grebmeier, and S. 

Vagle, 

doi:10.5065/D6KS6PM

R 

(https://arcticdata.io/

metacat/metacat/doi:

10.5065/D6KS6PMR/d

efault ), 2015  

n.a.  

RD-45  Underway Sea Ice 

Observations during 

SUBICE 2014  

 

Polashenski , C., 

doi:10.18739/A2KW8F 

(https://arcticdata.io/

metacat/metacat/doi:

10.18739/A2KW8F/def

ault ), 2016  

n.a.  

RD-46  Independent uncertainty 

estimates for coefficient 

based sea surface 

temperature retrieval 

from the along - track 

scanning radiometer 

instruments  

Bulgin, C.E., O. 

Embury, G. Corlett, 

and C. J. Merchant, 

Remote Sensing of 

Environment, 178, 
213 -222, 2016  

n.a.  

RD-47  Uncertainty propagation in 

observational references to 

climate model  scales  

 

Bellprat, O., F. 

Massonnet , S. 

Siegert, C. 

Prodhomme,  D. 

Macias -Gómez, V. 

Guemas, F. Doblas -

Reyes , Remote 

Sensing of 

Environment, 203, 

101 -108, 

https://doi.org/10.10

16/j.rse.2017.06.034
, 2017  

n.a.  

Table 1 - 2 : Reference Document s 

https://www.sciencedirect.com/science/article/pii/S0034425717302936#!
https://www.sciencedirect.com/science/article/pii/S0034425717302936#!
https://www.sciencedirect.com/science/article/pii/S0034425717302936#!
https://www.sciencedirect.com/science/article/pii/S0034425717302936#!
https://www.sciencedirect.com/science/article/pii/S0034425717302936#!
https://www.sciencedirect.com/science/article/pii/S0034425717302936#!
https://www.sciencedirect.com/science/article/pii/S0034425717302936#!
https://www.sciencedirect.com/science/article/pii/S0034425717302936#!
https://www.sciencedirect.com/science/article/pii/S0034425717302936#!
https://www.sciencedirect.com/science/article/pii/S0034425717302936#!
https://www.sciencedirect.com/science/article/pii/S0034425717302936#!
https://www.sciencedirect.com/science/article/pii/S0034425717302936#!
https://www.sciencedirect.com/science/article/pii/S0034425717302936#!
https://doi.org/10.1016/j.rse.2017.06.034
https://doi.org/10.1016/j.rse.2017.06.034
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1.6  Acronyms and Abbreviations  

Acronym  Mean ing  

AMSR-E Advanced Microwave Scanning Radiometer aboard EOS  

AO Announcement of Opportunity  

ASCII  American Standard Code for Information Interchange  

ASIRAS  Airborne Synthetic Aperture and Interferometric Radar Altimeter 
System  

ATBD Algorith m  Theoretic al Basis Document  

CM-SAF Climate Monitoring Satellite Application Facility  

DMSP Defence Meteorological Satellite Program  

DWD Deutscher Wetterdienst  

EASE2 Equal-Area Scalable Earth Grid 2 

ECV Essential Climate Variable  

Envisat  Environmental Satellite  

ERS European Remote Sensin g satellite  

ESA European Space Agency  

EUMETSAT European Organisation for the Exploitation of Meteorological Satellites  

FB Freeboard  

FCDR Fundamental Climate Data Record  

FOC Free of Charge  

FOV Field -of -View  

FTP File Transfe r Protocol  

GB GigaByte  

GCOM Global Change Observation Mission  

H Horizontal polarization  

H+V  Horizontal and vertical polarization  

L1B Level 1b  

MB MegaByte  

MODIS  Moderate Resolution Imaging Spectroradiometer  

MSS Mean Sea Surface  

n.a.  Not applicable  

NetCDF  Network Common Data Format  

NSIDC  National Snow and Ice Data Center  

OCOG Offset Centre of Gravity  

OIB  Operation Ice Bridge  

OSI -SAF Ocean and Sea Ice Satellite Application Facility  

OW Open Water  

PI Principal Investigator  

PMW Passive Microwave  

POES Polar Operational Environmental Satellite  

PRF Pulse Repetition Frequency  

RA Radar Altimeter  
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Acronym  Mean ing  

RADAR Radio Detection and Ranging  

SAR Synthetic Aperture Radar  

SGDR Sensor Geophysical Data Record  

SIC  Sea Ice Concentration  

SIRAL  SAR/Interferometric Radar Altimeter  

SIT  Sea Ice Thickness  

SSM/I  Special Sensor Microwave / Imager  

SSM/IS  Special Sensor Microwave / Imager+Sounder  

TB TeraByte  

t.b.d.  To be determined  

TM Thematic Mapper  

ULS Upward Looking Sonar  

URL Uniform Resource Locator  

V Vertical polarization  

WGS84  World Geodetic System revision -84  

Table 1 - 3 :  Acronyms  
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2  Preface  

The algorithms used to obtain the products are described in the Algorithm 

Theoretical Basis Document (ATDB) [ RD-01]. The Prod uct Validation Plan 

(PVP) [ RD-02] reveals the steps and strategies that ought to be used for the 

validation. The sources for the data to be used are compiled in the Data 

Access Requir ement Document (DARD) [RD -03].  The products are described 

in the netCDF f ile attributes and in the  Product User Guide (PUG) did not yet 

exist  [RD -04] . 

The validation and inter - comparison was carried out using the SIC product  

v2.0 and v2.1  downloaded from met.no . SICCI -2 SIC products are available 

for both hemispheres year - round  for the time periods: 06/2002 -09/2011 

(AMSR -E) and 07/2012 -04/2017 (AMSR2); note that actually the last day 

with data is May 15 2017.  

We note that passages of this report, where data input and methodologies 

did not change with respect to the SICCI phase 1  project are 1 - to -1 copies 

of the respective report (PVIR) delivered in the contex t o f the SICCI -1 

project  [RD -05] .  
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3  Sea Ice Concentration  

Validation of the SICCI Phase 2 SIC product was carried out for the v2.0 and 

v2.1  product based on AMSR-E and AMSR2 data.   

In contrast to SICCI Phase 1, validation of the product based on SSM/I and 

SMMR data is not part of the SICCI 2 WP4000 activities.  

Note further that in contrast to SICCI Phase 1 three different products are 

evaluated  [RD -05] , namely SICCIHF , the hig h frequency algorithm using 

the channels 18.7V, 89.0V, 89.0H (H = horizontal, V = vertical polarization, 

the number is the frequency in GHz), SICCILF (or SICCI -25km),  the low 

frequency algorithm using the channels 18.7V, 36.5V, 36.5H (similar to 

SICCI 1), a nd SICCIVLF (or SICCI -50km),  the very low frequency algorithm 

using the channels 6V, 36.5V, 36.5H. Given the different footprint sizes of 

the channels used the grid resolution of the three products is 12.5 km , 25 

km  and 50 km , respectively.  Henceforth we wi ll refer to the three different 

products also via their grid resolution, i.e. name them 12.5 km product, 25 

km product and 50 km product.  

Elements of the validation were:  

¶ A he alth check of the SIC products in collaboration with met.no to 

mitigate errors in  the product prior to its final release  

¶ Inter -compari sons of the SIC product with:  

o independent SIC data at 0% and 100%  

o high - resolution optical satellite imagery  

o 8-day melt -pond cover fractions  

o visual ship -based ASPeCt and ASSIST sea - ice observations   

¶ Inve stigation of amount and distribution of  SIC  < 0% and > 100%  

¶ Investigation of the SIC uncertainties  

¶ Correlation length scales of SIC and SIC uncertainties  
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3.1  SIC prototype product health check  

The health check (first item in the list) was done in coopera tion with 

WP3000 and can be seen as an optimization of the SICCI 2  product s rather 

than their  evaluation . W e do not report about the results of this check in 

detail therefore.  

It was checked whether data files contain all the necessary information a nd 

whet her these can be read easily with standard programs such as IDL, 

Matlab, Python, and others and whether results can be displayed with 

standard imaging software such as Ferret, ncview, IDL, and others.  

Animated loops of maps of the SIC and the uncertainty p arameters were run 

to search for inconsistencies in the data sets. Very few were found and were 

corrected  in the code to be incorporated into the final release of the SICCI 2 

SIC products .   
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3.2  Sea Ice Concentration Evaluati on : 0% and 100%  

Similar to SICCI Phase 1, t he evalu ation  of  the SIC product s focused  on the 

evaluation of the product s at 0% and 100% sea - ice concentration. For these 

sea- ice concentration v alues well validated independent data exist.  

For 0% sea - ice concentration we used the entire data set generated from 

ice charts for the Round Robin Exercise  (RRE)  of phase 2 . It comprises a 

number of locat ions where according to the ice charts the daily sea - ice 

concentration was 0% with high confidence [ RD-06].  

For 100% sea - ice concent ration locations were used where analysis of 

collocated Envisat ASAR and Sentinel -1A SAR ice drift es timates provided 

convergent sea - ice cond itions with a little or no change in sea - ice area in 

predefined grid cells. During freezing conditions this provide s a very 

valuable data set of SIC = 100% because leads, which might still form 

under convergent sea - ice motion in the 100 km x 100 km large areas used 

to derive this independent data set, will freeze over. D uring melting 

conditions such leads genera lly do not freeze over; hence the SIC = 100% 

data set is of less go od quality during summer months and is not used in 

the evaluation.  

This SIC = 100% data set was also generated for the RRE  [ RD-06]  of phase 

2 but can be entirely used in WP4000 .  

The evalu ation wi ll be carried out for the fully filtered product (see [RD -04]) 

and for the product which includes off - range SIC, i.e. values above 100% 

and below 0% to take into account the variability of retrieved SIC values 

around these two threshold concentrations due to noise in the used 

brightness temperatures.  

We exclude data where SIC values are indicated to coincide with too high air 

temperature. We further excluce data where the land -spillover correction of 

the brightness temperature turned out to be not sufficien t requiring post -

processing in form of filtering of the SIC product.  

3.2.1  Open water SIC evalu ation (0%)  

In this subsection we sho w the results of the evalu ation of the SICCI 2 SIC 

products at 0% sea - ice concentration, i.e., how well the product identifies 

comp letely ice free areas . 

For this purpose, the unfiltered SIC product is used. Using the filtered SIC 

product does not result in a meaningful statement because i) the filtering ï 

namely the weather filter ï sets SIC values to 0% sharp in open water 

areas, an d ii) the variability of the SIC values around 0% caused by the 

variability of the used brightness temperatures around the open water tie 

point is suppressed. This variability of both the brightnes s temperatures and 

the retrieved  SIC is, however, a measure  of the quality of the correction of 

the weather influence by the radiative transfer modeling applied and the 

suitability of the tie points used. Therefore in order to make a quantitative 

statement about the quality of the SICCI 2 SIC product s one needs to  

evaluate the unfiltered SIC.  

We obtained the retrieved SIC at those locations which have been defined 

as open water for the SIC RRDP2 data set. These are fixed locations close to 

the southern (Northern Hemisphere) and northern (Southern Hemisphere) 
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of  the  climatological sea - ice extent spread zonally . Different locations have 

been chosen in the RRDP2 for summer and winter in order to account for 

the seasonal variation of the sea - ice extent. It is five locations in the 

Northern Hemisphere and five (winter) a nd four (summer) locations in the 

Southern Hemisphere [R D-06].  

We considered retrieved SIC of months January / February, i.e. Northern 

Hemisphere winter and Southern Hemisphere summer, and August / 

September, i.e. Northern Hemisphere summer and Southern He misphere 

winter  for the entire AMSR -E/AMSR2 period . The co - location to the RRDP2 

open water locations is done via finding the grid cell which center coordinate 

(given in the SICCI 2 SIC product s) has minimum distance to that location. 

This was done separat ely for SICCI products with  the 50 km, 25 km, and 

12.5 km grid  resolution . No averaging was done for the finer resolved SIC 

data to match the coarsest resolution of 50 km x 50 km.  

In addition to the retrieved SIC we also obtained the retrieval uncertainty  

and the total  uncertainty at these locations. While these are shown here for 

completeness these are discussed in the respective section 3.7.1  

We note that at these locations the filtered SICCI 2 SIC is 0%.  

 

Figure 3 - 1 : Distribution of the difference  0% minus SICCI 2 SIC  (= SIC error )  

at the RRDP 2 open water locations in the Northern Hemisphere (left hand 

side) together with the distrib ution of the SIC retrieval uncertainty  at these 

locations (r ight hand side). Winter (Jan. /Feb .) and summer (Aug ./ Sep .) 

values are denoted in blue and red, respectively. Grid resolution decreases 

from 12.5 km (a,b) through 25 km (c,d) to 50 km (e,f).  
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The di stributions of the difference 0% minus SICCI 2 SIC  (= SIC error), 

shown in Figure 3-1 for the Northern Hemisphere for winter (blue) and 

summer (red) for  the  12.5 km (a), 25 km ( c) and 50 km (e) product  reveal 

modal values between 0 and -1%. The modal SIC error  agree s between 

winter and summer for the  12.5 km and 25 km products while the  50 km 

product  the modal SIC error  is -1% in summer compared to 0% in winter. 

Note the binsize of 0.5%. Not unexpectely the distributions are quite narrow 

for the 50 km product and comparably wide  for the 12.5 km product . The 

mean errors, can be considered accuracy or bias, and their  standard 

deviations, i.e. the precision, are summarized  in Table 3-1. The mean error  

is smallest in sum mer a nd for the 25 km  product . Best precision (smallest 

standard deviat ion) is obtained for summer for the 50 km  product . The 

degradation in precision increases with reso lution refinement and/or 

utilization of higher frequencies.  

Table 3 - 1 : Mean difference of Northern Hemisphere open water location 0% 

SIC minus SICCI 2 SIC ( mean SIC error or bias) followed in parentheses by 

the SIC standard deviation (precision) for seasons winter and summer for the 

grid resolutions  given. All quantities ï except N ï are given in percent.  

Highlighted in bold font are the results for the 25 km prod uct.  

season  12.5 km  25 km  50 km  N 

winter  0.4 (2.5)  0.3 (1.8)  0.5 (1.5)  2824  

summer  -0.2 (2.8)  - 0.1 (1.6)  -0.5 (1.1)  1266  

 

The distributi ons of the difference 0% minus SICCI -2 SIC (= SIC error)  

shown in Figure 3-2 for the Southern Hemisphere for winter (blue) and 

summer (red) for the 12.5 km (a), 25 km (c) and 50 km (e) products reveal 

modal values between 0.5 and -0.5%. The modal SIC error  agree s between 

winter and summer for the 12.5 km and 25 km products while for the 50  km 

product the modal SIC error  is -0.5% in summer compared to 0.5% in 

winter. Note the binsize of 0.5%. The distributions are narrower for the 5 0 

km than the 12.5 km product. The mean errors  (also accuracy or bias) and 

the respective standard deviations, i.e. the precision, are summarized in 

Table 3-2. The smallest mean bias of -0.0% is found for summer for the 

12.5 km pr oduct; during summer also the highest mean bias is found: -

0.4% (50 km product). In winter the bias is 0.1% for all three products. 

Best precision (smallest standard deviation) is obtained for summer for the 

50 km product. The degradation in precision incr eases with resolution 

refinement and/or utilization of higher frequencies but is more pronounced 

between the 25 km and 12.5 km products than between the 50 km and 25 

km products.  
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Figure 3 - 2 : Distribution of the difference 0% minus SICCI 2 SIC (= SIC error) 

at the RRDP 2 open water locations in the Southern Hemisphere (left hand 

side) together with the distribution of the SIC retrieval uncertainty  at these 

locations (right hand side ). Winter (Aug ./ Sep .) and summer (Jan ./ Feb .) 

values are denoted in blue and red, respectively. Grid resolution decreases 
from 12.5 km (a,b) through 25 km (c,d) to 50 km (e,f).  

 

Table 3 - 2 : Mean difference of S outhern Hemisphere open water location 0% 

SIC minus SICCI 2 SIC ( mean SIC error or bias) followed in parentheses by 

the SIC standard deviation (precision) for seasons winter and summer for the 

grid resolutions given. All quantities ï except N ï are given i n percent. 

Highlighted in bold font are the results for the 25 km product. The second 

number given in the second row of column N is for 50 km grid resolution; here 

one of the open water location s was outside the valid area for the 12.5 km 
and 25 km product s but inside for the  50 km product . 

season  12.5 km  25 km  50 km  N 

winter  0.1 (1.8)  0.1 (1.4)  0.1 (1.3)  2093  

summer  -0.0 (2.0)  - 0.1 (1.2)  -0.4 (0.9)  1450 / 1822  
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3.2.2  Pack ice SIC evalu ation (100%)  

In this subsection we  show the results of the validation of th e SICCI 2 SIC 

products at 100% sea - ice concentration, i.e., ho w well the product identifies 

complete ly  ice cover ed areas .  

For this purpose, the unfiltered SIC product is used. Using the filtered SIC 

product does not result in a meaningful statement because  the variability of 

the SIC values around 100% caused by the variability of the used 

brightness temperatures around the sea ice tie point is suppressed. This 

variability of both the brightness temperatures and the retrieved SIC is, 

however, a measure of th e suitability of the tie points used. Therefore in 

order to make a quantitative statement about the quality of the SICCI 2 SIC 

product one needs to evaluate the unfiltered SIC.  

We obtained the retrieved SIC at those locations for which the RRDP2 

indicates 100% sea - ice concentation estimated via analysis of consecutive, 

overlapping pairs of completely ice -covered Envisat ASAR or Sentinel -1 SAR 

imagery. Ice motion derived from such image pairs indicating convergence 

ensures an ice concentration of or very c lose to 100% (see [RD -06] ) , 

particularly during freezing conditions when eventually remaining small open 

water areas can be e xpected to freeze over quickly. During summer and/or 

non - freezing conditions the assumption that residual open water areas 

freeze ove r quickly does not hold and the accuracy of the RRDP2 100% sea -

ice concentration data set can expected to be worse compared to winter. 

Because of this we carried out this evaluation only for data from freezing 

season months, i.e. Nov. through Mar. for the Northern Hemisphere and 

May through Sep. for the Southern Hemisphere. We restrict the analysis 

further to data where the control variable ñarea changeò in the RRDP-2 SIC 

data set is between 0.985 and 0.996 to ensure high quality SIC estimates. 

Note that we  used a new version of the RRDP2 with improved and additional 

data compared to the version utilized for issue 1.0 of this PVIR.  

Even though the limitation to freezing season might be a sufficient criterion 

to avoid biases in the RRDP -2 SIC data set we car ried out the evaluation 

also for a further limited RRDP -2 SIC data set by using only data with ERA-

Interim 2m air t emperatures below -5°C or -10°C.  

The co - location to the locations of the RRDP2 100% sea - ice concentration is 

done via finding the grid cell w hich center coordinate (given in the SICCI 2 

SIC produ ct s) has minimum distance to the  RRDP2 location. This was done  

separately for the 50 km, 25 km, and 12.5 km SICCI 2 products.  No 

averaging was done for the finer resolved SIC data to match the coarse st 

SICCI 2 SIC product  resolution of 50 km x 50 km  or the even coarser 

resolution of the RRDP2 data . 

In addition to the retrieved SIC we also obtained the retrieval uncertainty 

and the total uncertainty at the locations of RRDP2 100% sea - ice 

concentration. Th ese are discussed, however, in the respective section 

3.7.2 . 

The following results only look at the entire combined AMSR -E ï AMSR2 

period without differentiating between AMSR -E and AMSR2, or between 

years o r between seasons.  
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Figure 3 - 3 : Distribution of the co - located data pairs for AMSR - E years 2007 

through 2011 (images a) through e)) and for AMSR2 years 2013 through 

2015 (images f) through h)) for the Northern Hemisphere. Shown is the ERA -

Interim 2m air temperature of the respective inter months taken from the 

RRDP2 data set at the co - located SICCI - 2 grid cells.  
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Figure 3 - 4 : Distribution of the co - located data pairs for AMSR - E year s 2007 

through 2011 (images a) through e)) and for AMSR2 years 2013 through 

2015 (images f) through h)) for the Southern Hemisphere. Shown is the ERA -

Interim 2m air temperature of the respective inter months taken from the 
RRDP2 data set at the co - located SICCI - 2 grid cells.  

 

Figure 3-3 and Figure 3-4 illustrate the spatial distribution of co - located 

SICCI -2 SIC ï RRDP2 data points in the Northern and Southern 


































































































































































































































































































































































































































