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Abstract 

Passive microwave radiometers observe the Earth's surface under practically all weather conditions, providing continuous global sea 
ice distributions on a daily basis. Ice concentration (IC) is one of the most important sea ice parameters derived from brightness 
temperatures measured by the microwave radiometers. However, even at microwave frequencies, the brightness temperature data 
over open ocean areas are affected by adverse weather conditions, including atmospheric water vapor, cloud liquid water, and 
abnormal water waves. The net result is the retrieval of moderate sea ice concentration values in the open ocean where sea ice is not 
expected. The current sea ice algorithms make use of what is called a “weather filter” to correct false sea ice retrievals, but 
significant areas in the ice-free water that have the false ice cover still remain.  In this study, an improved weather filter, namely the 
Advanced Weather Filter (AWF), that minimizes this problem, developed by Cho et al. (2023), was implemented to produce 
JAXA/AMSR2 sea ice concentration products of the Arctic for verification. The AWF was validated and shown to be very effective 
in selected study regions in the Arctic during the summer from 30 June to 3 July 2014 and the winter from 15 December to 18 
December 2014, thereby supporting the integration of the AWF into the standard AMSR2 sea ice concentration product. The AWF 
should be broadly applicable and can be implemented in other satellite passive microwave ice concentration datasets. 

1. Introduction

1.1 Sea Ice Concentration 

Long-term monitoring of sea ice with passive microwave 
radiometers onboard satellites, such as SSM/I on DMSP 
satellites, AMSR on ADEOS-2 satellite, AMSR-E on 
EOS/Aqua satellite and AMSR2 on GCOM-W satellite (JAXA, 
2012), enabled the quantification of the variability and trend of 
global sea ice distribution (Parkinson et al., 1999, Comiso et al., 
2008, IPCC, 2014). Because of relatively long wavelength that 
allows the retrieval of surface data under day/night, cloudy, and 
most weather conditions, passive microwave radiometers are 
powerful tools for monitoring the global distribution of sea ice 
continuously on a daily basis. Ice concentration (IC) is one of 
the most important sea ice parameters which can be calculated 
from brightness temperatures measured by passive microwave 
radiometers. There have been many algorithms developed to 
retrieve sea ice concentration, including the NASA Team 
Algorithm (Cavalieri et al., 1984), the Bootstrap Algorithm 
(Comiso, 1995), and the ASI Algorithm (Spreen et al., 2008). 
JAXA has adopted the AMSR2 Bootstrap Algorithm (Comiso, 
et al., 2013) as the standard algorithm for producing AMSR2 
ice concentration dataset. Figure 1 shows the schematic diagram 
for calculating ice concentration (IC) in the AMSR2 Bootstrap 
Algorithm. In the scatter plot of 36GHz Vertical polarization 
(V) versus 18GHz Vertical polarization (V), open water
(IC=0%) data are located near the point labeled O, while near
consolidated ice (IC=100%) is distributed around the line PQ
according to the emissivity and/or temperature differences of
sea ice. For each AMSR2 data point, labeled as S as shown in
the scatter plot, the ice concentration can be estimated by
drawing a line from O through S to F, which is the point where
the line intersects the consolidated ice line PQ, as shown in
Figure 1. Since point O is regarded as 0% ice while point F

corresponds to 100% ice, the ice concentration can be estimated 
by taking the ratio of the length of the line OS and that of OF as 
indicated in the following equation: 

IC =  m / l  (1) 

Where  m= length of line OS 

 l= length of line OF 

Figure 1. Schematic diagram of calculating ice 
concentration in the Bootstrap Algorithm. 

Note that the location of point O is fixed in the algorithm and is 
expected to represent the brightness temperature of open water 
during relatively calm weather conditions and stable surface 
water, as can be found inside the ice pack. The signature of ice-
free water can vary a lot, depending on weather and surface 
roughness conditions, and is usually represented by data points 
along the line OW. As a result, a weather filter is needed as 
described below. 
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1.2 False Sea Ice 
Although microwaves can penetrate clouds, passive microwave 
radiation can be affected by various weather conditions, unusual 
atmospheric water vapor and cloud liquid water, and the 
roughening of the sea surface due to wind effects. This causes 
the brightness temperatures of some open water areas to be 
similar to those of sea ice covered areas. This issue has been 
referred to as “weather effects” (Gloersen et al., 1986). Such ice 
cover in the open ocean will be referred to as “false sea ice” in 
this paper. Figure 2 shows the AMSR2 IC images of the Bering 
Sea during a sequence of three days. A vast “sea ice area” 
(indicated by the red circle) is observed on the second day. It is 
unrealistic for sea ice to be missing on the first day, suddenly 
appear on the second day, and then disappear on the third day. 
Such sequences are a good indicator of the presence of “false 
sea ice”.  
False sea ice has been observed in areas of the ocean where sea 
ice cover is not expected, in part because the sea surface is 
usually above freezing temperatures. Figure 3 shows the scatter 
plots of 36 GHz V vs 19 GHz V for open water, sea ice, and 
false sea ice around the data in the Bering Sea observed on 30 
Dec. 2018. The gray dots represent sea ice, the blue dots are for 
open water, and the red dots are for false ice. Since the false sea 
ice data points overlap with those of sea ice-covered areas in the 
scatter plots, the algorithm retrieves some of the false sea ice 
areas as sea ice-covered areas. 
 

 
(1) 29 Dec. 2018        (2) 30 Dec. 2018      (3)31 Dec. 2018  
Figure 2. Three-day sequential maps showing a vast false sea 

ice area observed on 30 December 2018 in the 
Bering Sea using AMSR2 IC images. 

 

 
Figure 3. Scatter Plots of 19GHzV vs 36GHzV (Around the  

Bering Sea, 30 Dec. 2018 
 
1.3 Progress of Weather Filter 
To reduce the weather effects, a weather filter is usually 
incorporated in the sea ice concentration algorithms ((Comiso, 
1995) and (Cavalieri et al., 1995)), but the technique has not 
been 100% effective, and the presence of residual false ice in 
the open ocean remains. Knowing the impact on ice variability 
and trend studies, historical daily data from SMMR, SSM/I, and 
AMSR-E data were inspected for residual false ice, and the 
latter was removed digitally / manually by setting the associated 
pixels to zero (or ice-free ocean). Such a process is quite 
laborious, and hence the desire to remove the false ice using an 
automated unsupervised system.  

In recent years, due to the reduction of sea ice in the Arctic, the 
interest in Northern Sea Route linking Europe to Asia is 
increasing (JAMF, 2015), and the use of AMSR2 data for ship 
routing is considered (Sagawa, 2015). The large false sea ice in 
the sea ice concentration images derived from passive 
microwave sensors may reduce the reliability of those images. 
To improve the accuracy of sea ice concentration images and 
estimates of sea ice extent, enhancing the weather filter to 
reduce the presence of false ice is necessary. 
Cho et al. started to investigate the ways to reduce the weather 
effect with AMSR-E data in 2010 (Cho et al., 2010),  and 
improved the method step by step using AMSR2 data after the 
launch of AMSR2 onboard GCOM-W (Tezuka et al., 2013, 
Sugiura et al., 2016, Cho et al, 2015, 2020). However, the 
presence of residual false sea ice in some daily maps led to the 
current effort to further improve the technique, leading to the 
more effective weather filter described in the paper of Cho et al. 
(2023). In order to evaluate the legitimacy of implementing the 
filter for producing the AMSR2 sea ice standard product of 
JAXA, the filter was temporarily applied by JAXA to produce a 
limited number of the AMSR2 sea ice concentration products of 
the Northern Hemisphere for verification. This paper describes 
the verification result. 

2. Test Sites and Analyzed Data 

2.1 Test Sites 

Since a large number of false sea ice areas appear in the 
Northern Hemisphere, the sea ice concentration images of the 
Northern Hemisphere were examined. Especially, the four areas 
in this hemisphere were examined in detail for the verification 
of the new weather filter: the Bering Sea, the Sea of Okhotsk, 
the Green Sea, and the Arctic coast of Russia. Figure 4 shows 
the location of the test sites. The Bering Sea is the northernmost 
part of the Pacific Ocean and is connected to the Arctic Ocean 
through the Bering Strait. The Sea of Okhotsk is located north 
of Japan, and the sea is one of the southernmost seasonal sea ice 
zones in the northern hemisphere. Accordingly, the false sea ice 
occasionally appears in both seas. 

 

 
Figure 4. Test Sites 

 
2.2 Analyzed Data 
As for the data analysis, the brightness temperature data 
measured by the passive microwave radiometer AMSR2 and the 
sea ice concentration (IC) Level 3.0 data derived from the 
AMSR2 data using the AMSR2 Bootstrap Algorithm (Comiso 
et al., 2013) were used. 

● Sea ice 
● Open water 

● False sea ice 
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Table 1. Specifications of AMSR2 (JAXA, 2012) 

 
3. Methodology 

3.1 Advanced Weather Filter 

The following is a summary of our weather filter, developed for 
AMSR2 sea ice concentration calculations (Cho et al., 2023). 
The basic idea of the weather filter is to set the sea ice 
concentration of the pixel to zero when the pixel value meets 
certain conditions. In the AMSR2 Bootstrap Algorithm, if the 
pixel value meets the following condition, the sea ice 
concentration of the pixel will be set to zero: 
 

                (TB23V-TB19V) > 19K                                   (2) 
 
where TB23V and TB19V represent brightness temperatures of 
the vertical polarized (V) of 23GHz and 19GHz channels, 
respectively. This condition is based on the distribution of ice-
free areas as illustrated in Figure 4 using the (TB23GHz-
19GHz) vs TB36GHzV domain. The weather filter works well 
in many cases but not always. As a result, false sea ice 
occasionally appears in AMSR2 IC images as shown in Figure 
2.  By examining the brightness temperatures of false sea ice, 
the authors have changed the threshold level of equation (2) 
from 19K to 7K. The blue mesh area in Figure 5 indicates the 
additional pixels to be rejected as false sea ice. This can be done  
using equation (3) as given below. 
 

(TB23V-TB19V) > 7K                                             (3) 
 
In addition to equation (3),  there is a need to impose the 
following two equations.  
 

(TB36V-TB36H) > 57K                                           (4) 
 

TB23V + 0.75×(TB36V – TB36H) < 250K              (5) 
 
By applying these two equations, the false sea ice distributed in 
the pink colored area in the characteristic domain of (TB36V – 
 

 
Figure 5. Weather filter threshold modification in the scatter  

plot of  (TB23V-TB19V) vs (TB23V) .  
(Bering Sea, Dec. 30, 2018) 

TB36H) vs TB23V (see Figure 6) can be rejected. In the new 
weather filter, all the pixels that satisfy the equations (3), (4), 
and (5) are rejected as false sea ice. The authors have named the 
new weather filter as the Advanced Weather Filter (AWF). 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. New Weather filter for rejecting the threshold setting 

in the scatter plot of  (TB23V-TB19V) vs (TB23V)  
 (Bering Sea, Dec. 30, 2018) 

 
3.2 Verification procedure 
Although the initial development of AWF for AMSR2 made use 
of the 25 km ice concentration data, this study uses the 10 km 
data to be able to examine the effectiveness of the weather filter 
in greater spatial detail. The efficiency in rejecting false sea ice 
areas and the negative effect of rejecting true sea ice areas are 
both evaluated.  
 
3.2.1 Selection of data 
 
The authors have selected AMSR2 data for four consecutive 
days in winter, which include substantial false sea ice areas, and 
for four consecutive days in summer, which do not include 
apparent false sea ice areas. As for AMSR2 winter data, one-
day composite images from 15 December to 18 December 2014 
were selected. Apparent false sea ice areas are observed in the 
images of 15 and 17 December. As for ASMR2 summer data, 
one-day composite images from 30 June to 3 July 2014 were 
selected, which do not include any apparent false sea ice areas.  
 
3.2.2 Efficiency of rejecting false sea ice areas 
 
By observing as series of daily AMSR2 IC images of 
continuous days, vast sea ice areas that suddenly appear and 
disappear within one or two days were selected as false sea ice 
areas. After applying AWF to those AMSR2 IC images, the 
rejection performance of false sea ice areas was examined. 
 
3.2.3 Identifying rejected true sea ice areas 
 
The AWF is not perfect, and there are a few cases when areas 
that are actually covered by sea ice are rejected by the 
procedure and mistakenly labeled as false sea ice. In this study, 
the rejected sea ice areas other than the factual false sea ice 
areas are called “rejected true sea ice areas”. By calculating the 
histogram of the number of pixels for each ice concentration of 
“rejected true sea ice areas”, the negative effects of rejecting 
true sea ice areas were examined.  
 

4. Verification Results 
 

4.1 Winter (15 to 18 December 2014) 
 
4.1.1 15 December 2014 
 
Figure 7(a) shows the AMSR2 IC image of 15 December 2014. 
A vast false sea ice area is observed near Iceland, which 
disappears within one or two days during the ice growth period. 

frequency resolution polarization swath width 
7 GHz 35x62 km 

Vertical/ 

Horizontal 
1450km 

10 GHz 24x42 km 
19 GHz 14x22 km 
23 GHz 15x26 km 
36 GHz 7x12 km 
89 GHz 3x5 km 
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Figure 7(b) shows the ASMR2 IC image of the same day after 
applying AWF. Most of the false sea ice areas are well rejected 
by AWF. Figure 8(a) shows the rejected sea ice area in red color. 
Figure 8(b) is the zoomed-in image of the red rectangle area in 
Figure 8(a). In Figure 8(b), the rejected sea ice area is expressed 
as IC in rainbow color. The dark blue color dots in the purple 
box of Figure 8(b) show that the IC of the rejected pixels along 
the sea ice edge of the fast ice near Greenland are mostly less 
than the threshold level (15%) used for estimating sea ice extent. 
So, the rejection does not affect much the estimation of sea ice 
extent. To examine the total area of rejected true sea ice by 
AWF, the histogram of the whole sea ice areas, the rejected 
false sea ice area around Iceland, and the whole rejected sea ice 
area in the Northern Hemisphere were calculated. Figure 9(a) 
shows the histogram of total sea ice areas before AWF rejection. 
From Figure 9(a), we can see that most of the pixels in the 
image had ice concentrations over 90%. The maximum number 
of pixels for the IC was 54,064, corresponding to an IC value of 
100%. Figure 9(b) shows the same histogram with the vertical 
axis scale set to 500 pixels to enhance the number of pixels for 
IC less than 80%. The total number of pixels for IC<80% was 
less than 300 pixels. The orange line in Figure 10 shows the 
histogram of the rejected sea ice area with AWF. The blue line 
shows the histogram of hole-rejected pixels, the red line shows 
the histogram of rejected false sea ice area around Iceland, and 
the green line shows the histogram of the rejected “real sea ice” 
along the sea ice edge as shown in the purple rectangle of 

Figure 8(b). The ice concentration of the rejected “real sea ice” 
pixels along the sea ice edge was less than 33%. Table 2 shows 
the statistics of rejected pixels with AWF. The total number of 
sea ice pixels within the images was 114,397. The total number 
of rejected pixels with AWF was 423, which corresponds to 
only 0.37% of the total sea ice pixels before applying AWF. If 
we confirm that only 300 of the rejected sea ice pixels around 
Iceland by AWF are false sea ice, the number of rejected “real 
sea ice” would be 123 pixels, which corresponds to only 0.11% 
of the total sea ice pixels before applying AWF. Statistically, 
this is almost negligible, and AWF may not affect the trend 
estimation of sea ice extent. 
  

 
(a) Rejected area in red color (b)Rejected area in rainbow color 

Figure 8. Extraction of the rejected sea ice area. 

(15 December 2014, Northern Hemisphere, IFOV:10km) 
 

 
(a) Graph scaled for 50000 pixels (b) Graph scaled for 500 pixels 

Figure 9. Histogram of the total sea ice area (in number of     

                pixels) using10km AMSR2 data in the Northern  

                   Hemisphere on 15 December 2014. 

 
Figure 10. Histogram of total rejected pixels with AWF  

compared with those of actual false sea ice and  
rejected true sea ice using AMSR2 10 km IC data in  
the Northern Hemisphere on 15 December 2014. 

 
（a） Before AWF 

 
(b) After AWF 

Figure 7. Ice concentration maps (a) before and (b) after AWF 
 was applied to AMSR2 10 km data in the Arctic on  
15 December 2014. 
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Table 2. Statistics of rejected pixels with AWF 
Number of 
pixels 

Percentage 

Total number of sea ice pixels 
before applying AWF 

114,397 100% 

Total number of rejected pixels 
with AWF 

423 0.37% 

Total number of false sea ice 
around Iceland 

300 0.26% 

Total number of rejected “true 
sea ice”  

123 0.11% 

 
4.1.2 17 December 2014 
 
Figure 11(a) shows the AMSR2 IC image of 17 December 2014. 
Huge false sea ice areas are observed near Greenland (green 
rectangle) and near Hokkaido, Japan (red rectangle), which 
disappeared within one day. The weather map in Figure 11(a) 
shows that a 948 hPa low-pressure system formed over the area 
(JMA, 2014). Figure 11(b) shows the ASMR2 IC image after 
applying AWF. Most of the false sea ice areas are well rejected 
by AWF. Some false sea ice remains near Greenland. However, 
if we change the parameters of AWF to reject all of the false sea 
ice, the number of rejected true sea ice will also be increased. 
This is the result of optimizing the parameters at this moment. 
Figure 12(a) shows the rejected sea ice area colored in red. 
Figure 12(b) is the zoomed-in image of the red rectangle area in 
Figure 12(a), which corresponds to the rejected “true sea ice” 
along the edge of fast sea ice abutting the coast of Greenland. 
The rejected “true sea ice” areas are shown in rainbow color in 
Figure 12(c) to enhance the ice concentration of each rejected 
pixel. It is clear that the ice concentrations of those rejected 
“true sea ice” areas are low. 
Figure 13(a) shows the histogram of total sea ice areas before 
AWF rejection. From Figure 13(a), we can see that most of the 
pixels in the image had ice concentrations over 90%. The 
maximum number of pixels for the IC was 54,064, 
corresponding to an IC value of 100%. Figure 13(b) shows the 
same histogram with the vertical axis scale set to 500 pixels to 
enhance the number of pixels for IC less than 80%. The number 
of pixels for IC<80% was less than 324 pixels. The orange line 
in Figure 13(b) shows the histogram of the rejected sea ice areas 
with AWF. The orange line shows the histogram of rejected sea 
ice pixels, the red line shows the histogram of rejected false sea 
ice areas around Iceland, and the blue line shows the histogram 
of the rejected true sea ice areas. Table 3 shows the statistics of 
rejected pixels with AWF. The total number of sea ice pixels 
within the images was 116,726. The total number of rejected 
pixels with AWF was 2808, which corresponds to 2.41% of the 
total sea ice pixels before applying AWF. If we confirm that the 
rejected sea ice near Greenland (green rectangle in Figure 12(a)) 
and near Hokkaido (red rectangle in Figure 12(a)) are false sea 
ice, the number of rejected “true sea ice” would be 1124 pixels, 
which corresponds to only 0.96% of the total sea ice pixels 
before applying AWF. The statistics are summarized in Table 3. 
 
4.1.3 16 & 18 December 2014 
 
Figure 14 shows the AMSR2 IC images of 16 and 18 December 
2014 with rejected sea ice area colored in red. No obvious false 
sea ice is observed in these images. The statistics of rejected sea 
ice areas are shown in Table 4. The total number of rejected 
pixels with AWF was less than 1% of the total sea ice areas in 
both images. Even if we assume that all the rejected pixels are 
true sea ice, the associated error when monitoring the trend of 
sea ice extent is relatively small. 
 

 

（a） Before AWF 

 
(b) After AWF 

Figure 11. The effect of AWF applied to AMSR2 IC data 

(17 Dec. 2014, Northern Hemisphere, IFOV:10km) 
 
 

 
 
 
 
 
 

 
 
 
 
 
 

 
 
（a）Rejected area in red color (c) Rejected “true sea ice“ area  

in rainbow color 
Figure 12. Extraction of the rejected sea ice area.  

(17 Dec. 2014, Northern Hemisphere, IFOV:10km) 

(b) Rejected “true sea ice”  
area near  Greenland. 
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(a) Graph scaled for 50000 pixels (b) Graph scaled for 500 pixels 
Figure 13. Histogram of the total sea ice area in number of  
                   pixels. 
               (17 Dec. 2014, Northern Hemisphere, IFOV:10km) 
 

Table 3. Statistics of rejected pixels with AWF 
(15 December 2014, Northern Hemisphere, IFOV:10km) 

Items Number 
of pixels 

Percentage 

Total number of sea ice pixels before 
applying AWF 

116,726 100% 

Total number of rejected pixels with 
AWF 

2808 2.41% 

Total number of rejected false sea ice 1684 1.44% 
Total number of rejected “true sea ice”  1124 0.96% 

 

 
(a) 16 December 2014 (b) 18 December 2014 
Figure 14. AMSR2 IC images with rejected areas colored in  

red (Northern Hemisphere, IFOV:10km) 
 

Table 4. Statistics of rejected pixels with AWF 
(1) 16 December 2014, Northern Hemisphere, IFOV:10km) 

Items Number of 
pixels 

Percentage 

Total number of sea ice pixels 
before applying AWF 

114,331 100% 

Total number of rejected pixels 
with AWF 

407 0.36% 

(2) 18 December 2014, Northern Hemisphere, IFOV:10km 
Items Number of 

pixels 
Percentage 

Total number of sea ice pixels 
before applying AWF 

115,390 100% 

Total number of rejected pixels 
with AWF 

989 0.86% 

4.2 Summer (30 June to 2 July 2014) 
 
4.2.1 2 July 2014 
 
Figure 15(a) shows the AMSR2 IC image of 2 July 2014 before 
applying AWF. No clear false sea ice is observed in this image. 
Figure 15(b) shows the ASMR2 IC image after applying AWF. 
The rejected sea ice area with AWF is enhanced in red. To 
examine in detail, the area along the coast of Russia in the 
Arctic was extracted as shown in Figure 16. The rejected sea ice 
could only be found at the ice edge and along the coastline. The 
total number of sea ice pixels within the images was 82,399. 
The total number of rejected pixels with AWF was 403, 
corresponding to only 0.49% of the total sea ice pixels before 
AWF. The total number of pixels rejected along the coast of 
Siberia was 57. Statistically, these are almost negligible. The 
histogram of the whole sea ice area, the rejected false sea ice 
area in the Arctic coast of Russia, and the whole rejected sea ice 
area were calculated and shown in Figure 17. From Figure 17(a), 
we can see that most of the pixels in the image had ice 
concentrations over 80%. The maximum number of pixels for 
the IC was 20,827, corresponding to an IC value of 100%. 
Figure 17(b) shows the same histogram with the vertical axis 
scale set to 500 pixels to enhance the number of pixels for IC 
less than 80%. The figure shows that the number of pixels for 
IC<80% is less than 500 pixels. The orange line in Figure 15(b) 
shows the histogram of the rejected sea ice area with AWF. 
Figure 16 shows the histogram of the rejected pixels with AWF. 
The orange line shows the histogram of rejected pixels, and the 
red line shows the histogram of rejected false sea ice area along 
the coast of Siberia. The ice concentration of the rejected sea ice 
along the sea ice edge was less than 54%.  
 

 
Figure 16. Extraction of the rejected sea ice areas.  

(2 July 2014, Arctic coast of Russia, IFOV:10km) 
 

 
(a) Before AWF (b) After AWF 

Figure 15. AMSR2 IC image of before and after applying AWF 

(2 July 2014, Northern Hemisphere, IFOV:10km) 
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(a) Graph scaled for 50000 pixels (b) Graph scaled for 500 pixels
Figure 17. Histogram of the total sea ice area 

(2 July 2014, Northern Hemisphere, IFOV:10km) 

4.2.2 Total summary from 30 June to 2 July 2014 

Table 5 shows the statistics of rejected pixels with AWF from 
30 June to 2 July 2014.  

Table 5. Statistics of rejected pixels with AWF 
Date Number of rejected pixels / 

Number of sea ice pixels 
Percentage 

30 June 2014 481 / 84,158 0.57% 
1 July 2014 539 / 83,173 0.65% 
2 July 2014 403 / 82,399 0.49% 
3 July 2014 364 / 81,307 0.45% 

5. Conclusion

Cho et al (2020) validated that the sea ice concentration data 
derived from AMSR2 using the Bootstrap Algorithm is quite 
reliable. However, a shortcoming of current algorithms for 
estimating sea ice concentration and extent is the retrieval of sea 
ice in the open ocean (referred to as “false sea ice” in this study), 
where sea ice is not expected. This effect does not happen so 
often. However, the presence of false ice in the data causes 
significant problems in the study of the spatial and temporal 
variability of the sea ice cover. Moreover, the presence of false 
sea ice in ice concentration images would provide incorrect 
information, especially for those involved in ship navigation 
and other activities in the polar regions.  
In this study, the improved weather filter, namely the Advanced 
Weather Filter (AWF), developed by the authors primarily for 
GCOM-W/AMSR2 was applied to produce the AMSR2 sea ice 
concentration data for verification. The AWF was validated in 
the Northern Hemisphere using the AMSR2 10km sea ice 
concentration product in Summer, from 27 June to 3 July, and 
in Winter, from 15 to 18 December 2014. The detailed analysis 
in the study areas indicated that most of the false sea ice areas 
were identified by AWF (with ice concentration values reduced 
to zero). The rejection of false sea ice with AWF improves the 
accuracy of ice concentration maps and prevents overestimation 
of sea ice extent and sea ice area. Fortuitously, the percentage of 
true sea ice areas rejected in each image was 0.45-1.44% of the 
total sea ice area, which is statistically small and may not have a 
significant impact on estimates of trends and changes in global 
sea ice extent. However, considering the high variability in 
weather/surface conditions, more case studies are needed to 
better assess the uncertainties associated with AWF.  
Following this result, JAXA decided to apply AWF for 
producing the standard product of AMSR2 sea ice concentration 
for the Northern Hemisphere. It will also be used to process data 
from AMSR3, launched on 24 June 2025. The technique can 
also be used for any passive microwave radiometer data that has 
the required frequency and polarization channels. 
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GCOM-W: Global Change Observation Mission-Water 
IPCC: Intergovernmental Panel on Climate Change 
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