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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 parametersomerbvéghtness
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/AMSR?2 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 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:

1.1 Sea lce Concentration

Long-term monitoring of sea ice with passive microwave IC=m/l (0]
radiometers onboard satellites, such as SSM/I on DMSP

satelltes, AMSR on ADEOS-2 satellite, AMSR-E on )

EOS/Aqua satellite and AMSR2 on GCOM-W satellite (JAXA, Where m=length of line OS

2012), enabled the quantification of the variability and trend of I= length of line 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 A 100% “5~
most weather conditions, passive microwave radiometers are “Cen“a(\oﬂ" P/’
powerful tools for monitoring the global distribution of sea ice e F -

continuously on a daily basis. Ice concentration (IC) is one of -Q
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). r’é,——oﬁe?\;v;ter
JAXA has adopted the AMSR2 Bootstrap Algorithm (Comiso, " Ice concentration: 0%

et al.,, 2013) as the standard algorithm for producing AMSR2 36GHz(V) >

ice concentration dataset. Figure 1 shows the schematic diagram Fi 1 Schematic di f calculatingi

for calculating ice concentration (IC) in the AMSR2 Bootstrap Igure L. scnematic diagram of caiculating 1ce
Algorithm. In the scatter plot of 36GHz Vertical polarization concentration in the Bootstrap Algorithm.

V) versus 18GHz Vertical polarization , open water . . L . . .
EI8:O%) data are located nearpthe point IatSZI)ed OP while nedfote that the location of point O is fixed in the algorithm and is

consolidated ice (IC=100%) is distributed around the line ngpected to represent the brightness.t.emperature of open water
according to the emissivity and/or temperature differences uring relatively calm weather conditions and stable surface

sea ice. For each AMSR2 data point, labeled as S as showng}’r"f‘ter’ as can be found inside the ice pack. The signature of ice-

the scatter plot, the ice concentration can be estimated Sfe r\]/vater cand}{gry a Io(tj, .depencllllng on wea;thderbar(;dtsurfe}cte
drawing a line from O through S to F, which is the point wherd ©UgNNESS conditions, and IS usually represented by data points

the line intersects the consolidated ice line PQ, as shown r?f”g.;*e‘g tl)mle OW. As a result, a weather filter is needed as
Figure 1. Since point O is regarded as 0% ice while point Ig sen clow.

18GHz(V)
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1.2 False Sea | ce In recent years, due to the reduction of sea ice in the Arctic, the

Although microwaves can penetrate clouds, passive microwaJgterest in Northern Sea Route linking Europe to Asia is

radiation can be affected by various weather conditions, unusuc€asing (JAMF, 2015), and the use of AMSR2 data for ship

atmospheric water vapor and cloud liquid water, and thdouting is qonS|dered (Sag.awa,. 2015). The !arge false sea ice in
roughening of the sea surface due to wind effects. This causbi Sea ice concentration images derived from passive
the brightness temperatures of some open water areas to 'BéFrowave sensors may reduce the reliability of those images.
similar to those of sea ice covered areas. This issue has bekf ImProve the accuracy of sea ice concentration images and
referred to as “weather effects” (Gloersen et al., 1986). Such i&@timates of sea ice extent, enhancing the weather filter to

inth il be referred tc fads o reduce the presence of false ice is necessary.
cover in the open ocean will be reterre € sea icen Cho et al. started to investigate the ways to reduce the weather

this paper. Figure 2 shows the AMSR2 IC images of the Beringffect with AMSR-E data in 2010 (Cho et al., 2010), and
Sea during a sequence of three days. A vast “sea ice are@iproved the method step by step using AMSR2 data after the
(indicated by the red circle) is observed on the second day. It jsunch of AMSR2 onboard GCOM-W (Tezuka et al., 2013,
unrealistic for sea ice to be missing on the first day, suddenlsugiura et al, 2016, Cho et al, 2015, 2020). However, the
appear on the second day, and then disappear on the third dgjesence of residual false sea ice in some daily maps led to the
Such sequences are a good indicator of the presence of *falggrrent effort to further improve the technique, leading to the
sea ice”. more effective weather filter described in the paper of Cho et al.
False sea ice has been observed in areas of the ocean where(8623). In order to evaluate the legitimacy of implementing the
ice cover is not expected, in part because the sea surfacefiiger for producing the AMSR2 sea ice standard product of
usually above freezing temperatures. Figure 3 shows the scattkxA, the filter was temporarily applied by JAXA to produce a
plots of 36 GHz V vs 19 GHz V for open water, sea ice, angimited number of the AMSR2 sea ice concentration products of
false sea ice around the data in the Bering Sea observed ontB@ Northern Hemisphere for verification. This paper describes
Dec. 2018. The gray dots represent sea ice, the blue dots are figé verification result.

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.

2. Test Sitesand 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
(1) 29 Dec. 2018 (2) 30 Dec. 2018 (3)31 Dec. 2018  ©f Japan, and the sea is one of the southernmost seasonal sea ice
Figure 2. Three-day sequential maps showing a vast false sé@nes in the northern hemisphere. Accordingly, the false sea ice

ice areaobserved on 30 December 2018 in theoccasionally appears in both seas.

Bering Sea using AMSR2 IC images.
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Figure 3. Scatter Plots of 19GHzV vs 36GHzV (Around the , . ! B
Bering Sea, 30 Dec. 2018 | - Beﬂng.'
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1.3 Progress of Weather Filter Okhotsk ’ :
To reduce the weather effects, a weather filter is usually | I %
incorporated in the sea ice concentration algorithms ((Comiso,
1995) and (Cavalieri et al., 1995)), but the technique has not B

been 100% effective, and the presence of residual false ice in Figure 4. Test Sites

the open ocean remains. Knowing the impact on ice variability

and trend studies, historical daily data from SMMR, SSM/I, an®.2 Analyzed Data

AMSR-E data were inspected for residual false ice, and thAs for the data analysis, the brightness temperature data
latter was removed digitally / manually by setting the associatetheasured by the passive microwave radiometer AMSR2 and the
pixels to zero (or ice-free ocean). Such a process is quiteea ice concentration (IC) Level 3.0 data derived from the
laborious, and hence the desire to remove the false ice using AMSR2 data using the AMSR2 Bootstrap Algorithm (Comiso
automated unsupervised system. et al., 2013) were used.
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TB36H) vs TB23V (see Figure 6) can be rejected. In the new
weather filter, all the pixels that satisfy the equations (3), (4),

frequency | resolution | polarizatior | swath widtl and (5) are rejected as false sea ice. The authors have named the
7 GHz 35x62km new weather filter as the Advanced Weather Filter (AWF).
10 GHz 24x42km 35
19 GHz 14x22km Vertical/ 1450k 270
23GHz | 15x26km | Horizontal m edl
36 GHz 7x12km —20 DS
89 GHz 3x5km 5:230 E=
w220 N
3. Methodology %0 @ Boring Sea e ™
200 M Open Sea ?
190 M False seaice
Consalidated ice

180
O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85

3.1 Advanced Weather Filter
36GHzV-36GHzZH(K)

The following is a summary of our weather filter, developed forFigure 6. New Weather tilter tor rejecting the threshold setting
AMSR?2 sea ice concentration calculations (Cho et al., 2023). in the scatter plot of (TB23V-TB19V) vs (TB23V)
The basic idea of the weather filter is to set the sea ice (Bering Sea, Dec. 30, 2018)
concentration of the pixel to zero when the pixel value meets
certain conditions. In the AMSR2 Bootstrap Algorithm, if the 3.2 Verification procedure
pixel value meets the following condition, the sea iceAlthough the initial development of AWF for AMSR2 made use
concentration of the pixel will be set to zero: 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
(2)in greater spatial detail. The efficiency in rejecting false sea ice
areas and the negative effect of rejecting true sea ice areas are
where TB23V and TB19V represent brightness temperatures @bth evaluated.
the vertical polarized (V) of 23GHz and 19GHz channels,
respectively. This condition is based on the distribution of ice3.2.1 Sdection of data
free areas as illustrated in Figure 4 using the (TB23GHz-
19GHz) vs TB36GHzV domain. The weather filter works well The authors have selected AMSR2 data for four consecutive
in many cases but not always. As a result, false sea iegays in winter, which include substantial false sea ice areas, and
occasionally appears in AMSR2 IC images as shown in Figurfor four consecutive days in summer, which do not include
2. By examining the brightness temperatures of false sea icgpparent false sea ice areas. As for AMSR2 winter data, one-
the authors have changed the threshold level of equation (8hy composite images from 15 December to 18 December 2014
from 19K to 7K. The blue mesh area in Figure 5 indicates thevere selected. Apparent false sea ice areas are observed in the
additional pixels to be rejected as false sea ice. This can be dofgages of 15 and 17 December. As for ASMR2 summer data,
using equation (3) as given below. one-day composite images from 30 June to 3 July 2014 were
selected, which do not include any apparent false sea ice areas.
(TB23V-TB19V) > 7K (3)
3.2.2 Efficiency of regecting false seaice areas
In addition to equation (3), there is a need to impose the
following two equations. By observing as series of daily AMSR2 IC images of
continuous days, vast sea ice areas that suddenly appear and
4) disappear within one or two days were selected as false sea ice
areas. After applying AWF to those AMSR2 IC images, the
TB23V + 0.75< (TB36V — TB36H) < 250K (5) rejection performance of false sea ice areas was examined.

(TB23V-TB19V) > 19K

(TB36V-TB36H) > 57K

By applying these two equations, the false sea ice distributed #2.3 Identifying rejected true seaice areas

the pink colored area in the characteristic domain of (TB36V —
The AWF is not perfect, and there are a few cases when areas

280 that are actually covered by sea ice are rejected by the
270 procedure and mistakenly labeled as false sea ice. In this study,
260 5 the rejected sea ice areas other thanfdlotual false sea ice
250 ; areas are called “rejected true sea ice areas”. By calculating the
—_— histogram of the number of pixels for each ice concentration of
2 230 “rejected true sea ice areas”, the negative effects of rejecting
z . .
- B true sea ice areas were examined.
- T o
210 “ e F .gn .
- oot K-:’ e 4. Verification Results
200 « False Sea lce
Consolidated lce
190 + Rejected True lce

4.1 Winter (15to 18 December 2014)

180

8 6 4-20 2 4 6 8 1012 14 16 18 20 22 24 26 28 30
23GHzV-18GHzV(K)
Figure 5. Weather filter threshold modification in the scatte
plot of (TB23V-TB19V) vs (TB23V) .
(Bering Sea, Dec. 30, 2018)

4.1.1 15 December 2014

rFigure 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.
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Figure 7(b) shows the ASMR2 IC image of the same day aftdfigure 8(b). The ice concentration of the rejected “real sea ice”
applying AWF. Most of the false sea ice areas are well rejectepixels along the sea ice edge was less than 33%. Table 2 shows
by AWF. Figure 8(a) shows the rejected sea ice area in red coltite statistics of rejected pixels with AWF. The total number of
Figure 8(b) is the zoomed-in image of the red rectangle area 8ea ice pixels within the images was 114,397. The total number
Figure 8(a). In Figure 8(b), the rejected sea ice area is expressafdrejected pixels with AWF was 423, which corresponds to
as IC in rainbow color. The dark blue color dots in the purplenly 0.37% of the total sea ice pixels before applying AWF. If
box of Figure 8(b) show that the IC of the rejected pixels alongve confirm that only 300 of the rejected sea ice pixels around
the sea ice edge of the fast ice near Greenland are mostly ldssland by AWF are false sea ice, the number of rejected “real
than the threshold level (15%) used for estimating sea ice extesa ice” would be 123 pixels, which corresponds to only 0.11%
So, the rejection does not affect much the estimation of sea icé the total sea ice pixels before applying AWF. Statistically,
extent. To examine the total area of rejected true sea ice Ibis is almost negligible, and AWF may not affect the trend
AWF, the histogram of the whole sea ice areas, the rejectezstimation of sea ice extent.

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 rejectior
From Figure 9(a), we can see that most of the pixels in the
image had ice concentrations over 90%. The maximum numbel
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 fo
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, an
the green line shows the histogram of the rejected “real sea ice
along the sea ice edge as shown in the purple rectangle ¢

0 20 40 60 80 100 [%]

2014/12/15 AMSR2 SIC v3.0 (Ascending)

(a) Rejected area in ricolor (b)Rejected area in rainbow cc
Figure 8. Extraction of the rejected sea ice area.
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Figure 9. Histogram of the total sea ice area (in number of
pixels) usingl0km AMSR?2 data in the Northern
Hemisphere on 15 December 2014.
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Figure 7. Ice concentration maps (a) before and (b) after AWF rejected true sea ice using AMSR2 10 km IC data in
was applied to AMSR2 10 km data in the Arctic on the Northern Hemisphere on 15 December 2014.
15 December 201
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Table 2. Statistics of rejected pixels with AWF Z014/12HT AWSRZ SIG 13,0 Ycendng)
Number of | Percentage
pixels
Total number of sea ice pixels 114,397 100%
before applying AW 74
Total number of rejected pixels 423 0.37% False sea ic8
with AWF
Total number of false sea ice 300 0.26%
around Iceland
Total number of rejected “true 123 0.11%
seaic”

4.1.2 17 December 2014

Figure 11(a) shows the AMSR2 IC image of 17 December 201
Huge false sea ice areas are observed near Greenland (gr
rectangle) and near Hokkaido, Japan (red rectangle), whic
disappeared within one day. The weather map in Figure 11(a)

shows that a 948 hPa low-pressure system formed over the area (a) Before AWF
(JMA, 2014). Figure 11(b) shows the ASMR2 IC image after

applying AWF. Most of the false sea ice areas are well rejecte  zoaiznr amsresic va (ascending

by AWF. Some false sea ice remains near Greenland. Howev
if we change the parameters of AWF to reject all of the false se
ice, the number of rejected true sea ice will also be increase
This is the result of optimizing the parameters at this momen g
Figure 12(a) shows the rejected sea ice area colored in re
Figure 12(b) is the zoomed-in image of the red rectangle area
Figure 12(a), which corresponds to the rejected “true sea ice
along the edge of fast sea ice abutting the coast of Greenlar
The rejected “true sea ice” areas are shown in rainbow color i
Figure 12(c) to enhance the ice concentration of each rejectt
pixel. It is clear that the ice concentrations of those rejecte
“true sea ice” areas are low.

Figure 13(a) shows the histogram of total sea ice areas befc
AWF rejection. From Figure 13(a), we can see that most of th
pixels in the image had ice concentrations over 90%. Th
maximum number of pixels for the IC was 54,064,
corresponding to an IC value of 100%. Figure 13(b) shows the

False sea ice

0 20 40 60 80 100 (%]

/

False sea icé

0 20 40 60 80 100 [%]

same histogram with the vertical axis scale set to 500 pixels to (b) After AWF
enhance the number of pixels for IC less than 80%. The numb&igure 11. The effect of AWF applied to AMSR2 IC data
of pixels for IC<80% was less than 324 pixels. The orange line (17 Dec. 2014, Northern Hemisere, IFOV:10km

in Figure 13(b) shows the histogram of the rejected sea ice areas
with AWF. The orange line shows the histogram of rejected se~
ice pixels, the red line shows the histogram of rejected false s
ice areas around Iceland, and the blue line shows the histogri
of the rejected true sea ice areas. Table 3 shows the statistics
rejected pixels with AWF. The total number of sea ice pixel:
within the images was 116,726. The total number of rejecte
pixels with AWF was 2808, which corresponds to 2.41% of th
total sea ice pixels before applying AWF. If we confirm that the
rejected sea ice near Greenland (green rectangle in Figure 12(
and near Hokkaido (red rectangle in Figure 12(a)) are false s
ice, the number of rejected “true sea ice” would be 1124 pixel:
which corresponds to only 0.96% of the total sea ice pixel

-

before applying AWF. The statistics are summarized in Table ¢

2014/12/17 AMSR2 SIC v3.0 (Ascending)

(b) Rejected "true sea ice”
area near Greenlanc

¥

4.1.316 & 18 December 2014

Figure 14 shows the AMSR2 IC images of 16 and 18 Decemb

LI ,Hﬂj _ ([

2014 with rejected sea ice area colored in red. No obvious fal I i

sea ice is observed in these images. The statistics of rejected oca  ° *° * % & 10w 0 20 4 6 80 100 [%
ice areas are shown in Table 4. The total number of rejectedy) Rejected area in red color ~ (C) Rejected “true sea ice* area
pixels with AWF was less than 1% of the total sea ice areas in in rainbow color

both images. Even if we assume that all the rejected pixels are Figure 12. Extraction of the rejected sea ice area.

true sea ice, the associated error when monitoring the trend of (17 Dec. 2014, Northern Hemisphere, IFOV:10km)

sea ice extent is relatively small.
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Figure 13. Histogram of the total sea ice area in number of

pixels.

(17 Dec. 2014, Norern Hemisphere, IFOV:10ki

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

ltems Number | Percentage
of pixels

Total number of sea ice pixels before| 116,726| 100%
applying AWF
Total number of rejected pixels with 2808 2.41%
AWF
Total number of rejected false see 168¢ 1.44%
Total number of rejecte“true sea ic’ 112¢ 0.96%

2014/12/16 AMSR2 SIC v3.1 (Ascending)

Il Rejected

0 20 40 60 80 100 (%)

(a) 16 December 20

I Rejected

2014/12/18 AMSR2 SIC v3.1 (Ascending)

0

20 40 60 80 100 [%]

(b) 18 December 20

Figure 14. AMSR2 IC images with rejected areas colored in
red (Northern Hemisphe, IFOV:10ki)

Table 4. Statistics of rejected pixels with AWF

(1) 16 December 2014, Northern Hemisphere, IFOV:10km
Items Number of | Percentage
pixels
Total number of sea ice pixels| 114,331 100%
before applying AW
Total number of rejected pixels 407 0.36%

with AWF

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

with AWF

Items Number of | Percentage
pixels
Total number of sea ice pixels| 115,390 100%
before applying AW
Total number of rejected pixels 989 0.86%

4.2 Summer (30 Juneto 2 July 2014)
4.2.12 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%.

2014/07/02 AMSR2 SIC v3.1 (Ascending) 2014/07/02 AMSR2 SIC v3.0 (Ascending)

I Rejected
0 20 40 60 80 100 [%]

(a) Before AWF

Il Rejected

0

(b) After AWF

20 40 80 100 [%]

Figure 15. AMSR2 IC image of before and after applying AWF
(2 July 2014, Northern Hemisphere, IFOV:10

0 20 40 60 80 100 [%]

Rejected -
Figure 16. Extraction of the rejected sea ice areas.

(2 July 2014, Arctic coast of Russia, IFOV:10l
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Abbreviations. The following abbreviations are used in this
manuscript:
ot : : : SSM/I: Special System Microwave Imager
;’gtzlﬁnse tS: cz)vi/]su&/hgoslt:tlstlcs of rejected pixels with AWF frorTbMSP: Defense Meteorological Satellite Program
AMSR: Advanced Microwave Scanning Radiometer
ADEOS: Advanced Earth Observing Satellite
GCOM-W: Global Change Observation Mission-Water

4.2.2 Total summary from 30 Juneto 2 July 2014

Table 5. Statistics of rejected pixels with AWF

Date Number of I’EjeCFed p-IXEIS/ Percentage IPCC: Intergovernmental Panel on Climate Change
Number of sea ice pixe ) ; . . .
SMMR: Scanning Multichannel Microwave Radiometer
30 June 201 481 /84,15 0.57% . - : - .
1 July 201. 539/83.17 0.65% Ll;lﬁ)?:.JNatlonzl AeronautlcsaaEnd ISpa:;e Agmlnlstratlon
2 July 201 403/82.39 0.49% : Japan Aerospace and Exploration Agency
3 July 201 364 /81,30 0.45%
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