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ABSTRACT

Passive microwave radiometers, such as AMSR-E an8R2, onboard satellites can penetrate
clouds and can monitor the global sea ice distidlbuevery day. Usually, by using the big brightness
temperature difference between sea ice and opesr,ve&a ice concentrations of the sea ice areas are
calculated from brightness temperature data aodjdnmem passive microwave radiometers. On the
other hand, considering the radiometric propertysed ice and the large footprint size of passive
microwave radiometers, it is not easy to extraatise thickness using passive microwave radiometer.
However, in 2012, the authors have developed aorittign to detect thin ice area using the brightness
temperature scatter plots of AMSR-E 19GHz versuSkZ V polarizations and 19GHz polarization
difference(V—H) versus 37GHz V polarization (Cho at, 2012). It worked quite well in the Sea of
Okhotsk. However, recently, the authors have revige algorithm for AMSR2, the successor of
AMSR-E, by using the brightness temperature scapiets of AMSR-2 19GHz polarization
difference(V—H) versus 19GHz V polarization (Cho &, 2014). In this study, the authors have
evaluated the advantage of the new algorithm ag#tiesprevious algorithm by comparing the result
with simultaneously collected MODIS images.
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1. INTRODUCTION

The Fifth Assessment Report (AR5) of the IPCC pedi a clear view of the current status of
global warming (IPCC, 2013). The sea ice extenticddn graph of the Arctic derived from time
series of satellite passive microwave observatias wsed in the report as one of the evidence of
global warming. Ice concentration is the most fundatal parameter of sea ice which can be calclated
from brightness temperatures measured by passiwwowave radiometers onboard satellites
(Cavarieli et. al., 1984, Comiso, 1995, Spreenaét. 2008). Ice thickness is another important
parameter of sea ice. In thin ice areas, the theatof ice is strongly affected by the ice thiclese
difference (Maykut, 1978). However, considering thdiometric property of sea ice and the large
footprint size of passive microwave radiometersaamtl satellites, it is not easy to extract sea ice
thickness using passive microwave radiometer frpats.

The passive microwave radiometer AMSR-E onboardafsptellite was launched in May 2002 and
operated until October 2011. The authors have dpeel an algorithm to detect thin ice area using
scatter plots of AMSR-E 19GHz polarization diffece(v—H) versus 37GHz V polarization (Cho et.
Al, 2012). It worked quite well in the Sea of Okslot However, AMSR-E terminated its’ operations
on October 4, 2011. Following AMSR-E, on May 18,120 AMSR2 onboard GCOM-W1 was
launched by JAXA (JAXA, 2013). Basic specificatiooSAMSR2 are similar to those of AMSR-E
with enlargement of the diameter of the main réfledrom 1.6m to 2.0m. The enlargement of the
main reflector improved the spatial resolution bé tsensor for about 20%hich provided the
highest spatial resolution as a passive microwave radiometer in space. In the process of
applying our thin ice area extraction algorithmAISR2, the authors have revised the argorithm by
using the brightness temperature scatter plotdwW$R-2 19GHz polarization difference (V-H) versus
19GHz V polarization. In this study, we compare blo¢h algorithms and verify the advantages of the
new algorithm by comparing the results with simudtausly collected MODIS images for the Sea of
Okhotsk.



2. TEST SITE

In this study, the Sea of Okhotsk was selectedhaddst site
for the detailed evaluation of thin ice area extoacwith AMSR2
data. Figure 1 show the maps of the test site.S¢we of Okhotsk
is one of the most southern seasonal sea ice zories northern
hemispherewhere all the sea ice melt in summer season. Inewin
many thin ice areas can be found along tbest of Russia in the
Sea of Okhotsk. Thus the sea is suitable for thigys

3. ANALYZED DATA

The brightness temperature data derived from thesipa
microwave sensor AMSR2 onboard GCOM-W1 satelliterew:
analyzed in this study. The sea ice concentratiata dlerived
from AMSR2 data were also used. In order to vetfilgy thin sea .
ice area derived from AMSR2 data, data collectedh®yoptical
sensor MODIS onboard Aqua satellite were used. eSipoth :
satellites are inthe same orbital track under the frame work of .
Train (NASA, 2012), MODIS onboard Aqua observaa@dt the Fi .= 1 Tet sit
same area four minutes after the observation of RRISnboard 'gure L. Site
GCOM-W1. Therefore, MODIS data is one of the md&tative validation data for AMSR2 data.
Table 1 and 2 show the specifications of AMSR2 Bi@DIS. As for MODIS, only the Band 1 and 2
which have the highest resolution of 250m were uséldis study.

Tablel. Specifications of AMSR2

Frequency (polarization) IFOV Swath | Incident angle

6.925GHz (V,H) 35x62k m

10.65GHz(V,H) 24x42k m
18.7GHz (V,H) 14%22k m

1450km 55deg

23.8GHz (V,H) 15x26k m
36.5GHz (V,H) 7x12k m

89.0GHz (V,H) 3x5k m

Table2. Specificationsof MODIS

Band Wavelength IFOV Swath
1 0.620-0.67@m
250m 2330km
2 0.841-0.876m

*The MODIS data of IFOV=500m and 1km are not usethis study

4. TEST AREA EXTRACTION

Since the spatial resolution of satellite passiveromwave radiometers such as AMSR2 are rather
low compared with optical sensors such as MODI& {Eable 1 and 2), it is difficult to identify ice
types from images derived from passive microwadkoraeters. Under the cloud free condition, high
resolution optical sensors onboard satellites are qiseful for identifiying the detailed conditiarf
sea ice. Figure 2 show the comparison of simultastjocollected AMSR2 ice concentration image
and MODIS image taken on March 4, 2013. The AMSB2 concentrations were derive using
AMSR2 Bootstrap Algorithm (Comiso et. Al., 2013)hd AMSR2 ice concentration image clearly
shows the distribution of sea ice in the Sea ofiddk. However, it is quite difficult to identificé
thickness differences or thin ice areas from thagen Even though the ice thickness is low, if tleaa
is covered with ice, the ice concentration will b@0% sea ice. In other word, we cannot get ice



thickness information from the ice concentratiomges of AMSR2. On the other hand, in the MODIS
image of Figure 2(b), more detailed sea ice distrdms can be observed. Basically, the albedo
increases as the ice thickness increases. Throlmghcomparison of the in situ ice thickness
measurements with data collected by optical seosdsoard satellites, the authors have verified that
under the less snow and cloud free condition, $bimice area ,where the ice thicknesses are aoyund
less than 15cm, can be identified in MODIS imag&ho et. al., 2012). In this study,

blue and red are assigned to MODIS Band 1 and giredBand 2 for making the MODIS color

composite images. Usually, the reflectance of tb@éarea is lower than thick ice area. Moreover,
since the surface and around of thin ice are rathety the reflectance of Band 2 (near infrared)
decrease greater than Band 1 (visible) in the itgnarea. As a result, thin ice areas are likely to

appear in dark purple in the cold

composite images of MODIS. I
big ice floe

Thin ice area

this study, we defined these dal
purple sea ice areas in the MODI
images as thin ice areas.

In order to examine the
microwave brightness temperatui
characteristics of big ice flog
(100% ice), thin ice, mixed ice
and open water, the sample area
each item was selected in th

MODIS image as shown o ; —
Figure 3. Then, the sample are{ (& AMSR2ICimage VIODTS image
were overlaid on the AMSRZ Figure2. Comparison of AMSR2 and M ODI S images.
image and the AMSR2 brigthnes (Sea of Okhotsk, March 4, 201

temperature data of the samp
areas were extracted.

Thin Ice

MODIS Image Open Water AMSR2 IC Image
(R,B:Band1 G:Band?2)
Figure 3. Extraction of sample areasfrom MODIS and AM SR2 images.
(Sea of Okhotsk, March 4, 2013)



5. THINICE AREA EXTRACTION ALGORITHM
5.1 TheOriginal Algorithm

In low ice concentration sea ice areas, veribitkness sea ice and open water are mixedirwith
one pixel of AMSR2. Accordingly, it is impossible éstimate whether the sea ice area is thin i are
or low concentration area. So, in this studye thin ice area are only extracted withiighhiice
concentration areas. Figure 4 shows the scattes pfl(AMSR2 19GHz V versus 37GHz V for the
Sea of Okhotsk observed on March 4, 2013 as showkigure 3. In this scatter ploté, represents
thin ice anda representsig ice floe. In our original thin ice algorithmrdtly we use the following
equation to extract thin sea ice area with 80%iginer sea ice concentration.

(Tb19GHzV) > 245K (1)

However, Since thin ice area and big ice floa &wedaly located in this scatter plot, it is diffictd
identify thin ice area from big ice floa only withis equation. So, the authors have introduced the
scatter plot of AMSR2(19GHzV-19GHzH)versus 37GHza/shown on Figure 5.
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The microwave brightness temperasture of watersnareh higher in V polarization than that of
H polarization. Since thin ice areas are likelyb wet, the polarization difference(V-H) of 19GHz
brightness temperature in thin ice area are mughehithan big ice floe (consolidated ice). As alltes
the location of thin ice are#() could be discriminated from big ice fldll} in the scatter plots on
Figure 6. The authors have introduced followingadun for extracting thin ice area.
(Tb19GHzV—Tb19GHzH)> (300K-Th37GHzV) (2)

The meshed area represents the area extraitecequation (2). In this case, not only thin ice
area(A) but also mixed ice areg() will be extracted. However, by the combinationegfuation (1)
and equation (2) only thin ice areas can be etddac

5.2 Modified Algorithm
By comparing Figure 4 and 5, th
authors came to the conclusion that v P
may extract thin ice areas by using on ' Bl
one AMSR2 brightness temperature scat
plots of (19GHz Vertical polarization(V) -
19GHz Horizontal polarization (H)) versu
19GHz V. Figure 6 shows the scatter pl
of AMSR2 brightness temperature for tr
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the rate of ice concentration. In our thin ice aidpon, firstly we use the following equation to eadt
thin sea ice area with 80% or higher sea ice auna#on.
(Tb19GHzV) > 245K 3)

The microwave brightness temperature of watergrareh higher in V polarization than that of H
polarization. Since thin ice areas are likely tovbet, the polarization difference(V-H) of 19GHz
brightness temperature in thin ice area are mughehithan big ice floe (consolidated ice). As ailtes
the location of thin ice area() could be discriminated from big ice flag(in the scatter plots on
Figure 6. The authors have introduced following afun for extracting thin ice area.

(Tb19GHzV- Th19GHzH)> 300K-(Tb19GHzV) (4)
The meshed area represents the “thin ice areadagt with equation (3) and (4).

6. RESULT

The authors have applied the both algorithms toaekthin ice areas using AMSR2 data in the Sea
of Okhotsk. Figure 7(a) shows the examples of lineite areas extracted using the original algorith
overlaid on MODIS image of March 4, 2Q1RBgure 7(b) shows the thin ice areas extractedguitia
modified algorithm overlaid on the same MODIS imdgigure 7(a) shows that not all but most of the
thin ice areas which are appearing in dark pumpkae MODIS image were extracted with the original
method. However, some non-thin sea ice areas Weoeeatreacted as thin ice area with the original
algorithm (see the red cercle area in Figure 7(&gure 7(b) shows that most of the thin ice areas
extracted by the original algorithm were also exted by the modified algorithm. Moreover, the
wrong thin ice areas extracted by the original atgm were not extracted in the modified algorithm.

(a) Original Amgorithm (b) Morified Algorithm

Figure 7 Thin ice area extraction result overlaid on MODISimage
(Sea of Okhotsk, March 4, 2013)



7. CONCLUSION

In this study the authors have investigated thesipogy of extracting thin ice area from passive
microwave radioneter AMSR2 data using the origarad modified thin ice area extraction algorithm
developmed by our team. The extracted thin searieas were validated by comparing with cloud free
MODIS images. The result suggested the advantaféseomodified thin ice extraction algorithm
against the original algorithm. However it shoule moted that, so far, the target areas are focused
only to seasonal sea ice zones such as Sea of Bktwteject the influence of multi-year ice. The
authors are now examining the possibility of apmythis algorithm to AMSR2 in the other sea ice
zones.

ACKNOWLEDGEMENT
This study was supported by JAXA under the framéeadrGCOM-W1 Project. The authors would

like to thank JAXA for their kind support.

REFERENCES

Cho, K., Y. Mochizuki, Y. Yoshida, 2012, Thin iceea extraction using AMSR-E data in the Sea of
Okhotsk, Proceedings of the'38sian Conference on Remote Sensin@S-E6-3)1-6.

Cho, K., Y. Yoshida, T. Tezuka, 2014, Thin ice adegection in the Sea of Okhotsk using AMSR2
data, Proceedings of ISRS 201€9-1, p.1-4.

IPCC, 2013: Summary for Policymakers. In: Climatea@ge 2013: The Physical Science Basis.
Contribution of Working Group | to the Fifth Assessnt Report ofIPCC, Available online:
http://www.ipcc.ch/report/ar5/wgl/docs/WGIARS _SPMothure_en.pdf

Cavalieri, D. J. and P. Gloersen, 1984, Determmadif sea ice parameters with the NIMBUS 7
SMMR, J. Geophys. Res., (89)5355-5369.

Comiso, J. C., 1995, SSM/I Sea Ice Concentratiassindthe Bootstrap Algorithm, NASA Reference
Publication1380, Maryland, NASA Center for AeroSp&aformation,Available online:
http://www.geobotany.uaf.edu/library/pubs/ comisb9@5 nasa 1380 53.pdf.

Spreen G., L. Kaleschke, and G. Heygster, 2008, ®eaemote sensing using AMSR-E 89 GHz
channels, J. Geophys. Res., (113)C02S03, do020/2005JC003384.

Maykut, G. A., 1978, Energy exchange over youngiee#n the central arctic, JGR, (83)3646-3658.
JAXA, 2013, About AMSR2, Available online:
http://suzaku.eorc.jaxa.jp/GCOM_W/w_amsr2/whats ra&rhéml (accessed on 12th Sep. 2013)
NASA, The afternoon constration, 2012, http://atnaésa.gov/

Comiso, J. C., K. Cho, 2013, Description of GCOM-WHISR2 Sea Ice ConcentrationAlgorithm,
Descriptions of GCOM-W1 AMSR2 Level 1R and LeveAgorithms, JAXA, NDX-120015A,
(6)1-28, Available online: http://suzaku.eorc.jggssCOM_W/data/doc/NDX-120015A. pdf.

Cho K., Y. Mochizuki, Y. Yoshida, H. Shimoda andFCCHEN, 2012, A study on extracting thin sea
ice area from space, International Archives ofRhetogrammetry, Remote Sensing andSpatial
Information Sciences, (XXXIX-B8)561-566.



