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ABSTRACT:

Sea ice has an important role of reflecting the solar radiation back into space. In addition, flux of ice in thin ice areas

strongly affected by the ice thickness difference. Therefor thickness is one of the most important parameters of sea ice.
previous study, the authors h. developed a thin ice area extraction algorithm using passive microwave radiometer for the

Sea of Okhotsk. The basic idea of the algorithm is to use the brightness temperature scatte AMSR2 19GHz polarizatio
difference (VH) vs 19GHz V polarization. The algorithm was i applicable to the Bering Sea, and could extract mcthe thin
ice areas. However, two proble have become clear. One was that some the thin ice areas were not well extracted, and
wasthat some of the consolidated ice were-extracted as thin ice areas. In this study, the at have improvedhe thin ice are
extraction algorithm to solve these problems. By adjustin parameters of the algorithm applied to the brightness tempe
scatter plots of AMSR2 19Gt polarization difference (-H) vs 19GHz V polarization, most of the thin ice a were also wél
extracted in the Bering Sea. The authors also introduced an equation using the b temperatures difference of 89GHz verti
and horizontal polarization to reject the thin ice area misextt over consolidated ice. By applying tabove two methods 1
AMSR2 data, most of tl thin ice areas in the Bering Sea were well extracted. The algorithm was also applied to the St.
Lawrence with good result. The thin ice area extracted data are planed to be approved as a AMSR2 rsearch produc

1. INTRODUCTION

Since 1978passive microwave radiometers, including AMS
onboard GCOI-W satellite, have been continuously obsen
the earth for 40 years. The lc-term sea icextent derived fron
the passive microwave observation showed clear decline
of the Arctic sea ice cov (Comiso, 2012, JAXA, 20:, NSIDC,
2018 etc.).The result isreferrec as an evidence of glob
warming in the Fifth Assessment Report of IPCC (2(
Usually, sea ice extent is calculated from sea ice concent
derived from brightness temperatures measured by p:
microwave radiometers.lce concentration is the mc
fundamental parameter of sea ice which can be calculatec
brightness tempatures measured by passive microw
radiometers. There are number of sea ice concent
algorithms including NASA Team Algorithm (Cavarieli et .
1984),Bootstrap Algorithm (Comiso, 19¢ and ASI Algorithm
(Svendsen et ¢.1987).

Since the heaflux of ice is strongly affected by the i
thickness(Maykut, 1978, ice thickness is another import:
parameter of sea ice. However, the sea ice thickness inforr
cannot be estimated from the sea ice concentrationStudies
on estimating ice tckness from thbrightness temperatudata
acquired from passive microwave radiometers onboard sat
have beerdone in the past iluding those of Tateyama et
(2002), Martin et al. (2005), and Tamura € (2007).However,
the detailed validatn of the accuracy of the estimated sea
thickness is still on the way. Estimating ice thickness 1
passive microwave radiometer is not eeThe authors hawv
been develofing a method t extract thin ice area usin
brightness temperature scatter plotf AMSR2 19GHz
polarization difference (-H) vs 19GHz V polarizatic for the
Sea of Okhots (Cho et. Al, 20122014 201%). In this study.
“thin ice” is defined as the ice which thickness is around
than 30cmCho et &. (2011, 2012) has done detailed ie< on
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comparing thein situice thickness measuremeresult withthe
data observed koptical senss such ¢ RSlon FORMOSA™-2

and MODISon Aqua/Terr. The result suggested that if the

thickness is less the30cm,under the less snow cover conditi
the icethickness difference can be detected with optical sel
such asRSI| andMODIS. In this studythe MODIS imagesare
usedas the reference of identifying thin ice arethe possibility
of extract thin ic area with AMSR2 data are validated

comparing with the MODIS images. The result of applying
thin ice area extraction algoritl, hereafter rferred to asthe
Thin Ice Algorithm to AMSR2 data in the seasonal sea
zones of the northern hemisphere including the Sea of Okl
Bering Sea, and Guof St. Lawrence are presented in this pa

2. TEST SITES

Figure 1 show thmap of the
test sitesanalyzc in this
study whch arethe Sea o
Okhotsl, the Bering sea an
the Gulf of Saint Lawrenc.
All three are seasonala ice
zones of the northel
hemisphere. The Sea o
Okhotsk is located at the
north side of Hokkaidc
Japan, surrounded by t
Island of Skhalin and
eastern Siberian coa
Kamchatka Peninsula ai
Kuril Islands. The seis one
of the most southern seaso
sea ice zones in the north
hemispher, and many thin

Gulf of
St. Lawrence

This contribution has been peer-reviewed.

https://doi.org/10.5194/isprs-archives-XLII-3-W7-5-2019 | © Authors 2019. CC BY 4.0 License. 5



The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-3/W7, 2019
TC Il WG 111/2,10 Joint Workshop “Multidisciplinary Remote Sensing for Environmental Monitoring”, 12—14 March 2019, Kyoto, Japan

ice areagan be found in thsea.The Bering Sea ilocated in
the northernmospart of the Pacific Ocean, which is surroun
by the Siberia, the Kamchatka Peninsula, the Alaska Pen
and the Aleutian IslandThe Bering Sea is connected to Arc
Ocean by the Bering Strait. The Gulf of St. Lawrence is a
of inland sea Icated in eastern Canada. It is the outlet of N«
America's Great Lakes via 1Saint Lawrenc River into the
Atlantic Ocear

3. ANALY ZED DATA

The brightness temperature daacquired fom passive
microwave radiometer AMSR2 onboard GCOM-W satellite
were usedn this stud. GCOM-W was launched by JAXA i
2012 and AMSR2 has been observing the earth for ovears.
Table 1 shos the specifications of AMSR2.The ice
concentration data derived from AMSR2 data using Boot:
Algorithm (Comiso, 200¢ were also used in this study. n
order to identify thince ares, data collected by optical sen:
MODIS onboard Aqua satellite were u as referenc. Table 3
show the specifications of MODIS. As for MODIS, only

Band 1 and 2 which have thighestspatialresolution 0f250m
were used in this stuc Under the cloud free cortion, detailec
distribution of sea ice can be observed from MODIS ime
SinceAqua and GCOI-W are in the same orbital “track” unc
the frame work ofthe NASA’'s A-Train (NASA, 2012, the
constellationof satellites MODIS onboard Aqua obseid the
same area four mites after the observation of AMSI
onboard GCOMW. Therefore, MOLS data is one of the mo
effective validation data for AMSR2 de

Table 1. Specifications of AMSR:
Freq_uen_q IEOV Swatt Incident
(polarization angle
7GHzV,H) 35x62km
11GHz(V,H) 24x42km
19GHz{ H) 14x22km 145( 55 deg
24GHz{,H) | 15x26km | km
36GHz{,H) 7x12km
89GHzy H) 3x5km
Table 2. Specifications of MODIS
Band Wavelength IFOV Swath
1 0.62(-0.670um
2 | 0.8470.876um | 220M | 2330km

4. RESEARCH METHOD
4.1 Sample Area selectio

Figure 2 show the comparison ofmultaneously collecte
AMSR?2 ice concentration image aMODIS imageof the Sea
of Okhotsktaken onFebruary 27, 201. The cleardistribution
of sea icecan be identified from the AMSR2 ice concentral
imageas shown on Figure 2(

However, it is difficult to identify ice thickness differences
thin ice areas from the image. On the other hmore detailec
sea ice distbutions can be observ in the color composite
image ofMODIS(Band 1 to blue and red, Band 2 to gre as
shown onFigure 2(b. In our thin ice algorithm, we firsselect
sample areasf thin sea ice, big it floe, open water and mixe
sea icare selecte in this study as sown on Figu2 and 3

(a) MODIS image (b) AMSR2 ice concentratior
Figure 2 Comparison of AMSR2 and MODIS image:
(Sea of Okhotsk,February 27,2013

(a)Big icefloe

(b)Thin ice (c)Mixed ice
Figure 3. Sample areaof different ice types extracted fron
MODIS image (Sea of Okhotsk, Fe. 27, 2013)

(d)Open watel

4.2 Thin Ice Algorithm

Figure 4 shows the scatter plot of AMSR2 19GHz V ver
19GHz (\-H) of the Sea of Okhotsk observed February27
2013. In this scatter plotA representsthin ice and H
represent big ice floe.Thebasic idea oour Thin Ice Agorithm
is to extract the tn ice areaby applying the following twc
equations tothe brightness temperatu (Tb) of 19GHz
Vertica(V) and Haizontal(H) pdarization ofAMSR2.

(Tb19GHzV):T1 Q)
(Tb19GHZz\—Tb19GHzH)> -Th19GHz\ + T2 2
where Tb19GHzH:Tb of AMSRR2 19CHz H polarization
Tb19GH¥: Th of AMSR2 19CHz V-polarization
T1, T2: parametis adjusted tparticula sea ice zone.
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Figure 4. Scatter plots of (19GHzV-19GHzH) Vs 19GHzV
Polarization (Sea of Okhotsk, Fe. 27, 2013)
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It is impossible to identifyice thickness differen in the low
ice concentration area The equation (1) is useto extractsea
ice area with 80% or higher sea ice concentre In other
words, our teget is thin ice area which concettion is higher
than 80%/The microwave brightness temperature of wate
much lower in H polarization than in that of V polarizatic
Sincethin ice areas are rather \, the microwave brightnes
temperatureof thin ice ares become much lower in
polarization than in that of V polarizatioOn theother hind,
the microwave brightness temperature of consolidated ice
not show big difference between V and H pazation.
Considering these characteristics, the authors have intro
equation (2for extracting thin ice are:

5. EXTRACTED RESULT

5.1 Sea of Okhotsl

Firstly, the authors have applied tiThin Ice Algorithn to
AMSR2 data of the Sea of Okhotsk. Figi5(a) shows thi
AMSR2 sea ice concentration image of February 27, 2013
cyan areas in the image show the “thin ice areas” extr
using AMSR2 data using equations (1) and T1=245K anc
T2=300K are specified for the Sea of OkhotsThe extractes
areas were overlaid on the simultaneously collected M(
image for evaluation as shown on Fig5 (b). It shows that nc
all but most of the thin ice areas which are appearing in
purple in te MODIS image are extracted with the propc
method.

(a)AMSR2 image
Figure 5. Thin ice area exraction result (Cyan: extractec

(b) MODIS image

area) (Sea of Okhotsk, Fe. 27, 2013

5.2 Bering Se:

The authors have applied tiThin Ice Algorithm to severa
scenes oAMSR2 datafor the Bering Seaobserved on Marc
19, 2016Figure6 shows the scatter plot of AMSR2 19C V
versus 19GHz (-H) of theBering Sea observed (March 19,
2016. Theblue meshed area represents area to be extracte
asthin ice area with equation (1) and It is clear that the (-
extracted sea ice are) are distributed outside of the bl

meshed are. Therefore,the author have change paramete
T1 of equatior (1) from 245K to235K No change to th
parameter T=300K. In order to reject the effect of r-
extracting some of the big ice floe as thin ice &, the author
have added the following equation to the algor( see Miyao
et al, :018)

(Tb89GHzV—Tb89GHzH) >2CK (3)
where Th89GH%/: Th of AMSRZ 89GHz Vpolarizatior
Tb89GHzH: Th of AMSR289GHz H polarizatio

Figure 7 show theextractedthin ice areasoverlaid on the
AMSR?2 sea ice concentration imaand MODIS imageof the
Bering Se observed oiMarch 19,2016.
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Figure 6. Scatter plots of(19GHzV — 19GHzH) Vs 19GHzV
Polarization (Bering Sea, Mal. 19, 201()
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Figure 7. Thin ice area extraction result (Cyan: extractec
area) (Bering Sea, Fe. 10, 2014)
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5.3 Gulf of St. Lawrence

Figure 8show the scatter plot of AMSR2 19GHz V vers
19GHz (VH) of the Gulf of St. Lawrence observed on Marc
2015. The distribution of the data also suggests the poss
of applying the same algorithm to the Gulf of St. Lawr. Just
same with Bering Sea, the parameT1 of equation(l) was
changed frmm 245K t0235K No change to the aramete
T2=300K.Figure9 show theextractedhin iceareasoverlaid on
the AMSR2sea ice concentration imaand MODIS imageof
the Bering Se observed oMarch 1, 2015
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Figure 8. Scatter plcts of (19GHzV—-19GHzH) Vs 19GHzV

Polarization (Gulf of St. Lawrence, Mar. 1, 2015

"

(a)AMSR2 image

(b) MODIS image
Figure 9. Thin ice area extraction result (Cyan: extractec
area) (Gulf of St. Lawrence, Mar. 1, 2015)

6. CONCLUSION

In this study, authors have applied the AMSIThin Ice
Algorithm which was originally developed for the Sea

Okhotskalsoto the Bering Sea and the Gulf of St. Laurel
The extracted thin sea ice areas were validated by comj

with simultaneously collected MODIS imageThe author:
have analyze@round 1' scenes foithe Sea of Okhotskthe
Bering Sea anthe Gulf of St. LaurenceThe most of the thi
ice areas identified in MODIS images were well extracted -
AMSR?2 data by applyir the algorithn. The result suggesthat
some tuning of the parametimay improve theaccurac of the
algorithm when applyincthe algorithmto the other sea ice
zone: of the Northern HemisphereJAXA has decided t
produce thethin ice producfrom AMSR2 dateusingthe Thin
Ice Algorithm asthe researh product of AMSRZ
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