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Abstract Based onMOD IS show products this article studied the changes of show
cover area during 2003—2006 along the coastline of the A ntarctic, and 18 typical re-
gionswere chosen for further analysis The result showved that the change of show cov-
er areawas in a fluctuant dovrward trend as awhole, and more fluctuated obviously
inwam seaon than in cold saHn  In temporal scale: for the seaon cycle, the snow
cover extent increased rapidly in cold ssason (Apr-Oct) , while the perfomance in
wam seaon (NovMar) was not exactly the same during the four years, the show
cover extent decreased in the first and then increased in 2004 and 2006, however, in-
creased firstly and then decreased but reduced as awhole in 2005, for the inter-annu-
al cycle, srow cover extentwas the largest in 2003, but reached  the lovest level in
2004, and then increased gradually in 2005 and 2006, whereas, it declined with
fluctuant asawhole In gatial scale, changesmainly centralized along the coastline,
moreover, itwasmore remarkable in theW est A ntarctic than in the East A ntarctic,
egecially in the Antarctic Peninsula region
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1 Introduction

Nowadays, the global climate change has attracted unprecedented attention all over the
world, and Antarctica covered perennially by sov become the essential regions of the
change[”. The extent of shov cover and the inter-annual changesof the surface reflectivity
have an obvious impact on the intensity of global moisture circulation and themal equilibri-
um. Antarctica isan® amplifier” o the global climate, which has become the most renark-
able and snsitive region Thus, study on the distribution and change of show cover in the
Antarctic isof great importance in the research of global and regional climate change

For the past several decades, remote snsing data have been the main data urce for
monitoring snow cover, in which the optical snsor data, such as ™ /ETM + ( Thematic
M gpper/Enhanced ThematicM goper) AVHRR (A dvanced V ery High Reolution Radiome-
ter) MOD IS (Moderate Reolution Imaging Sectroradiometer) , etc , has been utilized

widely, aswell as themicrowave data, such as SM /1and AR-C, etc”®’. TerraMOD IS
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launched in 1999 acquires images in 36 discrete gectral bands betveen Q 4 and 14 34 m
electromagnetic gectrum scope, and inwhich bands4, 6, 7, 13, 16, 20, 26, and 31 can
be used as inputs for extracting the information of son'*”’. MOD IS data have been widely
goplied in monitoring snow and mapping, with the high tenporal, gatial and gectrum res
olution, aswell asfree of charge for receivinds'gl. Based onMOD IS data, thisarticle refers
o the research on the change of srow cover area during 2003—2006 in the A ntarctic coast-
line, and aums up the whole tendency and local characteristics of the change

2 Study area and data
2 1 Study area

Antarctica, composed by A ntarctic continent and peripheral islands, covers goproxi-
mately 14 million km2, and inwhich the continent covers about 12 39 million km2, while
islands cover 76, 000 km2, and the coastline measures 24, 700 km. In addition, many ice
dhelves about 1. 58 million km2 are contained, including Amery, Ross, and Ronne, etc
The A ntarctic continent is divided in wo by the Transantarctic Mountains close o the neck
betveen the Ross Sea and theW eddell Sea, which is the highest mainland on the earth be-
cause of the snow and ice cover, and its average altitude above sa-level is2,350m. There
are no four seans in A ntarctica, but only o, which is thewam and the cold, and the
fomer is from Nov o the nextM ar, the later isfran Apr to Oct It isprofound o study on
the snow cover in the Antarctic, because it is themost significant and sensitive area of glob-
al climate change

About 98% of the A ntarctic continent is covered by shov and ice, and the pemafrost
and bare rock present mostly in the coastline, while the inland is covered perennially by
v and ice Thus, inorder to reduce data quantity, thisarticle just concerson the show
cover change of coastline To monitor the snov melt and growth comprehensively, a 300 km
buffer along both sidesof the coastlinewasperfoimed, and that is the proper study area, al-
ternatively, the ringy region as the fig 1 showing
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Fig 1 Snow cover map of Antarctic coastline region in Feb, 2005 (white: show; black:
no snow (Pemafrost and Bare Rock) ; dark grey: ocean; fleet grey: filled ).
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2 2 Data source

The difference of gectrum characteristics betveen snow and cloud, bare il, rock,
vegetation, etc , isused to extract the infomation of show. In the visible region of the
gectrum, the high albedo of snow and cloud presents a good contrast with most other natu-
ral surfaces, and therefore which can be used to distinguish shov and cloud from others
and in the near-infrared (0. 8—1. 1P m), the albedo of snow and cloud is aways higher,
contrarily, the albedo of water and bare il is lowver, and vegetation is situated betveen
both According to the propertiesof high albedo in the visible and high abmtivity in short-
wave infrared of snow,whereas the high albedo of cloud in both, show can be discriminated
from clouds™. Therefore, the snow cover can be obtained due o the Pectral difference
betwveen snow and other objects

TheMOD IS Show-cover products are used for research, which are provided as a s-
guence of products beginning with a svath product, and progressing, through satial and
tenporal trandomations, t© an 8-day global-gridded product, and are distributed by the
Distributed A ctive A rchive Center (DAAC) located at the N ational Snow and Ice D ata Cen-
ter (NSDC). That isthe datasetMOD IS/ Terra Snow Cover 8-Day L 3 Global 500 SN Grid
V004 And the study date isfrom Oct to nextM ar (exceptDec ) during 2003—2006. The
MOD IS shov mapping algorithm uses at-satellite reflectances inMOD IS bands4 (Q 545—
0 565U m) and 6 (1 628—1 6524 m) M calculate the nomalized difference show index
( NDSI) used for distinguishing snow from clouds and other surface types™**, and then
further cloud discrimination is accomplished using the MOD IS cloud masking product
(MOD35) produced based on the existing algorithm for detecting the global cloud distribu-
tion using satellite data, according to the multi-gectral characteristics of MOD IS For a
more detailed description of cloud detection algorithm, see references ***. Considering the
periodic change of the detecting area using olar synchronous satellite and the shortages of
8-day period for eliminate clouds thoroughly, and mearwhile the cycle of satellite orbit is16
days, thus, twvo 8-day show cover productswere camposited for a 16-day snowv cover product
o remove clouds as much as possible, using maximum sow cover synthesis through DL
progranme Because of mass data, this article used 16-day show cover products to repre-
Ent the monthly shov cover.

3 Data processand analysis
3 1 Data process and result

W ith the impact of polar night in Antarctica, the proper period for acquiring image is
from Oct to the nextMarch A ccording to the regular path of NSDC show-cover products
and the location of A ntarctica, there are 25 mages terminally covering path columns h9-h26
and rov v14-v26. Then reprojection, mosaic and clippingwere conducted usingMRT ft-
ware provided by NASA. Inorder to keep the shgpe of the large A ntarctica, snow coverwas
mapped in a polar stereogrgphic projection, with parameters Polar stereogrgphic Projec-
tion, WGS 84 Datun, latitude: - 71, longitude: 0, which isone kind of plane pergpec-
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tive projection with seeing the South Pole from North pole To compare siow cover area
change accurately, the conformal projection above must be trandomed into the equiareal
projection, that is South PoleL anbert Azimuthal Equal A rea, L atitude Of Origin: - 90
000000, Geogrgphic Coordinate System: GCS W GS 1984, using ArcGIS oftvare To e
liminate the influence of cloud, 16-day show cover products were used representing the
monthly show cover. The show cover mgp of coastline in Feb, 2005 isasfig 1, thewhite is
sow cover, black isno-svow (Pemafrost and Bare Rock) , dark grey isocean, fleet grey
isfilled

The show cover mgppings of coastline region were produced for monitoring the changes
during 2003—2006  The area of each classified category is result that each pixel area (Q

25 km”) multiplied the number of pixels, and statistic results as table 1 and fig 2, fig 3
show.

_Table A rea Statistic of lce-Shaw Cover in A ntarctic coastline Regi i —2006 (units k)
Jan Feb M ar Oct Nov

v No-sowv SV No-show sov_ | No-show v | No-show Sov No-show
2003 | 5127618 11143 5| 5124801 16399 25 5116378| 20670 5 5110198, 8954 | 5099154| 1515Q 5
2004 | 5059811 58825 | 5065508| 53054 | 5080283)38083 2% 5096370]22713 2% 5060846| 24575

2005 | 5074294) 43562 75| 5079969 38894 5| 5059044|60245 7% 5108711) 10643 7% 5084670| 30636 75
2006 ] 5059710 57328 | 5066136| 52456 75| 508176135896 2% 5100675| 18438 7% 5103048] 15629 75
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Fig 2 Area Statistic of Snow cover in A ntarctic Coastline Region during 2003—2006
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Fig 3 Area Statistic of no Snow (Pemafrost and Bare Rock) in A ntarctic
Coastline Region during 2003—2006
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3 2 Trend analysis

According O statistic tables and Figs above, the data of each period were compared u-
sing ols ENV I, ERDAS, ArcGIS, etc Then tamporal and $atial characteristics are as
follovs

(1) InFig 2, the show-covered area covered maximum in 2003, but shap decreased
in 2004, then increased gradually during 2005—2006, which shows an overall trend of

“ decrease-increae” during 2003—2006

(2) The snow cover shows a biggish fluctuation in a year And the monthly snow-cov-
ered area presents a decline with fluctuation during the four years A ccording o the inter-
monthly variation (the difference divided by the sum betveen maximun and minimum in
one month during the four years) of snow cover, themaximum of show cover changewas in
Jan, while the minimum in Oct, which illustrated the change of snow cover areawasmore
marked in wam seasn than in cold ssason And in Fig 3, the areaof no-show (pemafrost
and bare rock) shows a opposite tendency, which tallieswith the common sense

(3) AsFig 2 shows, the snow cover area in cold sean (taking Oct as a representar
tion) was larger than inwam seaon asawhole And in Table 1, the difference of average
owv cover area betveen seaonsof cold (Oct ) andwam (Jan ) isapproximately 23, 500
km’.

(4) Camparing the image data every period, areawith no-show cover, that is, pema-
frost and bare rock, mainly centralized along the coastline and nearby islands, egecially in
the A ntarctic Peninaula This ismay be consist with the conclusion of obviously tempera-
ture-rising in A ntarctic Peninsula and the glaciers in A ntarctic Peninsula and subantarctic
islands retreated by aW hite Paper* State of the A ntarctic and Southern Ocean Climate Sys
tem (SASDCS) " published by the progranme on A ntarctica and the Global Climate System
(AGCS) wbordinate to Scientific Committee on A ntarctic Research (SCAR).

(5) Dividing the research area into East A ntarctica and W est A ntarctica, there was
more no-sow ( just pemafrost and bare rock) area in theW est A ntarctic coastline than in
the East A ntarctic, and the no-snow area inW est A ntarctica accounted for 70% of the total
no-snow area, which is related to the camparatively high temperature of theW est A ntarcti-
ca

3 3 Typical area analysis

In order o further analyze the detailed difference of the snow-covered regions along the
coastline, we selected 18 typical regionsof snow cover change (Fig 4) based on the stud-
ies above, and investigated the regional difference of snow cover change Because the show
cover area fluctuated obviously in wam season, the data of Jan were studied and ana-
lyzed The regions selected occupied 85% of the total no-show area in the whole study re-
gion During the four years, the fluctuation quantity of typical regions contributed more
than 80% of the all AsFig 4 shows, the typical areas R1-R8, R16 located in the W est
Antarctica, and the others in the East A ntarctica
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Fig 4 Distribution of 18 Typical Regions

A ccording 1o the statistic of typical regions in the East A ntarctica andW est A ntarctica,

the maximum inter-annual variation ( the difference betwveen maximum and minimum divid-
ed by themean of annual show cover) wasinJan , and itwas larger in theW estA ntarctica
than in the East A ntarctica; it showsobvious different trendsof snow cover change betveen
East A ntarctica and W est Antarctica, as Fig 5 shows in the East Antarctica, the sow
cover extentwas larger in 2003 and 2005, but lower in 2004 and 2006; in theW est A ntarc-
tica, it shap decreased in 2004, then increased gradually in 2005 and 2006, consisting
with thewhole perfomance; whereas it shovs egecial’ trapezia” in the A ntarctic Peninsu-
la (typical region R1) , thatis the snow cover extentwas the lowest in 2003, while higher
in 2004 and 2005, and then dropped to a lowver value in 2006 In Fig 6 (a) and (b),

there are the show cover schamatic diagrans of R3 in the W est A ntarctica and R17 in the
East A ntarctica during 2003—2006, and the characteristics showing is accordant with the
curves in Fig 5
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Fig 5 Changesof snawv cover in East Antarctica (a) andW est A ntarctica (b).

4 Conclusion

Based on MOD IS sowv products, this article studied the changes of snow cover area
during 2003—2006 along the coastline of the A ntarctic, and 18 typical regionswere chosen
for further research The result showed that the change of snow cover areawas in a fluctuant
dowvrward trend as awhole, and more fluctuated obviously in the wam seasn than in the
cold san In tamporal scale: for the sean cycle, the sow cover extent increased rgpid-
ly in cold season (April-Octomber) , while the perfomance in wam season (November-
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M arch) was not exactly the same during the four years, that is, the shnow cover extent de-
creased at first and then increased in 2004 and 2006, however, increased firstly and then
decreased but reduced as awhole in 2005, and the characteristics of change in cold and
wam seaon were the feedbacks for ssanal climate; for the inter-annual cycle, the extent
was largest in 2003, but reached the lowest level in 2004, and then increased gradually
both in 2005 and 2006, whereas, it declined with fluctuant as awhole In atial scale,
changesmainly centralized along the coastline, while the change could be ignored for the
teeny change in hinterland, moreover, the changewasmore reanarkable in theW est A ntarc-
tica than in the East A ntarctica, egecially in Antarctic Peninsula
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Fig 6 Sample of Snow Cover Change in Eights Coast (R3) , W est Antarctica (a) and
in Syowva Prince Olav Coast (R17) , EastAntarctica (b).

There are obvious advantages of MOD IS data used for research, with the influence of
polar night, the period for receiving available data is from Oct to the nextM ar every year,

9, microvave data could be combined for monitoring consecutively the showv cover in the
A ntarctica
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