Change detection of the Amery Ice Shelf front (2004-2012) using ENVISAT ASAR data
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[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Abstract: Antarctic ice shelves are prominent constituent parts of ice sheets due to their ice-ocean-atmosphere interface and their vulnerability to regional and global changes in atmospheric and oceanic temperatures. The majority of mass loss from the Antarctic ice sheet occurs at the ice shelves via either iceberg calving or basal melting. To fully understand the complex process of ice shelf mass balance and study the interactions between the atmosphere, oceans and ice, it is necessary to monitor the ice shelf changes over an extended period of time.
The Amery Ice Shelf is the largest ice shelf in East Antarctica. Understanding the changes of the Amery Ice Shelf front are crucial for making accurate predictions about the response of ice sheets to global climate change.
[bookmark: _GoBack]Here we use the time series of ENVISAT images from 2004 to 2012 and the ice flow lines in Antarctic to monitor the changes of 11 test areas in the Amery Ice Shelf front (Fig. 1). Each image was linearly stretched to enhance the edges and then filtered according to an efficient image denoising scheme. We then extracted the coastlines semi-automatically by combining an artificial drawing method with an improved watershed algorithm. The 11 test areas are chosen according to the ice flow lines of the Antarctic. 
The results show that the Amery Ice Shelf has been expanding obviously and the rates are different in different geographical positions. The rate in the middle of the Amery Ice Shelf front is higher than that on both sides of the front. The highest average propagation rate is 3.36 m/day and the lowest rate is 1.65 m/day in the past 9 years. The rates of 11 test areas during 2009 and 2010 are generally lower than those in other periods. It indicates that the propagation rate would be influenced by the climate environment. Additionally, the short-term environmental forces, such as calving events, tidal bending, ocean swell and so on would influence the ice shelf propagation.
In conclusion, the rapid propagation of the Amery Ice Shelf has confirmed the fact that the East Antarctic has been expanding. Once some large iceberg calving events occurred, there would be more mass loss in the whole Lambert Ice Sheet system, which would accelerate the global sea level rise.

Table 1. ENVISAT ASAR Data list
	Year
	File Name

	2004
	ASA_WSM_1PNUPA20040225_023945_000000732024_00318_10392_1996

	2005
	ASA_WSM_1PNUPA20050215_194607_000000732034_00414_15498_0986

	2006
	ASA_WSM_1PNUPA20060216_194312_000000732045_00142_20737_0984

	2007
	ASA_WSM_1PNUPA20070220_194604_000000732055_00414_26019_0982

	2008
	ASA_WSM_1PNUPA20080221_194311_000000732066_00142_31258_0983

	2009
	ASA_WSM_1PNUPA20090211_025908_000000732076_00218_36344_0987

	2010
	ASA_WSM_1PNPDE20100209_194617_000001712086_00414_41550_0328

	2011
	ASA_WSM_1PNPDE20110211_193428_000002143099_00243_46809_8556

	2012
	[bookmark: OLE_LINK3][bookmark: OLE_LINK4]ASA_WSM_1PNPDE20120217_193521_000002693111_00401_52139_2523
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Figure 1. The 11 test areas in the Amery Ice Shelf front. The colorized solid lines are the coastlines of the Amery Ice Shelf extracted from ENVISAT ASAR (2004~2012) with the background image of ENVISAT ASAR on February 17, 2012. The black dash line is the ice flow lines of the Antarctic.

[bookmark: OLE_LINK31][bookmark: OLE_LINK32]Figure 2. Propagation rate of the 11 test areas in the Amery Ice Shelf front (2004-2012).
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