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1.0 INTRODUCTION

Mountain glaciers and ice caps cover an area ofdD®0kn? (Radi: and Hock, 2010) and store ca. 0.7% of the
total ice volume available on the Earth’s surfddgurgerov and Meier, 2005). Meltwater runoff origiad from
mountain glaciers can play an essential role fawiging water resources for human consumptiongation
systems and hydroelectric power generation (Bamrte#l. 2005). Among the 3144 glaciers located in New
Zealand the Tasman Glacier is the country’s largkstier with an area of ca. 100 kin 1978 (Chinn, 2001).
Since the early 1990s it has undergone a rapidétartreat associated with the concomitant expensi a
proglacial ice-contact lake. Historical and moreer data indicates an increasing in the thinnatgs in the
lower glacier (Hochsteirt al. 1995; Quincey and Glasser, 2008), but the ladleoént glacier-wide information
about elevation change precluded a more accurptesentation of the contemporaneous ice volume loss

In this paper, elevation and volume change of tasnTan Glacier and its tributary glaciers were nmeagisu
between 1986 and 2008 using the photogrammetricepging of vertical aerial photographs, and batlyme
data of Tasman Lake. Detailed analysis of the teafiporal DEM enabled the geodetic surface elevadiuh
mass balance changes to be quantified. Our anabsésled diverse spatial patterns of thickness\arame
change, varying between the tributaries and widnid between elevation bins.

2.0 DATA AND METHODS

Two sets of vertical aerial photographs were aeguin 1986 and 2008 by New Zealand Aerial Mappind L
(NZAM). Forty-nine colour frames and 13 panchromdtames were scanned at 14 um resolution, yieldimg
average ground spatial resolution of 50 cm andr8@az the 2008 and 1986 aerial photographs, res@dgt In
order to perform an aerial triangulation, we meadut0 GCPs near stable features outside the glasarusing
a Trimble R8 differential GPS, with occupation terigetween 10 and 15 minutes. Mt John Observatackitig
station was used during the post processing stefrling GCP locations with an uncertainty of 0.8 In
addition, we employed data from a bathymetric syiofethe Tasman Lake performed in 2008 by a reseigam



from Massey University. About 913 discrete watepttiepoints were measured using a Hummingbird 323
DualBeam Plus echo-sounder and with a verticalracguestimated as +6 m (Dyketsal. 2011).

GCPs, tie points and on-board GPS instrument da&e wsed to perform an aerial triangulation in &eic
Photogrammetry Suite (LPS) 2011 (Figure 1). The BEire generated at 5 m regular grids using a mesuli
interpolator method based on a fifth-order polyrarfuinction. In addition, bathymetric data wereenpiolated,
gridded and adjusted to the 2008 DEM to createnapcehensive ice surface elevation model. Elevattmnges
were calculated as the difference between the t&M®on a pixel basis (Etzelmiller, 2000). Errorsogsated

with the differential DEM and the derived volumedamass balance were considered using the method of
Barrand and others (2010).

Figure 1. (A) 1986 aerial triangulation of the study area. (B) 2008 aerial triangulation of the study area.

3.0 RESULTS

Complex elevation changes were found in the dedmi®red area below the Hochstetter Confluence.i&lac
elevation changes originated from glacier downwsastice flow, and local rockfall deposits. In geadethigh
rates of ice loss are found in the lower glacietween the terminus and the upper limit of the Hoeter
Confluence (Figure 2). However, tributary glaciershibit contrasting differences in elevation charnbat
appears to be related to the aspect of the trilestafhus, tributaries on the western side of tlénnfasman
Glacier exhibit significantly larger change ratartthose on the eastern side. We found that thelbd@sman
Glacier and tributaries lost 19.72 + 0.05 » 1@ of ice between February 1986 and February 2008 itei
wastage corresponds to an area-averaged geodédinceaof -0.87 + 0.002 m w. eq.”yrThe main Tasman
Glacier accounts for ca. 85% of this ice volumesld@3f the remaining 15% of the total ice loss,sbeond most
important contributor is the Hochstetter Glacieashing 1.37 + 0.02 x f0n® of ice loss or 7%. The ice volume
lost due to the expansion of the Tasman Lake rea6H8 + 0.015 x Fom®, whereas the ice volume lost due to
downwasting equates to 14.18 + 0.05 £ i,
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Figure 2: Glacier elevation changes between 1986 and 2008. (A) Hillshade representation of the elevation
changes. (B) Elevation change for the glacier (continuous black line) and lake (dashed black line) areas. White
gaps within the glacier represent areas without photogrammetric restitution. The orthophotomosaic from 1986

isdisplayed as a background.

4.0 CONCLUSIONS

The Tasman Glacier has lost a large mass of itleeaterminus has retreated, calved and thinnedn A1@86 to
2008 the average annual rate of terminus retreat-8@4 m yt'. For the same period, the loss in volume of the
Tasman Glacier and its tributary glaciers corresigao ca. 2 ki) where the main Tasman Glacier accounts for
ca. 85% of this ice loss. The present work has aetnated the importance of using recent bathymeiia to
fully calculated volume change in glaciers with eeity developed ice-contact lakes. Although seelying
essential, the inclusion of bathymetric data indgpdic mass balance measurements on calving glabass
attracted little attention. We estimated that themdptic mass balance values on calving glaciersrteg
elsewhere may be biased toward less negative vdliethe lack of concomitant bathymetric measurgésnen
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