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Executive Summary

Glaciers of New Zealand provide indisputable, ecbdrresponses to the changing climate, which are
recorded by annual aerial surveys. These surveyassume the altitudes of end-of-summer-glacier
snowlines of 50 selected index glaciers, whichused as a surrogate for annual glacier mass-balance
The survey has been made in most years since b8t Tarely do conditions permit all of the index
glaciers to be surveyed each year. The surveysaared out by hand-held oblique photography taken
from a light aircraft, where the position of thegjer snowline is recorded from a similar viewpoint
each year.

The glaciers have shown a varying trend of positigess-balances for most of the 30-year monitoring
period, with periods of positive balances at nearygar intervals. On average the index glaciers
indicated a very slight positive mass balance ffigr 2006/07 glacier year, with a fairly even scatter
above and below the equilibrium line altitudes (E)LA

The near average ELAs in the 2006/07 season weaeswdt of varying climate and circulation

conditions during the year. A mild start in Aprid@ would have increased ablation, but then more
south westerly circulation occurred from June tos@aber, with cold months in June and November
for alpine areas. Anticyclones and south east fitmminated the remainder of the period with the
season concluding in a warm March 2007. Thus afthdbe increased south west flow ensured early
accumulation and snow precipitation, the very dmg aomparatively sunny conditions over summer
and into early autumn would have ensured less smalincreased melting of the seasonal snowpack.
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1. Introduction

11

The results presented in this report continue amualnglacier/climate photographic
monitoring programme begun in 1977, of the posif@ltitude) of the end-of-summer
snowline on 50 selected index glaciers, arrangdrhitsects across the Southern Alps,
(see Figure 1).

Between 1977 and 1985, a New Zealand glacier iovenivas undertaken from
Mount Ruapehu in the North Island at 39° 15' Sauatlsern Fiordland at 45° 57’ S. A
total of 3144 glaciers were identified for the intary. In the South Island, average
peak summits range from 1850 m in Fiordland to 3@0id the central Southern Alps
and descend to 2000 m in the north-central Soutdpe. To the north east, the
Kaikoura ranges reach to over 2700 m, where actiek glaciers have developed
under the dry climate. Three North Island volcartines reach close to the permanent
snowline, but only Mount Ruapehu, with a summit2a&62 m, supports glaciers.
Because of the distances involved, these glacimsnat included in the annual
surveys.

New Zealand has a humid maritime climate, with $lueithern Alps lying across the
path of the prevailing westerly winds. Mean annpra(cipitation rises rapidly from
3000 mm along the narrow western coastal plaina toaximum of 15,000 mm or
more in the western part of the Alps close to tharvDivide. From this maximum,
precipitation diminishes exponentially to about @®Bn in the eastern ranges. This
creates steep eastward precipitation gradientsttadnean altitudes of the glaciers
closely follow these gradients (Chinn and Whitelepu980).

Glaciers and climate change

Glacier fluctuations are amongst the clearest $8goé climate change, because
glaciers are highly sensitive indicators of thetleaurface energy balance. Glaciers
give distinct signals of past climate change froecatles to millennia. Atmospheric

changes are signalled by direct, immediate chaimgasnual mass balance, which are
filtered, smoothed and enhanced before they becapparent at the glacier front.

Glacier snowline altitudes give a direct value éomual glacier health and balance,
whereas the climate signal indicated by glacientitbpositions is severely modified

by glacier response times and dynamics.

Glacier snowline survey 2007 1
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Figure 1. Location of the 50 index glaciers.

1.2 The Equilibrium Line Altitude (ELA)

The winter snowpack normally covers the entire iglaln a wedge shape,
with the greatest snow depths near the highest@dts, tapering to zero at the lower

edge. This lower margin, or transient snowlinethef snowpack retreats up-glacier as
Glacier snowline survey 2007 2
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summer melt progresses, until it reaches a maximititnde for the year at the end of
summer (March - April). Located somewhere nearntiigdle of the glacier, the end-
of-summer snowline indicates an equilibrium lineanghsnowfall exactly equals snow
loss over the past glacial year (Figure 2). This,Inormally visible as the contrast
between the discoloured concentration of dust om dind the clean snow of the
previous winter, is the glacier snowline for thaty. It is the altitude of this glacier
snowline, defined as the Equilibrium Line Altitu¢leLA) by Meier and Post, (1962),
that is measured each year by the current snowlineey. The higher the altitude of
the ELA, the less the amount of snow remainingragtenmer melt to nourish the
glacier, indicating a negative mass balance. Caalgra low annual ELA indicates a
large amount of residual snow remaining at the eéhdummer and a positive mass
balance. It follows that there is a unique posifionthe ELA across the glacier where
the volume of snow accumulated over the past yeactly balances the total volume
of snow and ice lost during the year. If the ELArevéo lie at (or maintain an average
of) this altitude for many years, then there wdoddno change to the mass or size of
the glacier. This unique position of the snowlthat indicates that the glacier is in
equilibrium with the climate, is defined as theastg-stateEquilibrium Line Altitude
(ELAO). A snowline of this altitude will indicateero change to the balance of the
glacier. To avoid confusion between the annual tred long-term ELAs, some
authors have also referred to the altitude of theual glacier snowline as the end-of-
summer snowline or EOSS.

A shift in climate will change the glacier massarade and shift the altitude
of the annual ELA. Thus the annual snowline positvith respect to the long-term
average or steady-state ELAO (see section 3) @ ase surrogate for annual balance
changes at each glacier (Chinn, 2005; Chinn, 198%.the departure of the glacier
snowline from the steady-state ELA0, ie. ELAo - Ethat is reported here. These
ELA departure values provide a measure of massitalehanges.

Glacier snowline survey 2007 3
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Figure 2. Basic parameters of a glacier.
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studies worldwide have demonstrated that @abcumulation area is about
twice that of the ablation area so that the ELAS &t an altitude where the ratio of the
lation area (AAR) to the total glacier araa hn average value close to 0.66.
programme, initially the steady-state ELwas crudely estimated using AAR
values of 0.66 for each glacier, and as more dats @btained, these approximate

values have been progressively adjusted for mdsixiglaciers.

Glacier snowline survey 2007
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2. Field methods

Collection of field data involves flying over thdagiers in a light aircraft to take

obligue photographs of the position of the endwhmer glacier snowlines. The

snowlines visible on the photographs are sketclmet @ map of each glacier and the
resulting accumulation or ablation areas are mapetimeasured by digitiser. The
‘snowline altitude’ is then accurately read froma tjlacier area-altitude curve.

2.1 The survey flights

On the flights, the “navigator” seated beside tieat pholds a folder of photographs of
each glacier. These photographs are used to gldaplicate the position from where
previous photographs were taken. Photographs leee tay small and medium format
SLR cameras, and since the 2001 flight, also iitalijormat. These surveys also
provide the opportunity to record data on selegladier termini, geomorphic features
and events in addition to the index glaciers. Tilghts are generally flown between
9,000 ft (2,700 m) and 10,000 ft. (3,000 m). Thghler the altitude the more easily the
glacier snowlines can be defined and mapped, Wit aviation regulations do not
permit normal flights to remain above 10,000 ft foolonged periods.

Significant melt continues throughout February &march, but by April there is a
high probability that the first winter snowfall wihave occurred. Experience has
shown that although successful surveys have beéele maApril, there is about a 1 in
4 probability of snow before this time. Every ydhe challenge of the survey is to
measure the highest altitude reached by the righeoflacier snowline as ablation
losses precede, before the first “winter” snowfalh light fall of fresh snow will
conceal the position of the snowline as effectivadya coat of paint. The problem has
been standardised by setting the earliest datinédflight at March 1.

‘Suitable’ weather to fly the entire Southern Alpemands particularly settled
conditions. A successful survey cannot be guardntee there is also a 1 in 10
probability that there will be no suitable flyingeather in the month of March before

a fresh snowfall occurs because of the prevailiegterly circulation.

Glacier snowline survey 2007 5
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2.2 March/April 2007 fieldwork details

Inclement weather during the first 7 days of Madgiivered a slight skiff of new
snow on the eastern side of the Alps and on thedRiod mountains. The decision
was made to make the survey flight after a fromt passed on thé"of March, and
before a cloudy Northerly front moved in on the™1®larch (Figure 3). This
opportunity was taken realising that some of thewdimes on the southern glaciers
may have been obscured but with a further fallrafws by another front it may have
been hard to get any snowline and or snow-patah isiiormation. The snhowline
flight started on the morning of th& &larch and finished on the afternoon of th& 10
March. Further snow did fall after this date bugrththe weather settled and by mid to
late March the snowline flight could have been made

On Thursday 8 March the first flight was made by T.Chinn, A.VEithan (NIWA
Dunedin), Jordy Hendrikx (NIWA Christchurch) in aavhaka Flightseeing Cessnha
206 piloted by A. Woods. This flight headed westthe Matukituki and Arawata
transect of glaciers where some cloudy patches amesof the glaciers were
encountered. Mt Caria and then later Mt Gunn veailg glimpsed through holes in
the cloud. Conditions improved further in south&iordland and the flight turned
around at Caroline Peak and returned to Wanakeenlained cloudy in the afternoon
to the north of Wanaka so no flying was done. B morning of the ® March T.
Chinn and A. Willsman, with Wendy Lawson (Univeysitf Canterbury) replacing
Jordy, departed Wanaka on leg 2 (Figure 4), andddaorth and west of the Divide
from the Haast transect all the way to Greymoutbonditions were excellent for
photography with clear calm weather the entire wafter a re-fuel in Greymouth the
flight continued north to the Kaikoura Range whierstopped, spending the night in
Kaikoura. On the last day the flight returned tan&ka down the eastern side of the
Divide in continuing clear calm conditions. Thisablted complete coverage of the
glaciers north of Wanaka. The survey was compleféuall but one (Mt Caria — 95%
obscured by cloud) of the index glaciers being pb@phed (Figure 4).

On the 2% of March Andy Woods of Wanaka Flightseeing tooghetograph of Mt
Caria from the plane while taking a scenic tripmpdeting full photographic
coverage.

After the flight conditions in the Alps remained nvaand there was very little snow
until late in April. An opportunity was taken onethsth April for T.Chinn to

accompany Dorothea Stumm on a helicopter fligiPaock Pass Glacier. On the way
an additional three index glaciers were photogrdpharkins, Bryant and Gunn, and

Glacier snowline survey 2007 6
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these were used to assess the amount of snowlieedtring this month. Other
photographs and information from the Brewster &aeias supplied by Dorothea
Stumm and Brian Anderson from their fieldwork visit the 28 March. Heather
Purdie provided information from her mass balanakesnetwork around the ELA on
the Tasman Glacier were she recorded 745mm of @&eimthe period between %5
March and 18 April, then no further melt between"8pril and mid May.

This additional melt and snowline rise during thentin of March and into early April
has been accounted for and is detailed in sectbelow.

ZIN)

__- - 2N rl . 2 v o ___._: I 000 -
00Z FRI 09-MAR-07 L) J007 SAT 10-MAR-07

Figure 3. Weather map for the §' March (left) and the 10" March 2007.

Glacier snowline survey 2007 7
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Figure 4. Flight paths for the four flights of the2007 glacier survey.

Glacier snowline survey 2007 8
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3. Derivation of the glacier snowline

Data in this report is presented as “departurem ftbe ELA0” which represents
“departure of the climate of the year from the melmate for glacier equilibrium”.
Thus an accurate estimate of the position of th&deis an important part of the
programme. Associated glacier parameters usedcatemalation area (Ac of Figure
2) and ablation area (Ab of Figure 5); total glaceea A, or Ab +Ac; and
accumulation area ratio (AAR) the ratio of the analation area to the entire area of
the glacier, Ac/(Ac+Ab).

At the commencement of this project, the valuehefELA was gained by plotting the
observed snowline directly on to a topographic map:

Map + snowline—» ELA

On the average glacier the long term EOSS (ELAw®)dds the accumulation and
ablation areas by a rough ratio of 2:1 (AAR valti®.6). This position was estimated
on small glaciers, and derived from the area-aétaurve on the larger glaciers. As
the number of years of data increased, many oElb&o values were subjectively
adjusted:-

Est. AAR @ 0.6—» ELAO0, + adjustment—» refineldo.
Leading to small annual changes to:-
ELA—-ELAo —* Departure value

The use of a GIS mapping system with digitised satess added significantly to the
accuracy of the data by supplying measured glaammel accumulation or ablation
areas:-

Digitised (Ac or Ab) + Area Curve — > accurate ELA
Digitised Ac + Glacier Area — >  accurate AAR

In addition, with the increased number of annuabtphraphs it is frequently more
accurate and faster to directly interpolate ELAueal between those of previous years
(described below), and more than half of the ELAuga have been derived by this

method:-
Interpolation —> direct ELA.
Where ELA — ELAo — Departure

and ELA + Area Curve — AAR

Glacier snowline survey 2007 9
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The most significant problems in processing theltesre recognising the position of
the true end-of-summer snowline, especially when;

* There has been a recent summer snowfall, whiclctefédy “paints out” the
snowline.

» The snowline has been only partially recorded doe ctoud cover,
backlighting or other reasons.

» The current snowline is obscure or ambiguous duieited discolouration of
snowpacks of previous years.

Glacier snowline elevations are normally obtaineuinf detailed mass balance studies
where the snowline is mapped as the zero isohy#dte@annual mass balance map. In
this study the snowlines are derived from obligesah photographs by one of “three”
methods, depending on the snow cover conditionshat end of summer. The
procedures are given in Chinn, (1995) and in Chimeh Salinger (1999).

Firstly by digitising either the accumulation orlatibn area to provide a definitive

ELA; secondly by interpolating between photographpast years where a number of
snowlines are close in altitude; and thirdly by epaming the sizes of adjacent
snowpatches when fresh snow or cloud obscuresithwlise of the index glacier.

New snowpack

Equilibrium \Ine__,_;-:..‘_‘ﬁ;:—._i >

Figure 5. Schematic diagrams of stratigraphy at theylacier equilibrium line. (A) for a year
of negative balance (high ELA) and (B) for a year fopositive balance (low ELA).
Numbers indicate age in years of past firn layers.

Glacier snowline survey 2007 10
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3.1 ELAs derived by digitising

This method gives the definitive ELA values uponichhthe interpolation and snow
patch methods rely. Here the end-of-summer snovgasitions are carefully sketched
from the oblique photographs, on to detailed baapawf each glacier. The resulting
mapped accumulation or ablation zones are digitiseidg a GIS programme to
accurately measure the areas. From the total ablaiea for each glacier, the
snowline elevation is then read off an area-alétadrve constructed for each glacier.
(If the accumulation area was measured, the ablatiea is found by total glacier area
minus accumulation area). This method providesnglsifigure for the glacier ELA
for the year regardless of the shape of the medsanea as it eliminates subjective
estimation of the altitude of the snowline. Thdat#&nce between this altitude and that
of the long-term ELA, indicates the annual mass balance of the glaPiesitive
values or high snowline elevation signifies lessvsiand therefore a negative balance.

3.2 ELAs derived by interpolation

With the many photos now available, for many glexie may be more accurate and
quicker to obtain the ELA value by interpolatiorrfeach glacier photos for all years
are arranged in increasing area of snow cover éefieg order of ELAS). The current

years photograph is then carefully compared angttied into its appropriate place in

the sequence. It has been found that very smé#dirdiices in snow cover can easily be
recognised and that two photos separated by maass y@an have identical snow

coverage. The ELA value is interpolated from theABlalues of the adjacent years.

Depending on the similarity of the ELAs, this mathfoequently places the value of

the ELA within a few metres.

3.3 ELAs derived by snow-patch size when the snowé is obscure

Where the true end-of-summer snowlines are obsduwyddesh snow, cloud or other
reasons, the hidden snowline may be interpolatenh fthe degree of snow cover
surrounding the glacier, i.e. the size of the imitient snow patches. Fresh snow on
rock has quite a different appearance from fresbwsan existing snow, and it is
commonly possible to “see” the snow-patch outlimmdath a light cover of new
snow. As in the previous method, photographs ofgtheier for all years are arranged
in order of increasing snow cover on the glacidriclv is also the sequence of the size
of the snow-patches surrounding the glacier. Tretqgraph from the latest survey is

then slotted into its appropriate place in the sipatch sequence. The ELA values are
Glacier snowline survey 2007 11
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interpolated from those of adjacent glaciers ascritemd above. This subjective
assessment has proved to be surprisingly consisteatChinn et al, 2002).

3.4 Accuracy of values associated with ELA measureamts

Accuracy of the data is dependent on the accuratheadigitised Ac and/or Ab areas,
glacier area and its area curve. Normally all @sthvalues are measured with a high
degree of accuracy provided the glacier maintaiosrestant size. However many of
the smaller glacier have undergone large variatminsize when both the area and
associated area-altitude should be re-measuredyeactof change. Associated with
small glaciers and area changes, are the problém$ien the snowline (ELA) rises
above the glacier or falls below the glacier temsinWhen the ELA falls below the
glacier, the ELA can be estimated, but the AAR Ibee® >1 which has statistical
problems. When the ELA rises above the glacieis iot possible to extrapolate its
value and the AAR becomes negative.

3.5 Derivation of the Long-term or Steady-state ELA value

Glacier studies worldwide have demonstrated thatBbA, lies at an altitude which
divides the accumulation area from the ablatioa @&mea ratio of near 2:1 and has been
used extensively for the derivation of paleosnowlaititudes (Maisch, 19927 his
accumulation area ratio (AAR) of accumulation ate@dhe total glacier area has an
average value close to 0.6 (Paterson, 199dyvever, accumulation ratios can range
from about 0.25 to 0.75 (e.g. Glacier Mass BalaBoketin No 8, 2002-2003), with
biggest deviations for abnormally shaped glaciéeble 1).

The 2:1 ratio of the accumulation to ablation areasAARo of 0.66, was tested and
found to apply to New Zealand glaciers. The tegisuhe snowline data from the
index glaciers as determined from 29 years of nooinigg given in Chinn et al, (2006).
Values of the AARo for each index glacier of TaBlare found from the EOSS vs
AAR regression data . They vary considerably wlith type of glacier, from 0.09 to
0.84. Closer examination shows that the largesiatiems are for glaciers with
extensive debris cover, and for those with prodiglalakes. The results of Table 1
show what happens as these are progressivelyadjedthe nearer the selection to the
morphology of a “normal” glacier, the closer theamnulation area ratio approaches
the 0.66 mean. No useful relationship was founavéen glacier geometric shape and

the AARo, which suggests that the AARo value istagled by the mass balance

Glacier snowline survey 2007 12
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gradient and the rate of ice delivery from the atglation zone to the ablation zone,

which in turn is dependent on the glacier profikel gradient.

Table 1: Derived AARo values for New Zealand glegie

SAMPLE Number Mean AARO Std Dev
All index glaciers 50 0.57 0.18
Without (a) rock glaciers 46 0.59 0.16
Without (a) and (b) lakes 39 0.63 0.12

Without, (a),(b), and

(c) abnormal shapes 26 0.65 0.10

Mass balance gradients vary considerably along dlecier profile, and for
simplification, mid-latitude glaciers are usuallgsamed to have a single linear
gradient along the longitudinal profile of the geaxc However, for equilibrium, the
volume of snow gained during the glacier year egjtted volume of the ice lost (using
water equivalents). Since by the 2:1 rule used,ltee accumulation area is twice the
ablation area, thus for the purposes of this wibris assumed that the ablation mass

balance gradient is twice the accumulation gradient

Values for the long-term ELAwere initially derived by applying an AAR value @6
(Gross, et al. 197@p the area-altitude curve for each glacier. Thé Eis read off
the glacier area curves at 0.4 of the area up fhenglacier terminus.

Initially the ELA, values were approximate estimates only, as mehsidRs on
glaciers in equilibrium vary from 0.5 to 0.75, dagdng on glacier topography and
other factors. But now the ample data availablviples a method of deriving an
accurate value for the El/Xor each glacier from linear regression plots oé th
departures of each glacier against the mean foentiee Southern Alps. The method
assumes that the ElAndicates the snowline position for a zero massuied, and
that ELA changes each year on an individual glaaierlinearly proportional to the
average change over the entire Southern Alps.

Glacier snowline survey 2007 13
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The regression plots for each of the index glaceesgiven in Appendix 2, where the
annual departures for each glacier are regressadsaghe annual mean for the Alps
without the glacier in question. The correlatiod aepresentativeness indicated by
these regressions is discussed below. At the inéeocept, which indicates a zero
average mass balance for the Alps, the mass batdrtbe individual glacier should
also be zero. The adjustment of the ELAo fronegimated value to a precise value
indicated by the dataset, the glacier ELAo is adjgidy the constant of the regression
equation. The data given here were adjusted imthisner for the 2007 report.

The slope of the regression line indicates theadtar of the response of the glacier to
the climate. The average climate response is dgethe mean for the alps, so that
any deviation from a 45 slope is an indicator a&f thdividual characteristics of the

glacier. Since each year’s climate is similar otlee Alps, the regression slope
changes must represent a topographic signal iEtievalues. Similarly, the range

of the highest and lowest ELA values is also infleed by the glacier topography.

The significance of these properties has yet tartadysed.

Glacier snowline survey 2007 14
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4. The 2007 snowline results

4.1 Photographic coverage of the index glaciers

There was little trouble with cloud over the glasjeexcept for cloud on Mt Caria and
partial cover on Mt Gunn. A later photograph of Gtria on the 2¥ March enabled
derivation of a snowline for this glacier.

In addition to the usual 35mm and 120 sized filmtplgraphs, high resolution digital
images were also taken. Each glacier was imagdabtht “sunlight” and “cloudy”
exposures to see which gives the best resolutitimeo$nowline.

A majority of the glaciers had snowlines althoubbre may have been a very slight
cover on new snow on some of the southern glaciews.the remaining glaciers that
did not have an obvious snowline the snow-patoh cieeck and interpolation with the
historical series was used to determine the elavati the snowline.

4.2 Snowline elevation analysis

The continued melt through the month of March edoly April was accounted for by
using the six extra observations from fieldworkléte March and early April and
determining a mean elevation rise (Table 2). KBeewster, Park Pass, Larkins,
Bryant, and Gunn) snowline elevation rises wereeméned by comparing
photographs from the early March flight and laterdhaor early April photographs.
The remaining snowline elevation rise from the TasnGlacier was determined by
using the melt from Heather Purdie’'s mass balatedees around the ELA elevation
between 15th March and %\pril. This 745mm of vertical melt of ice at tiseakes
was calculated as a water equivalent of ice (uBidggm/cm3 for firn) and then the
average ablation mass balance gradient of 12.7mm@snapplied to obtain a rise of
41m. The mean ablation mass balance gradient wisndned by averaging the
ablation gradients from mass balance studies orT#snan Glacier from 1969 to
1975. For each of the observations the regresgjoation between the index glacier
ELA and mean Alps ELA was applied to determine thean Alps equivalent
snowline rise. These five mean Alps ELA rises wareraged to obtain a mean ELA
rise for the Alps of 32m.

Glacier snowline survey 2007 15
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Table 2: Late season index glacier observationd tesderive the average alps rise in
the end of summer snowlines.

Index Glacier Date ELA ELA Alps ELA rise from Source of late season data
elevation |index rise| Index ELAto Alps ELA
(m) (m) regression 1977 to 2006
Tasman 8/03/2007 1755 y=17.2914 + 0.9361x Heather Purdie ELA mass balance
15/04/2007 1796 41 36.0 stake ice loss calculation
Brewster 8/03/2007 1800 y =-2.48 + 1.36x Dorothea Stumm/Brian Anderson
23/03/2007 1815 15 12.9 EOSS ground photos
Park Pass 7103/2007 1790 y =-4.14 + 1.038x Dorothea Stumm/T Chinn
5/04/2007 1850 60 61.8 Helicopter landing/EOSS photos
Larkins 7103/2007 2040 y =7.68 +2.235x Dorothea Stumm/T Chinn
5/04/2007 2090 50 18.9 Helicopter fly past - EOSS photo
Bryant 7/03/2007 1735 y=-3.9 +1.0751x Dorothea Stumm/T Chinn
5/04/2007 1775 40 40.8 Helicopter fly past - EOSS photo
Gunn 7/03/2007 1534 y=-2.395+0.914 Dorothea Stumm/T Chinn
5/04/2007 1550 16 20.1 Long distance photograph of EOSS
Mean ELA rise 31.8

The late season ELA rise for the remaining 45 ind&aciers was determined by
applying the 32m mean Alps rise to each index glacvs mean Alps regression
equation from the 2006 report. These elevatiogsrare listed in Table 3 below. All
the reported snowline elevations are then directlyndirectly determined for late
March to early April of 2007 rather than the eavigrch snowline flight date.

Glacier snowline survey 2007 16
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Index Glacier ELA Late season ELA (m)
7, 8, 9 March 2007 from application
(m) of mean alps 32m rise
and 1977 to 2006 regression
KAIKOURA RA 2500 2504
Mt ELLA 2156 2169
FAERIE QUEENE 1938 1952
MT WILSON 1922 1952
MT FRANKLIN 1750 1791
ROLLESTON 1767 1793
CARRINGTON 1625 1670
AVOCA 1948 1968
MARMADUKE DIXON 1803 1843
RETREAT SNOWFIELD 1685 1720
BROWNING RA 1600 1619
DOUGLAS 1920 1996
BUTLER 1806 1838
DAINTY 1915 1942
KEA 1736 1784
JASPUR 1650 1684
SIEGE 1662 1718
VERTEBRAE12 1810 1836
VERTEBRAE25 1810 1824
RIDGE 2230 2256
LANGDALE 2250 2293
SALISBURY 1780 1810
JALF 1755 1792
CHANCELLOR 1750 1799
GLENMARY 2170 2190
BLAIR 1950 1972
MCKENZIE 1890 1919
JACKSON 2070 2084
JACK 1900 1923
ST MARY 1880 1910
THURNEYSON 1938 1963
STUART 1575 1607
LINDSAY 1680 1700
FOG PK 1970 2000
SNOWY CK 2080 2094
CARIA 1426 1455
FINDLAY 1632 1661
AILSA 1595 1613
GENDARME 1555 1576
LLAWRENNY 1408 1439
BARRIER 1524 1579
IRENE 1480 1515
MERRIE 1412 1459
CAROLINE 1302 1336
VIEAN T30U 1828

Glacier snowline survey 2007
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4.3 Snowline elevation departures

Monitoring results for the 50 index glaciers foetB006/2007 glacial year, together
with the means for all measured years from 1972007 are shown in Figure 6 and
Figure 7 respectively. The snowline departure tedol this year averaged 6m below
the long-term mean ELAo0 position, indicating a stofa slight positive mass balance
after negative mass balance in the 2005/2006 ¢jhzesar.

Annual data for all measured glacier ELA departdrem the long-term ELAo from
1977 to 2007 are given in the matrix of AppendixALfull data record for each
individual index glacier are given in Appendix Rlissing values are years of no data
for the particular glacier.

Appendix 1 and the plot of Figure 7 show that thé&grn of low and high snowlines
tend to follow a cyclic pattern with three grougdaw snowlines or positive balances
occurring at near 11 years apart, a period sirtdl@unspot cycles.

Appendix 2 gives a data table, map and histogramsllo measured snowline
fluctuation histories as metres of departure fromdteady-state ELAfor each index
glacier. On the annual departure plots missingesbhre years of no survey. The data
table provides essential glacier data, snowlinea dattistics and a table of all
measurements and immediate derived values. Phoptuwgraf each glacier are
available in the 1999 Report, (Chinn and Saling®99) and are reproduced in low
resolution in this report.

Glacier snowline survey 2007 18
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4.4 Glacier representivity

The “representativeness” of each glacier as arcénali of the overall annual climate
of the Southern Alps is indicated by how well thenaal values for an individual
glacier correlates with the mean value of the 5@ein glaciers over the Alps.
Correlation coefficients of individual snowline detures for each glacier correlated
against the mean of all remaining values for eaeér yare given in Table 4. The
correlation plots for each glacier are given in &pmpendices. The correlations give a
surprising result where representativeness appedrs independent of size, gradient
or topography. The high correlations indicate tttet ELA surface of individual
glaciers have a strong relationship with the “mé&ii\” of the whole alpine range.
This follows the finding of Clare et al (2004) whét was demonstrated that the entire
Southern Alps behaves as a single climatic unitwéler the consistently low
correlation of the Kaikoura Range glacier suggdsas the behaviour of this range is
that of a separate climate zone, while it is assuthat accumulation on the low
correlation Langdale glacier is dominated by wiedistribution.

Glacier snowline survey 2007 20
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Table 4 Correlation coefficients of individual snodine departures for each glacier
correlated against the mean of all remaining valuefor the period 1977 - 2007.
Index Glacier Correlation Coefficient
Barrier Pk. 0.94
Caroline Pk. 0.94
Findlay GI. 0.93
Llawrenny Pks. 0.92
Jalf Gl 0.91
Vertebrae 25 0.91
Jackson GI. 0.90
Mt. Larkins 0.88
Mt. Irene 0.88
Jaspur Gl 0.88
Mt. Gendarme 0.88
Mt. Ella 0.87
Mt. Stuart 0.87
Chancellor Dome 0.87
Siege Gl 0.87
Thurneyson Gl 0.87
Mt. Butler 0.87
Kea Gl 0.87
Mt. Franklin 0.87
Brewster Gl. 0.86
Bryant Gl. 0.86
Lindsay Gl 0.86
Marmaduke GlI. 0.85
Mt. Carrington 0.85
Mt. St. Mary 0.85
Browning Ra 0.85
Mt McKenzie 0.85
Salisbury Gl 0.85
Ailsa Mts. 0.84
Park Pass GlI. 0.84
Fog Pk 0.83
Merrie Ra. 0.83
Mt. Gunn 0.83
Tasman Gl. 0.83
Jack Gl. 0.82
Dainty Gl 0.82
Douglas Gl 0.81
Mt. Caria 0.79
Rolleston GI. 0.79
Mt. Avoca 0.79
Vertebrae 12 0.78
Mt. Wilson 0.78
Blair Gl. 0.74
Retreat Gl 0.73
Ridge Gl. 0.72
Glenmary Gl. 0.72
Mt Faerie Queene 0.70
Snowy Ck 0.65
Langdale GI. 0.62
Kaikoura Ra 0.58
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5. Discussion

5.1 The 2006 - 2007 glacial climate

For the 2006 - 2007 glacial year, New Zealand teatpess were close to the 1971-
2000 normals at Hokitika and over the Southern Alps

Se;asoan\aln (AMJ) average NSgasqnaM&éﬁ)\vaveragp
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Figure 8. Mean sea level pressure anomalies AprilJune 2006 (left) and July — September 2006
(right).
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Figure 9. Mean sea level pressure anomalies OctabeDecember 2006 (left) and January —

March 2007 (right).

The mean sea level pressure anomaly patterns &wosal periods are shown in
Figure 8 and 9. During April and May 2006 weak Lafadlike characteristics
occurred in the equatorial Pacific producing mitadl avet northeasterlies in April, then
troughs and easterlies in May (Figure 8). June paaticularly cold with early snow
storms in the South Island. From September onwardseak-moderate El Nifio
developed then dissipated by the end of the catepdar. This produced more
frequent winds from the south west during the sddualf of the year, with cool and
wet conditions in November and cold conditions iacBmber. However, the first
three months of 2007 were very dry with a warm Marthus the first part of the
season (April/May 2006) would have promoted incedasablation. Increased

accumulation would have occurred from June thraiogNovember with a couple of
Glacier snowline survey 2007 22
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cooler months. The summer (December 2006 — Feb2@0y) period was very dry
and with the warm March increased ablation wouldehaccurred during this period.
These conditions match the slight overall slightifpee mass balance for the year.

5.2 Ice gain and loss

Glaciers accumulate the effects of net annual lalamanges over years to decades.
The effects of climate variations are delayed aistbded before being delivered to
the terminus after individual glacier response firhave elapsed. To assess the mass
changes in response to climate fluctuations a catinel plot of the “mass balance
indices” (MBI) is presented in Figure 10. The MBpresents the steady state (ELA
minus the current season ELA. Snowline departusmgés with negative ELA (i.e.
lower snowline) result in positive MBI. Figure 10avs clearly the general mass gain
and mass loss to the glaciers. The reliability s of the ELA as an indicator of mass
balance change has been investigated by Chinn é085), where the r values
between the ELA and measured mass balance hadesagavvalue of 0.9 with a
standard deviation of 0.07. Figure 10 also showslgmgreement with the generalised
climates given in Table 5.

Cumulative Mass Balance Index
1000

500

B00 A

400 4

200 A

Mass Balance Index Departure from ELA, (m)
[}

Figure 10. Cumulative Mass Balance Index for all 50ndex Glaciers.
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Table 5 Generalised climate for 2006 - 2007 year and prei® years in Southern Alps and
inferred glacier snow input.
Glacier Inferred
Generalised Climate glacier snow
Year 8
input
1997/1998 Higher f_requency of anticyclones and westerly winds over the south, Average
southerlies further north. Temperatures 0.2 C below normal, but a
very warm summer.
Stronger westerly and northwesterly winds over New Zealand,
1998/1999 | temperatures 0.8 above average, with above normal precipitation on Less
the West Coast.
1999/2000 Very anticyclonic, with weaker westerlles than normal. Temperatures Less
0.7 C above normal, and rainfall slightly below normal.
2000/2001 More northvyesterlles over the South Island, temperatures 0.2 C above Average-High
normal. Rainfall close to average.
2001/2002 Higher than normal presgures and more easterlies over the Sout_h Less
Island, temperatures 0.3°C above normal, well below average rainfall.
2002/2003 Per.S|sten.t weste.rlles and southwesterpes over New Zealand. Cooler Average-High
spring, rainfall slightly above average in the west and south.
2003/2004 More cyclonic westerlies and south westerlies over the South Island Higher
from September.
Cool westerlies during autumn and early winter (temperatures 0.4C
below normal), then strong cold cyclonic southwesterlies through to .
2004/2005 December (temperatures 0.6 below normal), precipi tation overall High
close to average
More anticyclones and mild westerlies and northwesterlies during
2005/2006 | autumn and winter (winter temperatures 0.7<C above normal), then Less
more frequent southeasterlies during spring bringing low precipitation.
More southwesterlies June — November bringing increased
accumulation, but then anticyclones and south easterlies December —
2006/2007 . L . . Average
March with low precipitation and increased ablation. Temperatures near
average overall, and precipitation above average.
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Glossary

Ablation

Accumulation

All processes by which snow and ice are lost feoghacier

All processes by which snow and ice are addedjlader.

Accumulation Area Ratio (AAR) The ratio of the accumulation area above the i line,

Departure of the ELA

Mass balance index

Shaded cells

Snowline elevation

Total Area

Glacier snowline survey 2007

to the entire area of the glacier.

The elevation difference between the long-termAkland the annual
snowline altitude. Positive departures mean a highowline and
therefore a negative mass balance.

The mean altitude of the snowline or equilibriiinelacross a glacier at
the end of summer.

The long-term or steady-state altitude of the Eidich will maintain the
glacier in equilibrium with the climate.

The negative of the ELA departure value. Thisegivalues for annual
changes with the same sign as the mass balancgeshan

Areas which have been measured by digitising.

The snowline elevation is synonymous with ELA whmeasured at the
end of summer. All other snowline elevations appdy a transient
seasonal snowline..

The entire area of the glacier. This may changenfryear to year,
especially on the smaller glaciers.
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Appendix 1. Index Glacier ELA’s (1977 — 2007)

GLACIER GL.IN. No ELAO 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986
KAIKOURA RA 621/001 2490 5 -30
IMT. ELLA 932B/012 2142 12
|MT FAERIE QUEENE 646/006 2030 -45
|MT. WILSON None 1820 -37 -11 15 -115 -141 -63 41
|MT. FRANKLIN 911A/002 1814 -12 122 -54 -74 -148 -18
|ROLLESTON GL. 911A/004 1763 -13 5 -13 1 -3 10 -123 -10 -18 13
|MT. CARRINGTON 646C/027 1715 -45 -22 -87 25 -150 -115 -10
|MT. AVOCA 685F/004 1965 -55 -15 -95 -55 -5
|[MARMADUKE GL. 664C/012 1830 -43 -35 78 2 -28 30 -136 -122 -50 9
RETREAT GL 906A/004 1742 -4 38 -50 14 -252 -4 20
BROWNING RA 906A/001 1598 7 10 -34 7 -113 -2 17
DOUGLAS GL 685B/001 2040 91 -163 -18 -214 -240 -223 -128
IMT. BUTLER 685C/060 1840 -55 112 55 -34 -40 28 -200 -65 -70 10
DAINTY GL 897/019 1954 -32 57 -7 -77 93 -99 -81 -73
KEA GL 897/007 1820 65 44 -85 134 -230 -120 -82
JASPUR GL 897/003 1725 43 63 -15 -155 -105 -42
SIEGE GL 893A/006 1736 -64 -24 -76 -70 -46 -268 -94 35
VERTEBRAE #12 893A/012 1864 -13 33 -60 -33 -73 -67 -53
VERTEBRAE #25 893A/025 1840 30 25 -39 -8 -62 -50 -27
RIDGE GL. 711L/024 2226 79 2 10 -15 -141 -32 -9
LANGDALE GL. 7111/035 2186 12 65 79 52 -1 -236 -96 -41
TASMAN GL. 7111/012 1790 -10 80 -90 20 30 -30 -90 -95 -90 -70
SALISBURY GL 888B/003 1810 17 17 32 -58 17 -92 -51 -76 -1
JALF GL 886/002 1790 -15 -10 -32 -65 5 -230 -78 -146 -20
CHANCELLOR DOME 882A/007 1756 96 95 77 -93 92 -211 -147 -78
GLENMARY GL. 711F/006 2164 74 -91 -34 17 -29 -144 -56
BLAIR GL. 711D/038 1938 74 -75 -13 -51 -126 -80 -85
IMT McKENZIE 711D/021 1904 46 6 -16 -2 -184 -62 -124 13
JACKSON GL. 868B/094 2070 28 -20 8 -38 -80 -56
JACK GL. 875/015 1907 31 23 -22 44 -157 -79 -32 28
IMT. ST. MARY 711B/039 1926 -171 -91
THURNEYSON GL 711B/012 1970 -40 -44 -27 -105 -88 -65 -32
BREWSTER GL. 868C/020 1935 25 -89 -80 36 -141 -135 -139 -93
IMT. STUART 7521/104 1673 -86 57 -23 -67 3 -135 -53 -13
LINDSAY GL 867/002 1730 8 -78 -49 51 -170 -64 38
FOG PK 752E/051 1987 -71 35 -96 -57
SNOWY CK 752C/103 2092 64 -68 66 -54 -59 -68 -72 -56
IMT. CARIA 863B/001 1472 -30 -59 -48 -100 -49 58
FINDLAY GL. 859/009 1693 -89 42 -111 -64 32
PARK PASS GL. 752B/048 1824 79 -16 -46 34 -62 -59 -122 39
IMT. LARKINS 752E/002 1945 -265 -53
BRYANT GL. 752B/025 1783 -43 101 -20 -3 -163 -163 -173 -13
AILSA MTS. 752B/013 1648 -5 -88 -53 -53 1
JMT. GUNN 851B/057 1593 22 45 -64 -62 17 -115 -53
|MT. GENDARME 797G/033 1616 -46 -43 -136 -94 59
LLAWRENNY PKS. 846/035 1476 4 -68 -4 -132 -36
BARRIER PK. 797f/004 1596 116 -51 -73 -31 -218 -72
IMT. IRENE 797D/001 1563 137 -156 -37
IMERRIE RA. 797B/010 1515 140
CAROLINE PK. 803/001 1380
NUMBER 50 15 40 5 32 36 41 41 27 40 38
MEAN 1834 -19 38 30 -22 -40 9 -132 -110 =77 -17
STD. DEV. 214.48 44.03 50.69 83.13 52.94 40.85 40.57 63.87 63.25 45.29 46.12
No. below ELA (+ve balance) 9 6 1 19 29 17 40 25 32 19
% with +ve M.B. I 60 15 20 59 81 41 98 93 80 50

Shaded columns indicate years of positive massbala
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GLACIER GL.IN. No ELAo0 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
KAIKOURA RA 621/001 2490 -5 50 -57 -30 -60
IMT. ELLA 932B/012 2142 28 -87 -72 -142 -15
|MT FAERIE QUEENE 646/006 2030 5 5 -62 -57 -65 -57
|MT. WILSON None 1820 -89 68 93 -167 -102 -154
|MT. FRANKLIN 911A/002 1814 -41 35 52 -164 -109 -156 -82
|ROLLESTON GL. 911A/004 1763 15 -1 7 -143 -53 -143 -44
|MT. CARRINGTON 646C/027 1715 45 55 5 -170 -128 -158 -125
|MT. AVOCA 685F/004 1965 10 6 -115 -25 -45 12
|[MARMADUKE GL. 664C/012 1830 5 65 -13 168 -175 -75 -155 -82
RETREAT GL 906A/004 1742 36 -73 -120 =277 16
BROWNING RA 906A/001 1598 -25 -116 -71 -118 -11
DOUGLAS GL 685B/001 2040 91 172 -197 -260 -154 -231 -150
IMT. BUTLER 685C/060 1840 9 42 -34 -95 -136 -28 -190 -60
DAINTY GL 897/019 1954 -84 -12 -32 -103 -176 -73 -111 -12
KEA GL 897/007 1820 -83 -58 -36 -230 -92 -250 80
JASPUR GL 897/003 1725 -42 -29 -150 -120 -145 -90
SIEGE GL 893A/006 1736 -70 -64 -323 -386 -116 -396 -72
VERTEBRAE #12 893A/012 1864 -13 -51 -96 -86 -68 -86 -68
VERTEBRAE #25 893A/025 1840 3 -20 -94 -84 -54 -84 -54
RIDGE GL. 711L/024 2226 59 51 -126 -56 -94 -88
LANGDALE GL. 7111/035 2186 -69 39 69 -216 -231 83 -226 51
TASMAN GL. 7111/012 1790 -50 30 -50 310 -65 -150 -100 -20 -115 -75
SALISBURY GL 888B/003 1810 -35 -81 -66 -129 -100 -38 -165 -58
JALF GL 886/002 1790 -51 -32 -31 -210 -220 -38 -240 -8
CHANCELLOR DOME 882A/007 1756 -28 52 -78 -206 -147 -211 -36
GLENMARY GL. 711F/006 2164 16 16 -24 -57 -43 -45 -36
BLAIR GL. 711D/038 1938 -68 57 -62 15 -73 -85 2
IMT McKENZIE 711D/021 1904 -14 8 -122 8 -99 6
JACKSON GL. 868B/094 2070 9 10 -78 -25 -52 2
JACK GL. 875/015 1907 -2 -32 9 -90 -142 -27 -152 51
IMT. ST. MARY 711B/039 1926 -19 46 -76 -141 -76 -156 -71
THURNEYSON GL 711B/012 1970 -52 -20 0 -40 -60 -66 -102 -32
BREWSTER GL. 868C/020 1935 -107 -17 -84 -185 -145 -158 27
IMT. STUART 7521/104 1673 5 -10 -138 -33 -158 39
LINDSAY GL 867/002 1730 -115 42 34 -175 -120 -180 45
FOG PK 752E/051 1987 -85 35 45 93 -87 -99 -93
SNOWY CK 752C/103 2092 -67 -55 11 -34 -58 -62 -35
IMT. CARIA 863B/001 1472 -50 28 -43 97 -72 -106 -82
FINDLAY GL. 859/009 1693 -71 -8 -51 -118 -59 -132 -61
PARK PASS GL. 752B/048 1824 19 -30 -41 -214 -64
IMT. LARKINS 752E/002 1945 135 91 -275 -95 -315 -163
BRYANT GL. 752B/025 1783 -20 -30 -27 -55 -153 -103
AILSA MTS. 752B/013 1648 -23 -36 -84 -52 93 -64
JMT. GUNN 851B/057 1593 -38 -59 -108 -64 -122 -86
IMT. GENDARME 797G/033 1616 34 -36 -114 -64 -198 -100
LLAWRENNY PKS. 846/035 1476 -22 -47 -116 -68 -176 -15
BARRIER PK. 797f/004 1596 -41 -71 -168 -118 -236 -126
IMT. IRENE 797D/001 1563 -37 -26 -156 -51 -163 -65
IMERRIE RA. 797B/010 1515 30 -135 -95 -165 -90
CAROLINE PK. 803/001 1380 -160 -47 -150 -78
NUMBER 50 33 33 49 2 1 15 49 50 50 48
MEAN 1834 -38 13 -4 239 -65 -128 -134 -68 -152 -46
STD. DEV. 214.48 39 48 50 100 79 70 42 71 54
No. below ELA (+ve balance) 22 15 19 0 1 14 46 44 48 34
% with +ve M.B. 67 45 39 0 100 93 94 88 96 71
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—NIWA—

Taihoro Nukurangi

GLACIER GL.IN. No ELAO 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
KAIKOURA RA 621/001 2490 30 15 10 -15 25 -25 14
MT. ELLA 932B/012 2142 17 108 60 -22 46 -64 =77 17 27
MT FAERIE QUEENE 646/006 2030 -50 145 160 -55 55 -54 -60 -48 -33
MT. WILSON None 1820 -149 41 113 108 13 93 -121 -92 -82 93 40
MT. FRANKLIN 911A/002 1814 122 164 136 -104 121 -70 -106 126 -23
ROLLESTON GL. 911A/004 1763 -123 49 87 97 -42 89 -94 -1 -55 82 30
MT. CARRINGTON 646C/027 1715 -137 -39 190 237 -135 210 -84 -120 -137 135 -45
MT. AVOCA 685F/004 1965 -75 70 115 65 -52 88 -52 -20 -53 35 3
MARMADUKE GL. 664C/012 1830 -129 143 164 153 -57 140 -117 -27 -130 145 13
RETREAT GL 906A/004 1742 -97 47 146 133 -60 93 -78 18 -132 48 -22
BROWNING RA 906A/001 1598 -108 30 -30 62 =77 -28 -110 12 21
DOUGLAS GL 685B/001 2040 -223 220 240 250 -40 245 -134 -35 -163 240 -44
MT. BUTLER 685C/060 1840 -176 68 98 148 -95 90 -147 -80 -176 75 -2
DAINTY GL 897/019 1954 -92 98 176 74 -58 126 -67 -44 -94 -9 -12
KEA GL 897/007 1820 -152 78 200 190 -150 195 -159 -90 -155 78 -36
JASPUR GL 897/003 1725 -100 43 -95 195 -74 -95 -125 35 -41
SIEGE GL 893A/006 1736 -203 214 414 279 -126 239 -160 -116 -203 -72 -18
VERTEBRAE #12 893A/012 1864 -78 -29 226 129 -70 136 -55 -68 -79 -30 -28
VERTEBRAE #25 893A/025 1840 -71 -5 125 70 -33 80 -51 -45 -75 -6 -16
RIDGE GL. 711L/024 2226 -136 9 89 79 -116 74 -63 2 -61 84 30
LANGDALE GL. 7111/035 2186 -226 142 114 89 -211 104 -211 18 -206 104 107
TASMAN GL. 7111/012 1790 -102 63 186 110 -80 105 -80 -40 -40 60 6
SALISBURY GL 888B/003 1810 -84 42 220 172 -95 50 -95 -78 -95 42 0
JALF GL 886/002 1790 -191 -3 260 265 -85 -190 -170 -190 -5 2
CHANCELLOR DOME 882A/007 1756 -176 92 194 189 -186 159 -186 -151 -181 94 43
GLENMARY GL. 711F/006 2164 -112 36 108 84 -46 46 -49 -39 -54 41 26
BLAIR GL. 711D/038 1938 34 152 147 -96 67 -93 -88 -88 22 34
MT McKENZIE 711D/021 1904 -189 31 174 148 -99 56 -134 -122 -132 6 15
JACKSON GL. 868B/094 2070 -54 12 95 63 -54 33 -55 -54 -56 15 14
JACK GL. 875/015 1907 -102 33 101 85 -109 78 -147 -112 28 16
MT. ST. MARY 711B/039 1926 -84 -37 199 204 -146 189 -131 -71 -126 -31 -16
THURNEYSON GL 711B/012 1970 -70 -5 142 162 -92 135 -97 -35 -70 10 -7
BREWSTER GL. 868C/020 1935 -156 47 345 220 -165 115 -141 -155 -155 30 -120
MT. STUART 7521/104 1673 -106 -17 132 177 -83 142 -103 -108 -108 52 -66
LINDSAY GL 867/002 1730 -85 70 145 140 -90 142 -123 -122 -118 50 -30
FOG PK 752E/051 1987 -97 111 135 121 -92 125 -25 -95 -97 45 13
SNOWY CK 752C/103 2092 =72 66 148 54 -88 28 -51 -58 =72 68 -2
MT. CARIA 863B/001 1472 =77 -55 178 188 -52 153 -50 -92 -98 43 -17
FINDLAY GL. 859/009 1693 -113 26 197 140 -79 109 -81 -115 -113 37 -32
PARK PASS GL. 752B/048 1824 -134 48 138 119 -154 99 -163 -159 -154 76 26
MT. LARKINS 752E/002 1945 -312 261 270 255 -280 245 -205 -255 -285 250 145
BRYANT GL. 752B/025 1783 -113 -5 227 182 -118 87 -117 -108 -118 17 -8
AILSA MTS. 752B/013 1648 -55 -27 182 137 -55 37 -65 -58 -68 -3 -35
MT. GUNN 851B/057 1593 -73 -34 209 217 -78 42 -68 -108 -108 17 -43
MT. GENDARME 797G/033 1616 -126 32 188 159 -131 34 -96 -133 -129 32 -40
LLAWRENNY PKS. 846/035 1476 -155 2 194 181 -71 137 -100 -96 -76 9 -37
BARRIER PK. 797f/004 1596 -132 86 304 207 -108 194 -148 -131 -131 104 -17
MT. IRENE 797D/001 1563 -103 49 102 122 -125 165 -109 -93 -123 97 -48
MERRIE RA. 797B/010 1515 -130 -70 173 -103 175 -100 -110 -105 150 -56
CAROLINE PK. 803/001 1380 -130 2 182 -105 195 -89 -110 -125 20 -44
NUMBER 50 45 50 48 46 50 49 49 45 50 4¢ 5C
MEAN 1834 -125 44 171 146 -92 115 -103 -84 -113 51 -6
STD. DEV. 214.48 51.67 68.58 70.02 | 61.94 51.63 60.75 = 44.90 53.62 48.94 62.8( 41.97
No. below ELA (+ve balance) 44 11 0 0 46 0 47 42 50 8 29
% with +ve M.B. 98 22 0 0 94 0 96 93 100 16 58
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Appendix 2. Index Glacier details

—NIWA—

Taihoro Nukurangi

No. 621/1 KAIKOURA RANGE NZMS 260 sheet O 30
Rock Glacier
GLACIER DATA ENOWLINE DATA
AREA 45.42 ha Aspect S
Debris area 41.66 ha ELAoO 2490 m
Max Elev 2640 m Max SL 2540 m, 1989
Min Elev 2200 m Min SL 2430 m, 1995
Mean Elev 2420 m Mean SL 2485 m
Length 1.4 km SL Range 110 m
Elev Range 440 m No. surveys 13
Gradient 0.31
MEASUREMENTS Digitised values shaded
YEAR SNOWLINE | DEPARTURE AREAS ACCUM. MASS
ELEVATION | FROM ELAo| ACCUM. DEBRIS TOTAL AREA RATIO BALANCE
m m ha ha ha (AAR) INDEX
ELAoO 2490 0 3.88 41.66 4554 0.09 0
1977
1978
1979
1980
1981
1982 2495 5 3.90 41.64 45.54 0.09 -5
1983
1984 2460 -30 6.74 38.80 45.54 0.15 30
1985
1986
1987
1988 2485 -5 5.14 40.40 45.54 0.11 5
1989 2540 50 0.90 44.64 45.54 0.02 -50
1990
1991
1992
1993 2433 -57 12.84 32.70 45.54 0.28 57
1994 2460 -30 6.74 38.80 45.54 0.15 30
1995 2430 -60 13.29 32.25 45.54 0.29 60
1996 no visit
1997 cloud
1998 2520 30 2.29 43.25 45.54 0.05 -30
1999 2505 15 2.74 42.80 45.54 0.06 -15
2000 2500 10 3.44 42.10 45.54 0.08 -10
2001 2475 -15 6.52 38.90 45.42 0.14 15
2002 2515 25 2.32 43.10 45.42 0.05 -25
2003 No visit cloud
2004 No visit cloud
2005 2465 -25 6.74 38.80 45.54 0.15 25
2006 no visit
2007 2504 14 2.84 42.70 45.54 0.06 -10
MEAN 2485 -5.21 5.46 40.06 4552 0.12 6
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———NIWA—

Taihoro Nukurangi
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Photograph 1: Kaikoura Range 9 March 2007, reswiuttduced to 800 by 600 pixels. Note the
snowline elevation reported in the Table is fotyeApril.
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—NIWA—

Taihoro Nukurangi

No. 932B/12 Mt ELLA NZMS 260 sheet M30
Glacierette
GLACIER DATA SNOWLINE DATA
Aspect E
AREA 5.32 ha ELAO 2142 m
Max Elev 2250 m Max SL 2250 m, 2009
Min Elev 2080 m Min SL 2000 m, 1994
Mean Elev 2165 m Mean SL 2131 m
Length 0.34 km SL Range| 250 m
Elev Rang 17C m No. survey 13
Gradien 0.5
MEASUREMENTS  Digitised values shad
YEAR SNOWLINE | DEPARTURE AREAS ACCUM. MASS
ELEVATION | FROM ELAo| ACCUM. ABL. TOTAL |AREA RATIO| BALANCE
m m ha ha ha (AAR) INDEX
ELAO 2142 0 3.19 1.45 5.32 0.60 0
1977
1978
1979
1980
1981
1982 2154 12 5.32 0.00 5.32 1.00 -12
1983
1984
1985
1986
1987
1988
1989 2170 28 2.17 3.15 5.32 0.41 -28
1990
1991
1992
1993 2055 -87 5.91 0.00 5.91 1.11 87
1994 2070 -72 5.74 0.00 5.74 1.08 72
1995 2000 -142 15.10 0.00 15.10 2.84 142
1996 2127 -15 4.42 0.90 5.32 0.83 15
1997 In cloud
1998 2159 17 2.92 2.40 5.32 0.55 -17
1999 2250 108 0 5.17 5.17 0.00 -108
2000 2202 60 0.1 2.46 2.56 0.04 -60
2001 2120 -22 4,57 0.75 5.32 0.86 22
2002 2188 46 0.33 1.61 1.94 0.17 -46
2003 2078 -64 5.32 0.00 5.32 1.00 64
2004 No visit cloud
2005 2065 =77 5.80 0.00 5.80 1.00 77
2006 2159 17 2.92 2.40 5.32 0.55 -17
2007 2169 27 2.20 3.10 5.30 0.42 -23
MEAN 2131 -11 4,1¢ 1.4¢ 0.7¢ 11
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Taihoro Nukurangi
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Photograph 2: Mt Ella 9 March 2007, resolution @tlto 800 by 600 pixels. Note the
snowline elevation reported in the Table is folyeapril
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———NIWA—

Taihoro Nukurangi
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Photograph 3: Faerie Queen 9 March 2007, resolutidaced to 800 by 600 pixels. Note the snowline
elevation reported in the Table is for early April.
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—NIWA—

Taihoro Nukurangi

Not numbered Mt WILSON NZMS 260 sheet K33
Snow patch
GLACIER DATA SNOWLINE DATA
Aspect S
AREA 17.58 to 0.6 ha ELAO 1912 @ 7.03 h
Max Elev 2030 m Max SL 2025 m, 1999
Min Elev 1740 m Min SL 1745 m, 1993
Mean Elev 1885 m Mean SL 1887 m
Length N/A SL Range 280 m
Elev Rang 29C m No. Survey 24
Gradien
MEASUREMENTS  Digitised values shad
YEAR SNOWLINE | DEPARTURE AREAS ACCUM. MASS
ELEVATION | FROM ELAo| ACCUM. ABL. TOTAL |AREA RATIO| BALANCE
m m ha N/A ha (AAR) INDEX
ELA 1912 10.55 N/A 7.03 N/A
1977 1875 -37 6.28 6.28 37
1978 1901 -11 4.68 4.68 11
1979
1980
1981 1927 15 3.28 3.28 -15
1982
1983 1797 -115 4.88 4.88 115
1984 1771 -141 14.78 14.78 141
1985 1849 -63 8.38 8.38 63
1986 1953 41 2.28 2.28 -41
1987 1823 -89 10.48 10.48 89
1988 1980 68 1.48 1.48 -68
1989 2005 93 0.70 0.70 -93
1990
1991
1992
1993 1745 -167 17.13 17.13 167
1994 1810 -102 11.38 11.38 102
1995 1758 -154 15.98 15.98 154
1996
1997 1763 -149 15.48 15.48 149
1998 1953 41 2.28 2.28 -41
1999 2025 113 0.13 0.13 -113
2000 2020 108 0.68 0.68 -108
2001 1925 13 3.56 3.56 -13
2002 2005 93 0.63 0.63 -93
2003 1791 -121 4.40 4.40 121
2004 1820 -92 10.55 10.55 92
2005 1830 -82 10.48 10.48 82
2006 2005 93 0.65 0.65 -93
2007 1952 40 2.25 2.25 -40
Mean 1887 -25 6.37 6.37 25
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Photograph 4: Mt Wilson 9 March 2007, resolutiodueed to 800 by 600 pixels.
Note the snowline elevation reported in the Tabl®r early April.
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—NIWA—

Taihoro Nukurangi

No. 911A/2 Mt. FRANKLIN NZMS 260 sheet K33
Cirque
GLACIER DATA SNOWLINE DATA
Aspect E
AREA 8.85 ha ELAo 1814 m
Max Elev 2010 m Max SL 1978 m, 199
Min Elev 1680 m Min SL 1650 m, 1993
Mean Elev 1845 m Mean SL 1801 m
Length 0.5 km SL Range 328 m
Elev Rang 33C m No. Survey 22
Gradien 0.6€
MEASUREMENTS
YEAR SNOWLINE DEPARTURE AREAS ACCUM. MASS
ELEVATION FROM ELAo ACCUM. ABL. TOTAL AREARATIO | BALANCE
m m ha ha ha (AAR) INDEX
ELAO 1814 0 7.45 1.40 8.85 0.84 0
1977
1978 1802 -12 7.74 1.11 8.85 0.87 12
1979 1936 122 0.84 8.01 8.85 0.09 -122
1980 1773 -41 8.30 0.55 8.85 0.94 41
1981 1740 -74 8.60 0.25 8.85 0.97 74
1982
1983 1666 -148 ? 0.00 148
1984
1985
1986 1796 -18 8.00 0.85 8.85 0.90 18
1987 1760 -54 8.40 0.45 8.85 0.95 54
1988 1849 35 5.30 3.55 8.85 0.60 -35
1989 1866 52 4.62 423 8.85 0.52 -52
1990
1991
1992
1993 1650 -164 13.04 0.00 13.04 1.47 164
1994 1705 -109 8.80 0.05 8.85 0.99 109
1995 1658 -156 12.00 0.00 12.00 1.38 156
1996 1732 -82 8.65 0.20 8.85 0.96 82
1997 cloud
1998 1936 122 0.84 8.01 8.85 0.09 -122
1999 1978 164 0.26 8.59 8.85 0.03 -164
2000 1950 136 0.57 8.28 8.85 0.06 -134
2001 1710 -104 8.85 0.00 8.85 1.00 104
2002 1935 121 0.87 7.98 8.85 0.10 -121]
2003 1744 -70 8.60 0.25 8.85 0.97 70
2004 cloud
2005 1708 -106 8.85 0.00 8.85 1.00 106
2006 1940 126 0.70 8.15 8.85 0.08 -124
2007 1791 -23 8.25 0.60 8.85 0.93 23
Mean 1801 -13 6.2¢ 2.7¢€ 0.71 13
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Photograph 5: Mt Franklin 9 March 2007, resolutieduced to 800 by 600 pixels.
Note the snowline elevation reported in the Tabl®r early April.
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No. 911A /4

—NIWA—

ROLLESTON GL.

Cirque glacie

Taihoro Nukurangi

NZMS 260 sheet K33

GLACIER DATA SNOWLINE DATA
Aspect SE
AREA 19.07 ha ELAO 1763 m
Max Elev 1900 m Max SL 1860 m, 1993,
Min Elev 1690 m Min SL 1620 m, 200(
Mean Elev 1795 m Mean SL 1749 m
Length 0.36 km SL Range 240 m
Elev Rang 21C m No. Survey 28
Gradien 0.5¢
MEASUREMENTS  Digitised values shad
YEAR SNOWLINE | DEPARTURE AREAS ACCUM. MASS
ELEVATION | FROM ELAo ACCUM. ABL. TOTAL | AREARATIO | BALANCE
m m ha ha ha (AAR) INDEX
1955 1800 29
1960 1800 29 -29
ELAO 1763 0 12.07 7.00 19.07 0.63 0
1977 1750 -13 13.67 5.40 19.07 0.72 13
1978 1768 5 11.45 7.62 19.07 0.60 -5
1979 1750 -13 13.67 5.40 19.07 13
1980 1764 1 12.07 7.00 19.07 0.63 -1
1981 1760 -3 12.47 6.60 19.07 0.65 3
1982 1773 10 10.57 8.50 19.07 0.55 -10
1983 1640 -123 ? 0.00 123
1984 1753 -10 13.32 5.75 19.07 0.70 10
1985 1745 -18 14.17 4.90 19.07 0.74 18
1986 1776 13 10.47 8.60 19.07 0.55 -13
1987 1778 15 10.47 8.60 19.07 0.55 -15
1988 1762 -1 12.17 6.90 19.07 0.64 1
1989 1770 7 19.07 8.00 27.07 1.00 -7
1990
1991
1992
1993 1620 -143 25.34 0.00 25.34 1.33 143
1994 1710 -53 17.39 1.68 19.07 0.91 53
1995 1620 -143 25.34 0.00 25.34 1.33 143
1996 1719 -44 16.77 2.30 19.07 0.88 44
1997 1640 -123 23.27 0.00 23.27 1.22 123
1998 1812 49 4.78 14.29 19.07 0.25 -49
1999 1850 87 0.79 18.28 19.07 0.04 -87
2000 1860 97 0.6 18.47 19.07 0.03 -97
2001 1721 -42 16.56 2.51 19.07 0.87 42
2002 1852 89 0.71 18.36 19.07 0.04 -89
2003 1669 -94 19.07 0.00 19.07 1.00 94
2004 1762 -1 12.47 6.60 19.07 0.65 1
2005 1708 -55 174 1.67 19.07 0.91 55
2006 1845 82 1.07 18.00 19.07 0.06 -82
2007 1793 30 7.67 11.40 19.07 0.40 -30
MEAN 174¢ -14 12.7( 7.0Z 0.6¢€ 14
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—NIWA—

Taihoro Nukurangi
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Photograph 6: Rolleston Glacier 9 March 2007, rgsmt reduced to 800 by 600
pixels. Note the snowline elevation reported inTable is for early April.
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No. 664C/21

—NIWA—

Mt CARRINGTON
Cirque glacier

Taihoro Nukurangi

NZMS sheet K33

GLACIER DATA SL DATA
Aspect S
AREA 15.5 ha ELAO 1715 m
Max Elev 1960 | m Max SL 1952 m, 200
Min Elev 1595 |'m Min SL 1545 m, 1993
Mean Elev 1778 | m Mean SL 1683 m
Length 0.71 km SL Range 407 m
Elev Rang 36E m No. Survey 25
Gradien 0.51
MEASUREMENTS  Digitised values shad
YEAR SNOWLINE | DEPARTURE AREAS ACCUM. MASS
ELEVATION | FROM ELAo| ACCUM. ABL. TOTAL |AREA RATIO| BALANCE
m m ha ha ha (AAR) INDEX
ELAO 1715 0 7.00 8.5 15.5 0.45 0
1977
1978 1670 -45 8.86 6.64 15.50 0.57 45
1979
1980 1693 -22 7.70 7.80 15.50 0.50 22
1981 1628 -87 11.60 3.90 15.50 0.75 87
1982 1740 25 6.50 9.00 15.50 0.42 -25
1983 1565 -150 18.50 0.00 15.50 1.19 150
1984 1600 -115 14.50 1.00 15.50 0.94 115
1985
1986 1705 -10 7.20 8.30 15.50 0.46 10
1987 1760 45 6.00 9.50 15.50 0.39 -45
1988 1770 55 5.80 9.70 15.50 0.37 -55
1989 1720 5 6.90 8.60 15.50 0.45 -5
1990
1991
1992
1993 1545 -170 20.55 0.00 15.50 1.33 170
1994 1587 -128 15.70 0.00 15.50 1.01 128
1995 1557 -158 16.60 0.00 15.50 1.07 158
1996 1590 -125 14.90 0.60 15.50 0.96 125
1997 1578 -137 17.43 0.00 15.50 1.12 137
1998 1676 -39 8.69 6.81 15.50 0.56 39
1999 1905 190 2.94 12.56 15.50 0.19 -19(
2000 1952 237 0.48 15.02 15.50 0.03 -231
2001 1580 -135 17.30 0.00 15.50 1.12 135
2002 1925 210 1.30 6.70 8.00 0.16 -210
2003 1631 -84 6.60 1.40 8.00 0.83 84
2004 1595 -120 8.00 0.00 8.00 1.00 120
2005 1578 -137 17.43 0.00 15.50 1.12 137
2006 1850 135 4.20 11.30 15.50 0.27 -139
2007 1670 -45 8.86 6.64 15.50 0.57 45
MEAN 168: -32 10.1¢ 5.0z 0.7C 32
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Photograph 7: Carrington 9 March 2007, resoluteduced to 800 by 600 pixels.
Note the snowline elevation reported in the Tabl®r early April.
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—NIWA—

Taihoro Nukurangi

No. 685F/4 Mt AVOCA NZMS sheet K34
Glacierette
GLACIER DATA ENOWLINE DATA
Aspect E
AREA 9.803 |m ELAO 1965 |m
Max Elev 2080 | m Max SL 2080 | m, 1999
Min Elev 1890 | m Min SL 1850 | m, 1993
Mean Elev 1985 | m Mean SL 1953| m
Length 0.36 km SL Range| 230 m
Elev Rang 19C m No. Survey 22
Gradien 0.5
MEASUREMENTS  Digitised values shad
YEAR SNOWLINE | DEPARTURE AREAS ACCUM. MASS
ELEVATION | FROM ELAo| ACCUM. ABL. TOTAL |AREA RATIO| BALANCE
m m ha ha ha (AAR) INDEX
ELA 1965 0 4.40 5.40 9.80 0.45 0
1977
1978 1910 -55 9.20 0.60 9.80 0.94 55
1979
1980
1981
1982 1950 -15 5.88 3.92 9.80 0.60 15
1983
1984 1870 -95 10.50 0.00 9.80 1.00 95
1985 1910 -55 9.20 0.60 9.80 0.94 55
1986 1960 -5 4.85 4.95 9.80 0.49 5
1987
1988 1975 10 -10
1989 1971 6 3.97 5.83 9.80 0.40 -6
1990
1991
1992
1993 1850 -115 11.38 0.00 11.38 1.16 115
1994 1940 -25 7.20 2.60 9.80 0.73 25
1995 1920 -45 8.80 1.00 9.80 0.90 45
1996 1977 12 3.57 6.23 9.80 0.36 -12
1997 1890 -75 9.80 0.00 9.80 1.00 75
1998 2035 70 0.98 5.33 6.31 0.16 -70
1999 2080 115 0.00 3.22 3.22 0.00 -115
2000 2030 65 1.11 2.47 3.58 0.31 -65
2001 1913 -52 0.00 7.13 7.13 0.00 52
2002 2053 88 0.44 3.14 3.58 0.12 -88
2003 1913 -52 0.00 7.13 7.13 0.00 52
2004 1945 -20 6.50 3.30 9.80 0.66 20
2005 1912 -53 0.00 7.13 7.13 0.00 53
2006 2000 35 1.78 1.80 3.58 0.50 -35.0
2007 1968 3 2.38 1.20 3.58 0.66 -3.00
MEAN 195: -12 4.6£ 3.2z 0.5z 12
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Photograph 8: Mt Avoca 9 March 2007, resoluticstueed to 800 by 600 pixels.
Note the snowline elevation reported in the Tabl®r early April.
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Jo. 664C/1.

—NIWA—

Taihoro Nukurangi

MARMADUKE DIXON GL
Mountain glacier

NZMS 260 sheet K33

GLACIER DATA ENOWLINE DATA

Aspect E

AREA 93 m ELAO 1830 |m

Max Elev 2100 | m Max SL 1998 | m, 1990

Min Elev 1615 | m Min SL 1655 | m, 1993

Mean Elev 1858 | m Mean SL 1821 m

Length 1.7 km SL Range 343 m

Elev Rang 48t m No. Survey 29

Gradien 0.28¢

MEASUREMENTS  Digitised values shad

YEAR SNOWLINE | DEPARTURE AREAS ACCUM. MASE

ELEVATION | FROM ELAo| ACCUM. ABL. TOTAL |AREA RATIO| BALANCE

m m ha ha ha (AAR) INDEX
ELAO 1830 0 64 29 93 0.69 0
1977 1788 -43 73.02 19.50 92.52 0.79 43
1978 1795 -35 71.52 21.00 92.52 0.77 35
1979 1908 78 44.50 48.02 92.52 0.48 -78
1980 1832 2 63.52 29.00 92.52 0.69 -2
1981 1803 -28 69.72 22.80 92.52 0.75 28
1982 1860 30 49.65 42.87 92.52 0.54 -30
1983 1694 -136 86.72 5.80 92.52 0.94 136
1984 1708 -122 85.52 7.00 92.52 0.92 122
1985 1780 -50 73.97 18.55 92.52 0.80 50
1986 1839 9 61.72 30.80 92.52 0.67 -9
1987 1825 -5 64.77 27.75 92.52 0.70 5
1988 1895 65 48.02 44.50 92.52 0.52 -65
1989 1818 -13 67.02 25.50 92.52 0.72 13
1990 1998 168 22.52 70.00 92.52 0.24 -164
1991
1992
1993 1655 -175 90.34 2.18 92.52 0.98 175
1994 1755 -75 78.48 14.04 92.52 0.85 75
1995 1675 -155 92.14 0.38 92.52 1.00 155
1996 1748 -82 82.22 10.30 92.52 0.89 82
1997 1701 -129 91.87 0.65 92.52 0.99 129
1998 1973 143 26.81 65.71 92.52 0.29 -144
1999 1994 164 21.50 71.02 92.52 0.23 -164
2000 1983 153 23.75 68.77 92.52 0.26 -15
2001 1773 -57 75.32 17.20 92.52 0.81 57
2002 1970 140 28.38 53.42 81.80 0.35 -14(
2003 1713 -117 74.50 7.30 81.80 0.91 117
2004 1803 -27 66.48 19.37 85.85 0.77 27
2005 1700 -130 91.87 0.65 92.52 0.99 130
2006 1975 145 27.80 54.00 81.80 0.34 -144
2007 1843 13 54.00 27.80 81.80 0.66 -13
MEAN 1821 -9 62.3: 28.4¢ 0.6¢ 9
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Photograph 9: Marmaduke Dixon 9 March 2007, resmuteduced to 800 by 600
pixels. Note the snowline elevation reported inTaéle is for early April.
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—NIWA—

Taihoro Nukurangi

No. 906A/4 RETREAT GL. NZMS 260 sheet K33

Moutain glacie

GLACIER DATA SNOWLINE DATA
Aspect SW
AREA 28.7 ha ELAo 1742 |m
Max Elev 1930 | m Max SL 1888 | m, 1999
Min Elev 1570 |m Min SL 1465 | m, 1995
Mean Elev 1750 | m Mean SL 1718| m
Length 1.05 km SL Range 423 m
Elev Rang 36C m No. Survey 23
Gradien 0.34:
MEASUREMENTS  Digitised values shad
YEAR SNOWLINE | DEPARTURE AREAS ACCUM. MASS
ELEVATION | FROM ELAo| ACCUM. ABL. TOTAL |AREA RATIO| BALANCE
m m ha ha ha (AAR) INDEX
ELAO 174z 0 13.9( 14.8( 28.7( 0.4¢ 0
1977
1978 1738 -4 14.70 14.00 28.70 0.51 4
1979
1980 1780 38 8.29 20.41 28.70 0.29 -38
1981 1692 -50 20.30 8.40 28.70 0.71 50
1982 1756 14 13.30 15.40 28.70 0.46 -14
1983 1490 -252 31.59 -2.89 28.70 1.10 252
1984
1985 1738 -4 14.83 13.87 28.70 0.52 4
1986 1762 20 10.78 17.92 28.70 0.38 -20
1987
1988
1989 1778 36 8.87 19.83 28.70 0.31 -36
1990
1991
1992
1993 1669 -73 22.82 5.88 28.70 0.80 73
1994 1622 -120 27.20 1.50 28.70 0.95 120
1995 1465 =277 32.41 -3.71 28.70 1.13 277
1996 1758 16 11.65 17.05 28.70 0.41 -16
1997 1645 -97 25.20 3.50 28.70 0.88 97
1998 1789 47 7.28 21.42 28.70 0.25 -47
1999 1888 146 1.91 26.79 28.70 0.07 -144
2000 1875 133 2.39 11.40 13.79 0.17 -139
2001 1682 -60 21.43 7.27 28.70 0.75 60
2002 1835 93 2.88 9.43 12.31 0.23 -93
2003 1664 -78 11.51 0.80 12.31 0.94 78
2004 1760 18 6.51 5.80 12.31 0.53 -18
2005 1610 -132 10.81 1.50 12.31 0.88 132
2006 1790 48 4.71 7.60 12.31 0.16 -48
2007 1720 -22 9.41 2.90 12.31 0.33 22
MEAN 171¢ -24 13.9¢ 9.8 0.5t 24
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Photograph 10: Retreat Glacier on 9 March 20G4lution reduced to 800 by 600
pixels. Note the snowline elevation reported inTable is for early April.
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—NIWA—

Taihoro Nukurangi

906A/1 BROWNING RA. NZMS 260 sheet J33
Small cirque
GLACIER DATA SNOWLINE DATA
Aspect S
AREA 4.08 |ha ELAo 1598 |m
Max Elev 1700 | m Max SL 1660 | m, 2000
Min Elev 1530 |m Min SL 1480 | m, 1995
Mean Elev 1615 | m Mean SL 1567| m
Length km SL Range 180 m
Elev Rang 17C m No. Survey 23
Gradien
MEASUREMENTS  Digitised values in bold tyj
YEAR SNOWLINE | DEPARTURE AREAS ACCUM. MASS
ELEVATION | FROM ELAo| ACCUM. ABL. TOTAL |AREA RATIO| BALANCE
m m ha ha ha (AAR) INDEX
ELAo 1598 0 1.01 3.07 4.08 0.25 0
1977
1978 1605 7 0.78 3.3 4.08 0.19 -7
1979
1980 1608 10 0.74 3.34 4.08 0.18 -10
1981 1564 -34 2.45 1.63 4.08 0.60 34
1982 1605 7 0.78 3.3 4.08 0.19 -7
1983 1485 -113 7.48 0 7.48 1.00 113
1984
1985 1596 -2 1.01 3.07 4.08 0.25 2
1986 1615 17 0.68 3.4 4.08 0.17 -17
1987
1988
1989 1612 14 2.01 2.07 4.08 0.49 -14
1990
1991
1992
1993 1482 -116 2.03 2.05 4.08 0.50 116
1994 1527 -71 4.33 0 4.33 1.06 71
1995 1480 -118 20.38 0 20.38 5.00 118
1996 1570 -28 1.38 2.7 4.08 0.34 28
1997 1490 -108 12.81 0 12.81 3.14 108
1998 1628 30 0.55 3.53 4.08 0.13 -30
1999 >>1790 0 above g 2.27 0.00
2000 >>1790 0 above gl 1.38 0.00
2001 1568 -30 2.18 1.9 3.58 0.61 30
2002 1660 62 0 1.14 1.14 0.00 -62
2003 1521 =77 4.08 0 4.08 1.00 77
2004 1570 -28 3.58 0 3.58 1.00 28
2005 1488 -110 12.81 0 12.81 1.00 110
2006 1610 12 0.33 3.25 3.58 0.09 -12.00
2007 1619 21 0.08 3.5 3.58 0.02 -21.00
MEAN 1567 -31 3.5C 1.82 0.74 31
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Photograph 11: Browning Range 9 March 2007, résoiueduced to 800 by 600
pixels. Note the snowline elevation reported inTable is for early April.
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—NIWA—

Taihoro Nukurangi

No. 685B/1 DOUGLAS GL NZMS 260 sheet J35
Small mountain glacier

GLACIER DATA SNOWLINE DATA

Aspect SE

AREA 33.93 |ha ELAO 2040|m

Max Elev 2440 | m Max SL 2290|m, 2000

Min Elev 1820 | m Min SL 1780/m,1993

Mean Elev 2130 m Mean SL 1997|/m

Length 1.18 km SL Range 510/m

Elev Rang 62C m No. Survey 25

Gradien 0.50¢

MEASUREMENTS  Digitised values shaded

YEAR SNOWLINE | DEPARTURE AREAS ACCUM. MASS

ELEVATION | FROM ELAo| ACCUM. ABL. TOTAL |AREA RATIO| BALANCE

m m ha ha ha (AAR) INDEX
1974 2450 14.04
ELAO 2040 0 24.73 9.20 33.93 0.73 0
1977
1978 2131 91 19.93 14.00 33.93 0.59 -91
1979
1980 1877 -163 32.03 1.90 33.93 0.94 163
1981
1982 2022 -18 25.80 8.13 33.93 0.76 18
1983 1826 -214 33.73 0.20 33.93 0.99 214
1984 1800 -240 35.73 -1.80 33.93 1.05 240
1985 1817 -223 34.23 -0.30 33.93 1.01 223
1986 1912 -128 30.13 3.80 33.93 0.89 128
1987
1988 2131 91 19.93 14.00 33.93 0.59 -91
1989 2212 172 15.74 18.19 33.93 0.46 =172
1990
1991
1992 1843 -197 33.13 0.80 33.93 0.98 197
1993 1780 -260 42.42 -8.49 33.93 1.25 260
1994 1886 -154 31.23 2.70 33.93 0.92 154
1995 1809 -231 35.43 -1.50 33.93 1.04 231
1996 1890 -150 31.43 2.50 33.93 0.93 150
1997 1817 -223 34.23 -0.30 33.93 1.01 223
1998 2260 220 10.71 23.22 33.93 0.32 -22(
1999 2280 240 8.91 25.02 33.93 0.26 -24(
2000 2290 250 7.96 25.97 33.93 0.23 -25(
2001 2000 -40 22.21 6.60 28.81 0.77 40
2002 2285 245 3.31 25.50 28.81 0.11 -244
2003 1906 -134 25.61 3.20 28.81 0.89 134
2004 2005 -35 22.20 7.20 28.81 0.77 35
2005 1877 -163 33.93 0.00 33.93 1.00 163
2006 2280 240 8.91 19.90 28.81 0.31 -24(
2007 1996 -44 22.41 6.40 28.81 0.78 44
Mean| 1997 -43 24.8¢ 7.87 0.7t 43
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Photograph 12: Douglas Glacier 10 March 2007 ,luéism reduced to 800 by 600 pixels.
Note the snowline elevation reported in the Tabl®r early April.
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—NIWA—

Taihoro Nukurangi

No. 685C/60 Mt BUTLER NZMZ 260 sheet J34
Shelf glacier
GLACIER DATA SL DATA
Aspect E
AREA 75 ha ELAO 1840 m
Max Elev 2040 m Max SL 1988
Min Elev 1680 m Min SL 1640 m, 1995
Mean Elev 1860 m Mean SL 1807 m
Length 1 km SL Range 348 m
Elev Range 360 m No. survays 29
Gradien 0
MEASUREMENTS  Digitised values shad
YEAR SNOWLINE | DEPARTURE AREAS ACCUM. MASS
ELEVATION [FROM ELA0 |ACCUM. ABL. TOTAL AREA RATIO |BALANCE
m m ha ha ha (AAR) INDEX
ELAO 1840 0 42.76 31.80 74.56 0.57 0
1977 1785 -55 60.69 13.87 74.56 0.81 55
1978 1952 112 6.39 68.17 74.56 0.09 -117
1979 1895 55 21.46 53.10 74.56 0.29 -55
1980 1806 -34 55.76 18.80 74.56 0.75 34
1981 1800 -40 57.44 17.12 74.56 0.77 40
1982 1868 28 32.10 42.46 74.56 0.43 -28
1983 1640 -200 89.56 0.00 89.56 1.00 200}
1984 1775 -65 62.66 11.90 74.56 0.84 65
1985 1770 -70 63.61 10.95 74.56 0.85 70
1986 1850 10 39.36 35.20 74.56 0.53 -10
1987 1831 -9 46.76 27.80 74.56 0.63 9
1988 1882 42 26.56 48.00 74.56 0.36 -42
1989 1806 -34 55.76 18.80 74.56 0.75 34
1990
1991
1992 1745 -95 67.36 7.20 74.56 0.90 95
1993 1704 -136 72.06 2.50 74.56 0.97 136
1994 1812 -28 53.56 21.00 74.56 0.72 28
1995 1650 -190 94.10 0.00 74.56 1.26 190
1996 1780 -60 62.06 12.50 74.56 0.83 60
1997 1664 -176 76.56 0.00 76.56 1.00 176
1998 1908 68 16.05 58.51 74.56 0.22 -68
1999 1938 98 8.04 66.52 74.56 0.11 -98
2000 1988 148 3.58 70.98 74.56 0.05 -144
2001 1745 -95 67.30 7.26 74.56 0.90 95
2002 1930 90 8.72 65.84 74.56 0.12 -90
2003 1693 -147 73.36 1.20 74.56 0.98 147
2004 1760 -80 66.43 8.13 74.56 0.89 80
2005 1664 -176 76.56 0.00 76.56 1.00 176
2006 1915 75 14.56 62.00 76.56 0.19 -75
2007 1838 -2 43.96 30.60 74.56 0.59 2
Mean 1807 -33 49.0¢ 26.91 75.2¢ 0.6% 33

Glacier snowline survey 2007

53



r\N.LWA/

Taihoro Nukurangi

Mt Butler
2m

150

1

E
il | |
"'E o |-| nuﬂ
s J Uil I I
S a
=
8 -m -
a
&
-1 4
-2m
-2 T T —rT T T —T L ——
R e EEE R o SRR s R Ao UEOS EE
aonnmomonnnannhnnnannn It IggdEHEHEE

Butler correlation

y=-127+1.047*x R2=0857

Butler Annual Departures from ELA,

2 i L B e e e e

T L B e e
=40 -1 -i00 -0 1] a im 150 2m

Alps annual me an deparure from ELA,

Photograph 13: Mt Butler 10 March 2007, resolutieduced to 800 by 600 pixels. Note the
snowline elevation reported in the Table is folyeapril.
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—NIWA—

Taihoro Nukurangi

No. 897-19 DAINTY GL. NZMS sheet J34
Mountain g, reliability A
GL DATA SL DATA
Aspect W
AREA 45.29 | ha ELA 1954 | m
Max Elev 2330 | m Max SL 2130 | m, 1999
Min Elev 1750 m Min SL 1778 | m, 1993
Mean Elev 2040 m Mean SL 1927| m
Length 1.45 km SL Range 352 m
Elev Range 580 m No. Survey, 27
Gradien 0.4
MEASUREMENTS  Digitised values in bold tyj
YEAR SNOWLINE | DEPARTURE AREAS ACCUM. MASS
ELEVATION [FROM ELA |ACCUM. ABL. TOTAL AREA RATIO|BALANCE
m m ha ha ha (AAR) INDEX
1955 2100
ELAO 1954 0 18.29 27 45.29 0.40 0
1977 1922 -32 25.81 19.48 45.29 0.57 32
1978 2011 57 13.09 32.2 45.29 0.29 -57
1979
1980 1947 -7 20.19 25.1 45.29 0.45 7
1981 1877 =77 37.59 7.7 45.29 0.83 77
1982 2047 93 10.49 34.8 45.29 0.23 -93
1983 1855 -99 40.89 4.4 45.29 0.90 99
1984
1985 1873 -81 38.29 7 45.29 0.85 81
1986 1881 -73 36.92 8.37 45.29 0.82 73
1987 1870 -84 39.09 6.2 45.29 0.86 84
1988 1942 -12 20.96 24.33 45.29 0.46 12
1989 1922 -32 25.81 19.48 45.29 0.57 32
1990
1991
1992 1851 -103 41.39 3.9 45.29 0.91 103
1993 1778 -176 43.71 1.58 45.29 0.97 176
1994 1881 -73 36.92 8.37 45.29 0.82 73
1995 1843 -111 41.94 3.35 45.29 0.93 111
1996 1942 -12 20.96 24.33 45.29 0.46 12
1997 1862 -92 40.29 5 45.29 0.89 92
1998 2052 98 10.23 35.06 45.29 0.23 -98
1999 2130 176 4.15 41.14 45.29 0.09 -176
2000 2028 74 11.79 33.5 45.29 0.26 -74
2001 1896 -58 32.95 12.34 45.29 0.73 58
2002 2080 126 8.25 37.04 45.29 0.18 -124
2003 1887 -67 36.09 9.2 45.29 0.80 67
2004 1910 -44 29.05 16.24 45.29 0.64 44
2005 1860 -94 40.89 4.4 45.29 0.90 94
2006 1945 -9 20.2 25.09 45.29 0.45 9
2007 1942 -12 20.96 24.33 45.29 0.46 12
MEANS 1927 -27 27.7¢ 17.5¢ 45.2¢ 0.61 27
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Photograph 14: Dainty Glacier 9 March 2007, resofuteduced to 800 by 600 pixels. Note
the snowline elevation reported in the Table isgfarly April.
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—NIWA—

Taihoro Nukurangi

No. 897/7 KEA GL NZMS 260 sheet J34
Cirque
GL DATA SL DATA
Aspect S
AREA 76.94 | ha ELAo 1820 | m
Max Elev 2030 | m Max SL 2020 | m, 1999
Min Elev 1650 m Min SL 1570 | m, 1995
Mean Elev 1840 m Mean SL 1782 m
Length 0.95 km SL RANGE 450 m
Elev Range 380 m No. Survey 25
Gradien 0.45:%
MEASUREMENTS  Digitised values shad
YEAR SNOWLINE | DEPARTURE AREAS ACCUM. MASS
ELEVATION |[FROM ELA0 |ACCUM. ABL. |TOTAL AREA RATIO|BALANCE
m m ha ha ha (AAR) INDEX
ELAO 1820 0 43.62 23.5 67.12 0.65 0
1977
1978 1885 65 34.25 42.69 76.94 0.45 -65
1979 no flight
1980 1864 44 39.34 37.6 76.94 0.51 -44
1981 1735 -85 66.64 10.3 76.94 0.87 85
1982 1954 134 16.53 60.41 76.94 0.21] -134
1983 1590 -230 96.44 19.5 115.94 0.83 230
1984
1985 1700 -120 73.1 3.84 76.94 0.95 120
1986 1738 -82 66.54 10.4 76.94 0.86 82
1987 1737 -83 66.59 10.35 76.94 0.87 83
1988 1762 -58 60.94 16 76.94 0.79 58
1989 1784 -36 56.43 20.51 76.94 0.73 36
1990
1991
1992
1993 1590 -230 94.83 17.89 112.72 0.84 230
1994 1728 -92 68.13 8.81 76.94 0.89 92
1995 1570 -250 100.75 23.81 124.56 0.81 25(
1996 1900 80 31.26 45.68 76.94 0.41 -80
1997 1668 -152 80.79 3.85 84.63 0.95 152
1998 1898 78 31.74 45.2 76.94 0.41 -78
1999 2020 200 1.47 75.47 76.94 0.02 -20(
2000 2010 190 2.3 74.64 76.94 0.03 -190
2001 1670 -150 76.94 0 76.94 1.00 150
2002 2015 195 0.92 66.2 67.12 0.01 -195
2003 1661 -159 67.12 0 67.12 1.00 159
2004 1730 -90 58.32 8.8 67.12 0.87 90
2005 1665 -155 67.12 0 67.12 1.00 155
2006 1898 78 31.74 35.38 67.12 0.47 -78
2007 1784 -36 46.62 20.5 67.12 0.69 36
MEAN 1782 -38 53.47 26.31 0.6€ 38
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Photograph 15: Kea Glacier 9 March 2007, resolutasluced to 800 by 600 pixels. Note the
snowline elevation reported in the Table is folyeapril.
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—NIWA—

Taihoro Nukurangi

No. 897/1to 5 JASPUR GL. NZMS sheet 134

Glacierette group

GLACIER DATA SNOWLINE DATA
Aspect SW
AREA 14.09 ha ELAO 1725 m
Max Elev 1920 m Max SL 1920 m, 2000
Min Elev 1600 m Min SL 1570 m, 1983
Mean Elev 1760 m Mean SL 1674 m
Length km SL Range 350 m
Elev Range 320 m No. Survey 23
Gradien
MEASUREMENT ¢ Digitised values shad
YEAR SNOWLINE | DEPARTURE AREAS ACCUM. MASS
ELEVATION | FROM ELA0 | ACCUM. ABL. TOTAL | AREARATIO | BALANCE
m m ha ha ha (AAR) INDEX
ELAO 1725 0 9.39 4.7 14.09 0.67 0
1977
1978 1768 43 6.49 7.6 14.09 0.46 -43
1979 no flight 0
1980 1788 63 4.29 9.8 14.09 0.30 -63
1981 0
1982 1710 -15 10.34 3.75 14.09 0.73 15
1983 1570 -155 14.09 0 14.09 1.00 155
1984 0
1985 1620 -105 14.09 0 14.09 1.00 105
1986 1683 -42 11.84 2.25 14.09 0.84 42
1987 0
1988 1683 -42 11.84 2.25 14.09 0.84 42
1989 1696 -29 11.23 2.86 14.09 0.80 29
1990 no flight 0
1991 no flight 0
1992 0
1993 1575 -150 25.59 0 25.59 1.00 150
1994 1605 -120 17.39 0 17.39 1.00 120
1995 1580 -145 19.24 0 19.24 1.00 145
1996 1635 -90 13.59 0 13.59 1.00 90
1997 1625 -100 16.55 0 16.55 1.00 100
1998 1768 43 5.77 8.32 14.09 0.41 -43
1999 >1950 14.09 14.09 0.00 0
2000 >1950 7.84 7.84 0.00 0
2001 1630 -95 13.89 0.2 14.09 0.99 95
2002 1920 195 0 7.84 7.84 0.00 -195
2003 1651 -74 13.59 0 13.59 1.00 74
2004 1630 -95 13.39 0.2 13.59 0.99 95
2005 1600 -125 17.39 0 17.39 1.00 125
2006 1760 35 6.39 7.7 14.09 0.45 -35
2007 1684 -41 11.79 2.3 14.09 0.84 41
MEANS 167¢ -50 12.3: 3.3t 14.6( 0.7z 35
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Photograph 16: Jaspur Group 9 March 2007, resoluéduced to 800 by 600 pixels. Note
the snowline elevation reported in the Table isgfarly April.

Glacier snowline survey 2007 60



—NIWA—

Taihoro Nukurangi

No. 893A-6 SIEGE GL. NZMS 260 sheet 135
Valley glacier
GLACIER DATA SNOW LINE DATA
Aspect SE
AREA 151.9 ha ELAO 1736 m
Max Elev 2130 m Max SL 2150 m, 199
Min Elev 1370 m Min SL 1340 m, 1994
Mean Elev 1750 m Mean SL 1675 m
Length 3.186 km SL Range 810 m
Elev Range 760 m No. Survey 26
Gradien 0.23¢
MEASUREMENTS Digitised values shad
YEAR SNOWLINE | DEPARTURE AREAS ACCUM. MASS
ELEVATION | FROM ELAo| ACCUM. ABL. TOTAL |AREA RATIO| BALANCE
m m ha ha ha (AAR) INDEX
ELAO 1736 0 61.4 90.5 151.9 0.40 0
1977 1672 -64 78.9 73 151.9 0.52 64
1978 1712 -24 67.66 84.24 151.9 0.45 24
1979 no flight
1980 1660 -76 82.19 69.71 151.9 0.54 76
1981 1666 -70 80.4 71.5 151.9 0.53 70
1982 1690 -46 80.4 71.5 151.9 0.53 46
1983 1468 -268 130.57 21.33 151.9 0.86 268
1984
1985 1642 -94 87.96 63.94 151.9 0.58 94
1986 1771 35 48.32 103.58 151.9 0.32 -35
1987
1988 1666 -70 80.4 71.5 151.9 0.53 70
1989 1672 -64 78.81 73.09 151.9 0.52 64
1990 no flight
1991 no flight
1992 1413 -323 141.9 10 151.9 0.93 323
1993 1350 -386 153.9 0 153.9 1.00 386
1994 1620 -116 78.4 73.5 151.9 0.52 116
1995 1340 -396 155.4 0 155.4 1.00 396
1996 1664 -72 80.47 71.43 151.9 0.53 72
1997 1533 -203 116.4 35.5 151.9 0.77 203
1998 1950 214 30.83 121.07 151.9 0.20 -214
1999 2150 414 4.36 147.54 151.9 0.03 -414
2000 2015 279 24.27 127.63 151.9 0.16 =274
2001 1610 -126 97.61 54.29 151.9 0.64 124
2002 1975 239 28.9 123 151.9 0.19 -239
2003 1576 -160 107.4 44.5 151.9 0.71 160
2004 1620 -116 94.9 57 151.9 0.62 116
2005 1533 -203 116.4 35.5 151.9 0.77 203
2006 1664 -72 80.47 71.43 151.9 0.53 72
2007 1718 -18 66.2 85.7 151.9 0.44 18
MEANS 1667 -69 84.3¢ 66.84 0.5t 69
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Photograph 17: Seige Glacier 9 March 2007, resolueduced to 800 by 600 pixels. Note
the snowline elevation reported in the Table isgfarly April.
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—NIWA—

Taihoro Nukurangi

893A-12 VERTEBRAE COL No 12 NZMS 260 sheet 135
Cirque glacier
GLACIER DATA SNOWLINE DATA
Aspect SW
AREA 30.45 |ha ELAO 1864 | m
Max Elev 2100 | m Max SL 2090 | m, 1999
Min Elev 1730 | m Min SL 1768 | m, 1992
Mean Elev 1915 | m Mean SL 1836| m
Length 0.63 km SL Range| 322 m
Elev Range 370 m No. surveys 25
Gradien 0.59:2
MEASUREMENTS  Digitised values shad
YEAR SNOWLINE | DEPARTURE AREAS ACCUM. MASS
ELEVATION | FROM ELAo| ACCUM. ABL. TOTAL |AREA RATIO| BALANCE
m m ha ha ha (AAR) INDEX
ELAO 1864 0 22.95 7.50 30.45 0.75 0
1977
1978 1851 -13 24.15 6.30 30.45 0.79 13
1979 no flight
1980 1897 33 19.58 10.87 30.45 0.64 -33
1981 1804 -60 27.45 3.00 30.45 0.90 60
1982 1831 -33 25.65 4.80 30.45 0.84 33
1983 1791 -73 28.35 2.10 30.45 0.93 73
1984
1985 1797 -67 27.95 2.50 30.45 0.92 67
1986 1811 -53 27.05 3.40 30.45 0.89 53
1987 no visit
1988 1851 -13 24.15 6.30 30.45 0.79 13
1989 1813 -51 26.96 3.49 30.45 0.89 51
1990 no flight
1991 no flight
1992 1768 -96 29.35 1.10 30.45 0.96 96
1993 1778 -86 28.95 1.50 30.45 0.95 86
1994 1796 -68 28.05 2.40 30.45 0.92 68
1995 1778 -86 28.94 1.51 30.45 0.95 86
1996 1796 -68 28.05 2.40 30.45 0.92 68
1997 1786 -78 28.55 1.90 30.45 0.94 78
1998 1835 -29 25.5 4.95 30.45 0.84 29
1999 2090 226 0.73 29.72 30.45 0.02 -226
2000 1993 129 5.53 24.92 30.45 0.18 -124
2001 1794 -70 27.87 2.58 30.45 0.92 70
2002 2000 136 4.45 26.00 30.45 0.15 -136
2003 1809 -55 27.35 3.10 30.45 0.90 55
2004 1796 -68 27.95 2.50 30.45 0.92 68
2005 1785 -79 28.55 1.90 30.45 0.94 79
2006 1820 -44 26.45 4.00 30.45 0.87 44
2007 1836 -28 25.35 5.10 30.45 0.83 28
MEAN 183¢ -28 24,12 6.3< 30.4¢ 0.7¢ 28
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Photograph 18Vertebrae Glaciers 12 (left) and 25 (rigf@)March 2007, resolution reduced to
800 by 600 pixels. Note the snowline elevation regabin the Table is for early April.

Glacier snowline survey 2007 64



—NIWA—

Taihoro Nukurangi

893A/ 25 VERTEBRAE COL No. 25 NZMS 260 sheet 135
Mountain glacier
GLACIER DATA SNOWLINE DATA
Aspect SW
Area 75.55 ha ELAo0 1840 m
Max Elev 2040 m Max SL 1965 m, 1999
Min Elev 1700 m Min SL 1746 m, 1992
Mean Elev 1850 m Mean SL 1819 m
Length 1.15Km km SL Range 219 m
ElevRang 360n m No. survey 25
Gradien 0.31:
No 25
MEASUREMENTS  Digitised values shad:
YEAR SNOWLINE | DEPARTURE AREAS ACCUM. MASS
ELEVATION | FROM ELAo| ACCUM. ABL. TOTAL |AREA RATIO| BALANCE
m m ha ha ha (AAR) INDEX
ELAO 1840 0 45.33 30.22 75.55 0.60 0
1977
1978 1870 30 49.49 26.06 75.55 0.66 -30
1979
1980 1865 25 52.12 23.43 75.55 0.69 -25
1981 1802 -39 70.44 5.11 75.55 0.93 39
1982 1840 0 65.53 10.02 75.55 0.87 0
1983 1778 -62 71.55 4.00 75.55 0.95 62
1984
1985 1790 -50 70.55 5.00 75.55 0.93 50
1986 1813 -27 67.05 8.50 75.55 0.89 27
1987
1988 1843 3 60.35 15.20 75.55 0.80 -3
1989 1820 -20 65.56 9.99 75.55 0.87 20
1990
1991
1992 1746 -94 73.65 1.90 75.55 0.97 94
1993 1756 -84 73.08 2.47 75.55 0.97 84
1994 1786 -54 71.05 4.50 75.55 0.94 54
1995 1756 -84 73.08 2.47 75.55 0.97 84
1996 1786 -54 71.05 4.50 75.55 0.94 54
1997 1770 -71 72.25 3.30 75.55 0.96 71
1998 1835 -5 61.98 13.57 75.55 0.82 5
1999 1965 125 2.64 72.91 75.55 0.03 -124
2000 1910 70 18.08 57.47 75.55 0.24 -70
2001 1807 -33 68.03 7.52 75.55 0.90 33
2002 1920 80 12.55 63.00 75.55 0.17 -80
2003 1789 -51 70.75 4.80 75.55 0.94 51
2004 1795 -45 70.55 5.00 75.55 0.93 45
2005 1765 -75 72.25 3.30 75.55 0.96 75
2006 1834 -6 61.98 13.57 75.55 0.82 6
2007 1824 -16 64.85 10.70 75.55 0.86 16
MEAN 181¢ -21 60.4: 15.1: 0.8C 21
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Taihoro Nukurangi

RIDGE GL.

Mountain glacier

NZMS sheet L24

GLACIER DATA SNOWLINE DATA

Aspect SE

AREA 73.52 | ha ELAO 2226 |m

Max Elev 2490 | m Max SL 2315 | m,1999

Min Elev 2110 | m Min SL 2085 | m,1984

Mean Elev 2300 | m Mean SL 2211 m

Length 1.04 | km SL Range| 230 m

Elev Rang 38C m No. survey 24

Gradien 0.36¢

MEASUREMENTS  Digitised values shad

YEAR SNOWLINE | DEPARTURE AREAS ACCUM. MASS

ELEVATION | FROM ELAo| ACCUM. ABL. TOTAL |AREA RATIO| BALANCE

m m ha ha ha (AAR) INDEX
ELAO 2226 0 51.72 21.80 73.52 0.70 0
1977
1978 2305 79 22.22 51.30 73.52 0.30 -79
1979 no flight
1980
1981 2228 2 49.41 24.11 73.52 0.67 -2
1982 2236 10 47.98 25.54 73.52 0.65 -10
1983 2211 -15 56.32 17.20 73.52 0.77 15
1984 2085 -141 76.52 0.00 76.52 1.00 141
1985 2194 -32 60.40 13.12 73.52 0.82 32
1986 2217 -9 55.02 18.50 73.52 0.75 9.1
1987
1988 2285 59 27.82 45.70 73.52 0.38 -59
1989 2277 51 30.01 43.51 73.52 0.41 -51
1990 no flight
1991 no flight
1992
1993 2100 -126 75.02 0.00 75.02 1.00 126
1994 2170 -56 66.32 7.20 73.52 0.90 56
1995 2132 -94 70.83 2.69 73.52 0.96 94
1996 2138 -88 70.01 3.51 73.52 0.95 88
1997 2090 -136 76.32 0.00 76.32 1.00 136
1998 2235 9 47.02 25.50 72.52 0.65 -9
1999 2315 89 53.30 20.22 73.52 0.72 -89
2000 2305 79 44.87 28.65 73.52 0.61 -79
2001 2110 -116 73.52 0.00 73.52 1.00 116
2002 2300 74 23.12 50.40 73.52 0.31 -74
2003 2163 -63 66.22 7.30 73.52 0.90 63
2004 2228 2 50.04 23.48 73.52 0.68 -2
2005 2165 -61 66.32 7.20 73.52 0.90 61
2006 2310 84 52.50 21.02 73.52 0.71 -84
2007 2256 30 37.42 36.10 73.52 0.51 -30
MEAN 2211 -15 54.11 19.6¢ 0.7: 15
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Photograph 19: Ridge Glacier 10 March 2007, reswiutduced to 800 by 600 pixels. Note
the snowline elevation reported in the Table isgfarly April.
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Taihoro Nukurangi

No. 711 /3! LANGDALE GL. NZMS 260 sheet H36

Cirque glacier

GLACIER DATA SNOWLINE DATA
Aspect NW
AREA 40.42 | ha ELA 2186 |m
Max Elev 2580 | m Max SL 2328 | m,1998
Min Elev 2090 | m Min SL 1955 | m,1984
Mean Elev 2335 | m Mean SL 2153 m
Length 1.03 km SL Range 373 m
Elev Rang 49C m No. survey 27
Gradien 0.47¢
MEASUREMENTS  Digitised values shad
YEAR SNOWLINE | DEPARTURE AREAS ACCUM. MASS
ELEVATION | FROM ELA | ACCUM. ABL. TOTAL |AREA RATIO| BALANCE
m m ha ha ha (AAR) INDEX
ELAO 2186 0 29.42 11.00 40.42 0.73 0
1977 2220 34 32.62 7.80 40.42 0.81 -34
1978 2275 89 19.42 21.00 40.42 0.48 -89
1979 no flight
1980
1981 2265 79 15.12 25.30 40.42 0.37 -79
1982 2305 119 24.25 16.17 40.42 0.60 -114
1983 2185 -1 33.72 6.70 40.42 0.83 1
1984 1960 -226 47.33 0.00 47.33 1.17 226
1985 1965 -221 38.73 1.69 40.42 0.96 221
1986 2200 14 36.22 4.20 40.42 0.90 -14
1987 2185 -1 37.52 2.90 40.42 0.93 1
1988 2190 4 27.92 12.50 40.42 0.69 -4
1989 2255 69 18.37 22.05 40.42 0.45 -69
1990 no flight
1991 no flight
1992 1960 -226 45.42 0.00 45.42 1.12 226
1993 1955 -231 47.33 0.00 47.33 1.17 231
1994 2200 14 13.85 26.57 40.42 0.34 -14
1995 1960 -226 47.33 0.00 47.33 1.17 226
1996 2185 -1 24.58 15.84 40.42 0.61 1
1997 1960 -226 47.33 0.00 47.33 1.17 226
1998 2328 142 5.40 35.02 40.42 0.13 -147
1999 2320 134 7.62 32.80 40.42 0.19 -134
2000 2315 129 12.42 28.00 40.42 0.31 -124
2001 1960 -226 45.42 0.00 45.42 1.12 226
2002 2285 99 9.42 31.00 40.42 0.23 -99
2003 1960 -226 45.42 0.00 45.42 1.12 226
2004 2185 -1 36.64 8.78 45.42 0.91 1
2005 1965 -221 45.42 0.00 45.42 1.12 221
2006 2295 109 9.42 31.00 40.42 0.23 -104
2007 2293 107 9.52 30.90 40.42 0.24 -107
MEAN 215¢ -33 29.0¢ 13.3¢ 0.7z 33
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Photograph 20: Langdale Glacier 9 March 2007, ol reduced to 800 by 600 pixels.
Note the snowline elevation reported in the Tabl®r early April.
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Taihoro Nukurangi

No. 7111/12 TASMAN GL. NZMS 260 sheet

Valley glacier

GLACIER DATA SNOWLINE DATA
Aspect SW
Max Elev ELAO 1790 1955 to '0]
Min Elev ELA 1781 |19771to'0}
Mean Elev Max SL 2100 | m, 1990
Elev Range Min SL 1666 | m, 1995
Length Mean SL 1781 | m
Gradient SL Range 434 m
Gradient @ 0.09¢ No. survey 31
MEASUREMENTS  Values from contour counts shai
YEAR SNOWLINE | DEPARTURE AREAS ACCUM. MASS
ELEVATION | FROM ELA | ACCUM. ABL. TOTAL |AREA RATIO| BALANCE
m m ha ha ha (AAR) INDEX
ELAO 1790 Too large to measure
1977 1780 -10 10
1978 1875 85 -85
1979 1700 -90 90
1980 1810 20 -20
1981 1755 -35 35
1982 1760 -30 30
1983 1710 -80 80
1984 1695 -95 95
1985 1700 -90 90
1986 1780 -10 10
1987 1761 -29 29
1988 1840 50 -50
1989 1760 -30 30
1990 2100 310 -310
1991 1755 -35 35
1992 1690 -100 100
1993 1682 -108 108
1994 1770 -20 20
1995 1666 -124 124
1996 1755 -35 35
1997 1688 -102 102
1998 1853 63 -63
1999 1976 186 -186
2000 1900 110 -110
2001 1710 -80 80
2002 1895 105 -105
2003 1710 -80 80
2004 1750 -40 40
2005 1750 -40 40
2006 1850 60 -60
2007 1796 6 -6
MEAN 1781 -9 9
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Photograph 21: Tasman Glacier 9 March 2007, resoluéduced to 800 by 600 pixels. Note
the snowline elevation reported in the Table iscanly April.
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Taihoro Nukurangi

No. 888B/3 SALISBURY SNOWIELD NZMS 260 sheet H35
Mountain glacier
GLACIER DATA SNOWLINE DATA
Aspect SW
AREA 311.90 | ha ELA0 1810 m
Max Elev 2390 m Max SL 2030 m, 1999
Min Elev 1340 m Min SL 1645 m, 1995
Mean Elev 1865 m Mean SL 1782|m
Length 2.98 km SL Range 385 m
Elev Rang 105C m No. survey 28
Gradien 0.352
MEASUREMENTS Digitised values shad
YEAR SNOWLINE | DEPARTURE AREAS ACCUM. MASS
ELEVATION | FROM ELAo ACCUM. ABL. TOTAL AREARATIO | BALANCE
m m ha ha ha (AAR) INDEX
ELAo 1810 0 246.90 65.00 311.90 0.79 0
1977 1827 17 239.90 72.00 311.90 0.77 -17
1978 1827 17 239.90 72.00 311.90 0.77 -17
1979 No flight
1980 1842 32 228.51 83.39 311.90 0.73 -32
1981 1752 -58 268.90 43.00 311.90 0.86 58
1982 1827 17 239.90 72.00 311.90 0.77 -17
1983 1718 -92 279.56 32.34 311.90 0.90 92
1984 1760 -51 266.90 45.00 311.90 0.86 51
1985 1734 -76 275.90 36.00 311.90 0.88 76
1986 1809 -1 250.90 61.00 311.90 0.80 1
1987 1775 -35 261.90 50.00 311.90 0.84 35
1988 1729 -81 268.90 43.00 311.90 0.86 81
1989 1744 -66 271.90 40.00 311.90 0.87 66
1990 No flight
1991 No flight
1992 1681 -129 289.90 22.00 311.90 0.93 129
1993 1710 -100 279.90 32.00 311.90 0.90 100
1994 1772 -38 228.96 82.94 311.90 0.73 38
1995 1645 -165 296.67 15.23 311.90 0.95 165
1996 1752 -58 267.90 44.00 311.90 0.86 58
1997 1726 -84 276.90 35.00 311.90 0.89 84
1998 1852 42 223.24 88.66 311.90 0.72 -42
1999 2030 220 116.70 195.20 311.90 0.37 -220
2000 1982 172 132.50 179.40 311.90 0.42 -172
2001 171t -95 281.6¢ 30.24 311.9( 0.9C 95
200z 186( 50 219.0( 92.0C 311.0( 0.7C -50
200z 171t -95 279.9( 32.0C 311.9( 0.9C 95
200¢ 173z -78 275.9( 36.0C 311.9( 0.8¢ 78
200¢ 171t -95 281.6¢ 30.2¢ 311.9( 0.9C 95
2006 1850 40 223.24 88.66 311.90 0.72 -40
2007 1810 0 248.90 63.00 311.90 0.80 0
Mean 178z -28 251 61 0.8C 28
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Photograph 22: Salisbury Snowfield 9 March 2003ohation reduced to 800 by 600 pixels.
Note the snowline elevation reported in the Tablor early April.

Glacier snowline survey 2007 74



—NIWA—

Taihoro Nukurangi

No. 886/2 & 888B/7 JALF GL. and Baumann Gl. NZMS 260 sheet H35
Small saddle glacier
GLACIER DATA SNOWLINE DATA
Aspects N &S, E&W
AREA 102.10 | ha ELAO 1790 m
Max Elev 1985 m Max SL 2055 m, 2000
Min Elev 1580 m Min SL 1550 m, 1995
Mean Elev 1783 m Mean SL 1726 m
Length na SL Range 505 m
Elev Rang 40t m No. survey 27
Gradien ne
MEASUREMENTS Digitised values shad
YEAR SNOWLINE | DEPARTURE AREAS ACCUM. MASS
ELEVATION | FROM ELAo ACCUM. ABL. TOTAL AREARATIO | BALANCE
m m ha ha ha (AAR) INDEX
ELAO 1790 0 14.10 88.00 102.10 0.14 0
1977 1775 -15 21.30 80.80 102.10 0.21 15
1978 1780 -10 19.10 83.00 102.10 0.19 10
1979 no visit
1980 1758 -32 36.41 65.69 102.10 0.36 32
1981 1725 -65 66.10 36.00 102.10 0.65 65
1982 1795 5 13.10 89.00 102.10 0.13 -5
1983 1560 -230 104.60 0.00 104.60 1.02 230
1984 1712 -78 72.96 29.14 102.10 0.71 78
1985 1644 -146 92.18 9.92 102.10 0.90 146
1986 1770 -20 24.40 77.70 102.10 0.24 20
1987 1739 -51 56.10 46.00 102.10 0.55 51
1988 1758 -32 36.10 66.00 102.10 0.35 32
1989 1759 -31 35.62 66.48 102.10 0.35 31
1990 no visit
1991 no visit
1992 1580 -210 102.10 0.00 102.10 1.00 210
1993 1570 -220 103.60 0.00 103.60 1.01 220
1994 1752 -38 41.47 60.63 102.10 0.41 38
1995 1550 -240 106.10 0.00 106.10 1.04 240
1996 1782 -8 17.25 84.85 102.10 0.17 8
1997 1599 -191 99.54 2.56 102.10 0.97 191
1998 1787 -3 15.82 86.28 102.10 0.15 3
1999 2050 260 0.00 102.10 102.10 0.00 -260
2000 2055 265 0.00 102.10 102.10 0.00 -265
2001 170t -85 76.0¢ 26.0¢ 102.1( 0.74 85
200z 0.0C
200: 160( -19C 99.1( 3.0C 102.1( 0.97 19C
200¢ 162( -17C 96.6( 5.5C 102.1( 0.9t 17C
200t 160( -19C 99.1( 3.0C 102.1( 0.97 19C
2006 1785 -5 2.10 100.00 102.10 0.02 5.00
2007 1792 2 14.10 88.00 102.10 0.14 -2.00
MEAN 172¢ -64 53.7¢ 48.6¢ 0.5: 64
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Photograph 23: Jalf Glacier 9 March 2007, resotutexluced to 800 by 600 pixels. Note the
snowline elevation reported in the Table is folyeapril.

Glacier snowline survey 2007 76



—NIWA—

Taihoro Nukurangi

No. 882A/7 CHANCELLOR DOME NZMS 260 sheet H35 & HJ
Cirque glacier
GLACIER DATA SNOWLINE DATA
Aspect SW
AREA 24.08 |ha ELAO 1756 m
Max Elev 1960 m Max SL 1950 m, 1999
Min Elev 1580 m Min SL 1545 m, 1995
Mean Elev 1770 m Mean SL 1720 m
Length 0.55 km SL Range 405 m
Elev Rang 38( m No. survey 26
Gradien 0.43¢
MEASUREMENTS Digitised values shad
YEAR SNOWLINE | DEPARTURE AREAS ACCUM. MASS
ELEVATION | FROM ELAo ACCUM. ABL. TOTAL AREA RATIO | BALANCE
m m ha ha ha (AAR) INDEX
ELAO 1756 0 18.83 5.25 24.08 0.78 0
1977 1852 96 9.45 14.63 24.08 0.39 -96
1978 1851 95 9.63 14.45 24.08 0.40 -95
1979
1980 1833 77 13.85 10.23 24.08 0.58 -77
1981 1663 -93 21.05 3.03 24.08 0.87 93
1982 1848 92 10.67 13.41 24.08 0.44 -92
1983 1545 -211 28.90 0.00 28.90 1.20 211
1984
1985 1609 -147 22.95 1.13 24.08 0.95 147
1986 1678 -78 20.65 3.43 24.08 0.86 78
1987 1728 -28 19.33 4.75 24.08 0.80 28
1988 1808 52 17.33 6.75 24.08 0.72 -52
1989 1678 -78 20.59 3.49 24.08 0.86 78
1990
1991
1992
1993 1550 -206 27.99 0.00 27.99 1.16 206
1994 1609 -147 22.95 1.13 24.08 0.95 147
1995 1545 -211 28.90 0.00 28.90 1.20 211
1996 1720 -36 7.42 16.66 24.08 0.31 36
1997 1580 -176 24.08 0.00 24.08 1.00 176
1998 1848 92 10.67 13.41 24.08 0.44 -92
1999 1950 194 0.00 24.08 24.08 0.00 -194
2000 1945 189 0.00 15.46 15.46 0.00 -189
2001 1570 -186 0.00 24.08 24.08 0.00 186
2002 1915 159 1.38 22.70 24.08 0.06 -159
2003 1570 -186 0.00 24.08 24.08 0.00 186
2004 1605 -151 22.95 1.13 24.08 0.95 151
2005 1575 -181 0.00 24.08 24.08 0.00 181
2006 1850 94 10.00 14.08 24.08 0.42 -94
2007 1799 43 17.88 6.20 24.08 0.74 -43
MEAN 172( -36 14.1¢ 10.0¢ 0.5¢ 36
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Photograph 24: Chancellor Glacier 9 March 200hQlw®n reduced to 800 by 600 pixels.
Note the snowline elevation reported in the Tabl®r early April.
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—NIWA—

Taihoro Nukurangi

No. 711F/6 GLENMARY GL. NZMS 260 sheet H37
Cirque glacier
GLACIER DATA SNOWLINE DATA
Aspect S
AREA 58.51 ha ELAO 2164 |m
Max Elev 2350 m Max SL 2272 m, 1999
Min Elev 2010 m Min SL 2020 m, 1984
Mean Elev 2180 m Mean SL 21482 m
Length 1.19 km SL Range 252 m
Elev Rang 34C m No. Survey 25
Gradien 0.27i
MEASUREMENTS Digitised values shad
YEAR SNOWLINE | DEPARTURE AREAS ACCUM. MASS
ELEVATION | FROM ELAo ACCUM. ABL. TOTAL AREA RATIO | BALANCE
m m ha ha ha (AAR) INDEX
ELAO 2164 0 39.51 19.00 58.51 0.68 0
1977
1978 2238 74 22.93 35.58 58.51 0.39 -74
1979
1980 2073 91 53.45 5.06 58.51 0.91 91
1981 2130 -34 46.11 12.40 58.51 0.79 34
1982 2181 17 36.00 22.51 58.51 0.62 -17
1983 2135 -29 44.85 13.66 58.51 0.77 29
1984 2020 -144 57.31 1.20 58.51 0.98 144
1985 2108 -56 49.42 9.09 58.51 0.84 56
1986
1987
1988 2180 16 36.51 22.00 58.51 0.62 -16
1989 2180 16 36.02 22.49 58.51 0.62 -16
1990
1991
1992 2140 -24 44.31 14.20 58.51 0.76 24
1993 2107 -57 49.51 9.00 58.51 0.85 57
1994 2121 -43 47.41 11.10 58.51 0.81 43
1995 2119 -45 47.64 10.87 58.51 0.81 45
1996 2128 -36 46.26 12.25 58.51 0.79 36
1997 2052 -112 55.52 2.99 58.51 0.95 112
1998 2200 36 32.34 26.17 58.51 0.55 -36
1999 2272 108 13.37 45.14 58.51 0.23 -108
2000 2248 84 20.19 38.32 58.51 0.35 -84
2001 2118 -46 47.78 10.73 58.51 0.82 46
2002 2210 46 30.01 28.50 58.51 0.51 -46
2003 2115 -49 48.31 10.20 58.51 0.83 49
2004 2125 -39 46.26 12.25 58.51 0.79 39
2005 2110 -54 48.31 10.20 58.51 0.83 54
2006 2205 41 31.12 27.39 58.51 0.53 -41
2007 2190 26 34.31 24.20 58.51 0.59 -26
Mean 214¢ -16 41.C 17.5 0.7C 16
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Photograph 25: Glenmary Glacier on 10 March 20836lution reduced to 800 by 600 pixé\ote
the snowline elevation reported in the Table iscfarly April.
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No. 711-D/38

BLAIR GL.

—NIWA—

Mountain glacier

Taihoro Nukurangi

NZMS 260 sheet H37 & G37

GLACIER DATA SNOWLINE DATA
Aspect SE
AREA 24.62 ha ELA0 1938 m
Max Elev 2240 m Max SL 2090 m, 1999
Min Elev 1790 m Min SL 1812 m, 1983
Mean Elev 2015 m Mean SL 1918 m
Length 0.63 km SL Range 278 m
Elev Rang 45C m No. Survey 24
Gradien 0.71
MEASUREMENTS Digitised values shad
YEAR SNOWLINE | DEPARTURE AREAS ACCUM. MASS
ELEVATION | FROM ELAo ACCUM. ABL. TOTAL AREARATIO | BALANCE
m m ha ha ha (AAR) INDEX
ELAo 1938 0 18.52 7.90 26.42 0.70 0
1977
1978 2012 74 13.42 13.00 26.42 0.51 -74
1979
1980 1863 -75 22.82 3.60 26.42 0.86 75
1981 1925 -13 19.23 7.19 26.42 0.73 13
1982 1887 -51 21.52 4.90 26.42 0.81 51
1983 1812 -126 25.28 1.14 26.42 0.96 126
1984 1858 -80 23.12 3.30 26.42 0.88 80
1985 1853 -85 23.28 3.14 26.42 0.88 85
1986
1987 1870 -68 22.43 3.99 26.42 0.85 68
1988 1995 57 14.82 11.60 26.42 0.56 -57
1989 1876 -62 22.10 4.32 26.42 0.84 62
1990
1991
1992
1993 1953 15 17.69 8.73 26.42 0.67 -15
1994 1865 -73 22.72 3.70 26.42 0.86 73
1995 1853 -85 23.28 3.14 26.42 0.88 85
1996 1940 2 18.44 7.98 26.42 0.70 -2
1997
1998 1972 34 16.36 10.06 26.42 0.62 -34
1999 2090 152 6.04 20.38 26.42 0.23 -152
2000 2085 147 6.17 20.25 26.42 0.23 -147
2001 1842 -96 23.75 2.67 26.42 0.90 96
2002 2005 67 14.02 12.40 26.42 0.53 -67
2003 1845 -93 23.62 2.80 26.42 0.89 93
2004 1850 -88 23.28 3.14 26.42 0.88 88
2005 1850 -88 23.28 3.14 26.42 0.88 88
2006 1960 22 17.60 8.82 26.42 0.67 -22
2007 1972 34 16.36 10.06 26.42 0.62 -34
MEAN 191¢ -20 19.1¢ 7.2% 0.7t 20
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Photograph 26: Blair Glacier on 9 March 2007, resoh reduced to 800 by 600 pixeMote the
snowline elevation reported in the Table is folyeapril.
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—NIWA—

Taihoro Nukurangi

No. 711D/21 Mt. McKENZIE NZMS 260 sheet G37
Mountain glacier
GLACIER DATA SNOWLINE DATA
Aspect S
AREA 48.67 ha ELAO 1904 m
Max Elev 2100 m Max SL 2078 m, 1999
Min Elev 1760 m Min SL 1715 m, 1983
Mean Elev 1930 m Mean SL 1873 m
Length 0.69 km SL Range 363 m
Elev Rang 34C m No. Survey 25
Gradien 0.4¢
MEASUREMENTS Digitised values shad
YEAR SNOWLINE | DEPARTURE AREAS ACCUM. MASS
ELEVATION | FROM ELAo ACCUM. ABL. TOTAL AREARATIO | BALANCE
m m ha ha ha (AAR) INDEX
ELAO 1904 0 30.87 17.80 48.67 0.63 0
1977
1978 1950 46 22.78 25.89 48.67 0.47 -46
1979
1980 1910 6 29.86 18.81 48.67 0.61 -6
1981 1888 -16 33.48 15.19 48.67 0.69 16
1982 1902 -2 31.35 17.32 48.67 0.64 2
1983 1720 -184 60.63 -11.96 48.67 1.25 184
1984 1842 -62 39.64 9.03 48.67 0.81 62
1985 1780 -124 48.67 0.00 48.67 1.00 124
1986 1917 13 28.87 19.80 48.67 0.59 -13
1987 1890 -14 33.23 15.44 48.67 0.68 14
1988
1989 1912 8 29.70 18.97 48.67 0.61 -8
1990
1991
1992
1993 1782 -122 46.35 2.32 48.67 0.95 122
1994 1912 8 29.70 18.97 48.67 0.61 -8
1995 1805 -99 43.86 4.81 48.67 0.90 99
1996 1910 6 29.86 18.81 48.67 0.61 -6
1997 1715 -189 60.63 -11.96 48.67 1.25 189
1998 1935 31 25.53 23.14 48.67 0.52 -31
1999 2078 174 2.81 45.86 48.67 0.06 -174
2000 2052 148 5.83 42.84 48.67 0.12 -148
2001 1805 -99 43.87 4.80 48.67 0.90 99
2002 1960 56 20.67 28.00 48.67 0.42 -56
2003 1770 -134 47.72 0.95 48.67 0.98 134
2004 1782 -122 46.35 2.32 48.67 0.95 122
2005 1772 -132 47.72 0.95 48.67 0.98 132
2006 1910 6.00 29.86 18.81 48.67 0.61 -6
2007 1919 15.00 28.67 20.00 48.67 0.59 -15
MEAN 187: -31 34.71 13.9¢ 0.71 31
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Photograph 27: McKenzie Glacier on 9 March 2003ok&tion reduced to 800 by 600 pixdiote
the snowline elevation reported in the Table iscfarly April.
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—NIWA—

Taihoro Nukurangi

No. 868B/94 JACKSON GL NZMS 260 sheet H37
Mountain glacier
GLACIER DATA SNOWLINE DATA
Aspect NW
AREA 52.15 ha ELAo 2070 m
Max Elev 2300 m Max SL 2165 m, 1999
Min Elev 1920 m Min SL 1990 m, 1984
Mean Elev 2110 m Mean SL 2055 m
Length 0.5 km SL Range 175 m
Elev Rang 38C m No. Survey 23
Gradien 0.7¢
MEASUREMENTS Digitised values shad
YEAR SNOWLINE | DEPARTURE AREAS ACCUM. MASS
ELEVATION | FROM ELAo ACCUM. ABL. TOTAL AREARATIO | BALANCE
m m ha ha ha (AAR) INDEX
55 2100
ELAo 2070 0 30.15 22.00 52.15 0.58 0
1977
1978 2098 28 23.37 28.78 52.15 0.40 -28
1979
1980 2050 -20 35.65 16.50 52.15 0.62 20
1981
1982 2078 8 28.15 24.00 52.15 0.49 -8
1983 2032 -38 41.85 10.30 52.15 0.72 38
1984 1990 -80 49.05 3.10 52.15 0.85 80
1985 2014 -56 45.32 6.83 52.15 0.78 56
1986
1987 2061 -9 32.71 19.44 52.15 0.56 9
1988
1989 2080 10 27.75 24.40 52.15 0.48 -10
1990
1991
1992
1993 1992 -78 48.97 3.18 52.15 0.85 78
1994 2045 -25 37.12 15.03 52.15 0.64 25
1995 2018 -52 44.31 7.84 52.15 0.77 52
1996 2072 2 29.97 22.18 52.15 0.52 -2
1997 2016 -54 44.85 7.30 52.15 0.77 54
1998 2082 12 27.05 25.10 52.15 0.47 -12
1999 2165 95 8.64 43.51 52.15 0.15 -95
2000 2133 63 15.49 36.66 52.15 0.27 -63
2001 2016 -54 45.00 7.15 52.15 0.78 54
2002 2103 33 22.77 29.38 52.15 0.39 -33
2003 2015 -55 50.65 1.50 52.15 0.87 55
2004 2016 -54 45.00 7.15 52.15 0.78 54
2005 2014 -56 45.32 6.83 52.15 0.78 56
2006 2085 15 27.00 25.15 52.15 0.47 -15
2007 2084 14 27.02 25.13 52.15 0.47 -14
MEAN 205¢ -15 34.91 17.2¢ 0.6( 15
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Photograph 28: Jackson Glacier on 9 March 2008|utisn reduced to 800 by 600 pixeMote the
snowline elevation reported in the Table is folyeapril.
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—NIWA—

Taihoro Nukurangi

No. 875/15 JACK GL. NZMS 260 sheet G37
Small cirque glacier
GLACIER DATA SNOWLINE DATA
Aspect w
AREA 21.48 ha ELAo 1907 m
Max Elev 2280 m Max SL 2008 m, 1999
Min Elev 1800 m Min SL 1750 m, 1983
Mean Elev 2040 m Mean SL 1880 m
Length 0.337 km SL Range 258 m
Elev Rang 48( m No. Survey 26
Gradien 1.4z
MEASUREMENTS Digitised values shad
YEAR SNOWLINE | DEPARTURE AREAS ACCUM. MASS
ELEVATION | FROM ELAo ACCUM. ABL. TOTAL AREARATIO | BALANCE
m m ha ha ha (AAR) INDEX
ELAo 1907 0 15.68 5.80 21.48 0.73 0
1977
1978 1938 31 11.48 10.00 21.48 0.53 -31
1979
1980 1930 23 12.88 8.60 21.48 0.60 -23
1981 1885 -22 17.35 4,13 21.48 0.81 22
1982 1951 44 9.00 12.48 21.48 0.42 -44
1983 1750 -157 29.77 -8.29 21.48 1.39 157
1984 1828 -79 19.68 1.80 21.48 0.92 79
1985 1875 -32 17.88 3.60 21.48 0.83 32
1986 1935 28 11.98 9.50 21.48 0.56 -28
1987 1905 -2 15.88 5.60 21.48 0.74 2
1988 1875 -32 17.88 3.60 21.48 0.83 32
1989 1898 -9 16.55 4,93 21.48 0.77 9
1990 no visit
1991 no visit
1992 1817 -90 19.88 1.60 21.48 0.93 90
1993 1765 -142 21.13 0.35 21.48 0.98 142
1994 1880 -27 17.68 3.80 21.48 0.82 27
1995 1755 -152 26.98 0.49 27.47 1.26 152
1996 1958 51 7.63 13.85 21.48 0.36 -51
1997 1805 -102 20.19 1.29 21.48 0.94 102
1998 1940 33 11.15 10.33 21.48 0.52 -33
1999 2008 101 1.96 19.52 21.48 0.09 -101
2000 1992 85 2.86 18.62 21.48 0.13 -85
2001 1798 -109 20.40 1.08 21.48 0.95 109
2002 1985 78 3.68 17.80 21.48 0.17 -78
2003 1760 -147 21.48 0.00 21.48 1.00 147
2004 cloud
2005 1795 -112 20.40 1.08 21.48 0.95 112
2006 1935 28 11.98 9.50 21.48 0.56 -28.0(
2007 1923 16 13.68 7.80 21.48 0.64 -16.0(
MEAN 188( -27 15.4¢ 6.27 0.7z 27
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Photograph 29: Jack Glacier on 9 March 2007, réisolueduced to 800 by 600 pixeNote the
snowline elevation reported in the Table is folyeapril.
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—NIWA—

Taihoro Nukurangi

No. 711B/39 Mt. St. MARY NZMS 260 sheet G38
Rock glacier
GLACIER DATA SNOWLINE DATA
Aspect SE
AREA 28.32 ha ELAo 1926 m
Max Elev 2200 m Max SL 2130 m, 2000
Min Elev 1760 m Min SL 1755 m, 1984
Mean Elev 1980 m Mean SL 1886 m
Length 0.7 km SL Range 375 m
Elev Rang 44(C m No. Survey 20
Gradien 0.62¢
MEASUREMENTS Digitised values shad
YEAR SNOWLINE | DEPARTURE AREAS ACCUM. MASS
ELEVATION | FROM ELAo ACCUM. ABL. TOTAL AREARATIO | BALANCE
m m ha ha ha (AAR) INDEX
ELAo 1926 0 6.52 21.80 28.32 0.23 0
1977
1978
1979
1980
1981
1982
1983
1984 1755 -171 20.32 8.00 28.32 0.72 171
1985
1986 1835 91 12.33 15.99 28.32 0.44 91
1987
1988 1907 -19 7.92 20.40 28.32 0.28 19
1989 1972 46 4.41 23.91 28.32 0.16 -46
1990
1991
1992 1850 -76 11.32 17.00 28.32 0.40 76
1993 1785 -141 16.69 11.63 28.32 0.59 141
1994 1850 -76 11.32 17.00 28.32 0.40 76
1995 1770 -156 18.39 9.93 28.32 0.65 156
1996 1855 -71 11.08 17.24 28.32 0.39 71
1997 1842 -84 11.75 16.57 28.32 0.41 84
1998 1889 -37 8.93 19.39 28.32 0.32 37
1999 2125 199 0.42 27.90 28.32 0.01 -199
2000 2130 204 0.37 27.95 28.32 0.01 -204
2001 1780 -146 17.22 11.10 28.32 0.61 146
2002 2115 189 0.52 27.80 28.32 0.02 -189
2003 1795 -131 15.72 12.60 28.32 0.56 131
2004 1855 -71 11.08 17.24 28.32 0.39 71
2005 1800 -126 15.72 12.60 28.32 0.56 126
2006 1895 -31 8.52 19.80 28.32 0.30 31
2007 1910 -16 7.62 20.70 28.32 0.27 16
MEAN 188¢ -40 10.5¢ 17.7¢ 0.37 40
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Photograph 30: Mt St Mary on 10 March 2007, resmfuteduced to 800 by 600 pixeNote the
snowline elevation reported in the Table is folyeapril.
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—NIWA—

Taihoro Nukurangi

No. 711B/12 THURNEYSTON GL. NZMS 260 sheet G3
Mountain g, reliability C
GLACIER DATA SNOWLINE DATA
Aspect S
AREA 117.8 | ha ELA 1970 m
Max Elev 2450 m Max SL 2132 m, 2000
Min Elev 1720 m Min SL 1865 m, 1983
Mean Elev 2085 m Mean SL 1943 m
Length 1.23 km SL Range 267 m
Elev Rang 73C m No. Survey 26
Gradien 0.5¢
MEASUREMENTS Digitised values shad
YEAR | SNOWLINE|DEPARTURE AREAS ACCUM. MASS
ELEVATION| FROM ELA| ACCUM. ABL. TOTAL |AREA RATIC BALANCE
m m he hs g (AAR) INDEX
ELAo 1970 0 84.60 33.20 117.80 0.72 0
1977 1930 -40 95.30 22.50 117.80 0.81 40
1978
1979
1980 1926 -44 98.00 19.80 117.80 0.83 44
1981 1943 -27 92.80 25.00 117.80 0.79 27
1982
1983 1865 -105 109.80 8.00 117.80 0.93 105
1984 1882 -88 107.00 10.80 117.80 0.91 88
1985 1905 -65 103.40 14.40 117.80 0.88 65
1986 1938 -32 94.08 23.72 117.80 0.80 32
1987 1918 -52 100.30 17.50 117.80 0.85 52
1988 1950 -20 90.80 27.00 117.80 0.77 20
1989 1970 0 84.60 33.20 117.80 0.72 0
1990
1991
1992 1930 -40 95.30 22.50 117.80 0.81 40
1993 1910 -60 101.90 15.90 117.80 0.87 60
1994 1904 -66 103.40 14.40 117.80 0.88 66
1995 1868 -102 109.40 8.40 117.80 0.93 102
1996 1938 -32 94.08 23.72 117.80 0.80 32
1997 1900 -70 103.85 13.95 117.80 0.88 70
1998 1965 -5 85.28 32.52 117.80 0.72 5
1999 2112 142 38.69 79.11 117.80 0.33 -142
2000 2132 162 31.67 86.13 117.80 0.27 -162
2001 1878 -92 107.84 9.96 117.80 0.92 92
2002 2105 135 40.80 77.00 117.80 0.35 -135
2003 1873 -97 108.60 9.20 117.80 0.92 97
2004 1935 -35 95.30 22.50 117.80 0.81 35
2005 1900 -70 103.85 13.95 117.80 0.88 70
200¢ 198( 10 81.8( 36.0( 117.8( 0.6¢ -10
2007 196: -7 85.7( 32.1( 117.8( 0.72 7
MEAN 194: -27 90.91 26.8¢ 0.77 27
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Photograph 31: Thurneyson Glacier on 10 March 26858lution reduced to 800 by 600 pixékte
the snowline elevation reported in the Table isfarly April.
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No. 868C-20

—NIWA—

BREWSTER GL.

Mountain glacier

Taihoro Nukurangi

NZMS 260 sheet G38

GLACIER DATA SNOWLINE DATA
Aspect S
AREA 249.5 ha ELA0 1935 m
Max Elev 2390 m Max SL 2280 m, 1999
Min Elev 1655 m Min SL 1750 m, 1993
Mean Elev 2023 m Mean SL 1877 m
Length 2.69 km SL Range 530 m
Elev Rang 73t m No. Survey 26
Gradien 0.27
MEASUREMENTS Digitised values shad
YEAR SNOWLINE |DEPARTURE AREAS ACCUM. MASS
ELEVATION | FROM ELAo ACCUM. ABL. TOTAL AREARATIO | BALANCE
m m ha ha ha (AAR) INDEX
ELAo 1935 0 125.6 128.0 253.6 0.50 0
1977
1978 1960 25 98.7 154.9 253.6 0.40 -25
1979
1980 1846 -89 193.5 60.1 253.6 0.78 89
1981 1855 -80 188.5 65.1 253.6 0.76 80
1982 1971 36 80.2 173.4 253.6 0.32 -36
1983 1794 -141 221.3 32.3 253.6 0.89 141
1984 1800 -135 218.4 35.2 253.6 0.88 135
1985 1796 -139 220.5 33.1 253.6 0.88 139
1986 1842 -93 195.5 58.1 253.6 0.78 93
1987 1828 -107 205.6 48.0 253.6 0.82 107
1988
1989 1918 -17 140.4 113.2 253.6 0.56 17
1990
1991
1992 1851 -84 190.5 63.1 253.6 0.76 84
1993 1750 -185 234.7 18.9 253.6 0.94 185
1994 1790 -145 222.5 31.1 253.6 0.89 145
1995 1777 -158 227.6 26.0 253.6 0.91 158
1996 1962 27 89.9 163.7 253.6 0.36 -27
1997 1779 -156 226.3 27.0 253.3 0.91 156
1998 1982 47 67.0 186.1 253.1 0.27 -47
1999 2280 345 8.2 244.6 252.8 0.03 -345
2000 2155 220 29.2 223.4 252.5 0.12 -220
2001 1770 -165 228.7 20.8 252.2 0.92 165
2002 2050 115 203.0 49.0 252.0 0.81 -115
2003 1794 -141 222.7 29.0 251.7 0.89 141
2004 1780 -155 227.4 24.0 251.4 0.91 155
2005 1780 -155 227.4 23.7 251.1 0.91 155
2006 1870 -65 179.1 71.8 250.9 0.72 65
2007 1815 -120 211.8 38.8 250.6 0.85 120
MEAN 1871 -58 175.% 77.5 0.7 58
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Photograph 32: Brewster Glacier on 9 March 2083olution reduced to 800 by 600 pixéite the
snowline elevation reported in the Table is folyeapril.
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———NIWA—

Taihoro Nukurangi

Photograph 33: Brewster Glacier on 24 March 2g03und based photograph from Dorothea
Stumm and Brian Anderson.
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No. 752 I-104 Mt. STUART NZMS 260 sheet G38
Moutain glacier
GLACIER DATA SNOWLINE DATA
Aspect SE
AREA 31.55 ha ELAo 1673 m
Max Elev 1860 m Max SL 1850 m, 2000
Min Elev 1570 m Min SL 1515 m, 1995
Mean Elev 1715 m Mean SL 1645 m
Length 0.54 km SL Range 335 m
Elev Rang 29C m No. Survey 25
Gradien 0.54
MEASUREMENTS Digitised values shad
YEAR SNOWLINE | DEPARTURE AREAS ACCUM. MASS
ELEVATION | FROM ELAo ACCUM. ABL. TOTAL AREARATIO | BALANCE
m m ha ha ha (AAR) INDEX
ELAo 1673 0 21.05 5.00 26.05 0.81 0
1977 1587 -86 30.86 0.69 31.55 0.98 86
1978 1730 57 18.53 13.02 31.55 0.59 -57
1979
1980 1650 -23 27.25 4.30 31.55 0.86 23
1981 1606 -67 29.85 1.70 31.55 0.95 67
1982 1676 3 25.33 6.22 31.55 0.80 -3
1983 1538 -135 63.56 0.00 63.56 2.01 135
1984
1985 1620 -53 29.10 2.45 31.55 0.92 53
1986 1660 -13 26.55 5.00 31.55 0.84 13
1987 1678 5 25.07 6.48 31.55 0.79 -5
1988
1989 1663 -10 26.32 5.23 31.55 0.83 10
1990
1991
1992
1993 1535 -138 65.05 0.00 65.05 2.06 138
1994 1640 -33 27.95 3.60 31.55 0.89 33
1995 1515 -158 73.05 0.00 73.05 2.32 158
1996 1712 39 21.20 10.35 31.55 0.67 -39
1997 1567 -106 42.89 0.00 42.89 1.36 106
1998 1656 -17 26.87 4.68 31.55 0.85 17
1999 1805 132 5.46 26.09 31.55 0.17 -132
2000 1850 177 0.00 26.05 26.05 0.00 -177
2001 1590 -83 30.59 0.96 31.55 0.97 83
2002 1815 142 4.37 21.68 26.05 0.17 -142
2003 1570 -103 31.55 0.00 26.05 1.21 103
2004 1565 -108 26.05 0.00 26.05 1.00 108
2005 1565 -108 26.05 0.00 26.05 1.00 108
2006 1725 52 19.55 12.00 31.55 0.62 -52
2007 1607 -66 29.85 1.70 31.55 0.95 66.00
MEAN 164¢ -28 29.3Z 6.0¢ 0.9t 28
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Photograph 34: Stuart Glacier on 9 March 2007 lu¢iso reduced to 800 by 600 pixeNote the
snowline elevation reported in the Table is folyeapril.
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No. 867/2 LINDSAY GL. NZMS 260 sheet F37
Mountain shelf glacier
GLACIER DATA SNOWLINE DATA
Aspect S
AREA 52.53 ha ELAo 1730 m
Max Elev 1880 m Max SL 1875 m, 1999
Min Elev 1610 m Min SL 1550 m, 1995
Mean Elev 1745 m Mean SL 1700 m
Length 0.57 km SL Range 325 m
Elev Rang 27C m No. Survey 25
Gradien 0.47
MEASUREMENTS Digitised values shad
YEAR SNOWLINE | DEPARTURE AREAS ACCUM. MASS
ELEVATION | FROM ELAo ACCUM. ABL. TOTAL AREARATIO | BALANCE
m m ha ha ha (AAR) INDEX
ELAO 1730 0 39.23 13.30 52.53 0.75 0
1977
1978 1738 8 37.09 15.44 52.53 0.71 -8
1979
1980 1652 -78 50.51 2.02 52.53 0.96 78
1981 1681 -49 48.60 3.93 52.53 0.93 49
1982 1781 51 22.41 30.12 52.53 0.43 -51
1983 1560 -170 65.66 0.00 65.66 1.25 170
1984
1985 1666 -64 49.63 2.90 52.53 0.94 64
1986 1768 38 27.53 25.00 52.53 0.52 -38
1987 1615 -115 52.33 0.20 52.53 1.00 115
1988 1772 42 24.63 27.90 52.53 0.47 -42
1989 1764 34 28.49 24.04 52.53 0.54 -34
1990
1991
1992
1993 1555 -175 69.94 0.00 69.94 1.33 175
1994 1610 -120 52.53 0.00 52.53 1.00 120
1995 1550 -180 73.50 0.00 73.50 1.40 180
1996 1775 45 24.47 28.06 52.53 0.47 -45
1997 1645 -85 69.00 1.65 70.65 1.31 85
1998 1800 70 14.45 38.08 52.53 0.28 -70
1999 1875 145 0.94 51.59 52.53 0.02 -145
2000 1870 140 1.47 51.06 52.53 0.03 -140
2001 1640 -90 51.09 1.44 52.53 0.97 90
2002 1872 142 1.05 51.48 52.53 0.02 -142
2003 1607 -123 52.53 0.00 52.53 1.00 123
2004 1608 -122 52.53 0.00 52.53 1.00 122
2005 1612 -118 51.53 1.00 52.53 0.98 118
2006 1780 50 22.40 30.13 52.53 0.43 -50
2007 1700 -30 46.43 6.10 52.53 0.88 30
MEAN 170C -30 39.6: 15.6¢ 0.7t 30
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Photograph 35: Lindsay Glacier on 9 March 2007%Itg®n reduced to 800 by 600 pixeldote the
snowline elevation reported in the Table is folyeapril.
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FOG PK.

Cirque glacier

No. 752 E/51 NZMS 260 sheet F39

GLACIER DATA SNOWLINE DATA
Aspect SE
AREA 18.22 |ha ELAO 1987 |m
Max Elev 2150 m Max SL 2122 m, 1999
Min Elev 1840 m Min SL 1888 m, 1995
Mean Elev 1995 m Mean SL 1968 m
Length 0.4 km SL Range 234 m
Elev Rang 31C No. Survey 22
Gradien 0.77¢
MEASUREMENTS Digitised values shad
YEAR SNOWLINE | DEPARTURE AREAS ACCUM. MASS
ELEVATION | FROM ELAo ACCUM. ABL. TOTAL AREARATIO | BALANCE
m m ha ha ha (AAR) INDEX
ELAo 1987 0 12.02 6.20 18.22 0.66 0
1977
1978
1979
1980 1916 -71 34.40 0.00 34.40 >1 71
1981
1982 2022 35 14.75 3.47 18.22 0.81 -35
1983
1984 1891 -96 42.80 0.00 42.80 >1 96
1985
1986 1930 -57 30.40 0.00 30.40 >1 57
1987 1902 -85 39.00 0.00 39.00 >1 85
1988 2022 35 14.75 3.47 18.22 0.81 -35
1989 2032 45 6.62 11.60 18.22 0.36 -45
1990
1991
1992
1993 1894 -93 37.80 0.00 37.80 >1 93
1994 1900 -87 17.58 0.64 18.22 0.96 87
1995 1888 -99 44.36 0.00 44.36 >1 99
1996 1894 -93 41.70 0.00 41.70 >1 93
1997 1890 -97 43.25 0.00 43.25 >1 97
1998 2098 111 1.77 16.45 18.22 0.10 -111
1999 2122 135 0.74 17.48 18.22 0.04 -135
2000 2108 121 1.28 16.94 18.22 0.07 -121
2001 1895 -92 17.42 0.80 18.22 0.96 92
2002 2112 125 1.13 17.09 18.22 0.06 -125
2003 1962 -25 15.40 2.82 18.22 0.85 25
2004 1892 -95 18.22 0.00 18.22 1.00 95
2005 1890 -97 43.25 0.00 43.25 1.00 97
2006 2032 45 6.62 11.60 18.22 0.36 -45
2007 2000 13 10.22 8.00 18.22 0.56 -13
MEAN 196¢ -19 21.9¢ 5.0z 0.57 19
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Photograph 36: Fog Peak on 8 March 2007, resoluéiduced to 800 by 600 pixeNote the
snowline elevation reported in the Table is folyeapril.
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No. 752C/103 SNOWY CK NZMS 260 sheet E40

Small mountain glacier

GLACIER DATA SNOWLINE DATA
Aspect W
AREA 53.13 ha ELAo 2092 m
Max Elev 2210 m Max SL 2240 m, 1999
Min Elev 2000 m Min SL 2004 m, 1997
Mean Elev 2105 m Mean SL 2072 m
Length 0.73 km SL Range 236 m
Elev Range 210 m No. Surveys 26
Gradient 0.29
MEASUREMENTS Digitised values shaded
YEAR SNOWLINE | DEPARTURE AREAS ACCUM. MASS
ELEVATION |FROM ELAo |ACCUM. ABL. TOTAL AREA RATIO |BALANCE
m m ha ha ha (AAR) INDEX
ELAO 2092 0 31.88 21.25 53.13 0.60 0
1977
1978 2156 64 6.86 46.27 53.13 0.13 -64
1979
1980 2024 -68 48.36 4.77 53.13 0.91 68
1981 2158 66 6.42 46.71 53.13 0.12 -66
1982 2038 -54 45.43 7.70 53.13 0.86 54
1983 2033 -59 53.13 0.00 53.13 1.00 59
1984 2024 -68 48.33 4.80 53.13 0.91 68
1985 2020 -72 49.13 4.00 53.13 0.92 72
1986 2036 -56 45.93 7.20 53.13 0.86 56
1987 2025 -67 48.19 4.94 53.13 0.91 67
1988 2037 -55 45.93 7.20 53.13 0.86 55
1989 2103 11 28.18 24.95 53.13 0.53 -11
1990
1991
1992
1993 2058 -34 40.69 12.44 53.13 0.77 34
1994 2034 -58 46.13 7.00 53.13 0.87 58
1995 2030 -62 47.13 6.00 53.13 0.89 62
1996 2057 -35 41.04 12.09 53.13 0.77 35
1997 2020 -72 64.34 -11.21 53.13 121 72
1998 2158 66 6.42 46.71 53.13 0.12 -66
1999 2240 148 53.13 0.00 53.13 1.00 -148
2000 2146 54 10.50 42.63 53.13 0.20 -54
2001 2004 -88 52.73 0.40 53.13 0.99 88
2002 2120 28 21.83 31.30 53.13 0.41 -28
2003 2041 -51 44.73 8.40 53.13 0.84 51
2004 2034 -58 53.13 0.00 53.13 1.00 58
2005 2020 -72 64.34 -11.21 53.13 121 72
2006 2160 68 6.13 47 53.13 0.12 -68
2007 2090 -2 32.13 21.00 53.13 0.60 2
MEAN 2072 -20 38.86 14.27 0.73 21
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Photograph 37: Snowy Peak on 8 March 2007, resoluéduced to 800 by 600 pixelote the
snowline elevation reported in the Table is folyeapril.
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GLACIER DATA
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Mt. CARIA

Small cirque

NZMS 260 sheet E39

SNOWLINE DATA

Aspect SE

AREA 17.13 ha ELAo0 1472 m

Max Elev 1600 m Max SL 1660 m, 2000

Min Elev 1400 m Min SL 1366 m, 1995

Mean Elev 1500 m Mean SL 1450 m

Length 0.3 km SL Range 294 m

Elev Rang 20C m No. Survey 24

Gradien 0.6

MEASUREMENTS Digitised values shad
YEAR SNOWLINE | DEPARTURE AREAS ACCUM. MASS
ELEVATION |FROM ELA0 |ACCUM. ABL. TOTAL AREARATIO [BALANCE
m m ha ha ha (AAR) INDEX

ELAo 1472 0 2.83 14.30 17.13 0.17 0
1977
1978 1442 -30 7.05 10.08 17.13 0.41 30
1979
1980
1981 1413 -59 13.66 3.47 17.13 0.80 59
1982 1424 -48 10.74 6.39 17.13 0.63 48
1983 1372 -100 42.80 0.00 42.8 2.50 100
1984
1985 1423 -49 10.84 6.29 17.13 0.63 49
1986 1525 53 9.80 7.33 17.13 0.57 -53
1987 1422 -50 11.06 6.07 17.13 0.65 50
1988 1500 28 6.43 10.70 17.13 0.38 -28
1989 1429 -43 9.80 7.33 17.13 0.57 43
1990
1991
1992
1993 1375 -97 35.98 0.00 35.98 2.10 97
1994 1400 -72 17.13 0.00 17.13 1.00 72
1995 1366 -106 54.48 0.00 54.48 3.18 106
1996 1390 -82 22.00 0.00 22 1.28 82
1997 1395 =77 19.50 0.00 19.5 1.14 77
1998 1417 -55 12.46 4.67 17.13 0.73 55
1999 1650 178 0.00 17.13 17.13 0.00 -178
2000 1660 188 0.00 8.74 8.74 0.00 -188
2001 1420 -52 9.15 3.50 12.65 0.72 52
2002 1625 153 0.00 8.74 8.74 0.00 -153
2003 1422 -50 8.14 0.60 8.74 0.93 50
2004 1380 -92 8.74 0.00 8.74 1.00 92
2005 1374 -98 35.98 0.00 35.98 2.10 98
2006 1515 43 0.74 8.00 8.74 0.04 -43
2007 1455 -17 3.74 5.00 8.74 0.22 17
MEAN 145(C -22 14.5¢ 4.7¢% 0.9C 22
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Photograph 38: Mt Caria on 22 March 2007, resafuteriuced to 800 by 600 pixelsote the
snowline elevation reported in the Table is folyeapril.
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No. 859/9 FINDLAY GL.  NzMS 260 sheet E39
Cirque glacier
GLACIER DATA ENOWLINE DATA
Aspect SW
AREA 67.15 ha ELAo 1693 m
Max Elev 1900 m Max SL 1890 m, 1999
Min Elev 1550 m Min SL 1561 m, 1995
Mean Elev 1725 m Mean SL 1665 m
Length 0.875 km SL Range 329 m
Elev Range 350 m No. Surv| 23
Gradient 0.4
MEASUREMENTS Digitised values shaded
YEAR | SNOWLINE | DEPARTURE AREAS ACCUM. MASS
ELEVATION | FROM ELA0 | ACCUM. ABL. | TOTAL | AREA RATIO| BALANCE
m m ha ha ha (AAR) INDEX
ELAO 1693 0 35.95 31.2 67.15 0.54 0
1977
1978
1979
1980
1981 1604 -89 57.53 9.62 67.15 0.86 89
1982 1735 42 25.85 41.30 67.15 0.38 -42
1983 1582 -111 61.52 5.63 67.15 0.92 111
1984
1985 1629 -64 48.89 18.26 67.15 0.73 64
1986 1725 32 27.95 39.20 67.15 0.42 -32
1987 1622 -71 51.05 16.10 67.15 0.76 71
1988 1685 -8 35.15 32.00 67.15 0.52 8
1989 1642 -51 44.15 23.00 67.15 0.66 51
1990
1991
1992
1993 1575 -118 62.90 4.25 67.15 0.94 118
1994 1634 -59 46.87 20.28 67.15 0.70 59
1995 1561 -132 65.17 1.98 67.15 0.97 132
1996 1632 -61 47.54 19.61 67.15 0.71 61
1997 1580 -113 62.00 5.15 67.15 0.92 113
1998 1780 87 22.91 35.49 58.4 0.34 -87
1999 1890 197 2.11 51.44 53.55 0.03 -197
2000 1845 152 7.28 44.32 51.6 0.11 -152
2001 1620 -73 45.36 8.80 54.16 0.68 73
2002 1825 132 10.79 46.63 51.6 0.19 -132
2003 1612 -81 42.40 11.80 54.2 0.74 81
2004 1578 -115 49.80 4.40 54.2 0.87 115
2005 1580 -113 49.80 4.40 54.2 0.87 113
2006 1690 -3 31.95 22.21 54.16 0.56 3
2007 1661 -32 35.06 19.10 54.16 0.61 32
Mean 1665 -28 40.61 21.09 0.63 28
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Photograph 39: Findlay Glacier on 8 March 2007le®n reduced to 800 by 600 pixeMote the
snowline elevation reported in the Table is folyeapril.
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No. 752 B/48 PARK PASS GL. NZMS 260 sheet E 40
Valley glacier
GLACIER DATA SNOWLINE DATA
Aspect S
AREA 191.2 ha ELAO 1824 m
Max Elev 2200 m Max SL 1955 m, 1999
Min Elev 1500 m Min SL 1635 m, 1995
Mean Elev 1850 m Mean SL 1801 m
Length 2.63 km SL Range 320 m
Elev Range 700 m No. Surveys 24
Gradient 0.267
MEASUREMENTS Digitised values shaded
YEAR SNOWLINE | DEPARTURE AREAS ACCUM. MASS
ELEVATION | FROM ELA0 | ACCUM. ABL. TOTAL |AREA RATIO| BALANCE
m m ha ha ha (AAR) INDEX
ELAO 1824 0 127.90 85.70 213.60 0.60 0
1977
1978 1903 79 91.29 122.31 213.6( 0.43 -79
1979
1980 1808 -16 131.60 82.00 213.6( 0.62 16
1981 1778 -46 139.20 74.40 213.6( 0.65 46
1982 1858 34 112.40 101.20 213.60 0.53 -34
1983 1762 -62 142.67 70.93 213.6( 0.67 62
1984 1765 -59 141.60 72.00 213.6( 0.66 59
1985 1702 -122 156.60 57.00 213.60 0.73 122
1986 1863 39 110.10 103.50 213.60 0.52 -39
1987 1843 19 117.60 96.00 213.6( 0.55 -19
1988
1989 1794 -30 134.60 79.00 213.6( 0.63 30
1990
1991
1992
1993
1994 1783 -41 151.40 55.00 206.4( 0.73 41
1995 1635 -189 187.60 18.30 205.90 0.91 189
1996 1808 -16 147.17 58.23 205.4( 0.72 16
1997 1745 -79 160.20 44.10 204.3( 0.78 79
1998 1880 56 105.80 95.60 201.4( 0.53 -56
1999 1955 131 62.07 136.03 198.10 0.31 -131
2000 1935 111 71.34 124.66 196.00 0.36 -111
2001 1748 -76 149.44 45.36 194.8( 0.77 76
2002 1910 86 82.82 111.18 194.0( 0.43 -86
2003 1661 -163 166.80 26.50 193.30 0.86 163
2004 1665 -159 162.60 30.00 192.60 0.84 159
2005 1670 -154 161.00 31.00 192.00 0.84 154
2006 1900 76 86.20 105.00 191.2(¢ 0.45 -76
2007 1850 26 110.20 80.40 190.6( 0.58 -26
Mean 1801 -23 128.43 75.82 0.63 23
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Photograph 40: Park Pass Glacier on 8 March 2@8d)ution reduced to 800 by 600 pixdikte
the snowline elevation reported in the Table isgfarly April.
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Photograph 41: Park Pass Glacier (eastern sida@ods to upper western neve) on 5 April 2007,
resolution reduced to 800 by 600 pixdlsken from a helicopter at low altitude.

2007

Photograph 42 Park Pass Glacier (eastern sidaaods to mid part of western neve) on 5 April
2007, resolution reduced to 800 by 600 pixéken from a helicopter at low altitude.

Glacier snowline survey 2007 110



—NIWA—

Taihoro Nukurangi

No. 752 E/2 MT. LARKINS NZMS sheet E 41
Glacierette
GLACIER DATA SNOWLINE DATA
Aspect SE
AREA 27.47 ha ELAo 1945 m
Max Elev 2220 m Max. SL 2215 m, 1998
Min Elev 1680 m Min. SL 1630 m, 1995
Mean Elev 1950 m Mean SL 1879 m
Length 0.5 km SL Range 585 m
Elev Rang 54C m No. survey 20
Gradien 1.0¢
MEASUREMENTS Digitised values shad
YEAR SNOWLINE | DEPARTURE AREAS ACCUM. MASS
ELEVATION | FROM ELAo ACCUM. ABL. TOTAL AREA RATIO | BALANCE
m m ha ha ha (AAR) INDEX
ELAO 1945 0 17.67 9.80 27.47 0.64 0
1977
1978
1979
1980
1981
1982
1983
1984 1680 -265 33.82 0.00 33.82 1.23 265
1985
1986 1892 -53 33.82 0.00 33.82 1.23 53
1987
1988 2050 105 9.47 18.00 27.47 0.34 -105
1989 2036 91 10.84 16.63 27.47 0.39 -91
1990
1991
1992
1993 1670 -275 39.50 0.00 39.50 1.44 275
1994 1850 -95 23.40 4.07 27.47 0.85 95
1995 1630 -315 43.61 0.00 43.61 1.59 315
1996 1782 -163 27.47 0.00 27.47 1.00 163
1997 1633 -312 36.80 0.00 36.80 1.34 312
1998 2050 105 0.92 26.55 27.47 0.03 -105
1999 2215 270 0.95 26.52 27.47 0.03 -270
2000 2200 255 1.46 14.75 16.21 0.09 -255
2001 1665 -280 27.47 0.00 27.47 1.00 280
2002 2095 150 2.17 14.04 16.21 0.13 -150
2003 1740 -205 15.51 0.70 16.21 0.96 205
2004 1690 -255 27.47 0.00 27.47 1.00 255
2005 1660 -285 27.47 0.00 27.47 1.00 285
2006 2070 125 1.46 14.75 16.21 0.09 -125
2007 2090 145 -2.29 18.50 16.21 -0.14 -145
MEAN 187¢ -66 19.0z 8.1z 0.72 66
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Photograph 43: Mt Larkins on 8 March 2007, resohutieduced to 800 by 600 pixeMote the
snowline elevation reported in the Table is folyeapril.
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2007

Photograph 44: Mt Larkins on 5 April 2007, resautreduced to 800 by 600 pixeRBhotograph
taken from a helicopter at lower altitude.
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No. 752B/25

—NIWA—

BRYANT GL.

Mountain glacier

Taihoro Nukurangi

NZMS sheet E41

GLACIER DATA SNOWLINE DATA
Aspect SE
AREA 29.7 ha ELAO 1783 m
Max Elev 2180 m Max. SL 2010 m, 1999
Min Elev 1660 m Min. SL 1610 m, 1995
Mean Elev 1920 m Mean SL 1742 m
Length 0.94 km SL Range 400 m
Elev Rang 52(C m No. survey 25
Gradien 0.5t
MEASUREMENTS Digitised values shad
YEAR SNOWLINE | DEPARTURE AREAS ACCUM. MASS
ELEVATION | FROM ELAo ACCUM. ABL. TOTAL AREA RATIO | BALANCE
m m ha ha ha (AAR) INDEX
ELAO 1783 0 12.20 17.50 29.7 0.41 0
1977 1740 -43 20.90 8.80 29.7 0.70 43
1978 1884 101 4.90 24.80 29.7 0.16 -101
1979
1980
1981 1763 -20 15.70 14.00 29.7 0.53 20
1982 1780 -3 12.70 17.00 29.7 0.43 3
1983 1620 -163 34.50 0.00 34.5 1.16 163
1984 1620 -163 31.80 0.00 31.8 1.07 163
1985 1610 -173 37.30 0.00 37.3 1.26 173
1986 1770 -13 14.08 15.62 29.7 0.47 13
1987 1763 -20 15.70 14.00 29.7 0.53 20
1988
1989 1753 -30 17.40 12.30 29.7 0.59 30
1990
1991
1992
1993 1675 -108 17.20 12.50 29.7 0.58 108
1994 1728 -55 23.40 6.30 29.7 0.79 55
1995 1630 -153 40.17 0.00 40.17 1.35 153
1996 1680 -103 29.10 0.60 29.7 0.98 103
1997 1670 -113 29.01 0.69 29.7 0.98 113
1998 1778 -5 13.16 16.54 29.7 0.44 5
1999 2010 227 0.97 28.73 29.7 0.03 -227
2000 1965 182 1.85 27.85 29.7 0.06 -182
2001 1665 -118 29.20 0.50 29.7 0.98 118
2002 1870 87 5.50 24.20 29.7 0.19 -87
2003 1666 -117 28.80 0.90 29.7 0.97 117
2004 1675 -108 29.06 0.64 29.7 0.98 108
2005 1665 -118 28.80 0.90 29.7 0.97 118
2006 1800 17 10.10 19.60 29.7 0.34 -17
2007 1775 -8 13.50 16.20 29.7 0.45 8
MEAN 174z -41 20.1¢ 10.51 0.6¢ 41
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Photograph 45: Bryant Glacier on 8 March 2007, ltgmm reduced to 800 by 600 pixelote the
snowline elevation reported in the Table is folyeapril.
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Photograph 46: Bryant Glacier on 5 April 2007, teon reduced to 800 by 600 pixeRhotograph
taken from a helicopter at lower altitude.
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No. 752B-13 AILSA MTS NZMS 260 sheet D40
Cirque glacier
GL DATA SNOWLINE DATA
Aspect S
AREA 22.91 ha ELAo0 1648 m
Max Elev 1830 m Max SL 1830 m, 1999
Min Elev 1530 m Min SL 1555 m, 1995
Mean Elev 1680 m Mean SL 1623 m
Length 0.75 km SL Range 275 m
Elev Range 300 m No. surveys 22
Gradient 0.4
MEASUREMENTS Digitised values shaded
YEAR |SNOWLINEDEPARTURE AREAS ACCUM. MASS
ELEVATION FROM ELAg ACCUM. ABL. TOTAL | AREA RATIO| BALANCE
m m ha ha ha (AAR) INDEX
ELAO 1648 0 7.72 10.50 18.22 0.42 0
1977
1978 1643 -5 9.32 13.59 22.91 0.41 5
1979
1980
1981
1982
1983 1560 -88 17.65 3.70 21.35 0.77 88
1984 1595 -53 13.20 8.00 21.2 0.58 53
1985 1595 -53 13.10 8.00 211 0.57 53
1986 1649 1 8.57 12.23 20.8 0.37 -1
1987 1625 -23 11.48 8.72 20.2 0.50 23
1988
1989 1612 -36 9.97 10.13 20.1 0.44 36
1990
1991
1992
1993 1564 -84 15.43 4.10 19.53 0.67 84
1994 1596 -52 11.06 8.20 19.26 0.48 52
1995 1555 -93 15.87 3.12 18.99 0.69 93
1996 1584 -64 12.06 6.64 18.7 0.53 64
1997 1593 -55 12.16 6.28 18.44 0.53 55
1998 1621 -27 11.91 4.99 16.9 0.52 27
1999 1830 182 0.00 22.91 15.3 0.00 -182
2000 1785 137 0.77 22.14 14.79 0.05 -137
2001 1593 -55 9.51 5.28 14.79 0.64 55
2002 1685 37 4.35 13.87 14.5 0.30 -37
2003 1583 -65 12.20 2.00 14.2 0.86 65
2004 1590 -58 11.74 2.31 14.05 0.84 58
2005 1580 -68 11.99 1.96 13.95 0.86 68
2006 1645 -3 6.90 7.00 13.9 0.50 3
2007 1613 -35 9.80 4.10 13.9 0.71 35
MEAN 1623 -25 10.41 8.15 0.54 25
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Photograph 47: Ailsa Glacier on 8 March 2007, netsarh reduced to 800 by 600 pixeldote the
snowline elevation reported in the Table is fotyeapril.
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No. 851B/57 Mt. GUNN NZMS 260 sheet D40
Cirque glacier

GLACIER DATA BENOWLINE DATA

Aspect SE

AREA 53.72 ha ELAO 1593 m

Max Elev 1860 m Max SL 1810 m, 2000

Min Elev 1470 m Min SL 1471 m, 1995

Mean Elev 1665 m Mean SL 1563 m

Length 0.75 km SL Range 339 m

Elev Range 390 m No. surveys 24

Gradient 0.52

MEASUREMENTS Digitised values shaded

YEAR |SNOWLINEDEPARTURE AREAS ACCUM. MASS

ELEVATIONFROM ELAg ACCUM. ABL. TOTAL | AREA RATIO| BALANCE

m m ha ha ha (AAR) INDEX

ELAO 1593 0 14.67 21.00 35.67 0.41 0
1977 1615 22 14.72 39.00 53.72 0.27 -22
1978 1638 45 12.11 41.61 53.72 0.23 -45
1979
1980 1529 -64 33.40 20.32 53.72 0.62 64
1981 1531 -62 32.44 21.28 53.72 0.60 62
1982 1610 17 15.50 38.22 53.72 0.29 -17
1983 1478 -115 51.31 241 53.72 0.96 115
1984
1985 1540 -53 30.24 23.48 53.72 0.56 53
1986
1987 1555 -38 26.32 27.40 53.72 0.49 38
1988
1989 1534 -59 31.84 20.60 52.44 0.59 59
1990
1991
1992
1993 1485 -108 48.12 2.68 50.80 0.90 108
1994 1529 -64 33.40 16.58 49.98 0.62 64
1995 1471 -122 54.00 0.00 49.00 1.01 122
1996 1507 -86 40.12 7.58 47.70 0.75 86
1997 1520 -73 36.19 10.01 46.20 0.67 73
1998 1559 -34 25.42 19.29 44.71 0.47 34
1999 1802 209 0.77 41.73 42.50 0.01 -209
2000 1810 217 0.49 40.49 40.98 0.01 -217
2001 1515 -78 33.93 6.80 40.73 0.83 78
2002 1635 42 8.83 26.84 40.48 0.22 -42
2003 1525 -68 32.63 7.60 40.23 0.81 68
2004 1485 -108 37.88 2.10 39.98 0.95 108
2005 1485 -108 37.63 2.10 39.73 0.95 108
2006 1610 17 22.18 17.30 39.48 0.56 -17
2007 1550 -43 28.60 10.80 39.40 0.73 43
MEAN 1563 -30 28.67 18.59 0.59 30
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Photograph 48: Mt Gunn on 8 March 2007, photo talear vertically from western end of upper
neve, resolution reduced to 800 by 600 pixiiste the snowline elevation reported in the Table

is for early April.
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Photograph 49: Gunn Glacier on 5 April 2007, resofureduced to 800 by 600 pixeRhotograph
taken from a helicopter at lower altitude from #aestern side of the Hollyford Valley.
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No. 797G/33 Mt. GENDARME NZMS sheet D40 & 4
Mountain g, reiability B
GLACIER DATA SNOWLINE DATA
Aspect S
Area 49.35 ha ELA 1616 m
Max Elev 1900 m Max SL 1804 m, 1999
Min Elev 1440 m Min SL 1418 m, 1995
Mean Elev 1670 m Mean SL 1573 m
Length 0.525 km SL range 386 m
Elev Rang 46( m No. survey 22
Gradien 0.8¢
MEASUREMENTS Digitised values shad
YEAR | SNOWLINE|DEPARTURE AREAS ACCUM. MASS
ELEVATION| FROM ELA| ACCUM. ABL. TOTAL |AREA RATIC BALANCE
m m he hs g (AAR) INDEX
ELAo 1616 0 31.85 17.50 49.35 0.65 0
1977
1978
1979
1980
1981 1570 -46 38.36 10.99 49.35 0.78 46
1982 1573 -43 37.85 11.50 49.35 0.77 43
1983 1480 -136 55.97 0.00 55.97 1.13 136
1984
1985 1522 -94 44.53 4.82 49.35 0.90 94
1986 1675 59 21.95 27.40 49.35 0.44 -59
1987 1650 34 25.87 23.48 49.35 0.52 -34
1988
1989 1580 -36 35.50 13.85 49.35 0.72 36
1990
1991
1992
1993 1502 -114 46.42 2.93 49.35 0.94 114
1994 1552 -64 40.55 8.80 49.35 0.82 64
1995 1418 -198 58.67 0.00 58.67 1.19 198
1996 1516 -100 45.20 4.15 49.35 0.92 100
1997 1490 -126 47.25 2.10 49.35 0.96 126
1998 1648 32 26.45 22.90 49.35 0.54 -32
1999 1804 188 2.33 47.02 49.35 0.05 -188
2000 1775 159 6.08 43.27 49.35 0.12 -159
2001 1485 -131 48.45 0.90 49.35 0.98 131
2002 1650 34 25.85 23.50 49.35 0.52 -34
2003 1520 -96 47.95 1.40 49.35 0.97 96
2004 1483 -133 49.35 0.00 49.35 1.00 133
2005 1487 -129 49.35 0.00 49.35 1.00 129
2006 1648 32 26.45 22.90 49.35 0.54 -32
2007 1576 -40 58.67 12.00 49.35 1.19 40
MEAN 157: -43 38.1¢ 12.91 0.77 43
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Photograph 50: Mt Genderme on 8 March 2007, résolueduced to 800 by 600 pixeNote the
snowline elevation reported in the Table is folyeapril.
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No. 846/35 LIAWRENNY PKS. NZMS 260 sheet D40
Cirque glacier
GLACIER DATA SNOWLINE DATA
Aspect SW
AREA 18.06 ha ELAO 1476 m
Max Elev 1680 m Max SL 1670 m, 1999
Min Elev 1310 m Min SL 1300 m, 1995
Mean Elev 1495 m Mean SL 1445 m
Length 0.75 km SL Range 370 m
Elev Rang 37C m No. survey 22
Gradien 0.4¢
MEASUREMENTS Digitised values shad
YEAR SNOWLINE | DEPARTURE AREAS ACCUM. MASS
ELEVATION | FROM ELAo ACCUM. ABL. TOTAL AREA RATIO | BALANCE
m m ha ha ha (AAR) INDEX
ELAO 1476 0 9.26 8.80 18.06 0.51 0
1977
1978 1480 4 8.96 9.10 18.06 0.50 -4
1979
1980
1981 1408 -68 15.56 2.50 18.06 0.86 68
1982 1472 -4 9.35 8.71 18.06 0.52 4
1983 1344 -132 17.46 0.60 18.06 0.97 132
1984
1985 1440 -36 12.77 5.29 18.06 0.71 36
1986
1987 1454 -22 11.40 6.66 18.06 0.63 22
1988
1989 1429 -47 13.96 4.10 18.06 0.77 47
1990
1991
1992
1993 1360 -116 17.12 0.94 18.06 0.95 116
1994 1408 -68 15.60 2.46 18.06 0.86 68
1995 1300 -176 27.80 0.00 27.8 1.54 176
1996 1461 -15 10.54 7.52 18.06 0.58 15
1997 1321 -155 17.70 0.36 18.06 0.98 155
1998 1478 2 9.17 8.89 18.06 0.51 -2
1999 1670 194 0.28 17.78 18.06 0.02 -194
2000 1657 181 0.63 17.43 15.73 0.03 -181
2001 1405 -71 15.72 2.34 18.06 0.87 71
2002 1613 137 2.07 12.52 14.59 0.11 -137
2003 1376 -100 16.96 1.10 18.06 0.94 100
2004 1380 -96 17.06 1.00 18.06 0.94 96
2005 1400 -76 15.72 2.34 18.06 0.87 76
2006 1485 9 9.00 9.06 18.06 0.50 -9
2007 1439 -37 13.95 5.10 18.06 0.77 37
MEAN 144t -31 12.67 5.7z 0.7¢ 31
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Photograph 51: Llawrenny Peaks on 8 March 2G85glution reduced to 800 by 600 pixé\ote
the snowline elevation reported in the Table isfarly April.
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No. 797G/4 BARRIER Pk. NZMS 260 sheet D41
Mountain glacier
GLACIER DATA SNOWLINE DATA
Aspect S
AREA 57.56 ha ELAo 1596 m
Max Elev 1900 m Max SL 1900 m, 1999
Min Elev 1420 m Min SL 1360 m, 1995
Mean Elev 1660 m Mean SL 1559 m
Elev Range 480 m SL Range 540 m
Lengtt 0.7t km No. Survey 23
Gradien 0.64
MEASUREMENTS Digitised values shad
YEAR SNOWLINE | DEPARTURE AREAS ACCUM. MASS
ELEVATION | FROM ELAo ACCUM. ABL. TOTAL AREARATIO | BALANCE
m m ha ha ha (AAR) INDEX
ELAo 1596 0 40.36 17.20 57.56 0.70 0
1977
1978 1712 116 20.06 37.5 57.56 0.35 -116
1979
1980 1545 -51 48.56 9 57.56 0.84 51
1981 1523 -73 51.23 6.33 57.56 0.89 73
1982 1565 -31 45.36 12.2 57.56 0.79 31
1983 1378 -218 63.9 0 63.9 1.11 218
1984
1985 1524 -72 51.19 6.37 57.56 0.89 72
1986
1987 1555 -41 46.86 10.7 57.56 0.81 41
1988
1989 1525 -71 50.96 6.6 57.56 0.89 71
1990
1991
1992
1993 1428 -168 60.7 0 60.7 1.05 168
1994 1478 -118 55.23 2.33 57.56 0.96 118
1995 1360 -236 65.03 0 65.03 1.13 236
1996 1470 -126 55.51 2.05 57.56 0.96 126
1997 1464 -132 56.75 0.81 57.56 0.99 132
1998 1682 86 25.14 32.42 57.56 0.44 -86
1999 1900 304 0 57.56 57.56 0.00 -304
2000 1803 207 3.28 54.28 57.56 0.06 -207
2001 1488 -108 54.56 3 57.56 0.95 108
2002 1790 194 5.36 32.82 38.18 0.09 -194
2003 1448 -148 56.56 1.00 57.56 0.98 148
2004 1465 -131 56.75 0.81 57.56 0.99 131
2005 1465 -131 56.75 0.81 57.56 0.99 131
2006 1700 104 20 37.56 57.56 0.35 -104
2007 1579 -17 43.36 14.2 57.56 0.75 17
MEAN 155¢ -37 43.1¢ 14.2¢ 57.4¢ 0.7t 37
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Photograph 52: Barrier Peak on 8 March 2007, réisolueduced to 800 by 600 pixeNote the
snowline elevation reported in the Table is folyeapril.
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No. 797D/1 Mt. IRENE NZMS 260 sheet C42
Glacierette
GLACIER DATA SNOWLINE DATA
Aspec E
AREA 12.78 ha ELAO 1563 m
Max Elev 1800 m Max SL 1728 m, 1978
Min Elev 1450 m Min SL 1400 m, 1995
Mean Elev 1625 m Mean SL 1532 m
Elev Range 350 m SL Range 328 m
Lengtt 0.t km No. Survey 20
Gradien 0.7
MEASUREMENTS Digitised values shad
YEAR SNOWLINE | DEPARTURE AREAS ACCUM. MASS
ELEVATION | FROM ELAo ACCUM. ABL. TOTAL AREARATIO | BALANCE
m m ha ha ha (AAR) INDEX
ELAO 1563 0 7.55 10.40 17.95 0.42 0
1977
1978 1700 137 1.00 16.95 17.95 0.06 -137
1979
1980
1981
1982
1983 1407 -156 31.25 -13.30 17.95 1.74 156
1984
1985 1526 -37 10.05 7.90 17.95 0.56 37
1986
1987 1526 -37 10.05 7.90 17.95 0.56 37
1988
1989 1537 -26 9.25 8.70 17.95 0.52 26
1990
1991
1992
1993 1407 -156 31.25 -13.30 17.95 1.74 156
1994 1512 -51 11.05 6.90 17.95 0.62 51
1995 1400 -163 32.65 -14.70 17.95 1.82 163
1996 1498 -65 12.13 5.82 17.95 0.68 65
1997 1460 -103 20.00 -0.05 19.95 1.11 103
1998 1612 49 473 13.22 17.95 0.26 -49
1999 1665 102 2.20 15.75 17.95 0.12 -102
2000 1685 122 1.47 16.48 17.95 0.08 -122
2001 1438 -125 17.59 0.36 17.95 0.98 125
2002 1728 165 0.57 10.33 10.9 0.03 -165
2003 1454 -109 16.05 1.90 17.95 0.89 109
2004 1470 -93 17.95 0.00 17.95 1.00 93
2005 1440 -123 17.59 0.36 17.95 0.98 123
2006 1660 97 2.20 15.75 17.95 0.12 -97
2007 1515 -48 10.75 7.20 17.95 0.60 48
MEAN 1532 -31 12.99 471 0.72 31
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Photograph 53: Mt Irene on 8 March 2007, resolutemuced to 800 by 600 pixeNote the
snowline elevation reported in the Table is folyeapril.
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No. 797 B/10 MERRIE RA NZMS 260 sheet C44
Patchy glacierette
[GLACIER DATA SNOWLINE DATA
Aspect E
AREA 12.78 ha ELAO 1515 m
Max Elev 1700 m Max SL 1690 m, 1999
Min Elev 1400 m Min SL 1350 m, 1995
Mean Elev 1550 m Mean SL 1484 m
Elev Range 300 m SL Range 340 m
Lengtt 0.t km No. Survey 18
Gradien 0.€
MEASUREMENTS Digitised values shad
YEAR SNOWLINE | DEPARTURE AREAS ACCUM. MASS
ELEVATION | FROM ELAo ACCUM. ABL. TOTAL AREARATIO | BALANCE
m m ha ha ha (AAR) INDEX
ELAo 1515 0 7.13 5.65 12.78 0.56 0
1977
1978 1655 140 1.34 11.44 12.78 0.10 -140
1979 No visit
1980 No visit
1981 No visit
1982 No visit
1983 No visit
1984 No visit
1985 No visit
1986 No visit
1987 No visit
1988 No visit
1989 1545 30 5.83 6.95 12.78 0.46 -30
1990 No visit
1991 No visit
1992 No visit
1993 1380 -135 16.20 0.00 16.2 1.27 135
1994 1420 -95 11.73 1.05 12.78 0.92 95
1995 1350 -165 19.34 0.00 19.34 151 165
1996 1425 -90 11.53 1.25 12.78 0.90 90
1997 1385 -130 15.65 0.00 15.65 1.22 130
1998 1445 -70 10.67 2.11 12.78 0.83 70
1999 1688 173 0.47 12.31 12.78 0.04 -173
2000 In cloud
2001 1412 -103 12.38 0.4 12.78 0.97 103
2002 1690 175 0.42 1.76 2.18 0.03 -175
2003 1415 -100 11.88 0.9 12.78 0.93 100
2004 1405 -110 12.78 0 12.78 1.00 110
2005 1410 -105 12.38 0.4 12.78 0.97 105
2006 1665 150 1.28 11.5 12.78 0.10 -150
2007 1459 -56 10.08 2.7 12.78 0.79 56
MEAN 148¢ -31 9.62 3.3C 0.7t 31
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Photograph 54: Merrie Range on 8 March 2007, réisolueduced to 800 by 600 pixeldote the
snowline elevation reported in the Table is folyeapril.
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No. 803/1 CAROLINE PKk. NZMS 260 sheet C45
Patchy glacierette
GLACIER DATA SNOWLINE DATA
Aspec SE
AREA 9.99 ha ELAo 1380 m
Max Elev 1600 m Max SL 1575 m, 1999
Min Elev 1260 m Min SL 1220 m, 1993
Mean Elev 1430 m Mean SL 1334 m
Elev Range 340 m SL Range 355 m
Lengtt 0.5 km No. Survey 14
Gradien 0.6¢
MEASUREMENTS Digitised values shad:
YEAR SNOWLINE | DEPARTURE AREAS ACCUM. MASS
ELEVATION | FROM ELAo ACCUM. ABL. TOTAL AREA RATIO | BALANCE
m m ha ha ha (AAR) INDEX
ELAo 1380 0 7.50 2.50 10 0.75 0
1977 No visit
1978 No visit
1979 No visit
1980 No visit
1981 No visit
1982 No visit
1983 No visit
1984 No visit
1985 No visit
1986 No visit
1987 No visit
1988 No visit
1989 No visit
1990 No visit
1991 No visit
1992 No visit
1993 1220 -160 15.79 0.00 15.79 1.58 160
1994 1333 -47 8.95 1.04 10 0.90 47
1995 1230 -150 14.90 0.00 14.9 1.49 150
1996 1302 -78 8.92 1.07 10 0.89 78
1997 1250 -130 13.30 0.00 13.3 1.33 130
1998 1382 2 7.43 2.56 9.99 0.74 -2
1999 1562 182 0.69 2.76 3.45 0.07 -182
2000 In cloud
2001 1275 -105 2.85 0.60 3.45 0.83 105
2002 1575 195 0.46 1.83 2.29 0.13 -195
2003 1291 -89 2.55 0.90 3.45 0.74 89
200¢ 127( -11C 10.0C 0.0C 10 1.0C 11C
200¢ 125¢ -12E 13.3( 0.0C 13.2 1.3z 125
2006 1400 20 6.80 3.20 10 0.68 -20
2007 1336 -44 8.30 1.00 9.30 0.83 44
MEAN 133¢ -46 8.1¢ 1.07 0.9C 46
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Photograph 55: Caroline Peak on 8 March 2007, uésal reduced to 800 by 600 pixeldote the
snowline elevation reported in the Table is folyeapril.
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