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Unearthing clues to climate change 

High altitude nacreous (or ‘mother of pearl’) clouds appear in the sky above the Arrival Heights 
atmospheric research laboratory (at left), on Ross Island, Antarctica. A common sight in polar 

regions when the Sun is just below the horizon, the clouds appear in the stratosphere, approximately 
15km–25km above the surface of the Earth, when temperatures fall to -80°C

Credit: Jamie McGaw, Antarctica NZ 
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  Baring Head

Arrival Heights

South Pole

The first atmospheric 
research observatory to begin monitoring CO2 in the 

Southern Hemisphere was established at Baring Head, near Wellington, in 1972. 
Today there are numerous atmospheric observatories throughout the hemisphere including in Antarctica, 

such as those operated by Antarctica NZ at Arrival Heights near Scott Base, and by NOAA at the South Pole. Map: LINZ

Buried in the Antarctic ice is important historic 
data: a record of environmental conditions on 
Earth thousands, and even million, of years ago.

For scientists investigating the causes and 
consequences of global warming, it is vital 
evidence that reveals what the world’s 
environment used to be like, and the part humans 
have played in changing it.

Among the New Zealand researchers whose work 
has involved revealing these buried secrets is Dr 
Hinrich Schaefer, an atmospheric scientist with 
the National Institute of Water & Atmospheric 
Research (NIWA). His expertise includes analysing 
methane extracted from bubbles of ancient air 
trapped for thousands of years in the ice.

“The ice is formed from snowfall. Air is trapped 
in the pore space and, as more snow falls on top, 
it gets compressed and the pore space gets more 
and more restricted so it’s harder and harder for 
the air to diffuse,” he explains.

“Eventually it can’t defuse any more. It’s closed 
off from the atmosphere, enclosed in bubbles. 
There’s been a lot of research confirming that 
once it is in those bubbles, nothing happens to it, 
so it gives us a picture of what the atmospheric 
composition was hundreds or thousands of years 
ago.”

Analysing the contents of that trapped air gives 
scientists insights into the ‘greenhouse effect’ over 
time – including the role humans have had in 
amplifying its impact on the planet.

The greenhouse effect is the warming of the 
Earth’s surface and lower atmosphere caused 
by substances including carbon dioxide (CO2), 
methane (CH4), nitrous oxide (N2O). These 
so-called greenhouse gases let the sun’s energy 
through to the ground – causing the surface and 
the lower parts of the atmosphere to warm – but 
they impede its return to space.

Without this naturally occurring warming process 
in the atmosphere, the average temperature of 
the Earth would be far lower and much of the 
planet would be frozen. However, human-induced 
pollution is raising the levels of these greenhouse 

Unearthing clues
to climate change

LIDAR beam from the Antarctica NZ Arrival Heights atmospheric research 
laboratory, with aurora australis beyond; Ross Island, Antarctica.  
Photo: Kahmur Studio (Kahmur.com)

gases to the point where we may experience 
severe warming and dangerous changes to the 
climate in the future.

According to the latest Intergovernmental Panel 
on Climate Change (IPCC) report, released in 
August 2021, emissions of greenhouse gases 
from human activities were responsible for 
approximately 1.1°C of 
warming since 1850 
– 1900. The 
IPCC’s 
sixth 
report, 
prepared by 
234 scientists 
from 66 
countries, says 
that averaged 
over the next 
20 years, global 
temperature is 
expected to reach 
or exceed 1.5°C of 
heating and it highlights 
that human influence has 
warmed the climate at a 
rate that is unprecedented in 
at least the last 2,000 years.

NIWA atmospheric researcher 
Gordon Brailsford says prior 
to the Industrial Revolution, in 
the mid-19th Century, human 
activity had a minimal impact 
on the greenhouse gas mix in the 
atmosphere.

“Then [with the onset of the Industrial 
Revolution] we began accessing buried 
coal, oil and gas, using it to sustain 
industrial growth. People began moving 
around the world more and there was a need 
for more food as populations grew. The result 
of that is that we’ve been pumping carbon from 
those deep energy sources into the atmosphere, 
and we’ve been doing it very quickly.”

One of the significant developments in global 
warming research began when American 
scientist Charles Keeling started measuring CO2 
levels in the atmosphere at Hawaii’s Mauna 
Loa Observatory in 1958. The observatory is 
now home to the longest record of direct CO2 

measurements and shows a steady rise in levels 
over more than 50 years.

What has become known as the Keeling Curve 
shows the amount of carbon in the atmosphere 
has increased from less than 320 parts per million 
(ppm) in the late 1950s to over 410 ppm today.

Similarly large increases in the 
proportion of CO2 and 

other greenhouse 
gases in the 
atmosphere 
have been 

recorded 
around the 

world, including 
at well-established 

measuring sites 
such as Arrival 

Heights, a major 
research base in 

Antarctica, and Baring 
Head in Wellington.

But to understand what 
had been happening in the 

atmosphere before Keeling 
and others started taking 

measurements, scientists turned 
to core sampling. Antarctica, 

with its abundance of ancient 
ice and its isolation from human 

activity, was the ideal place to look.

Extracting the large amount of 
time-locked air required to analyse 

its greenhouse gas content is a highly 
complex process, made even more 

difficult by the extreme Antarctic 
conditions.

Hinrich was part of an international 
team of researchers who harvested a tonne 

of 11,000-year-old ice to produce 100 litres 
of ancient air from Taylor Glacier. Once the 
air had been extracted, NIWA processed the 
sample to isolate the pure methane it contained 
– a procedure that results in a sample equal in 
size to a drop of water. That was then sent to 
a highly specialised laboratory in Australia for 
radiocarbon dating.

“You can measure the levels of greenhouse gases 
in the air that is pretty much as old as the ice that 
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In the meantime, you can get involved in lots of different ways:
• Check out our resources for students and teachers on various climate, marine and 

freshwater topics.
• Get involved in the science and technology fairs we sponsor.
• Become a NIWA intern or take part in our Te Kūwaha graduate intern programme.
• Carry out your postdoctoral fellowship with us.
• Follow us on social media to watch our videos and find out more about our science.

INTERESTED IN A CAREER THAT 
COULD GET YOU TO THE ICE?

Find out more at niwa.co.nz

All sorts of NIWA researchers visit Antarctica as part of their 
work. This includes some of our atmospheric scientists and 
technicians, climate researchers, oceanographers, fisheries 
scientists, vessel staff – even our videographers ...

We’d love you to join us one day!

you’ve drilled up. As a result, you can go back 
and figure out how the atmosphere has changed,” 
he says.

“If you go to places where it snows a lot you 
can get good air samples for fairly recent times. 
And you can also extract air straight out of the 
pore space in the snow. By doing that, scientists 
have been able to link the ice core measurements 
directly to modern-day atmospheric 
measurements. That is important because it shows 
that what we’re measuring nowadays directly 
with our instruments ties back into what we find 
in the ice cores. So there’s no real concern that 
something doesn’t add up here, that there’s any 
discrepancy between those two approaches.”

As a result of ice core drilling, scientists now 
have a comprehensive record of atmospheric 
measurements dating back over 800,000 years.

It is invaluable data, Hinrich says, which was for 
the first time included among the research the 
IPCC used to prepare its latest report.

“The IPCC states that scientific studies show that 
the levels of greenhouse gases are now clearly 
above natural levels, and also that they are 
changing much faster than at any time during the 
past 800,000 years.”

While the report points out that concentrations of 
methane and nitrous oxide are now higher than 
they have been at any time in the last 800,000 
years, the IPCC also notes that the data shows 
that in 2019, atmospheric CO2 concentrations 
were higher than at any time in at least the past  
2 million years.

The result of this rise in greenhouse gas 
concentration in the atmosphere is that global 
surface temperature has increased faster since 
1970 than in any other 50-year period over 
at least the last 2,000 years. For example, 
temperatures during the most recent decade 
(2011–2020) exceed those of the most recent 
multi-century warm period, around 6,500 years 
ago. Meanwhile, global mean sea level has risen 
faster since 1900 than over any preceding century 
in at least the last 3,000 years.

The IPCC scientists say global warming of 2°C 
will be exceeded during the 21st century. Unless 
rapid and deep reductions in CO2 and other 
greenhouse gas emissions occur in the coming 
decades, achieving the goals of the 2015 Paris 

Agreement “will be beyond reach,” their report 
warns.

The Paris Agreement’s central aim is to strengthen 
the global response to the threat of climate change 
by keeping a global temperature rise this century 
well below 2°C above pre-industrial levels and to 
pursue efforts to limit the temperature increase 
even further to 1.5°C.

While our increasing scientific knowledge 

– including from the core sampling work in 
Antarctica – may be confirming the reality of 
the climate change fears that have long been 
suspected, Gordon says there are still positive 
aspects to what we are learning. 

“Historically we’ve had three major atmospheric 
events that we’ve had to resolve over the last 
decades. Firstly, there was atmospheric bomb 

The ice core stub extracted from the middle of the drill barrel.
Photo: Hinrich Schaefer, NIWA

Ice core drilling on Taylor Glacier, Antarctica.
Photo: Hinrich Schaefer, NIWA
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Studying past changes in climate: a scientist on Taylor Glacier empties drill chips, shavings 
of snow and ice, from the barrel of an ice core drill before taking the next sample. The red 
flags behind mark a transect line along which ice cores were collected. In the background, 
the Friis Hills at left and Asgard Range at right.
Taylor Glacier flows from the East Antarctic Ice Sheet into the McMurdo Dry Valleys, one 
of the few places in Antarctica not completely covered by snow and ice. Fierce winds 
and extremely dry conditions expose the bare ice and older, deeper layers of the glacier. 
In this part of the valley pictured above, the flow of the glacier has tilted, forced along 
by the surrounding hills and mountains. As a result, the horizontal layers of ice have 
folded, exposing at the surface a sequence of layers between 150,000 and 5,000 years 
old. This period encompasses a full glacial cycle during which huge ice sheets formed on 
the continents, sea level fell and rose by approximately 100m, and global temperatures 
fluctuated by 5°C.
The Friis Hills is an isolated plateau rising to 1750m above the Taylor Dry Valley. The 
prominent dark dolerite sill, a horizontal sheet of igneous rock between granite, was 
formed by magma which intruded during the break-up of the Gondwana supercontinent in 
the Jurassic Period, approximately 180 millions years ago.
Photo: Hinrich Schaefer, National Institute of Water and Atmospheric Research (NIWA)

Lenticular clouds (above): When moist air blows across a mountain range, it can set up a 
train of large standing waves in the air downstream, like ripples forming in a river when 
water flows over an obstruction. If there is enough moisture in the air, the rising motion 
of the wave will cause water vapour to condense, forming the unique appearance of 
lenticular clouds, seen here.

7Vol 39. Nos. 3 & 4, 2021 6



testing, where countries were exploding nuclear 
bombs in the atmosphere, and we managed to 
resolve that one through international agreement 
between countries.

“Then there was the ozone hole issue. We could 
see problems developing that were going to 
affect large parts of the globe. The solution there 
was around governments and industry working 
together to solve the problem.

“And now, with global warming, we’ve got 
a much more complex problem, which is 
affecting everyone. It doesn’t matter whether 
you’re a contributor or not, it’s affecting you. 
So the solution has to come from the top: from 
international agencies, governments and industry. 
But it also has to come right down now to local 
government, and also to individual action – and 
that individual and community action does 
actually matter.

“Although the problem is huge, the solution 
is about individual action and the many 
contributions that people make. We can’t divorce 
ourselves from that – when someone decides to 
ride a bike rather than take the car on a certain 

trip, those are the type of decisions that matter.”

And while the world has been thrown into 
turmoil by Covid-19, Gordon says there is also an 
environmental upside and positive lessons to be 
learned from the crisis.

“The positive story out of this negative experience 
is that as a result of this global pandemic there 
was a significant drop in carbon emissions. We 
had about an 8 percent decrease in emissions 
globally in 2020 due to lockdowns around the 
world,” he says.

“That was a positive environmental effect but 
what does it mean for the future? For one thing, 
it was an indication of the scale of the global 
warming problem we are facing: the reality is we 
need to achieve that level of reduction, or more, 
every year from now on.

“So we have had an indication of the level 
response we need to take to get across the 
line and, while in New Zealand we didn’t 
have restrictions as extreme as in some other 
countries, we lived through it and it’s given us 
an understanding of the scale of change that’s 
required.”

Atmospheric CO2 levels for the last 800,000 years, showing the dramatic increase since the beginning of the Industrial Revolution in the 18th Century. Historic data has been obtained from Antarctic ice records. In 
2004, data published from the 3.2km EPICA ice core from Dome C on the polar plateau, provided the longest undisturbed chronicle of environmental change, revealing eight ice ages over the 800,000 year period.
Graphic: NASA

climate.nasa.gov

The Atmospheric Research Observatory (ARO) at the United States Amundsen-
Scott South Pole Station, latitude 90° South, is a National Science Foundation 
(NSF) facility operated year-round by staff from the National Oceanic and 
Atmospheric Administration (NOAA). 

The station stands at an elevation of 2,835 metres above sea level, on the nearly 
featureless East Antarctic Ice Sheet which is about 2,700 metres thick at that 
location. 

The ARO is located 400 metres from the main station building, on the edge of a 
designated area called the Clean Air Sector. Due to local meteorology, winds 
at the South Pole are very consistent, hence the designation of the Clean Air 
Sector. By positioning on the edge of this sector, ARO remains upwind of the 
local pollution inherent around the daily operations of the station. This clean 
upwind air is representative of the true mixed background atmosphere over 
Antarctica, and by sampling this air, the ARO can establish an accurate long-
term climate record of the continent. 

The mission of ARO is to measure long-term trends of important trace gases, 
aerosols, and solar radiation and to investigate the influence of these gases and 
aerosols on the Earth’s climate. The Light Detection and Ranging laser (LIDAR), 
seen here in this photo, measures aerosols and cloud structure. 

Atmospheric CO2 concentrations have been measured continuously at the South 
Pole since 1957, after the establishment of the station in November 1956. The first 
CO2  measurement recorded was 313.88 ppm in July 1957. 

In May 2016, the ARO became the last observatory on Earth to record CO2  
surpassing the 400 ppm level, a full three years after the Mauna Loa Observatory 
on Hawaii first reached that threshold. 

While this remote corner of the world is the last place to register the impacts 
of increasing emissions from fossil fuel consumption, the increasing CO2  
measurements are a sobering reminder that human activities continue to 
reshape the entire planet.

The most remote observatory  - 
measuring CO2 at the South Pole

The Atmospheric Research Observatory (ARO) at the South Pole during the 
long polar night of winter. Curtains of aurora australis flow in the distance, 
while in the sky Mars shines brightly during the close opposition of July 2018.
Credit: Rob Streeter
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You don’t have to be a scientist to contribute to 
a major research initiative currently underway 
to better understand Antarctica’s impact in a 
warming world.

Crew on fishing boats and tourist 
ships in the Southern Ocean have 
also played a vital role in 
the study by collecting air 
samples on the open 
waters between New 
Zealand and the 
Antarctic.

GNS Science 
climate scientist 
Jocelyn Turnbull 
is in charge of 
analysing those 
air samples 
for a project 
that is part of 
the Antarctic 
Science Platform, a 
major New Zealand 
Government-funded 
research programme 
focused on 
improving our 
understanding of 
the Antarctic and 
Ross Sea region’s 
environmental 
impact on the 
planet, and how this might change in a warming 
world.

Jocelyn specialises in using measurements of 
radiocarbon (radioactive carbon isotopes) 
to investigate the amount of fossil fuel CO2 
emissions around the world and the subsequent 
exchange of that carbon between the atmosphere 
and oceans and land. Her Antarctic Science 
Platform work involves analysing levels of 
radiocarbon from across the Southern Ocean to 
better understand the role the ocean plays as a 
carbon sink.

Of the CO2 we emit into the atmosphere, only 

Understanding humanity’s impact
on Antarctica and the Southern Ocean

about half stays there while the rest is reabsorbed 
into the land through photosynthesis, and into the 
oceans. Carbon sinks are “Mother Earth paying 
us a very nice favour because we’ve only got half 

as much warming as we would otherwise 
have,” Jocelyn says.

“The Southern Ocean is one 
of the most important 

carbon sinks, taking up 
about 10 percent of 

all the CO2 that’s 
emitted by humans. 
But over the last 
three decades 
there have been 
changes in the 
sink rate. In the 
1990s there was 
a slowing of the 
Southern Ocean 

carbon sink. In 
the 2000s it sped 

up again, and now 
it seems to be slowing 

again. Understanding 
why that is 
happening would 
be very useful so 
we could predict 
what’s going to 
change in the 
future.”

The process of CO2 uptake into the Southern 
Ocean depends on the amount of CO2 that can be 
absorbed into the surface water, she explains.

Deep waters rising to the surface are richer in 
carbon and able to absorb less CO2, so changes 
through time in the amount of deep water 

The Southern Ocean: powerful westerly winds drive the Antarctic Circumpolar Current (large arrows) clockwise around 
Antarctica. This is Earth’s largest, longest current system and the only one to connect all the oceans. It dominates the 
Southern Ocean. Rather than a simple flow, the ACC is comprised of fast-flowing, turbulent jets or fronts, separated 
by zones of quieter water. Thus, most transport of water occurs in the Subantarctic Front (black dashed line) and the 
Polar Front (white dashed line). Off coastal Antarctica, dense, super-cold water sinks to the ocean floor and moves 
northwards (small arrows) below the ACC, into the Northern Hemisphere, thus distributing Antarctic water worldwide. 
The ACC drives strong mixing in the Southern Ocean region, with sinking waters north of the Polar Front and upwelling of 
deep waters to the south. Map: LINZ

Volunteer Sherry Ott collecting air samples with a flask, on the vessel Spirit of Enderby in 
the sub-Antarctic Auckland Islands. Photo: GNS Science

Antarctic iceberg adrift in the Furious Fifties of the Southern Ocean. Warm air near the equator rises and moves 
toward the poles, descending back to Earth’s surface at about latitude 30 degrees north and south of the equator, 
creating high-pressure subtropical ridges. As the temperature gradient decreases, air is deflected toward the poles 
by the Earth’s rotation, causing strong westerly and prevailing winds at approximately latitude 40 degrees. For this 
reason, in the Southern Hemisphere these winds are known as the ‘Roaring Forties’, while 10 degrees further south 
again the winds are even stronger, reaching gale-force strength, hence the ‘Furious Fifties’. During the Age of Sail 
(from the 15th to 19th Centuries), these strong prevailing winds propelled ships across the Southern Ocean often at 
breakneck speed. These same winds drive the strong overturning of ocean waters that brings deep waters to the 
surface. Photo: Matt Williams (Instagram @m8will)
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‘upwelling’ is thought to be a major control on 
the rate of uptake. These deep waters have been 
out of contact with the atmosphere for thousands 
of years, so have lower radiocarbon than the 
atmosphere. This very old CO2 in deep waters is 
used to detect the strength of upwelling.

“When that very old CO2 gets released into the 
atmosphere it reduces the radiocarbon content in 
the atmosphere, giving us a tracer to understand 
the strength of that upwelling of deep water. 
Radiocarbon gives us an insight into what’s 
happening with that upwelling that we can’t get 
from measuring CO2 concentrations,” Jocelyn 
says.

To collect the air samples, Jocelyn’s team have 
relied on assistance from crews aboard “ships 
of opportunity” on passages through the 
Southern Ocean and Ross Sea. Samples have also 
been taken by NIWA’s research vessel, the RV 
Tangaroa.

“We have two-litre glass flasks that we evacuate 
in the lab, so there’s no air inside, and we have a 
volunteer on the ship collect the samples for us. 
They go up to the front of the ship, as high up 
as they can, making sure the wind is coming off 
the ocean and not from the smokestack. Then 
they open up the flask and the air rushes in. They 
record the time, day, latitude and longitude where 
the air was collected, and we get them back in the 
lab.”

It is not the only time Jocelyn and her team have 
called on the assistance of ‘citizen scientists’ 
to help with their data collection. When New 
Zealand went into its first Covid-19 Level 4 
lockdown in 2020, GNS launched the Great 
Greenhouse Gas Grass Off which saw volunteers 

from around the country– armed with scissors and 
a nearby patch of grass – collecting and posting in 
weekly grass clippings throughout the duration of 
the lockdown.

Testing of those grass samples – again based on 
radiocarbon measurements – showed a significant 
drop in fossil fuel CO2 emissions across the 
country during Level 4 compared to Level 1.

Because grass absorbs carbon dioxide from 
the air as it grows, testing in the lab allows the 
naturally occurring carbon in the samples to be 
distinguished from carbon produced by burning 
fossil fuels. With samples taken regularly over 
time, the team was able to paint a picture of 
carbon emissions across the level changes. Sites at 
a number of urban locations around the country 
showed a 75-80% drop in emission during Level 4 
compared to Level 1.

Another GNS scientist involved in the Antarctic 
Science Platform work is Associate Professor 
Richard Levy whose work is focused on learning 
more about the past – and the likely future – of 
the all-important West Antarctic Ice Sheet.

Antarctic ice melt is a significant contributor to 
future sea level rise, increasing risks associated 
with coastal erosion and flooding. Already, 
warming atmospheric and ocean temperatures 
are changing patterns of sea ice formation, and 
increasing the melt rates of glaciers and ice 
shelves. These changing physical environments, 
particularly temperature, sea ice cover, and 
melt water production, threaten the habitats, 
abundance and biodiversity of Antarctica’s unique 
flora and fauna, on land and at sea.

As the largest reservoir of freshwater on Earth, 
the Antarctic ice sheet has the greatest potential 
to significantly raise sea levels and disrupt global 
ocean circulation. But we don’t yet have detailed 
knowledge of how the ice sheet will respond as the 
planet heats up.

Richard’s team of scientists and engineers will 
be using a newly-developed drilling system to 
take rock and sediment core samples on the Siple 
Coast, located nearly 1000 kilometres across the 
Ross Ice Shelf from Scott Base.

“This is where the West Antarctic Ice Sheet first 
lifts off from the sea floor and begins to float. 
In seasons to come we will melt a hole through 
the floating ice with a hot water drill and use a 

Testing the drill rig in the Belmont Quarry, Wellington, prior to its departure to Antarctica. 
Photo: Jeff Bras, GNS Science

purpose-built light-weight sediment coring system 
to drill more than 100m down into the sea floor,” 
Richard says.

The sediment core samples will reveal how the 
West Antarctic Ice Sheet behaved in the past when 
the planet warmed and will allow scientists to test 
the climate and ice sheet models they are using to 
predict its future.

“After melting a hole through the ice shelf, we will 
lower pipes down through the open water ocean 
cavity to the sea floor, and then use our drilling rig 
to cut down into the sediment below to retrieve 
samples of the layers of rock that record the site’s 
environmental history.”

The team will be looking for evidence of the state 
of the ice sheet at crucial previous periods such 
as the last interglacial (about 125,000 years ago) 
when the Earth’s average temperature was ~1.5 C 
warmer than pre-industrial times, as warm as we 
expect it will be in the next several decades if we 
achieve our net zero emissions targets. Of concern 
is that at this time, global sea level was 6 to 9 
metres higher than today.

“We want to know whether the last interglacial 
was warm enough to cause the West Antarctic 
Ice Sheet to melt and retreat well beyond the 
grounding zone where it currently sits, to the 
point where you had open ocean conditions at the 
drill site. If we drill down to an interval of rock 
that we can date to 125,000 years ago, and we see 
evidence of open marine conditions – marine algae 
and no evidence of ice – we’ll know that with 1 
to 1.5°C of warming, the West Antarctic Ice Sheet 
collapses.

“But if we go back and find rocks that indicate a 
sub-ice shelf or sub-glacial environment, then we 
know that the ice sheet was a bit more resilient 
in this particular region, that it stuck around and 
didn’t completely melt.”

Based in part on prior ice sheet modelling, the 
science team hypothesizes that during the last 

interglacial, while parts of Antarctica melted, large 
regions of the West Antarctic Ice Sheet remained, 
particularly near the drill site. And it wasn’t until 
average temperatures were more than 2°C warmer 
than today – back in the Pliocene, 3 million years 
ago – that the ice sheet completely collapsed.

“We currently think that if we can keep warming 
well below 2°C, we have a chance to keep 
significant portions of the West Antarctic Ice Sheet 
intact and limit the amount that sea level rises to 
well below 1 m by the end of the century.”

While ambitions such as keeping global warming 
to below 2°C above pre-Industrial Revolution 
levels are far from a certainty at this stage, Jocelyn 
says it is important to keep in mind that we are 
still in the position to take action that will have a 
positive impact on the future of the planet.

“We know that we’ve been creating a lot of 
emissions and that’s causing climate change. And 
we know that there’s going to be some climate 
change going forward no matter what we do, 
because it’s already built in. But we can still make 
a difference.

“If we reduce our emissions now we will reduce 
the impact of climate change. We will reduce not 
just the climate change problems, but things like 
ocean acidification, sea level rise, et cetera. By 
making changes now we can actually still make a 
difference and a really big difference.”

She says the evidence of New Zealand reducing 
its emissions from traffic by around three-quarters 
during 2020’s Level 4 lockdown is an example of 
that ability to make a difference.

“We could have the same impact on an ongoing 
basis if we shifted to using electric vehicles. If we 
got to 75 or close to 100 percent electric vehicles 
we would be there without impacting our lifestyle. 

“So, there really are things that we can do to 
reduce climate change. It’s just a matter of actually 
stepping up and doing them.”

Heading southeast from Ross Island (Mt Erebus and Mt Terror visible at top left), the convoy 
transporting site survey and hot water drilling equipment commences its 900km traverse on 
its way to the Kamb Ice Stream where the West Antarctic Ice Sheet begins to float and form 
the Ross Ice Shelf. The drill will make its trip in 2022. Photo: Neil Silverwood
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It’s not only seafarers who have taken refuge at 
Port Ross over the centuries. The harbour is the 
most popular gathering point for southern right 
whales within New Zealand’s territorial waters. 

Dr Emma Carroll, a Rutherford Discovery 
Fellow at the University of Auckland’s School of 
Biological Sciences, describes Port Ross as a wild 
and special place.

Emma’s right whale research takes her down to 
the Auckland Islands where she says the sight of 
dozens of the massive animals – which grow up to 
18m long and weigh up to 80 tonne – frolicking in 
the water is like watching “whale soup”.

“This winter we got there in June, the earliest 
anyone’s been down there since 1998, and what 
we found was just amazing numbers of socializing 
whales. One morning, as we were working, the 

Tracking giants of the Southern Ocean

mist started to roll back and there were 30 or 
40 southern right whales socializing in different 
groups that would break up and then they’d 
charge around and form a new group. I’ve never 
seen anything like it. It was amazing.”

The southern right whale, or tohor , has a special 
place in Aotearoa’s culture, both as an important 
taonga to M ori and because of its connection 
to the whaling trade that began in the 1830s and 
brought significant numbers of early European 
settlers to the country.

“Southern right whales were literally named by 
whalers as the right whales to hunt,” Emma says.

“They are slow, they came really close into shore, 
they floated when dead, and they yielded a lot of 
valuable meat, oil and baleen (whalebone).”

As a result, the species went from a pre-whaling 
population of about 30,000 
in New Zealand waters to 
decades of virtual extinction by 
the 1860s. Their numbers were 
estimated at around 40 in the 
1920s but recovered to around 
2000 by 2009.

Researchers believe the whales 
began favouring the Auckland 
Islands as a place to congregate 
over winter because it offered a 
refuge from the whalers.

“The whalers tended not to 
travel that far south,” says 
Emma.

“While around the mainland 
during winter those whales 
were being essentially wiped 
out, the Auckland Islands were 
a refuge. These whales show 
fidelity to their natal wintering 
grounds, and there’s an aspect 
of that that’s learned. Mums 

At the northern end of the Auckland Islands, 470km south of 
Bluff, the natural harbour of Port Ross provides a welcome 

sanctuary from the extreme conditions of the Southern Ocean.

Tracks of the tohora Southern Right Whales in 2020, as they disperse from the Auckland Islands into the Southern Ocean.  The tag on 
Bill/Wiremu transmitted for a remarkable 14 months, a record for a southern right whale. Bill spent months foraging off the coast of East 
Antarctica. His tracks (in light blue) showed that tohora can go huge distances – one third the way around the world and back – but still 
make it back to the Auckland Islands Maungahuka to winter. Map: Tohora Voyages, University of Auckland

will have their baby in their favourite wintering 
ground, that baby will travel with her mum to 
her favourite feeding ground, and they’ll often 
return as yearlings with their mum to that same 
wintering ground. The offspring are learning their 
mother’s favourite migratory habitats in that first 
year of life.

“That’s why we see these animals returning to 
the Auckland Islands. We think it’s because it’s 
a tradition that they’ve learned, and it’s served 
them really well. It’s protected them and it’s still 
a really important place for them now because 
it’s somewhere that is very rarely visited in winter 
by people. These whales do best in our absence. 
Fishing gear and ship strike are their biggest 
threats and those are pretty minimal down in the 
Auckland Islands.”

While tohor  are no longer hunted by whalers 
and the population is on the rise, today the species 
faces new challenges as a sentinel for climate 
change. They are a migratory species, moving 
between summer feeding and winter socialising 

and nursery grounds.

“Their recovery gives us an indication of ocean 
health, and that’s because they are migratory 
whales who feed at offshore foraging grounds 
and then fast at their wintering grounds, like the 
Auckland Islands.

“So all the kai that mum ate at those offshore 
feeding grounds has to sustain her and her calf 
through those first few months of the baby’s 
life. Mum loses up to a quarter of her body 
volume, and that calf will grow a few centimetres 
a day, maybe a metre a month, in its first few 
months of life. That reproduction, which then 
fuels population growth, is dependent on how 
productive those offshore feeding grounds are.”

Emma is co-lead on the International Whaling 
Commission Southern Ocean Research 
Partnership theme on southern right whales, 
a collaboration of researchers from across 
South America, South Africa, New Zealand 
and Australia working to better understand 
the animals’ movements: where they go during 

A young tohora  southern right whale investigates the camera, in 
Sandy Bay, Port Ross. Photo: Richard Robinson ©2021
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summer, and how they get there, and how that impacts 
population recovery from whaling. By working together, the 
researchers are aiming to understand how the whales respond 
to changing oceans across scales from regional to the whole of 
the Southern Ocean. What they learn from right whales will 
be applicable to other Southern Ocean predators, hence the 
sentinel moniker. 

“One of the challenges we’ve had in New Zealand is we 
haven’t known where our whales are going to feed. We have 
to have some idea where they’re feeding in order to link their 
recovery with foraging ecology.”

The research team’s Auckland Island expeditions in 2020 
and 2021 have enabled them to tag a number of whales with 
satellite trackers so they can follow them in the summer 
months ahead and gain a better understanding of their feeding 

Dr Emma Carroll with the tag deployment system funded by the Lou and Iris Fisher Trust, at Port Ross in the sub-Antarctic 
Auckland Islands. Photo: Richard Robinson ©2021

habits and movements.

Knowing where the whales are going, 
and how they get there, also sheds 
light on how their movements relate 
to shipping lanes, coastal development 
and oil and gas exploration. On 
top of that, climate change will 
impact areas of the Southern Ocean 
differently, so knowing where the 
whales are feeding helps scientists 
understand how their future recovery 
might be influenced by the changing 
sea temperatures.

“By attaching satellite tags to tohor ,
we can follow the whales on their 
voyage from the Auckland Islands 
to their offshore foraging grounds. 
These tags give day-by-day tracks of 
the whales’ movements, providing 
information on not just where the 
whales are eating, but how they are 
getting there, if they cross shipping 
lanes or oil or gas fields. This will 
provide important information for 
how we manage our oceans.”

One of the whales tagged in 2020 – 
the team called him Wiremu, or Bill 
– was tracked on a year-long journey 
that took him from Port Ross to 
southwest of Australia and then down 
to and along the East Antarctic coast 
before he headed back towards the 
Auckland Islands. 

Bill’s journey was the longest recorded 
for the species (the trackers usually 
stop working after three to six 
months) and it showed that tohor  
can cover huge distances – the 
equivalent of one third the way 
around the world and back – but still 
come back to the Auckland Islands to 
winter.

Taking small skin biopsy samples 
from the whales gives the researchers 
another tool to help understand 
where the animals have been 
travelling. Microchemical markers in 
the fingernail-sized samples give the 
scientists an indication of the latitudes 
where the tohor  have been feeding 

over the previous months.

“It’s a complementary tool to the satellite tagging, 
which is very detailed, so gives us the migration 
path of a handful of animals, but in a population 
of over 2000, that’s quite a small number. The 
microchemical markers vary predictively across 
the Southern Ocean so we can pinpoint how close 
to Antarctica, or to the tropics, they’re feeding,” 
Emma says.

“With microchemical markers we’re able to 
generate a much larger data set. It doesn’t give 
us information on their migration pathways 
but it does tell us where they were feeding 
in the five months before they arrived at the 
Auckland Islands. From that we can understand, 
on a population level, what the important 
biogeographic regions of the ocean are for these 
whales.

“There were reports of black whales in the 
Ross Sea in the 1800s but tracking Bill’s 
journey provided us with the first contemporary 
evidence that that link is there. What we’re 
hoping to understand (through microchemical 
marker analysis) is how strong that link is on a 
population level.”

Emma says tohor  research is also contributing to 
discussions on marine mammal protection areas, 
and whether there should be more of them.

“Bill travelled through a proposed marine 
protected area in East Antarctica, and that was 
really important because he did it in our summer 
(January and February). Hopefully we get a 
couple more tags that last through until autumn 
next year, so that we can see if other whales 
go south and track along the Antarctic coast. 
That will contribute to our understanding that 

Looking south above Enderby Island towards Ross Island at the entrance to Port Ross (at left) with Auckland Island beyond. Located 
360km from Stewart Island, Enderby Island is one of the known southern extremities of the great Polynesian voyages of the 13th century - 
in the 1990s archaeologists found cooking and midden sites on Enderby Island which have been radiocarbon dated to that century. 
Photo: Richard Robinson ©2021

Tohora breaching in Port Ross. Credit: University of Auckland Tohora Research Team under Department of Conservation Permit
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TOHORĀ - SOUTHERN RIGHT WHALES
These slow-moving marine giants often chill out close to shore and have a 
curious, playful nature. Individuals can be identified by the unique pattern 
of callosities on their head.

BLUE WHALES
The blue whale is the largest animal in the world and is usually seen alone or in 
pairs. The head is blue, but the back and sides usually appear a mottled bluish grey.

PAIKEA - HUMPBACK WHALES
Paikea are well known for their spectacular breaching. Their tails are broad and 
have a unique black and white pattern, which allow individuals to be identified.

Dorsal fin, hump with knuckles Scalloped edge on tailGrooves and knobs on head

Callosities on head No dorsal fin, smooth back Triangular, all-black tail

PARĀOA - SPERM WHALES
Parāoa have wrinkly skin and a large square head that makes up around one 
third of their body length. They are purplish-brown or dark grey in colour.

Hump instead of dorsal fin Arching back Large triangular tail

Mottled bluish grey back Small dorsal fin Wide triangular tail

PHOTO CREDITS: Southern Right Whales – Carlos Olavarria, Darryl MacDonald/British Antarctic Survey, University of Auckland; 
Humpback Whales – Amy Kennedy; Sperm Whales – University of La Laguna; Blue Whales – International Whaling Commission 
Southern Ocean Research Partnership

these areas are important, not just for the 
penguins and the seals, but for these whales 
as well. It will contribute to understanding 
and evaluating these proposed marine 
protected areas.”

Climate change will result in “winners and 
losers” among the species that are affected, 
Emma says, but for tohor , the impact 
could vary for different groups.

“With southern right whales foraging 
across such a huge expanse of ocean, 
depending on their traditions, they have the 
potential to be one of the winners, but it 
will probably depend on how rapidly things 
are changing and how productive those 
particular feeding grounds are. I’m hopeful 
that the New Zealand right whale is still 
doing okay, but we’ll know more in a year 
or two, once we’ve analysed more data.”

• You can learn more about Emma Carroll 
and her team’s research, and see the 
live locations of the whales they’re 
tracking, at the Tohor  Voyages website: 
tohoravoyages.ac.nz

• To read more research stories and explore 
possibilities of a science degree at the 
University of Auckland, visit:  
science.auckland.ac.nz

Dr Emma Carroll in Port Ross, looking for a whale to biopsy. 
Photo: Richard Robinson ©2021

A mother tohora and calf. Credit: University of Auckland Tohora Research Team under Department of Conservation Permit

WHALE WATCHING
With the number of tohora on the rise, the whales are venturing 
out of the safety of their sub-Antarctic refuge and returning to the 
coastline of Aotearoa. To plan for and take care of this recovering 
population, scientists need to understand where they are travelling, 
so if you see tohora (or any whale), please report it.

HOW TO REPORT A WHALE SIGHTING
• Call 0800 DOCHOT (0800 362 468) or report online at doc.govt.nz
• Post your best photo, tag  

@itsliveocean and describe what you saw

RECORD THE DETAILS
Include as much information as possible with your sighting: 
• Date, time and location (GPS coordinates if possible)
• Number of whales and calves
• The direction they were travelling
• Take photographs or video

THE BEST PHOTOS
• Focus on identifying marks, the left side of the head and shots of 

the full length of the body.
• For the tohora, focus on the white patches on the head, lip line 

and white streaks on the body.

BE WHALE WISE AT SEA
Check your distance
• Legally, you must stay at least 50m away (or 200m if the whale is 

with a calf)
• Keep a ‘no wake’ speed within 300m
Check your position
• Always come from a direction that is parallel and slightly from the 

rear
• Don’t circle whales, or obstruct them
• Don’t box whales in (against the shore or other boats)
• If a whale moves towards you, slow down and stop or carefully 

manoeuvre out of the whale’s path
Be kind
• Avoid loud or sudden noises
• Never cut through a group or separate mothers from calves
• Don’t feed or swim with whales

Types of Whales. Credit: Live Ocean
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Predicting the future of 
Antarctica … and the world

When the Physical Science working group of 
the Intergovernmental Panel on Climate Change 
(IPCC) released its latest report in August 2021, 
the Guardian described it as the “starkest warning 
yet” of “major inevitable and irreversible climate 
changes”.

The IPCC is a United Nations body tasked with 
assessing the science related to climate change 
and its reports involve input from hundreds of 
scientists around the world. Among those to 
play a key role in the latest report was Professor 
Nick Golledge of the Antarctic Research Centre 
at Te Herenga Waka—Victoria University of 
Wellington, who was a lead author of the ‘Ocean, 
cryosphere and sea level change’ chapter.

Summing up the report’s findings, the IPCC said: 
“Many of the changes observed in the climate 
are unprecedented in thousands, if not hundreds 
of thousands of years, and some of the changes 
already set in motion – such as continued sea level 
rise – are irreversible over hundreds to thousands 
of years.”

Given Antarctica is home to enough ice that, 
should it all melt, sea levels would rise about 58m, 
the southern continent is a major factor in the 
planet’s environmental future.

Among the IPCC report’s conclusions were that 
the Antarctic Peninsula, West Antarctica and some 
East Antarctic regions are projected to continue to 
warm during the course of this century at a rate 
greater than the global rise.

The report says under sustained warming levels 
of between 2°C and 3°C, the West Antarctic 
Ice Sheet will be lost almost completely and 
irreversibly over several thousand years.

The report’s authors have ‘very high confidence’ 
that the amount of ice lost from West Antarctica 
in recent decades has exceeded any gain in mass 
from snowfall.

“We are also confident this loss has largely been 
due to increased melting of ice below sea level, 
driven by warming ocean water. This melting has 
allowed the acceleration and thinning of grounded 

ice further inland — and this is what contributes 
to sea-level rise,” Nick says.

“On the other side of the world, the Greenland 
ice sheet has also been losing mass over recent 
decades, but in Greenland this is principally due to 
warmer air, rather than warming ocean water. It is 
virtually certain that the melting of the two great 
ice sheets, in Greenland and Antarctica, as well as 
the many thousands of glaciers around the world, 
will continue to raise sea levels globally for the 
rest of the current century.”

Ice sheets can respond to climatic warming in 
complex ways, commonly only reaching a new 
state of balance many hundreds or even thousands 
of years after the initial change in climate has 
occurred.

In a recently published scientific paper, Retreat 
of the Antarctic Ice Sheet During the Last 
Interglaciation and Implications for Future 
Change, Nick and others used a computer 
model to investigate how the Antarctic Ice Sheet 
responded to a period of prolonged warmer-than-
present climate that took place around 125,000 
years ago. 

At that time, the global climate was only around 
1-2°C above present, but geological records show 
that the global sea level was at least 6m, or maybe 
even as much as 9-11m, higher than today.

Applying this model to the future, the paper 
suggests that the West Antarctic Ice Sheet may 
already have been sufficiently destabilized to 
trigger a long-term sea-level contribution – over 
several thousand years – of up to 4m, even 
without further greenhouse gas emissions.

“The bed of the West Antarctic Ice Sheet gets 
deeper as you go further towards the centre, 
resulting in what’s known as marine ice sheet 
instability,” Nick says.

“When melting starts at the margins of this 
kind of ice sheet, the flow of ice to the ocean 
accelerates, meaning the inland parts are getting 
thinner, and closer to the point when they go 
afloat.”

Tim Naish, Nick Golledge and Adam Lewis near Mt Boreas, looking for 
Nothofagus (Beech tree) fossils which date from 15 million years ago 

when Antarctica last had trees, the summer temperatures were as warm 
as 10ºC, and global sea level was 30m-40m higher than today.

Photo: Richard Levy
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ICEFALL
The East Antarctic Ice Sheet spills into the Upper Wright Glacier, over the 4km wide, 400m high 
Airdevronsix Icefalls. Across the cliff face, a dark dolerite sill from the Jurassic period is visible, above a 
lighter layer of Devonian rock to which it intruded.

At the front of the Wright Glacier is a network of deeply incised valleys known as the ‘Labyrinth’. Scientists 
believe the channels were created by massive outbursts of flooding meltwater from under the East 
Antarctic Ice Sheet during the same period of global warmth that supported beech trees on the continent 
about 13 million years ago.

The Wright Valley is one of three large Dry Valleys west of McMurdo Sound. The dry persistent katabatic 
winds which descend from the polar plateau above, remove (ablate) and vaporize (sublimate) snow, 
creating one of the few snow-free areas on the continent.

Airdevronsix is a compound name from US Navy Air Development Squadron Six (VX-6), the legendary unit 
which carried out aerial operations in support of the US Operation Deep Freeze for more than 40 years. 
Photo: Kaila Colbin
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The East Antarctic Ice Sheet is so named because it is largely east of 0° longitude, the Greenwich 
Meridian, with the West Antarctic Ice Sheet lying west of that longitude line.  By using satellite 
data, scientists can track the velocity of the ice as it moves slowly from the central ice domes and 
gains speed towards the coast, especially for glaciers and floating ice shelves. Understanding the 
speed and direction of the ice increases our knowledge of ice behaviour under climate stress, and 
improves projections of future sea level rise. 
Map: LINZ

The result is that the ice sheet’s grounding line 
– the division between the grounded ice and the 
floating ice – will continue to retreat because the 
bed is getting deeper. 

“The bottom line is that the ice sheet is looking 
pretty sensitive,” says Professor of Earth Sciences 
Tim Naish from Te Herenga Waka—Victoria 
University of Wellington, who contributed to 
the paper and was a lead author on the IPCC’s 
previous 5th assessment report, published in 2014.

“Today’s level of global warming, and the Paris 
target (limiting warming to 1.5-2°C above pre-
industrial levels) are probably very close to the 
tipping point for some parts of Antarctica,” he 
says.

While the planet was warmer 125,000 years ago 
than it is today, CO2 levels were below the 400-
plus parts per million mark that has been reached 
today.

Back then, the temperature rise was probably 
caused by a natural orbital change that tilted 
the Earth closer to the Sun. Today it is the rapid 
increase in CO2 and other greenhouse gases in the 

atmosphere, due to human activity, that is causing 
the planet to warm.

“What we think happens at 400 parts per million 
of carbon dioxide – if the atmospheric levels 
remain there for long enough – is that all the 
marine-based parts of the Antarctic ice sheet 
that sit below sea level, in deep basins, melt and 
commit the Earth to 20 metres of sea level rise,” 
Tim says.

“The worst aspect of this is that there’s potentially 
a tipping point beyond which you can’t stop that, 
and we’re dicing with that tipping point right now. 
A lot of scientists would say the West Antarctic Ice 
Sheet is already under irreversible collapse. But the 
East Antarctic ice sheet is still being held together 
by the ice shelves, such as the Ross Ice Shelf.

“The threat shoulders around when they go, and 
they probably go at 1.5-2°C of global warming. 
That’s when you potentially trigger 20 metres of 
sea level rise, although it will take thousands of 
years for it all to play out.”

In the shorter term, Nick says, most scientific 
modelling predicts that West Antarctic ice sheet 
melting will contribute “a few tens of centimetres” 
to global warming over the course of the 21st 
Century, although some researchers believe it 
could be more in the order of 1m.

The more extreme forecast comes from 
proponents of a theory that marine ice cliff 
instability could mean tall ice cliffs are likely 
to collapse under their own weight leading to 
runaway ice sheet retreat.

Nick says that variation in predictions “makes 
it quite difficult for policymakers” when they 
consider the options presented to them by 
organisations such as the IPCC.

“We end up with this two-tier approach. What we 
wrote about in the in the cryosphere chapter of 
the IPCC report was basically the processes that 
we have at least medium confidence in – those that 
are well tested, well understood, well captured 
by many models. But then we have processes that 
are not well understood, not well tested and not 
used in more than one model. Those become high 
magnitude, low confidence projections, but we 
can’t rule them out so, unfortunately, that means 
we hand off to the policymakers a whole bunch of 
uncertainty.”

The message from the IPCC report authors 
to those leaders is: “this is what we think 
is most likely, based on decades of model 
development. But there is a chance that it 
could be a whole lot higher”.

“The further into the future you look, the 
more these modelling approaches diverge, 
so if you keep going from 2100 out to 2300 
or 2500, then the traditional models will 
still be telling you a metre or two, whereas 
the marine ice cliff instability model will be 
telling you it could be 10-15m.”

While even the more conservative sea 
level rise predictions create cause for 
alarm, especially for coastal and low-lying 
communities, Tim says he remains positive 
about the future for the planet.

“I think there’s still time to turn this thing 
around, to stabilize climate below two 
degrees of global warming, but the world’s 
nations have to commit to it, as we have 
done, for example, with the Climate Change 
Response (Zero Carbon) Amendment Act.” 

(The Act was a 2019 law change providing 
a framework for New Zealand to develop 
and implement climate change policies in 
support of the Paris Agreement.)

“The fact New Zealand has committed to 
a pathway to get to carbon zero by 2050 
gives me confidence because I think without 
governments really committing, individuals 
can only do so much and they lose their 
motivation if they see the government is not 
even trying,” Tim says.

“I know young people are a little bit 
anxious and worried about global warming 
but there are going to be so many job 
opportunities and challenges, particularly in 
science, around how we actually transition 
to a sustainable low carbon world. There 
are going to be design opportunities, 
technology opportunities – there are going 
to be so many cool things we need young 
leaders and young, clever people to do. I see 
it as really exciting with all the benefits that 
will come from that. 

“The other thing we need to remind young 
people is it’s not Paris or bust. If we miss the 

Paris target and end up with a world that’s two and a 
half degrees warmer, it’s still much better than a world 
that’s three and a half or four degrees warmer. That’s 
the danger of targets: if you miss them, you think 
you’ve failed. But we need to have the mindset that 
we don’t stop trying even if we’re not going to land 
exactly on the Paris target.

“And to bring it back to the Antarctic ice sheet: there’s 
added incentive to reach the Paris target because 
there’s a very good chance we could save the Antarctic 
ice sheet from melt down, and only experience a metre 
or so of sea level rise instead of 20. So, there’s lots to 
fight for.”

During the last glacial maximum (the peak of the last ice age) about 22,000 years ago, the level of 
the oceans was approximately 120m below current levels. Ice sheets in both hemispheres slowly 
melted, and largely disappeared in the Northern Hemisphere, with sea levels stabilising about 8000 
years ago.
Meltwater pulse 1A is the name for a period of rapid sea level rise over approximately 400-500 years 
(13,500 - 14,700 years ago) during which global sea level rose between 16m – 25m, an astonishing 
rate of 4cm-6cm per annum. Some anthropologists believe this sustained event is the basis for great 
flood myths common to a number of societies around the world. The cause of Meltwater Pulse 1A is 
believed to be a partial collapse of the ice sheet in either North America or Eurasia.  
Graphic prepared by Robert Rhode, Creative Commons.
Data: Fleming, Kevin, Paul Johnston, Dan Zwartz, Yusuke Yokoyama, Kurt Lambeck, and John 
Chappell (1998). “Refining the eustatic sea-level curve since the Last Glacial Maximum using far- 
and intermediate-field sites”.
Earth and Planetary Science Letters 

Since the beginning of the Industrial Revolution in the mid-19th century sea levels have been slowly 
rising. Currently, the IPCC estimates global sea level rise to be around 1.8mm (+ or - 0.5 mm) per 
annum.
Graphic prepared by Robert Rhode, Creative Commons..
Data: Bruce C. Douglas (1997). “Global Sea Rise: A Redetermination”. Surveys in Geophysics 18: 
279–292
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After twenty five years of successful New Zealand 
Government scientific activity in the Ross 
Dependency, the lack of current larger scale aerial 
photography was limiting research, surveying and 
mapping. The early aerial photographic coverage 
of Antarctica, 1955 to 1975 was black and white 
imagery from the Trimetrogon system flown 
by the US Navy. This system consisted of three 
aerial cameras positioned to provide horizon to 
horizon coverage. One vertical and left and right 
oblique cameras depressed 30 degrees below 
the horizontal. This system provided extensive 
aerial photographic coverage and served the early 
exploration, surveying, mapping and scientific 
needs well. However the oblique coverage had 
some major limitations as the distance from the 
flight lines increased. The limitations of this 
imagery became more and more restrictive as 
survey, mapping and science activity increased 
over the years.

More consistent and better detailed imagery 
was particularly needed to support the joint 
topographic mapping programme of the NZ 
Department of Survey and Land Information 
(DOSLI), and 
United States 
Geological 
Survey (USGS) 
of the early 
1990s.  The 
need for some 
modern medium 
and large scale 
aerial imagery 
was particularly 
pronounced 
in the priority 
areas of the Ross 
Dependency. 
Unlike the easier 
aerial access to 
Antarctica on 
the Peninsular 
side, the long 

Epic aerial photography mission
to the Ross Dependency 

Trans Antarctic ocean haul from New Zealand to 
McMurdo Sound was a major obstacle for smaller 
short range aerial photographic aircraft. 

In 1991 it was agreed by both USGS and DOSLI 
that an aerial photographic mission to the Ross 
Dependency was essential to develop a digital 
data base for the integrity of future surveying 
mapping and scientific work. A joint proposal 
for extensive aerial photographic coverage was 
developed between DOSLI and USGS. This was 
considered a very challenging mission because 
of the extreme Antarctic operating conditions 
and the difficulty of flying a small two engine 
plane from New Zealand to McMurdo Sound. 
Nevertheless, the benefits of having modern 
high quality aerial photographs in the Ross 
Dependency for scientific and mapping purposes 
were immense. The National Science Foundation 
(NSF), the US administration authority for their 
Antarctic activity in the Ross Dependency, was 
very supportive.  

The late Hugh Van Asch, Managing Director of 
New Zealand Aerial Mapping (NZAM) made the 
decision with the NZAM team that they had the 

full capability 
to undertake 
this project. 
His pilots and 
technical team 
planned an 
Antarctic aerial 
photography 
mission which 
would meet all 
aerial surveying, 
flying and safety 
requirements to 
the standards 
required by 
the NZ Civil 
Aviation 
Division. 
NZAM already 

Part of the Ross Sea Regions Map, third edition produced in 1987, the last published map before the 1993 aerial survey.
Source: Toitu Te Whenua, Land Information New Zealand

had a fine record of high quality high altitude 
aerial photographic performance and full areal 
coverage in New Zealand and the Pacific. 
Their commitment was critical to the success 
of any Antarctic flying mission. They operated 
a Rockwell Aero Commander leased from the 
Department of Survey and Land Information 
(DOSLI). This aircraft provided a very good high 
altitude stable aerial camera platform.  

The project for the extensive medium scale aerial 
photographic coverage and priority large scale 
areas was estimated to cost US$500,000. The 
then Chief Executive, of the US National Science 
Foundation Antarctic Division, the late Peter 
Wilkness, was in full agreement for the mission 
and for National Science Foundation (NSF) to 
fund it.  As DOSLI was on a demanding cost 
recovery regime an equivalent photogrammetric 
and cartographic services was the only 
contribution feasible at that time. This was 
accepted by both Peter Wilkness and the United 
States Geological Survey (USGS) as an acceptable 
in-kind contribution.

The proposal and funding for this mission was 
then to be finalised at the June 1992 SCAR 
meeting in San Carlos de Barilochi in Argentina. 
Peter Wilkness’s deputy and other staff would 

meet me in a bilateral side meeting during the 
main SCAR Meeting. As Surveyor General, I 
was then the NZ delegate at the Geodesy and 
Geographic Working Party. A breakfast meeting 
was duly arranged in the Malvinas Hotel with 
the NSF and USGS representatives. It was to be 
a most unpleasant breakfast and not because of 
the food. Either the NSF representatives were 
not aware of their boss’s decision or they did 
not agree with it. They were not prepared to 
fund the mission and seemed to ignore the major 
contribution it would make to the scientific 
progress of both the NZ and US Antarctic 
programmes. They expected a cash contribution 
from NZ and ignored the major in-kind 
contribution DOSLI was making through the 
production of extensive topographic mapping 
coverage. They continued to disregard the 
substantial NZ mapping contribution despite 
the strong support from the USGS. The outcome 
of the meeting was that there would be no NSF 
financial support for the proposed NZAM aerial 
photographic mission. They expressed strong 
reservations about the flying and technical 
capability of the NZAM to perform in the harsh 
Antarctic environment, and feared unnecessary 
dependence on their maintenance and rescue 
services. Walking back from the meeting I was 

Aero Commander aircraft on the runway at Williams Field, McMurdo, with Mt Erebus behind.   
Photo: David Napier
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hardly in the mood to appreciate the magnificence 
of the Bariloche environment with its Swiss chalet 
character and Queenstown-like mountains and 
lakes. However, I was soon overtaken by my two 
USGS colleagues Roy Mullen and Jerry Mullins. 
They were equally surprised and shocked at 
the direction the meeting had taken and that 
an important opportunity could be lost. They 
immediately committed to seek USGS funding to 
support the mission. They were as good as their 
word and approval for the finance was soon 
forthcoming.

 In October 1993 NZAM executed a very 
successful aerial mapping mission to the Ross 
Dependency. This provided vertical aerial 
photography over 21.000 sq km of the Ross 
Dependency for a joint 1:50,000 mapping 
programme between the NZ Department of 
Survey and Land Information and USGS. This 
mission also provided 30 additional medium and 
large scale images of critical and sensitive areas 
to support other 
initiatives for the 
NZ Antarctic 
programme, US 
National Science 
Foundation, the 
International 
Centre for 
Antarctic 
Information 
and the Italian 
Antarctic 
Programme 
(ENEA). These 
areas included 
the Ross Island, 
Dry Valleys and 
Terra Nova Bay. 
The whole trip was made possible by relatively 
new technology based around the Global 
Positioning System (GPS). 

Peter Chambers, Deputy Surveyor General, 
was the DOSLI representative for organising 
this mission. Kelvin Tait, from the DOSLI GPS 
unit, was the technical advisor and the project 
representative working on behalf of DOSLI, USGS 
and NZAM. Kelvin flew down several days before 
the inaugural flight with the NZAM navigator 
David Napier. Kelvin provided valuable GPS 

expertise with the aerial photographic positioning, 
flight lines and way points. This enabled a 
constant read out of position and navigation data 
that would not have been available at those high 
latitudes by conventional navigational systems. 
The GPS was also used to calculate the three 
dimensional position of the focal point of the 
camera at the instant of exposure. Two sets were 
used, one with battery backup. This involved a 
considerable amount of technology transfer from 
DOSLI to NZAM which was of great benefit 
to both organisations. The surveying of ground 
control points was ably undertaken by DOSLI 
Antarctic surveyors and a USGS surveyor in the 
very taxing Antarctic conditions.

The funding of some NZ$750,000 provided 
by the United States Geological Survey (USGS) 
was subject to very strict safety, operational and 
product criteria. NZAM confidently satisfied 
the USGS audit.  Hugh Van Asch and his pilots 
demonstrated high levels of capability, innovation 

and courage 
in undertaking 
this successful 
mission. The 
interior of the 
turbo-prop 
Rockwell 
Commander was 
stripped bare 
to double the 
weight of the 
fuel to 5,100 lbs 
and the cockpit 
for the pilots was 
very cramped.  
There was also 
the photographic 
equipment, full 

survival gear and clothing with the company 
engineer Les Appleford. He was responsible for 
the three alternative methods of fuel transfer to 
the engines. At over 9 hours this trip to the ice 
was more than twice the distance of any previous 
flight they had made. The aircraft was overloaded 
by 36 % when it flew off from Invercargill 
airport.  However Hugh had arranged a CAA 
certificate to authorise that relaxation of aviation 
rules. The fuel was only adequate for the flight 
down and once past the “point of no return” the 

The scene at Christchurch airport before departure on the 9 hour flight to McMurdo, Antarctica, Oct 1993. Left to Right, 
Colin Harris pilot (NZAM), Peter Chambers, Assistant Surveyor General (DOSLI), Engineer Les Appleford (NZAM), and Bill 
Robertson Surveyor General (DOSLI); alongside the Aero Commander aircraft, painted in Antarctic colours, over-loaded with 
aviation fuel and much closer to the ground than normal for take-off. Photo: DOSLI

margin for error was minimal. 

Colin Harris, the Chief Pilot, 
and his engineer were so excited 
and keen despite hardly having 
room to sit in the cockpit. They 
were going to need all of their 
optimism, professionalism 
and stamina. Colin had flown 
down to McMurdo Sound in 
an RNZAF Hercules a few days 
before to familiarise him with 
conditions. At the point of no 
return they were overtaken by 
an RNZAF Hercules to assist 
with the onward flight decision. 

Once down on the “ice” the 
mission made an extensive 
series of aerial photography 
flights successfully and safely. 
They managed the Antarctic 
operational conditions very 
well. This was the first major 
aerial surveying mission in the 
Ross Dependency since the early 
US Navy aerial photographic 
coverage of the 1950s/60s.  On 
completion the mission provided 
a wealth of aerial imagery and 
was highly commended by 
both the US National Science 
Foundation and the USGS. 

By Bill Robertson, former 
Director General/Surveyor 
General, Department of Survey 
and Land Information

The pilot reported that

“The weather forecast could not have been better. About 100 miles from the continent 

the cloud cleared and the pack ice was visible. The first landmark was Cape Adare with 

Mount Erebus visible from more than 200 miles away. During the mission, the Antarctic 

weather ranged from excellent for survey conditions to diabolical. This included whiteouts, 

strong winds and blowing snow.  There was a lot of shovelling snow at the Williams Field 

runway to keep the snow drifts under control around the plane.  While care needed to be 

taken to keep the aircraft straight on take off and landing, there was a surprising amount 

of grip on the ice runway surface. All landings were soft touch downs.” 

Chris Crook and Andrew Cowie downloading data from the receiver, on the sea ice near Scott Base, Ross Island.
Photo: Jerry Simonsen

Receiver installed in the Taylor Dry Valley, with the ice-covered saline Lake Bonney behind.
Photo: Jerry Simonsen
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Well, the forecast mentioned both highs 
and lows – and both showed up on the 
same night! It opened on a high and with a 
flourish. 

Our icebreaker reception was to welcome 
and honour a gathering of Old Antarctic 
Explorers, primarily from Scott Base 1957 
to 1964. At the front door of the old Boys 
High Building in the Christchurch Arts 
Centre, two huskies from the International 
Antarctic Centre greeted OAE arrivals – a 
nostalgic connection to their exploration 
and reconnaissance work using huskies and 
dog sledges in Antarctica. 

Drinks and nibbles were staged in the 
foyer. A final count from the nametag table 
showed sixty five guests, including those 
from our local Antarctic community. 

As attendees flowed into Adventure Books, 
the sponsor’s shop off the Foyer, many 

2021 Reunion: Veterans of the early days at 
Scott Base - the Old Antarctic Explorers (OAEs)

OAE Reunion co-organiser Frank Graveson (centre) with huskies. Antarctic landmark (below), 
Graveson Glacier in the Explorers Range, named in honour of Frank Graveson.
Photo: Napat Chutrchaivech (Thung);  Map: NZMS 166, Dept of Lands & Survey / LINZ

OAE Reunion co-organisers Peter Otway and Bruce Alexander at Adventure 
Books. Antarctic landmark (below), the Otway Massif near the head of 
the Beardmore Glacier, named in honour of Peter Otway. Photo: Napat 
Chutrchaivech (Thung);  Map: NZMS 166, Dept of Lands & Survey / LINZ

reunited with 
friends they 
had not seen 
in years. 

Our plan was 
for prominent 
members of 
our Antarctic 
community 
to welcome 
the OAEs 
arriving from 
all over New 
Zealand to 
Christchurch 

for their three day Reunion. 

The OAE Reunion organizers were Peter Otway, Bruce 
Alexander and Frank Graveson, veterans of Scott Base, 
1959 - 1964. 

Pioneers in some of the first concerted scientific survey 
and mapping work in Antarctica, they were a tough lot, 
yet also quite an accomplished group, spending many 
long months travelling by dog-sledge, camping out 
living rough. They represented the continuation of the 
International Geophysical Year; New Zealand science in 
Antarctica has been blooming ever since. 

Local well-known Antarcticans such as Colin Monteath 
and Bob McKerrow mixed and greeted those from 

an older generation of Scott Base 
veterans. 

So it was quite a high, following 
major assistance from Sue and David 
of the Antarctic Office, a Reception 
which brought forth warm greetings 
between old mates, smiles, laughs 
and stories. Wine flowed, interviews 
were filmed, and yet no speeches, 
just a welcome to the Mayor, and a 
round of applause to honour these 
OAE’s in their later years, true 
explorers, true survivors. 

Still we always envisioned the next 
day, Presentation Day, being the 
real highlight, when the OAE’s 
were to show photographs and tell 
their stories. And we had only just 
started meeting, greeting, becoming 
reacquainted. Larger gatherings 
make it tricky to talk with everyone. 

We were looking for more time 
together in the morning. Forecast 
said there would be highs AND lows. 
Alas, the next day’s plan was not 
to be. A low came in and abruptly, 
everything changed. Near the end 
I was visiting with the ‘Duke’, 
Dr. David Harrowfield, scientist, 
author, polar historian, and with 
Christchurch Mayor, the honourable 
Lianne Dalziel, admiring Joshua’s 
latest acquisition, a pair of Skis from 
Shackleton’s Nimrod Expedition. 

Suddenly, Lianne’s phone lit up - 
direct line to Prime Minister Jacinda 
Ardern. She turned to us, shaken, 
“the nation is going into Lockdown 
at midnight!”. Lianne dinged a 
wine glass with a spoon, everyone 
stopped, and she made that dramatic 
announcement to the group. 
Lockdown, going home postponed, 
but not cancelled. 

A Delta Covid gate-crasher stopped 
the party – and we headed out the 
door a bit dazed. Somewhat of a 
sad ending to a joyful gathering, 

OAEs with Mayor of Christchurch, the Hon Lianne Dalziel, and Adventure Books owner Bill Nye.
Credit: Napat Chutrchaivech (Thung)

Antarctic landmarks (below): (1) Barrett Glacier flowing into the Ross Ice Shelf, (2) Lucy Glacier flowing 
into the Nimrod Glacier, and (3) Carryer Glacier in the Explorers Range; named in honour of Peter Barrett, 
Bill Lucy and Simon Carryer, respectively. Maps: Dept of Lands & Survey / LINZ; USGS

and everyone soon 
dispersed, returning to 
hometowns. We haven’t 
given up! Plan is to 
reconvene the OAE 
Reunion. We take home 
fresh memories, but 
imagine all those talks, 
photos and long ago 
memories still waiting. 
Spring – a promise of 
renewal! 

Behind the scenes, there 
are many to thank: 
organizer supreme 
Christine Powell, 
partner Anthony Powell 
the filmmaker, plus 
our bookshop team 
of Michelle, Ursula, 
Kayleigh, Grace, 
Thung, and Peter 
McCarthy - a bow of 
appreciation!  

By Bill Nye, Antarctic 
veteran ANDRILL 
Project, and owner 
of Adventure Books, 
Christchurch Arts 
Centre;  Sponsor of the 
icebreaker reception, 
OAE Reunion

(1)

(2)

(3)

Vol 39. Nos. 3 & 4, 2021 3130



Antarctic veterans – then and now

10 Last inhabitant of Shackleton’s Hut

Scott Base. Peter Otway.

Miss Cannon’s fox fur. Oliver Sutherland.

Last inhabitant of Shackleton’s Hut005.indd   10 26/07/17   15:17

Here are the fourteen Old Antarctic Explorers (OAEs) who 
reunited in Christchurch in 2021, all veterans of New Zealand’s 
Antarctic programme in the years immediately following the 
establishment of Scott Base in 1957. We salute their achievements. 

Frank Graveson - wintered 
over at Scott Base (1963), 
looking after 65 huskies. Dog 
handler on Northern Victoria 
Land Expedition 1963-64, last 
of the long survey journeys 
using dogs to complete the 
reconnaissance mapping of the 
Ross Dependency. Polar Medal. 
NZAS Life Member. Antarctic 
landmark: Graveson Glacier in 
the Explorers Range.

Ian Speden - geologist on 2nd NZ 
Geological Survey Expedition 1958-
59; field surveys of White Is, Black 
Is, Cape Chocolate and Solitary 
Rocks/ Beacon Heights in upper 
Taylor Valley. Participated in first 
ascent of West Beacon Heights.

Bill Lucy - wintered over twice, Scott Base (1964), 
Vanda Station (1969), five seasons in Antarctica. 
Surveyor McMurdo Ice Shelf, Geologists Range 
Expedition. Climbed Mt Erebus planting snow accumulation 
markers. Worked on polar research ship USNS Eltanin in 
Bellingshausen Sea. Led tractor train over Wilson Glacier and sea 
ice of McMurdo Sound depositing supplies for Vanda Station. Polar 
Medal. Antarctic landmark: Lucy Glacier in the Geologists Range.

Bruce Alexander - surveyor on 2nd 
NZ Geological Survey Expedition 
1958-59; mapped last remaining 
gap in Victoria Land coastline 
between Cape Hallett and the Dry 
Valleys; established ground control 
points on the Victoria Land coast.  
Participated in 1st ascents of Mt 
Terror and Mt Discovery. Antarctic 
landmark: Alexander Hill in Victoria 
Land.

Jim Wilson - mountaineer on 2nd 
NZ Geological Survey Expedition 
1958-59; surveyed Cape Crozier 
region, participated in 1st ascent of 
Mt Terror. Field assistant on 1962-
63 USARP trip researching dolorite 
sills in Taylor Valley, 1st ascent of 
Mt Lister.

Mike White - mountaineer on 2nd 
NZ Geological Survey Expedition 
1958-59; surveyed Cape Crozier 
region, participated in 1st ascent of 
Mt Terror.

Peter Otway - wintered over at Scott Base 
(1961), surveyor and dog handler, mapping and 
travelling by dog sledge in the Byrd Glacier 
region and Beardmore-Axel Heiberg region, 
1960-62. USARP surveyor in East Ellsworth 
Land 1965-66.  Four summers (1980-85) as 
volcanologist camped under the crater of Mt 
Erebus. Author: ‘It’s a Dog’s life in Antarctica’ 
and ‘Exploring the Transantarctic Mountains by 
Dog Sledge – 1960-1962’. Polar Medal. Antarctic 
landmark: Otway Massif at the head of the 
Beardmore Glacier.

Simon Carryer - geologist 
on the Northern Victoria 
Land Expedition 1963-64, a 
topographical and geological 
survey journey with 6 men, 
4 sledges, 36 dogs; travelled 
1370km, exploring 40,000 km2 
of territory. Author of multiple 
papers in the NZ Journal of 
Geology and Geophysics. 
Antarctic landmark: Carryer 
Glacier in the Explorers 
Range.

Oliver Sutherland - spent summer of 
1962-63 at Scott Base with frequent 
extended trips to Cape Royds studying 
breeding season of adelie penguin 
colony, living in Shackleton’s hut 
(not permitted today!) Last person to 
sleep in the Cape Royds historic hut. 
His experience became the basis of 
the novel ‘Forbush and the Penguins’ 
by Graham Billing, later turned into 
the 1971 movie with actor John Hurt 
playing the lead role. Author: ‘Last 
Inhabitant of Shackleton’s Hut’.

Peter Barrett - geologist, 
discovered first tetrapod fossil 
in Antarctica; Founding Director, 
Antarctic Research Centre 
(1972-2008) and now Emeritus 
Professor Te Herenga Waka - 
Victoria University of Wellington; 
Executive-Producer, award-
winning ‘Thin Ice – the inside story 
of climate science’. Author of more 
than 300 academic papers and 
reports. Mentor to many. FRSNZ 
& FGS (Hon), NZ Antarctic Medal, 
SCAR President’s Medal; Antarctic 
landmark: Barrett Glacier.

Bob Buckley - wintered over 
at Scott Base (1960). He was 
electrical engineer, fire officer, in 
charge of search and rescue; also 
dog handler.

Many thanks to photographer Napat Chutrchaivech (Thung) 
who took all the photos that appear on this page from the 
2021 reunion in Christchurch.
The earlier Antarctic photos were supplied by the OAEs.
Background map from NZMS 135 Ross Sea Region 1957, 
Dept of Lands and Survey / LINZ.

Don Webster - wintered 
over twice at Scott Base 
(1960 & 1963). Science 
technician, set up and 
ran the auroral radar 
and optical auroral 
programme at Arrival 
Heights on Ross Island. 
Film projectionist at the 
base. Author: ‘Scott Base 
Antarctica, the early 
years’.

Bob Cranfield - 
wintered over at 
Scott Base (1961). 
Operated the all-sky 
camera to record and 
map aurora, a rugged 
instrument capable 
of withstanding 
high winds and 
low temperatures. 
Meteorological 
recorder and official 
photographer on base.

Trevor Ancell - wintered over 
at Scott Base (1963), RNZAF 
electronics technician, 
worked the vertical sounding 
radars recording ionospheric 
propagation, and decoding 
results for transmission back 
to the DSIR. He also worked 
with ‘Whistler’ equipment 
which detected disturbances 
in the Earth’s magnetic 
field caused by high energy 
particles from the Sun.
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20 year old Anzac Gallate’s been obsessed with 
Antarctica since he was 10 – and after a trip to 
the Ice with Antarctic Heritage Trust he’s helped 
create content for an augmented reality (AR) app 
so younger Kiwis can explore Antarctica without 
leaving the country. 

“Using the app, pictures on the page come to life, 
like in Harry Potter. I can’t wait to see students 
using it to explore this incredible place. They can 
stand in penguin colonies, come face to face with 
seals, and paddle past whales. They can go from 
viewing 360 videos to doing crafts, activities and 
journaling, all in the same experience.” 

Bringing Antarctica to life through
Augmented Reality 

Anzac was among a group of young people 
selected to travel to the Antarctic Peninsula 
in March 2020 as part of the Trust’s Inspiring 
Explorers ExpeditionTM. While there, he 
navigated icebergs while kayaking part of the 
Peninsula and explored glaciers and penguin 
colonies. 

Since his return, Anzac has spent a year creating 
an explorer journal for the app. 

“I’m hoping the journal gets kids and teens out 
into their own backyards. Since I was such a fan 
of Antarctica at a young age, I’ve been able to 
imagine what I would have loved to learn about 
and focused the journal on that.” 

Anzac took inspiration from historic explorer 
journals for the project. 

“The journal brings the concept of exploration to 
life – it identifies what exploration is and shares 
stories of historic explorers, before focusing on 
modern expeditions and science down on the Ice. 
Users are encouraged to think about venturing 
to new places – even if that is simply seeing their 
own neighbourhood in a new light. They’re then 
tasked with recording this in the explorer journal, 
just like the early polar explorers did.”  

“It’s about incorporating exploration into daily life. 
This can be as easy as being curious so you learn 
about and experience something new.” says Anzac.  

While in Antarctica, Anzac captured footage, 

Meal on the ice, 1899.
Credit: L Bernacchi Collection, Canterbury Museum

Anzac Galatte in Antarctica.
Photo: Marcus Waters, Antarctic Heritage Trust

including an underwater encounter with a seal, 
which he has incorporated into the journal. 
Footage like this, and still photos, emerge from 
the journal’s 2D pages when users hover their 
devices over widgets in the journal. The app was 
made in partnership with Staples VR.  

The second experience in the AR app brings six 
items from the first huts built in Antarctica to life 
in 3D. The Trust cares for these huts, which were 
built by Carsten Borchgrevink at Cape Adare as 
part of its long running cold-climate conservation 
work (the Ross Sea Heritage Restoration Project). 

The Antarctic 3D artefacts, including the world’s 
most famous fruitcake, a bone toothbrush 
and leather boots, were digitally scanned by 
Tim Handfield of Handfield & Bell Digitising 
Consultants and then turned into augmented 
reality by Staples VR.  

Using a mobile device the artefacts can be digitally 
placed into the user’s own space. Bonus content 
such as videos, photo galleries and blogs can 
also be accessed that share interesting stories of 
the early explorers’ expeditions and the Trust’s 
conservation work on site today. 

Antarctic Heritage Trust Chief Operations Officer 
Francesca Eathorne says it is exciting to be able to 
bring the artefacts to life and share them and their 
stories with a broader audience.  

“These artefacts connect us to the first explorers 
in Antarctica who, over a century ago, undertook 
important scientific work and exploration on 
behalf of humankind. Their curiosity about 
the world, their resilience in such a harsh 
environment and their passion to learn more 
about the world they lived in, continue to inspire 
today. This app enables us to keep these stories 
alive and we hope, encourage others to go out and 
explore.  

Download Instructions 

To access, follow the below steps:

• Download the Antarctic Heritage Trust AR 
App from Google Play or Apple App Store.

• Download the free My Explorer Journal from 
nzaht.org 

Schools can ask their IT team to get the app 
via Apple School Manager and mobile device 
management for free. 
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The ice cliff towers over my team mates, 
extending 40 m up into the air. It is a spectacular 
day in October 2016, and we have been driving 
across frozen ocean. From late February onwards, 
the surface of the ocean has frozen and gradually 
thickened into a layer of ‘sea ice’ over two 
metres thick, as it does every year all around 
Antarctica. This year, our local sea ice is good. 
Really, really good. That’s because the previous 
winter was particularly calm, allowing the ice 
to grow without being broken up by storms. We 
are now treated to a beautiful flat surface that 
extends without break for hundreds of kilometres, 
allowing us to drive wherever we need to.

Sea ice - the global climate regulator 
is the largest of them all. This iceberg calved 
from the ice shelf during the previous winter, 
then moved with the ocean currents until it came 
to rest here, about 60 km from Scott Base. Its 
upper reaches can be seen from miles around, 
even clearly visible in satellite imagery. But, 
hidden from sight beneath our feet, the iceberg 
also stretches down another 170 m to where it is 
grounded on the seafloor. As icebergs go, it is tiny. 
But to us it seems a colossal monument, putting 
into perspective the scale of the research we’re 
conducting.

We’re here to study how the ocean provides 
connectivity between Antarctica’s two main types 
of ice: sea ice and glacial ice. It’s a fascinating 
subject with complex combinations of processes: 
What happens to the salt from the ocean as the 
ice forms? How do the water properties change 
through the seasons? Or over decades? What 
effect do ice crystals suspended in the water 
have on it’s flow? What happens when all these 
variables interact with each other? And how will 
all of this change as Earth’s climate continues to 
warm?

Two of us have remained with the vehicle about 
300 m back from the iceberg, while the others 
have approached on foot. From our vantage point, 
we can discern distinct layering which, if we were 
to sample down through it, would take us back 
in time thousands of years. Tiny bubbles of air 
inside the ice trap samples of the atmosphere from 
the time the ice originally formed. Meanwhile, 
the water molecules that make up the ice retain a 
signature of global temperature from the time they 
orginally fell as snow.

Throughout the records, some going back 
800,000 years, CO2 moves closely in step with 
temperature (https://niwa.co.nz/file/32553). These 
records are fascinating and compelling, revealing 
steady pulses as the Earth’s orbit adjusts to the 
gravitational pull of our sun and the other planets. 
They provide the clearest evidence that human 
activity has taken the Earth out of its natural 
range and into uncharted territory.

The sea ice we’re driving on acts as a blanket 
that protects the ocean beneath, and the life in 
it, from getting too cold. At -1.95 °C, the water 

Just now, we are returning to camp from a day of 
drilling through the sea ice at several locations to 
collect precious data from the ocean beneath the 
ice. We finished our work early and are taking a 
closer look at an iceberg that we’ve been driving 
past on our daily commute from camp. The 
iceberg was recently part of the Ross Ice Shelf – a 
massive floating extension of Antarctica’s land-

based glaciers.

Similar ice 
shelves make 
up half of 
Antarctica’s 
coastline. But 
the Ross, up  
to ~700 m 
thick and with 
an area twice 
the size of   
New Zealand, 

Hägglunds out on the sea ice in McMurdo Sound, with Mt Erebus in the background.
Photo: Natalie Robinson, NIWA

Weddell seal under the sea ice, with platelet ice visible.
Photo: Natalie Robinson, NIWA

is colder than its freezing temperature, which is 
possible because it contains glacial water recently 
melted from the base of the nearby Ross Ice Shelf. 
Nonetheless, the water below is much warmer 
than the air above, which at this time of year 
averages about -20 °C.

The sea ice also controls how much sunlight 
reaches the ocean, acting like a mirror that sends 
most of the energy back out to space. Some does 
get through, allowing marine plant life to thrive. 
Beneath our feet are broad ‘meadows’ of algae 
attached to the base of the sea ice and extending 
like upside-down grass into the ocean beneath. 
They represent the base of the food chain, 
supporting a complex marine ecosystem concealed 
beneath the ice.

This story is repeated all around Antarctica. 
By the end of winter the sea ice covers an area 
that effectively doubles the size of the continent. 
This creates a vast seasonal habitat, making the 
Southern Ocean the most biologically productive 
of Earth’s oceans. That life requires carbon, so 
huge volumes of CO2 are drawn down from 
the atmosphere and sequested into the deep. It 
is estimated that 40% of the extra CO2 in our 

atmosphere from burning fossil fuels has been 
taken up by the Southern Ocean alone. This 
single ocean has also absorbed over half of the 
additional anthropogenic heat. But this is a 
delicate balance, and the drawdown of heat and 
carbon into the Southern Ocean may be waning.

Such a shift will have huge implications for Earth’s 
climate as well as the life that depends on it. At 
this stage, we don’t know exactly how all of this 
will play out. The data can be extremely difficult 
to obtain, and the interactions between the 
physical environment and the ecological system 
incredibly complex. But the biggest unknown is 
the pathway that humanity will choose, which will 
set the background for the physical processes.

The changes currently being documented are 
occuring at rates faster than at any other time 
in Earth’s history, and faster than the scientists 
thought possible. That’s why we’re here, collecting 
data in a race to understand as much as possible 
before the foundation shifts too far. It’s an 
incredible time and an incredible privilege to be 
doing this work. And on a magical day like this, 
there’s almost nowhere else I’d rather be.

By Dr Natalie Robinson, NIWA

Tabular iceberg grounded in McMurdo Sound surrounded by sea ice. Photo: Natalie Robinson, NIWA
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“You’ll never believe it, but the forecast is five 
knots and clear skies at Lonewolf, you’re on!” 
says a gleeful Shulamit, our skilled flight planner 
with Antarctica New Zealand. After waiting 
for weeks for good weather, Shaun Eaves and 
I weren’t convinced. The Lonewolf Nunataks 
near the edge of the East Antarctic plateau are 
notorious for strong, chilly winds. “You sure 
about that Shul, maybe the forecaster left off the 
three at the front or zero at the end?” Alluding 
to the fact that typical winds in this location are 
35 – 50 knots. But, the forecast was good, so we 
quickly finished our breakfast, slapped together a 

Aerial view of the mighty Byrd Glacier, looking north towards the Ross Ice Shelf. Originating on the polar plateau of East Antarctica, 
the glacier drains a catchment area greater than 1 million km2.  Below, the fjord is 25 km wide; at its centre, the glacier reaches 

speeds of 800m per annum. Byrd transports more ice to the Ross Ice Shelf than any other glacier.
Photo: Jamey Stutz

opportunity for students to experience Antarctica 
and brought me down to help with her logistically 
intensive project installing geophysical sensors 
across the continent. So there I was, in boots that 
didn’t fit, clinging to Big Red (the USAP issued 
extreme cold weather stalwart) for warmth, 
wondering what I had got myself into. Full of 
gratitude and awe, I remember the incredible 
landing, the unique and inhospitable landscape, 
but most importantly the amazing collection of 
glacial erratics peppering the site. Today, I’m a 
self-proclaimed erratic hunter, which is how I 
ended up back at Lonewolf.

“Perchie of the year”, perched glacial erratic boulder; this one too beautiful to sample.
Photo: Jamey Stutz

A day on the edge of the polar plateau

few sandwiches, and prepared ourselves for a long 
day away from Scott Base. 

Like giddy school kids, the team of four jumped 
into the haaglund for a quick ride out to the ice 
runway where we met our skilled Twin Otter 
pilots. Our flight path took us south over the 
McMurdo Ice Shelf, past volcanoes Mt. Discovery 
& Morning, and over the Skelton, Mulock and 
Darwin Glaciers of the Transantarctic Mountains. 
After a stop at a self-service ‘petrol station’ at 
Roadend Nunataks, we topped up our tanks for 
the rest of the adventure. Our final stop took us 
to a site no one had ever landed at, so we took a 
few loops around the mountain to ensure a safe 
landing site. 

A decade earlier, I was lucky enough to visit 
Lonewolf Nunataks with the POLENET team 
(polenet.org). At that time, I was working on 
my MSc degree with PI Terry Wilson at Ohio 
State University. Terry was acutely aware of the 

Our objective at Lonewolf Nunataks was to 
collect glacial erratics, and through careful 
laboratory work, determine the time since the 
glacier deposited them. Analysis of a suite of 
samples over the entire nunatak are used to 
reconstruct the thinning history of Byrd Glacier, 
one of the largest rivers of ice on the planet. 
Draining over 1 million km2 of the East Antarctic 
Ice Sheet, the Byrd Glacier delivers over 20% 
of ice to the Ross Ice Shelf, the world’s largest 
floating chunk of ice. The Byrd and other outlet 
glaciers of the Transantarctic Mountains, acting 
together with the Ross Ice Shelf, represent the last 
line of defence for a large part of the vulnerable 
and marine-based West Antarctic Ice Sheet. 

In the 2018/19 austral summer, Terry and her 
team were due to decommission the GPS site at 
Lonewolf Nunataks. Always the opportunist, I 
asked the team to collect critical reconnaissance 
data. This ‘virtual field visit’ would allow us to 
hit the ground running, with our field planning. 
Given our highest priority site had never been 
visited, I asked lead POLENET logistical planner 
Dave Saddler, to capture critical aerial images of 
the nunatak as they transited by. While difficult 

to see our preferred cobble-sized rocks, one aerial 
image made all the difference: a car sized boulder 
confirmed this site will do the trick. Standing next 
to that rock a year later was a real treat.  

One year later, on that windless day in early 
January 2020, we left the Twin Otter, ready to 
climb a mountain, collect some rocks and with 
any luck, tell a story to help unravel the recent 
history of the Byrd Glacier. A short walk got us 
from blue ice to red rock. The bedrock of the 
Lonewolf Nunataks is comprised of the Ferrar 
Dolerite, a volcanic rock related to the breakup 
of Gondwana during the Jurassic period. Initially 
treated to a little scramble up a mess of recent 
glacial debris, we made our way to the top of 
the nunatak. Upon reaching the highest point an 
hour later, we discovered a cornucopia of glacial 
erratics. Billion-year-old granites from the heart of 
the continent, metamorphic rocks with ruby-red 
garnets, bits of fossil wood from Permian-aged 
Forest, sandstones from ancient Gondwanan 
rivers and even the rare chunk of space rock 
peppered the nunatak. A geologist’s dreamscape 
hand selected by the mighty Byrd Glacier.

After nearly five hours collecting rocks, we had to 
hustle back to the airplane. For safety purposes, 
our pilots work a maximum of 12 hours in a 
day and we were starting to push it. The radio 

Landsat satellite mosaic of the Byrd Glacier, flowing from the polar plateau (top of image) to the 
Ross Ice Shelf (bottom). The isolated Lonewolf Nunataks are visible at the top. The Byrd Glacier 
plunges through a deep valley in the Transantarctic Mountains and onto the Ross Ice Shelf, 
dropping more than 1310m in elevation over a distance of 180km. It remains a distinct ice stream all 
the way to the edge of the shelf, some 418km from the foot of the mountains to the open sea. Credit: 
NASA, U.S. Geological Survey

calls became sterner by the minute. Shaun and 
I went into ‘grab it and go’ mode which meant 
we collected the minimum information for each 
sample: latitude, longitude, elevation, and photos. 
Our two mountaineers, Scott Barry and Steve 
Greaves, led the charge back to the airplane to 
start loading up and preparing for departure…
while Shaun and I carried on collecting enroute to 
the airplane, getting heavier packs by the minute. 
The trudge back was a challenge, but the most 
difficult bit was leaving the beautiful mountain 
and glacier in the rear-view mirror.

After nearly a year and a half of laboratory work, 
we are just starting to get a clear picture of the 
timing of thinning along the upper Byrd Glacier. 
We seem to have captured a glacial thinning 
event that started about 15,000 years ago. Initial 
correlation with other datasets and numerical 
modelling suggests this thinning is related to the 
grounding line retreat of the West Antarctic Ice 
Sheet as well as regional subglacial topography. 
We have many more samples to process and 
look forward to unravelling the history of one of 
Earth’s largest rivers of ice. 

By Jamey Stutz, Te Puna Patiotio - Antarctic 
Research Centre, Te Herenga Waka - Victoria 
University of Wellington
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BOOK REVIEW: “LAST INHABITANT OF SHACKLETON’S HUT” 
by Oliver Sutherland

BOOK REVIEW: “JOURNEY TO THE CENTRE OF MY BEING” 
by Jim Wilson

Self-Published (Anchor Press), Nelson, 2017, First New Zealand Edition. Stiff Card Covers, Quarto, 
2 maps, letter, 47 pages, well- illustrated with several B&W vintage photos and many rare colour 
photographs throughout. 

Zen Publications, Mumbai, 2019, First Indian 
Edition. New softcover, Octavo, 216 pages 
including Endnotes. 

Wilson’s book has no photographs, so the 
pages evoke images and ideas that remain 
for us to develop in our own darkrooms. He 
shares with readers his traditional Christian 
upbringing and how his faith flowered through 
a Presbyterian minister father, and how it faded 
under questioning shadows. Visits to Nepal and 
India made profound impressions, awakening 
his interest in Buddhism and Hinduism. He later 
undertook religious studies at Banaras University 
in India, and would eventually teach Religious 

Two books here the reviewer calls light and heavy, not a slur on either author, just different measures of 
the scope and focus of each book. At an Old Antarctic Explorers reunion in Christchurch both authors 
brought their recent books, and there was a noticeable contrast. I call Oliver Sutherland’s ‘Last Inhabitant 
of Shackleton’s Hut’ the light one because it portrays a short slice of time stationed on Ross Island as a 
biologist, a report that fills in part of ‘Nimrod’ Hut’s history. Whereas Jim Wilson’s ‘Journey to the Centre 
of my Being’ is the heavy one, a memoir reflecting his life’s evolution in philosophy from time in New 
Zealand, the Himalayas, Antarctica, the South Pacific, Nepal and India.

The Light and The Heavy

This book becomes part of Ross Island’s recorded 
history, a retrospective from Sutherland’s 
early 1960’s penguin colony studies, as well as 
conditions he lived under in Shackleton’s ‘Nimrod’ 
Hut at Cape Royds, just fifty years or so after the 
Ross Sea Party used it. Significant for being part 
of the written record at the 1960s turning point in 
the appreciation of the hut’s historical importance, 
Sutherland’s book will fill a gap in the timeline. 

Sutherland was part of New Zealand’s DSIR 
biology team doing the first adelie penguin work 
and wildlife programmes on Ross Island. He 
worked with author Graham Billing (‘Forbush and 
the Penguins’) and photographer Guy Mannering. 

Studies in Canterbury 
University’s Philosophy 
Department for 23 years. 

Although Jim Wilson’s 
book is not particularly 
about Antarctica, his 
experience there and 
being immersed in 
nature’s extremes have 
surely extended his spiritual 
appreciation. Wilson was on the Kiwi team which 
first climbed Mount Terror in Antarctica, in 1959. 
As a mountain guide, he accompanied Antarctic 
dog sledge teams on surveying and mapping 

Rare photographs include 
the moment a R4D aircraft 
crashed, its wing hitting 
the ground after a JATO 
bottle misfired on take-
off (worth the price for 
this picture alone!). 
Sutherland has moments 
of lonely if cheerful 
reflection on his service, 
months of work and 
hardship, leaving his 
DNA there as the last inhabitant of 
Shackleton’s ‘Nimrod’ Hut.

Penguin Rescue Centre at 
the International Antarctic Centre 
– Antarctic Academy
As guardians of the amazing species that thrive in 
the oceans around Antarctica, the International 
Antarctic Centre – Antarctic Academy is home 
to a Penguin Rescue Centre, which is supported 
by the Department of Conservation and Pohatu 
Penguins. You can see a penguin being fed or go 
backstage into the Penguin Pool or Vet Room 
to learn how the Penguin Keepers take care of 
these precious creatures. Based in New Zealand’s 
Gateway City to Antarctica, Christchurch, the 
Penguin Rescue Centre is supported by scientists 
from the University of Canterbury and Massey 
University. Make sure to look out for the Penguin 
Keeper holiday programme. This camp includes 
educational workshops and practical challenges in 
caring for the Little Blue Penguins. Alternatively 
you can look out for the Husky Musher holiday 
programme, which includes practical animal 
welfare training. The Antarctic Aerospace 
programme will bring students into contact 
with astronomy conducted in Antarctica and the 
amazing space technologies tested out on the ice. 

You can experience the cold, extreme world of 
Antarctica and immerse students in the unique 
world of the Antarctic Southern Oceans through 
the LEOTC marine literacy programme, Te 
Kawa o Tangaroa. You can visit the ocean 

journeys in those early exploring days. Wilson 
joined Sir Edmund Hillary on several expeditions, 
built the first Sherpa school, climbed Taweche 
and Kangtega in Nepal, and was on Hillary’s 
team going up the Ganges in jet boats. 
A chapter on mountaineering in the book speaks 
so well to the element of risk and to the spiritual 
side of nature. Wrestling with philosophy 
definitions, Wilson has the scholarly background 
to challenge and change those definitions. He 
incorporates disparate elements such as M ori 
religious traditions and new scientific discoveries, 
to fit in his own labels of universal understanding. 
Climbing Taweche with Mike Gill in 1963, 
Wilson describes himself and his fellow travellers: 
“Human dots in immensity of blackness, we 

turned uneasily away, and between the confining 
walls of the tent acted out once again man’s great 
self-deception – the creation of a world small 
enough for him to comprehend.” 

A book we call ‘heavy’ perhaps, but a well-told 
journey with sparks of humour, and not far from 
clarity. Perhaps not a book you’d read quickly 
at the beach, more like one you’d take on an 
adventurer’s expedition, to savour with plenty 
of time to think. This book might have you 
reflecting on the spiritual destinations of your 
own travels, and whether all our journeys are 
voyages toward self- understanding, exemplified 
in the title. 

By Bill Nye, Antarctic veteran ANDRILL Project, and 
owner of Adventure Books, Christchurch Arts Centre

themed gallery to see an Antarctic seal, discover 
a wide collection of whales and understand how 
important krill are, as students work towards their 
Marine Biology or Conservation Science Badge. 
Students can also learn how Space Technology 
including satellites is used to monitor the health 
of the oceans, including tracking the whale 
highways. The unique online Antarctic Adventures 
curriculum, Science Alive M tauranga, provides 
support for students including specialised learning 
material on climate change or on whales in 
particular. For educators the centre offers Marine 
Professional development days to develop an 
understanding of Kaitiakitanga or care for the 
oceans in partnership with the Marine Stewardship 
Council. Finally you can consider the ‘be a 
Climate Scientist for a Day’ holiday programme to 
grow youth into climate advocates that can protect 
Antarctica in the future. 
Contact: www.iceberg.co.nz   education@iceberg.co.nz
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confidence took us to high altitudes in search of old soils. 

Our domestic arrangements were established the first 
time we pitched a tent. I went in and arranged the bedding 
and the kitchen. Outside, Graeme organized snow blocks 
for water, filled the primus, and made sure the tent was 
weighted down. Graeme prepared the breakfasts: porridge 
with bacon and scrambled egg, the egg made from powder. I 
prepared the evening meal, invariably soup and dehydrated 
stew. 

Graeme had an easy temperament and seldom became irate, 
but his patience was tested when the lunch sledge-biscuits 
he was buttering broke, and he carefully fitted the pieces 
together then glued them in place with peanut butter or 
honey. 

The radio schedules caused Graeme some annoyance. On 
our early expeditions, all that was required was one radio 
communication per week with Scott Base. Later, radio 
checks were daily at a fixed time. This requirement annoyed 
Graeme as it restricted our freedom to work when we chose. 
He maintained that the only radio sked we needed was the 
one advising us of the date and time of our pickup by plane 
or helicopter. 
Over the years, we shared heart-stopping as well as 
exhilarating moments. On our first trip together, we spent 
two days stuck inside the tent in a storm. We could hardly 
hear each other speak and wondered if the tent might 
be ripped to shreds. When the storm abated, our fears 
were unfounded; the tent was half-buried in snow. On 
another occasion, a helicopter crash was narrowly averted 
when in high wind an engine failed on take-off. At times 
we questioned our sanity for wanting to be in this awful 
place, but these moments were outweighed by sunny 
days, tranquillity, and the euphoria of attaining a vista from 
a mountain peak, sometimes around midnight. Insights 
were gained into how the forces of nature had shaped this 
miraculous landscape. 
Our collaboration extended beyond Antarctica. I worked 
with Graeme in the Auckland Islands and soil surveying on 
New Zealand’s West Coast. Graeme did chemical and clay 
mineral analyses for our Antarctic work as well as the other. 
Through the Antarctic we met, and through it we part. We 
shared a philosophy for a land wrought by powerful forces, 
silent, ghostly, where earth’s heartbeat and even time 
appear to be frozen; an unforgiving place that reveals the 
puniness and futility of human endeavour; a place where 
present and eternity seem to meet; a welcoming place, for 
those who know it as their spiritual home. 

By Iain Campbell 
This obituary first appeared in the Newsletter of 
The Antarctican Society.

Obituary:
Graeme Claridge

My relationship with Graeme for over 40 years goes back to 
1962, when I was asked to review a paper he had written. 
Our Antarctic relationship began in 1964, when I joined 
Graeme on the Second New Zealand Soil Bureau Antarctic 
Expedition. 

Graeme had first gone to Antarctica in 1959 with John 
McCraw. They produced a soil map of Taylor Valley. Little 
soil development was observed. 

The question Graeme formulated to get back to the Antarctic 
was, would more signs of soil formation be in northern 
areas and less in southern areas? He put together an 
investigation that covered five locations over 2,000-km of the 
Transantarctic Mountains. 

Results were not as expected. Strangely, we found salty 
soils in some high-altitude southern, inland areas, which we 
concluded to be extremely old. (These soils recently have 
been confirmed to be around 14 million years old.) Results 
led to seven further expeditions over the following 23 years. 
Our results enabled us to show how soils in Antarctica were 
formed and how Antarctic ice sheets had behaved over 
millions of years. 

During the 31 years in which Graeme and I undertook 
expeditions to Antarctica, we shared a polar tent over about 
11⁄2 years of our lives. We complemented each other’s skills. 
Graeme was a skilled chemist, while my understanding was 
rudimentary. Graeme was more skilled on snow and ice 
than I, while the reverse was the case on rock. This dual 

1938-2021
Life Member, New Zealand Antarctic Society

Strategic planning
- message from the President of 
the NZ Antarctic Society

Writing this presidential 
piece as a quick follow on 
from the Spring no1 Edition 
of Antarctic. 

There were many weeks 
of lockdown in what felt 
like ‘Auckland Island.’ I 
would like to acknowledge 
an article, in this edition, 

about Graeme Claridge (Wellington Branch) who 
passed in May 2021. Graeme was a member of 
the NZ Antarctic Society from the 1960s, received 
the Polar Medal in the 1990s for his pioneering 
research on Antarctic soils, and was awarded 
Life Membership of the Society in 2015 for his 
contribution to both science and the Society, 
which included some years as National Treasurer 
as well. The Editor (Nicholas O’Flaherty) and 
Council had to unfortunately delay the Spring 
Edition no1 printing and distribution, as noted 
in a Membership message in late September, 
due to Covid lockdowns keeping printers et al 
closed, not allowing the Antarctic to be printed 
and mailed out to you all till very recently. 
However, Edition no2 is now here as well, 
thanks to Nicholas in association with the same 
educationally focussed sponsors again – being 
Antarctica NZ, NIWA, GNS Science, Victoria 
University, the University of Auckland, Leighs 
Construction and Webster Drilling- with the 
main topics this time being CO2 monitoring in 
Antarctica, Climate Change, and Southern Right 
Whales. As noted in my previous presidential 
message- the Council‘s collaborative workshop 
(rescheduled from late August because of covid 
lockdowns) - to review the Strategic Plan-(current 
till October 2022)- will now be undertaken very 
soon after the NZAS Council commences their 
2021/2022 term, after the National AGM. The 
aim was and still will be to prepare business 
and action plans, strategic priorities and goals 
for the next 12-18 months, plus set up focussed 
sub-committee teams- which you are again 

encouraged to join, and /or suggest important /
new Antarctic related Society projects too. The 
National AGM will have run by the time you 
receive this edition of the Antarctic, so please 
book and enjoy some times away from work and 
your usual routines, during the summer.

Nga mihi nui.

By Linda Kestle, President, NZ Antarctic Society

On 2 November 1933,a group of influential New 
Zealanders held a meeting in Wellington to discuss 
the future of Antarctica. This was the inaugural 
meeting of the New Zealand Antarctic Society. They 
were spurred on by NZ businessman Arthur Leigh 
Hunt, the Managing Director of Dominion Farmers’ 
Institute, and a friend of famous Antarctic explorers 
Rear Admiral Richard Byrd of the Unites States and 
Douglas Mawson of Australia. Although Hunt was 
never to set foot in Antarctica, many of the men 
at the early meetings were to become prominent 
figures in the New Zealand Antarctic programme.

First Chairman of the NZAS Council, Arthur Leigh Hunt at right, with famous Antarctic 
explorers, Richard Byrd (with pet dog Igloo) and Douglas Mawson; Wellington, 1928.

Foundation of the
NZ Antarctic Society

The NZ Antarctic Society supports the 
protection of the Antarctic environment. For 

more information about joining, contact:  
membership@antarcticsociety.org.nz

antarcticsociety.org.nz
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Southern Ocean

Ice Velocity
By using satellite data, scientists can track the velocity of the ice 

as it moves slowly from the central ice domes and gains speed 
towards the coast, especially for glaciers and floating ice shelves. 

Understanding the speed and direction of the ice increases our 
knowledge of ice behaviour under climate stress, and improves 

projections of future sea level rise. The East Antarctic Ice Sheet is 
so named because it is largely east of 0° longitude, the Greenwich 

Powerful westerly winds drive the Antarctic Circumpolar Current 
(ACC) clockwise around Antarctica. This is Earth’s largest, 
longest current system and the only one to connect all the 
oceans. As such, it dominates the Southern Ocean. Rather than 
a simple flow, the ACC is comprised of fast-flowing, turbulent 
jets or fronts, separated by zones of quieter water. Thus most 
transport of water occurs in the Subantarctic and Polar Fronts. 
Off coastal Antarctica, dense, super-cold water sinks to the ocean 
floor and moves northwards, below the ACC, into the Northern 
Hemisphere, thus distributing Antarctic water worldwide.
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Aerial radar surveys over many years have revealed the thickness 
of the ice sheet and topography of the bedrock hidden beneath, 
much of it located below sea level. In fact, the deepest point is 
the Bentley Subglacial Trench at 2555m below sea level. The 
highest peak on the continent is the Vinson Massif (4892m) in 
the Ellsworth Mountains. However, the most intriguing is the 
Gamburtsev Subglacial Mountain Range, which rises to a height 
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of 2768m above sea level, yet lies buried 
beneath more than 1km of ice below Dome 
Argus (4091m) on the Polar Plateau. 
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Antarctic sea ice expands and retreats each year over a vast 
area of the Southern Ocean, covering up to 19 million km2, larger 

than the continent itself. The annual process creates one of the 
largest, most dynamic ecosystems on Earth, which has a major 

influence on the rest of the global climate system. Sea ice reflects 
solar radiation, and modifies exchanges between ocean and 

atmosphere. As it melts, the ice releases organic matter which 
fosters phytoplankton blooms. 
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Since the time of Scott and Shackleton, Ross Island has been a popular starting 
point for expeditions into the interior of Antarctica. Today it is the location of New 
Zealand’s Scott Base and the United States McMurdo Station.
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Modern Traverse: Indicative routes taken each summer by 
supply convoys of tracked vehicles, to scientific research 
stations on the polar plateau.
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Scientific Station

Antarctica is connected to the rest of the world through oceanic and 
atmospheric circulations and, as a result, it has a profound effect on the Earth’s 
climate. 

More than 98% of the 14 million km2 surface area of the continent is covered with 
ice, which reflects back most solar radiation due to the high reflectivity (albedo) 
of snow and ice.  The Antarctic ice sheets, over 4km deep in places, contain 90% 
of Earth’s ice and 70% of all available fresh water. If they melted entirely, sea 
levels would rise by 58m. The deep ice contains a unique record of our planet’s 
climate over the past ~1.5 million years. So far, ice core drilling has obtained 
climate records extending back more than 800,000 years. 

The formation and circulation of Southern Ocean water masses are a key driving 
force in the global conveyor belt of ocean currents, which combine with Earth’s 
atmospheric circulation to moderate our climate by transporting heat. Another 
driver is sea ice that forms in the winter months, forcing out salt as the ice 
crystallises. This leads to a cold dense brine flowing north off the continental 
shelf as Antarctic Bottom Water, carrying oxygen into the deep ocean.

Scientists have been conducting research in the Antarctic region for over a 
century, initially driven by a mix of scientific curiosity, patriotism and resources. 
Science came to the fore with the International Geophysical Year 1957-58, the 
setting up of the Antarctic Treaty in 1959, and the establishment of permanent 
bases on the continent, including New Zealand’s Scott Base and the United 
States McMurdo Station. 

Today there are more than 40 permanent stations manned all year, with a 
number of others operated in summer. They are almost all located around the 
edge of the continent, or on offshore islands. However three permanent stations 
are located on the high polar plateau. Essential fuel, food and equipment 
are towed each summer by convoys of tracked vehicles, traversing the great 
distances from the coast up into the interior of the continent. 
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Dense, super-cold water sinking 
to the ocean floor

CGI version of the proposed rebuilt Scott Base on Ross Island, designed by Jasmax and 
Hugh Broughton Architects. The modules will be built by Leighs Construction at PrimePort 
Timaru and shipped to Scott Base. Credit: Antarctica New Zealand

What it takes to redevelop Scott Base
Samantha Chapman, Antarctica New Zealand 
Communications and Stakeholder Senior Advisor, 
shares insights into the complex multi-year rebuild 
of Aotearoa New Zealand’s home in Antarctica.

In late 2019, Antarctica New Zealand put out a 
call for a construction company to build the new 
Scott Base. Five companies were shortlisted and 
two representatives from each flew south for a 
trip of a life time: to familiarise themselves with 
the unique challenges of building in the coldest, 
windiest and driest place on the planet. 

Each of the lucky five then submitted a proposal, 
explaining how they might rebuild New Zealand’s 
only – and much loved - Antarctic research station.

Kiwi-owned Leighs Construction came out of the 
competitive tender process as the front-runner – not 
simply because of their Antarctic experience, but 
because the method they proposed was innovative, 
resourceful and, most importantly, put the health 
and safety of people first.

AN AGEING BASE
The redevelopment of Scott Base is the largest 
and most ambitious infrastructure project ever 
embarked on by Antarctica New Zealand. It will 
see the existing base, made up of 12 separate 
buildings, replaced with three large two-storey 
buildings connected by two link-bridges.  

Since its establishment in 1957, the existing 
base has had numerous upgrades with the last 
major infrastructure investment occurring in the 
mid-1990s. Additional building expansions and 
refurbishments have continued to exacerbate the 
demand on the research facility. 

While the current base still supports the 350 
or so people who travel south each year, it is 
approaching the end of its functional life and its 
condition is deteriorating.

The rebuild aims to address the risks and issues 
associated with the current ageing infrastructure 
and provide a fit-for-purpose, environmentally 
sustainable research station that will support 
New Zealand’s presence in the Ross Sea region of 
Antarctica for future decades.

MADE IN  NEW ZEALAND
Having been involved in constructing buildings 
and structures on the ice since 2004, Leighs 

Construction thrives on complex vertical 
construction projects and has a solid 
understanding of the Antarctic environment. 

Leighs Construction has endured the strong 
winds and sub-zero temperatures of an Antarctic 
construction site. They have been slowed down by 
the bulky clothing, used equipment and materials 
affected by the cold. They’ve waited out flight, 
building, and weather delays, and experienced and 
overcome other logistical setbacks too. 

This experience is what led Leighs Construction to 
put forward a methodology that sidestepped most 
of the Antarctic construction work and leaned 
into what could be achieved back home instead. 

Put simply, the plan is to build the new base at 
PrimePort Timaru in New Zealand, carefully 
break it down, and ship it to Scott Base.

The buildings will be constructed in their entirety, 
then separated into eight modules before they are 
transported to Antarctica on the back of a massive 
ship called a Module Carrier Class vessel.

Self-propelled modular trailers will roll the 
building sections on and off the vessel and into 
place at Scott Base. 

All of the building modules, including the link-
bridges, will travel on a single shipment, with an 
icebreaker clearing the way. 

While the construction work is taking place in 
New Zealand, the team will get the site at Scott 
Base ready for the big delivery. The existing base 
will be repurposed to house the construction 
workers, and additional infrastructure will be 
brought in to ensure New Zealand’s Antarctic 
science programme can continue throughout the 
rebuild. 

The ship will bypass McMurdo Station and go 
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straight to Scott Base where the modules will be 
offloaded via a new purpose-built temporary platform.

The building modules will be brought off the 
ship, lowered in place and connected to the pile 
foundations. The sub-structure zone of the building 
will be revisited, cladding completed, and the modules’ 
seam details installed. 

Once the new base has been commissioned and the 
keys handed over (figuratively speaking – the doors 
are never actually locked at Scott Base!), the existing 
base will be deconstructed and shipped back to 
New Zealand, along with all waste, equipment, and 
materials. 

Crossing the Southern Ocean with New Zealand’s 
Antarctic research future may seem rather perilous. 
But shipping buildings between continents is the bread 
and butter of the logistics companies involved who live 
for creating innovative and safe solutions for complex 
tasks. Years of planning down to the most minute 
detail minimises the risk to people, the environment, 
and cargo. 

THE GAINS OF  AN OFF-CONTINENT BUILD 
Leighs Construction’s approach provides enormous 
benefits. As the majority of the building will take place 
in New Zealand, the number of construction workers 
on site at Scott Base will be reduced, leaving more 
seats for science. It also reduces the health and safety 
risks which are faced when building in the extreme 
and remote Antarctic conditions. 

Unlike in Antarctica, the construction team will be 
able to work all year round in a less volatile, quality-
controlled environment. 

The buildings will be fully commissioned and 
tested, and Antarctica New Zealand will have the 
opportunity to train staff on new base operations 
before the buildings head south. 

Leighs Construction has expressed a tremendous sense 
of pride and excitement to be selected by Antarctica 
New Zealand to join the team which will build the 
new Scott Base.

The Scott Base Redevelopment is one of the most 
technically challenging building projects seen in New 
Zealand for some years. 

The new base will continue Aotearoa’s long legacy on 
the icy continent and strengthen our ability to support 
world-leading research in one of the most remote 
places on the planet! For more information, please 
visit: www.scottbaseredevelopment.govt.nz

By Samantha Chapman, Antarctica New Zealand
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Crescent moon over grounded icebergs 
in Pierre Lejay Bay, the view north 
from Dumont D’Urville Station on the 
East Antarctic coast during winter. 
The tabular icebergs calve from the 
Astrolabe Glacier Tongue, to the east 
of the station. Ten kilometres wide 
at its front, the glacier drains a basin 
stretching 200 km inland. The icebergs 
drift in a westerly direction with the 
Antarctic Coastal Current, counter-
current to the largest ocean current in 
the world, the Antarctic Circumpolar 
Current, which flows in an opposite 
direction in latitudes further north. 
Photo: Virgil Decourteille


