
Antarctica	and	the	
Southern	Ocean	
	
	
The	view	from		
New	Zealand	
1.  Geological	connections	
2.  Ice,	ice	and	more	ice	
3.  The	Antarctic	Circumpolar	Current	

and	the	Subantarctic	Islands	
4.  A	History	of	Exploration	
5.  Governing	Antarctica	
6.  A	warming	planet	–	melting	ice	and	

rising	sea	level	
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Insert	elephant	seal	movie	here	
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Insert	albatross	movie	here	
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http://www.vets.ucar.edu/vg/POP/
index.shtml 









Rintoul	&	Garabato,	2013		Carter	et	al.,	2009		

Southern	Ocean	Temperature	&	Salinity	Profiles	









Predicted	migration	of	Westerly	winds	from	warming	

Toggweiler	&	Russell,	2008	



The	westerly	wind	controls	patterns	of	rainfall	
and	aridity	across	southern	New	Zealand	



Ø  Predicting how Antarctica, its ice sheets and surrounding 
oceans will respond in a changing world 

Ø  Calculating how that will impact New Zealand and the rest 
of the globe 

Ø  Calculating how fast and when 
Ø  Connecting with the public to see how much impact they 

are prepared to put up with before they take action to 
mitigate future impacts – OK so this isn’t a science 
challenge but the public require scientific findings to 
allow them to make decisions 

In	it’s	positive	phase,	winds	circle	
clockwise	around	Antarctica,	whip	off	
Victoria	Land	and	create	a	vortex	of	
cold	storms	(dark	blue)	off	the	Ross	Sea,	
where	sea	ice	is	expanding.	The	vortex	
also	draws	in	warm	(red)	air	from	South	
America,	which	warms	the	Antarctic	
Peninsula	
	
In	it’s	negative	phase….	
	
	

(Image:	from	Turner/AGU)	

The	Antarctic	Polar	Vortex	and	
the	Southern	Annular	Mode	

(Image:	from	wunderground.com)	



Present	Day	Thermohaline	Circulation	–	Antarctica’s	ice	shelves	
and	sea	ice	produce	super-cooled	and	super-saline	water	that	
sinks	and	flows	across	the	ocean	floor,	turning	the	ocean	over	

and	delivering	heat	around	the	planet	

Rahmstorf,	2002,	Nature	419,	207-214	



The	way	we	see	it	

http://en.wikipedia.org/wiki/Thermohaline_circulation	



talley	et	al.	(2011)	



http://pordlabs.ucsd.edu/ltalley/
sio210/Southern/index.html	





Fraser	et	al.,	2012	



Ecosystem	services	are	the	many	and	varied	benefits	that	humans	freely	gain	from	the	
natural	environment	and	from	properly-functioning	ecosystems.	Such	ecosystems	
include,	for	example,	agroecosystems,	forest	ecosystems,	grassland	ecosystems	and	
aquatic	ecosystems.	Collectively,	these	benefits	are	becoming	known	as	'ecosystem	
services',	and	are	often	integral	to	the	provisioning	of	clean	drinking	water,	the	
decomposition	of	wastes,	and	the	natural	pollination	of	crops	and	other	plants.	

http://news.algaeworld.org	

Ecosystem	Services	



	
	

www.nasa.gov	
	
	



DISCOVERY100	

http://uk.boats.com/	



What	is	DISCOVERY100?	

DISCOVERY100	will	provide	critical	baseline	data,	essential	high-
frequency	time-series	and	a	platform	to	conduct	campaign	science	to	
address	key	questions	regarding	the	response	of	the	Subantarctic	

region	to	climatic	change	

Creating	a	scientific	legacy	

5	year	initial	
program	

Research	
infrastructure	–	

vessel	&	
observing	array	

Interdisciplinary	
&	International	

Providing	
evidence	for	

policy	decisions	

Linking	with	South	Georgia’s	
Industrial	Heritage	

Initial	funding	from	philanthropic	
donor	
	

Open	access	
data	

Education	&	
outreach	

Future	of	South	Georgia	Workshop	(2015)	–	identified	the	need	for	
DISCOVERY100	and	key	deliverables	it	should	focus	on	

DISCOVERY100	science	is	a	visionary	project	designed	to	help	understand	climate	change	in	the	
global	context	by	predicting	changing	climates,	oceans	and	environments.	In	the	timeframe	of	the	
initial	5	years	of	the	project	South	Georgia	will	be	established	as	a	sentinel	for	climate	change	and	
it	will	deliver	science	to	predict	global	impacts	of	global	climate	change.	



Why	do	we	need	it?		
DISCOVERY100	–	a	global	purpose/	a	global	need		

acting	as	an	
early	warning	

system		

setting	a	new	
research	
paradigm	

drive	forward	
policy	

global	
engagement	
and	capacity	
building	

predict	global	
impacts	of	

global	climate	
change	

•  Warming	atmosphere	
•  Changing	wind	patterns	
•  Warming	and	acidifying	oceans	
•  Rising	sea	levels	
•  Aridity	and	flooding	
•  Increasing	storm	intensity	

•  Defining	variability	
•  Creating	a	time	series	
•  Understanding	significance	
•  Linking	changing	

ecosystems	to	physical	
processes	and	
environments	

•  Outcome	based	
•  Interdisciplinary	
•  International	

connectivity	
•  International	

engagement	
•  Working	from	a	

common	platform	
•  Building	a	legacy	
•  Sustained	effort	

•  International	pool						
of	PhD	students	

•  Engagements	with	
leadership	and	
outreach	programmes	

•  Not-for-profit	agencies	
•  Stakeholder	education		
•  Open	access	data	

•  Research	to	deliver	on	management	
and	policy	need	



Why	South	Georgia?	–	Uniquely	Positioned	

•  Isolated	island	in	the	midst	of	steep	environmental	gradients	at	the	northern	edge	of	the	ACC	
•  Largest	and	most	sustained	phytoplankton	bloom	drawing	down	CO2	
•  Mountainous	Island	intersects	the	wind	and	current	providing	a	rare	set	of	opportunities	to	observe	

changes	–	Ice	caps,	glaciers,	fjords,	biodiversity	
•  The	oceans	around	South	Georgia	are	already	warming	and	glaciers	receding	–	the	future	impact	of	which	

are	yet	to	be	determined,	but	the	changes	are	a	clear	measure	of	global	phenomena	
•  South	Georgia	has	a	relatively	long	human	history	–	records	kept	since	sealing	and	whaling	days.	

Ecosystem	already	impacted	

Antarctic	Circumpolar	Current	 Southern	Hemisphere	Westerly	Winds	

Unique	Ecosystem	



Why	South	Georgia?	–	Uniquely	Positioned	
Phytoplankton	bloom	 Carbon	drawdown	

One	 of	 the	 largest	 and	 most	 sustained	 phytoplankton	 blooms,	 and	 seasonal	 sinks	 of	
atmospheric	 CO2	 in	 the	 Southern	 Ocean	 appears	 to	 be	 fuelled	 by	 the	 supply	 of	 iron	
originating	from	South	Georgia.	This	bloom	is	critical	as	they	fuel	the	rich	South	Georgia	
ecosystem	 which	 is	 exploited	 by	 several	 major	 commercial	 fisheries	 dependent	 on	
keystone	species	such	as	krill.		



Legacy	science	

Establishing	
baselines	

	

Defining	&	
delimiting	
processes	
	

Indicator	
species/	

environments	
	

Long	term	
observing	array	
contribution	

	

A	sustained	
effort	
	

Science	
to	Policy	
	

South	
Georgia	
A	legacy	of	

predicting	climate	
change		

	

•  Pre-impacted	
conditions	
•  Natural	variability	
•  Response	to	warming		
•  Timescales	of	change	

•  Process	interrelationships	and	
interdependencies	
•  Ecosystem	function	
•  Response	to	warming		
•  Timescales	of	change	

•  Species	links	to	
temperature,	acidification,	
nutrients	
•  Defining	ecosystem	
resilience	and	resistance	

•  Standard	
observation	
suite	for	
nearshore	and	
terrestrial	
parameters	
•  Interlinked		
weather	stations	
and	marine	
moorings		
•  Linked	to	the	
SCAR	ANTOS	
programme	

•  Long	term	monitoring	
•  Developing	a	circum-
subantarctic	approach	
•  Increasing	reliability	
and	impact	

•  Contributes	to	
management	needs		
•  International	
engagement	through	
United	Nations	and	
Intergovernmental	
agencies	



	
	

South	Georgia	–	a	Sentinel	for	climate	change	



Were	New	Zealand’s	subantarctic	
islands	glaciated	in	the	last	ice	age?	



Why	Campbell	Island?	
An	opportunity	to	test	models	by	determining	
the	extent	of	glaciation	at	the	LGM,	derive	
atmospheric	and	sea	surface	temperatures,	
and	determine	westerly	wind	influence	

• 	Campbell	Island	is	the	southern-	
			most	of	New	Zealand’s	Sub-	
			antarctic	Islands	
• 	It	lies	between	the	Subtropical		
			Front	and	the	ACC	
• 	It	represents	the	exposed	part	of	a		
			much	larger	massif	
• 	The	eastern	side	of	the	island	is	
			dissected	by	U-shaped	valleys		
			assumed	to	be	glacial	in	origin	
• 	Two	of	these	–	Perseverance	and		
			Northeast	harbours	(fiords)	have		
			base	levels	below	current	sea	level	













Survey	&	Sample	
collection	

• 	42	seismic	(Boomer)	lines	in	harbours		
			and	on	the	shelf	(~60m	penetration)	
• 	Sidescan	and	multibeam	surveys	in		
			harbours	(in	<60m	depth)	
• 	Grab	samples	on	the	shelf	
• 	Short	(3m)	piston	cores	in	the	harbours	
	









Results	
• 	Glacial	origin	of	harbours	confirmed,	U-	
			shaped	valleys	with	valley	(harbour)	
			mouth	moraines	
• 	More	recent	sediment	drift	in		
			Perseverance	Harbour	from	the	SE	



Results	
• 	Glacial	origin	of	harbours	confirmed,	U-	
			shaped	valleys	with	valley	(harbour)	
			mouth	moraines	
• 	More	recent	sediment	drift	in		
			Perseverance	Harbour	from	the	SE	
• 	U-shaped	valleys	give	way	to	V-shaped		
			valleys	which	dissect	the	shelf	
• 	V-shaped	valleys	now	infilled	and		
			superposed	with	more	recent	drift		
			sediments	
	



Conclusions	
• 	Despite	exposure	of	the	shelf	at	the		
			LGM,	glaciers	did	not	extent	out	onto		
			the	shelf	
• 	Either	the	glacier	extent	was	limited	to		
			constraining	valleys	
• 	Or	U-shaped	valleys	predate	the	LGM		
			and	the	Campbell	Island	Massif	was	not		
			glaciated	at	the	LGM	
• 	The	latter	hypothesis	can	be	tested	by		
			exposure	age	dating	of	the	glaciated		
			surface	in	Perseverance	Harbour	(Fiord)	
• 	Either	way	climate	models	need	to	be		
			constrained	to	a	minimal	glacial	extent		
			model	at	the	LGM	either	due	to	warm		
			temperatures	or	lack	of	moisture	





Next	Week:	Early	explorers	in	the	
Ross	Sea	Sector		


