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Polar amplification: 
1.5-4.5 x global average1,2
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Implications for marine 
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£20 million

5 years (2017-2022)

16 projects



The gateway 
to the Arctic
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Permafrost
LAND -
OCEAN

• Ground that remains frozen for > 2 years

• Globally significant carbon store

• Permafrost thaw increased:

• Freshwater runoff

• Carbon entering ocean

• Degradability of carbon

• Coastal permafrost erosion increased:

• Carbon entering ocean

• Carbon converted to methane by bacteria

• Riverine and coastal nutrient fluxes sustain 

1/3 of productivity

Some shelves (e.g. Eastern 

Siberian shelf waters) will become 

CO2 sources to atmosphere

Susceptible to increasing with 

longer ice-free season

These fluxes need to be in 

biogeochemical models

Key findings





Seafloor activity
OCEAN -

SEAFLOOR

• Seafloor communities are:

• Dependent on amount of seafloor mixing

• Adapted to strong seasonal export cycle

• Moderated in terms of activity by sea ice 

extent which influences food supply

• Atlantic water increase and earlier sea ice 

melt may increase seafloor nutrient 

recycling rates

• Evidence for anaerobic metabolic 

processes

Increase productivity and lead to 

significant carbonate dissolution, 

negatively affecting burial

Which may reduce productivity 

by enhancing nutrient 

limitation (e.g. denitrification)

Key findings





Nutrients
ICE –

OCEAN

• Mixing supplies nutrients from subsurface 

water masses from Atlantic or Pacific

• Reduction in ice extent:

• Increase nutrient availability

• Increase duration of drawdown

• Stratification is weakening in some areas

• Allows nutrients to reach sunlit zone

• Detected previously unknown eddies

• Provides pockets of nutrients

How much of an increase in 

production this leads to 

depends on upper ocean 

stratification, the depth of 

nutrients and the degree of 

wind mixing

Key findings

May cause spikes of 

productivity



Producers
ICE –

OCEAN

• Reduced ice extent

• Longer duration of nutrient upwelling 

• Decrease in the thicker multi-year ice

• Under-ice light 200% higher

• Earlier bloom onset

• Changing phytoplankton species compositions

• May limit photosynthetic capacity

• May increase toxic diatoms

• Changing zooplankton species compositions

• New habitats becoming suitable

• Deep water warming will negatively impact life cycle

Ice-free summers could lead 

to 5% increase in primary 

production annually

Late spike in production

Key findings

Possible increase in 

Amnesic Shellfish 

Poisoning in humans



Consumers
ICE –

OCEAN

• Different fish have different physiological 

responses to temperature change

• Arctic adapted species have higher 

metabolic rates than Atlantic

• Cod, haddock, redfish and polar cod are 

in water below their thermal optima

• Changes in primary production will 

propagate through the food web

• Allows larger demersal fish populations

• Increased predation pressure on 

planktivorous fish by demersal fish

Warming may increase 

production in adult life stages

Maintain harvest of demersal 

fish while reducing harvesting 

of planktivorous fish

Key findings





Circulation
ARCTIC -
GLOBAL

• Atlantification

• Higher chance of Pacific invasions

• Subduction of warm salty water into 

Beaufort Gyre

• Connectivity:

• Future shorter transit times from the 

Northern Pacific to North Atlantic

• a weakening of oceanic and ice 

connectivity between the Arctic Siberian 

shelves and North Atlantic

• increased Atlantic inflow in the Arctic 

Changes to the Large Marine 

Ecosystem provinces

Explains accelerating sea ice 

melt

Key findings



Pollutants
ARCTIC -
GLOBAL

• Poly and perfluorinated alkylated substances 

• Enriched in first year ice brine 

• Present in Arctic biota

• Ice melt will increase carbon monoxide (CO) in 

surface ocean

• Increasing light will increase dimethyl sulphide 

(DMS) and CO

• Light from a ship may disrupt fish and zooplankton 

behaviour down to at least 200 m depth across an 

area of >0.125 km2  around the ship

Bioaccumulate but do 

not seem to biomagnify

Need for global efforts to 

reduce their use

Key findings

Potent greenhouse gases 

need to be accounted for 

in global models



INTERNATIONAL COLLABORATION

18 COUNTRIES 

Were involved in the 

Changing Arctic Ocean 

programme, including 

US, Russia, Canada, 

Norway & Finland

> 50 CRUISES

Were delivered with 
the support of seven 
countries, including 

Russia, Norway & 
South Korea

INTERNATIONAL 

INIATIVES

Contributed to the IPCC Special Report on the 
Ocean and Cryosphere in a Changing Climate, 
the Arctic Monitoring Assessment Programme,  

and will feed into future assessments.



186
PEER-REVIEWED PUBLICATIONS

(INCLUDING THOSE CURRENTLY IN REVIEW)

OUTPUTS



OUTREACH
• 19 articles in Frontiers for Young Minds

• 'Challenge Cards'

• Child resources - puzzles

• School resources - posters

• Infographics

• Media

• ‘Into The Dark’ – Interdependent films

• Vox short series

• Podcasts

• Newspaper articles & footage

• Radio

• School visits

• Festivals

• Museum exhibitions

• Polar pint of science events

112,180+ views



FUTURE RESEARCH PRIORITIES

Rethink the process
The research process needs to 
match the urgency of the climate 
crisis

Show mechanisms
Move beyond confirmatory 
observation and towards 
interrogation of the complex system

Indigenous led
Indigenous communities need to 
be allowed to lead the 
prioritisation of research questions

Interdisciplinary
The compartmentalism of disciplines 
misses the interconnectivity between 
the realms 



FUTURE RESEARCH PRIORITIES
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