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We can now see every detail of 
the human footprint in Antarctica
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Barrientos Island, Aitcho Islands

…and even human trails 
through ancient moss beds…

WP18 & 41
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Passive
(e.g., optical imagery)
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Hope BayLindsay Islands

Landsat satellite images reveal penguin guano clustered on bare rock outcrops

bare rock

guano pixels 
highlighted in yellow

bare rock

guano pixels 
highlighted in 
yellow

ocean

ocean

snow/ice

snow/ice



WP11



~20,000 chinstrap penguins discovered right around 
the corner from a popular tourist landing site



> 1 million penguins discovered by satellite imagery
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Emperor penguin colonies far more 
dynamic than previously believed

Newly 
discovered!

WP9 & 52
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REMA
pan-Antarctic elevation model 

2 m spatial resolution 

typical vertical errors < 1 m





Gravity Recovery and Climate Experiment (GRACE)

GRACE-Follow On 
Image source: NASA/JPL-Caltech



Sea ice and ice sheet 
dynamics important: 

WP42/43, IP95Source: NASA/JPL-Caltech
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Sea ice and ice sheet dynamics 
important:WP42/43, IP95



On February 13, 2023, 
Antarctic sea ice extent set a new record low. 

Sea ice and ice sheet dynamics 
important:WP42/43, IP95
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Colorized image from BedMachine 
overlaid on a Landsat 8 satellite 
image from Schmidt et al. (2023)

Bed topography 
is critical: IP73







Melting glaciers have enormous ‘downstream’ impacts
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Key advantages to satellite-based research

• possible to collect data at the pan-Antarctic scale

• lower carbon footprint

• less prone to disruption of time series (e.g., Covid-19, lapses in funding)

• highly cost effective (conditional on having the satellites in orbit already)

• no disturbance to wildlife or the surrounding environment

• more accessible to smaller programs or to early-career researchers 
IP37
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... but field research remains not only the best, but often the only method of collecting 
data for certain research questions

Satellites can help us do field work more efficiently and more safely.





Satellite imagery facilitates the selection 
of safe landing sites in the deep field, 
without the expense and risk of 
additional reconnaissance flights... 
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CEP’s Climate Change Response Work Programme 

• Use remote sensing techniques to monitor changes in vegetation within ASPAs and more widely, to 
inform the further development of the Antarctic protected areas system

• Synthesize knowledge of Antarctic biodiversity, biogeography and bioregionalisation and undertake 
baseline studies to establish which native species are present

• Monitor emperor penguin colonies, including using remote sensing and complementary techniques, 
to identify trends in populations and potential climate change refugia

• Monitor bird populations to inform future management actions
• Collection and submission of spatially explicit biodiversity data
• Long-term monitoring and sustained observations of environmental change
• Long-term monitoring of biological values in ASPAs
• Long-term monitoring to verify or detect environmental impacts associated with human activities
• Monitoring to assess the status of values at ASPA 107 Emperor Island
• Regular population counts and research to understand the status and trends in the southern giant 

petrel population

Satellite imagery will have a significant impact on our ability to 
address 26 (of 40) of gaps/needs identified in the CEP XXIV Report 

Examples of gaps/needs or action/tasks supported by satellite-based imagery:



AntClimNow – Near-term Variability and Prediction of the Antarctic Climate System

INSTANT – Instabilities & Thresholds in Antarctica

Ant-ICON – Integrated Science to Inform Antarctic and Southern Ocean Conservation

New SCAR Scientific Research Programs (SRPs)

SCAR Earth Observation Action Group



The entire history of the satellite era has occurred within our lifetimes.

We can no longer claim that we did not know 
what there was to lose.


