
Targeted Geoengineering: 
Conserving the Cryosphere

Permafrost conservation
through land-use modification - are potential 

solutions practicable and scalable?
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Mitigation
Adaptation
Solar Geoengineering

Can anything else be done?

• In some cases Targeted Geoengineering might provide partial 
solutions

• Land surface albedo: Pleistocene Park in Siberia for permafrost
• Arctic ice management for sea ice
• Glacier geoengineering for sea level – by far the most realistic

The 3 standard 
paradigms

Presenter
Presentation Notes
There are suggestions to tackle the cryosphere problems
Converting Arctic taiga to grassland cools the permafrost. We are partners with Oxford University and a pilot scheme in Siberia
Sea ice albedo raising experiments have started
But conserving the ice sheets with glacial geoengineering is the easiest of these




Pleistocene Park
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The albedo of the steppe grassland is much higher than the forest 
or shrub lands, especially in winter

Hence the Permafrost is cooler
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Pleistocene Park
Target MEG density. Assuming that animal density 
in the mammoth steppe can be estimated
from the number of bones found in the permafrost, 
an estimated average of 1 mammoth, 5
bison, 7.5 horses, 15 reindeer, 0.25 cave lions, and 1 
wolf per 1km2

1 MEG costs $383,000

MEG growth rate. 10% / yr

Assuming a constant animal introduction rate of 10 
MEG/yr after 30 years, an area of 3100 km2 would 
be converted to grassland. 
0.03% of permafrost area
Conversion of 1 million km2 of Arctic tundra (10% of 
the Arctic permafrost zone) in 30 years would 
require an introduction rate of 7,000 MEGs /yr
which is unrealistic.
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www.charter-arctic.org

CHARTER – Drivers and Feedbacks of Changes in Arctic Terrestrial Biodiversity
From the EC’s first Cryosphere call (LC-CLA-07-2019), CHARTER addresses Sub-topic B (Changes in Arctic biodiversity) 

Consortium
9 European countries

21 Research Institutions

Coordinator 
Arctic Centre

University of Lapland

Finland

Duration 
08.2020 – 07.2024

Budget
5.9 M Euro

CHARTER intends to advance the adaptive
capacity of Arctic communities to climatic and
biodiversity changes through state-of-the-art
synthesis via data collection, analysis and
modeling of Arctic change with major socio-
economic implications and feedbacks. The project
has three central aims:

• Work with Arctic communities to co-develop
strategies and policy pathways for livelihoods
such as herding, hunting and fishing

• Simulate the effects of social-ecological
changes for indigenous and local communities
and traditional livelihoods

• Better understand responses of Arctic
terrestrial social-ecological systems to changes
in the cryosphere across decadal and
centennial timescales



A) Circumpolar albedo change (2000-2014, NASA) shows mainly sea ice decline; 
B) Eurasian reindeer management area for 1.8M privately or collectively owned 

reindeer (1.8Mkm2) spread across Fennoscandia and Northwest Russia; and 
C) Herbivory influences albedo 



3-level factorial exclosure experiment initiated July 2017
Aim is to partition role of climate vs. herbivory vs. topography on tundra productivity

Worldview-3 satellite VHR image Yamal 21.7.2017
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Heavily grazed/
trampled ridgetop Old landslide
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Participatory methods & co-production of knowledge
• Co-documentation of different ways of knowing (workshops, interviews…)
• Contributing to co-development of local planning & policies 
• Indigenous scholars included within the consortium
• Co-development achieved during project planning
• Synthesize existing datasets alongside new fieldwork
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About $1/year/person that would be flooded by the 
collapse of Thwaites Glacier and unstable West Antarctica
Coastal protection costs at 2100: $50 billion/yr

Seabed anchored curtains – Bowie Keefer
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