
Attività di ricerca in 

Oceano Artico: spedizione

MOSAiC
Alessandra D’Angelo, Ph.D.

University of Rhode Island

Graduate School of Oceanography

a_dangelo@uri.edu

23 Novembre 2021 – Università degli Studi di Napoli Parthenope 



The International Bathymetric Chart of the Arctic Ocean, Intergovernmental Oceanographic Commission (IOC), International Arctic Science Committee (IASC), International Hydrographic Organization (IHO), US Office of Naval Research 
(ONR), US National Geophysical Data Center (NGDC).



Circolazione in Oceano Artico



Trends in mean surface air temperature over the period 1960 to 2019. The graph shows linear trends 
over the period by latitude. —Credit: NASA GISS

Arctic amplification Changes in the Arctic much faster than the rest of the world in both observations and model simulations (Dai et 
al., 2019). 

https://data.giss.nasa.gov/gistemp/?_ga=2.108262914.1831880564.1637617029-1141263545.1635731967


Arctic amplification

“Unknown consequences for the wider ecosystem” 

Atlantification of Eurasian Arctic Basin, warm water from the Atlantic due to effective insulation of the overlying cold halocline layer that
separates the cold and fresh surface mixed layer and pack ice from heat carried by the warm and saline Atlantic Water (Polyakov et al., 2017)

Transformation of the permanent cold halocline layer (CHL) to a seasonal halocline. SML and UPP indicate the surface mixed layer and upper permanent pycnocline. WC shows winter convection; red arrows indicate upward heat
fluxes. Horizontal red arrows show inflows (Polyakov et al., 2017).



Arctic amplification



Importanza delle Regioni Artiche



• Formazione di acque dense 

• Input di acque di fusione glaciale e di ghiaccio marino

Sistema climatico globale



photo: Lianna Nixon

• Habitat di specie animali e vegetali
marine e terrestri

• Casa di popoli indigeni



Come ottenere dati da regioni così
estreme?



Oden Icebreaker, Northwest Passage Project, Summer 2019. Ph: Dong Lai

Polarstern Icebreaker, MOSAiC expedition, 2019-2020.

Campionamenti in-situ:
campagne oceanografiche

11



Photo: Jessie Gardner

Attivita’ di campionamento
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Un po’ di storia

Fridtjof Nansen oversaw the scientific side and Otto Sverdrup
captained the ship. Her subsequent drift across the Arctic Ocean
confirmed Nansen´s theory to the hilt, locked in the ice, the Fram was
carried for hundreds of miles between the North Pole and Franz Josef
Land. Nor did they get as close to the Pole as Nansen had. When
Nansen realized that the Fram would not get as close to the North
Pole as he had expected, he and Hjalmar Johansen left the ship on
March 14th, 1895 and set out with three dog-drawn sledges in a bold
bid to make the Pole across the ice. But the pack ice was in constant
motion and they were compelled to abandon the attempt on April
9th, by which time they had reached 86° 14’ N. They then set course
for Franz Josef Land, where they built a crude hut in which they were
forced to spend the winter. In Cape Flora on June, they met the British
explorer F. G. Jackson, who took them back to Norway on board his
ship the Windward. By August 13th, 1896 they were back in Vardø.
The Fram finally emerged from the ice off the north coast of West
Svalbard, the same day that Nansen arrived in Vardø.





Multidisciplinary drifting Observatory for the Study 
of Arctic Climate

https://mosaic-expedition.org/
https://www.youtube.com/watch?v=ptjvdyRKRE8

https://mosaic-expedition.org/


Science at 360° for 1 year long



• MOSAiC aims at a breakthrough in understanding the Arctic climate
system and in its representation in global climate models. It will
provide a more robust scientific basis for policy decisions on climate
change mitigation and adaptation and for setting up a framework for
managing Arctic development sustainably.

442 esperti
5 legs

3400 km drifted





Research 
questions:

• What’s the methane budget and 
which is the microbial oxidation 

rate potential in the Arctic 
Ocean?

• Which are the main communities 
triggering it?

• Where are the hotspots of 
methane microbial oxidation 

within the AO?



Methane, a climate-relevant gas

Methane absorbs terrestrial radiation in the 4- to 100-nm region (infrared irradiation) more effectively than CO2. Its equivalent
warming potential is indeed 32 times higher. The present-day concentration of CH4 in the atmosphere is lower than that of
CO2, but its concentrations have risen dramatically since pre-industrial times (IPCC 2006). It contributes 16% to the global
greenhouse effect and has a lifetime of ~12 yr in the atmosphere (IPCC 2014).

The graphs show globally-averaged, monthly mean atmospheric methane abundance determined from marine surface sites. The first graph shows monthly means for the last four
years plus the current year, and the second graph shows the full NOAA time-series starting in 1983. Values for the last year are preliminary, pending recalibrations of standard gases
and other quality control steps. https://esrl.noaa.gov/gmd/ccgg/about/global_means.html
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The ocean continental shelves host the largest global reservoir of methane (CH4). Most of the CH4 dissolves 
in the water column, building up an aqueous CH4 inventory.

Once dissolved in ocean water, the CH4 emitted can be aerobically oxidized and converted into either carbon 
dioxide (CO2) or biomass. 

Some background
Methane cycle in the AO

Old methane and modern climate change by JOSHUA F. DEAN, SCIENCE 21 FEB 2020: 846-848



Methane distribution within the water column strongly depends on the water 
column structure

Polar Mixed Layer (PML)

Sea Ice

Continental 
Ice

Continental 
runoff

Halocline/Thermocline

Atlantic Water (AW)

Dense Local Water (DLW)

CH4→ CO2

CHx→ CH4
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Results Northwest Passage Project:

In-situ seawater methane profiles
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Measure the moles of methane and its isotopic ratio within a timeframe 
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Research 
questions:

• What’s the methane budget and 
which is the microbial oxidation 

rate potential in the Arctic 
Ocean?

• Which are the main communities 
triggering it?

• Where are the hotspots of 
methane microbial oxidation 

within the AO?



Microbial 
community 
structure 
through 
genetic 
analysis

The first aerobic methanotrophs were discovered and isolated more than a century 
ago (Kaserer 1905; Sohngen 1906) all belonging to the Alpha and 
Gammaproteobacteria (Whittenbury, Phillips and Wilkinson 1970; Hanson and 
Hanson 1996).

At the beginning of the current century, a marine consortium of methane-oxidizing 
archaea and sulfate-reducing bacteria was discovered, mediating sulfate-dependent 
methane oxidation (Boetius et al. 2000).

Later, a consortium of Methylomirabilis bacteria and Methanoperedens archaea, 
capable of coupling anaerobic methane oxidation to denitrification of nitrite and 
nitrate, were isolated (Raghoebarsing et al. 2006).

Thermoacidophilic methanotrophs were isolated from hot and acidic volcanic 
ecosystems (Dunfield et al. 2007; Pol et al. 2007; Islam et al. 2008), belonging to the 
phylum Verrucomicrobia

Recently, the Flavobacteria were defined the secondary consumers of methane, oil, or 
cellular decay products (Redmond and Valentine, 2011). 



Research 
questions:

• What’s the methane budget and 
which is the microbial oxidation 

rate potential in the Arctic 
Ocean?

• Which are the main communities 
triggering it?

• Where are the hotspots of 
methane microbial oxidation 

within the AO?



Results from the Northwest Passage Project water samples:

Analyze the methane data in the context of hydrographic features and taxonomical community 
structure

Spearman’s rank of the Northwest Passage 
Project dataset

• Methane data
• Dissolved
• Ex-situ

• Water masses 
• OMP analysis

• Nutrients’ data

• Sea Ice Concentration data



Attività trasversale
durante MOSAiC



Alexandrov et al., 2013

What’s the 
methane budget



Attività extra-scientifiche…
polar guard volunteering

leadership 
data management

cargo



Settimana tipo a bordo della R/V Polarstern



End of the MOSAiC floe, 31 July 2020



Grazie per l’attenzione!
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