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It’s getting warmer

This image shows trends in mean surface air temperature over the period 1960 to 2011.  Notice that the Arctic is red, 
indicating that the trend over this 50-year period is an increase in air temperature of more that 2° C (3.6° F) across
much of the Arctic, which is larger than for other parts of the globe. The inset shows linear trends over the period by latitude. —Credit: 



We get less sea ice



Waves in ice

Effect of storms

Asplin et al. 2012



Likely there is oil and gas up here
Proposal to
the VILLUM FOUNDATION

oil2sea

Oil industry and shipping in the Arctic  –

AARHUS UNIVERSITY

Provinces in the Circum Arctic Resource Appraisal (CARA) color-coded for mean  
estimated undiscovered oil in oil fields. Only areas north of the Arctic circle are included in 
the estimates. Dark green >10 billion barrels, medium green 1010 billion  barrels, light
green <1 billion barrels, grey area not quantitatively assessed, white area of low
petroleum potential.



Increase in investigations and drillings



Opportunities and vulnerabilities

• New oil licenses and opening shipping routes

• Development of a new global ocean





Tracking oil from remote sensing

Neusitzer et al 2017 IEEE; Firoozy et al 2018 IEEE 



Neusitzer et al 2017 IEEE; Firoozy et al 2018 IEEE 



Sea ice transport
The two sea ice gyres



Velocity of ice has increased 
significantly making it more 
difficult for industry to 
manage ice hazards.

Ice Velocity

Barber et al. 2013
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Climate change and ice hazards in the Beaufort Sea

3Elementa: Science of the Anthropocene R 2: 000025 R doi: 10.12952/journal.elementa.000025

Fifteen position-only ice beacons were deployed by helicopter and air-ice boat on ice islands and MYI 
ice floes to track ice motion in the region. Ten were Canatec Associates International Ltd beacons which 
transmitted at 15-min intervals, and five were Oceanetics model 703 iridium ice tracking buoys, transmitting 
at 2-h intervals. Two main components of ice motion in the region, parallel shift and rotation, were measured 
using a RADARSAT sea ice motion tracking system (Komarov and Barber, 2013) applied to sequential 
 Synthetic Aperture Radar (SAR) images. The sea ice tracking approach employs a phase-correlation technique 
to detect both the translational and the rotational components of sea ice motion. Further details of this ice 
motion tracking system are reported elsewhere (Komarov 2009; Komarov and Barber, 2013). In this study we 
derive sea ice motion (and surface wind fields—see below) both from sequential RADARSAT-1 and from 
RADARSAT-2 ScanSAR, with images at daily intervals. In addition, selected floes were identified visually 
in successive RADARSAT images and overlay maps were created to illustrate local, anomalous ice motion.

Ship-based wind records, Canadian Meteorological Centre (CMC) forecast winds, and the North 
American Regional Reanalysis (NARR) winds were used to assess atmospheric forcing of ice motion. A 
micrometeorological tower located on the front deck of the Amundsen provided continuous monitoring 
of wind speed. Wind speed data used in this paper are corrected to 10 m above ocean surface. Additional  
details on the ship winds are available elsewhere (Else et al., 2012), NARR winds (Mesinger et al., 2006) and 
CMC winds (Laroche et al., 1999). CMC and NARR forecasts were generated at three-hourly intervals on 
August 16 and 18, 2011, for comparison with the ship’s winds. Local and regional over-water wind speeds 
were also calculated from RADARSAT-2 dual-polarization HH-HV ScanSAR images as a function of HH 
normalized radar cross section (NRCS), HV NRCS, incidence angle and noise floor of the SAR instrument. 
For RADARSAT-1 and 2 single-polarization HH images the model predictors are HH NRCS, and the 
incidence angle only. Further details are provided in Komarov et al. (2013).

A 600 kHz Z-cell Nortek Aquadopp acoustic Doppler current profiler (ADCP) was installed to mea-
sure upper ocean currents at both stations. Current speed and direction were recorded at 1-min intervals 
for 17.5 and 19.0 h at S1 and S2, respectively, in thirty 2-m vertical cells extending from 0.5–60.5 m 
below the bottom surface of the ice. The instrument (and ice floe) track was logged at 10-sec intervals 
with a Garmin Etrex GPS. Currents were first corrected to true north (Natural Resources Canada at 

Figure 1 
Photographs of thick MYI, 
glacial ice and a map showing the 
location of industry exploration.
Example photographs of: A) 
thick MYI, B) glacial ice and 
C) location of significant license 
areas for oil and gas exploration 
in the Southern Beaufort Sea. The 
southern limb of the Beaufort 
Gyre advects ice features, such as 
in A and B, into the lease areas 
depicted in C.
doi: 10.12952/journal.elementa.000025.f001

Thick MYI, glacial ice and maps showing the location of industrial exploration 
– source: Barber et al (2014) Elementa, 2. 000025

Ice hazards – ocean and atmos. forcing



RADASAT derived ice motion
– source: Barber et al. (2014) Elementa, 2. 000025

Climate change and ice hazards in the Beaufort Sea

7Elementa: Science of the Anthropocene R 2: 000025 R doi: 10.12952/journal.elementa.000025

Figure 6 
RADARSAT derived ice motion. 
RADARSAT derived ice mo-
tion between images acquired on 
August 17, 15:17, and August 18, 
15:35, 2011, showing the average 
ice motion as yellow vectors. Bea-
con data, shown in other colours, 
in general indicate good agree-
ment between the general ice mo-
tion and the motion of particular 
floes. This general agreement 
breaks down, however, when one 
examines the motion of thick ice 
features (e.g., red and blue lines 
in C. Site 1) which were marine 
glacial features with drafts > 40 m.
doi: 10.12952/journal.elementa.000025.f006

Figure 7 
Displacement of selected floes 
over 24 h. 
RADARSAT image acquired 
at 15:46 UTC 16 August, 2011 
(white = ice, black = open water), 
with selected floes indicated by blue 
cross-hatch. Yellow cross-hatch 
indicates positions of same floes 
at 15:17 on 17 August; pale yellow 
indicates overlap. Red arrows indicate 
displacement of selected floes over 
the ∼ 24 h between images. Letters 
highlight three regions where the 
daily motion varied greatly, both 
locally and relative to the average 
pack motion (c.f. Figure 6). ‘S1’ and 
‘S2’ indicate ADCP locations. The 
area within the white rectangle is 
enlarged in Figure 8.
doi: 10.12952/journal.elementa.000025.f007



Displacement of selected floes over 24 h.

– source: Barber et al. (2014) Elementa, 2. 000025
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The Greenland Ice Sheet is melting

567km³yr¯¹
Net: 100-300 Dickson et al. 2007 Prog Oceanogr, 37

1mSv≈31.5km³y¯¹; ref salinity 34.8



Jacobshavns Isbræ

GEUS

Glaciers are retreating



Truffer et al. JGR (in prep)

KNS glacier in Godthåbsfjorden (Nuuk Fjord), West Greenland



Mortensen et al. JGR, 116 (2011)Mortensen et al 2011, J. Geophys Res.

Sills are an important control for the size and export of icebergs



Gogineni, Dahl-Jensen, Rysgaard et al. (unpubl.)

What’s below the Greenland Ice Sheet?



Motyka et al. JGR (in press)
Motyka et al. 2011, J. Geophys. Res, 116

Warm ocean water also seems to play a role



Ice islands are huge



Ice bergs and collisions



Carlson et al 2017, Frontiers



Carlson & Rysgaard et al, ‘on the go’ 



https://arcticspills.wwf.ca/



Oil in Sea Ice Mesocosm - OSIM
• A concept to allow controlled 

testing of the ocean-sea ice 
system response to oil and 
contaminants.

• Science will concentrate on
– Detection (of oil in sea ice)
– Impacts (of oil spills on marine 

ecosystems)
– Mitigation (of oil spills in sea 

ice using both 
genomics-enhanced 
bioremediation technologies 
and conventional techniques)



In closing:

• MY ice remains a barrier to development 
and we expect this to continue for several 
decades.

• Glacial ice will remain at the level we have 
now (but may increase) over the next 
several decades

• We expect ice motion to increase in speed 
and it will become less predictable as sea 
ice decreases

• Management tools are not fully tested and 
are in need of further development.

• We need to educate the next generation to 
provide and maintain local expertise on 
environmental issues

• Perhaps we need to think different (global)

• Oil in ice is a big concern for us!


