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Arctic fjord oasis & sea ice factories

MODIS data April 9 2008, NASA, 
http://rapidfire.sci.gsfc.nasa.gov/  

The field work laboratory 
for the Air-Cryosphere-
Sea Interaction (ACSI) 
Group

Nilsen et al. (2016), J. Phys. Oceanography  

Muckenhuber et al., (2016), The Cryosphere





Publication of trend analysis on the 
ocean climate in Isfjorden ->

An inter-departmental collaboration gathering 
and using all available oceanographic data 
collected

1) by UNIS collegues and students 
2) in collaboration with partner institutions
3) from public marine databases 

Publication of oceanographic data sets from Isfjorden!

1) UNIS Hydrographic Database (Skogseth et al., 2020).
2) Several data sets with yearlong time series from 
moorings (Skogseth and Ellingsen, 2019).

https://data.npolar.no/dataset/39d9f0f9-af12-420c-a879-10990df2e22d
https://data.npolar.no/dataset/54dcd0c9-b863-41b1-a72b-0827099ad2b0


Skogseth et al. (2020)

Connectivity to local atmospheric forcing and sea ice cover
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Increased intrusion of warm Atlantic Water

Hanssen-Bauer et al. (2019): Climate in Svalbard 2100 – a knowledge base for climate adaptation. 



Foto (25.04.17): Frank Nilsen

Tempelfjorden: Thin ice coverIsfjorden/Sassenfjorden: Open water

Increased ocean temperature and reduced sea ice cover

Hanssen-Bauer et al. (2019): Climate in Svalbard 2100 – a knowledge base for climate adaptation. 



Endring i havtemperatur (℃) Endring i sjøisdekket (brøkdel)

Hanssen-Bauer et al. (2019): Climate in Svalbard 2100 – a knowledge base for climate adaptation. 

The future ocean climate: (2060-2069) – (2010-2019)
March 



Hattermann et al. (2016)

Nilsen et al. (2021)

Wind-Driven Variability in the Spitsbergen Polar Current
and the Svalbard Branch Across the Yermak Plateau



Acoustic Release
AR2500 no. 1697

SBE-37 MicroCat
s/n :  10963

Anchor wet weight
640 kg

YP1

SBE-26
s/n 26P68942-1363

30" McLane
bouyancy 168 kg

Argo s/n 332  
ID: 104383

Depth
30 meter

Minilogger
s/n :  355565

10 m kevlar

Acoustic Release
AR2500 no. 1698  

SBE-37 MicroCat  
s/n : 37-10964

37" Mc Lane
bouyancy 318 kg  

Argo s/n 333
ID: 104384

Depth
110 meter

YP2  

SBE-26
26P68942-1365  
Anchor wet weight
640 kg

Minilogger  
s/n : 355567

Minilogger  
s/n : 355566
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Acoustic Release
AR2500 s/n.786

 

SBE-37 MicroCat
s/n  37-10967

37" Mc Lane
bouyancy 310 kg  

Depth 515 meter

YPC
 

Aadi RCM-9
s/n 784 
 

SBE-37  MicroCat 
s/n  37-10965

Aadi Seaguard
s/n  1061

 200 meter

Vitrovex 17" 
bouyancy  23 kg

Vitrovex 17" 
bouyancy  23 kg

  70 meter

  50 meter

Aadi RCM-9
s/n : 784
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  72 meter

 500 meter

 300 meter

PP-rope 7 m
Chain 13mm 3m

SBE-37 MicroCat
s/n  37-10966

Vitrovex buoyancy
25 kg x 3
75 kg  

Minilogger - 70

Minilogger - 72

Minilogger - 71

Minilogger - 73
Minilogger - 74

Minilogger - 75
Minilogger - 77

Minilogger - 78   Minilogger - 79
Minilogger - 80   Minilogger - 81

Minilogger - 76
Minilogger - 78

Anchor 600 kg

ARGO s/n 334
ID: 104385

Acoustic Release
AR2500 no.  788

SBE-37 MicroCat
s/n :  S456

Depth
555 meter

YP3

SBE-26
s/n 26P68942-1366
Anchor wet weight
640 kg  

Minilogger
s/n :  355568

Minilogger
s/n :  355569

100 m kevlar

Vitrovex buoyancy
25 kg x 5
100 kg  

M = ρV = ρHA, H = SSH
Mass [kg]:

Nilsen et al. (2021)

From August 28, 2014 to August 13, 2016 
(but also data from 2017-18, unpublished)

Ocean Bottom Pressure (OBP) recorders (SBE 
26plus) were measuring the weight of the water 
column above the ocean sea floor at 29 m 
depth (YP1), 110 m depth (YP2), and 550 m 
depth (YP3). 

In addition, a current meter 
mooring (YPC) was deployed 
8.8 km southeast of YP3 at 
515 m depth.



YPC

CNES-CLS18 1/8° MDT by Ssalto/Duacs, downloaded 
from CMEMS; http://www.marine.copernicus.eu

𝑣! = 0.043 𝑚𝑠"#
VT = 1.1 Sv



Volume transport anomaly (barotropic)
1 Sv = 106 m3s-1

The transport across the YP can 
increase by up to 0.4 Sv in the SPC and 
2 Sv in the SB in the winter period 
when the average temperature in the 
northward-flowing AW is close to the 
highest temperature in this region.

Time series show a distinct seasonal 
variability with the highest transport in 
the DJF months, and an interannual 
variability between the 2 years.

Flow variability in both the SPC and the 
SB is controlled by the sea surface 
pressure gradient, driven by strong 
windstorms.

Nilsen et al. (2021)



Wind stress curl field correlated with the Svalbard Branch

- 𝑣$% between YP2 and YP3

- Wind stress curl field form 
NORA10 data

- Pearson's correlation 
coefficient

Nilsen et al. (2021)



Compositing all wind stress curl field for cases when the 
Svalbard Branch is (a) >2STD(𝑣!") and (b) <-2STD(𝑣!")

Nilsen et al. (2021)



Mean sea level pressure 

Background  figure from Morison et al. (2012)

Low-pressure systems approaching 
Svalbard and the Barents Sea from 
the south show an increased impact 
on the wind patterns during autumn 
and winter (Wickström et al., 2020)



The total heat flux in the Svalbard Branch that alters 
the heat content north of Svalbard

Nilsen et al. (2021)



• More frequent winter-cyclones will increase the
volume transport variability and pulses of warm
water to the shelf areas north of Svalbard

• Term (a) tends to be large for strong windstorm
events in winter and give a short-period
“weather” response, while term (b) is more
linked to interannual variations and long-time
changes in water mass temperature on the YP
with a “climatic” effect on the heat transport.

• However, with a shift in the atmospheric
circulation pattern toward an increasing
number of cyclones influencing Svalbard during
winter, the heat transport term (a) controlled
by the volume flux variation will amplify the
warming trend during years with anomalous
atmospheric circulation patterns.

Nilsen et al. (2021)



PI Marit Reigstad (UiT), Co-PIs Tor Eldevik (UiB) & Sebastian Gerland (NPI)
A national team of >130 scientists  from 10 institutes/ universities
>50 recruitment positions

An interdisciplinary research project on 
the ecosystem of the Barents Sea  – a 
gateway to a changing Arctic

Inspired by Dr. Fridtjof 
Nansen; an Arctic pioneer, 
innovative scientist, 
humanitarian, international, 
genuine interest for humans, 
society, and science.

Photo: Øystein Mikelborg, NPI

New Norwegian ice-
breaker R/V Kronprins 
Haakon



Lundersgaard et al. (2022) in Ocean Science Discussions

Import of Atlantic Water and sea ice control the ocean 
environment in the northern Barents Sea



Lundersgaard et al. (2022) in Ocean Science Discussions

M1



Lundersgaard et al. (2022) in Ocean Science Discussions

Conceptual interpretation of the advection of Atlantic Water



Surface temperature Dec.-Feb. 1980-2010

Mohamed et al. (2022)



Marine Heatwaves in the Barents Sea
Bayoumy Mohamed, Frank Nilsen, and Ragnheid Skogseth 

Mohamed et al. (2022)

MHWs have become one 
of the major concerns and 
a hot topic in climate 
change research in recent 
decades (Marx et al., 
2021), due to their 
destructive impact on 
marine biodiversity, 
ecosystems, and fisheries 
(Mills et al., 2013).



Source: http://www.marineheatwaves.org/all-about-mhws.html

MHW is an abnormally 
warm water event that 
lasts at least 5 days with 
SST above the 
seasonally-varying 
threshold  (usually the 
90th percentile) for that 
time of year (Hobday et 
al., 2016)

Marine Heatwaves in the Barents Sea

http://www.marineheatwaves.org/all-about-mhws.html


STUDY AREA AND DATASET 

25
MHW_2022

vDaily Optimum Interpolation Sea
Surface Temperature V2.1 (OISST
V2.1) and sea ice concentration
(1982-2020) from NOAA.

vHourly atmospheric variables
from ECMWF (ERA5 data) during
the same period 1982-2020:

o Surface Air Temperature (SAT),
o Wind Speed Components (u10 and

v10),
o and Mean Sea Level Pressure (MSLP)

v Finally, the normalized time series
of climate indices from NOAA
o North Atlantic Oscillation (NAO)
o East Atlantic Pattern (EAP)

Mohamed et al. (2022)



Warming Shift In The 
Barents Sea 1982-2020

For the post-2004 
period (2004-2020), 
warming trends were 
amplified, with a 
spatially averaged trend 
of 0.25 ± 0.18 °C/ 
decade and 0.58 ± 0.21 
°C/ decade for NBS and 
SBS, respectively. 

Mohamed et al. (2022)



MHW Characteristics 

In general, MHWs are 
characterized by high 
frequency, short 
duration, and low 
intensity in NBS, and  
low frequency, long 
duration, and high 
intensity in the SBS.

27

MHW Mean Frequency

MHW Mean Duration MHW Mean Intensity

Mohamed et al. (2022)



MHW decadal trends (1892-2020) 

Mohamed et al. (2022)



Temporal Variation of MHWs 

b) MHW Days c) MHW Duration

Trend =1.0 ± 0.4 events/decade 

Trend=2.4 ± 1.3 days/decadeTrend=19.5 ± 9 days/decade

Mohamed et al. (2022)



Previous biological studies by Eriksen et
al. (2020) have found that:
• Some marine species reacted to the
warm water condition during this
strong MHW event by shifting their
geographic distribution.

• Polar cod abundance was significantly
lower and had nearly disappeared in
the core area of the southeastern
Barents Sea where the most intense
MHWs are found.

• Species, such as capelin, haddock,
herring, and long rough dab were more
abundant than the long-term average.

MHW 2016

Mohamed et al. (2022)



The Barents Sea experienced a significant warming shift in
2004. The spatial average of the SST warming rate from 2004 to
2020 was about 0.25 ± 0.18 C/ decade and 0.58 ± 0.21 °C/ decade
for the northern and southern Barents Sea, respectively.

The Barents Sea is most likely a high-risk region that has seen
more frequent, longer lasting, and stronger MHWs in recent
decades. The most intense MHW event was observed in 2016 and
lasted for 63 days from 28 June to 29 August 2016, with mean and
maximum intensities of 2.96 °C and 4.13 °C, respectively.

Recommendations: More research is needed to predict future MHWs in the
Barents Sea using model experiments and to study their effects on marine life. To
be able to implement appropriate early warning procedures related to thermal
stress on various marine ecosystems. Particularly, the Barents Sea has diverse
marine ecosystems and fishing grounds.

Mohamed et al. (2022)



Thank you for your attention!

Barents Sea, Februar 2021


