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80°N
The offshore SW Svalbard Archipelago is a region where Atlantic
waters, considerably warmer than the locally formed dense waters, flow 78°N
northwards (West Spitsbergen Current, WSC) through the eastern side of
the Fram Strait, keeping this area nearly ice-free even during winter
season. 74°N

-----

o

Dense waters formed in winter through freezing and brine release in the
polynyas of the Barents Sea and particularly in the Storfjorden, flow
northwards as density driven currents. Such dense water plumes are also
responsible for the accumulation of contourites (e.g. the Isfjorden and
Bellsund contourite drifts ).

From 2014, OGS and CNR-ISMAR, Italy, in collaboration with several e ?“;»Q
international partners have conducted observations in the deep layers

of the SW offshore region to study currents and thermohaline variability
on multiannual and seasonal scales.

*

SSF 2° Workshop, Os (Bergen), Norway, 4-5 October 2016 Vkovace\“c@inogs_it; mbensi@inogs_it




Brief history of the recent oceanographic activities in the Svalbard region, from 2014 up to now ‘m‘

2015 ; 2017

DEFROST - DEep Flow Regime
Off SpiTsbergen
(PNRA - Italian Arctic and
Antarctic Research Program)

Long-term oceanographic
measurement offshore SW
Svalbard by moorings

~—

SSF 2° Workshop, Os (Bergen), Norway, 4-5 October 2016

2014

PREPARE.D_ _ 1° mooring deployment (S1, 11, I12) cruise 2014 (R/V
(Eurofleets2 Initiative)
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1° mooring maintenance (S1, 12), in collaboration
with UiT partner: M. Forwick offered ship-time on
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2016

2° mooring maintenance (S1) and recovery (12) in
collaboration with AWI partner: T. Soltwedel offered
ship-time on Polarstern
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Results obtained from 2014 up to now

50 m S 1
— 100m .
L .50 Mooring S1_ 2016
m (Storfjorden slope - DEFROST, PS99-1 cruise)
— 500m
76°26.265'N - 13°56.636'E; water depth, ~1063 m
[ 750m deployed on 22/06/2016 @ 5:14 GMT 12
— 1000 m
interrogate frequency (A): 11 kHz Moorlng 12
— 1250 m reply frequency (A): 12 kHz
enable release: 640414 .
— 1500 m . L release code: 642752 Version after 2015 HH cruise (JUNE 2015): 77.64603" N ; 10.28157" E; depth 1038m
L 2000 m boa Flotation 40"
w/ beacon Xeos s/n 317 5m Kevlar R
I 2500m 15 m Kevlar Rope
I~ 3000 m Aadi RCM SeaGuard (Sm 1242) Flotation Technologies 40" Subsurface BUOY
3500 m 75 m Kevlar Rope
_5 4000 m 5.00 m Kevlar Rope
>
£ [ 4500m 5 Vitrovex glass buoys 2 Vitrovex Buoys = 140m
\ 2 5000 m
i g 5500 m 5.00 m Kevlar Rope
° 20+5 m Kevlar Rope
Sediment Trap MclLane AANDERAA RCM9 s/n 183 065m
(13 cups s/n ML11945_01)
w/ SBE37 ODO (s/n 10326) SBE 56 (T logger) sn 2208 {SBE 1 m below Current meter)
5 m Kevlar Rope
102.00 m Kevlar
Aanderaa RCM8 (s/n 11162) Rope
10 m Kevlar Rope AANDERAA RCM4 s/n 1654 073 m
3 Vitrovex glass buoys SBE 56 (T logger) sn 2207 4.90 m Kevlar Rope
(SBE 2.5 m above buoys)
5 m Kevlar Rope 2 Vitrovex buoys = 2,60 m Kevlar Rope
EDGETECH 8242 IXSEA 0Oceano 25008 Universal AR861825 5/n 1260 Releaser D 0.80m
Acoustic Release (s/n 32462)
_|i" 4.8 m Kevlar ROpE 4,60 m Kevlar Rope
e 3 m Iron Chain 4.40 m Iron chain
- e ge Ballast (700 k Ballast 720 kg -
e CTD casts (Temp, Sal, Diss. Oxy, turbidity) (700 kg)

* Water sampling for the following Lab analyses (2014 and 2016): pH (by pHmeter and spectrophotometer), total alkalinity (AT),
dissolved oxygen (DO), dissolved inorganic carbon (DIC), hydrogen sulphide (H,S), carbon dioxide (CO,), methane (CH,), dissolved
inorganic nutrients and microzooplankton (MZP) abundance and diversity.
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CRUISES - Preliminary results for the thermohaline variability

PREPARED Cruise Report, 2014

The water masses present in the eastern Fram Strait, the West Spitsbergen Shelf and in
Storfjordrenna. From Skogseth et al. (2005), Svendsen et al. (2002), Langehaug and Falck (2012).

Name Salinity range
Abbreviation Temperature range [°C] [psu]

Atlantic Water AW >3 >35

Transformed Atlantic Water TAW 1to3 34.7t034.9

Arctic Intermediate Water AW -1.1to0 34.7 t034.92

Norwegian Sea Deep Water NSDW -1.1to0-0.5 34.9t034.92

Arctic Water ArwW <0 34.3t034.8

Brine-enriched Shelf Water BSW <-1.5 >34.8

Polar front Water PW -0.5t02 34.8 to 35

Surface Water SW >0 <34.4
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Relatore
Note di presentazione
Red ellipses indicate the areas where the moorings were deployed in 2014
T-S diagram from all cruise data in 2014: indications of different water mass properties from the literature 


CRUISES - Preliminary results for the thermohaline variability
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Relatore
Note di presentazione
Annotations:
Two realizations of the same section at the mouth of the Storfjordrenna during the PREPARED 2014 cruise
We observe variations of the core values of the BSW
We observe spatially inhomogenous patterns at small scales (about 10 km)


CRUISES - Preliminary results for the thermohaline variability
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Relatore
Note di presentazione
Annotations:
Red ellipses indicate the areas where the moorings were deployed in 2014
Hydrographic properties along the northernmost section in 2014: pot. temp., S, pot. density anomaly, and DO
Moored sensors are within the slope area between 1000 and 1300 m
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Pot. Temperature - 51 mooring, Bot.depth 1042m

Mooring S1 — Preliminary results for the thermohaline variability

DEFROST. PS99.1 Cruise, June 13-23, 2016
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Relatore
Note di presentazione
Annotations:
Enhanced variability in T and S between October and May in both years, more evident during winter 2015 than during winter 2016. It seems associated to cascading events. Intriguingly however, these pulsations are less dense (warmer and saltier) than the ambient water.
We see higher peaks in temperature during the first deployment than during the second one.
Main episodes are Oct 2014, Nov 2014, Dec 2014, Jan-Feb-Mar 2015 ; Nov 2015, Dec 15, Jan 15.
Turbidity increases at the end of the winter phase, but it seems associated with less variability in T and S.
We had to standardize Turbidity time-series because first deployment seems not coherent with the second one (problem of the sensor?): however, standardized data provided useful information.
NSDW (Norwegian Sea Deep Water) is the stable signal (-0.9 °C; 34.91; 28.7 kg/m3), the frequent intrusions of less dense waters are what? How is it possible that less dense water (even of Artic shelf origin) penetrates towards the abyss? Is because is embedded in sediment fluxes? Or what else?



Mooring S1 — Preliminary results for the thermohaline variability

DEFROST, P599.1 Cruise, June 13-23, 2016
oy .

L .-(I i = ’\\'3:_

20142015 2015-2016
Pot. Temperature - 51 mooring, Bot.depth 1042m ‘ ——sn6494,1020m ‘
-2 | | | | |
g .
£
2
Q
o
-1 1 ; | ;
Apr14d Jul14 Oct14 Jan13 Apr15 Jul15 Oct15 Jan16 Apr16 Jul1
Salinity
35 \ !
—== Sediment Trap |
E :
@ : |
34.9 \Mr i ! | | | | |
Apr14 Jul14 Oct14 Jan15 Apr15 Jul15 Oct15 Jan16 Apr16 TUHG
Turbidity
22m — | | |
5 10 ' —
i~ .
L Q
T D : : —
L : :
b E : :
; 0 ‘ I i | ! \
Apr14 Jul14 Oct14 Jan15 Apr15 ul15 Oct15 Jan16 Apr16 c.Iul16
PREPARED cruise HH cruise PS99 cruise

SSF 2° Workshop, Os (Bergen), Norway, 4-5 October 2016

vkovacevic@inogs.it; mbensi@inogs.it



Relatore
Note di presentazione
Annotations:
Enhanced variability in T and S between October and May in both years, more evident during winter 2015 than during winter 2016. It seems associated to cascading events. Intriguingly however, these pulsations are less dense (warmer and saltier) than the ambient water.
We see higher peaks in temperature during the first deployment than during the second one.
Main episodes are Oct 2014, Nov 2014, Dec 2014, Jan-Feb-Mar 2015 ; Nov 2015, Dec 15, Jan 15.
Turbidity increases at the end of the winter phase, but it seems associated with less variability in T and S.
We had to standardize Turbidity time-series because first deployment seems not coherent with the second one (problem of the sensor?): however, standardized data provided useful information.
NSDW (Norwegian Sea Deep Water) is the stable signal (-0.9 °C; 34.91; 28.7 kg/m3), the frequent intrusions of less dense waters are what? How is it possible that less dense water (even of Artic shelf origin) penetrates towards the abyss? Is because is embedded in sediment fluxes? Or what else?



?gn,EEFROST' P599.1 Cruise, June 13-23, 2016
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Mooring S1 — Preliminary results for the bottom currents variability
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Relatore
Note di presentazione
Annotations:
Currents variations are dominated by low freq. fluctuations of about 2-8 days periodicity, and to a lesser extent by semi-diurnal tidal oscillations, with median values of about 12-13 cm/s.
Currents are coherent at each ADCP cell and current meters:  the bottom layer is almost barotropic.
Currents inversions are frequent, stronger flows are both northward and southwards, eddy passages?




Mooring |12 — Preliminary results for the thermohaline and currents variability

2015-2016

5.00 m Kevlar Rope
Pot Temperature - ID2 mooring, Bot.depth 1040m

1.5 T T T I
: ? sn195800,921m 1.40 m
1k sn14149,1025m
6 ! 115 T T T I
< g5 5.00 m Kevlar Rop : : L romd, GBS D2
[=8 T 1k T A oo 1 I L
5 | : : : :
= ok WAV | | . : :
5 TS| o R R TR Ao -
o__057 1 {‘ \l“- hl‘h“ul RCM 9 : : : :
U . I 2 [ e —
-1 i 1 I — : . 4 :
ADr14 Jui4 Jan1s Apris Juns (SBE 1mbelow Currentmen 5~ 095 - S At D —
ax : : : :
: ..E .= T ey | -
Pot. Temperature - S1 moorlnd, ‘g_

2 T ‘ 102{]0 m KEVIEF % 0.85 / ..... ....................... b MWk -
< qf I D oot L dpi _
£ Lo 38 1 L BREEREET R L M . LEHA _
L OF
o - - - —
o

-1 055 1 1 i

Apr14 Jul14 Oct14 Jan15 Apr15 Ju . Apria Julls Dctl1a JanliG AprlB Julls

EprTa NIk OctTd JaRTS F- Yol k) Ja15 | [ — 10 emis I I I

. remd 1654 1D2 2.60 m Kevlar Rope ' B
—20:cm/s r
; 1 i i i

0.80m Jul1s Oct15 Jan1g Apr16 Jul1g

4.60 m Kevlar Rope

4,40 m Iron chain

SSF 2° Workshop, Os (Bergen), Norway, 4-5 October 2016 vkovacevic@inogs.it; mbensi@inogs.it



Relatore
Note di presentazione
Annotations:

Strong variability also at mooring I2 (winter 2015 only has Tpot and Sal)
Currents are coherent at both current meters: it means that the bottom layer is almost barotropic.
A qualitative comparison with data on S1 mooring reveals that some episodes are coincident; could a cross-correlation analysis reveal some delays in the peaks?


Mooring 12 — Preliminary results for the thermohaline and currents variability
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Relatore
Note di presentazione
Annotations:

Strong variability also at mooring I2 (winter 2015 only has Tpot and Sal)
Currents are coherent at both current meters: it means that the bottom layer is almost barotropic.
A qualitative comparison with data on S1 mooring reveals that some episodes are coincident; could a cross-correlation analysis reveal some delays in the peaks?
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Relatore
Note di presentazione
Annotations:

Strong variability also at mooring I2 (winter 2015 only has Tpot and Sal)
Currents are coherent at both current meters: it means that the bottom layer is almost barotropic.
A qualitative comparison with data on S1 mooring reveals that some episodes are coincident; could a cross-correlation analysis releveal some delays in the peaks?


. . TN
Discussion /| OGSY

Science:

1- Northwards currents and turbidity peaks: are they related to cascading events from the Storfjorden/other
shelf areas, even though associated with positives T and S peaks, which means that less dense water injections
are captured at the mooring sites, both at S1 and 12 or indicate (modified) AW intrusions?

2- What were the meteorological conditions during both winters (2014/2015 and 2015/2016)? And Ice cover?

3- Statistical analyses on time series could reveal interesting aspects of the water masses interaction: frequency,
time-delays, predominant signals, etc.

4- Are there others time series and/or CTD casts from international community that could be used to investigate
more in details these phenomena in the period 2014-20167

5- Chemical and biological data need to be analysed with physical ones.
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1- to consolidate a partnership for the summer 2017 recovery of the moorings S1 and I1 (?) on
board already established cruises

2- to seek for and strengthen a two-fold collaboration:

* Inviting all of you who are interested to work on the future paper on the time series at S1
and 12 contributing with your own data and your expertise

» Offering of our achievements to integrate/complement within your own on-going
research

3- to stimulate and look for those of you who might be interested in collaborating on the
extension of the mooring time series in the future or immediately after the summer 2017; our
possibilities at this moment are not yet assured




