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IOPAN strategic research themes in the European Arctic:
* Role of the ocean in climate system and consequences of climate change in the European seas
 Contemporary changes of ecosystems in the shelf seas

 Long-term changes of properties and circulation of Atlantic water and its inflow to the Arctic Ocean — causes,
mechanisms, and climatic consequences, ocean-atmosphere-sea ice interactions.

* Interactions and feedbacks between ocean, atmosphere, tidal glaciers, and sea ice in the Svalbard fjords and fjord-shelf
exchanges of water masses and biological matter.

 Changes in the Arctic marine ecosystem resulting from environmental changes, in particular warming of ocean and
atmosphere and Atlantification processes.

* Biogeochemical characteristics of the European Arctic Seas — carbon cycling, biogeochemistry of natural and artificial
isotopes and trace metals, transport of microplastic.
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Long-term large scale Arctic monitoring program

AREX 1987-2022 (ongoing)

150 we * Annually repeated summer campaigns (June-September) AREX Arctic Experiments of
the IOPAN research vessel RV Oceania (shiptime about 90 days)

</ * 36 AREX expeditions in 1987-2022, covering the main regions of the Atlantic inflow to
- ,z"%} & the Arctic Ocean (eastern Norwegian and Greenland seas, Barents Sea Opening, Fram

Strait, SW Nansen Basin, west Spitsbergen fjords (Hornsund, Kongsfjorden, Isfjorden,
less regularly other fjords)

GREENLAND

, ; _5.;5? * Oceanographic measurements repeated on the regular station grid covering 10-15
L \ repeated sections (since 2000), some sections since 1996 (CTD, VM-ADCP, LADCP)

* Optical, chemical, and biological measuremets and water sampling on selected
stations, continuous underway chemical and atmospheric measurements

* Complementary high resolution CTD sections with towed scanning CTD proble
(scanfish) in the upper layer of ~ 300 m

. oul \ * Extensive long-term measurement and sampling program in Svalbard fjords
Gi"‘fﬂv A e, (Hornsund and Kongsfiord), mainly physical and biological observations, recently also
section . .y . \ o .

g more biogeochemical measurements

— a0 ’ * 2-3 profiling Argo floats deployed each year since 2009 oraz occasionally glider

L e o e
10% 15%E

20°€ deployments for collaborating partners
* Since 2017 the Norwegian Gimsgy section (data courtesy Kjell-Arne Mgrk, IMR) replaced the IOPAN section A




Early AREX measurements in 1987-1999

AREX 1991 )  AREX 1993




Establishing regular station grid (standard AREX sections) in 2000-2022:

Sections covering the Atlantic inflow and repeated lines in fjords
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e Since 2000 standard station grid includes 10-15 sections
(over 200 stations), some since 1996 (CTD, continuous

W, underway VM-ADCP recording and in the last decade

O biology sampling P~ e | \ LADCP measurements on stations)
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e CTD measurements in the West Spitsbergen fjords.
Ollected both with standard CTD system and with the

10°E towed scanfish CTD (high resolution sections)



Physical measurements with SeaBird CTD 9/11+ system with LADCP
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Standard processing of CTD measurements collected from RV Oceania

A mixture of standard SeaBird processing

standard SeaSoft software software (SeaSoft) and own processing tools
mmmm used
Processed BN 24 Hz data * Due to strong pitching and rolling of Oceania
' . undespiked Y .,
uncalibrated under rough weather conditions, additional

steps required to remove loops due to up and

L
Manual processing and despiking (P,T,C,0) using own Matlab routines down movements of CTD

dedicted Matlab tools specific for AREX data

Processed data jﬁs”j k‘;’;*" « Additional despiking and removing wrong CT
for visual check | ‘ | uncﬂhbmed data done on salinity and then CT reprocessed
¥

and salinity calculated again

I i s o | st | o | i
standard SeaSoft software * Potential density calculated, density
1 dbar averaged inversions removed and corrected TS

Pr.ocessed data
- despiked

uncalibrated recalculated

h

Post cruise calibration 3

* Finally corrected raw (24 Hz) data averaged in
1 dbar bins

* Sensors calibrated shortly before the summer
cruise, re-checked against post-cruise
calibrations
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5t NetCDF format (old) of AREX CTD data

Global Attributes:
title = 'lOPAN CTD data file'
abstract = 'lOPAN CTD data file from the AREX cruise with RV Oceania performed in summer 2021’
topiccategory = 'oceans'
keywords = 'Oceanography Pressure Temperature Conductivity Salinity Oxygen Fluorescence Potential Temperature Potential Density'
activity_type = 'Cruise’
conventions = 'CF-1.0'
product_name = 'ctd_arex2021'
history = '24-Mar-2022 creation'
area = 'Greenland Sea, Barents Sea, Fram Strait, Arctic Ocean' -
B orm nan b PR Currently working on the updated
SOMt Mot netCDF format with more extensive
northernmost_latitude ='81.4' N .
westernmost_longitude ='5.0' metadata set (I ncludi ng DO') and
easternmost_longitude ='20.0' | . th d d
start_date = '2021-06-15 21:34:00 UTC' compliant with standards
stop_date ='2021-07-21 17:02:00 UTC'
institution = 'Institute of Oceanology Polish Academy of Sciences'
Pl_name = 'Agnieszka Beszczynska-Moller
Pl_email = 'abesz@iopan.pl’
Author_name = 'Agnieszka Beszczynska-Moller'
Author_email = 'abesz@iopan.pl’

distribution_statement = 'These data are public and free of charge. User must display citation in any publication or product using data. User must contact Pl prior to any
commercial use of data.’

citation 'These data were collected and made freely available by the IOPAN long-term program AREX as a contribution to the statutory research areas (Task 1.4). '

project_name 'AREX2021"

station_name ='213'



Long time series of physical variables for ocean climate changes

inity

Sal

ainjesadwa)

PAN

Time series of temperature and sallnlty of Atlentic water on the main sections

| m the West Spltsbergen Current (WSC)
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Temperature and salinity at the sections along the AW inflow
NW and N of Svalbard in summer 2018 (RV Oceania and KV Svalbard)
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Ocean circulation and main currents north of Svalbard in 2011-2020
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tention of AREX measurements north of Svalbard (dependent on ice)

based on Mercator Ocean Operational System PSY4 (Athanase et al., JGR, 2021)
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tention of AREX measurements north of Svalbard (dependent on ice)

Ocean circulation and main currents north of Svalbard in 2011-2020

Temperature and salinity at the section NB north of Svalbard
in summers 2013-2020 (RV Oceania)
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based on Mercator Ocean Operational System PSY4 (Athanase et al., JGR, 2021)
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resolution measurements with towed scanfish CTD on the shelf and in the fjord (Hornsund)

Real-time data transfer
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Pressure (dbar)

Pressure (dbar)
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High resolution measurements with towed scanfish CTD in Hornsund in 2001-2019
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s Collection of biological samples at the selected open ocean AREX stations .m
-, and in the West Spitsbergen fjords ==

© Piotr Kuklinski, IOPAN




£ Pz Collection of biological samples at the selected long-term open ocean AREX stations
=g and in the West Spitsbergen fjords S|
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Examples of zooplankton samples
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Examples of zooplankton studies based on the long-term open ocean AREX stations .m
and in the West Spitsbergen fjords )

Structure and diversity of zooplankton
along the vertical and spatial
environmental gradients

10, Section 76°30°N , Section 79°N

=

Zooplankton structure and
abudance in the Svalbard
fjords at the Arctic-Atlantic
water boundary
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(b) Holoplankton (c) Meroplankton
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and meroplankton) in the west Spitsbergen fjords (upper and lower (p < 0.05) marked by arrows
layers). The results of pairwise post hoc PERMANOVA tests between
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Argo floats deployments during AREX cruises since 2009

80y - o 7 floats

80"” 3901851 Al2600-16FRO14 ARVOR  05/02/2022 206 @105 25/04/2018 AREX2016 20259
E 3902102 J‘\I_\ul 17EUD26  ARVOR O}.-"FI?J’ED?E 132 195 30/06/2C AREXZ018 1065
£
0 g ?‘80 § R
a N 3902112 AI2600-19EUO30  ARVOR 2//01/2022A4 64§96  os/ciz0:0  AREX2020 2040
- / 3902114 Al2632-21EU010 ARVOR 05/02/2022 22 197 07/07/202 AREX2021 19724
\ 055474 4.09-3
\ 76‘u i . .
- i ! \ Al2600-16FROL3 ARVOR 04/02/2022 206 H103 24704720 AREX2016 1977.5
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ot * \WMO 3002114 |
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m (8 | — i) -5500 e
L rr o " X AI2600-16FRO74  ARVOR  03/02/2022 241 % 27/06/20 AREX2017 2024
> u 3 3 m 30191 A% 03
- m
7
Deployments 2021 404’ : 3902103 :-’-.1?.(-..[.'.1 17EV027 ARVOR  24/01/20224 132 193 0/06/201 AREX2018 2003

® IOPAS CTD stations
O ARGO ficats 2009
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ARGO floats 2012
ARGO foats 2014
ARG floats 2015
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Q 4RGO fioats 2019

3
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e 2-3 Argo floats deployed by IOPAN every year since 2009 in the Greenland
and Norwegian seas during the AREX cruise

e Activities under EuroArgo with the ArgoPoland program — mostly national funding

» Data available in NRT via Coriolis (https://fleetmonitoring.euro-argo.eu/dashboard) g Alosts ESFEbZOZ ‘




IOPAN moorings north of Svalbard in A-TWAIN (31°E) and INTAROS (22°E) arrays since 2012

Two moorings deployed in November 2021 from KPH to be recovered/redeployed in 2023
INTAROS (ZZOE) and A-TWAIN (31°E) Mooring ID IOPAS14 Latitude 81" 29.148N Mooring ID | IOPAS23 Lalitude | 81° 34.545'N

moorin s Iines Deployed 07.11.2021 21:02 UTC | Longitude 021° 56.616°E Deployed 09.11.2021 01:30 UTC | Longitude 031" 00.000'E
g Reloase mabc lveret botom and wesssdwih | Water depth | 860 m o ot etnce fron i aboo 40y e et | Water depth | 1227 m
425
- 51 m (flotation top with Sig250) P = Elliptical synthetic float 46 (buoyancy 285 kg) with xEo“s‘ L?fé IMF1 3N234MNARTIRIN
= Synthetic sphere 477 (buoyi 525 kg) with dual Nortek E with Nortek Signature 250 upward SN 100716 and SBE3T SN 13| mmmenina i""“"‘ 3
F ic sphera ancy with dual Nortel - - 44m M
i 1 { Im-% chain Seafied SREITANP
Nansen Basin | Signature 250 upward-looking SN 100723 with RBR Concerto3 SN 202274 8‘ ) i 4Tm R D 1000 |
N Signature 55 downward-ooking SN 200053 S T B hioet S imymnoy SBT3 ThorAOCk Ut To s |
'Y 53 m (Keviar top) .
0090 ] 2.5m - %" mooring chain m. 487m
@e 55.5 m (chain top) 1 m - % mooring chain i [
i 3 m - %" mooring chain e 497 m |
000 58.5 m (Nilspin top) ®g CAT Pinger SN 48538 and RER T.ODO SN 202279 || gk 5671
SBE37SMP SN 4669 @ Nilspin top QR 23m - % mooring chain o A
5m - 10mm Kevk
MMP bumper 58 m (bumper) o I w.: ® 17:‘:1:153 b::-IS (orange Vitrovex)
[0060}, TR b
j i 2 m - %" mooring chain el
~ [00] ] 60 m (ADCP {
| MecLane Moored Profiler Py RER Sl Y ] = | aoms] I
MMP min 58 m [ 75 kHz LR-ADCP SN 18071 R Sod T IETHETTETS
a SN 12169 MMP max 828 m downward looking RER Sood T [ &1 [ 200 | 0, |
@ 770 m - %" Nilspin wirsrope in RDI frame SeaedBEETENP | MCATS | iz | wom |
= T T—RETETY
l/ . 1 m - % mooring chain 62 m (ADCP | R0 T IBCIME LA ET TR
) £ 63 m (Kevlar || ————
5 (Keviar) +10 (Keviar) +10+20 m - 8mm Dyneema TABLE A (fi|
= MMP bumper 828 m (bumper) [0.0)] 108 m =
D ¢ 8285 m (Nilspin end) @0 200 m-8mm Dyneema  TABLE B S
200 m-8mm Dyneema TABLE C
¢ 20m - 8mm Keviar ® 2m Keviar :s:
with RER Duet SN 82098 on the fop Aural SH 00308LF
511m
e 848.5m G)@E'o AnKedat 513m
30 1 Ep—— 8’ 1m - %" mooring chain 2405 m | 200 m - Bmm Dyneema TABLE D
o, o, ] o 0, 0 o) - L ] 7i3m
12% 14% 16°e 18°E 20°E 22°E 24°E  26°E & 5m - 10mm Keviar o 500m-10mm Keviar  TABLE E
wi 4 x 17" glass balls {orange Vitrovex) @ 1213 m (Kevi
@ 8545m I 5 m - Bmm Dyneema C
1 0.5 m - ¥~ mooring chain ®. wi 4 x 17° glass balls (orange Vitrovex)
. e e m . . 1218 m
* IOPAN mooring activities north of Svalbard started in 2012 as a part of the PO 2. R T | 4m- 51 moosing chein e
. . . . . . ORE 8242XS SN 48286 Enable: Release: i ) ;
A-TWAIN project (with IOPAN internal funding), continued with one or two W PERRE e R Release: it bid e G e
moorings until now under different projects (PAVE, INTAROS, ...?) COR e @'
0] (@ shackle @ | 1.5 m 5/8° mooring chain @ shackie
. . . . o o @ link @ link
* Nominal locations: one upstream mooring at 22°E, one downstream at 31°E * Anchor approx. 960 kg 860m ® swie * e S o @ mow
but in early years location has been changing (particularly for downstream
mooring)

* Moorings instrumented with Moored McLane Profilers (CTD, currents), TRDI QM and LR ADCPs (currents), Nortek Signature 55 ADCPs (dual res./range currents), Nortek Signature 250
ADCPs (currents, sea ice drift and draft), SeaBird SBE37 CTD, RBR CTD (Concerto3), TD (Duet3), T (Solo3), and TO (Duo3) sensors

* No deployment in 2020-2021 due to the lack of access to the mooring/ice capable vessel

* Two moorings deployed during the A-TWAIN cruise (led by NPI/IMR) in November 2021 for two-year period (recovery planned in 2023 with KPH or KVS or ???)



INTAROS moored array north of Svalbard along 22°E 2

INTAROS

INTAROS moorings 2017-2021 instrumented with:

* Moored McLane Profilers (temperature, salinity, currents)

« TRDI QM and LR ADCPs (ocean currents)

e Signature 55 Dual Freq Nortek ADCPs
(ocean currents, dual res./range)

* Nortek Signature 250 ADCPs
(ocean currents, sea ice drift and draft)

*  Microcats SBE37 CTD(O) sensors
* RBR and SBE56 temperature and pressure recorders

INTAROS
mooring cluster

Deployment 2018-2019: 7 moorings with multidiscipl. obs
Deployment 2019-2020: 4 moorings (including deep mooring)
Deployment 2021-2023: 3 moorings (2 LOCEAN and 1 IOPAN)

Coast Guard (from KV Svalbard) and with NPl and IMR under
the A-TWAIN project (from Lance and RV Kronprins Haakon)

Deployment 2017-2018: 2 moorings for physical obs

Mooring operations in collaboration with the Norwegian

A~




IOPAN moorings north of Svalbard in A-TWAIN (31°E) and INTAROS (22°E) arrays

Mooring ID  [IOPASS Latitude 81° 20.3870N
Deployed  |22.09.2017 13:10 UTC | Longitude | 022" 00.2295'E
:;:“vmmmm:ﬁnwﬁzmﬁwﬁa:s_] Water depth 854m (echo sounder)

060] B830m (Nilspin end)
Sm - 10mm
wi 4 x 17" glass balls |
1 L
5m - 10mm Keviar
wi 4 x 17° glass balls {orange Vitrovex)
[060) 40m

= 75m (fiotation top with Sig2s0)
g . Synthetic sphare 47 (buayancy 525 kg) with dual Mortak

Signature 250 upward-ooking SN 100723
Signature 55 downward-looking S/N 200053

77m (chain top)

3 m - %" mooring chain

Bl (Milepin top
SBE37TSMP S/N 4680 @ Nispin top

B1m (bumper)

McLane Moared Profiler

MMP min 80 m
MMP max 830 m

= Nilspin wirerope

L MMP bumper
| SBE3ITSMP S/M 11661 @ Nilspin end

3 m - %" mooring chain with larvae trap and sediment plates
@e B43m

2.5 m - 58 moonng chain

(0000 0K ] 845.5m
e
ORE B242X5 S/N 48286 Enable: 570200 Releasa: 551376
ORE B242X5 S/M 31380 Enable: 472667 Releasa: 450466
iy
@ ¢
@ i 2.5 m - 5/8" mooring chain ® shackle
(2) link
* Anchor  approx. 1050 kg 850m @ enivel

ocean current and sea ice
speed and direction
(profile)

ocean current speed /

and direction (profile)

temperature and salinity
(one point)

temperature and salinity
(profile)

temperature and salinity
(one point)

Mooring ID  |IOPASS Latitude ] 817 34.508' N

Deployed 20.09.2017 16:02 UTC | Longitude | 031°00.301'E

Rl mathod: reloased with roke after adjust
i oston o 2010 wih -80.00m et i engh | WVELET ""p"‘] 12107 (scha sourcer)

Benthos XT-6000
SN 55934

Rx 11.0 Tx 8.0

Code E |

o

~ '
caoeo]]
00l Y

1

ees

;
0%
(006001}

B

7
@0 %

Bt

_and SBE37 SN 13200

Eliplical synihetic float 46° (buoyancy 285 kg)

with Nortok ward SN 100716 | (OP)

81m (chain end)

1.5 m - %" mooring chain with larvae trap and sediment plates
83.5m (ADCP top)

150 kHz QM-ADCP S/N 20879

1:m =3’ macing clrin 86m (Nilspin top]
SBE37SMP S/N 8762
MP bumper B87m (bumpar)

MMP min 87 m

MMP bumper
SBE3TSMP SMN 11862

10 m - 10 mm Kevlar
P _S/N 4543 (end of Keviar)

Sm-10mm Kevlar
wi 4 x 17" glass balls (orange Vitrovex)

1207m
1.5 m - %" mooring chain with karvae trap and sediment plates
1202.5m

25 m - 5/8° mooring chain
1205m

ORE §242X5 S/N 31449 Enable: 476637 Release: 452617
ORE 8242XS S/N 32656 Enable: 666433 Release: 650063

2.5 m 5/8" chain

Anchor approx. 1100 kg 1210m

tam)

onnissnaoetiree — and direction (profile)

MMP max 985 m

ocean current and sea ice
speed and direction -
(profile)

temperature and
salinity (one point)

ocean current speed _

temperature and
salinity (profile)

temperature and
salinity (one point)

(@) shackle
@ tink
(@) swivel



Summary of INTAROS data collected by IOPAN moorings north of Svalbard in 2017-2020

Instrument/location/
duration

MMP times series (4 sets):
IOPAS11@22°E 2017-2018
IOPAS21@31°E 2017-2018
IOPAS12@22°E 2018-2019
IOPAS13@22°E 2019-2020

QMADCP time series (2 sets):
IOPAS21@31°E 2017-2018
IOPAS22@31°E 2018-2019

SBE37 time series (12 sets):

IOPAS11@22°E 2017-2018 (2)
IOPAS21@31°E 2017-2018 (4)
IOPAS22@31°E 2018-2019 (4)
IOPAS13@22°E 2019-2020 (2)

Signature 55 time series (3 sets):
IOPAS11@22°E 2017-2018
IOPAS12@22°E 2018-2019
IOPAS13@22°E 2019-2020

Signature 250 time series (5 sets):

IOPAS11@22°E 2017-2018
IOPAS21@31°E 2017-2018
IOPAS12@22°E 2018-2019
IOPAS22 @31°E 2018-2019
IOPAS13@22°E 2019-2020

RBR Solo/Duet time series (12):
IOPAS22@31°E 2018-2019 (11)
BGC1@22°E 2018-2019

Measurement
type

Profiles

Profiles

Point

Profiles

Profiles

Point

Variables measured

Temperature
Salinity
Currents

Currents
Temperature
(point)

Temperature
Salinity

Currents
Temperature
(point)

Currents

Sea ice drift

Sea ice draft
Temperature
(point)

Temperature

Temporal
resolution

12 h

1h

10 min

1h/6h

1h/1min

5sec

Vertical
resolution

2 m bins

4 m bins

6m/12 m
bins

4 m bins

Vertical range

750 m @ 22°E
900 m @ 31°E

250-300 m

400-500 m/
800-900 m

60-80 m/120m
(ice)

Data
processing

Not standard but
some recommendations
exist

Standard
General best practices
exist for ADCPs

Standard
Best practice exist

Not standard

but some existing best
practices for ADCPs
can be adopted

Still experimental,
very challenging

Standard
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16°E

Nansen Basin

‘.IS°E 20°E 22°E

Zonal (W-E) current velocity variability at 22°E at 850m in 2017-2020

W-E current component (m/s), average 3h, cell 12m W-E current component {m/s), average 3h, cell 12m W-E current companent (m/s), average 3h, cell 12m
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i INTAROS

Observing the Arctic Ocean north of Svalbard

IOPAN INTAROS mooring at 850m (the middle slope) — comparison od 2012-2013 and 2017-2020

* Strong seasonal variations with winter maxima

* Winter 18/19 outstanding with the thick and warm AW layer, maintained
through following spring and summer

* Links between sea ice concentration changes and AW temperature and inflow
not simple - other (atmospheric) mechanisms at play

* OHC changes in the upper layer of 200 m consistent with earlier estimates
(2012-2013) but more variability in in 2017-2020

Ocean heat content (OHC) in the upper 200 m in 2012-2013 Ice concentration and SST
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E Oceanographic Data and Information System (ODIS) for Polish NODC

Elektroniczne Centrum Udostepniania Danych Oceanograficznych eCUDO.pl
is the project funded within the frame of Operational Programme Digital Poland for 2014-2020,
managed by Digital Poland Project Centre (CPPC) with the goal to develop Oceanographic Data and
Information System providing unified access to Polish oceanographic science data resources.
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el [_IDEI_I]I Star About the project MNews Documen ts Links Contact PL b ‘
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System structure

Oceanographic Data and Information System (ODIS) for Polish NODC
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Oceanographic Data and Information System (ODIS) for Polish NODC

SeaDataNet products
SeaD Net Viewing and Downloading service
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Vertical Section Select data products | Report a problem | About | Help J \
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Baltic Operational
Oceanographic System
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International cooperation
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Oceanographic Data and Information System

(ODIS) for Polish NODC

Vit €00 Use: bext-oaly Sereh of chosse Bdwned

F

« denoids such o

nlogecal compos

NOAA-1S

NOAA-18

r column

hesght and p
Zockenthas kamnomi: abundance

dissohved gas sensors

Data resources and access

ttps://odis.ecudo.p

s/ ertebentis » Fish » Ray-

Geslogical

HOAA-16

NOAA-19

n the waber ool

Raw oiygen

Salinity of the water ool

Sediment gro

Selsmoncous

ki

Saskas T

my-rebated counts

e float

e surfoce PAR

ver haight and estent

NOAA-14

HDAA17

Regronal models

Sonlevel

Sedimentary structure

Shartwave Rodiotion




Thank you

. Y
mﬂ' i
% _‘ﬁ. i e =y "

.

for your attention



