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1 Introduction

1.1 Scope of this document

This document holds thRequirement Baseline DocumefRBD prepared byArctic+ Salinitgeam, as
part of the activitiesncluded in the [WRP0O0] of the Proposal (Tagkfrom SoW refEORSDR/SOW/084
17/DFB.

The objective of this documentis consolidate the preliminary scientific requirements for the project

1.2 Structure of thedocument
The RBD is structured as follows:
Chapter 1 covers the introduction and the description of this document.

Chapter 2 includes a detailed review of the knowledge gaps and scientific problems to be addressed, as
well as an assessment of the main stilgc challenges.

Chapter 3 is dedicated to identify the datasets that shall be acquired for development of the new
products.

Chapter 4 collects the initiatives and projects operating at the Arctic region that could be potential
stakeholders for this aatity.

Chapter 5 defines the best test areas to be used for the development and testing of the proposed
methodologies and models.

Chapter 6 analyses the various technical risks associated to the project, with their corresponding
proposed mitigation strategs.

Chapter 7 is devoted to the define the scientific and operational requirements for the implementation
of the project, including a description of the proposed methods and models, the limitations of the
proposed solution, and any additional data requiremts that shall be considered. It also includes a
description of the expected operational processing model.

1.3 Reference Documents

ID Document Reference
In Situ database Analyses ReportMEP Consortium. . —
RDO1 March 15, 2019. pimep-insitu-report 20190315.pdf
RDO2 Guide forQuality Assurance for Earth Observation OA4ECDAEGGENDOKO02 v4.pdf
(QA4EOQ)
RDO03 CCI SST Prottalidation PlarfPVP) SST C@EVPUol-00l-issue 2.pdf

© ARGANS Lt@019


https://pimep.ifremer.fr/diffusion/analyses/insitu-database/report/pimep-insitu-report_20190315.pdf
http://qa4eo.org/docs/QA4EO-QAEO-GEN-DQK-002_v4.0.pdf
http://www.esa-sst-cci.org/sites/default/files/Documents/public/SST_CCI-PVP-UoL-001-Issue_2-signed-accepted.pdf

@'ﬁ AI‘CtiC+ Sa“nlty Ref.. EOPSDR/SWO/0847/DFP

RG _--5 Date:  13/08/2019
(AR AN ~/ | Requirement Baseline Document Version:vir9
Page: 2

2 Scientific background

2.1 Knowledge gaps and scientific problensbe addressedn the project

Changes in the Arctic Ocean freshwatxchanges may benked to changes in the thermohaline
circulation, which in turn may have implications for the Global Climate [Manabe and Stouffer, 1995]. Thus,
it is critical to understand the mechanisms for fresh@raexchanges between the Arctic and the global
ocean.

The acquisition of continuous seriesalinity at high latitudes is a difficult task, as the Arctic is a very
remote region with extreme weather conditions and sea ice forces strong enough to gek&aon situ
infrastructure (like Argo floats, moorings or gliders). The number of in situ surface salinity measurements
are therefore very scarce, and especially inside the Arctic Ocean.

Figurel, shows the historical observations both from ships and from Argo floats. Notice that besides data
is very scarce, the geographical distribution of the observations is very inhomogeneousg®luatarare

used in the generation of the World Ocean Atlas 2013 (WOA2013), [Zweng261.3]. ITP data below
thick sea ice are not useful for satellite monitoring of open ocean salinity.

Figurel Left: TARA expedition S@&&aset. Centre: Number of-gitu measures provided by Copernicus Marine
Environment Monitoring Service (CMEMS). Right: Number of measures provided by delayed ARGO profilers. Data
contained in the centre and right figures are grouped in a 0.25°x0.25agdi comprise the whole period 202Q17.

One can easily observe that tlie situ measurements provided by Copernicus service are located in
European and American sectdfgurel middle). A clear gap of freely distributed data is evident in the
centralArctic andthe Russian sea. The Canadian region is also almost free of &&gatel, but Canadian
measurements are available under request in the Canadian data services.

Furthermore, rivers are the most important sources of freshwater and stratify the upper Arctic Ocean, so
that changes in the river runoff could have a strong impact on the Arctic system [Nummelin et al. 2015,
Carmack et al. 2016]. It is also well known that an increment of the global mean annual temperature will
produce an increase in the discharge of Arcticenrs [Peterson et al., 2002; Mulligan et al., 2010].
Measurements on the river mouth are very scarce. The project called Arctic Great Rivers Observatory
(https://arcticgreatrivers.org) is taking samples sineémost two decades at different positions of the main

© ARGANS Lt@019
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Arctic river, but a global perspective of the river runoff is not possible with those single measurements.
Therefore, river mouth regions are also lacking of continuous salinity measurements andbeoald
limitation for the validationof these dynamiaegions. Aseen in the 2015 update of the Arctic Report
Card the combined discharge of the eight largest Arctic rivers was 10% greater in 2014 than their average
discharge during the 1980989 period Jeffries, 2018]. Bring & Destouni [2014, Fig 6 right panel] more
generally note a sharp increase of total meltwater runoff and total river runoff into the Arctic Ocean from
1993 onwards. However, the precise impact of an increase of the Arctic freshwateif remains
unknown due to the lack of salinity measurements in the Arctic. Therefore, improving the observations of
high latitude SSS will help to improve both the models and the forecasts of the changes taking place in
such a critical region.

— W MGEIC B GRIS &3 Rivers |—

5% 250
2500 1 =§ | — masic
.E > 2000 f —— GRIS
2000 F 7 T @ 5yt — Hivers
- H
. 1500 1 Do 1000f
&
£ 00 | 2o sof
@ |
3= 0
500 1 EQ Vo
Q™ 1960 1970 1980 1990 2000

1961-2006 1961-1992 1993-2006 year

Figure2 Left: Total meltwater runoff and total river runoff into the Arctic Ocean. Right Cumulative deviations in
annual freshwater flows from mountain glaciers and ice caps (MG&IC), Greenland ice sheet (GRIS), ratatineers
to average values for 1961992. From Bring & Destouni [2014].

The Arctic + project will contribute to the knowledge of the freshwater flux changes in the Arctic region.
Both because better quality Sea surface salinity products will be produckbexause this satellite data
will be the assimilated to the TOPAZ circulation model.

2.2 Assessment and analysis of the main scientific challenges

The use ofdband radiometry, and specially the SMOS mission, to fill the observational salinity gap at high
latitudes, plays a key role to better determine and monitor the observed changes on the freshwater fluxes.

The SMOS standard SSS retrieval algorithm [Font et al., 2008; Mecklenburg et al., 2009; Kerr et al., 2010],
as well as thalgorithmsused for SSS mé¢val from Aquarius and SMAP data [Yueh et al. 2013, Yueh et

al. 2014, Tang et al. 2013 and Tang et al 2015], provide in general good estimates of SSS in waters the
open ocean and within the tropical and mid latitudes.

However, SSS retrievals from therremt operating kband radiometer satellites, presents serious
problems at higHatitudes:

Low sensitivity of TB to salinity at cold waterdAlthough the tband frequency offers almost the
maximum sensitivity of the brightness temperature to SSS variattbissis rather low (Zine et al., 2008).

© ARGANS Lt@019
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In cold waters, the sensitivity of the TB to salinity decreases rapidly (Swift and Mclntosh (1983)). As shown
in Yueh et al. (2001), such sensitivity drops from 0.5 to @8k, when SST decreases frdfto 5 aC
Therefore, the errors of the SSS at cold waters are larger than at temperate oceans.

Landsea contamination (LSC) and @sea (ISC) contaminatiorThe presence of a sharp discontinuity in
brightness temperature due to the transition between sea and landetween sea and sea ice induces a
contamination of the signal which is especially important (both in amplitude and spatial range) in the case
of SMOS although it is also present in SMAP and in its predecessor, Aquarius. This type of contamination
has an impact on the ocean observations very far from the coast and the ice.

Lack of insitu measurementsThe limited number of iksitu measurements of Surface salinity in the
Arctic, is a main scientific limitation. First this is a limitation for the vabdagirocesses, since as explained

in the previous section, the measurements are not equally distributed, so some regions have a clear lack.
Moreover, this is a limitation to carry out the temmbibias correction, since the method usasannual
reference & SSS, and if this is not accurate can produce additional errors on the final product. The annual
reference used (WOA2013) is constructed based orirttsitumeasurements.

Some works assessed the quality of SMOS and Aquarius SSS producttatitudels. Kohler et al., 261
performed a comparison of previous versions of SMOS and Aquarius products with in situ measurements
and modelsn the north Atlantic region, but they did not perform any comparison inside the Arctic Basin.
[GarciaEidell et &, 2017 carried out a comparisoim the Arctic regiorf that BECGSMOS SS$f8oductand

three other SSS products derived from Aquarius against thermosalinograph vessel transdcatsiaund

data fromthe CORAS.0ollection [Cabanes et al., 2@ The resits showed that all the products attain
reasonable quality in the Arctic Ocean, and especially SEBEQIerived products showed to be of great
benefit for observing SSS in those regions

© ARGANS Lt@019
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3 Survey of all accessible associated datasets

3.1 Spacebased EQlatasets

Three satellites have been designed and flown carryinglzand radiometer, the instrument that permits
to measure the SSS. The first one was designed and settled by ESA and the other two by NASA.

The Soil Moisture and Ocean Salinity (SMOS)lisatedbm ESA was launch in 2009, and marked the dawn

of a new type of spaecbased microwave imaging sensor carrying a synthetic apertbent radiometer.
Originally conceived to map Soil Moisture (SM) and SSS, SMOS is also making serious inroads in the
cryospheresciencesAt the time of writing this document the instrument is still measuring and is in good
health.

The Aquarius/SAD NASA mission was conceived specifically to measure SSS. It was launched on 2012
and ended operations on 2015. The Aquarinstrument is a real aperture radiometer, so different
technology than SMOS. The resolution was different for each beam but the averaged resolution is around
100 km pixel.

The SMAP mission, was designed by NASA to acquire Soil Moisture and SSS measufdraent
radiometer is of real aperture but the big antenna that carries permits to have better resolution than
Aquarius.

Currently, some of the SMOS, Aquarius and SMAP SSS maps available for the Arctic are subsets of the
global ones, while only two dataseare specially produced for the Arctic regions. damsetsarelisted
below:

3.1.1 Global L3 SSS datasets

1 LOCEAN produces the new version 2.1 of its debiased SSS maps departing from operational L2
processor olSMOS(www.loceanipsl.upmc.frlsmog ® ¢ KA a RFGFAaSGd Aa RAal
' @t RS ¢NIFAGSYSyYyOATRIBoutibe2 . y3Fa {ah{ ¢ 0

9 Barcelona Expert CentrBEC from ICM/CSIC)) produces and Bistei the globaBMOSSSS maps
using the debiased nobayesiantechnique (Olmedo et al. 2017) imitp://bec.icm.csic.es/ They
are daily map of 9 day objective analysed data in a rectangular grid at 0.25° resditdior?011
to 2016. This product has been generated from official ESA L1B data v620.

9 Jet Propulsion Laboratory (JPL) produces glolsMAP SSS product version 4.2
(smap.jpl.nasa.gov). JPL dataset is available via PODAAC website (Physical Oceanography
Distrbuted Active Archiv€ener podaac.jpl.nasa.gov) [SMAP JPL 2019].

1 Remote Sensing Systems (REMSS) currently produces version 3.0 of itSiIABSISS product
(www.remss.conp This dataset is available from the REMSBsite. [SMAP REMSS 2018].

1 Aquarius mission was decommissioned on June 7, 2015 but data v5.0 from period Juder2911
2015 is available at PODAAC website. Global product is distributed with weekly temporal
resolution and in 1 degree of spatial resolution.

© ARGANS Lt@019
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Figure3 Arctic salinity according to-8ays maps from SMAP (left) anaifys maps from SMOS (right). (a) Global
SMAP JPL v4.2. (b) Global SMOS debiased Locean v2.1. (¢) Global SMAP REMSS v3.0 (d) Global SMOS BEC v1.0. M
are centred at September 7, 2015. Black line around the pole indicates an ice fraction of 0.5 according OSTIA.
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Figured Specific Arctic SSS products: a) Aquarius weekbr-gridded SSS using retrievals from the three
beams and all orbits in the Northern Hemisphere (latitudes >502619eptember2013). b) BEC Arctic
SMOSroduct v2, map centred at September 7, 2015.
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Arctic focus of the global productse shown in Figure 3 (Plots (a) to (c), respectively). The Specific
Arctic SSS products are showrigures.

3.1.2 Specific Arctic SSS prods

BEC is currently distributing version v2.0 of its DebiasedBayesian Advanced product for

Arctic through its distribution and visualization data servicktip://bec.icm.csic.es/ocean
experimentaldatasethigh-latitude-and-arcticsss/

This newly released BEC product is especially designed to target the Arctic region. The SMOS
SSS product at high latitudes covers seven years {20117). Figure 4 (plot fbshows a @lays

map of this product.

NASA GSKenter distributes also the V5 week{yolar-gridded SSS maps from AQUARIUS for
both polar regionn (Brucker, et al, 2014)https://doi.org/10.5067/Aquarius/AQ3 SSS.(05

3.2 In situ datasets

The Actic+ salinityteam will usein situ Tand Sfrom different sources(see DUM) includingArgo, ship
based measurement at the surfac&dditionally,surface drifters and different mooringrrays will be
made available to the Arctic+ projecfVe presenta brief description to the main specifications of the in
situ sourca to be used within the duration of the project and for different activities including the
validation of the newly devejmed SSS satellite retrieved observations.

Arctic+ validation will intend to comply with the Quality Assurance framework for Earth Observation
(QA4EO)RDO2] Hence it is necessary that the insitu observations used for the validation of the product
areindependentfrom satellite measurementsver the entire satellite mission (i.e. 202018 in the case

of SMOS)These independent insitu measurements are also known as Fiducial Reference Measurements
(FRM) and ensure the maximum return over investments oflig&tenission.To date there is noan
established guideline to get FRM to validate satellite retrieved B&a.cquisitionof FRM is not an easy

task due to the scarcity of the in situ observation in Arctic regidnis challenge was seen befanethe
validation of SST data in the regiand it will be explored in this proje¢dRD03] Hence the Product
Validation Product (PYRo be delivered end 2019) will be the first attempt to describe the validation of
SSS in the Arctic region.

3.2.1 Argofloats

The Argo array provide both in situ temperature and salinity profiles from the surface down &D@te
m, with a 300 km spatial resolution every-tiay. The spatial distribution of the floats is not homogeneous
so these tend to accumulate over regionstwitigher velocity current (i.e. over the western boundaries).
More importantly, Argo coverage is lower at highitudes including in the Attic region, where floats
operation is limited by the presence of sea ice (i.e. floating ice blocks do not alkte dboming up to the
surfaceto transmit data information).

The Arctic+ project will use delayed mode Argo specially designed to operate within the Polar regions (i.e.
frdAGdzZRSEa x praphe YR FIONEIRSHE2 S T @htrol JQCY tb NB I R
correct any instrumental drifts. Next, float identification number (ID) will be contrasted againgiréye

list, which contains information of those platforms reporting instrumental failure or sampling cycles when

the platform did not pasthe QC tests.

ICMCSIC maintains a local ftp mirror of the Argo floats database distributed by Coriolis website
(ftp://fftp.ifremer.fr/ ) that is refreshed twice a day.

© ARGANS Lt@019


http://bec.icm.csic.es/ocean-experimental-dataset-high-latitude-and-arcticsss/
http://bec.icm.csic.es/ocean-experimental-dataset-high-latitude-and-arcticsss/
https://doi.org/10.5067/Aquarius/AQ3_SSS.005
ftp://ftp.ifremer.fr/

Arctlc+ Sallnlty Ref.: EOPSDR/SWO/0847/DFP
Date: 13/08/2019

ARGANS Requirement Baseline Document] Version: vird
Page: 9

It is expected to store both T and S fields andde available to the consortiunkigure5 shows the
number of measurements provided by Argo floats in the period of study @117

The Coriolis Ocean datadet ReAnalysi€CORAisthe reanalysis (optimahterpolation) of delayed time
mode validated ARG@easurementsprovided bythe Coriolis data centre and distributed by the
Copernicus Marine servicBut for the moment this CORA dataset will not be used for validation.

>

100.0 200.0 300.0 400.0 500.0

]|
0.0

Figure5 Argo observations within the study period 2€2017
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3.2.2 OSNAP project

The OSNAP mooring arra§igure6) will be used for validationThe array uses moored instruments
gliders, and floats (RAFOS and Argomeasure different physical properties the water column
including temperature and salinitieven though full water column data is being providédstic+ Salinity

will select in gu observations from the top 10 m of the water column. Full description of the data
gathering and processing of each campaign is available in the cruise ré&gaBUM, section3.2). See

the OSNAP section arrayRigure6 Holiday, et al., 2018 did interpolated data from different sections into

a 10km spacing gridProcessed dataset seen in that work might be available for the validation purposes
of the Arctic+ Sality dataset.
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Figure6 Regional circulation of the subpolar North Atlantic and location of the OSNAP section and array, between
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3.2.3 Buoys measurements frorBGERroject

Beaufort Gyre Experiment Project (BGERps://www.whoi.edu/page.do?pid=66509s maintaining a

set of observing system programs since 2003 and providisijurobservations over the Beaufort Gyne

every summer The IceTethered Profiler (ITP) can measure temperature and salinity of the water column
(https://www.whoi.edu/page.do?pid=20756) and the Bottom Pressure Recorder (BPR) has a SeaBird
sensor that records the salinity also, so this datl ke useful for validation. Moreover, CTD sensors
measurements has been done regularly.
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BGFE buoy drift tracks
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Figure7 BGFE buoy drift tracks (solid lines) and latest locations (triangles) superimposed on IBCAO bathymetry
(shading). Also indicated@BGFE moorings (yellow circles), JWACS 2003 CTD (white circles) and XCTD (white crosses)
stations and mean annual ice drift vectors from IABO climatology (grey vectdrs):
https://www.whoi.edu/page.do?pid=6651P

3.2.4 Arctic CMEMS isitu

The Copernicus Marine Environment Monitoring Servi€gMEMS$ includes a product called
NSITU_ARC_NRT_OBSERVATIONS, which contains information from three types of observation platforms:
mooring, glider, andesselThis product integrates observations aggregated from the regional EuroGOOS
consortium (ArctieROOS), all observations are aggregated by the In Situ Thematier Q@@)under
CMEMS framework and provided to users together with metadata informaticihe platforms that were

used to perform the observationghe quality of the observation is tested using automatic procedures
and the flags are positioned to inform the users of the level of confidence attached to the observations.
Clearly, there ardghree main data sources: I€Bethered Profilers (ITP) , glider profiles, and vessels
respectively. It should be noticed that the SSS observations from vessels include that from ferry boxes
since 2013 so the observations in high time frequency (~10 miesdaressible along the cruise, which
requires more specific data postprocess to remove the possible drift.
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product id: INSITU_ARC_NRT_OBSERVATIONS 013 031 in the CMEMS fsamasvtité locations
of the SSS observations extracted from the in situ prosloft
INSITU_ARC_NRT_OBSERVATIONS_013 031 in 2015.

3.2.5 VOS and GSHIP

Under Climate Variability and Predictability Experiment (CLIVAR), the Voluntary Observing Ship (VOS) is a
shipbased meteorology network. The Global Ocean ®aiged Hydrographic Investigatis Panel (GO

SHIP) aims at the profiling CTDs in the repeat hydrography program. The VOS-@8H#PG®@tworks are

both based primarily on ocean access provided by the commercial shipping industry as well as on
opportunistic use of research vessels. Lsnaite that although most of the observation files are named

by .csv, their recorded contents are not uniform and quietly depend on the concerned implementation so
that it would require more quality control fgre-processing

Some of the identified shipacksare:

a) NORRONAThe MV Norrona is a large, higpeed ferry, based in Torshavn on the Faroes Islands that
makes weekly runs between Denmark and IcelaBdropean collaborators have joined efforts and
SaiGl ot AEKSR | & CSNNE oredtEneasdfacé @nmperatyfe andksalinity RitNAI y |
thermosalinograph Data is available in LEGOS webgdte//www.legos.obsmip.fr/observations/sss

b) Nuka Arctica : Voluntary Observingifsthat runs from Bergen to Baffin Bay. It carries the following
equipment: pCQ sensor, Thermosalinograph , XBTs, and ADCP. Validated dateadadblein LEGOS
webpage

3.2.6 Marine MammalsExploringthe Ocean Pole to Pole

TheMarine Mammal€Exploring the Oceans Pole to PGEOPprings together several national programmes
to produce a comprehensive qualitpntrolled database of oceanographic data obtained in Polar Regions from
instrumented marine mammal3his data is already being usedfie PIMEP systefirDO03].

3.2.7 TARA expedition datage

During the spring and summer 2013 the TARA siigersed both the Northeast and Northwest passages

in a single season to research plankton biodiversity in the Arctic and other parameters of the ocean. The
vessel had thermo-salinograplsystem permanently measuring while circumnavigating the Arctic Ocean.
So validated salinity measurements inside the Arctic Ocean are available during several months from 2013
thanks to this campaignttp://www.taraoceansdataportal.org).
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Figure8 TARA ship tracks fron"@une to 18 October 2013

3.2.8 Oceans Melting Greenland

The Oceans Melting Greenland (OMf@} the objective to improve the estimates of sea level rise. Over

a five-year (starting in 2016) campaign, OMG will observe changing water temperatures on the
continental shelf surrounding Greenland, and how marine glaciers react to the presence of warm, saline
Atlantic Water. Each year in the summer they will deploy 2§ieadable temperature and salinity probes
along the continental shelf. This data is public in the webpage and will be very useful for validation in the
Greenland region.
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Figure9 Yellow dots show where OMG drops each of theTBX@obes around Greenland.

3.2.9 UDASH

UDASH (Unified Database for Arctic and Subarctic Hydrography) is a unified agddlightemperature
YR &l tAyAade RIEGE aSd F2NJ GKS ! NODGAO hOS¢20151 yR
(Behrendt et al., 2018). The archive aims at includinguddlicly available data and so far consists of 288
532 oceanographic profiles measured mainly with conductitéyperaturecdepth (CTD) probes,
bottles, mechanical thermographs and expendable thegnaphs.

3.2.10 PIMEP

The SMOS Pildflission Exploitation Platform @MEP) includes broad range of in situ observations (i.e.
Argo, ship based observation, mammals observations) with a detailed quality assuraf&edRdDtheir
limitations. As first validatiompproach PIMEP data will be studied to for the validation of the Arctic+
product.

3.2.11 GOSUD

GOSUD aims at assembling-&itu observations of the world ocean surface collected by a
variety of ships and at distributing quality controlled datasets. At prasenthe variables
considered bysOSUD are temperature and salinittp://www.gosud.org/
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4 Survey of current and oigoing initiatives and projects
4.1 Description ofexisting initiatives or projects

4.2 Arctic Freshwater Fix

The ArcFlux team has reviewed and updated freshwater fluxes from the reference paper (Carmack et al.
2016) in the light of satellite measurements of ocean fluxes, river heights, glaciers and sea icEhisass.
section briefly summarizes thitndingsdescrbed in the ArcFlux Deliverable number(i8ielsen et al.

2018), sorted by categories of freshwater fluxes and split between those that represent inputs to the
TOPAZ model (rivers, ocean fluxes at the model lateral boundary, glacial freshwater) and those that are
internal variables within the T system (ocean fluxes within the model domain and sea ice fluxes).

1 River fluxes: The TOPAZ system presently uses climatology data but is transitioning to the Arctic
HYPE model (from SMHI). The altimeter observations of a major Siberian river (the ®b) wer
compared to in situ measurements and showed very good skills for river elevation and discharge.
The conclusion is that about 70% of the Arctic river fluxes can be monitored by altimetry, which
is good news, but not of immediate use for Arct®alinity

1 Ocean freshwater fluxes: The report concentrates on Davis Strait. This flux is simulated by the
TOPAZ system. The monitoring of ocean freshwater fluxes was severely impaired by the lack of
an in situ station in Davis Strait, where a large share of ofemhwater fluxes transit to the
South. The estimates and their uncertainties through Davis Strait are however useful for model
validation. A similar exercise would be extremely useful for the Pacific freshwater fluxes through
Bering Strait, which is veinportant component of the Arctic freshwater budget.

1 Glaciers and Greenland Ice Sheet: TOPAZ accounted for the mountain glacier melt represented in
ERAInterim as river fluxes but will only include the GrIS terminal outlets mass loss (from the ESA
GrlIS CQroject) in the upcoming TOPAZ5 upgrade. The ArcFlux report provides land ice velocities
estimates from Sentinel, combines them with land ice thickness data and runoff estimates from
regional climate models for one sdiasin of Greenland. The GrIS E®A data will remain the
basis for future TOPAZ runs.

1 Sea ice freshwater: This flux is simulated in the TOPAZ system. The related sections were empty
in the ArcFlux report version obtained from DT® F&b 2018).

Project websitehttp://www.arcflux.eu

Person contacted: Ole Baltazar Andersen (DTU)
Funder: ESA

Project Status: terminated

4.3 The North Atlantic Climate System Integrate Study

The North Atlantic Climate System Integrated St(AgSISyill carry on an integratd view of the Earth
System, including the ocean, the atmosphere and interactions with the Arctic Sea Ice and Greenland Ice
Sheet. ACSIS aims to improve the understanding to detect and predict changes in the North Atlantic
climate system. In particular, SCS is interested to understand how changes in the North Atlantic may

© ARGANS Lt@019


http://www.arcflux.eu/

W ArCtiC+ Sa.“r"ty Ref.. EOPSDR/SWO/0847/DFP

3 G S Date: 13/08/2019
(AR AN 2/ | Requirement Baseline Document] Version:vir9
16

Page:

FFFSOG GKS | yQa Ofualiyith &3jor écBromiKiSpdd onlagfiBultuke Afislderies,
water, energy, transport and health.

Arctic+ project will bring new dataset anfirther regional science based in the North Atlantic.
Furthermore the Project Manager has been invited to assist to the next Progress Meeting to discuss the
status of the ACSIS projdoheeting to be expected FebruagyMarch 2019)

Projectwebsite:http://www.acsis.ac.uk/about/theproject

Person to contactBablu Sinha (NQGcience Leadgr
Funder: NERC

Project Status: active

4.4 UKOverturning in the Subpolar North Atlantic Programme

The UKOverturning in the Subplot North Atlantic Programme {O8NAP) is part of an international
programme led by the USA and includes 10 partners from Canada, France, Germany, the Netherlands,
and ChinaThis is aron-goingproject from Oct 2013UKOSNARs regularly takingfieldwork at sea and

model studiesThis include two line mooring arragsigure6).

Arctic+ will use the some of the field wgokoduced during UKOSNARIuration. Furthermore, LHOSNAP

is still an active science platform gather the interest of the community. This might be used by the Arctic+
as a platform to showcase the SSS produced data in the region, which also inclO@NAR study region

(i.e. subpdar latitudes fromd5s il 2 . p s b

Project websitehttp://www.ukosnap.org/projectinformationhttp://www.ukosnap.org/project
information

Person to contact: Naonflenelope HollidagNOC Calnvestigdor)
Funder: NERC

Project Status: active

4.5 TERIFIC

TERIFI@roject will undertakdieldworks in the subpolar region. This will include ship surveys and surface
drifter deployments with CTD sensors.

Project websitehttp://projects.noc.ac.uk/terific/

Person to contact: Dr Eleanor FrajRélliams (NOC, Lead Investigator)
Funder: NERC

Project Status: To start in 2020
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4.6 PassMe ProjectData from Oliver Wurl

PassMe projecidcuses on investigating biochemical properties of the sea surface, and their effect on CO2
air-sea exchange. Overall objective is to improve existing parameterization for gas transfer velocity based
solely on wind speed. The team realized that skin and-sedace salinity drives buoyancy fluxes with a
potential impact on gas exchange. In 2016, they observed that the skin salinity is saltier (on average by
0,4 PSU) compared to the underlying bulk water, due to evaporation processes. They suggest that the
interfacial tension between the skin layer and underlying water keeps the saltier skin afloat up to a certain
density threshold. Then the skin layers becomes too heavy, sinks and is replaced by underlying bulk water.
It is a transport mechanism for CO2 tawa or away from the skin layer, and so keeps the pCO2 gradient
between the atmosphere and skin layer (Wurl et al. 2018). To stutheak mechanisman instrument

to measure ocean salinity in the skin and nsarface layer was built. Measurements &irssalinity were

done at different regions of the world.

The Arctic Ocean measurements campaigns were performed from 26 August to 1 Sept 2018, and from 4
to 14 September 2018, and logged every 1 minute. Five sensors where installed from the susfang,(3

10 cm, 26 cm, 50 cm and 111 cm. The location was an open lead in proximity to the North pole. This data
will be useful for the satellite maps validation.

Project websitehttps://www.researclyate.net/project/PassMe

Person to contact: Dr Oliver Wurl (University of Oldenburg, germany)
Funder: European Research Council (ERC) project (grant GA336408).

Project StatusActive (from 2017)

4.7 PROMICE Danish project from GEUS

From the PROMICE webpagelLy HAanTX 5SYyYIFIN] fFdzyOKSR GKS t NJ
Greenland Ice Sheet (PROMICE) to assess changes in the mass balance of the ice sheet. The two major
contributors to the ice sheet mass loss are surface melt and a larger production of icéiyerggh faster

ice flow. PROMICE is focused on both processes. Ice movement and discharge is tracked by satellites and
GPSs. The surface mass balance is monitored by a network of weather stations in the melt zone of the ice
sheet, providing ground truthdal G2 OF f AGNJF UGS Yl d4a& 0dzRISG Y2RSfE &d

GEUS has recently published an estimate of Greenland meltwater from iceberg calving and melt at the
glaciers front [Mankoff et al. 2019 which a surface mass balance estimate should be added in the Fall

/ Winter 2019for a complete GrIS freshwater budget at a monthly time frequency and high horizontal
resolution (Ahlstram, pers. comm. June 2019).

Project websitehttp://promice.org/About.html

Person to contact: Dr Andre@eter Ahlstrgnapa@geus.d{GEUS, Dk)
Funder: DanislEnergy Agency DANCEA programme

Project Status: Active (from 2007)
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4.8 Added value of the work to be carried out with respect to existing activities

In case of success of the Arctic+ Salinity, there will be SSS at the Arctic regions (i.e. both at the polar and
Subpolar regions) all year round and independently of the weather conditions and the season of the year.
The newly SSS dataset will further tinederstanding of the regional oceanography and the freshwater
fluxes in the Arcticwhich at the moments commonly made duringhe summermonths (May-August)
observations (e.g. Holliday, 2018, Bacon 2014, €fbys,it is expected tha#rctic+ continuous SSS time
seriesfrom satellite observatioscanreduce the uncertainty of théreshwater f dzs&s&s@ent due to

the scarce measurementShere habeen reported mismatches in the density fields between different
cruise lines (Holliday, 2018). Theewly produced Arctic+ SSS dataset, may bring a general and
homogeneous information of the surface transports with the region. Furthermore, there mightebe
possibilityof creating Surface Density maps (i.e. density is a result of salinity and température

The rivers are the most important sources of freshwater and they stratify the upper Arctic Ocean, so the
changes in the river runoff could have a strong impact on the Arctic system [Nummelin et al. 2015,
Carmack et al. 2016]. It is also well known taatincrement of the global mean annual temperature will
produce an increase in the discharge of Arctic rivers [Peterson et al., 2002; Mulligan et al.,S2)10].
thanks to the satellite SSS maps we may, for the first time, monitor the surface river amubéissess if

a trend on the amount of river fresh water delivered to Arctic Ocean, can be observed in the last 10 years
(we have SMOS maps since 2010).
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5 Best candidate test areas

5.1 Analysis and identification of test regions

The three test regionselected here arel) the Beaufort Sea in the Canadian basin of the A&}tNordic
Seas (fronGreenland Scotland Ridg@SRo 8°N), and 3) the northern North Atlantic (3N to theGSR)
(Figurel2).

The three regions selected havammon salinity characteristicsthe salinity controls the surface
circulation and is strongly variable due to freshwater fluxes.

1) The Beaufort Sea is the fresh water sink zone intheAA@t NS 3IA 2y o6Ffaz OFff SR
popular literature! though the sa@ntific literature uses a more moderate language (Proshutinsky et al.
2009, Timmermans et al. 2018pe circulationwithin this regionis known to impact the sea ice export

into the Fram Strai(Sumata et al. 2014The TOPAZ model simulations are very inaccurate there (waters
fresher than 2&su).

2) The Nordic Seas are the buffer zone between the saline North Atlantic and the fotish(Raj et al.
2019). Model simulations are quite accurate there (err00.2psu seeFigurel0 and Figurell below,
blue lines).

3) The northern North Atlantic Region domain includes the subpolar gyre, which extent dictates the
amount of poleward transport of Atlantic Water further known to impact the regional clinfé¢sdal et

al. 2018).It also receives freshwater from the Greenland Ice Sheet. The model simulations are also quite
skilfulhere (FigurelOandFigurellred lines)

Figurel0: Weekly bias estimates from the CMEMS Arctic MFC (TOPAZA4) operational forecasting system updated on
CMEMS websitgStimeSeries yeday-01.html

1 hitps://www.sciencealert.com/tickirtime-bomb-hidderheatedoceanwaterunderarctic-canadabasinchukchi
sea
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