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» |Last year | could ask for the StG call

e First time | tried

* | had a general idea, but once you start
writing the idea grows

 Embrace and Breath the FEAR, and just =~'~ —
trust in the process! -:*.




ERC Starting Grant 2024
Research proposal [Part B1]

- Unraveling FRESHwater and ocean Currents changes in the Arctic using REmote
sensing

ERC StG = -

Marta Umbert Ceresuela

: £ f"i'
— -~ : ' Institute of Marine Sciences, Spanish National Research Council, Barcelona, Spain é
1 ertl n g S ~ Proposal duration: 60 months cFRESH=CARE, f“

Proposal summary:

The Arctic 1s warming rapidly, causing significant hydrographic changes including sea ice retreat,

- D O n ,t b e afr a I d u St freshwater accumulation, and altered ocean currents. These changes intensify water stratification potentially
j destabilizing Earth's thermohaline circulation. Despite its key role in global climate system, the ultimate fate

Y : of Arctic freshwater remains unconstrained. Current estimates lack the resolution that remote sensing and

w rlte ' B A 4 ) Artificial Intelligence (AI) can provide. It is crucial to improve freshwater flux uncertainties, to better constrain

future projections and understand global climate impacts.

FRESH-CARE aims to transform our understanding of Arctic freshwater dynamics. It will develop
innovative methodologies that leverage (radiometric, thermal, and altimetric) satellite data, Al-integrate
remote sensing and in-situ information, and run model simulations to forecast freshwater transports under

= YO u a re O I n to et f o e various Shared Socioeconomic Pathways. FRESH-CARE will focus on three specific objectives; (1) develop
g g g '. o Ao | a novel Al-based methodology to characterize four-dimensional ocean currents; (2) quantify freshwater
transports through the main Arctic gateways; and (3) perform simulations for future Arctic freshwater

It' scenarlos using a coupled ice-ocean model.

Overall, I envision that FRESH-CARE will offer a multidisciplinary view of ocean currents and
freshwater fluxes in the Arctic Ocean over three decades, from hindcast in the 2010s to forecasts into the

2040s. FRESH-CARE will provide pan-Arctic estimates of ocean currents and freshwater distribution with
high spatiotemporal resolution, benefiting polar oceanographers, earth modelers, and climate scientists, as well

— i i 4 as to the society at large. FRESH-CARE findings will enhance the understanding and assimilation of ocean
Bel Ieve I n yo u rse If :) . 5 freshwater in future global climate models.

- Ask for help, no one
IS perfect!



| _Specific objectives: The overarching goal of FRESH-CARE is to ¥evolutionizé> our current
» understanding of freshwater dynamics in the Arctic Ocean. To reach this goal,/I propose to leverage
& new L-band satellite salinity, SWOT sea-level data, integrate remote sensing and ir-situ information
using Al, and run a coupled ice-ocean model to simulate freshwater transports under various Shared

Socioeconomic Pathways (SSP).

Specifically, the following objectives will be addressed:

O1;/Develop:a novel methodology based on artificial intelligence to characterize the 4D ocean currents.
02: Quantify)freshwater transports through the main Arctic Ocean gateways.

O34 Perform/simulations for future freshwater scenarios using a coupled ice-ocean model.

- write the MAIN OBJECTIVE'
(same in B1/B2)

- write the SPECIFIC OBJECTIVES
(same in B1/B2)

- think on the MAIN INNOVATION ..

. K The nwclty of my hypothesis is that T will introduce modern methodologies that exploit remote
- erte the TITLE OF WORK PAC KAG ES sensing measurements as the main source of information to quantify freshwater transports. This will
- improve the spatial and temporal resolution of prior estimates by a factor of two. Superior estimates will

(same in B1/B2) P P P P ’ P :

cmpowcr our understanding of the changing freshwater inflows and outflows in the Arctic Occan.

- write the TITLE OF PROJECT



Proposal summary (half page)
Graphical abstract (half page)
Scientific context (half page)
Project vision (1/4 page)
Scientific objectives (1/4 page)
State of the art (1 and half page)
Methodology (2 pages)
Feasibility (1/3 page)

Risk analysis (1/3 page)

FRESII-CARE will make a remarkable contribution to Arctic rescarch by integrating remote
sensing data, enhancing ocean models, and providing insights info future Arctic hydrography across
top-four SSPs (Riahi et al., 2017). SSPs arc a sct ol scenarios developed by the Intergovernmental Pancl on
Climate Change (IPCC) m collaboration with the Coupled Model Intercomparison Project (CMIP). The CMIP
18 a project that gathers outputs from various existing climate models and provides data on temperature and
salinity. These can be used in conjunction with historical products (ranging from pre-industrial times to the
present) to conduct a hindcast approach. (Ilindcasting refers to the technique of assessing the degree to which
computer models, such as chmate change models, match the historical record by comparing them 1o the
obscrvational data). Futurc simulations arc then run usmg the outputs of the Scenario Model Intercomparison
Project (ScenartoMIP). ScenarioMIP 1s earth system model simulation driven by different defined futures of
socioeconomic developments and their associated land use and emissions. There are tive plausible scenarios,
of which 4 are considered as lop-priorily and range [rom a sustainabilily pathway (o a [ossil-luel development.
Recent studics show how existing models need [urther improvements to lully caplure Arctic complexilics,
highlighting the need [or additional Arctic observations to reduce uncertainty (Wang et al., 2023). FRESH-
CARE will usc the latest CMIP data to force the FC-modcl simulations to quantify how freshwater will
be distributed and transported under the diverse potential scenarios of the Arctic Occan.

Mcthodology: I have developed the proposed three scientific objectives (O1-3 above) mto tive actionable
work packages (WD), as shown i Fig. 2. Specilically, O1 will be addressed in WP1-2, 02 1in WIP3-4 and O3
m WP5. Wherceas the focus of WPIL, WP2, W3, and WPS 1s the whole Arctic Occean, delined as the occanic
arca cnclosced by the [our Arctic gateways, the focus of W4 1s through those Arclic gateways per sc. In what
tollows I describe these WP, and their expected duration in months (M) 1n turn.

WP N | wps | wea ™[ wes
Develop a new ocean| | Derive 4D currents Estimate Arctic Quantify freshwater || Model the fate of
surface current in the Arctic Ocean freshwater content transport in Arctic Arctic freshwater
methodology using Al using remote Ocean gateways

sensing salinity

A /N N A A, 4
Surface 4D ocean Freshwater Freshwater Drivers and

, currents @|@ /| currents @@ , |\ content @ , \transports @/. \projeetlonl @ 0
R AN N N\ -

.

Figure 2: Workflow of the FRESTI-CARE project sivuctwred in work packages. Find for each WP: fille, the main onlput, and WPs thal
will employ these outpuls.



e B1 —> 4 figures-

- 1. Graphical abstract——"

e 2. Area of study
» 3. Work packages

4. First results\

WP1 A WwP2 WP3

Global warming is causing
severe hydrographic

changes in the Arctlc . .
Dastn % 7 »  Develop a novel Al methodalogy to
o -/ characterize 4D ocean currents

What is the fate of e o
surging freshwater? O 2 ' 2 ) Quantify freshwater transports through

the main Arctic Ocean gateways

We will unravel Arctic \
freshwater transports %

using remote sensing g\ . ] Simulate future freshwater scenarios using a ',\,\
N r, | *.~_/ coupled ice-ocean model k

-

-
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Table |: FRESH-CARL timeline separaled by work packages and lasks.
N : Project timeline (months)
Team members : Z % 5 e
1.1 Integration of SSII data

1.2 Fusion of SSH with SST/SSS

1.3 Arctic surface currents L
1.4 Validation of surface currents
2.1 Gathering vertical profiles
2.2 Training neural network ;
: RE. PhD. Pl
= . 2.34D T, S, currcnts retricval ' 3

o - 2.4 Assessment of Al-approach
3.1 Water column stratification
3.2 Integration of satellite S§S

: . ' 3.3 Freshwater content (FWC)

3 = . 3.4 FWC Intercomparison
4.1 Freshwarer transports (FWT)
4.2 Consistency ol FWT RE. PhD. PI
4.3 Evaluation ot ime seres
5.1 Model configuration
5.2 Resolution analysis
5.3 Ilistorical model simulation _ '
5.4 Future scenario simulation e

Project vision (1/2 page  Pojomungemen & poring | PLSOSY g ‘e
J - * Project milestones. ¢ Scientific paper. ** Delivery of the Data Management Plan (DMP), * Delivery of a Report on Scientific Activities (RSA)

RE. PhD. P1

Scientific context (2/3 'page)

Posidoc, Pl

Scientific objectives (1/2 page) B RN

Data limitations due MM WPI1- If amission ends operation, use an alternative mission that can measure the
o satellite failures WP4 same variable; Collaborate with remole sensing data providers.

Mitigation/Contingency Plan

State of the art (4 and half page)

Methodology (6 pages)
Feasibility (2/3 page)

Risk analysis (1/2 page)
Potential Impact (1/2 page)

-l

|
[

Weak integration ol
freshwater
dynamics

Insufficient control
ot Al-bascd
mcethodology

Data fusion
ellecliveness
uncertainly

Unforeseen delays
in modcls
development

Complex
implementation of
FC-modcl

Computational
resource constraints

M/T.

LM

Change the approach 1t integration proves mettective usig SSIT without data

WPI fusion of SST or SSS in WP2.

Collaborate with international experts who have worked with the same Al-
based approach, (Dr. Bruno Buongiorno, who was an international reviewer
of my PPh.D.) to enhance control m the trainimg and validation of LSTM
approach. Oreamze work meetings and invite to come to the ITI 1 month.

Wp2

WPI-  Conduct testing and vahdation; Usc alternative interpolation approaches;
WP4 Collaborate with data fusion experts.

Proaclive project management o prevent delays; Allocale exira time bullers
lor unexpected challenges, ¢.g. WP2 could be extended an exira 8 months.
WP3, could be extended until the ¢nd of the project and we can priorilize
running just the two extreme scenarios to assess the fossil fuel development
and sustainability pathways 1t dclays occur.

WP2,
WP3

Seek guidance from domain experts fe.g. Dr. Kate Hedstrim, collaborator of

'PS L -
W ICM researchers), Allow flexibility to adapt methods 1f needed.

To secure computational resources, I will use MareNostrum 5 at the
WP2, Barcelona Supercompuiing Center (BSC). 1o achieve ellicient and
WP5  continuous simulation workflows, T will use the AutoSubmit management

ool that will ¢nsurc smooth and reproducible simulation workllows.

Table 2: Risk analysis af I'RESH-CARIE: project.




Develop a new Fuse remotely sensed sea Surface

ocean surface surface height, temperature, currents
current and salinity data
methodology
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: pre"" in the Arctic Ocean water depth data using Al currents
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2. First results : aaeadii freshwater content | reanalysis salinity data Onuent

using remote
sensing salinity
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Figure 1: Examples of mean SSS using SMOS in (left) September 2011 and
(vight) September 2016. Contours delineate the average sea ice conceniration
by OSISAF. (Adapted from Umbert et al., 2023b).



Once is written

- Ask your colleges to read and NELG
suggestions

- Enrole in all facilities provided by FEYCT,
your institution, ERC, etc.

- Ask help for the graphical design

- Fully focus on writing and enjoy the journey!



Good luck! -

Any questions? =
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