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Overview of recent activities

LLIF
» Two projects with involvement in analyzing pan-Arctic budgets and oceanic Der Wissenschaftsfonds.
transports are nearing completion: o
| . N — b'geos
« FWF project “A consistent framework for quantifying global energy budgets” Copernicus

Marine Service

« CMEMS-funded “Validation and Intercomparison of Global Reanalyses for
Ocean Currents and Transports”

« Contribution to upcoming Marine Environment Reanalyses Evaluation Project
(MER-EP) planned

* New ESA-Projekt MOTECUSOMA (Monitoring the energy cycle for a better
understanding of climate change) with Arctic component:

» Get improved near-surface temperature estimates in the marginal ice zone

« Susanna part of Fresh Eyes on CMIP initiative




Arctic ocean transports
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* Pivotal role in regulating the global climate and integral part of the ~ /,(f;‘ fﬁ
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« Accurate monitoring is critical = measuring lines (moorings) - 9 - <

measure deep water velocities and other sea state variables

Need of precise transport estimates from reanalyses and climate
models

- Challenging due to used modelling grids

https://worldoceanreview.com/en/wor-6/the-polar-regions-as-comp-
onents-of-the-global-climate-system/ice-floes-ice-sheets-and-the-sea/
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StraitFlux (Winkelbauer et al., 2024)

—> Tools for precise calculation of oceanic volume, heat, salinity and ice transports

Calculations consistent with discretization schemes of models

Direct comparisons to observations easily possible

Analysis of mean states, variabilities, seasonal cycles etc. of net transports
Analysis of the ocean’s vertical structure and flow patterns through cross-sections
Available as python package via pypi

Already used for multiple case studies in the Arctic:

« Winkelbauer et al., 2024: Validation of key Arctic energy and water budget components in
CMIP6

« Mayer et al., 2023: Recent variations in oceanic transports across the Greenland-Scotland
Ridge

« Winkelbauer et al., 2022: Diagnostic evaluation of river discharge into the Arctic Ocean and its
impact on oceanic volume transports

rail: lux



OSNAP (Winterer et al., in preparation)

Overturning in the Subpolar North Atlantic
Program (OSNAP)

Provides estimates of;

« Strength and variability of the Atlantic
Meridional Overturning Circulation

* Net integrated transports

» Cross-sections of currents, temperatures
and salinity

The OSNAP Array
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https://www.o-snap.org/



OSNAP (Winterer et al., in preparation)

« OSNAP (Winterer et al., in preparation)
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OSNAP (Winterer et al., in preparation)

« OSNAP (Winterer et al., in preparation)
OSNAP East OHT
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OSNAP (Winterer et al., in preparation)

« OSNAP (Winterer et al., in preparation)
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OSNAP (Winterer et al., in preparation)

« OSNAP (Winterer et al., in preparation)

Meridional Overturning Circulation (MOC)
= vertical maximum of the stream function
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OSNAP (Winterer et al., in preparation)

« OSNAP (Winterer et al., in preparation)

Meridional Overturning Circulation (MOC)
= vertical maximum of the stream function

MOC; [Sv]
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Model uncertainties

L. o _ (c) September Arctic sea ice area Observed
Large uncertainties in projections of various ocean 10 — _ i e
and sea ice variables N 36,00 21 24 19 22 Near Mid Long SSP2-4.5 assessed
term term term SSP3-7.0 assessed

SSP5-8.5 assessed
1. Scenario uncertainties

2. Internal variability
3. Model uncertainty

million km?

- Multimodel ensembles essential for assessing
range of uncertainty

- “Model democracy” not always ideal:

From IPCC ARG

- different performance

- Pre-selection, constraining or weighting
might mitigate uncertainties and biases




Model weighting

Model weighting approach by Knutti et al. (2017):

- performance

- independence
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—> use more process-based diagnostics like oceanic transports
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Model weighting

SIE SSP5.85

lel3
1.2 —— Observations - Indicates an eatrlier ice-free
— unweighted :
1.01 weighted Knutti 2017 Arctic and
— weighted OHT - Reduces spread in the first
X unweighted ) .
weighted Knutti 2017 year of ice-free Arctic

X weighted OHT ; .
- Agrees well with earlier

studies (Knutti et. al 2017;
Zhao et al 2022)

X...2046-2055 and 2090-2099
average sea ice extent

2000 2020 2040 2060 2080

*ice-free: first September were SIE drops below 1e6 km?

—> try on other target variables (e.g. SST, OHC)
—> try with larger ensemble (now: 30 models, only 1 run per model)



Summary and Outlook

StraitFlux (Winkelbauer et al., 2024) allows for:

Precise calculations consistent with discretization schemes of models

Analysis of transports and the ocean’s vertical structure through cross-sections
Analysis of Meridional Overturning Circulation at desired sections

Direct comparisons to observations easily possible

Precise analysis of oceanic budgets

Continuous advancement of StraitFlux (atm: integration of vvl/non-linear free surface)

First tests using transports from StraitFlux to constrain future projections of Arctic change look
promising

Planned continuation of oceanic transport assessments via contribution to upcoming MER-EP
(planned to start in 2025) - strong link to ORA-community
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—> Direct comparison to model-based transports challenging due to nature of used modelling grids

(a)

tripolar and displaced dipolar
grid (Winkelbauer et al., 2024)



StraitFlux

—>Tools for precise calculations of oceanic volume, heat, salinity and ice transports
for various CMIP6 models and reanalyses

« Available as python package via pypi
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StraitFlux - Validation

vr(p) +vocospsink; T' =T, +Tocospsin(k(A+1)))

tripolar Arakawa-C 0.25° tripolar Arakawa-C 1° dipolar Arakawa-C 1.5° dipolar Arakawa-B 1°

(CNRM-CM6-1-HR) (CanESM5) (MPI-ESM1-2-LR) (SAMO-UNICON)
Sotes i
Y e L
W 5o _ 0 s —————— . —w & — | - —~ .
75 - A el \ w - 75
" = - e ' w N -
50 A e < _',;"rf‘ =50
= 55 - - - " k95 =
2 > W © » % = &
g 01 0 &
-251 1 - 25
—50 - - —50
200 40 60 80 100 20 40 60 8 100 20 40 60 80 100 20 40 60 80 100
k k k
-0.9 -0.6 -0.3 0.0 0.3 0.6 0.9

difference [%]



StraitFlux - Validation

Large interpolation errors = calculations on native grid needed

(a) RAPID volume transports (b) RAPID heat transports
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