Spatio-temporal changes in interannual sea level along the world coastlines
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Study made in the context of ESA CCI Sea Level project:
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Objectives:

» Study of the impact of internal climate modes on interannual coastal sea level

» Study on the cross-shore behavior from the coast towards the open ocean.

Data and Method:
» Method: use of Empirical Orthogonal Function (EOF) decomposition

» Data sets considered (over January 2002-June 2021)

(1) Coastal sea level data at the 1135 altimetry-based virtual coastal stations
(ESA CCI coastal sea level product, version v2.4)

(2) Gridded altimetry data from the Copernicus Climate Change Service (C3S)

(3) An ensemble mean of four ocean reanalyses

Results:

EOF décomposition of coastal sea level data over 2002-2021 (CCI product v2.4)
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EOF décomposition of the C3S gridded data over 2002-2021
(50-100km from coast)

mode: 1 (var: 0.26)
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1. As expected, dominant influence of ENSO worldwide on coastal sea level
at interannual time scale

2. Evidence of a 6-year cycle in coastal sea level in some regions
3. Evidence of a regime shift in coastal sea level as of 2010-2012

A regime shift in the Global Mean Sea Level (GMSL) and

components around 2012 ?

» Use of the “Bayesian Estimator of Abrupt change, Seasonal change and Trend

(BEAST)” method (Zhao et al. 2019)

 Search for changes in trend in sea level and components over the altimetry

era (1993-present)
 Different time series considered:

- GMSL (Copernicus altimetry-based DT2024 product)

- Thermosteric sea level (Argo-based SIO and IPRC products)

- Ocean mass (barystaticl update from Horwath et al., 2022):

- Individual mass components:

Ice sheets (Greenland + Antarctica; IMBIE product)

Glaciers (Copernicus product; Dussaillant et al., 2025)
Terrestrial Water Storage (TWS; GRACE data)
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Conclusions:

- Over the altimetry era, the global mean sea level can be interpreted as the
combination of two successive linear trends with a trend change in early 2012

- Trend shifts around 2010-2012 have been reported in different climate
variables, e.g.: Terrestrial water storage (Buzzanga et al., 2025), Sea level in
South China Sea (Cheng et al., 2023), Monsoon rainfall (Subrahmanyam et al.,
2025), North Pacific Sea Surface Temperature (Xiao and Ren, 2023), as well as

in many several others...

- Two hypotheses for explaining the observed climate shift around 2012:

- Natural (internal) climate variability (change in phase of the Pacific Decadal
Oscillation combined with a strongly negative North Atlantic Oscillation)

- Increase in radiative forcing (Forster et al., 2022) due to aerosols emission
reduction in the early 2010s (Jenkins et al., 2022) (especially in China, Liu et
al., 2024), possibly combined with additional mechanisms (cloud & sea ice

feedbaks) (Merchant et al., 2025).

More details in Leclecq et al., “ Regime shift in global mean sea level and its
components in the early 2010s”, submitted to Communications, Earth and

environment, 2025.
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