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Théorie 		   	Un peu		
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Analyse de données		Beaucoup
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SUJET :
The low-frequency variability of the climate system is traditionally described in terms of modes with well-defined spatial structure and time evolution. The Pacific Decadal Oscillation (PDO) is the dominant mode of sea surface temperature (SST) variability in the North Pacific Ocean. In its positive phase, it involves warmer-than-average temperature along the west coast of North America and in the tropical Pacific, and colder conditions in the rest of the North Pacific. The signs are opposite in the negative phase. The PDO is closely related to the Pacific-wide Interdecadal Pacific Oscillation (IPO). Warm and cool PDO phases alternate on interannual to multidecadal timescales. The PDO influences regional and global climate, including drought in western United States, North Pacific marine heat waves, marine and terrestrial ecosystems, fisheries, and northern European precipitation in winter. It is generally believed that the PDO reflects natural, unforced climate variability driven by stochastic atmospheric fluctuations, ocean dynamics, air-sea feedback, and coupled tropical-extratropical variability. However, a few recent studies suggest that the PDO may in part reflect the North Pacific response to changes in anthropogenic forcing. Although individual historical climate simulations do not reproduce the observed decadal PDO behavior, averaging large ensembles of multi-model simulations, which strongly reduces natural variability and the impact of model biases, indeed shows that the multi-model mean decadal PDO evolution resembles the observed one, albeit with a much smaller amplitude (Clément et al. 2026). In the Atlantic, a substantial fraction of the Atlantic multidecadal variability (AMV) – the dominant mode of low-frequency SST variability in that basin – is driven by greenhouse gases, aerosol forcing, volcanic eruption and solar activity, but it is not known whether the PDO is forced similarly or only reflects its relationship with the forced AMV. 	
As the PDO and AMV are climate modes of variability that are intrinsic to the Pacific and Atlantic regions, respectively, the forced PDO and AMV are distinct from the global SST evolution. Yet PDO and AMV definitions may not clearly distinguish between them. The PDO is defined as the first Empirical Orthogonal function (EOF) and associated principal component of North Pacific SST anomalies with the monthly global mean SST removed, while the AMV is the low-frequency departure of the mean North Atlantic SST from a linear or other trend that represents global warming. Since both PDO and AMV contribute to the global mean SST, these definitions might introduce artificial correlations between the PDO and the AMV. This project aims at singling out the PDO response to anthropogenic forcing and external changes in the historical period when reliable observations are available as well as many large ensembles of historical climate model simulations. 
Separating the specific forced PDO and AMV from the forced global mean SST evolution requires a robust estimation of the latter. We will use a novel approach based on a Machine learning approach, namely the UNet3D-LOCEAN Encoder Decoder (Bone et al. 2024). This method is trained using CMIP6-like historical simulation ensembles to remove internal variability. In the ForceSMIP project, it was shown to be among the very best methods for estimating the forced SST evolution (Wills et al 2026). The UNet3D-LOCEAN will provide the forced SST evolution at each grid point for the observations and each member of historical simulation ensembles. These forced SST signals include the forced response of the PDO and the AMV (and other climate modes). We will develop an iterative approach to rigorously single out the forced AMV and PDO variabilities in both observation and historical climate simulations, and we will investigate their time evolution. The objective will finally be to establish whether our estimates of the forced PDO are correlated between observations and climate model simulations, as previously claimed. An additional outcome will be to compare both the forced and internal fluctuations of AMV and PDO respectively. Indeed, the latter point is a controversial topic since most analyses of observations and climate model simulations suggest no significant link (e.g. Fenske and Clément 2022) while pacemaker experiments with climate models suggest that the AMV drives some PDO response (Jiang et al; 2025). Distinguishing between forced and natural PDO variability, which are governed by different mechanisms and timescales, is critical for understanding historical climate changes, investigating earlier North Pacific variability, and predicting the PDO future evolution.

Ce stage sera dirigé par Claude Frankignoul, professeur émérite, Juliette Mignot, directeur de recherche, et Guillaume Gastineau, professeur à Sorbonne université.
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POURSUITE :
Ce stage pourrait peut-être donner lieu à un sujet de thèse 

 


