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Understanding climate variations and changes is a research topic with important social and economical 

implications. Public understanding and perception of climate variations are nevertheless complex, due to the 

interplay of externally-forced climate change and internal variability arising from the climate components and 

their interactions. The large amount of studies on decadal predictability and predictions that have fed the last 

IPCC-AR5 report have shown that the highest prediction skill beyond the effect of external forcing is obtained in 

the North Atlantic Ocean (Hazeleger et al. 2013; Doblas-Reyes et al. 2013). Yet, this report also underlines the lack 

of robust understanding of the origin of predictability and therefore the need for a better identification of the 

mechanisms responsible for climate variability and the associated modes of climate variability. Furthermore, 

initial conditions in the ocean are a great source of prediction skill in the North Atlantic sector but their 

observations suffer from high uncertainty. The impact of uncertainty in the initial conditions for the predictions 

has been poorly investigated up to now, although it is a necessary step to obtain robust decadal predictions. This 

project has proposed advances on both understanding sources of predictability as well as better assessing 

uncertainty.  

Fig. 1 : AMOC evolution in the IPSL-CM6A-LR control 

simulation and potential predictability 

 
black : Time series of the AMOC maximum in the IPSL-

CM6A-LR piControl simulation. Colors : 9 experiments 

of potential predictability, consisting of 10 members 

perturbed initially by a weak random white noise in 

surface and integrated for 20 years.  

Fig. 2: Annual mean of the surface anomalous 

temperature surface induced by a perturbation of the 

deep ocean temperature 12 years before.  

                   
The deep ocean temperature perturbation is a "Linear 

Optimal Perturbation" as developed by Sevellec and 

Fedorov (2017). Here it is shown to be able to generate a 

significant (dots) and intense (of +2 K) heat wave for 1 

year over northern Europe, 12 years after having been 

introduced. Reproduced from Germe et al (2018). 

Main achievements are 

1. An early analysis of the IPSL-CM6 decadal variability, in its early stage of development, so as to assist the 

tuning process (M2 internship I. Deligiannis, PhD thesis Weimin Jiang). A strong and robust centennial 

variability in the Atlantic and Arctic ocean was detected in the early stage of the model development and 

analysed first by the master student and then in depth by the PhD student. This variability is linked to an 

accumulation of salt in the Arctic Ocean flushing regularly into the Atlantic Ocean thereby modifying the 

large scale oceanic circulation (AMOC) (Jiang et al. 2020 Clim. Dyn.). It has consequences on the global 

climate simulated by the model. This variability has a strong impact on the potential predictability of the 

climate model (Fig. 1): The Atlantic and Arctic sectors are potentially predictable over more than 20 

years. This predictability partly translated to air-sea CO2 fluxes, except in areas partly covered by sea ice 

(M2 C. Mosneron-Dupin) 

2. An analysis of the impacts of oceanic deep temperature perturbations in the North Atlantic on decadal 

climate variability and predictability (Fig. 2). Optimal perturbations of the AMOC have been identified 

from the adjoint of the tangent linear version of the oceanic component of the IPSL climate model. These 
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patterns have been applied in the coupled model and firstly, we have shown that their impact on the 

oceanic circulation is consistent with expectations, that is an AMOC intensification linear with the 

magnitude of the perturbation (Fig. 2). Germe et al. (2018) also showed an impact on atmospheric 

temperature, thereby highlighting the importance of monitoring the deep ocean for accurate climate 

predictions.   

3. A dynamical attribution of oceanic prediction uncertainty in the North Atlantic. Two sources of 

uncertainty were identified:  due to oceanic mesoscale eddies and due atmospheric synoptic noise, 

respectively. Idealized experiments performed with a linear adjoint model initially perturbed with either 

source of uncertainty showed that the atmospheric synoptic noise is the source of uncertainty in the 

subtropical gyre, thereby limiting predictive power. The oceanic uncertainty on the other hand is 

dominant for AMOC predictability limits on interannual timescale.  

Future of the project : 

This project has motivated the members of the consortium to submit an ANR project related to decadal variability 

and predictability in the North Atlantic with a variety of tools and analysis (EULIP), project submitted 3 years in a 

row and unfortunately not funded.  

This project has motivated the preparation of the successful MOPGA project ARCHANGE, letting A. Fedorov 

integrate the LOCEAN as guest visitor + 1 post-doctoral fellow working explicitly on follow-ups of DECLIC (B. 

Ferster, variability in IPSL-CM6A-LR and sensitivity of the AMOC and North Atlantic to remote perturbations)  

This project has paved the way for the IPSL CMIP6-DCPP protocol performed at an early stage (first group that 

submitted DCPP data) with the IPSL-CM6A-LR model configuration. 
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