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Day 1: Closing meeting of the EPIDOM GICC project

Christophe Cassou (CERFACS) welcomed the participants to this final meeting of the EPIDOM project funded by the GICC from the French Ministry in which IPSL, CNRM and CERFACS were partners. This meeting was mainly organized to present the final results and conclusions from the project and criticize in a constructive way evolution of the project over the last four years. 
Emilia Sanchez-Gomez (CERFACS) presented an analysis of the drift in the CNRM-CM5 predictions produced for CMIP5 with 10 members and 9 startdates (every 5 years from 1960 to 2000) toward the historical simulations. She computed the heat transports in the atmospheric and oceanic components following Trenberth and Caron and she highlighted that the equilibrium of the climate system is driven by the ocean. The ocean heat transports are dominated by the Pacific region until forecast year 5, while the Atlantic processes emerge on longer timescales. A non-linear behaviour of the drift in the Atlantic region is seen with a weakening of the subpolar gyre, a build-up of sea ice in the Greenland-Iceland-Norvegian Seas, and an atmospheric response in sea level pressure with a negative anomaly. The historical simulation is still not reached after 10 years. An ENSO event is systematically triggered in the Pacific region after an initialization from a reanalysis. This effect is reduced when the tropical band is not nudged.

Yannick Leauté (CERFACS) presented work in progress on the elaboration of a statistical model to predict the North Atlantic SST based on a multiple linear regression from prediction output. He uses mainly local indices and a discussion followed on the need for using indices of tropical Pacific for example.

Didier Swingedouw (LSCE) presented some more evidence for the 20-year climate cycle of the IPSL-CM5 model: positive temperature and salinity anomalies in the Labrador Sea travel to the Greenland-Iceland-Norvegian (GIN) Seas in about 7 years, where they induce a decrease in sea ice cover extent and a decrease in sea level pressure which favours an increase in the East Greenland Current and negative anomalies in temperature and salinity are transported back to the Labrador Sea in about 3 years. The anomalies in the Labrador Sea generate convective anomalies about 2 years later which affect the AMOC about 9 years later. Volcanic eruptions affect the sea ice cover in the GIN Seas and the phase of the cycle. They precede AMOC maxima by 10-15 years. The Pinatubo eruption induced destructive interference with the Mont Agung and Chichon eruptions. The phasing of the 20-year cycle by volcanic eruptions is supported by the CMIP5 multi-model ensemble which simulate a 20-year cycle and by in-situ salinity (but they cover only 50 years). In a simulation of the last millennium where 5 volcanic eruptions of similar amplitude than the Chichon eruption occurred, temperature data from Greenland ice cores corroborate the proposed mechanism.

Eric Guilyardi (LOCEAN) presented a perfect model analysis of the performance of SST and SSS nudging in building an ocean reconstruction. The SST nudging near the sea ice edge can trigger an excessive convection unless SSS nudging is used in parallel. The SST nudging in the Tropics allows for capturing the tropical atmospheric circulation, the precipitation and evaporation and the SSS. The SST nudging only allows for reconstructing the vertical profile above winter mixed layer whereas the combined SST and SSS nudging allows for reconstructing the profile down to 2000m through a better representation of the formation of water masses with correct density, a better representation of the convection in the North Atlantic and the Southern Ocean, and a better representation of the Atlantic Meridional Overturning Circulation (AMOC). 

Yohan Ruprich-Robert (CERFACS) quantified the predictability of the Atlantic Multidecadal Variability (AMV) in a 100-year long pre-industrial control simulation. He estimated, using the diagnostic of relative entropy, that the predictability arising from the distance between the ensemble-mean and the control is larger than that the predictability coming from the spread between the members. He also showed that the positive phase of the AMV has a greater predictability (larger than 30 years) than the negative phase (about 25 years). A low predictability of the temperatures over Europe is obtained due to a conflict between a westward advection of oceanic anomalies and a SLP response which induces a southward advection from the Arctic. 

Juliette Mignot (LOCEAN) presented the set of decadal predictions produced at IPSL. 3 nudged simulations toward HadISST were initialized in 1948 from 3 different members of historical simulations. 1 set of decadal hindcasts with 3 members was initialized every 5 years from 1960 to 2005 from each of these nudged simulations. 1 of these sets of 3 members was extended to yearly startdates. IPSL-CM5 has a too large climate sensitivity and the Kharin method is used for detrending. The hindcasts are validated against the nudged simulations. Using the root mean square error, the anomaly correlation coefficient and the spread, the tropical variables are estimated to be predictable for the first 1-2 year, the variables in the Pacific for 2-3 years and in the North Atlantic for more than ten years. The predictability in North Atlantic SST is longer than the predictability in ocean heat content in the same region.

Agathe Germe (LOCEAN) used the CMIP5 decadal hindcasts produced with CNRM-CM5. A better potential skill, as measured by the spread between the members compared with the internal variability in the historical simulations, is obtained in winter sea ice extent (SIE) and thickness (SIT) than in their summer counterpart. A better potential skill is also obtained in the Atlantic Sector (Labrador, GIN seas) than in the Pacific Sector. The skill decreases with climate change in the Nordic Seas due to the shrinking of the marginal ice zone. A better skill against observations in forecasting the winter SIE in the Labrador and GIN Seas is consistently obtained when initializing. She also presented a few case studies performed with the IPSL-CM5 climate model where the impact of the AMOC on the sea ice predictability is investigated. No predictability is obtained in the Pacific Sector whereas predictability until 20 years ahead is obtained the GIN and Labrador Seas through the 20-year cycle presented by Didier Swingedouw. EC-Earth also exhibit a larger potential predictability in the Atlantic Sector than in the Pacific sector (Koenigk et al 2012). In ECHAM5/MPI-OM (Koenigk et al 2006), potential predictability of the sea ice arises in the Labrador Sea from the advection of anomalies by the transatlantic drift. In IPSL-CM5, the Fram sea ice export however show no predictability.

Jean-François Gueremy (CNRM) presented the results from two sister experiments: a low-top (62 levels) and a high-top (91 levels) performed with CNRM-CM5 with only 5 members.  The cold bias is reduced with the high-top version. The correlation skill in near surface temperature seems to be better in the mid-latitudes with the high-top version but the robustness remains to be assessed with a largest number of startdates. He also assessed the impact of the new atmospheric physics with 11 startdates and 10 members. The global drift is substantially reduced with the new physics.

Sebastien Nguyen (LOCEAN) presented the procedure to install the model, generate initial perturbations, launch the model, cmorize the outputs, quality check the data and upload them to BADC. 

Day 2: Kick-off meeting of the MORDICUS ANR project

Cristophe Cassou (CERFACS) presented the MORDICUS project funded by the ANR (Agence Nationale de la Recherche). This project aims at a better understanding of the internal variability modes, the response to external radiative forcing and their interactions, the links between oceans and the climate over the continents, and a better representation of all these processes in climate models. IC3 is a partner of MORDICUS.
Takeshi Izumo (LOCEAN) presented an analysis of the sea level variability in the Indian Ocean. The amplitude of the interannual variability is larger than the amplitude of the decadal variability, itself larger than the amplitude of the linear trend, hence rising an issue for detection of climate change signal. The decadal variability is mainly driven by the equatorial winds through planetary waves. He validated the Interdecadal Pacific Variability (IPV) and Pacific Decadal Oscillations (PDO) from the preindustrial control simulations against observations. In MORDICUS, the interactions IPV/ENSO and PDO/ENSO will be investigated as well as their impact on the sea level variability.

Francis Codron (LMD) illustrated the impact of an idealized AMOC prescribed as heat flux anomalies (positive in the North Atlantic, negative in the Southern Hemisphere, with a null integral) in the LMDZ model coupled to a slab ocean. An increase in precipitation in the northern Tropical band and decrease in the southern Tropical band are obtained. Different spatial distributions of the AMOC heat flux provide similar precipitation. The storm tracks move toward the poles. Temperature anomalies in the mid-latitudes impact directly on the clear sky radiative budget at all the longitudes, but a negative cloud retroaction also appears. In the Tropics, the response is dominated by the shift of the ITCZ and changes in humidity.  

Pablo Ortega (LOCEAN) investigated how long a SST and SSS nudging is necessary in coupled model for the the climate reconstruction to capture the essential features of the AMOC variability. Nudging for 15 years and 25 years before an AMOC peak allows for capturing the peak although it is better captured if nudging for 25 years in term of amplitude. Nudging for 10 (25) years are necessary to obtain significant sliding correlation for the ensemble-mean (individual members). A peak in convection precedes the AMOC peak by 7 years. Anomalies in NAO and ocean heat content down to 1000m are also seen to precede the AMOC peak. A Rossby wave could be involved in the propagation of temperature anomalies but this remains to be confirmed.

Miriam Khodri (LOCEAN) explained that ENSO events tend to start at the same time as tropical stratospheric volcanic eruptions (Li et al, NCC 2013). Sensitivity experiments with 10 members to the Pinatubo eruptions have been performed with IPSL-CM5. First, the cooling of the tropical band induces the formation of low clouds that amplify the cooling. Second, the dynamical response, through Rossby and Kelvin waves leads to an ENSO event, later than in the observations. 

Martine Michou (CNRM) described the new MACC aerosol scheme implemented in ARPEGE-climat v6.1. A perpetual 2000 simulation is validated against the MACC reanalysis.

Aurore Voldoire (CNRM) presented sensitivity experiments performed with CNRM-CM6 with SST nudging I the eastern tropical Pacific (HISSST), and wind stress nudging in the tropical Pacific (HISTAU). The plateau is captured with HISSST but only partially with HISTAU in which the temperature stabilizes at a too high level. Ocean heat content is trapped between about 200m and 500m in HISTAU.

Julien Cattiaux (CNRM) assessed the trend in NAO/NAM/AO in the CMIP3 A2 and CMIP5 RCP85 multi-model ensembles. He computed the NAM as the 1st EOF over the Arctic at SLP and Z500. He obtained a positive trend (no trend) at SLP for CMIP3 (CMIP5) and no trend (a negative trend) at Z500. The rate of sea ice loss is stronger in CMIP5 than CMIP3 due to model characteristics. Different emission scenarios induce different amplitudes of tropical warming and induced Rossby waves. The combination explains the different trends in NAM.

Alexis Vandevoorde (CERFACS) will assess the contributions from internal variability and from external forcings to the observed trends from the 10-member historical simulation performed with CNRM-CM5. He will the use the 2 members with the highest and lowest AMO phase in 2005 and compare their evolution until 2035.

Sandrine Bony (LMD) illustrated the fast response in the Tropics to an increase in CO2. In only a few days, an abrupt increase in CO2 induces a slow down of the ascending and descending flows, a decrease of the Hadley circulation and of the tropical precipitation even without any SST increase.

Christophe Cassou (CERFACS) presented the simulations performed for MORDICUS. They selected one positive and one negative AMV phase. From there, they initialized ensembles with an increase in CO2 (doubling in 30 years) = 2CO2, an increase in aerosols (from PI to 1990 value in 30 years) = AER, an increase in Chlore concentration (from PI to 1990 value in 30 years) to generate a ozone hole = O3, and the combination of those = ALL, the same experiments but with an abrupt increase in concentration, and they initialized ensembles with a Pinatubo eruption = PTUBO. The AMV+ and AMV- ensembles warm at the same rate in the transient 2CO2 and ALL with the same spatial distribution of the surface warming, except for local differences (over Asia). A deeper investigation is still required to better understand the local differences. An increase in aerosol generates a warming (cooling) in the Southern Ocean from AMV+ (AMV-). The AMV+ predictability is reduced by an increase in aerosol concentrations.

David Saint-Martin (CNRM) extended the two ensembles with abrupt increases in aerosol concentration and CO2 from AMV+ and AMV-. In 2xCO2 and 4xCO2, similar climate sensitivity are obtained for the AMV+ and AMV- ensembles. There is a higher noise in the response to the aerosol changes. AMV+ and AMV+ response are distinct for about the first 5 years. A stronger decadal variability is seen in the two ensembles than in the control. Further investigation is still required. 

Thomas Oudar (CNRM) compared the distributions of the Southern Annular Mode (SAM) indices in PICTL, HIST, HISTANT, and HISTNAT produced with CNRM-CM5. In DJF, a positive SAM trend can be attributed to the anthropogenic impact. This analysis will be furthered with the MORDICUS simulations to separate the impact of the CO2, the aerosols, and the ozone.

Sandrine Bony (LMD) presented the simulations planned for CMIP6: the DECK = Developement, Evaluation and Characterization Klima (DECK) core experiments which comprise AMIP-type, preindustrial control (PICTL), 1%CO2 to quadrupling, abrupt 4xCO2, historical simulations followed by RCP8.5. The DECK should be fully defined by the summer and the historical simulation should be ready by spring 2015.
Some discussions followed on the experiments and analyses planned within MORDICUS.
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