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This supplementary contains descriptions of the models used for the transient simulations and two additional figures.
Description of the IPSL-CM-TR5AS model
The IPSL-Vlr01 simulation was run with the IPSL-CM-TR5AS model, an updated version of the IPSLCM5A-LR model used for PMIP3-CMIP5 (Dufresne et al., 2013; Kageyama et al., 2013) with improved climatology and computing performance (Sepulchre et al., 2020). Sea ice is run at the ocean horizontal resolution and land surface at the atmospheric horizontal resolution. The carbon cycle over land and ocean is fully interactive. However, atmospheric CO2 concentration is prescribed, as is vegetation type. The transient simulation was begun from last year of a mid-Holocene simulation that was run following the PMIP4 mid-Holocene protocol for orbital and greenhouse gas forcing (Otto-Bliesner et al., 2017). Results from the IPSL-Vlr01 simulation have been discussed in Braconnot et al. (2019a). 
Description of the IPSL-CM-TR6AV
The IPSL-Sr02 simulation was run with the IPSL-CM-TR6AV model, an updated version of the IPSLCM5A-MR model (Dufresne et al., 2013) in which the land surface component has been substantially modified to include a 11 layer hydrology, a new snow model and dynamical vegetation (Braconnot et al., 2019b). This model version couples the LMDZ atmospheric model with 144 × 142 grid points in latitude and longitude (2.5° × 1.27°) and 39 vertical levels (Hourdin et al., 2013) to the ORCA2 ocean model at 2° resolution (Madec, 2008). The ocean biogeochemical model PISCES is also coupled to the ocean physics and dynamics to represent marine biochemistry and the carbon cycle (Aumont and Bopp, 2006). The land surface scheme is based on the ORCHIDEE model (Krinner et al., 2005), which includes a mosaic vegetation representation in each grid box, based on 13 plant functional types (PFTs), and has an interactive carbon cycle (Krinner et al., 2005). The land surface model has been updated by inclusion of a 11- layer physically based hydrological scheme (de Rosnay et al., 2002) to replace the original 2-layer bucket-type hydrology (Ducoudré et al., 1993). It also includes a new prognostic 3-layer snow model (Wang et al., 2013). ORCHIDEE includes a river runoff scheme to route runoff to the river mouths or to coastal areas (d’Orgeval et al., 2008) and a scheme for routing ice melt to the ocean (Marti et al., 2010).
Description of the AWI-ESM2 model 
AWI-ESM2 is an extension of the AWI climate model version 2 (AWI-CM2) (Sidorenko et al., 2019; https://fesom.de/models/awi-esm/). The atmospheric module is represented by the general circulation model ECHAM6 (Stevens et al., 2013), here run at T63 horizontal resolution (~180 km). The ocean and sea-ice model is based on FESOM2 (Danilov et al., 2017) and is based on the finite volume discretization formulated on unstructured meshes. The spatial resolution for the ocean is up to 15 km over polar and coastal regions, and 135 km for far-field oceans, with 46 uneven vertical depths. AWI-ESM2 includes the land surface model JSBACH, which is based on a tiling of the land surface and includes dynamic vegetation with 12 plant functional types and two types of bare surface (Reick et al., 2013). This model has been evaluated under modern climate conditions (Sidorenko et al., 2019) and has been used in a number of applications (e.g., Lohmann et al., 2020; Vorrath et al., 2020; Kageyama et al., 2021; Otto-Bleisner et al., 2021; Lamping et al., 2021). 
Description of the MPI-ESM model 
The MPI-ESM includes the atmospheric model ECHAM6 (Stevens et al., 2013). The ocean module is MPI-OM (Jungclaus et al., 2013), which includes a sea-ice model and the biogeochemical chemistry model HAMOCC (Ilyina et al., 2013). The land-surface module, JSBACH (Reick et al., 2013) includes dynamic vegetation. The model version applied here includes several updates and corrections compared to the CMIP5 version (Giorgetta et al., 2013) and is identical to the model used in the MPI “Grand Ensemble” project (Maher et al., 2019). The Holocene transient simulation corresponds to the simulation with dynamical vegetation presented in Dallmeyer et al. (2021) and was begun after a 3000 year spin-up, with constant boundary conditions fixed at 7950 BP (Dallmeyer et al., 2021).
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Figure S1	Mid- and late Holocene (a) mean WAMR and SST conditions and (b) associated variability. The mean conditions are computed along the first and last 500 years of the 6000-yr long simulations. The variability is defined as the mean standard deviation computed on 20-yr chunks for each of the two 500 year periods (25 chunks).

[image: ]

Figure S2	Mid- to late Holocene evolution of unfiltered WAMR in the (a) IPSL-Vlr01, (b) IPSL-Sr02, (c) AWI and (d) MPI simulations. The WAMR index is defined as the rainfall area-averaged in the 7°-15°N – 15°W-20°E region.
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Figure S3	Mid- to late Holocene evolution of the northern edge of 500-year low-pass filtered WAMR in the (a) IPSL-Vlr01, (b) IPSL-Sr02, (c) AWI and (d) MPI simulations. The WAMR index is defined as the rainfall area-averaged in the 20°-30°N – 20°W-5°E region.
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Figure S4	Same as Fig. 5 but for 500-year low-pass filtered anomalies regressed onto the EOF2 principal component.
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