
Brief model description
The model used is the Community Firn Model (CFM).
[bookmark: _GoBack]The densification process in the model is based on the formulation of Kuipers Munneke et al. (2015) or on the formulation of the CROCUS model (Vionnet et al., 2012). The files containing results of the simulations using the Kuipers Munneke densification scheme are labelled CFM-KM and the files containing results of the simulations using the Crocus densification scheme are labelled CFM-Cr.
An advanced liquid water scheme is implemented in the model. We use a dual domain approach to separate matrix flow and preferential flow. The scheme is based on the one implemented  in SNOWPACK and described in Wever et al. (2016). Both matrix and preferential flow are governed by the Richards Equation with water transfers between the domains and refreezing applied every 15 minutes in accordance with the original flow scheme. Layers with density superior to the pore close-off density are impermeable to matrix flow but not to preferential flow. There are a few modifications with respect to the model described in Wever et al. (2016):
(i) We don’t use their equation (1) for the calculation of  but use a constant value.
(ii) We apply the runoff formulation of Zuo and Oerlemans (1996) in layers containing liquid water. However, runoff is not applied in saturated layers building up at the end of the domain, thus allowing for the formation and the persistence of firn aquifers.
(iii) We make saturated layers in the matrix flow domain impermeable to incoming flow.
There are two tuning parameters in the flow scheme of Wever et al. (2016): Θ (threshold preferential flow domain saturation for back flow to matrix flow domain) and N (number of preferential flow paths per m2). For the RETMIP experiments, we used the value Θ = 0.1 as Wever et al. (2016) and we used the smallest non-zero value tested for N and thus N = 0.2.
Note that the temporal resolution of the liquid water scheme itself is different from the 3 hourly temporal resolution of the model. The flow scheme uses an adaptive time step required for the solving of the Richards Equation. When 3 hours have passed, the flow scheme stops and the other routines of the Community Firn Model take place (densification, heat diffusion, etc.).
The model requires the grain size property. For the initial grain size at the surface, we use the equation (11) of Linow et al. (2012). Grain size growth is in accordance with equations (16) and (17) of Katsushima et al. (2009)and thus similar to equation (18) of Langen et al. (2017):

Initialisation of the model
To initialise the grain size, we use an analytical profile derived from equation (B3) in Arthern et al. (2010) where the grain size depends on the surface grain size, the annual mean surface temperature and the age of the layer.
For the initial age of every layer, we start by calculating a proxy of the age of the oldest initial layer by using the 1950-1999 average annual accumulation:
  
From there, we calculate a proxy of the age of each individual layer according to the part of the total mass above it:
 

At the bottom of the firn column, the model uses a Neumann temperature boundary condition. Thus, we add several high density layers initialised at the temperature provided in the protocol as the “Observed deep firn temperature” to account for the thermal mass of the ice sheet. These layers are not taken into account in our calculations of the outputs (e.g. for the total firn air content) and no water is allowed to flow in these layers.
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