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Figure 1. (a) 10-yr mean precipitation rate (
[image: image2.wmf]1
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)  used by Crocus (forced by CNRM-CM5.1 atmospheric outputs) against near-surface air temperature in °C (grey dots). Each dot corresponds to a grid point of the GrIS. The dashed line is a RMS exponential fit of these data and P is the corresponding Pearson correlation coefficient. The annual data averaged over the entire GrIS are represented as brown dots. (b) Same as (a), but for snow-ratio (snow precipitation over total precipitation). The dashed line is a RMS co-sinusoidal fit of these data. (c) Same as (b), but for solid precipitation rate. The dashed line is the product of the two previous fits.
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Figure 2. 10-year mean snowmelt (
[image: image4.wmf]1

2

yr

m

kg

-

-

×

×

) simulated by Crocus (forced by CNRM-CM5.1 atmospheric outputs) against near-surface air temperature in °C (grey dots). Each dot corresponds to a grid point of the GrIS. The dashed-dotted line is a RMS polynomial fit of these data and P is the corresponding Pearson correlation coefficient. The annual data averaged over the entire GrIS are represented as brown dots.
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Figure3. 10-year mean sublimation rate (
[image: image6.wmf]1
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) simulated by Crocus (forced by CNRM-CM5.1 atmospheric outputs) against near-surface air temperature in °C (grey dots). Each dot corresponds to a grid point of the GrIS. The dotted line is a RMS linear fit of these data and P is the corresponding Pearson correlation coefficient. The annual data averaged over the entire GrIS are represented as brown dots.
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Figure 4. 10-year mean surface mass balance (
[image: image8.wmf]1
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) simulated by Crocus (forced by CNRM-CM5.1 atmospheric outputs) against near-surface air temperature in °C (grey dots). Each dot corresponds to a grid point of the GrIS. The dashed, dash-dotted and dotted lines are respectively the fits for the solid precipitation rate, snowmelt and sublimation. The solid line is the sum of the previous three. P is the Pearson correlation between the obtained function and the data. The annual data averaged over the entire GrIS are represented as brown dots.
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Figure 5. The block-scheme of the downscaling. Abbreviations: LR – low resolution, HR – high-resolution, GCM – general circulation model, RFN – refined (topography).
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Figure 6. Surface mass balance changes (
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) against altitude variations (lower X axis, in m) and the equivalent temperature variations assuming a constant lapse rate (upper X axis, in °C). The different curves correspond to different near-surface air temperatures without any altitude change (
[image: image12.emf]ΔH =0

). Black solid points mark the temperature at which the SMB function B reaches its maximum. 
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Figure 7. (a) Annual mean 1989-2008 raw surface mass balance (m/yr in water equivalent) modelled by CNRM-CM5.1 on the original 150km grid. For 2006-2008 the RCP8.5 climate scenario is considered. The K-transect is represented as the solid, bold segment (b) Same as (a)  for CNRM-CM5.1 SMB bilinearly interpolated from 150km to 15km-resolution. (c) Same as (a) for downscaled CNRM-CM5.1 SMB. (d) Same as (a)for the SMB modelled by Crocus forced by CNRM-CM5.1 atmospheric outputs. (e) Same as (d) for Crocus forced by ERA-Interim. (f) Same as (e)t for RCM MAR driven by ERA-Interim lateral boundary conditions.
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Figure 8. The CNRM-CM5.1 topography, interpolated from 150km to 15km, minus the ETOPO1 topography of the GrIS (in m).
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Figure 9. Same as Fig. 7 for the annual mean surface albedo (interval range [0-1]).
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Figure 10. Same as Fig. 7 for the difference “MAR SMB (Fig. 8f) minus all the other SMBs from Fig. 8”
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Figure 11. (a) Cross-section of the GrIS along the K-transect (67°N) for CNRM-CM5.1, ETOPO1 and MAR topographies (in m above sea-level). Cross-sections are averaged in the band [66.5°N-67.5°N]. For RCM MAR , the original 5x5km² grid data are used. (b) Same as (a) for annual mean 2000-2010 surface mass balance (
[image: image18.wmf]1
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). For 2006-2010, the RCP8.5 scenario is considered. Dashed and dotted blue lines correspond respectively to the raw and to the downscaled CNRM-CM5.1 simulations, red and green solid lines correspond respectively to Crocus simulations forced by CNRM-CM5.1 atmospheric outputs and ERA-Interim, black line corresponds to RCM MAR simulations driven by ERA-Interim lateral boundary conditions and brown lines correspond to the AWS observations. (c) Same as (b) for summer surface albedo; black line corresponds to MODIS observations. 
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Figure 12. Different quantities averaged over the GrIS. The curves in black and red respectively correspond to the MAR and nudged CNRM-CM5.1 simulations. Top row: Annual mean near-surface air temperature (left, in °C) and annual  precipitation (right, in 
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liquid water equivalent). Bottom row: annual snow melt rate and surface mass balance (respectively left and right, in 
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 liquid water equivalent).   
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Figure 13. (left column) - July near-surface air temperature (°C) for the points A, B and C correspondingly. Solid and dotted blue lines correspond to the raw (interpolated) and the downscaled CNRM-CM5.1 outputs for PICTL-HIST-RCP8.5 climate scenarios respectively, red line – its Crocus/CNRM-CM5.1 counterpart, green and black lines - ERA-Interim forcings used by Crocus and RCM MAR respectively. The time axis is nonlinear and represents successively merged together the intervals within which the data were available. (The centre column) – the same as (the left column) for the July albedo (interval range [0-1]). (The right column) – the same as (the left column) for the July SMB (
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x 1000); here thin, normal and bold grey lines correspond to SMB calculated by Reeh (1991), Thompson and Pollard (1997), Tarasov and Peltier (2002) PDD method respectively.
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Figure 14. Annual near-surface air temperature (°C) averaged over the entire GrIS. Blue and red lines correspond to RCP4.5 and RCP8.5 future climate scenarios, respectively, green and black lines (thin: annual mean data, bold: 5-yr running mean) correspond to ERA-Interim forcings used by Crocus and RCM MAR. Dashed and dotted lines correspond to the raw and downscaled temperature of CNRM-CM5.1 simulations, respectively, and solid lines represent Crocus simulations. For all the output based on CNRM-CM5.1 data, time-interpolation is applied between the snapshots averaged by 10-yr chunks (centred in 1850, 1995, 2050, 2095, 2195, 2295) in order to generate continuous data over the entire 1850–2300 time period. 
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Figure 15. Same as Fig. 14, (a) for the annual mean solid precipitation (
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), (b) sublimation, (c) snowmelt and (d) surface mass balance.
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Figure 16. (a) Annual mean 2001–2010 CNRM-CM5.1 surface mass balance (m/yr in water equivalent) downscaled from 150km to 15 km-resolution. For 2006-2010 the RCP8.5 scenario is considered. (b) Difference (a) minus the corresponding raw CNRM-CM5.1 SMB for 2001-2010. (c) and (d) Same as respectively (a) and (b) for 2291–2300.
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Figure 17. (a) The rate of total GrIS SMB change from the end of the pre-industrial era (1850) expressed in global sea level rise rate equivalent (mm/yr). Blue and red lines correspond to RCP4.5 and RCP8.5 future climate scenarios, respectively. Dashed and dotted lines correspond to the raw and downscaled CNRM-CM5.1 simulations, respectively; solid lines correspond to Crocus simulations. For output based on CNRM-CM5.1 data, time-interpolation is applied between the averaged snapshots (centred in 1850, 1995, 2050, 2095, 2195, 2295) in order to generate continuous data over the entire 1850–2300 time period. (b) Same as (a)for the cumulative total GrIS SMB change from the end of the pre-industrial era (1850) expressed in absolute sea level rise equivalent (mm).
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