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S1 Best-fit density profiles

We outline the best-fit depth-density profiles for each study site, density ρ is in g cm−3 and depth z is in meters. For the coastal

ice rises, the best-fits are obtained applying the Hubbard et al. (2013) exponential depth-density fit, using a surface density that

matches best that of the surface, and changing the other two parameters until the R2 fit between the raw ice core densities and

the fit is minimized, from the interval comprised between the surface and the depth of the deepest IRH of the radar survey. For5

Dome Fuji, we use the Van Liefferinge et al. (2021) linear relationship provided between depth and density.

– Blȧskimen Island: ρ= 0.910− 0.4261 e−0.024z (R2 = 0.93)

– Kupol Moskovskij: ρ= 0.910− 0.4599 e−0.034z , (R2 = 0.96)

– Kupol Ciolkovskogo: ρ= 0.910− 0.4735 e−0.038z , (R2 = 0.95)

– Djupranen: ρ= 0.910− 0.4835 e−0.033z , (R2 = 0.85)10

– Leningradkollen: ρ= 0.910− 0.4846 e−0.045z , (R2 = 0.64)

– Hammarryggen: ρ= 0.910− 0.465 e−0.028z, (R2 = 0.99)

– Lokkeryggen: ρ= 0.910− 0.450 e−0.030z , (R2 = 0.99)

– Derwael: ρ= 0.910− 0.510 e−0.026z , (R2 == 0.98)

– Dome Fuji: ρ= 0.00911 z+0.331, (R2 = 0.39)15

1



0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5
depth [m]

0.45

0.50

0.55

0.60

0.65
de

ns
ity

 [g
 m

3 ]

BI16

best-fit
measurements

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
depth [m]

0.45

0.50

0.55

0.60

0.65

de
ns

ity
 [g

 m
3 ]

KM16

best-fit
measurements

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
depth [m]

0.40

0.45

0.50

0.55

0.60

0.65

0.70

de
ns

ity
 [g

 m
3 ]

KC16

best-fit
measurements

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5
depth [m]

0.35
0.40
0.45
0.50
0.55
0.60
0.65

de
ns

ity
 [g

 m
3 ]

Dj21

best-fit
measurements

0 2 4 6 8
depth [m]

0.35
0.40
0.45
0.50
0.55
0.60
0.65

de
ns

ity
 [g

 m
3 ]

Le21

best-fit
measurements

0 10 20 30 40 50
depth [m]

0.5

0.6

0.7

0.8

0.9

de
ns

ity
 [g

 m
3 ]

T18

best-fit
measurements

0 10 20 30 40 50
depth [m]

0.5

0.6

0.7

0.8

0.9

de
ns

ity
 [g

 m
3 ]

F17

best-fit
measurements

0 10 20 30 40 50
depth [m]

0.4

0.5

0.6

0.7

0.8

0.9

de
ns

ity
 [g

 m
3 ]

IC12

best-fit
measurements

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5
depth [m]

0.3

0.4

0.5

0.6

de
ns

ity
 [g

 m
3 ]

NDFN

best-fit
measurements

1

Figure S1. Density profiles for each ice core. Raw density measurements in blue and best-fit exponential or linear profile in black.
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Fig. S1 shows the raw ice core densities and the best-fit profiles from the surface to teh deepest IRH traced at each site.

The best-fit density profiles can then be integrated as a function of depth, to obtain a profile of cumulative mass versus depth.

Cumulative mass CMk (expressed in m w.e.) from the surface and a given depth z is given by the expressions below:

– Blȧskimen Island: CMk = 0.910 z+ 0.4261
0.024 e−0.024z − 17.75

– Kupol Moskovski: CMk = 0.910 z+ 0.4599
0.034 e−0.034z − 13.5320

– Kupol Ciolkovskogo: CMk = 0.910 z+ 0.4735
0.038 e−0.038z − 12.46

– Djupranen: CMk = 0.910 z+ 0.4835
0.033 e−0.033z − 14.65

– Leningradkollen: CMk = 0.910 z+ 0.4846
0.045 e−0.045z − 10.77

– Hammarryggen: CMk = 0.910 z+ 0.465
0.028 e−0.028z− 16.61

– Lokkeryggen: CMk = 0.910 z+ 0.450
0.03 e−0.030z − 15.0025

– Derwael: CMk = 0.910 z+ 0.510
0.026 e−0.026z − 19.62

– Dome Fuji: CMk = 0.00911
2 z2 +0.331 z

S2 Radar density spatial variability

We show the spatial variability of the density profiles calculated for every point of each radar survey. This is used to constrain

the density-related SMB uncertainty.30
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Figure S2. Spatial variability of the density, calculated for each radar data point. Each panel shows the result for a study site, with the

site labeled in the top right corner. The black curve is the calculated mean density over the entire radar survey, the gray curves show each

individual density profile and the red curves show the 1 standard deviation error. Horizontal black dashed lines highlight the radar IRH depths

for context. Note that the vertical and the horizontal scales vary from site to site.

S3 SMB uncertainties for each site

We provide the calculated SMB uncertainty site by site, and as a function of depth, for the ice core and the radar data, in Tables

S1 and S2.
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Table S1. Radar SMB uncertainty for each site, given in % of the radar-derived SMB for each time interval.

Interval BI KM KC Dj Le Ha Lo De DF

1 1.7 1.7 1.8 2.8 5.8 0.9 0.5 0.6 1.1

2 1.7 1.8 1.9 2.9 6.1 1.0 1.0 0.7 1.2

3 1.8 1.9 2.0 3.0 6.4 1.2 1.7 1.2 1.3

4 2.0 2.0 2.4 3.2 6.7 1.8 2.5 1.8

5 2.1 3.4 6.9 2.6 3.4 2.5

6 2.5 3.9 3.5 4.4 3.3

7 3.0 5.4

Table S2. Ice core SMB uncertainty for each site, given in % of the ice core SMB for each time interval.

Interval BI KM KC Dj Le Ha Lo De NDFN

1 3.8 4.1 3.7 6.3 8.5 3.5 1.8 5.0 16.5

2 3.6 3.7 3.3 5.9 8.0 3.2 1.5 4.1 15.2

3 3.4 3.5 3.0 5.7 7.5 2.9 1.5 3.7 13.7

4 3.2 3.3 2.9 5.3 7.0 2.7 1.4 3.6

5 3.2 5.0 6.6 2.5 1.4 3.5

6 3.1 4.8 2.4 1.4 3.3

7 3.0 1.3

S4 SMB spatial distribution through time

We show the spatial distribution of SMB for each time interval for all sites, except BI already shown in Fig. 4 of the main35

manuscript.

5



Figure S3. Spatial distribution of SMB through time at KM. Each panel represents a different time interval, going from most recent at the

top left, to the oldest at the bottom right. Contours are REMA v2.0 elevation contours, with a 30 m interval, gray arrows show the mean wind

direction (RACMO2.3 5.5 km simulations over 1979–2017, Lenaerts et al. (2017); Van Wessem et al. (2018)). The wind magnitude scale is

shown on top of the first panel. Numbers in lower right corner of each panel are radar area average SMB – ice core SMB.
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Figure S4. Spatial distribution of SMB through time at KC. Each panel represents a different time interval, going from most recent at the top

left, to the oldest at the bottom right, the time intervals are provided in the top left corner of each frame. Contours are REMA v2.0 elevation

contours, with a 30 m interval, gray arrows show the mean wind direction (RACMO2.3 5.5 km simulations over 1979–2017, Lenaerts et al.

(2017); Van Wessem et al. (2018)). The wind magnitude scale is shown on top of the first panel. Numbers in lower right corner of each panel

are radar area average SMB – ice core SMB in cm w.e. yr−1.

S5 Definition of the SMB temporal variability

The uncertainty in measuring temporal variability from a point measurement ∆obst is calculated as the amplitude of the

difference between the ice core SMB and the area averaged SMB at each site, provided from the radar spatial average. The

mean SMB bias between the two proxies is first removed by calculate the ice core and the radar-derived SMB anomalies (i.e.40

SMB record minus its temporal mean), at each radar location. ∆obst is defined as below, in m w.e. yr−1:

∆obst = σ(νradar − νic) (S1)

with ν is the SMB residual of the proxy (SMB record minus its temporal mean), σ is the standard deviation and ic stands for

ice core. The SMB residual of each proxy is given by ν = SMB−SMB, where SMB is the temporal mean of the SMB.
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Figure S5. Spatial distribution of SMB through time at Dj. Each panel represents a different time interval, going from most recent at the top

left, to the oldest at the bottom right, the time intervals are provided in the top left corner of each frame. Contours are REMA v2.0 elevation

contours, with a 30 m interval, black arrows show the mean wind direction (RACMO2.3 5.5 km simulations over 1979–2017, Lenaerts et al.

(2017); Van Wessem et al. (2018)). Numbers in lower right corner of each panel are radar area average SMB – ice core SMB in cm w.e. yr−1.
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Figure S6. Spatial distribution of SMB through time at Le. Each panel represents a different time interval, going from most recent at the top

left, to the oldest at the bottom right, the time intervals are provided in the top left corner of each frame. Contours are REMA v2.0 elevation

contours, with a 30 m interval, gray arrows show the mean wind direction (RACMO2.3 5.5 km simulations over 1979–2017, Lenaerts et al.

(2017); Van Wessem et al. (2018)). The wind magnitude scale is shown on top of the first panel. Numbers in lower right corner of each panel

are radar area average SMB – ice core SMB in cm w.e. yr−1.
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Figure S7. Spatial distribution of SMB through time at Ha. Each panel represents a different time interval, going from most recent at the top

left, to the oldest at the bottom right, the time intervals are provided in the top left corner of each frame. Contours are REMA v2.0 elevation

contours, with a 30 m interval, gray arrows show the mean wind direction (RACMO2.3 5.5 km simulations over 1979–2017, Lenaerts et al.

(2017); Van Wessem et al. (2018)). The wind magnitude scale is shown on top of the first panel. Numbers in lower right corner of each panel

are radar area average SMB – ice core SMB in cm w.e. yr−1.
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Figure S8. Spatial distribution of SMB through time at Lo. Each panel represents a different time interval, going from most recent at the top

left, to the oldest at the bottom right, the time intervals are provided in the top left corner of each frame. Contours are REMA v2.0 elevation

contours, with a 30 m interval, gray arrows show the mean wind direction (RACMO2.3 5.5 km simulations over 1979–2017, Lenaerts et al.

(2017); Van Wessem et al. (2018)). The wind magnitude scale is shown on top of the first panel. Numbers in lower right corner of each panel

are radar area average SMB – ice core SMB in cm w.e. yr−1.
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Figure S9. Spatial distribution of SMB through time at De. Each panel represents a different time interval, going from most recent at the top

left, to the oldest at the bottom right, the time intervals are provided in the top left corner of each frame. Contours are REMA v2.0 elevation

contours, with a 30 m interval, gray arrows show the mean wind direction (RACMO2.3 5.5 km simulations over 1979–2017, Lenaerts et al.

(2017); Van Wessem et al. (2018)). The wind magnitude scale is shown on top of the first panel. Numbers in lower right corner of each panel

are radar area average SMB – ice core SMB in cm w.e. yr−1.
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Figure S10. Spatial distribution of SMB through time at DF. Each panel represents a different time interval, going from most recent at the top

left, to the oldest at the bottom right, the time intervals are provided in the top left corner of each frame. Contours are REMA v2.0 elevation

contours, with a 30 m interval, gray arrows show the mean wind direction (RACMO2.3 27 km simulations over 1979–2017, Lenaerts et al.

(2017); Van Wessem et al. (2018)). The wind magnitude scale is shown on top of the first panel. Numbers in lower right corner of each panel

are radar area average SMB – ice core SMB in cm w.e. yr−1.
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To normalize across sites with differing SMB rates, we normalize by the temporal variability of the ice core measurement45

defined, i.e. ∆obst is normalized to the standard deviation of the ice core SMB residual, as defined below:

∆obst(%) =
σ(νradar − νic)

σ(νic)
× 100 (S2)

∆µt = SMBradar −SMBic (S3)
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S6 Quantification of the SMB representativeness

We show the relative difference in mean SMB between the point measurement (ice core) and the area mean, as well as the50

relative uncertainty in measuring temporal variability from a point measurement ∆obst(%), for all radar product resolutions

considered (Fig. S11). It is clear that the resolution chosen does not influence the result .
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Figure S11. (left) Difference in mean SMB value between the point measurement (ice core) and the area mean and (right) the relative

uncertainty in measuring temporal variability from a point measurement ∆obst(%), for all radar product resolutions considered. Each site is

represented by a different color, gray dots imply that the difference is negligible with respect to the SMB uncertainties. The size of the dots

represents the number of grid points within the radial distance. The results obtained for all three radar gridding cell sizes are shown together

(50 m, 100 m and 250 m square grid cells).

We also show the relative difference in mean SMB and the relative uncertainty in measuring temporal variability from a

point measurement ∆obst(%), as a function of (1) distance of the ice core from the grounding line, (2) mean SMB and (3)

radar IRH average temporal resolution in Fig. S12.55
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Figure S12. (left) Difference in mean SMB value between the point measurement (ice core) and the area mean (50 m gridded radar product

resolution) and (right) the relative uncertainty in measuring temporal variability from a point measurement ∆obst(%). Sites are colored by

distance of the ice core from the grounding line (top), mean SMB (middle) and radar IRH average temporal resolution (bottom). Gray dots

imply that the difference is negligible with respect to the SMB uncertainties. The size of the dots represents the number of grid points within

the radial distance
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