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Supplementary Information 1: The runoff limits in 2012 and 2019, and their relationship to the ice slabs extent
	Region
	SW
[Q25 ; Q50 ; Q75]
	CW
[Q25 ; Q50 ; Q75]
	NW
[Q25 ; Q50 ; Q75]
	NO
[Q25 ; Q50 ; Q75]
	NE
[Q25 ; Q50 ; Q75]
	Total
[Q25 ; Q50 ; Q75]

	Elevation difference [m]
	-30 ; 2  ; 30
	-63 ; -18 ; 22
	-17 ; 12 ; 66
	-5 ; 20 ; 96
	-37 ; 31 ; 53
	-37 ; 5 ; 38

	Distance difference [km]
	-5.5 ; 0.3 ; 4.2
	-10.9 ; -2.5 ; 2.4
	-2.1 ; 1.3 ; 5.2
	-0.8 ; 2.8 ; 9.0
	-2.4 ; 4.5 ; 7.9
	-5.1 ; 0.6 ; 4.5

	Sample size
	266
	333
	369
	63
	99
	1130


Table S1: Summary statistics table of data shown in Fig. 1e. The differences are calculated by subtracting the 2012 runoff limit from the 2010-2012 ice slab upper end. Q25 etc refer to the quantiles, e.g. the 25th percentile.
	Region
	SW
[Q25 ; Q50 ; Q75]
	CW
[Q25 ; Q50 ; Q75]
	NW
[Q25 ; Q50 ; Q75]
	NO
[Q25 ; Q50 ; Q75]
	NE
[Q25 ; Q50 ; Q75]
	Total
[Q25 ; Q50 ; Q75]

	Elevation difference [m]
	67 ; 98 ; 143
	19 ; 61 ; 97
	104 ; 144 ; 186
	15 ; 50 ; 166
	9 ; 49 ; 77
	48 ; 92 ; 146

	Distance 
difference [km]
	10.2 ; 15.0 ; 22.0
	1.4 ; 6.1 ; 11.8
	8.1 ; 12.3 ; 16.0
	1.3 ; 5.3 ; 17.0
	2.1 ; 7.9 ; 12.2
	5.5 ; 10.8 ; 6.3

	Sample size
	405
	393
	381
	124
	109
	1412


Table S2: Summary statistics table of data shown in Fig. 1e. The differences are calculated by subtracting the 2019 runoff limit from the 2010-2018 ice slab upper end.
Here, we provide additional evidence that using the 2019 runoff limit is suitable to extract the subsurface firn conditions associated with the maximum elevation of surface runoff.  
First, we show that the co-location of the runoff limit with the ice slab upper extents in 2012 and 2019 are more similar than Fig. 1 initially suggests. In 2012 – the strongest melt year on record – the runoff limit was located at roughly the same place as the upper limits of the 2010-2012 ice slabs extent (Tab. S1). In contrast, the distance between the 2019 runoff limit and the 2010-2018 ice slabs upper end was up to several kilometres (1-22 km, see Tab. S2). Initially, this suggests that the 2019 runoff limit did not always fully reach the uppermost extent of the ice slabs. However, the distance between the 2019 runoff limit and the uppermost 2010-2018 ice slabs extent shown in Fig. 1 is over-estimated. Indeed, although ice slabs generally expanded inland between 2012 and 2018, firn content was partially replenished after the extreme 2012 melting season (Rennermalm et al., 2021), burying the uppermost newly expanded subsurface ice slabs at depth which rendered them less suitable to support substantial lateral runoff by 2019 (Jullien et al., 2023). Transect E in Jullien et al., (2023) provides a good example of this behaviour. The uppermost ice slabs extent during 2010 to 2018 (which uses the highest ice slab observed any time between 2010 and 2018) was determined by the ice slab in the 2013 radargram, which had expanded during summer 2012. However, by 2018 the uppermost end of this slab was buried at depth. A detailed examination of the radargrams shows that this ice slab expanded inland by only 5.6 km net between 2012 and 2018. The 2018 radargram therefore shows that the 2019 runoff limit was located only ~8 km downstream from the upper end of the ice slab, not the ~19 km suggested in Fig. 1. This process of partial firn replenishment took place widely over the Greenland Ice Sheet’s percolation zone (Rutishauser et al., 2023). We therefore conclude that the distance between the 2019 runoff limit and the ice slabs upper margin is systematically overestimated.
Next, we show that the upward migration of the 2019 runoff limit was likely stopped by subsurface firn properties. On the K-Transect, the runoff limit in 2012 reached a plateau at 1841 m a.s.l., even though strong melting continued afterwards (Machguth et al., (2022)). Melting was so intense that the ice slab was exposed to the surface (Machguth et al., 2016) and started to melt (Fig. 4b in Jullien et al., (2023)). Machguth et al., (2022) concluded that the inland expansion of the runoff limit in 2012 was stopped by the upper margin of ice slabs. In 2019, the runoff limit reached 1822 m a.s.l. then also plateaued (see Tab. 2 in Machguth et al., (2022)), thereby suggesting that the runoff limit in 2019 was also very likely controlled by ice slabs. Comparing the ice slabs in radargrams with the runoff limit on the K-Transect, the upper ice slabs margin extended around ~1 km above the 2012 runoff limit, while in 2019 they continued ~8 km above the visible runoff limit. This confirms that our approach here, where we define zones that are several kilometres wide above and below the 2019 runoff limit, capture the significant changes in the firn below and above the runoff limit. 



	
	Zone
	Above
	Within
	Below

	SW
	Median ice thickness [m]
	4.5
	8.0
	9.5

	
	MAD/median [-]
	0.56
	0.38
	0.37

	
	Sample size
	17766
	5292
	17066

	CW
	Median ice thickness [m]
	0
	5.0
	8.5

	
	MAD/median [-]
	-
	0.6
	0.59

	
	Sample size
	13159
	2642
	23291

	NW
	Median ice thickness [m]
	4.5
	7.5
	10.0

	
	MAD/median [-]
	0.78
	0.4
	0.45

	
	Sample size
	25906
	9684
	30469

	NO
	Median ice thickness [m]
	2
	8.5
	10.0

	
	MAD/median [-]
	1.0
	0.53
	0.45

	
	Sample size
	13605
	3647
	17699

	NE
	Median ice thickness [m]
	4
	4
	4.5

	
	MAD/median [-]
	0.13
	0.25
	0.22

	
	Sample size
	913
	500
	2106

	Total
	Median ice thickness [m]
	3
	7
	9.5

	
	MAD/median [-]
	1.0
	0.43
	0.47

	
	Sample size
	71349
	24516
	91060


Table S3: Median ice slab thickness, MAD/median and sample size in the different zones displayed in Fig. 2.

	
	Zone
	Above
	Within
	Below

	SW
	Median  [dB]
	-7.24
	-9.2
	-9.65

	
	MAD/median [-]
	-0.09
	-0.06
	-0.06

	
	Sample size
	2431658
	696457
	2561443

	CW
	Median  [dB]
	-5.75
	-8.05
	-9.07

	
	MAD/median [-]
	-0.06
	-0.13
	-0.15

	
	Sample size
	1702028
	476401
	1939188

	NW
	Median  [dB]
	-6.81
	-9.19
	-10.2

	
	MAD/median [-]
	-0.15
	-0.12
	-0.11

	
	Sample size
	1854704
	511557
	1999480

	NO
	Median  [dB]
	-5.17
	-7.08
	-8.56

	
	MAD/median [-]
	-0.14
	-0.16
	-0.16

	
	Sample size
	3352454
	629672
	2826335

	NE
	Median  [dB]
	-4.99
	-6.66
	-7.19

	
	MAD/median [-]
	-0.14
	-0.13
	-0.14

	
	Sample size
	1055059
	223835
	972527


Table S4: Median , MAD/median and sample size in the different runoff limit zones.




	
	
	Areas supporting runoff 
	Retention areas

	SW
	Median ice thickness [m]
	9.5
	5.0

	
	MAD [m]
	3.66
	1.75

	
	MAD/median [-]
	0.39
	0.35

	
	Sample size
	7350
	7773

	CW
	Median ice thickness
	10.0
	0.0

	
	MAD [m]
	4.66
	0.0

	
	MAD/median [-]
	0.47
	-

	
	Sample size
	7838
	7658

	NW
	Median ice thickness
	9.7
	4.0

	
	MAD [m]
	3.99
	3.99

	
	MAD/median [-]
	0.41
	1.0

	
	Sample size
	13393
	10345

	NO
	Median ice thickness
	10.2
	0.0

	
	MAD [m]
	4.24
	0.0

	
	MAD/median [-]
	0.41
	-

	
	Sample size
	9504
	1543

	NE
	Median ice thickness
	4.3
	0.0

	
	MAD [m]
	0.58
	0.0

	
	MAD/median [-]
	0.13
	-

	
	Sample size
	1321
	130


Table S5: Median ice thickness, coefficient of variation and sample size in the  mapped areas supporting runoff and the retention areas (Fig. 4), considering only data sampled in the different runoff limit zones (‘below’, ‘at’, ‘in-between’, ‘above’).  


Supplementary Information 2: Comparing ice content in firn cores with OIB AR and 
We compared the total ice thickness in the top 10 m of cores drilled in spring 2021 in SW Greenland (Clerx et al., (2022)) with OIB AR radargrams and . Like in the main analysis, we analysed  data collected during frozen conditions, here between 1 February and 16 April 2021. We extracted  in a 520 m by 520 m window around the core of interest and report the average value and the standard deviation in Tab. S6. The decrease in ice thickness with increasing elevation occurs alongside increasing . Specifically, core FS2 consisted of 95 % ice and was located in the ‘below’ zone. The corresponding  belongs to the first quartile range of the 2017-2018  ‘below’ distribution in the SW. Meanwhile, core FS4 contained 57 % ice and its location roughly coincided with the upper limit of the ‘above’ zone. The corresponding  almost equals the third quartile of the 2017-2018  ‘above’ distribution in the SW (difference of 0.02 dB). Finally, core FS5 contained 38 % ice and was located ~15 km upstream of the ‘above’ zone. The corresponding belongs to the last quartile of the 2017-2018  ‘above’ distribution in the SW. 
We also extracted the ice slab thickness in the top 10 m from the closest OIB AR 2013 and 2018 radargrams. FS2, FS4 and FS5 were located approximately 1.6 km, 3.8 km, 3.3 km north of the radargrams respectively. The snowpack thickness in the radargrams was approximated by using the snowpack thickness in the firn cores. Because the vertical resolution of the OIB AR is 0.6 - 0.7 m (Rodriguez-Morales et al., 2010), ice layers thinner than this resolution may not be captured. As a result, the ice content derived from the radargrams is lower than in the firn cores. For example, at FS5 the ice content in the 2018 radargram was 0 % despite a core ice content of 38 %. In the 2018 radargram, the ice slab identification at higher cores (e.g. FS4) was affected by firn replenishment (Jullien et al., 2023). Here, the 2013 ice slab might have been buried to deeper than 10 m (see Transect E in Fig. S8 in Jullien et al., (2023)). As a result, the ice content from the radargrams at FS4 reduces from 35 % in 2013 to 0 % in 2018.
Finally, we compared the magnitude of ice content differences with the magnitude of  differences. While the difference between FS2 and FS4 is 4.63 dB, it is only 1.12 dB between FS4 and FS5. The core ice content difference between FS2 and FS4 is 38 %, while it is 19 % between FS4 and FS5. Finally, the 2018 radargram ice content difference is 71 % between FS2 and FS4, while there is no difference between FS4 and FS5 as retrievals at both these sites show 0 % ice content. 
Nonetheless, the overall magnitude of ice content variation in firn cores and radargrams agrees with the magnitude in variations. This is further evidence that the variations in  are well suited for firn ice content differentiation.
	Station name
	Zone
	Top 10 m firn ice content
	Top 10 m firn ice content in 2013 radargram
	Top 10 m firn ice content in 2018 radargram
	

	FS2
	Below
	95 %
	71 %
	71 %
	-11.22 +/- 0.12 dB

	FS4
	~200 m upstream of the above zone
	57 %
	35 %
	0 %
	-6.59 +/- 0.10 dB


	FS5
	~15 km upstream of the above zone
	38 %
	0 %
	0 %
	-5.47 +/- 0.09 dB



Table S6: Top 10 m firn ice content from firn cores presented in Clerx et al., (2022), corresponding 2021  and top 10 m firn ice content from the closest radargrams in 2013 (radar transect name: 20130409_01_010_012) and 2018 (radar transect name: 20180421_01_004_007).
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