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1 Introduction 
The data files used for the analysis of 22 swiss glaciers include glacier bed topography data and ice thickness data, ice surface topography as well general glacier characteristics and retreat rates. The data files used for the Glacier d’Otemma case study consist of DEMs, ablation stake data, orthophotos as well as channel outlines resulting from GPR surveys. 
Ice thickness and bed topography data were obtained from the VAW/ETH Zurich (Grab et al., 2021) based upon a combination of large scale GPR measurements and ice thickness modelling. Glacier characteristics are based on GLIMS glacier outline data (digitized from satellite imagery; Paul et al., 2019), GIS analysis of SwissAlti3D DEMs (SwissTopo, 2021) and bed topography data (VAW/ETH Zurich). Glacier retreat data was obtained and modified from the GLAMOS swiss glacier monitoring database (GLAMOS, 1881-2019).
The datasets for the Glacier d’Otemma were obtained via Structure from Motion MultiView Stereo (SfM-MVS) photogrammetric processing of drone-acquired datasets, each consisting of approximately 1000 photos and supported by Ground Control Points, as well as hand-measured ablation stake data. The channel outlines stem from data published in Egli et al. (2021).
2 Datasets 
2.1 Swiss glacier data
Glacier length, length change, surface area and (in certain cases) mass balance data were obtained from the Swiss Glacier Monitoring Service (GLAMOS, 1881-2019). Ice thickness data, glacier bed topography and ice surface topography for the year 2016 were obtained from Dr. Andreas Bauder at VAW/ETH Zurich (Grab et al., 2021; dataset: https://doi.org/10.3929/ethz-b-000434697 ). Historical aerial imagery (both black-and-white, and color) was viewed and analyzed via the Swiss Federal Office of Topography platform (map.geo.admin.ch, 2021), along with Planet satellite imagery acquired by University of Lausanne (Planet Team, 2017).
2.2 Drone and ablation stake data of Glacier d’Otemma
Drone data were acquired with a Phantom 4 Pro by DJI © for the area of interest in the ablation zone of the Glacier d’Otemma between the 7th and the 23rd of August 2018. For each acquisition day gridded flights at two different altitudes and with different camera angles (90° and 60° from the horizontal) as well as one circular concentric flight centered at the channel collapse area were performed in order to maximize the number of viewing angles and to assure the highest photogrammetric quality (James et al., 2019). In order to maintain similar illumination conditions all flights were acquired between 9 a.m. and 12 a.m., collecting a total of 1000-1200 images for each day which resulted in an average ground resolution of 2.5 cm.
54 Ground Control Points (GCPs) were distributed in the drone survey area, consisting of crosses spray-painted on boulders or Compact Disks mounted on black cardboards. The positions of the GCPs were measured by dGPS shortly after each drone image acquisition. A base station was established on a bedrock outcrop approximately 1 km from the glacier margin. This continually recorded base station data which had been corrected into the fixed GPS network of SwissTopo using the SwissPos system. The ground control points were measured with a dGPS rover. Average dGPS measurement precision was ±0.013 m in the horizontal (xy) and ±0.025 m in the vertical. Single errors for each GCP and for each study day as well as boxplots of error distributions for each study day are presented in Figure S5.

3 Methods
3.1 Basic calculations of creep closure rate and ice flow velocity for 22 swiss glaciers
For each glacier creep closure of semi-circular channels and horizontal ice flow velocity in the immediate vicinity of the collapse features as well as for the first 2 km in length of the glacier tongue were estimated based on well-established relationships using ice thickness and surface topography data.
The ice thickness data compiled by Grab et al. (2021) represents data and modelling for the year 2015 for the glaciers considered in this study. Therefore, it is important to note that the ice thickness used for the calculations does not always precisely represent the ice thickness of the glacier tongue or the (imminent) collapse feature at the moment when a collapse event happened. Nevertheless, it allows for relative comparison of glacier tongues with and without collapse features based on their ice thickness and surface slopes with data representing their states at the same moment in time.
Creep closure rate  was computed according to Hooke (1984), with the following assumption: isotropic ice, assuming that (with  the shear stress), assuming “there are no frictional forces resisting sliding over the bed in a direction normal to the tunnel axis” (Hooke, 1984, p. 181), assuming a constant ice density in space and time and a constant subglacial channel diameter of 5 m. 

										(Equation S1)
Where H is the mean ice thickness in the collapse area, computed for a circular area of 100 m radius. B = 1.6∙105 Pa a1/3 is the viscosity parameter in Glen’s flow law (Glen, 1958) defined by , with  the effective strain rate, n = 3 is the Glen’s flow law exponent (approximate value), g = 9.81 m/s2 is the mean gravitational acceleration on the Earth’s surface, ρi = 916 kg/m3 is the density of ice and Ds = 5 m is a hypothetical subglacial channel diameter. Creep closure rate is computed in m / a, assuming that creep closure is active both during summer and winter season.
Mean longitudinal ice flow velocity Um was computed according to Cuffey and Paterson (2010). First, the basal shear stress , which is a function of temperature and softness of the till, is computed: 

										(Equation S2)
Where f is a scale factor and corresponds to the ratio between driving stress and basal stress along a glacier. It is situated in the range of 0.8 to 1 for temperate glaciers. Here, we use f = 0.8 according to Haeberli and Hoelzle (1995) and Gantayat et al. (2014).  is the mean surface slope in degrees of the collapse area, derived by dividing the elevation difference (derived from the 2016 Swiss Alti 3D elevation model) by the horizontal distance from the upstream end of the circular 100 m radius collapse area to the downstream end of that collapse area and converting to degrees. For most collapse features this satisfies the requirement to use an average slope over a domain that is roughly a magnitude larger than the local ice thickness (i.e. satisfied for collapse features where H = 20 m).
Subsequently, the mean flow velocity is computed by inserting the basal shear stress : 

										(Equation S3)
Where A = 3.24∙10-24 Pa-3 s-1 is the creep parameter, which depends on temperature, fabric, grain size and impurity content. Therefore, the flow velocity is essentially a function of surface slope and ice thickness, if we assume that the ice properties are similar for different glaciers in the ablation zone. 
3.2 Computation of the Shreve hydraulic potential for the ablation area of Glacier d’Otemma
Glacier bed topography and ice thickness data (Grab et al., 2021) was used to compute the Shreve hydraulic potential for the area of interest of the tongue of Glacier d’Otemma. The Shreve hydraulic potential () assumes that subglacial water flow paths are largely determined by the ice overburden pressure and by glacier bed topography, which leads to equation S4 (Shreve, 1972; Nienow et al., 1998): 

										(Equation S4)
Where  = 1000 kg/m3 is the density of water, z is the glacier bed elevation in meters above sea level and c [0 1] is a closure coefficient with a value of 1 for fully pressurized flow and a value of 0 for open channel flow. 
To test for different degrees of pressurization of subglacial channels we computed the Shreve potential for c = 0, for c = 0.5 and for c = 1.0 (Figure S14). Given the shallow ice of H < 60 m in the zone of interest as well as observations made during the subglacial channel collapse event in August 2018, where a large and unpressurized subglacial channel becomes visible, it is likely that the scenario of open channel flow (c = 0) applies (Figure S14c). 
3.3 DEM extraction from drone imagery and determination of surface change
Drone images for the 7th and 23rd of August 2018 were processed using the photogrammetry software Agisoft Metashape ®. We first determined the necessary minimum number of Ground Control Points (GCPs) out of the available 54 GCPs to minimize georeferencing and lens distortion errors for the dataset by using a Monte Carlo approach (James et al., 2017), with a resulting number of 27 GCPs. Using more than 27 GCPs would not have led to a significant reduction in the positioning and orientation errors. Furthermore, Gindraux et al. (2017) suggested an optimal GCP density to be used on alpine glaciers calculated as a ratio between GCP density and Ground Sampling Distance (GSD) of 6.12 x 10-8 GCP / GSD (vertical) and 2.52 x 10-8 GCP / GSD (horizontal). Applied to this study, considering a GCP density of 172 GCP / km2 (namely 27 GCPs over 0.157 km2) and a mean GSD of 3.5 x 10-10 km2 (namely 1.87 cm), the resulting ratio is 6.02 x 10-8 GCP / GSD, which closely coincides with the suggestion by Gindraux et al. (2017), thereby legitimating the number of GCPs chosen for this study.
Processing with Agisoft Metashape ® involved removal of low-quality images (blurred, unfocused, or bad camera angle), initial image alignment (Bundle Adjustment), optimization of camera parameters, manual and semi-automatic georeferencing using GCPs in at least 5 images per GCP, re-alignment of the georeferenced model (point cloud), generation of a dense point cloud (‘medium’ quality in Agisoft Metashape, resulting in ~80 Million points, i.e. approximately 267 points/m2) and mesh, and building of the image texture (Figure S4). 
The precision of the differential GPS measurement errors was in the range ±0.025 m in the horizontal direction (x,y) and ±0.045 m in the vertical direction (z), as shown in Figure S5. The Root Mean Square (RMS) reprojection errors of the point clouds for both datasets were on the order of ±0.18 m. The mean GCP errors (RMS image residual for each marker) were of ±0.028 – ±0.029 m, where the marker error corresponds to the distance between the GCP position measured by dGPS (i.e. the georeferencing) and the photogrammetric dense cloud fit. 
The dense point clouds were interpolated in the Matlab ® environment to create a regular grid with a cell size of 0.05 m. For both datasets the same bounding coordinates were used in Agisoft Metashape ®, such that the data could be interpolated on the exact same grid extent and resolution in Matlab. Change detection was done by simply subtracting the August 23rd dataset from the August 7th dataset in order to obtain a ‘DEM of Difference’ (DoD), revealing the elevation change. 

3.4 Using kriging to correct the DEM-derived elevation change for melt at Glacier d’Otemma
We used kriging in the MATLAB ® environment to interpolate melt manually recorded at 49 ablation stakes onto each grid cell of the DEMs (derived from the UAV measurements via the SfM-MSV approach). Since the ablation stakes only cover a small area within the DEM domain, a constant value of mean ablation was assumed for any grid cell further than 5 m away from the ablation stakes.
3.5 Calculation of creep closure for shallow channels according to Hooke et al. (1990)
Hooke et al. (1990) proposed the following relation for estimating channel shape:


(Equation S5) 

where r is the radius of the arc that subtends the channel of width W ; Q is the discharge; k is the reciprocal of the Manning roughness parameter n;  = arcsin(W/2r); w is the density of water; g is the gravitational acceleration on the Earth’s surface; G = (dP/dx + w g tan); dP/dx is the down-channel pressure gradient for a pressurized channel; and  is the glacier bed slope in the down-channel direction. As W and  are known, and given measurements of Q, we can constrain [S5] and so estimate channel height (and hence estimate typical channel height-to-width ratios):


(Equation S6) 

If the channel is approaching being filled, dP/dx is zero. With the highest discharges measured for the Glacier d’Otemma (~14 m3s-1), and varying across a plausible range of n values (0.05 to 0.5; Hooke et al. (1990) assumed 0.33) the identified channel height-to-width ratio varies from 0.071 for n = 0.05 to 0.247 for n = 0.5, emphasizing that the channel is likely to be wide and flat. Hooke et al. (1990) showed that wider and flatter channels had higher closure rates and applied a scaling parameter to the ice viscosity to represent the effects of deviations from a semi-cricular shape. The scaling parameter corresponds to ~0.50 for n=0.1 and ~0.80 for n=0.05. With a 10-m-wide channel and assuming uniform deformation throughout the year this scaling parameter produces closure rate estimates over a 16 days period of ~0.13 m (n = 0.05) to ~0.03 m (n = 0.5).
3.6 Evidence for broad and shallow subglacial channels from field measurements in summer 2021
Boreholes created in July 2021 at the location of the upper portion of the GPR-derived channel position (x = 600 m / y = 500 m in Figure 3b, main text) show that there is indeed a very wide (W > 20 m) and shallow non-pressurized subglacial channel present at the glacier bed at a depth of 47 m. The ice at this location is significantly thicker than at the location where the collapse feature appeared, leading to just a few centimeters of air between the water surface and the channel roof. With more shallow ice further downstream it is likely that the cavity above the water surface is larger, allowing for the incursion of warm air and for block caving.
3.7 Calculation of glacier retreat rates, standard deviation of retreat and the onset of continuous retreat from the GLAMOS database
Based on the GLAMOS database (GLAMOS, 1885-2019) we computed the mean annual retreat rate of each glacier considered, as well as the standard deviation of retreat, for different time intervals: Retreat since the Little Ice Age, retreat since the onset of continuous glacier retreat, retreat since 1987 (the year considered to mark the beginning of rapid glacier retreat in the Alps; Costa et al., 2018), retreat for the last 10 years of the study period, retreat for the last 3 years of the study period, when most of the collapse events happened. It is important to note that years with missing data were excluded from our analysis, as were years after missing data because retreat recorded in such years includes the contribution from years in which the data were missing.
3.8 Classification of ablation stakes on Glacier d’Otemma as located ‘on-channel’, ‘likely on channel’ or ‘off channel’
Ablation on Glacier d’Otemma was hand-measured during a 16-days period (from 7th of August to 23rd of August 2018). A total of 49 ablation stakes were installed, of which 41 stakes were useful for the entire duration of the study. In order to investigate the influence of the presence of a subglacial channel on surface elevation change and ablation, the stakes were labeled based on their position relative to the position of the subglacial channel. 
A stake could either be labeled on-channel if it was on top of a GPR-derived channel position, or it could be designated “likely on channel” if it satisfied at least two of the following criteria: (a) it was within less than 5 meters of a GPR-derived channel position, (b) it was located on or in close vicinity of a main channel pathway computed based on the Shreve potential (Figure 3d), (c) it was located on a likely flow path between two GPR-derived channel portions. If only one or none of the above criteria were met the ablation stake was labeled off-channel (Figure 3a-d).
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Figure S1: Map showing the 22 glaciers examined in this study. Glaciers in dark blue exhibited a subglacial channel collapse feature in aerial imagery (red points) whereas glaciers in light blue have not had any collapse features since 1938. Coordinates are in the local Swiss Grid CH1903+ system, in meters. Legend of glaciers: 1) Aletschgletscher, 2) Allalingletscher, 3) Glacier du Brenay, 4) Glacier de Cheilon, 5) Glacier de Corbassière, 6) Feegletscher, 7) Glacier de Ferpècle, 8) Findelgletscher, 9) Furgggletscher, 10) Glacier de Giétro, 11) Gornergletscher, 12) Langgletscher, 13) Glacier de Moiry, 14) Glacier du Mont Durand, 15) Glacier du Mont Miné, 16) Oberaargletscher, 17) Glacier d’Otemma, 18) Glacier de Saleina, 19) Glacier du Trient, 20) Turtmanngletscher, 21) Unteraargletscher, 22) Glacier de Zinal.
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Figure S2: Box plots of properties that are significant for glaciers with collapse features and for glaciers without collapse features according to a Mann Whitney U test with a 5% - 95% confidence interval. For each subfigure the plot on the left represents glaciers exhibiting a collapse feature, whereas the plot on the right represents glaciers without collapse features. All variables were calculated for a circular area of 100 m radius. For glaciers with a collapse feature this area was centered at the collapse feature, and for glaciers without collapse features this area was positioned on the centerline of the glacier, 250 m upstream of its terminus in order to simulate a realistic location for a potential collapse feature. The variables shown are (a) ice thickness in meters (H); (b) creep closure in meters/year (), as computed based on (a); (c) local ice flow velocity in meters/year (Vm,local) computed based on (a) and (f); (d) mean surface slope in degrees (Sm), taken over all cells of the Swiss Alti 3D DEM and (f) mean surface slope in degrees (S) as measured from the upstream end to the downstream end of the circular area
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Figure S3. Photoscan processing procedure, modified from Rossini et al. (2018), Gindraux et al. (2017) and Westoby et al. (2012).
[image: C:\Users\pegli1\Documents\6_article2\FIGURES\overview\overview_orthophotos_supplementary.tif]Figure S4. Example of flight plans for one daily UAV dataset, locations of ablation stakes (red dots) and of GCPs (blue dots). Superposed to the orthophoto of 09.08.2018. 
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Figure S5. (a) Single dGPS errors for all GCP measurements. One day consists of 54 GCP position measurements. (b) Detail boxplots of dGPS errors on GCPs for every study day. Red lines indicate the median, lower and upper box edges indicate the 25th and 75th percentile. Red crosses represent outliers.
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Figure S6. Comparative boxplot figures for the group of glaciers with collapse features (left boxplot) and the group of glaciers without collapse features (right boxplot). (a) mean glacier elevation, (b) minimum glacier elevation, (c) maximum glacier elevation, (d) glacier length, (e) glacier area, (f) change in glacier area since 1973, until the latest available GLAMOS recording (~2016-2020), (g) retreat over the most recent 3 years of GLAMOS measurements, (h) retreat over the most recent common 10-years period of GLAMOS measurements, (i) mean annual retreat rate since 1987 (onset of rapid glacier retreat in the Alps), (j) retreat since the end of the Little Ice Age, (k) standard deviation of the annual retreat rate since 1987, (l) standard deviation normalized by the mean of the annual retreat rate since 1987, (m) mean surface slope of the glacier, (n) standard deviation of the surface slope of the glacier, (o) mean ice thickness over the last 2 km of the glacier tongue, (p) mean bed slope over the last 2 km of the glacier tongue, (q) mean surface slope over the last 2 km of the glacier tongue, (r) mean bed slope within a circle of 100 m radius around the most recent collapse feature, (s) mean ice flow velocity for the last 2 km portion of the glacier tongue; for glaciers without collapse feature, the hypothetical location of the feature is chosen to be located at a linear distance of 300 m from the terminus, on the centerline of the glacier. 
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Figure S7. Scatterplots with linear regression and Pearson correlation coefficients for the ablation values (hand-measured at ablation stakes) at the locations of 47 ablation stakes on the tongue of Glacier d’Otemma between 7th and 23rd of August 2018 (16 days). Scatterplots are displayed for the variables (a) aspect in degrees, (b) surface slope in m/m, (c) surface elevation in meters, (d) the sum of RGB values of the orthophoto (-). Each variable was computed as the average over a 0.4 x 0.4 m surface area centered at each stake location. 
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Figure S8. Scatterplots with linear regression and Pearson correlation coefficients for the DoD values (elevation change) at the locations of 38 ablation stakes on the tongue of Glacier d’Otemma between 7th and 23rd of August 2018 (16 days). DoD values were taken as the average over a 0.4 x 0.4 m surface area centered at each stake location. Scatterpots are displayed for the variables (a) aspect in degrees, (b) surface slope in m/m, (c) surface elevation in meters, (d) the sum of RGB values of the orthophoto (-).
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Figure S9. Probability density distribution of the values of all DoD cells located on top of the GPR-derived subglacial channel (‘on channel’, in blue) and of all the remaining values of the DoD (‘off channel’, in black). ‘off channel’ cells can potentially still be influenced by undetected channels. 
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Figure S10. The evolution of cumulative retreat (Rc) and mean summer air temperature at the glacier terminus location (Tas) for four Swiss glaciers between 1961 and 2019. (a) is Glacier de Ferpècle (with recent collapse features), (b) is Glacier d’Otemma (with both recent and historical collapse features), (c) is Aletschgletscher (without recent or historical collapse features) and (d) is Glacier de Brenay (without recent or historical collapse features).
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Figure S11. For both subfigures the box plot on the left represents glaciers with collapse features and the box plot on the right represents glaciers without collapse features. (a) shows correlation between mean summer temperatures and retreat rates (PRT) and (b) shows sensitivity of annual variations in glacier length to mean summer temperatures (SRT). 
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Figure S12. Box plots of hand-measured ablation and of surface change based on the DoD for ablation stake locations between August 7-23, 2018. (a-c) show ablation stakes measurements at stakes located (a) on top of the GPR-derived subglacial channel, (b) likely on top of the continuation of this channel (inferred from significant surface lowering in the area, as shown in Figure 2, and from continuity of the channel) and (c) stakes that are unlikely to be located on top of a subglacial channel (based on GPR-derived channel locations and the computed Shreve potential). (d-f) show the change in ice surface elevation (dz) given by the DoD for the same locations as in (a-c).
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Figure S13. The collapsing subglacial channel at Glacier d’Otemma as seen from the Phantom 4 Pro drone (DJI) on the 23rd of August 2018. The process of ‘block caving’ (Paige, 1956) is clearly visible. The drone operator (within red circle) is visible on the glacier surface, for scale.
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Figure S14. Maps showing the computed Shreve hydraulic potential φ and corresponding main subglacial flow pathways in the snout marginal zone of Glacier d’Otemma for different scenarios. The dots represent ablation stakes, with on-channel stakes in cyan, likely on-channel stakes in magenta and off-channel stakes in black. The grey shaded areas are GPR-derived channel outlines and the red dashed line is the 2018 glacier outline. The closure coefficient c (equation ***) is varied in different sub-figures, along with the threshold number of cells for flow accumulation (tacc) to form a channel: (a) c = 0 (open channel flow), tacc = 200, (b) c = 0.5 (partially pressurized flow), tacc = 100, (c) c = 1.0 (fully pressurized flow), tacc = 50. 
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Figure S15. Orthophotos of the ice marginal area of Glacier d’Otemma showing the evolution of the subglacial channel collapse feature. The imagery extends from 3rd July 2018 to 31st July 2019. Images were acquired on (a) 3.7.2018, (b) 7.8.2018, (c) 12.8.2018, (d) 20.8.2018, (e) 23.8.2018, (f) 31.7.2019.


Tables

	Variable or parameter name
	Abbreviation
	Units

	Surface change due to ablation
	dzablation
	m

	Surface change due to ice dynamics
	dzdynamics
	m

	Net surface change
	dznet
	m

	Pearson correlation coefficient between annual retreat rate and mean summer air temperature
	PRT
	-

	Vertical creep closure rate
	
	m/a

	Coefficient of variation of glacier retreat
	RCV
	m

	Mean glacier retreat since the start of continuous glacier retreat (after the LIA)
	RM
	m

	Annual glacier retreat 
	RA
	m

	Sensitivity of annual retreat rate to mean summer air temperature
	SRT
	-

	Annual mean summer air temperature 
	TSA
	°C

	Mean summer air temperature for the entire retreat period (RM)
	TSM
	°C

	Lateral ice flow rate
	Um
	m/a



Table S1. Variables used in the text, along with their abbreviations and units. 


	Property Number
	Property / variable
	Units
	Data source used for calculation
	Relevant for presence/absence of subglacial collapse features according to Mann-Whitney U test

	1
	Mean elevation of the glacier 
	m.a.s.l
	GLIMS glacier database
	No

	2
	Minimum elevation of the glacier
	m.a.s.l
	GLIMS glacier database
	No

	3
	Maximum elevation of the glacier
	m.a.s.l
	GLIMS glacier database
	No

	4
	Glacier length
	km
	Measured from map & most recent orthophoto
	No

	5
	Glacier surface area 
	km2
	GLAMOS (1881-2019)
	No

	6
	Area lost since 1973 
	%
	GLAMOS (1881-2019)
	No

	7
	Retreat within the last 3 years of the measurement period
	meters
	GLAMOS (1881-2019)
	No

	8
	Glacier retreat from 2006 until 2016
	meters
	GLAMOS (1881-2019)
	No

	9
	Mean annual retreat since 1987 
	meters/year
	GLAMOS (1881-2019)
	No

	10
	Length change since LIA
	meters
	GLAMOS (1881-2019)
	No

	11
	Standard deviation of retreat from 1987 until the latest measurement
	meters
	GLAMOS (1881-2019)
	No

	12
	Normalized standard deviation of retreat between 1987 and the latest measurement (normalized with glacier length)
	-
	GLAMOS (1881-2019)
	No 

	13
	Mean slope of glacier surface
	degrees
	GLIMS glacier database
	No

	14
	Standard deviation of slope of the glacier surface
	degrees
	GLIMS glacier database
	No

	15
	Mean ice thickness of first 2 km of tongue 
	meters
	Ice thickness dataset, VAW/ETHZ (2021)
	No

	16
	Mean bed slope of first 2 km of tongue 
	degrees
	Ice thickness dataset, VAW/ETHZ (2021)
	No

	17
	Mean surface slope, first 2 km of the glacier tongue 
	degrees
	SwissAlti3D (2016) 
	No

	18
	Mean surface slope within circular collapse area (100-m radius)
	degrees
	SwissAlti3D (2016)
	Yes

	19
	Surface slope from upstream end to downstream end of collapse feature, across a circular area with 100-m radius
	degrees
	SwissAlti3D (2016)
	Yes

	20
	Mean bed slope within circular collapse area (100-m radius) 
	degrees
	Ice thickness dataset, VAW/ETHZ (2021)
	No

	21
	Mean ice thickness within circular collapse area (100-m radius)
	meters
	Ice thickness dataset, VAW/ETHZ (2021)
	Yes

	22
	Creep closure r’ for a circular collapse area with 100-m radius
	meters/year
	Computed from (12) and (13)
	Yes

	23
	Annual ice flow velocity within the circular collapse area (100-m radius) 
	meters/year
	Computed from (12) and (13)
	Yes

	24
	Annual ice flow velocity computed for a 2-km-length section of the glacier tongue 
	Meters/year
	Computed from (4) and (1)
	Yes


Table S2. Properties analyzed for each glacier, along with their units and data source for calculation. The last column shows if a property was deemed relevant for influencing the presence or absence of a subglacial collapse feature, according to a Mann-Whitney U test. 

	Glacier
	# in Figure S1
	Mean annual retreat rate RM since onset of continuous retreat [m/a]
	Ice thickness [m] in most recent collapse area, or in hypothetical collapse zone located 250 m upstream of the glacier snout (for glaciers without any collapse features)
	# of collapse events between 1938 and present

	Aletschgletscher
	1
	-36.3
	65.4
	0

	Allalingletscher
	2
	-29.0
	68.2
	0

	Glacier du Brenay
	3
	-24.5
	50.7
	0

	Glacier de Cheilon
	4
	-18.9
	57.88
	0

	Glacier de Corbassière
	5
	-35.0
	33.05
	1

	Feegletscher
	6
	-32.6
	30.2
	0

	Glacier de Ferpècle 
	7
	-24.2
	57.18
	1

	Findelgletscher
	8
	-44.1
	24.66
	4

	Furgggletscher
	9
	-
	22.39
	2

	Glacier du Giétro
	10
	-19.6
	56.2
	0

	Gornergletscher*
	11
	-25.6
	-
	2

	Langgletscher
	12
	-15.2
	38.99
	2

	Glacier de Moiry
	13
	-11.4
	13.88
	1

	Glacier du Mont Durand
	14
	-30.8
	35.4
	0

	Glacier du Mont Miné
	15
	-26.6
	74
	0

	Oberaargletscher
	16
	-19.4
	48.06
	1

	Glacier d’Otemma
	17
	-33.2
	22.16
	4

	Glacier de Saleina
	18
	-21.6
	44.56
	0

	Glacier de Trient
	19
	-22.4
	46.5
	0

	Turtmanngletscher
	20
	-54.8
	26.96
	2

	Unteraargletscher
	21
	-21.3
	47.25
	4

	Glacier de Zinal
	22
	-13.8
	45.58
	3


Table S3. Glaciers considered in our analysis and key properties. Precise retreat rates for Furgggletscher are unknown since this glacier has not been monitored by GLAMOS.


	
	Pearson correlation coefficient for hand-measured melt [m/day]
	Pearson correlation coefficient for elevation change, DoD value [m/day]

	Aspect
	-0.0063
	0.1068

	Surface slope
	-0.2199
	-0.1298

	Elevation
	-0.1703
	-0.3122

	Surface reflectance (Sum of RGB values, Rippin et al., 2015)
	0.0765
	0.0165


Table S4. Pearson correlation coefficient values between melt hand-measured over 15 days at ablation stakes and mean values of surface variables extracted for all DEM cells in a 0.5 x 0.5 m square around each ablation stake.

	Stake position: 
	on-channel 
VS remaining
	Likely on-channel & on-channel 
VS remaining
	Likely on-channel VS remaining

	Ablation

	H
	0
	1
	1

	P value
	0.327
	0.039
	0.0458

	DoD value (dZ)

	H
	1
	0
	0

	P value
	0.0092
	0.157
	0.819



Table S5. Results of Mann-Whitney U tests applied to 41 ablation stake positions, of which a minority were determined to be located on top of a subglacial channel (on-channel). Six stakes were located ‘strictly’ on top of a subglacial channel, whereas 13 stakes were located ‘strictly or likely’ on top of a channel. Seven stakes were located ‘likely’ on top of a channel. The remaining 28 stakes are supposed to be located ‘off channel’, i.e. not on top of a subglacial channel.

Datasets
[bookmark: _GoBack]The datasets are all available under the following DOI: https://datadryad.org/stash/share/Ig5BhqwviMUgdDaLt-kP3FB_giWPZRBqMC0cvfNzKA4 
Table S6: Overview of 24 key variables for 22 glaciers. Table submitted as separate file. 
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