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Figure S1: Crevasse depth estimates from surface elevation observations (observed depths)
plotted against depth estimates using extrapolated using crevasse wall slopes (extrapolated
depths). The number of each type of crevasse is listed in the legends. a) Data from Kong Oscar
Gletsjer. b) Data from Daugaard-Jensen Gletsjer. c) Data from Inngia Isbrze. d) Data from
Heimdal Gletsjer.
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Figure S2: The deformation enhancement factor inferred from the misfit between observed
crevasse depths and depths modeled plotted along flow. Panels are geographically arranged so
that western glaciers are on the left and eastern glaciers are on the right. Common names
(Greenlandic names) are a) Ryder Gletsjer, b) Harald Moltke Brze (Ullip Sermia), ¢) Kong
Oscar Gletsjer (Nuussuup Sermia), d) Illiup Sermia, e¢) Upernavik North Isstrem, f) Upernavik



Isstrom (Sermeq), g) Inngia Isbree (Salliarutsip Sermia), h) Umiammakku Sermiat, i) Rink Isbrae
(Kangilliup Sermia), j) Jakobshavn Isbrz (Sermeq Kujalleq), k) Heimdal Gletsjer, 1) Koge Bugt
Gletsjer, m) Helheim Gletsjer, n) Midgéard Gletsjer, 0) Kangerlussuaq Gletsjer, p) Dendrit
Gletsjer, ) Magga Dan Gletsjer, r) Daugaard-Jensen Gletsjer, s) Zachariae Isstrom.
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Figure S3: Water depths in crevasses inferred from the misfit between observed crevasse depths
and depths modeled with a constant deformation enhancement factor plotted against surface
elevation. Panels are organized geographically, as in Figure S2.
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Figure S4: Time series of observed crevasse depths over the seaward-most Skm of each glacier.
The colors correspond to the years listed in the legend. Panels are organized geographically, as in
Figure S2.



10 ]
05+ 1
0
1rb) d:-0.83strai@ga 1 1rs) d:-0.9<1strainrate+0.35QRZ%O)
3 X XX
05¢r
1 [ o) d=0.84strainrate-0.07 (R?=0.2) X 1
0.5+ RoNge> 3
1lq) d=0.85$train?%é+0.02 R?=0.31) ] 1 qa= Qgs4stramrate+o 52 (R?=0.02)
><
05 X o XX x L o5} x%( x xX X g
R BX o Tx
0 : : : 0 : :
1re d—-g(O?astralnrate+044 (R?=0) 1 1t p)d=0. 265tra|n >§EQ .39 (R®=0.05)
| v 05l X J¢
. 0.5 %@Q& & ;& . . &%}& X% 3
"% 0 X . L 0 ,
E 1’f)d=1.65$trainrate-0.75 (Rzzo.%;) e %, %; 1to)d 7trinrate+0.24 (R2=0.1)
Ros| T X X
E .
E o I, s
(o) T T T T
; 1r 0.15strainrate+0.45 (R?=0.01) 1
X X
E 05+ X X %
g0 '
1rh) d=0.8$trainrate+(;%<7 R?=0.4) x4
0.5¢ % X XK x ]
X& X
0 L L L L
1ri) dx-ggésty@mratem 421?<(R2—0 02) 1 1 | 1) d=0.03strainrate+0.47 (R 2->0) X 1
05 % “ 1 05¢ %ix ¥ X
AT i o
0 - 0 :
1 I j) d=0.81strainrate-0.14 (R?= 32) 11K d:0.85$trainr§<te+0.06 (R2:0.18)
% %
05¢ >§?¥§ %&% 05 é%x X
0 - 0
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Maximum normalized strain rate Maximum normalized strain rate

Figure S5: Profiles of normalized strain rate and maximum normalized observed crevasse depth.
The equation for the best-fit linear polynomial, including the correlation coefficient, is included
in the plot for each glacier.



1 | a) d=1.05strain-0.47 (R®=0.35) ‘
05¢
0
1 I b) d=1.13strain-0.52 (R>=0.33) 1 s)d=-0. 15strain+0. 43%5 =0. 04)
08 WW
X X7
0 ‘ . 0 o . o
1| ¢) d=0.82strain-0.14 (R?=0.52, X 11pd= 0393tra|n+0 14 R2_0 3K %
XX >< x
AR ™
0 X)&OOM( . . 0 .
1 1 d) d=0.54strain-0.01 (R=0.66) 1 I ) d=0.18strain+0.39 {R
x?i Ko b
0.5 ><><>?”$<>§X>< X”%% 05 g& X" X x ><>2<
PO et e el % X
0 0 . :
1re)d=0. 79strain-0.1 (R?=0. 36)>< 1 1 p) d=0. 26stra|n+>0 37 2-0.08)%
X % %
05" X X 7 05 x>55<>zsg§< X ]
= X x % x X
“;.)_ 0 X X X ) L 0 X .
g 1 1 ) d=0.74strain+0.04 (R?= 059)>3< ><><>5z< % 3 1o d=0.63strain-0.05 (R2:0.69) X
Nost XXX o5t
© X M
2o o o o Doie ‘
; 1 | g) d=0.51strain+0.264R?=0.27)K5X 1 1 | n) d=0.25strain+0.27 (R2—o;95 1
-§°'SWMW%§ o L % >
g0 : - : ‘ 0 X XXX
Loy 4o Eoctrn: a2 ' j N 2
1 | h) d=0.52strain+0.11 (R?=0.41) y ><>§<>>(<):O 1 | m) d=-0. ozstfmg;r 48 (R _ogg
0.5¢ WX%XXW XX o 0.5 ? >k<x><>§< W&x >
0L—x : : : 0
1 1 i) d=0.3@strain+0. 22X(-'§< =0. ?‘) >< X XX? ] 1 1) d=-0.02strain+0. 5>(R =0) X1
05/ X xXx ¥ o5 xR ’§<% 25,05
B xxe@?“xi X ox X X , ik’
0 0
1 [ ) d=0.67strain-0.05 (R%=0.62) 1 [ 1) d=0.63strain-0.05 (R2=0.54) y 3
05/ 05 y e
0 a e & R 0 L
0 0.2 0.4 0.6 0. 8 1 0 0.2 0.4 0.6 0.8 1
Maximum normalized strain Maximum normalized strain

Figure S6: Profiles of normalized strain and maximum normalized observed crevasse depth. The
equation for the best-fit linear polynomial, including the correlation coefficient, is included in the
plot for each glacier.
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Figure S7: Evaluation of the relationships between strain rate and crevasse depth, and strain and
crevasse depth, summarizing individual-glacier relationships shown in Figs. S5 and S6.
Histograms show the goodness of fit for ordinary least square linear relationships in which
normalized, observed crevasse depths are predicted with normalized strain rates (orange) or
normalized strain (blue) for all glaciers.
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Figure S8: Ryder Gletsjer crevasse depth data. The legend indicates the observation year for all
panels. a) Elevation profile time series extracted along the Operation IceBridge swath. b-h)
Scatterplots of observed crevasse depths plotted against modeled crevasse depths. Points that fall
in the white (gray) region represent model over-estimates (under-estimates) of the observed
depths. All observations are shown in b whereas the maximum observed and median modeled
depths within along-flow bins are shown in c-h, with bin sizes ranging from 50-2000m.
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Figure S9: Harald Moltke Brze (Ullip Sermia) crevasse depth data. The legend indicates the
observation year for all panels. a) Elevation profile time series extracted along the Operation
IceBridge swath. b-h) Scatterplots of observed crevasse depths plotted against modeled crevasse
depths. Points that fall in the white (gray) region represent model over-estimates (under-
estimates) of the observed depths. All observations are shown in b whereas the maximum
observed and median modeled depths within along-flow bins are shown in c-h, with bin sizes
ranging from 50-2000m.
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Figure S10: Kong Oscar Gletsjer (Nuussuup Sermia) crevasse depth data. The legend indicates
the observation year for all panels. a) Elevation profile time series extracted along the Operation
IceBridge swath. b-h) Scatterplots of observed crevasse depths plotted against modeled crevasse
depths. Points that fall in the white (gray) region represent model over-estimates (under-
estimates) of the observed depths. All observations are shown in b whereas the maximum

observed and median modeled depths within along-flow bins are shown in c-h, with bin sizes
ranging from 50-2000m.
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Figure S11: Illullip Sermia crevasse depth data. The legend indicates the observation year for all
panels. a) Elevation profile time series extracted along the Operation IceBridge swath. b-h)
Scatterplots of observed crevasse depths plotted against modeled crevasse depths. Points that fall
in the white (gray) region represent model over-estimates (under-estimates) of the observed
depths. All observations are shown in b whereas the maximum observed and median modeled
depths within along-flow bins are shown in c-h, with bin sizes ranging from 50-2000m.
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Figure S12: Upernavik North Isstrem crevasse depth data. The legend indicates the observation
year for all panels. a) Elevation profile time series extracted along the Operation IceBridge
swath. b-h) Scatterplots of observed crevasse depths plotted against modeled crevasse depths.
Points that fall in the white (gray) region represent model over-estimates (under-estimates) of the
observed depths. All observations are shown in b whereas the maximum observed and median
modeled depths within along-flow bins are shown in c-h, with bin sizes ranging from 50-2000m.
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Figure S13: Upernavik Isstrem (Sermeq) crevasse depth data. The legend indicates the
observation year for all panels. a) Elevation profile time series extracted along the Operation
IceBridge swath. b-h) Scatterplots of observed crevasse depths plotted against modeled crevasse
depths. Points that fall in the white (gray) region represent model over-estimates (under-
estimates) of the observed depths. All observations are shown in b whereas the maximum

observed and median modeled depths within along-flow bins are shown in c-h, with bin sizes
ranging from 50-2000m.
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Figure S14: Umiammakku Sermiat crevasse depth data. The legend indicates the observation
year for all panels. a) Elevation profile time series extracted along the Operation IceBridge
swath. b-h) Scatterplots of observed crevasse depths plotted against modeled crevasse depths.
Points that fall in the white (gray) region represent model over-estimates (under-estimates) of the
observed depths. All observations are shown in b whereas the maximum observed and median
modeled depths within along-flow bins are shown in c-h, with bin sizes ranging from 50-2000m.
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Figure S15: Rink Isbrze (Kangilliup Sermia) crevasse depth data. The legend indicates the
observation year for all panels. a) Elevation profile time series extracted along the Operation
IceBridge swath. b-h) Scatterplots of observed crevasse depths plotted against modeled crevasse
depths. Points that fall in the white (gray) region represent model over-estimates (under-
estimates) of the observed depths. All observations are shown in b whereas the maximum
observed and median modeled depths within along-flow bins are shown in c-h, with bin sizes
ranging from 50-2000m.
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Figure S16: Jakobshavn Isbrz (Sermeq Kujalleq) crevasse depth data. The legend indicates the
observation year for all panels. a) Elevation profile time series extracted along the Operation
IceBridge swath. b-h) Scatterplots of observed crevasse depths plotted against modeled crevasse
depths. Points that fall in the white (gray) region represent model over-estimates (under-
estimates) of the observed depths. All observations are shown in b whereas the maximum
observed and median modeled depths within along-flow bins are shown in c-h, with bin sizes
ranging from 50-2000m.
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Figure S17: Heimdal Gletsjer crevasse depth data. The legend indicates the observation year for
all panels. a) Elevation profile time series extracted along the Operation IceBridge swath. b-h)
Scatterplots of observed crevasse depths plotted against modeled crevasse depths. Points that fall
in the white (gray) region represent model over-estimates (under-estimates) of the observed
depths. All observations are shown in b whereas the maximum observed and median modeled
depths within along-flow bins are shown in c-h, with bin sizes ranging from 50-2000m.
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Figure S18: Kogr Bugt Gletsjer crevasse depth data. The legend indicates the observation year

for all panels. a) Elevation profile time series extracted along the Operation IceBridge swath. b-
h) Scatterplots of observed crevasse depths plotted against modeled crevasse depths. Points that
fall in the white (gray) region represent model over-estimates (under-estimates) of the observed

depths. All observations are shown in b whereas the maximum observed and median modeled

depths within along-flow bins are shown in c-h, with bin sizes ranging from 50-2000m.
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Figure S19: Helheim Gletsjer crevasse depth data. The legend indicates the observation year for
all panels. a) Elevation profile time series extracted along the Operation IceBridge swath. b-h)
Scatterplots of observed crevasse depths plotted against modeled crevasse depths. Points that fall
in the white (gray) region represent model over-estimates (under-estimates) of the observed
depths. All observations are shown in b whereas the maximum observed and median modeled
depths within along-flow bins are shown in c-h, with bin sizes ranging from 50-2000m.
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Figure S20: Midgard Gletsjer crevasse depth data. The legend indicates the observation year for
all panels. a) Elevation profile time series extracted along the Operation IceBridge swath. b-h)
Scatterplots of observed crevasse depths plotted against modeled crevasse depths. Points that fall
in the white (gray) region represent model over-estimates (under-estimates) of the observed
depths. All observations are shown in b whereas the maximum observed and median modeled
depths within along-flow bins are shown in c-h, with bin sizes ranging from 50-2000m.
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Figure S21: Kangerlussuaq Gletsjer crevasse depth data. The legend indicates the observation
year for all panels. a) Elevation profile time series extracted along the Operation IceBridge
swath. b-h) Scatterplots of observed crevasse depths plotted against modeled crevasse depths.
Points that fall in the white (gray) region represent model over-estimates (under-estimates) of the
observed depths. All observations are shown in b whereas the maximum observed and median
modeled depths within along-flow bins are shown in c-h, with bin sizes ranging from 50-2000m.
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Figure S22: Dendrit Gletsjer crevasse depth data. The legend indicates the observation year for
all panels. a) Elevation profile time series extracted along the Operation IceBridge swath. b-h)
Scatterplots of observed crevasse depths plotted against modeled crevasse depths. Points that fall
in the white (gray) region represent model over-estimates (under-estimates) of the observed
depths. All observations are shown in b whereas the maximum observed and median modeled
depths within along-flow bins are shown in c-h, with bin sizes ranging from 50-2000m.
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Figure S23: Magga Dan Gletsjer crevasse depth data. The legend indicates the observation year
for all panels. a) Elevation profile time series extracted along the Operation IceBridge swath. b-
h) Scatterplots of observed crevasse depths plotted against modeled crevasse depths. Points that
fall in the white (gray) region represent model over-estimates (under-estimates) of the observed
depths. All observations are shown in b whereas the maximum observed and median modeled
depths within along-flow bins are shown in c-h, with bin sizes ranging from 50-2000m.
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Figure S24: Daugaard Jensen Gletsjer crevasse depth data. The legend indicates the observation
year for all panels. a) Elevation profile time series extracted along the Operation IceBridge
swath. b-h) Scatterplots of observed crevasse depths plotted against modeled crevasse depths.
Points that fall in the white (gray) region represent model over-estimates (under-estimates) of the
observed depths. All observations are shown in b whereas the maximum observed and median
modeled depths within along-flow bins are shown in c-h, with bin sizes ranging from 50-2000m.
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Figure S25: Zachariae Isstrom crevasse depth data. The legend indicates the observation year for

all panels. a) Elevation profile time series extracted along the Operation IceBridge swath. b-h)

Scatterplots of observed crevasse depths plotted against modeled crevasse depths. Points that fall
in the white (gray) region represent model over-estimates (under-estimates) of the observed

depths. All observations are shown in b whereas the maximum observed and median modeled

depths within along-flow bins are shown in c-h, with bin sizes ranging from 50-2000m.
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Figure S26: Crevasse depth profiles over the seaward-most 10km of each glacier. Observed
crevasse depths are in black. Modeled depths using the minimal (orange), non-zero strain rate
threshold (red), parameterized flow enhancement (green), and parameterized water depth (blue)
versions of the Nye formulation for crevasse depth are plotted using the median strain rate
profile. Temporal variability in the crevasse depths from the minimal model are shown as orange
shading. The purple lines show the LEFM-modeled crevasse depths with the geometry-
dependent stress intensity scaling factor calculated from observations. Panels are organized
geographically, as in Figure S2.
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2 Tables

search window widths (m)

30,60,90 45,90,135
€ |1350] 350; 30,60,90| 350; 45,90,135
w c (450 450; 30,60,90|450; 45,90,135
3 30,60,90 45,90,135
% 5 30,60,90 45,90,135
S 5 [650]650;30,60,90 | 650; 45,90,135
2 800 800; 30,60,90 | 800; 45,90,135

Table S1: Window sizes for automated crevasse identification.
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