Why are crevasse depths challenging to measure?

Plumb bobs can not extend to the full depth
of a crevasse. *

Airborne LIDAR can not measure full
crevasse depth.

ICESat-2 may not be able to not observe the
crevasse tip, but can sense the water table.

Ultimately, the crack tip Is too deep to

measure directly. Thus, deriving crevasse
depths requires numerical models.

Figure 1: Conceptual model depicting various crevasse
depth derivations including; (left to right) Plumb bob,
Airborne LIDAR, and ICESat-2.

|CESat-2 crevasse detection and processing

IFigure 2: (Left) Raw ICESat-2 ATLO3 photon elevations. (Middle) CrevasseFinder algorithm photon elevations. This algorithm extracts ICESat-2

ATLOG6 data granules over the study area from the EarthData Common Metadata Repository (CMR) using SlideRule Earth, then averages

B0-meter long along-track segments that overlap by 20 meters to delineate a smooth ice sheet surface. Using Yet Another Photon Counting

hotons and bright blue dots indicate a lesser amount of photons in a region. (Right) Raw ICESat-2 ATL0O3 photons underlaid by CrevasseFinder
lgorithm-derived photons. In all three figures, photon elevations are plotted against the along-track polar stereographic x-coordinates.

Elgorithm (YAPC), photons are counted based on the amount of photons in a region (© 2024 SmithB). Pink dots indicate a larger amount of
P

Figure 3: Map of Umiammakku Isbrae calculated crevasse ages (colored dots). Reds to yellows indicate older crevasses and greens to purples
Indicate younger crevasses. Landsat-8 base map courtesy of U.S. Geological Survey. Greenland with white star indicates study region. (Right)
Example of how the true width of a crevasse is derived. Using ICESat-2 ATLO3 photons (green dots) and the visually derived strike azimuth (white
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Full crevasse geometries from a linear elastic fracture mechanics model (LEFM)
constrained by ATLO3 observations of the surface
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Figure 4. (Top) Raw ATLO3 photon elevations for five water-filled crevasses on Umiammakku Isbrae (a-e). Orange oval indicates feature of interest. (Bottom) LEFM crevasse propagaton model runs (f-)) for a-e crevasse geometries. Raw
ATLO3 photon elevations are superimposed on LEFM models.

Water-filled crevasse locations derived
from ATLO3 observations

Comparing derived crevasse widths to Nye
crevasse propagation model depths

The Nye crevasse propagation model is a simple stress-based* model that
IS more suitable for estimating crevasse depths for large quantities of
crevasse geometries.

Crevasse depths are very sensitive to shear modulus, |, and we use a |
substantially lower than typically accepted values for ice sheets*#. This is an
aspect of the research that is still under development.

Figure 6: (left) Nye model crevasse propagation depths as a function of observed crevasses widths and
depth-to-water levels. Black dots indicate all crevasses identified from ICESat-2 ATLO3 observations and align

with crevasses in Figure 5. (right) Histogram of derived crevasse propagation depths.

FHipare 9: Caemasses igepidiediram | GEFRi2 ATLO3 observations. Crevasses are categorized based on
cquisition dates. Orange stars indicate the five LEFM crevasse propagation model runs in Figure 4 (a-e).
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ey Findings

ICESat-2 Is ideal for measuring crevasse
widths and depth-to-water levels for
water-filled crevasses on Umiammakku
Isbree.

We combine the ICESat-2 measurements of
crevasse geometry with a LEFM crevasse
model to find crack tip depths of 226 to 422
meters when using = 0.01 GPa.

We found an average depth of 264 meters
over all 63 crevasses we measured when
using the simpler Nye model with 1 =0.001
GPa.

orbiting over a crevasse field on Umiammakku Isbrae. Basemap is
orldView 2 imagery (© 2020 Maxar) with an acquisition date of
May 06, 2020.

[;gure 7. ICESat-2 track, with an acquisition date of April 20, 2020

Methods

LEFM model parameters Nye model parameters

CESat-2, ATLO3 observations constrain our The Nye crevasse propagation model is

_EFM crevasse propagation model and are constrained by p. Using the following

nighly sensitive to the shear modulus, p. equation:

Using the following equation: |
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where, ! Is the density of freshwater (kg m),
| Is ice density (kg m=), g is the gravitational
acceleration (m s*), and 1is equal to:
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we can estimate crevasse depths as a
function of observed crevasse geometries.
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where d Is crevasse depth (m), w Is observed
crevasse width (m), F is a ratio’, U Is shear
modulus (Pa), and 1is principal stress (kPa),
we can rearrange the equation, to solve for
the minimum shear modulus, Y __ .
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Where d  Is depth-to-water level (m). Using
U, we estimate the minimum shear modulus
to constrain our LEFM model more precisely.
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