Depth and Bathymetry of Supraglacial Melt Ponds from Remote Sensing Observations
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used to calculate bathymetry and incision rate in surface water features
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Long Term Objective: Calculate incision rates in the Petermann river channel 1o
constrain the conditions necessary to form and maintain an ice-shelf estuary
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Figure 5 - Heatmaps of RMSE, mean bias, and Pearson correlation for all ponds, individually and
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Petermann lce Shehc, Greerﬂgnd 8] O , 61 °'W 0.5 _, in aggregate, for the four best water depth methods when compared to ICESat-2 profiles.
{ | - ) i WorldView-2 Reflectance vs. Depth
- 27 —— Adjusted DEM 35 Red (R) . ., 35 Green (G) | 35 : Blue/Green (B)
i . y=0.203x . y=8.819x<—12.883x + 3.927
— Adj. DEM - Depth | . R?=0.761 , 30 R?=0815
3.0- S | | |
Figure 2 — Steps used to calculate depth and bathymetry from paired WV-2 scenes and ArcticDEM strips for Pond 1: (a) DEM with pond =22 wee Ve 29 , 29
marginal pixels and mean marginal elevation in black, (b) adjusted DEM with smoothed water surface equal to the mean marginal ;; ‘ 20 .
elevation, (c) water depth calculated from WV-2 reflectance (Table 2), (d) pond basin bathymetry, calculated by subtracting water 3
depth from the adjusted DEM, with ICESat-2 transect in black, and (e) profiles of pond data in a, b, and d along an ICESat-2 transect. g's "o
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: ¢ 1. The Dual Channel (DC) method using the blue/green band ratio produces the
2 200 | % most accurate modeled meltwater depths from WorldView-2 imagery
24
fffff T | J - L 1 T~ :
962600 -962500 -962400 962300 -962200 024 26 e 0 32 962600 -962500 -962400 962300 -962200 . The Power Law (PL) and Exponentfial Law (EL) methods, originally calibrated for
Hatitude Elevation (m) Latitude Sentinel-2 imagery, can be used with WorldView-2 imagery to calculate depth

Figure 3 — Steps used to calculate depth and bathymetry from ICESat-2 photons for Pond 1: (a) DBSCAN clustering to remove
, (b) histogram of remaining high density photon elevations, and (c) clustering based on elevation histogram peak, with

moving averages calculated for the air-water interface and the water-ice interface. . Our novel method, validated against ICESat-2, uses paired optical images and
corresponding DEMs to calculate water depth and bathymetry, providing
greater spatial coverage and temporal resolution than ICESat-2 alone

and bathymetry but may require additional parameter tuning

Depth & Bathymeiry Results
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Figure 1 - Sentinel-2 image of Petermann Ice Shelf with locations of ponds and ICESat-2 beams. B 97
Inset map shows the location of Petermann outlined in black. WorldView-2 images of ponds 1-8 -
(copyright Maxar 2023) are shown with corresponding ICESat-2 beams in red. 26 e R
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Table 1 — Data products and acquisition information. c c
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Table 2 — Equations for calculating depth from optical imagery. *Calibrated values from B 20 T 405 7 S
Moussavi et al. (2016). C = coastal blue, B = blue, G = green, Y = yellow, R =red, E =red edge. ¥y 5 5 i T 2 ¥ R
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(DC) ~N\"r,, ol R, T (2009)* £ =20 Figure 7 — Channel bathymetry at two cross-sections of the Petermann river at the beginning (June
- % 15) and end (August 15) of the 2016 melt season. Bathymetry is calculated from paired WorldView-3
Single Channel D=, - o, Box and Ski (2007)* 210 imagery and ArcticDEM strips using the DC (B-G) method. Imagery © 2016 Maxar.
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