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Objectives
1. Determine the best method for calculating water depth from high resolution 

multispectral Worldview-2/3 imagery, validated with ICESat-2

2. Demonstrate that paired WorldView-2/3 imagery and ArcticDEM strips can be 
used to calculate bathymetry and incision rate in surface water features

Long Term Objective: Calculate incision rates in the Petermann river channel to 
constrain the conditions necessary to form and maintain an ice-shelf estuary

Depth & Bathymetry Methods 
WorldView-2 & ArcticDEM

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 
imagery and ArcticDEM strips using the DC (B-G) method. Imagery © 2016 Maxar.

Study Area

Validation Metrics

ICESat-2

Figure 1 – Sentinel-2 image of Petermann Ice Shelf with locations of ponds and ICESat-2 beams. 
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.

Petermann Ice Shelf, Greenland 81º N, 61º W 

Satellite Product(s) Acquisition Date & Time Resolution Revisit

WorldView-2 Multispectral imagery, ArcticDEM 2023-06-27 18:58:54 UTC 2 m <1 day

ICESat-2 ATL03 geolocated photon cloud 2023-06-29 08:43:30 UTC 4 mm 91 days

Table 1 – Data products and acquisition information.

WorldView-2 Reflectance vs. Depth

Figure 2 – Steps used to calculate depth and bathymetry from paired WV-2 scenes and ArcticDEM strips for Pond 1: (a) DEM with pond 
marginal pixels and mean marginal elevation in black, (b) adjusted DEM with smoothed water surface equal to the mean marginal 
elevation, (c) water depth calculated from WV-2 reflectance (Table 2), (d) pond basin bathymetry, calculated by subtracting water 
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.

Depth Equations
Table 2 – Equations for calculating depth from optical imagery. *Calibrated values from 
Moussavi et al. (2016). C = coastal blue, B = blue, G = green, Y = yellow, R = red, E = red edge.
Method Equation Bands (Rλ) Citation

Radiative Transfer 
(RT) 𝐷𝐷 =

ln 𝐴𝐴𝑑𝑑 − 𝑅𝑅∞ − ln 𝑅𝑅𝜆𝜆 − 𝑅𝑅∞
𝑔𝑔

R, G, B Philpot (1989)*

Dual Channel 
(DC) 𝐷𝐷 = 𝑎𝑎 𝑙𝑙𝑙𝑙

𝑅𝑅𝜆𝜆1
𝑅𝑅𝜆𝜆2

2

+ 𝑏𝑏 𝑙𝑙𝑙𝑙
𝑅𝑅𝜆𝜆1
𝑅𝑅𝜆𝜆2

+ 𝑐𝑐
G-R, Y-R, G-Y, B-R, 
C-R, B-Y, C-Y, B-G

Legleiter et al. 
(2009)*

Single Channel 
(SC) 𝐷𝐷 = ∝0

1
𝑅𝑅𝜆𝜆+∝1

+∝2 R, G, B, C, Y, E Box and Ski (2007)*

Power Law 
(PL) 𝐷𝐷 = 0.2764𝑅𝑅𝜆𝜆−0.8952 R Williamson et al. 

(2018)

Exponential Law 
(EL) 𝐷𝐷 = 14.9572𝑒𝑒−4.2629𝑅𝑅𝜆𝜆 + 0.5242 G Lutz et al. (2024)

Refraction 
Correction (RC) 𝐷𝐷 = 𝑧𝑧𝑏𝑏 − 1.33𝑧𝑧𝑤𝑤 DEM Chudley et al. (2019)

Figure 3 – Steps used to calculate depth and bathymetry from ICESat-2 photons for Pond 1: (a) DBSCAN clustering to remove low 
density photons, (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.

Figure 4 – Depth transects for all ponds calculated with ICESat-2 and the optimal band combinations for each the four methods that 
calculate depths > 0 m across all ponds: PL (R), EL (G), DC (B-G), and RC (DEM) (Table 2). The black lines on the WorldView-2 pond 
images show the portions of the ICESat-2 transects that are plotted on the right. Imagery © 2023 Maxar.

Figure 5 – Heatmaps of RMSE, mean bias, and Pearson correlation for all ponds, individually and 
in aggregate, for the four best water depth methods when compared to ICESat-2 profiles.

Figure 6 – ICESat-2 derived depths vs. WorldView-2 reflectance in the red and green bands, 
and the blue/green band ratio, with best fit lines in black.
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1. The Dual Channel (DC) method using the blue/green band ratio produces the 
most accurate modeled meltwater depths from WorldView-2 imagery

2. The Power Law (PL) and Exponential Law (EL) methods, originally calibrated for 
Sentinel-2 imagery, can be used with WorldView-2 imagery to calculate depth 
and bathymetry but may require additional parameter tuning

3. 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

Mean Incision Rates: 2.4 cm/day at the terminus and 0.6 cm/day 500 m upstream
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