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- KL 7K 25 B /m SRR IE /m
829 907 916 mean 829—907 907—916 916—829 829—mean 907—mean 916—mean
1 472 49.5 54.1 50.2 -2.2 -4.6 6.8 -3.0 -0.8 3.8
2 51.2 51.3 50.4 51.0 -0.1 0.8 -0.7 0.2 0.3 -0.5
3 53.1 51.9 53.9 53.0 1.2 -2.0 0.8 0.1 -1.1 0.9
4 54.7 54.2 56.8 55.2 0.5 -2.6 22 -0.6 -1.0 1.6
5 54.7 55.7 57.7 56.0 -1.0 -2.0 3.0 -1.3 -0.3 1.7
6 53.4 52.1 53.9 53.1 1.3 -1.8 0.5 0.3 -1.0 0.8
7 52.5 52.5 50.6 51.9 0.0 1.9 -1.9 0.7 0.6 -1.3
8 53.7 54.0 52.4 53.4 -0.3 1.6 -12 0.3 0.6 -0.9
9 53.7 51.9 52.4 52.7 1.8 -0.6 -1.2 1.0 -0.8 -0.2
10 56.9 57.9 59.2 58.0 -1.0 -1.3 2.3 -1.1 -0.1 1.2
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829 907 916 mean  829—907  907—916  916—829  829—mean  907—mean 916—mean

11 50.2 51.1 50.6 50.6 -0.9 0.6 0.4 -0.4 0.5 -0.1
12 51.0 52.4 52.4 51.9 -1.4 0.0 1.4 -0.9 0.5 0.5
13 48.4 48.7 477 483 -0.3 1.0 -0.7 0.1 0.4 -0.6
14 45.9 47.4 46.7 46.7 -1.5 0.8 0.7 -0.7 0.8 0.0
15 37.4 38.4 34.2 36.7 -0.9 4.1 -3.2 0.8 1.7 -2.4
16 36.1 36.3 34.2 35.5 -0.1 2.0 -1.9 0.6 0.7 -1.3
17 447 48.0 45.0 459 -33 3.0 0.3 -12 2.1 -0.9
18 37.1 37.7 36.0 36.9 -0.6 1.7 -1.1 0.2 0.8 -0.9
19 39.1 38.3 39.5 38.9 0.7 -1.2 0.4 0.1 -0.6 0.5
20 44.1 452 44.5 44.6 -1.1 0.7 0.4 -0.5 0.6 -0.1
21 41.8 40.2 41.8 413 1.6 -1.6 0.0 0.5 -1.1 0.5
22 45.4 453 51.2 473 0.0 -5.8 5.8 -1.9 -2.0 3.9
23 45.4 45.6 45.9 45.6 -0.2 -0.3 0.5 -0.2 0.0 0.2
24 45.1 473 453 45.9 -2.2 2.0 0.3 -0.8 1.4 -0.6
25 45.4 45.6 45.9 45.6 -0.2 -0.3 0.4 -0.2 0.0 0.2
26 21.9 23.1 23.8 229 -1.1 -0.7 1.8 -1.0 0.1 0.8
27 28.8 25.1 23.8 25.9 3.6 1.3 -4.9 2.9 -0.8 -2.1
28 24.4 25.1 26.8 25.4 -0.6 -1.8 24 -1.0 -0.4 1.4
29 24.7 26.0 25.8 25.5 -1.2 0.2 1.1 -0.8 0.5 0.3
30 26.0 28.1 25.8 26.6 -2.0 22 -0.2 -0.6 1.4 -0.8
31 27.3 26.5 27.9 27.2 0.8 -1.4 0.6 0.1 -0.7 0.7
32 33.1 33.9 32.6 33.2 -0.9 1.3 -0.5 -0.1 0.7 -0.6
33 45.4 45.1 46.1 455 0.3 -1.0 0.7 -0.2 -0.4 0.6
34 522 51.3 54.4 52.6 0.9 -3.1 22 -0.4 -13 1.8
35 37.7 37.4 38.2 37.8 0.3 -0.8 0.4 0.0 -0.4 0.4
36 49.2 51.3 51.4 50.7 -1.8 -0.1 1.9 -12 0.6 0.7
37 47.1 46.1 47.9 47.0 1.1 -1.8 0.7 0.1 -0.9 0.8
38 47.6 493 49.7 48.9 -1.7 -0.4 2.1 -1.3 0.4 0.8
39 47.6 493 49.7 48.9 -1.7 -0.4 2.1 -13 0.4 0.8
40 54.4 52.1 51.8 52.8 2.3 0.2 -2.5 1.6 -0.7 -0.9
41 53.1 52.1 51.8 523 1.0 0.3 -1.2 0.7 -0.2 -05
42 53.1 56.4 51.8 53.8 -3.4 4.6 -1.2 -0.7 2.6 -1.9
43 473 47.1 50.6 483 0.2 -35 3.3 -1.0 -1.2 22
44 48.7 47.1 50.6 48.8 1.6 -3.5 1.9 -0.1 -1.7 1.8
45 272 27.5 27.9 27.5 -0.4 -03 0.7 -0.4 0.0 0.3
46 27.0 27.9 26.3 27.1 -0.9 1.6 -0.7 -0.1 0.8 -0.8
47 28.8 28.7 27.5 28.3 0.1 1.2 -1.3 0.5 0.3 -0.8
48 28.1 27.7 29.4 28.4 0.4 -1.7 13 -0.3 -0.7 1.0
49 27.4 27.0 25.9 26.8 0.4 1.1 -15 0.7 0.2 -0.9
50 26.7 28.1 27.7 275 -1.4 0.4 1.1 -0.8 0.6 0.2
51 26.3 27.6 272 27.0 -13 0.5 0.9 -0.7 0.6 0.1
52 25.6 26.6 26.0 26.1 -1.1 0.6 0.5 -0.5 0.6 0.0
RMSE (¥77#i152%) 1.4 2.0 2.0 0.9 0.9 1.3
MAECE46 %315 22 ) 1.1 1.5 1.5 0.7 0.8 1.0
AECPE2E) -0.3 -0.2 0.5 -0.3 0.1 0.2
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Extracting icebergs freeboard from the shadows in Landsat 8
panchromatic images
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Abstract: Icebergs are formed either by the calving of the seaward margins of floating glacier tongues or ice shelves or by the
fragmentation of existing icebergs. Mass loss caused by iceberg calving represents up to half of the total loss of mass from the Antarctic ice
shelves. As they melt and drift with the ocean currents, icebergs provide a significant source of freshwater input to the surface layer of the
ocean, enough to affect the stability of stratification in the upper ocean. Any increased freshwater in iceberg discharge, or ice shelf melt,
likely has a major impact on the ocean circulation by delivering sufficient freshwater, which will play a critical role in many geophysical and
biological processes. The iceberg freeboard is an important geometric parameter for measuring the thickness of an iceberg and estimating its
volume. Because of the paucity of high-precision measurements on iceberg thickness, large uncertainties exist on the iceberg’s ice volume
estimation of the Southern Ocean. The freeboard of large icebergs has been successfully extracted using the altimetry method. These large
uncertainties exist, however, because of the insufficient altimeter coverage of various icebergs. On the basis of the fact that an iceberg can
cast an elongated shadow on the surface of sea ice in winter, this study proposes a method to measure the iceberg freeboard by using shadow
length and the predefined or estimated solar elevation angle. Three Landsat 8 panchromatic images with center solar elevation angles of
5.43°,7.49°, and 11.01° on August 29, September 7, and September 16 in 2016, respectively, are selected to test our method. The shadow
lengths of five isolated tabular icebergs are automatically extracted to calculate the freeboard height. For an accuracy assessment, we
perform cross-validation on the matching points at different times. Results show that the measurement error of shadow length is less than
one pixel. When the sun elevation angle is lower than 11.01°, the root-mean-square error (RMSE) of the iceberg freeboard from the 15 m
panchromatic image is less than 2.0 m, and the mean absolute error (MAE) is less than 1.5 m. The experiment shows that under the angle of
low solar elevation in winter, the Landsat 8 15 m panchromatic images can be used for high-precision measurement of the iceberg freeboard
and has the potential to measure the Antarctic iceberg freeboard at a large scale.
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