Estimation and Validation of Floe Size Distribution from Upward Looking Sonars
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Problem Linear Path to Area Estimates Application (April 12-17,2016 at Buoy 3) Conclusions
Can a single beam inverted echo sounder measure ice floe diameter? For an e ULS derived ice concentration and ice drift are similar to those reported by CIS
individual floe, yes but imaging is required. How about a distribution of floes? e A method has been developed to estimate the statistics of floe sizes from moored

ULS for floes < 100 m width

e The mean ULS/DMG is approximately 80% of the equivalent diameter (based on
simulations with circular floes or actual floes)

e The methodology appears to be working for a case study where the floes tended
to be < 10 m width.

The Study Area

Further Work

Figure 6: Ice draft spatial series at 1 m resolution (blue).
lce concentration over a 50 m window (red). The CIS
identify ice patches with concentrations of 9+ tenths
(~¥9+ in egg code N) similar to that observed by the ULS.

Figure 5: Canadian Ice Service Chart for the
region on April 12, 2016 (CIS, 2016b). The
Buoy 3 mooring is denoted by the red dot
with the black outline.

Figure 3: Left: Pancake Ice observed by Kenneth Mankoff (Mankoff, 2016) in Drake Passage on 23 September, 2009. Note
the near-circular shape of the floes. Right: The simulated distribution of normalized distance made good ULS tracks
(ULS/DMG) for 2 million identically sized circular floes.

Figure 9: Top Left: Grey-scale Sentinel-1a RADAR
image. April 13, 2016. Resolution 10 m?.
Top Right: Same image as top left in false colour.

Bottom Left: Grey-scale image Landsat 8 SWIR.
April 20, 2016. Resolution: 30 m?.
Bottom Right: Same images as bottom left in false

e Can the bulk statistics of the ULS /DMG under a population of floes of similar size
distributions provide information about the floe sizes?

e We first consider circular floes — similar to pancake ice (Figure 3)

e Simulating 2x10° tracks assuming drift along the Y-axis and the X location of
intersection is uniformly distributed

e 1088 ice floes were manually identified by an experienced ice scientist
e The ice concentration and drift speeds derived from the ULS spatial series were similar
to that reported by CIS (Table 2). colour.

Right hand images open water = dark blue ;

Figure 1: Locations for Statoil Canada’s Upward Looking Sonar (ULS) moorings off the coast of
& P 5 (ULS) 5 lce/Water mix = medium blue; ice = light blue.

Table 2: Tabulation of the daily ice concentration and net ice displacement in nautical miles.

Newfoundland that were deployed from 23 April 2015 to 11 June 2016. e The mean DMG=1.57 r, the median DMG=1.73 r, r being the simulated floe radius.
Date ULS Ice Concentration (%) ULS Daily Ice Drift (nm) CIS Daily Ice Drift (nm)
: : : Red dot denotes Buoy 3.
e Statoil Canada, ArcticNet, the Research & Development Corporation of April 12, 2016 15 10 ”
Newfoundland and Labrador (RDC) and Husky Energy partnered in an offshore Figure 4: Left: RADARSAT image from the Beaufort ﬁpr!: 12 2312 151.2 1;/) g
research expedition SEa ’Fhat iIIustrajcdes some nlf;ccural ﬂqe shﬂapes. Below: Ag::l 15: 2016 18:9 10 ] | | | | | o o
e The marginal ice zone off NE Newfoundland The image provides a mask for one ice floe {ID 407). April 16, 2016 11.0 0 8 e Direct comparison of ULS derived floe sizes with coincident or near-coincident
. April 17, 2016 6.1 7 10 : : : : :
e The Labrador Current carries ice down the coast Ap£|"12-17, 2016 107 11 3 satellite/airborne data. Figure 9 shows filament shaped ice patches from
e Northeast winds push ice to the west, increasing ice concentrations imagery collected around the period of interest.
e Storms, including hurricanes, develop large waves and enlarge marginal ice e Analysis of more ULS data, particularly during periods with large waves when
zones. ice identification is challenging
e Investigate whether spectra help to resolve the concentration and patchiness
Floes with Collocated Data |
Satellite Platform
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Ice Profiler e The mean ULS/DMG was 0.55 + 2.5% of the max. floe length (value reported by CIS)
| e The mean ULS/DMG was 1.43 £ 2.2% times the equivalent radius.

ADCP

(middle). Histogram of the mean drift speed (bottom).

Table 1: Ice floe size statistics. Ratio 1 = Mean DMG/ sqrt(Area/m). Ratio 2 = Mean DMG/ Max Length.

FloeID Area(km?) sqrt(Area/m) Max Length Mean DMG Ratio 1 Ratio 2
(km) (km) (km) Figure 8: Mass (top), momentum REfe rences
| | | _'. | 20 2.45 0.883 2.02 1.29 146% 64% (middle) and kinetic energy (bottom)
Flgure.Z: Left: A typical ULS moo””f_% conﬁguratlon. Right: Fusion Of_ RADARSAT and l_JLS -data 30 0.78 0.499 1.27 0.75 149% 58% versus Distance Made Good. CANADIAN ICE SERVICE (2016, August 19) Interpreting Ice Charts — The Egg Code. Retrieved from
(Ersahin et al, 2015). The RADARSAT image is an RGB colour composite of three polarizations. A4 23 .74 2 749 727 3.89 141% 539, https://ec.gc.ca/glaces-ice/default.asp?lang=En&n=D5F7EA14-1&offset=1&toc=show.
The ULS trackis colour coded by ice draft. 60 303 0982 7 48 144 147% 58%
61 1.33 0.651 1.64 1.01 154% 61% CANADIAN ICE SERVICE (2016b, August 19) Archive Search. Retrieved from
: . . : /i i i ?lang=

e The ULS identifies where the track first encounters a floe and where it re-enters 240 3.09 0.992 2.96 1.33 134% 45% http://icewebl.cis.ec.gc.ca/Archive/pagel xhtml?lang=en.

_ . 247 28.45 3.009 3.70 4.23 141% 49%

open water: the ULS Distance Made Good (ULS/DMG) - - , , , | | ERSAHIN, K., L. BROWN, R. KERR, M. HENLEY, L. SADAVA, E. ROSS, T. MUDGE, and D.B. FISSEL, 2015.
: : 259 5.58 1.333 3.92 1.83 137% 47% e The 1.57 scaling factor was used to obtain an equivalent radius/diameter s - N - -
e \We can collate floes in ULS and satellite data 207 37 38 3 249 =69 07 147% 6% : g g Characterization of Hazardous Ice Using Radarsat-2 and Ice Profiling Sonar. In Proceedings: International
e Can we use only ULS data to characterize ice floes? 186 115'-01 6:050 15.29 7:97 379 209, e The mean equivalent radius, draft, and density of 1000 kg m? was used to calculate Conference on Port and Ocean Engineering under Arctic Conditions (POAC), June 14-18, 2015, Trondheim,
Mean 143% S50 mean momentum and kinetic energy for each size category Norway.
Std Error 2.2% 2.5% e The largest kinetic energy was ~1.5 MJ for a mass of ~ 17 kT MANKOFF, K. UCSC, Santa Cruz, USA, 2016. Picture retrieved on August 19, 2016 from

This and other large features may be due to glacial ice or floebergs.

http://imaggeo.egu.eu/view/1121/.




