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Figure 1:  

Maps of (A) the Barents Sea region of the Arctic and North 

Atlantic, (B) the Svalbard archipelago, and (C) southern 

Kongsfjorden, Spitsbergen, Svalbard, including outlets of 

Kronebreen and Kongsvegen glaciers 
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Figure 2:  
Raw water level data from water depth/pressure loggers proximal 

to Kronebreen-Kongsvegen ice front.   
24 

Figure 3:  
Adjusted water level data from water depth/pressure loggers 

proximal to Kronebreen-Kongsvegen ice front.   
25 

Figure 4:  
Transects connecting water depth/pressure logger mooring 

stations with structural zone borders. 
26 

Figure 5:  

Modeled and observed arrival time differences of deep water, 

shallow water, and very shallow water surface wave simulations 

at varied wavelengths and sourced to different zones.   

27 

Figure 6a:  
Theoretical diagram of wave propagation from a calving event at 

the glacier front.   
28 

Figure 6b: 
Wave travel distance vs. adjusted wave amplitude for largest 

paired events.   
28 

Figure 7:  Air temperature, precipitation, and tidal data from Ny Ålesund.   29 

Figure 8a:  
Calving rates recorded by Delta water depth/pressure logger on 

hourly, quarter-daily, and daily timescales.   
29 

Figure 8b: 
Hourly, quarter-daily, and daily calving rates at the Delta station, 

with precipitation time during the last hour plotted for comparison.   
30 

Figure 9a: 
Calving rates recorded by Rock water depth/pressure logger on 

hourly, quarter daily, and daily timescales.   
31 

Figure 9b: 
Hourly, quarter-daily, and daily rates of calving at Rock station, 

with precipitation time during the last hour plotted for comparison. 
32 

Figure 10: Measures of calving event amplitudes over hourly timescales.   33 

Figure 11: 
Measures of calving event amplitudes over quarter-day (6-hour) 

timescales. 
34 

Figure 12: Measures of calving event amplitudes over daily timescales.   35 
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Figure 13: 
Number of calving events recorded during each tidal phase as 

recorded by Delta tide gauge station.   
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Figure 14: 
Number of calving events recorded during each tidal phase as 

recorded by Rock tide gauge station.   
37 

Figure 15: 
Average calving wave amplitude during each tidal phase as 

recorded by Delta tide gauge station.   
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Figure 16: 
Average calving wave amplitude during each tidal phase as 

recorded by Rock tide gauge station.   
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Figure 17: 
Calving rates per tidal phase at Delta and Rock stations, with 

tidal oscillation and high tide level.   
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Figure 18: 

Subjectively determined size of visually observed calving events 

within each of the define zones of the glacier front, as shown in 

Figure 1. 
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Figure 19.   

Subjective calving event size vs. maximum adjusted wave 

amplitude: both stations (Top), Rock station (Middle), delta 

station (Bottom).   
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Figure 20.   Delta station: Adjusted amplitude vs. wave travel time.   43 

Figure 21.   Rock station: Adjusted wave amplitude vs. wave travel time.   44 

Figure 22.   
Maximum adjusted wave amplitudes received at delta vs. Rock 

stations for paired events.   
45 

Figure 23.   
Maximum adjusted wave amplitudes of calving events recorded 

at the delta station per source zone of iceberg.   
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Figure 24.   
Maximum adjusted wave amplitudes of calving events recorded 

at the Rock station per source zone of iceberg.   
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Figure 25.   
Range of sizes of visually observed calving events by zone of 

origination.   
48 

Figure 26.   
Estimated original wave amplitudes by inversion from received 

amplitudes, according to each boundary model.   
49 

Figure 27.   

Difference in estimated original wave amplitude by each station 

compared with the interpreted source of the wave. 
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Figure 5.  Modeled and observed arrival time differences of deep water, shallow water, and very 

shallow water surface wave simulations at varied wavelengths and sourced to different zones.  

Wave equations listed in Methods and transects calculated in Table 2.  “Real-mean” is the mean 

value observed in events both observed and recorded by the water depth/pressure loggers at that 

zone section.  “Real-zoneadd” is the mean of the zone and each bordering it (e.g., “zone 1-2” 

averages events from zone 1, zone 1-2, and zone 2).  Legend shows wavelengths in meters. 
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Figure 6b.  Wave travel distance vs. adjusted wave amplitude for largest paired events.  Average 

distance is the mean travel distance from a given source zone.  Only events with a subjective size of 4 or 

5 (out of 5) were included.  The generally decreasing amplitude with greater travel distance for events of 

a known visual size is the expected attenuation pattern described by equation 6. 
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Figure 8a.  Calving rates recorded by Delta water depth/pressure logger on hourly, quarter-daily, and 

daily timescales.   

 

Figure 7.  Air temperature, precipitation, and tidal data from Ny Ålesund.  Collected by and obtained 

from Norwegian Meteorological Society (met.no) at Ny Ålesund, Svalbard. 
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Figure 8b.  Hourly, quarter-daily, and daily calving rates at the Delta station, with precipitation 

time during the last hour plotted for comparison.   
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Figure 9a.  Calving rates recorded by Rock water depth/pressure logger on hourly, quarter daily, and 

daily timescales.   
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Figure 9b.  Hourly, quarter-daily, and daily rates of calving at Rock station, with precipitation 

time during the last hour plotted for comparison. 



33 
 

 

Figure 10.  Measures of calving event amplitudes over hourly timescales.   
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Figure 11.  Measures of calving event amplitudes over quarter-day (6-hour) timescales.   
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Figure 12.  Measures of calving event amplitudes over daily timescales.   
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Figure 13.  Number of calving events recorded during each tidal phase as recorded by 

Delta tide gauge station.  
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Figure 14.  Number of calving events recorded during each tidal phase as recorded by 

Rock tide gauge station.  
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Figure 15.  Average calving wave amplitude during each tidal phase as recorded by 

Delta tide gauge station.  Wave amplitudes were averaged for identified calving events 

over the once-daily tidal phase duration. 
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Figure 16.  Average calving wave amplitude during each tidal phase as recorded by 

Rock tide gauge station.  Wave amplitudes were averaged for identified calving events 

over the once-daily tidal phase duration.  

 



40 
 

 

Figure 17.  Calving rates per tidal phase at Delta and Rock stations, with tidal oscillation and 

high tide level.   
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Figure 18.  Subjectively determined size of visually observed calving events within each of the 

define zones of the glacier front, as shown in Figure 1. 
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Figure 25.  Range of sizes of visually observed calving events by zone of origination.  Size 

used is the subjective size assigned by observation.  
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Figure 26.  Estimated original wave amplitudes by inversion from received amplitudes, 

according to each boundary model.  Models are Deep Water/Transitional at 50m (A), 30m 

(B), and 20m (C); Shallow Water (D); and Real Data-zoneadd (E).  
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Figure 27.  Difference in estimated original wave amplitude by each station compared with 

the interpreted source of the wave. 
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Table 6.  Correlations (r) between maximum daily tide and daily calving measures at Rock and 
Delta stations at various lag intervals.  Underlined numbers indicate weak (>0.2) correlations, 
bolded numbers indicate moderate (>0.4) correlations, and bold-italicized numbers indicate 
strong (>0.7) correlations. 

 
daily rate sum average max 

lag delta Rock delta Rock delta Rock delta Rock 

none 0.059 0.336 0.224 0.149 0.195 0.413 0.050 0.078 

1 day 0.514 0.468 0.442 0.235 0.032 0.352 0.232 0.260 

2 days 0.584 0.517 0.327 0.274 0.303 0.392 0.242 0.247 

3 days 0.521 0.465 0.208 0.433 0.403 0.433 0.250 0.078 

4 days 0.290 0.246 0.082 0.241 0.275 0.686 0.250 0.171 

5 days 0.088 0.203 0.209 0.407 0.050 0.679 0.281 0.098 

6 days 0.558 0.122 0.700 0.208 0.121 0.293 0.185 0.001 

7 days 0.719 0.177 0.849 0.293 0.143 0.155 0.410 0.153 

Table 8.  ANOVA Single Factor: Calving rate at Rock station during different tidal phases 
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