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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 

23 

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.   
36 

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.   
38 

Figure 16: 
Average calving wave amplitude during each tidal phase as 

recorded by Rock tide gauge station.   
39 

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

tidal oscillation and high tide level.   
40 

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. 

41 

Figure 19.   

Subjective calving event size vs. maximum adjusted wave 

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

station (Bottom).   

42 

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.   
46 

Figure 24.   
Maximum adjusted wave amplitudes of calving events recorded 

at the Rock station per source zone of iceberg.   
47 

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. 

 

50 
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Table 1. 
Coordinates of key mooring stations and glacier front zone 

boundaries. 
51 

Table 2. Calculated transect distances. 51 

Table 3. Calculated surface wave travel time based on ɚ=20m. 52 

Table 4. 
Calculated and observed wave travel-time boundaries for 

variable wavelengths. 
53 

Table 5. 
Table of correlation coefficients between environmental variables 

and calving rates. 
54 

Table 6. 
Correlations (r) between maximum daily tide and daily calving 

measures at Rock and Delta stations at various lag intervals. 
55 

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

different tidal phases 
55 

Table 9. 
ANOVA Single Factor: Calving event amplitude at Delta station 

during different tidal phases. 
56 

Table 10. 
ANOVA Single Factor: Calving event amplitude at Rock station 

during different tidal phases 
56 

Table 11. 
Wave travel time equations per zone to delta station for events 

observed visually and electronically recorded 
57 

Table 12. 
Wave travel time equations per zone to Rock station for events 

observed visually and electronically recorded 
57 

Table 13. 
Comparisons of the proportions of localizations inverted to each 

zone, depending upon the boundary conditions used. 
58 

Table 14. 
Proportion of visually observed calving events, reported by zone 

of origination. 
58 

Table 15. 
Multiple-Regression Model: Dependent Variable is Quarter-daily 

Delta station calving rate 
59 

Table 16. 
Multiple-Regression Model: Dependent Variable is Quarter-daily 

Rock station calving rate 
59 
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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.  

²ŀǾŜ Ŝǉǳŀǘƛƻƴǎ ƭƛǎǘŜŘ ƛƴ aŜǘƘƻŘǎ ŀƴŘ ǘǊŀƴǎŜŎǘǎ ŎŀƭŎǳƭŀǘŜŘ ƛƴ ¢ŀōƭŜ нΦ  άwŜŀƭ-ƳŜŀƴέ ƛǎ ǘƘŜ ƳŜŀƴ 

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

ȊƻƴŜ ǎŜŎǘƛƻƴΦ  άwŜŀƭ-ȊƻƴŜŀŘŘέ ƛǎ ǘƘŜ ƳŜŀƴ ƻŦ ǘƘŜ ȊƻƴŜ ŀƴŘ ŜŀŎƘ ōƻǊŘŜǊƛƴƎ ƛǘ όŜΦƎΦΣ άȊƻƴŜ м-нέ 

averages events from zone 1, zone 1-2, and zone 2).  Legend shows wavelengths in meters. 



28 
 

 

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.   


