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ABSTRACT 
 

 The California Continental Borderland region off the coast of Southern California is 

home to many types of geological features on the seafloor (aka. submarine structures) that have 

resulted from movement along tectonic plate boundaries. Crespi Knoll, a submarine structure in 

this area, formed as a gentle restraining bend in association with movement along the Palos 

Verdes master fault. This study used Crespi Knoll as the canvas on which to experiment with the 

technology aboard the R/V Thomas G. Thompson from 06-07 February 2016. Depth 

measurements were collected using the Kongsberg EM302, and were used to compare 

acquisition modes of the multibeam while paring beam spacing (Equiangle, Equidistance) with 

beam angle (50o, 60o, 70o) in 5-minute intervals at 4 knot survey increments. Multibeam sonar 

backscatter was post-processed with CARIS HIPS (ver. 9.1) in both 5 meter and 25 meter 

resolutions, and spatial surface rugosity was calculated in ArcGIS (ver. 10.3.1). Much variation 

occurred in the depth estimates when comparing a single survey line of unchanging multibeam 

acquisition settings to one with changing settings. The unchanging acquisition settings 

consistently produced deeper depth estimates, and the rugosity increased using the 5m resolution 

surface data as the finer resolution accounted for the small-scale variations of depth at the 

seafloor. 

 

INTRODUCTION 

 

Crespi Knoll is a submarine structure 

found within the California Continental 

Borderlands (Figure 1), lying 31.37 miles 

off the coast of Southern California and 

29.23 miles southeast of Santa Catalina 

Island. Crespi Knoll is classified as a gentle 

restraining bend associated with the larger 

Palos Verdes master fault, and has been 

active since the Quaternary period (Mann 

2007). It is also the merging site of the San 

Pedro Basin Fault Zone and the Catalina 

Fault Zone, which together form the San 

Diego Trough Fault Zone at a pull-apart 

basin to the east of Crespi Knoll (Legg et al. 

2002). 

The California Continental 

Borderlands formed during the Neogene 

period development of the Pacific-North 

America transform plate boundary, and is 

filled regionally with many restraining and 

releasing bend structures along several of 

the major strike-slip right-lateral faults in 

this area (Legg et al. 2007). A restraining 

bend structure, like the one that formed 

Crespi Knoll, results from the 

“concentration of regional maximum 

compressive stress on pre-existing, 

basement1 fault trends in stable cratonic2 

areas” with the “periodic release of these 

bend-related stress concentrations one of the 

leading causes of intraplate earthquakes 

within otherwise stable cratons” (ie. 1986 

Oceanside earthquake in Southern 

California) (Mann 2007). 

In general terms, Crespi Knoll can be 

thought of as a mound or pop-up that has 

formed on the end of a pull-apart basin as 

the compressive stresses have compressed 

the rock together to generate uplift. Due to 

the extreme uplift, Miocene volcanic rocks 

have been dredged from Crespi Knoll 

indicating a possible reactivation of an 

ancient extensional structure formed in the 

Inner Borderland region (Legg et al. 2007). 

                                                 
1 Basement: harder and usually older igneous and metamorphic 

rocks that underlie the main sedimentary rock sequences of a 

region and extend downward to the base of the crust (USGS 

Earthquake glossary) 
2 Cratonic/craton: the stable interior portion of a continent 

characteristically composed of ancient crystalline basement rock 

(Encyclopaedia Britannica) 
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The preservation of the morphology of these 

Borderland restraining-bend pop-ups is due 

to the low erosion rates of deep offshore 

basins that surround them (Legg et al. 2007).  

Crespi Knoll served as our main 

study area as we utilized the hydrographic 

survey technology available aboard the R/V 

Thomas G. Thompson, specifically the 

multibeam sonar system (MBSS) Kongsberg 

EM302 multibeam by Kongsberg Maritime 

Int. The purpose of the MBSS for this study 

is to gather variations of seafloor depth 

estimates using different swath-width 

characteristics and to use these estimates to 

calculate the seafloor rugosity (“roughness”) 

of Crespi Knoll. Rugosity is a dimensionless 

ratio but can be thought of as the 

“roughness” due to the small-scale 

variations of height/depth at the seafloor. 

The Kongsberg EM302 is designed 

to do mapping from 10m to 7,000m depth, 

with swath-widths up 5.5x water depth to a 

max of 8,000m (Kongsberg 2013). Through 

electronic beam steering the multibeam 

system is able to compensate for the 

dynamic motion (roll, pitch, yaw) of the 

vessel (up to 15o, 10o, and 10o respectively) 

while maintaining constant geometry of its 

surroundings on the seafloor (Kongsberg 

2013, Llewellyn). 

Changing the beam spacing and the 

beam width of the MBSS can be expected to 

give equal meter distance between depth 

points on the seafloor (“equidistant”) or 

ensures that all beams sent from the MBSS 

have equal angular spacing and a higher 

density of soundings closer to the center of 

the survey line (“equiangle”), respectively 

(Kongsberg 2013). It can be expected that 

the higher density of soundings below the 

boat while using equiangle beam spacing 

will result in more accurate depth estimates 

of the seafloor directly beneath the boat than 

further out towards the edge for a given 

swath. However, equidistant beam spacing 

will provide more accurate depth estimates 

along the entire swath-width as it reduces 

“missed” points on the seafloor. Using both 

equidistant beam spacing with an increasing 

beam width is expected to result in higher 

rugosity as there will likely be more 

accurate data for a larger area to calculate 

rugosity. 

 

METHODS 

 

The R/V Thomas G. Thompson set 

sail from San Diego Harbor in San Diego, 

California, for a 2 day cruise from 06-07 

February 2016, and transited to Crespi 

Knoll, our main study site, which lies 

approximately 29.23 miles southeast of 

Santa Catalina Island and approximately 

31.37 miles off the coast of California. 

Preplanning for the cruise, including 

route, study site location, and location of 

survey lines and CTD (Conductivity, 

Temperature, and Density) casts, was 

completed by Dr. Miles Logsdon of the 

University of Washington School of 

Oceanography who also accompanied those 

attending this research cruise. CTD casts 

were used to collect salinity, temperature, 

and depth data in order to create Sound 

Velocity Profiles (SVPs) accounting for the 

variations in the speed of sound through 

seawater due to stratification of the water 

column. 

The Kongsberg EM302 aboard the 

Thompson was used to collect depth 

estimates of the seafloor during the entire 

duration of the cruise upon exiting San 

Diego Harbor. Once we reached our main 

survey site at Crespi Knoll we performed 

multiple surveys with overlapping, parallel 

track lines directly above Crespi Knoll and 

the surrounding areas. The Kongsberg 

EM302 was operated at a frequency 30Khz 

and the boat speed was approximately 4 

knots. Each survey line ran for 

approximately 30 minutes and covered 2 

miles straight-line distance. 
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For the purposes of this study we 

used data from two interior survey lines, 

from here on out known as survey lines A 

and B. Swath-width (beam width and beam 

spacing) was held constant on survey line A 

(50o beam, equidistant). Settings on the 

multibeam were changed during survey line 

B on 5 minute intervals for a total of 25 

minutes (initially set to 50o equidistance 

then changing to 50o equiangle, 60o 

equiangle, 60o equidistance, 70o 

equidistance, 70o equiangle) in order to vary 

the swath-width. 

The raw multibeam soundings were 

imported into CARIS HIPS software (ver. 

9.1) to form base surfaces in both 5 meter 

and 25 meter resolutions. The base-surface 

construction created in CARIS utilized the 

CUBE (Combined Uncertainty and 

Bathymetry Estimator) algorithm, which 

generates “point-wise estimates of depth 

from dense surroundings” (Vásquez 2007). 

These base surfaces were then exported to 

the ESRI ArcGIS (ver. 10.3.1) software, a 

geographic information system, to create 5m 

and 25m resolution raster data layers. The 

5m resolution allows for more possible 

variation in the depth estimates as opposed 

to the 25m resolution that averages more 

depth values gathered for a given area due to 

the greater area coverage per grid cell. 

Seafloor surface swath images were 

created in ArcGIS to show both survey lines 

used (Figure 2) and the overlap area of each 

swath (Figure 3). In this overlap area of the 

desired swaths, 5 locations were picked at 

approximate equal distance intervals within 

each 5-minute time interval of swath-width 

changes. The depths from each swath at 

these locations were recorded and used to 

compare variance between the depth 

estimates due to beam geometry altered by 

changes to beam width settings on the 

multibeam (ie. constant beam width of 50o 

and equidistant beam spacing of survey line 

A vs 60o equidistant beam of survey line B). 

This was done for both the finer- and 

coarser-scale 5m and 25m resolutions 

respectively. 

 Comparing the depth estimates from 

each survey line was done using a 

“subtractive” or differencing method of 

depths that calculates the “differential 

effect,” or amount of change, from a 

treatment after placed on a “treatment 

group” versus the “control group” in the 

same natural setting. Survey line A is our 

“control group” as the swath-width 

remained constant, while survey line B 

represents the “treatment group” with its 

varying multibeam acquisition settings. This 

is a fairly simple way to compare depth 

estimates derived using different acquisition 

settings from the same geo-referenced 

bathymetric base surface.  

 Percent error calculations were made 

as another way to compare the depth 

estimates taken from the data. Percent 

relative error is calculated using equations 1 

and 2 below, with “experimental” values 

representing depth estimates from survey 

line B and the “known” values from survey 

line A. The difference of percent error 

(equation 3) was used in this study to 

calculate the range of values of percent error 

for each acquisition setting change, as well 

as for each major beam width (degrees) 

change. Finally, total percent error 

represents the sum of percent error values 

(equation 4) to calculate total error for each 

major beam width change. 

 

1. error = (experimental – known) x -1 

2. % error = _error_ x 100% 

           known 

3. diff % error = largest % error – smallest 

% error 

4. total % error = sum % error 

 

Rugosity calculations were made 

possible after utilizing the Surface Volume 

(3D Analyst) tool in ArcGIS to measure the 
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two components (3-dimensional and 2-

dimensional surface areas) of the rugosity 

equation. The equation compares the 3-D 

surface area to the 2-D surface area, in this 

case the 3-D and 2-D areas of the overlap of 

our two survey lines. 

 

rugosity = area (3-D) 

   area (2-D) 

 

The 3-D surface area represents the 

actual surface area in its measurement 

accounting for the changes in depth, while 

the 2-D surface area is the flat, geometric 

surface area. The closer the rugosity value is 

to one means the 3-D and 2-D surface areas 

are nearly equal indicating that the surface is 

area is very smooth. Likewise a value much 

greater than 1 indicates a surface that is very 

rough. In this study the rugosity values of 

the 5m resolution and 25m resolution data 

are compared to see which produces a “more 

rough” surface.  

 

RESULTS 

 

The comparison of depth estimates 

under different acquisition beam widths is 

best represented in Tables 1 and 2, which 

depict all depth estimates and difference 

calculations (diff = survey line A - survey 

line B) made at the geographic locations 

selected from the overlapping area of the 

survey lines (Table 1), as well as error and 

percent relative error calculations made 

from the depth estimates (Table 2). The 

normalized depth estimates for each survey 

line were included as well in the last two 

columns on Table 1. When looking at both 

5m and 25m resolution depth estimates, 

survey line A consistently produced deeper 

estimates than survey line B.  

The largest difference under 5m 

resolution occurred during the first 5 min 

interval (70o EA) with a value of 4.561m. 

The smallest difference under 5m resolution 

occurred during the third interval (60o ED) 

with a value of 0.431m, and the next closest 

during that same interval of 0.713m. The 

average differences in order of intervals 

were 3.941m (70o EA), 3.740m (70o ED), 

1.925m (60o ED), 2.742m (60o EA), 2.435m 

(50o EA), and 1.650m (50o ED). All 

estimates under EA beam spacing produced 

a larger average estimate than their 

counterparts (ie. 70o ED vs 70o EA). The 

average depth estimate differences for the 

three major changes in degrees of beam 

width were as follows: (70o) 3.841m, (60o) 

2.334m, and (50o) 2.042m. 

Depth estimates under 25m 

resolution produced the largest difference of 

7.091m during the second interval (70o ED), 

and the smallest difference of 0.325m in the 

third interval (60o ED). The average 

differences in order of intervals were 

5.894m (70o EA), 5.779 (70o ED), 2.510m 

(60o ED), 3.751m (60o EA), 2.056m (50o 

EA), and 1.837m (50o ED). The EA beam 

spacing for 60o and 50o beam widths 

produced larger averages of differences than 

ED for 60o and 50o respectively, however 

the 70o EA average difference was smaller 

than 70o ED. In order of largest to smallest 

average differences, including both ED and 

EA, were 5.684m (70o), 3.062m (60o), and 

1.946m (50o). 

Expanding on Table 1, the estimates 

from all locations were normalized to values 

between 0-1 and plotted (Figure 4) as a 1:1 

ratio with survey line A values on the x-axis 

and those of survey line B with the changes 

in swath-width on the y-axis. As the depths 

have been normalized and plotted in this 

fashion allowed comparison of the depths as 

a ratio of survey line A to survey line B. A 

line of y=x was also drawn on each plot to 

show where the 1:1 ratio of depth estimates 

would fall. All values fell below this line no 

matter the change in swath-width. 

Percent error calculations (Table 2) 

resulted in the greatest difference or range of 
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percent error from 5m resolution to be 

0.451% (60o ED) and smallest value of 

0.055% (70o ED), when judged on each 

change in acquisition settings on the 

multibeam. The greatest range of percent 

error when judged by change of beam width 

(major degree changes) came from 60o beam 

with a value of 0.451%. Meanwhile the 

smallest value came from 70o beam at 

0.174%. 25m resolution data showed 

slightly different results. 

The greatest range of percent error 

for each change in acquisition settings came 

from 60o ED with a value of 0.880%, and 

the smallest value from 70o EA at 0.114%. 

Comparing major changes in beam width 

(degree changes), the smallest range percent 

error value was 0.295% (50o) and the largest 

was 0.880% (60o). In order of smallest to 

largest total percent error for both 5m and 

25m resolution data is 50o, 60o, 70o. 

The 2-D and 3-D areas from 5m 

resolution were calculated to be 

14,345,759.523m2 and 14,653,677.149m3. 

25m resolution 2-D and 3-D areas were 

calculated both much higher at 

16,399,838.402m2 and 16,447,753.305m3. 

From these values rugosity was calculated 

for both 5m and 25m resolution with each 

value resulting in a number greater than 1. 

The rugosity value from 5m resolution data 

was greater than that of 25m resolution data 

(1.021 vs 1.003). 

 

DISCUSSION/CONCLUSION 

 

 The use of modern multibeam sonar 

systems, such as the Kongsberg EM302, in 

hydrographic surveying, whether for 

creation of nautical charts or scientific 

research, relies upon methods that reduce 

the induced error in gridded depth estimates. 

This study evaluated the error that resulted 

in the selection of different beam width 

(affecting actual swath-width) and beam 

spacing (equiangle or equidistance) during 

data acquisition. 

From the scatter plots (Figure 4) we 

see that all normalized depth values fell 

below the y=x 1:1 reference line. This 

indicates that the depth estimates at each 

location (for both 5m and 25m resolution) 

were greater when taken from survey line A, 

with unchanging swath-width 

characteristics. As a whole, both 70o and 60o 

beam widths with 5m resolution data 

produced the smallest variation at all 

geographic locations from which depth 

estimate values were recorded as each value 

fell very close to the 1:1 reference line. 

The trendlines/lines of best fit for 

both 70o EA and 70o ED fall on nearly the 

same location on the graph which suggests 

that although the actual depth values may 

not be the same, there was little to no 

variation of the resulting ratio of depths 

from each survey line between these two 

acquisition settings. The graph of depth 

estimates from 70o under 25m resolution 

data shows that the depth estimates gathered 

from both EA and ED followed similar 

trends as indicated by their nearly parallel 

trendlines. 

Studying just the lines of best fit, the 

most variation occurred from the 25m 

resolution data under 60o and 50o beam 

widths as the lines intersect. This indicates 

very different trends of the ratio of 

normalized depth values from survey line A 

to those of survey line B. The individual 

values vary widely, too, in their proximity to 

the lines of best fit and the 1:1 reference 

line, which further supports the idea of a 

wide range of the ratios of depth values from 

survey line A to survey line B at the 

individual locations (unlike the parallel lines 

of best fit mentioned above for 5m 

resolution 70o and 60o). 

After calculation of all average 

differences of depths it is apparent that these 

values can only give a very basic 
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representation for what happened when 

changing swath-width, thus why the percent 

error calculations were added. More 

specifically, the range of percent error 

values allows for more in-depth comparison 

of the variance of depth estimates between 

each acquisition setting change as well as 

each major beam width (degrees) change. 

The larger the range of percent error, the 

more variation of values given the 

acquisition settings. 

Studying 5m resolution data the 70o 

beam width overall held the smallest value 

of range of percent error, while for 25m 

resolution data the 50o beam width settings 

held the smallest range of percent error. 

Thinking big picture, the smallest range of 

percent error values mean these data can be 

considered the “most consistent” data as 

they showed little variation throughout. 

When conducting hydrographic 

surveying, changes in acquisition settings 

will be made to accommodate the depth of 

the seafloor or seafloor features that are 

being studied (ie. wider beam for a wider 

swath when travelling over shallow features 

vs narrower beam needed for greater depths 

as each beam reaches further to hit the 

seafloor). Finding acquisition settings that 

produce the smallest range of % error allows 

for potentially easier and more precise 

calculations of depth to then be made. 
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FIGURES/TABLES 

 

 
Figure 1 California Continental Borderlands off the coast of Southern California. Crespi Knoll (red ‘x’). For reference, Crespi Knoll 

lies 31.37 miles off the coast of Southern California and 29.23 miles southeast of Santa Catalina Island (yellow circle).
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a  b  
Figure 2a, 2b Swath surface images corresponding to survey lines created through multibeam data 

(a) 5m resolution (b) 25m resolution 
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a  b  

Figure 3a, 3b Overlap of individual swaths created from corresponding survey lines and geographic locations used to gather depth 

estimates. Widest overlap region corresponds to 70o beam (circles), then 60o (diamonds), and finally 50o (squares) 

(a) 5m resolution (b) 25m resolution  
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Figure 4 Plots showing the normalized depths of survey lines A and B for each change of swath-width settings (both degree changes 

and ED vs EA). Survey line A (swath with constant settings of 50o ED) shown on x-axis of each plot. All values consistently below 

straightline y=x on each plot showing that survey line A produced deeper depth estimates for each case.
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      % Error Calculations 

a  b  
Figure 5a, 5b Percent error calculations separated by 5m and 25m resolution data, and plotted against their corresponding geographic 

locations labeled appropriately according to acquisition settings. 

(a) 5m resolution (b) 25m resolution
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Table 1 Both 5m and 25m resolution depth estimates for survey lines A and B, and calculations for differences of depth estimates, 

average differences (averages for swath-width degree changes shown in bold), and the normalized depths of survey lines A and B. 
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Table 2 Percent error calculations from depth estimates at each point separated by 5m and 25m 

resolution data. Differences of % error calculated to show the range of % error values for each 

swath-width acquisition setting (range of values for swath-width degree changes shown in bold). 

Total error calculated for each degree change. 

 

 
Table 3 5m resolution and 25m resolution 2-D area and 3-D area of the overlap of survey lines A 

and B. Rugosity of 5m resolution greater at 1.021 vs 25m resolution at 1.003.
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