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EXPLANATION

Boundary of resurvey for point-to-point quality assurance data collection

Area of multibeam survey data collection

900 Bathymetric contour—Shows elevation of the lake bottom. Index contour interval 
is 100 feet. Intermediate contour (gray) interval is 20 feet. Datum is 
North American Vertical Datum of 1988 using the geoid model GEOID18

Conservation pool elevation—Shows approximate water-surface elevation of the 
conservation pool (915 feet), which represents the approximate average 
water-surface elevation (915.5 feet) at the time of the survey. Datum is North 
American Vertical Datum of 1988 using the geoid model GEOID18

Upper vertical survey limit—Shows approximate elevation of the upper limit of 
the survey (931 feet). Datum is North American Vertical Datum of 1988 using the 
geoid model GEOID18

Map area

Table Rock Lake

Figure 2. Bathymetric contours for Table Rock Lake near Branson, Missouri, resulting from a survey on October 13 to November 11, 2020.—Continued

Uncertainty Estimation
Similar to the previous studies of bathymetry in Missouri (Huizinga, 2010, 

2022; Richards and others, 2019), uncertainty in the multibeam survey was 
estimated for each 6.56-ft survey-grid cell in the surveyed area using the Combined 
Uncertainty and Bathymetry Estimator (CUBE) method (Calder and Mayer, 2003) 
as implemented in the MBMax processing package of the HYPACK/HYSWEEP 
software (HYPACK, Inc. 2020). The CUBE uncertainty is a measure of the 
variability of the individual points in the cell used to determine the CUBE-derived 
elevation for the cell. The CUBE uncertainty data were output and combined with 
the three-dimensional bathymetric data and are included with metadata in the USGS 
data release associated with this study (Rivers and others, 2022).

Most of the uncertainty values (more than 95 percent) were less than 0.60 ft, 
which is within the specifications for a “special order” survey, the most stringent 
survey standard of the International Hydrographic Organization (International 
Hydrographic Organization, 2020). The median uncertainty value of the data was 
about 0.10 ft, and the mean value was about 0.29 ft. The largest uncertainty in this 
survey was about 65.6 ft; however, uncertainty values of this magnitude typically 
are near high-relief features—near vertical surfaces such as bridge abutments or 
submerged cliffs that may exist on some parts of Table Rock Lake (figs. 2 and 3). 
The uncertainty values were larger near moderate-relief features (steep banks and 
submerged channels and ridges; figs. 2 and 3). The uncertainty values also were 
larger in the outermost beam extents of the MBES swath in the overlap with an 
adjacent swath, particularly when the swath was tilted for the survey lines along the 
banks or widened in the upper extent of the lake (fig. 3).

The less accurate INS of the NORBIT iWBMSc system also resulted in larger 
uncertainties. The iWBMSc was used in shallower survey areas because the INS is 
less sensitive to movement, resulting in larger error and uncertainty in deeper water. 
Therefore, larger uncertainties are apparent in areas with greater depth where the 
iWBMSc system was used on the upper end of the Long Creek arm south of the 
Arkansas State line (figs. 1 and 3), the upper end of the Kings River arm (figs. 1 and 
3), and a part of the upper White River near the Roaring River and on the Roaring 
River arm (figs. 1 and 3).

The James River arm (fig. 1) was surveyed with the Oklahoma NORBIT 
iWBMSh system, which is exactly like the Missouri NORBIT iWBMSh system 
used on the White River in the main body of the lake; however, the gridded CUBE 
uncertainties for the James River arm were about two orders of magnitude (100 
times) larger than the uncertainties on the White River near the James River arm. 
The MBES instrument settings, data-collection methods, and data-processing 
methods were the same as for the main body of the lake, so the substantially 
larger uncertainties were deemed erroneous. The computed uncertainties for the 
James River arm were divided by 100 to bring them into better agreement with the 
neighboring White River data (fig. 3). The points with adjusted uncertainties are 
flagged with “100” (original uncertainty value divided by 100) whereas the points 
with unadjusted uncertainties are flagged with “1” (uncertainty divided by 1, or 
unchanged) in the bathymetric data in the USGS data release associated with this 
study (Rivers and others, 2022). Some residual larger uncertainties are nonetheless 
evident in the James River arm (fig. 3). The mean and median uncertainty values 
reported earlier in this section use the adjusted uncertainties on the James River arm.

Bathymetric Surface and Contour Quality Assurance
Accuracy of the bathymetric surface and contours is a function of the survey 

data accuracy, the density of the survey data, and the processing steps involved 
in the surface and contour creation. The process of data reduction to obtain the 

6.56-ft gridded dataset from the raw survey data likely degraded the accuracy of 
the 6.56-ft gridded dataset relative to the raw data. To collect a dataset (hereinafter 
referred to as a “cross-check line”) that could be used to estimate the accuracy of 
the 6.56-ft gridded dataset, 42 areas of Table Rock Lake were resurveyed after the 
main survey, generally in a direction 45 to 90 degrees to the main body survey 
(fig. 2). The 42 cross-check lines had a combined total of about 29,000,000 raw 
survey points (Rivers and others, 2022). Raw points in the cross-check lines that 
were within a horizontal distance of 0.16 ft of a 6.56-ft gridded point were selected 
as cross-check quality-assurance data points, and the elevation values of these 
cross-check line points were compared to the 6.56-ft gridded points. About 63,000 
selected raw points were compared to 6.56-ft gridded points, and the data tested at 
a vertical accuracy of 1.26 ft at a 95-percent confidence level; the median absolute 
vertical error was about 0.16 ft (Rivers and others, 2022). Although the point-to-
point comparison is not an exact measure of bathymetric survey repeatability, the 
cross-check line vertical accuracy, as calculated here, represents the degradation of 
vertical accuracy introduced when converting the raw MBES data to a 6.56-ft set of 
gridded data using the CUBE method for this survey at this lake.

The vertical accuracy and median absolute vertical error also were calculated 
for the bathymetric surface, which was used to calculate the surface area and 
capacity values in table 1 and to generate the bathymetric contour map (fig. 2). 
The mapping quality-assurance dataset used to evaluate the bathymetric surface 
included about 700,000 data points selected at random from the about 38 million 
6.56-ft data points (Rivers and others, 2022). Points that were used to create the 
bathymetric surface were not included as quality-assurance points. The three-
dimensional bathymetric surface was tested against the quality-assurance dataset to 
determine the vertical accuracy of the surface using methods described in Wilson 
and Richards (2006). The surface tested at a vertical accuracy of 1.44 ft at the 
95-percent confidence level; the median absolute vertical error was 0.10 ft. A map 
of the vertical accuracy of the bathymetric surface is shown in figure 4.

The process of smoothing and cartographic editing of the bathymetric contours 
to produce an aesthetic map degrades the positional and vertical accuracy of the 
contours; however, the contours are used primarily for visualization of the surface 
in an illustration, so some accuracy degradation is expected. The bathymetric 
contours (fig. 2) were tested with the dataset used to create the bathymetric surface 
(Rivers and others, 2022). A point was considered a contour elevation evaluation 
point if the point was within a horizontal distance of 0.82 ft of a given contour line. 
Of the nearly 4,370,000 bathymetric surface mapping points, about 72,500 points 
were selected as evaluation points for the contour lines, and the contour vertical 
accuracy was computed to be 3.37 ft at the 95-percent confidence level; the median 
absolute vertical error was about 0.34 ft.

Bathymetry and Surface Area and Capacity
The bathymetric surface TIN was used to produce a bathymetric contour map 

(fig. 2). The meandering form of the submerged White River channel is clearly 
visible throughout Table Rock Lake (fig. 2). Submerged channels of several 
tributaries also were evident in some areas. A surface area and capacity table (table 
1) was computed from the bathymetric surface TIN. At the conservation pool 
elevation of 915 ft, the surface area of the lake was about 42,400 acres and the 
capacity was about 2,640,000 acre-feet (table 1). At the flood pool elevation of 931 
ft, the surface area of the lake was about 52,000 acres and the capacity was about 
3,390,000 acre-feet (table 1).
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