
Figure 1.  Hillshade of the “true” elevation grid derived from the NGDC mul-
tibeam databse. Labels denote morphologic regimes.

Results
The interpolated surfaces and difference grids revealed important 
characteristics of spline interpolation of sparse bathymetric data. As 
expected, spline interpolation best represents areas with low relief 
such as the continental shelf and abyssal plain. Spline interpolation 
cannot effectively represent high relief areas such as submarine can-
yons or seamounts where there are no data.  For both software pro-
grams, interpolated surfaces with a low tension value resulted in the 
best-fit representation of the “true” elevation grid as a whole.  Using 
“mbgrid” with a high tension value created spurious oscillations, in-
cluding an artificial seamount (Figures 3, 4), but better characterized 
the linear nature of submarine canyons (Figure 5). For “mbgrid,” a 
tension value of 1.25 resulted in a standard deviation between the 
interpolated surface and “true” elevation grid of 25.1 meters. For 
“surface,” a tension value of 0.05 resulted in a standard deviation of 
21.5 meters (Figures 6, 7). 

Future Work
Master's thesis project at the University of Colo-
rado at Boulder will study the variations in DEM 
surfaces created by various gridding techniques 
(e.g., spline, inverse distance weighting, kriging, tin-
ning, nearest-neighbor) and the impact of these 
variations on the modeling of tsunami inundation 
at Crescent City, California. NOAA's Method of Split-
ting Tsunamis (MOST) model will be used to model 
inundation from the 1964 Alaska tsunami on each 
surface.

Figure 2.  Location of the sparse trackline data with elevations sampled 
from the “true” elevation grid.

Figure 6.  Visual representation of the “true” elevation grid and best -fit spline-interpolations using “mbgrid” and “surface.” 

Trackline Data

Elevation (m)
-2,586 - -2,501

-2,670 - -2,587

-2,748 - -2,671

-2,822 - -2,749

-2,895 - -2,823

-2,969 - -2,896

-3,045 - -2,970

-3,124 - -3,046

-3,203 - -3,125

-3,281 - -3,204

-3,361 - -3,282

-3,441 - -3,362

-3,519 - -3,442

-3,596 - -3,520

-3,674 - -3,597

-3,753 - -3,675

-3,832 - -3,754

-3,911 - -3,833

-3,988 - -3,912

-4,063 - -3,989

-4,137 - -4,064

-4,212 - -4,138

-4,288 - -4,213

-4,359 - -4,289

-4,426 - -4,360

-4,495 - -4,427

-4,564 - -4,496

-4,631 - -4,565

-4,709 - -4,632

-4,796 - -4,710

-4,879 - -4,797

-5,115 - -4,880

Figure 5.  Representation of Carstens Canyon using different spline interpolation 
methods. Tile A is the “true” elevation grid.  A high tension value better represents the 
linear nature of canyon using “mbgrid” evident in tiles B - E.  The  tension value has 
negligible effects on canyon representation using “surface,” depicted in tile F.

Trackline Data

Elevation (m)
-2,595 - -2,541

-2,648 - -2,596

-2,701 - -2,649

-2,753 - -2,702

-2,804 - -2,754

-2,855 - -2,805

-2,905 - -2,856

-2,956 - -2,906

-3,008 - -2,957

-3,060 - -3,009

-3,112 - -3,061

-3,164 - -3,113

-3,217 - -3,165

-3,269 - -3,218

-3,321 - -3,270

-3,374 - -3,322

-3,426 - -3,375

-3,479 - -3,427

-3,532 - -3,480

-3,584 - -3,533

-3,636 - -3,585

-3,688 - -3,637

-3,740 - -3,689

-3,793 - -3,741

-3,846 - -3,794

-3,899 - -3,847

-3,951 - -3,900

-4,002 - -3,952

-4,053 - -4,003

-4,102 - -4,054

-4,150 - -4,103

-5,115 - -4,151

Figure 3.  Spurious oscillations of interpolation between trackline data introduced by 
tension. Tile A is the “true” elevation grid. Tiles B - F represent the difference between 
spline interpolation  with various tension values and the “true” elevation grid.

True Elevation (m)

-3,073 - -3,036

-3,111 - -3,074

-3,149 - -3,112

-3,186 - -3,150

-3,223 - -3,187

-3,261 - -3,224

-3,298 - -3,262

-3,336 - -3,299

-3,373 - -3,337

-3,411 - -3,374

-3,448 - -3,412

-3,486 - -3,449

-3,523 - -3,487

-3,561 - -3,524

-3,598 - -3,562

-3,636 - -3,599

-3,674 - -3,637

-3,712 - -3,675

-3,749 - -3,713

-3,787 - -3,750

-3,824 - -3,788

-3,862 - -3,825

-3,901 - -3,863

-3,938 - -3,902

-3,974 - -3,939

-4,011 - -3,975

-4,049 - -4,012

-4,087 - -4,050

-4,124 - -4,088

-4,161 - -4,125

-4,199 - -4,162

Figure 4.  Representation of the Buell Seamount using different spline interpolation 
methods. Tile A is the “true” elevation grid. Tiles B - D illustrate an artificial seamount 
adjacent to the Buell Seamount resulting from spurious oscillations using “mbgrid.”  
Tiles E and F  show  interpolation using “surface.”

Figure 7.  Statistical analysis of the best-fit spline-interpolations using “mbgrid” and “surface” compared to 
the “true” elevation for the entire region.

Elevation (m)
-78 - 0

-277 - -79

-476 - -278

-675 - -477

-873 - -676

-1,072 - -874

-1,271 - -1,073

-1,470 - -1,272

-1,669 - -1,471

-1,868 - -1,670

-2,067 - -1,869

-2,265 - -2,068

-2,464 - -2,266

-2,663 - -2,465

-2,862 - -2,664

-3,061 - -2,863

-3,260 - -3,062

-3,458 - -3,261

-3,657 - -3,459

-3,856 - -3,658

-4,055 - -3,857

-4,254 - -4,056

-4,453 - -4,255

-4,651 - -4,454

-4,850 - -4,652

-5,049 - -4,851

-5,249 - -5,050

Software Tension Value Minimum 
Difference (m) 

Maximum 
Difference (m) 

Standard 
Deviation (m) 

MB-System 
“mbgrid” 

1.25  
(Range: 0 to infinity) 

-667 763 25.05 

GMT 
“surface” 

0.05  
(Range: 0 to 1) 

-577 638 21.55 

 

Overview
Digital elevation models (DEMs) are the framework for modeling nu-
merous oceanic processes including tsunami propagation and 
ocean circulation. The accuracy of modeling such oceanic processes 
is largely dependent on the accuracy of the DEM. Many regions of in-
terest have sparse bathymetric data, which require data interpola-
tion to create a continuous model of the seafloor.  There are several 
different interpolation gridding algorithms such as spline, inverse 
distance weighting (IDW), and kriging. The National Geophysical 
Data Center (NGDC), an office of the National Oceanic and Atmo-
spheric Administration (NOAA), in conjunction with the Cooperative 
Institute for Research in Environmental Sciences (CIRES) at the Uni-
versity of Colorado at Boulder, both quantitatively and qualitatively 
assessed the accuracy of modeling the seafloor using spline interpo-
lation gridding algorithms from MB-System 5.1.0 and Generic Map-
ping Tools (GMT) 4.4.0 software packages. 
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Website and Contact Information

NGDC multibeam database
http://www.ngdc.noaa.gov/mgg/bathymetry/multibeam.html

NGDC trackline database
http://www.ngdc.noaa.gov/mgg/geodas/trackline.html

Contact:
Christopher.Amante@colorado.edu
Work phone: (303) 497-4338

Study Area
The region of the North Atlantic Ocean located from 72.25 W to 
64.85 W and 37.55 N to 40.65 N was selected to evaluate the accu-
racy of various interpolation methods. The region is ideal because of 
the variety of morphologic regimes, including the continental shelf, 
continental slope, abyssal plain, submarine canyons, and the New 
England seamounts (Figure 1). Also, the region has dense mulitbeam 
bathymetry data coverage that represented the “true” elevation for 
comparison of the interpolated surfaces. 

To develop the “true” elevation grid, NGDC used multibeam data ref-
erenced to the World Geodetic System of 1984 (WGS 84) from NOAA 
NGDC multibeam database. The data were cleaned to remove arti-
facts and eliminate superseded surveys, and gridded at 9 arc-
seconds (approximately 270 m) referenced to the WGS 84 datum.  
The “true” elevation grid was then projected to UTM  Zone 19 N at 
500 m resolution. We obtained trackline data referenced to WGS 84 
from the NGDC trackline database. The data were projected from 
WGS 84 to UTM Zone 19 N and elevation values from the “true” el-
evation grid were extracted at every trackline (easting, northing) po-
sition (Figure 2). 

Methodology
NGDC evaluated the accuracy of spline interpolation using two dif-
ferent software packages, MB-System and GMT. The MB-System 
spline interpolation program “mbgrid” and the GMT program “sur-
face” each have several parameters that affect the interpolated sur-
face. For both programs, the most fundamental parameter is the ten-
sion value. Tension alters the thin plate spline algorithm, with a ten-
sion of zero corresponding to a minimum curvature surface with 
free edges. For “mbgrid,” the tension value has a possible range of 0 
to infinity. For “surface,” the tension value has a possible range of 0 to 
1. NGDC found the effects of the other parameters on the interpo-
lated surface to be minimal relative to the effect of tension. 

To analyze the MB-System and GMT interpolated surfaces, the track-
line data with sampled elevations from the “true” elevation grid was 
gridded using various tension values. The sampled data were trans-
formed from UTM Zone 19 N to WGS 84 to be gridded using 
“mbgrid” and “surface.” The interpolation grid was projected to UTM 
zone 19 N with negligible distortion.  The interpolated grid and 
“true” elevation grid were differenced to determine the accuracy of 
the interpolation method with various tension values. 

Trackline Data

True Elevation (m)
-242 - -49

-493 - -243

-741 - -494

-996 - -742

-1,242 - -997

-1,479 - -1,243

-1,702 - -1,480

-1,900 - -1,703

-2,069 - -1,901

-2,215 - -2,070

-2,349 - -2,216

-2,473 - -2,350

-2,591 - -2,474

-2,706 - -2,592

-2,813 - -2,707

-2,917 - -2,814

-3,023 - -2,918

-3,132 - -3,024

-3,245 - -3,133

-3,365 - -3,246

-3,492 - -3,366

-3,623 - -3,493

-3,754 - -3,624

-3,884 - -3,755

-4,011 - -3,885

-4,132 - -4,012

-4,256 - -4,133

-4,379 - -4,257

-4,504 - -4,380

-4,628 - -4,505

-4,777 - -4,629

-5,115 - -4,778

-399 - -300

-299 - -200

-199 - -100

-99 - -75

-74 - -50

-49 - -25

-24 - -20

-19 - -15

-14 - -10

-9 - -5

-4 - 0

1 - 5

6 - 10

11 - 15

16 - 20

21 - 25

26 - 50

51 - 75

76 - 100

101 - 200

201 - 300

301 - 400

Trackline Data

Elevation Difference Grid (m)


