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Introduction



❑ The Intergovernmental Panel on Climate Change
(IPCC) concluded that the warming of the climate
system is unequivocal.

❑ IPCC also concluded that increasing in anthropogenic
Green House Gasses (GHG) is very likely causes
increasing of global temperature.

❑ Various observation data showed increasing in global
average air and ocean temperatures, widespread melting
of snow and ice and rising global average sea level
during the 20th century.

❑ The warming temperature affects on many natural
systems at all continents and most oceans.

(Sofian, TNC 2015)

Global Warming, Climate Change and Sea Level Rise



Component of Total Water Level Prediction

(Modified from Bernard, 2014)
Sea level rise projection in 

Indonesia



National Bathymetric Data



Application of Bathymetric Data

❑ Reconnaissance for submarine cable 

and pipeline routes.

❑ Application for numerous modeling 

including tidal, ocean circulation, 

tsunami hazard, coastal flood and 

ocean biogeochemical process.

❑ Improving the model accuracy of 

hazard forecasting models.

❑ Improving the marine gravity 

mapping.

❑ Assessing the potential territorial 

claims under the United Nations 

Convention on the Law of the Sea 

(UNCLOS)

❑ ....

❑ ....
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ABSTRACT 
 

Amante, C.J. and Eakins, B.W., 2016. Accuracy of interpolated bathymetry in digital elevation models. In: Brock, 

J.C.; Gesch, D.B.; Parrish, C.E.; Rogers, J.N., and Wright, C.W. (eds.), Advances in Topobathymetric Mapping, 

Models, and Applications. Journal of Coastal Research, Special Issue, No. 76, pp. 123–133. Coconut Creek 

(Florida), ISSN 0749-0208. 

 

Digital elevation models (DEMs) are used to model numerous coastal processes, including tsunamis, contaminant 

dispersal, and erosion. In the bathymetric realm, the distance between measurements typically increases farther from 

shore (i.e., deeper water), such that gridding interpolation to build a bathymetric DEM is often across large distances. 

This study examined the accuracy of interpolation in bathymetric DEMs using three common interpolation 

techniques: inverse distance weighting, spline, and triangulation. The goal was to examine the relationship between 

interpolation accuracy and cell sampling density, distance to the nearest depth measurement, and terrain 

characteristics. Kachemak Bay, Alaska, was chosen as the study area due to its heterogeneous terrain. A split-sample 

method was developed to randomly separate depth measurements to be used for interpolation from those used to 

quantify interpolation accuracy. Results show that the accuracy of the three evaluated interpolation techniques 

decreases (i) at smaller cell sampling densities, (ii) as the distance to the nearest measurement increases, and (iii) in 

areas of high slope and curvature. Spline was found to be the most accurate technique, though all techniques have 

approximately equivalent accuracy at large cell sampling densities and shorter interpolation distances. From these 

analyses, predictive equations were derived, for each interpolation technique, of the cell-level uncertainty introduced 

into bathymetric DEMs, as a function of the cell sampling density and interpolation distance. These equations permit 

the quantification of cell-level interpolation uncertainty in DEMs and, in turn, will aid in propagating that uncertainty 

into the modeling of coastal processes that utilize DEMs. 

 

ADDITIONAL INDEX WORDS: Interpolation, spline, inverse distance weighting, triangulation, cell sampling 

density, cell-level uncertainty equations, DEMs.  
 

           INTRODUCTION 

The oceans are truly Earth’s last great unknown (Smith and 

Marks, 2014). Surprisingly, the surfaces of Mars, Venus, and the 

Earth’s moon are mapped at a higher spatial resolution than the 

seafloor (Smith, 2004), as individual depth measurements of the 

Earth’s ocean can have data gaps of hundreds of kilometers 

(Smith and Sandwell, 1997). Bathymetric digital elevation 

models (DEMs) are continuous representations of the seafloor 

that are derived from depth measurements and are commonly 

stored in a raster data format comprised of a matrix of square 

cells, with each cell representing the average depth of the area 

contained within that cell.  

The National Oceanic and Atmospheric Administration’s 

(NOAA) National Geophysical Data Center (NGDC) develops 

such bathymetric DEMs, as well as bathymetric models that are 

integrated with topography in the coastal zone, to support the 

modeling of tsunami propagation and coastal inundation (Eakins 

and Taylor, 2010). In order for the integrated bathymetric-

topographic DEMs to retain high spatial resolution in the coastal 

zone to support detailed inundation mapping, interpolation 

across large distances is typically required between sparse 

bathymetric measurements. Such extreme interpolation fills data 

gaps in the models that might cause instabilities in tsunami 

modeling runs (i.e., avoids null depth values). 

The accuracy of modeling coastal processes, such as tsunami 

propagation and inundation, is partly dependent on the accuracy 

of the DEM, which in turn is dependent on the accuracy of the 

depth measurements. As a result, uncertainty in the depth 

measurements propagates into uncertainty in the DEM, and into 

the modeling of such processes. A detailed description of depth 

measurement uncertainty is provided in Hare, Eakins, and 

Amante (2011). However, the low spatial resolution of many 

bathymetric surveys, especially those predating the use of 

modern survey technologies (e.g., multibeam sonar), requires 

interpolation to estimate areas of unknown depths to develop the 

continuous representation of the seafloor. Consequently, the 

accuracy of modeling such coastal processes is also partly 

dependent on the accuracy of the interpolation technique. 

The accuracy of an interpolation technique itself refers to the 

agreement of interpolated values to known or accepted values. 

However, interpolation techniques are typically used in areas 

without measured depths; consequently, the interpolation 

accuracy cannot be rigorously quantified. The lack of 

knowledge about interpolation deviations from known or 

accepted values within such data gaps represents the uncertainty 

introduced into DEMs by interpolation techniques (Wechsler, 

2007). This study quantified the accuracy of various 

interpolation techniques, using measured depths that are 

withheld from interpolation and subsequently used to quantify 

the interpolation accuracy. These depth measurements were 

considered the known or accepted values, despite any 
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❑ 6arc-second resolution

❑ Assimilated with corrected near 

shore sounding data

❑ Model accuracy : 25m

❑ Vertical datum is referred to 

MSL

❑ MSL is calculated using the  

Hybrid Coordinate Ocean Model 

(HYCOM) from 1993 to 2016

National Bathymetric Data

5arc-second resolutions (79oE - 161oE, 26oS - 26oN)

https://github.com/ibnusofian-sdb/INDB05S

https://github.com/ibnusofian-sdb/INDB05S


70CM offset

Tide Gauge Data 
PSMSL RLR Stations with more than 40 years of data 

HYCOM Offset Corrections



National Digital Elevation Model (Land)



CONCEPT OF MULTIPLE CLIMATE-RISK, TYPOLOGY OF STUDY 

AREAS, AND SPATIAL PLANNING FUNCTIONS

Application of Topographic Data

(modified from Hadi T.W, 2015)

Sample of Baseline 

(2010) and 

Projection (2030) 

of Coastal Flood 

Hazard Map at 

Makassar (Latief, 

2015)

(2010)

(2030)

Sea level rise and 

tidal prediction 

data are based 

on research 

products from 

BIG

Topographic and 

land cover data 

from BIG,

land use data 

from Public 

Works



editing HDTM → blunder / anomalies removal

Datum Conversion →WGS84 & EGM2008

ΔH = HDSM - Hmasspoint

HDTM = HDSM - ΔHeditted

Spatial Resolutions 

bilinear (7.5 m & 2.5 m → 8.25 m)

Datum Conversion →WGS84 & EGM2008

despeckling (spikes, void etc)

ΔHeditted → spline interpolation

boxcar filtering

ΔH

1

2

3

4

ΔH

editing HDSM

DSM – Digital Surface Model

DTM – Digital Terrain Model

Automatic DSM to DTM Conversion



IFSAR-DSM DTM-PPRT DEMNAS

Comparison among IFSAR-DSM, DTM-PPRT and DEMNAS

Nation-Wide DEMNAS DATA 

https://tanahair.indonesia.go.id/portal-

web/login?page=/unduh/demnas

https://tanahair.indonesia.go.id/portal-web/login?page=/unduh/demnas
https://tanahair.indonesia.go.id/portal-web/login?page=/unduh/demnas


DEMNAS, BATNAS and OSM



Integration with OSM road and building

OSM

gdal_rasterizeDEMNAS

Footprint data

8.25m resolution of DEMNAS

82.5cm resolution of DEMNAS

Integration between elevation (DEMNAS) 

and bathymetric (BATNAS) data



Future Works

❑Physics-based numerical modeling system for assessing coastal hazards.

❑Predicts coastal hazards for the full range of sea level rise, subsidence and storm surge or other

extreme events possibilities using the most sophisticated global climate and ocean modeling tools.

❑Developing coastal vulnerability assessment tools to meet the planning and adaptation needs.

Region Tiling of Model Domain
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