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COASTAL DEM DEVELOPMENT
BEST PRACTICES

COASTAL DEM DEVELOPMENT

BEST PRACTICES

NOAA's National Geophysical Data Center (NGDC) builds and distributes high-reselution,
coastal digital elevation models (DEMs) that integrate ocean bathymetry and land topogra-
phy to support NOAA's mission to understand and predict changes in Earth’s environment,
and conserve and manage coastal and marine resources o meet our Nation's economic,
social, and environmental needs. DEMs should be as accurate as possible to minimize

STRATEGY: Know Your Data

1. Determine what data are available and carefully assess that data,
so that you know their inherent problems and limitations.
2. Verify that metadata are correct.

error in the modeling of coastal processes. Good practices throughout DEM develop
help to ensure this.

http://www.ngdc.noaa.gov/mgg/coastal /coastal.htm|

STRATEGY: Plan Ahead

1. Determine the purpose of the DEM. DEMs have many uses (e.g., modeling of tsunamis,
storm surges, or coastal currents), each of which may have specific requirements.

2. Select DEM parameters (extent, cell size, vertical datum, file format, etc.) that will best
support the intended use.

3. Choose a gridding technique that will minimize errors when interpolating across
large areas without data (see Fig. 1).

4. Collect data in an areu larger than the DEM (see Fig. 1) to avoid anomalies along DEM
edges.

s
Search the Internet for DEMs of your study area to see if an
M existing one is suitable.

Fig 1. Pago Pago, American Samoa DEM data sources. Data were collocted in on area 5% larger than

DEM extents fo prevent gridding edge effects. The DEM was also extended to encompass the smaller US.
islands to the east. A second, higher-resolution DEM (orange box) was built where data are denser. White
areas lack depth measurements.

3.D ine if data overlapped by newer surveys need to be
eliminated. This may or may not be necessary depending upon if
there has been significant morphologic change between the two survey
years (see Fig. 2).

s 2 .
Review journal articles, company survey reports,
W and local government documents to find data sets
in the region that are not accessible on the Internet.

g

Fig 2. An exomple of anomalies created from overlapping and inconsistent data sets.
More recent or higher-resolution dota sefs are usually more accurale, and the other
data may need to be eliminated

STRATEGY: Pay Attention to Detail

1. Organize your file structure to help keep track of file types, data
edits, and datum conversions. This helps others review your work.
2. Double-check all data conversions and transformations for possible

software or processing errors.
3. Determine how detuiled your coustline needs to be, and what
features should be included or excluded, such as piers (see Fig. 3).

Document all data sources and processing steps
when building the DEM, so that users can
reconstruct your work.

Fig 3. Example of varying constline needs. Two coastlines were developed for the region
surrounding the Los Angeles and Long Beach harhors. The red coastline does not include the
large wharves resting on pilings ond was used to build on intermediate model of seafloor
relief. The white coastline, which includes the wharves, was used to dip the seafloor relief
model and ensure that the wharves had positive elevation values in the final DEM.

Strategy: Convert to Common Datum

1. Convert all data fo a common horizontal datum and file format, so thot
overlapping data sets can be directly compared to each other.

2. When necessary (i.e. when the cell size is small, 30 meters or less),
convert data to o common vertical datum to minimize anomalies along
the coastline.

3. Where available, use VDatum (http://vdatum.noaa.gov/) to convert

between vertical datums, Otherwise, use datum offsets measured ot
local tide stations (hitp://tidesandeurrents.nooa.gov/).

]
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Look for inconsistencies between overlapping
data sets, especially along the
boundaries of data sets.

Fig 4. A histogram comparing o souree data set’s elevations with the DEM. Large
discrepancies need o be evaluated to determine their origin.

)
i\

A
il

W
I

e o A AV AT,

S H7
SN

e -
S S RSN

Strateny: Thoroughly Evaluate DEM

1. Statistically compare DEM cell elevations with source data sets to ensure that
the DEM accurately represents source elevation values (see Fig. 4).

2. Yisually compare the DEM with satellite images, topographic maps, nautical
charts, and aerial and personal photographs to ensure that the DEM represents
cwrrent morphology (see Fig. 5).

3. Compare DEM cell elevation values with independent measurements of eleva
tion that were not used in DEM development, such as geodetic monuments
(http://www.ngs.noaa.gov).

i

Search the Internet for personal photographs of your study
W area. They may show coostal morphology and be useful for
visually evaluating your DEM.

Fig 5. Comparison of DEM contours with a georeferenced USGS topographic contour map. Areas
where the two contour sets diverge may indicate changes in morphology or errors in the DEM.

FOR MORE INFORMATION CONTACT:

NOAA National Geophysical Data Center
325 Broadway E/6C3
Bowlder, €0 80305-3328 USA

Phone: 303-497-6826

Fax: 303-497-6513

T0DD: 303-497-6958

Email: dem.info@noua.gov

Web: http://www.ngdc.nona.gov/mgg/coastal /coastal.himl
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Summary
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eC h N I q u eS a N d tOO lS fo I CO m pi ll ng C Seamlessly integrating bathymetric

and topographic data to support
tsunami modeling and forecasting
efforts

reating and refining model grids

Introduction

Tsunamis are ocean-spanning, natural, though infrequent, events that can lead to major disasters
if coastal communities are not prepared. The December 26, 2004, tsunami in Indonesia is a prime
example of this. But how do you prepare coastal communities for unavoidable flooding? Part of
the answer lies in providing timely warnings after a tsunami has been generated somewhere in
the ocean, usually by an undersea earthquake that displaces a large volume of water, though tsu-
namis may also be generated by submarine landslides and volcanic eruptions. Seismic waves
travel through Earth much faster than tsunami waves travel through water, so except for com:

munities immediately adjacent to the earthquake epicenter, there is usually some lead time that
allows for warnings to be released and people to flee the coastal area. One of the major failures
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Bathymetric Survey

= Singlebeam survey

» Multibeam surveys

» Bathymetric LIDAR




Topographic Survey

Leveling

- Photogrammetry -

« Topographic LIDAR

« Space-based Radar (SRTM)




Other Data Sources
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= Chart soundings and contours *-
= lTopographic maps

. Aerial and satellite
photography

- Engineering and
scientific reports




Online Global Data

« ETOPO1

» Global bathymetry and topography at 1 arc-minute
» http://www.ngdc.noaa.gov/mgg/global/global.html

» ohuttle Radar Topography Mission
(SRTM)

» 3 arc-second (~90m) global topography
« http://srtm.csi.cqiar.org/
+ http://srtm.usgs.qov/



http://www.ngdc.noaa.gov/mgg/global/global.html
http://srtm.csi.cgiar.org/
http://srtm.usgs.gov/

Online Global Data

- National Geophysical
Data Center (USA)

., http://ngdc.noaa.gov/

. Multibeam surveys

. Track lines

= International Hydrographic
Organization

+ http://www.iho-ohi.net/english/
world-bathymetry/



http://ngdc.noaa.gov/
http://www.iho-ohi.net/english/
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Data Quality Control

Check datasets before compiling grid

Bad depths? Bad locations?

Incorrect elevations in LIDAR data
Bl Source: National Geophysical Data Center

Horizontal nfféset in topographic data o
__ Source: Lim et al 2010 (NGDC) Wl
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Horizontal Datum

All data must be relative to the same datum!

. Datum: description of the shape and size of
the earth, and location of the zero point

. Our models use:
. WGS 84 datum

= Decimal degree coordinate system

- Reproject and change datums of data with
GIS or PROJ 4.



Vertical Datum

All data must be relative to the same datum!

Source: NOAA NOS CO/OPS
CO-0PS Representation of Tidal Datums

Tidal Datums

Highest Observed

RGS Representation o Thial and Gepdetic Relationships
i Apalachicola, FL @mrsssom

_Mean Higher High Water

Mean High Water e L ot (o e
Mean Tide Level MTL m e T e i e
W= MN GT = LW 80 Fewh (9.AIZ mrbery

= — S 5,19 Feet, (9,008 neters
LT e 60 meliors

Mean Low Water MLW

Mean Lower Low Water MLLw B | DLQ

Lowest Observed

NOAA

Add or subtract depth values to make their zero point (datum) the
same

Our models use the mean high water datum
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Compile Source Grid

* Source grids provide a starting point for developing model grids

* Use the highest resolution thatis supported by your data

« 1 arc-minute (30 m) or less if possible



Tools for Grid
Development

+ GIS software
» ArcGIS: helpful but expensive
= Open source options: GRASS, QGIS

- MBSystem
. Reads most native multibeam file formats plus xyz point data

. Handles very large datasets very well

= Open source: http://www.ldeo.columbia.edu/res/pi/MB-System/



http://www.ldeo.columbia.edu/res/pi/MB-System/

Sample Grids for
Training

- Data quality suitable for testing and
training, but not for final products

+ Automatically generated from public

Sources.
. ETOPO1 bathymetry
. SRTM topography

» 3 arc-second (~90 m) grid cell size

» Bathymetry interpolated from 1 arc-minute source



Sample Grids for
_fraining

They are for tralnmg only'
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Model Grids: Extent

« Determine the outline of your study area

» This version of ComMIT & MOST always
uses three nested grids

= Try to include major features that might
affect wave dynamics: islands, bays,
shoals

= If possible, outermost (A) grid should
extend to 1000 m depth contour



Model Grids: Extent

* Grid size (humber of nodes) has a major impact on the model
running time

* The ComMIT Server will not produce grids larger than 160,000
(400x400) nodes



Model Setup:
Parameters

See the ComMIT Help
menu for a summary of
the model parameters

The MOST manual has
complete detalils.

0.0010

5.0

0.1

0.0009

£l

300.0

1.20

40000

Minimum amp. of input offshore wawve (m)
Minimum depth of offshore (m)

Dry land depth of inundation (m)

Friction coefficient (n®)

Let A-Grid and B-Grid run up

Max eta before blow-up (m)

Time step (sec)

Total number of time steps in run

Time steps between A-Grid computations
Time steps between B-Grid computations
Time steps between output steps

Time steps before saving first output step

Save output every n-th grid point



Model Grids: Cell sizes and
file formats

- Common model grid cell size for forecast
modeling with MOST

+ Agrid: 2 arc-minute
» B grid: 30 arc-second
. C grid: 3 arc-second

— Models for hazard assessment may use smaller cell sizes - if the
source data allows

. Grid cell size: |
Maximum model time step (dt): |
Model run time: 1



Model Grids: file Format

. ComMIT and MOST can use two formats
for bathymetry grids:

. “MOST format” (see the MOST manual PDF)
. ESRIASCII raster

« Model output is always in NetCDF



Model Setup:
Parameters

Most important

parameters:
* Time step
1.20 Time step (sec)
40000 Total number of time steps in run
* Total number of stepsinrun |- Time steps between A-Crid computations
3 Time steps between B-Grid computations

* Time steps between A/B
grid



Model Testing: Stability

Banda: Wave Amplitude [cm]
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Model Testing: Stability

Max. Amplitude {m)

The model must be stable (no “blow ups”™) under
any reasonable source scenario

Use large and small events

L

an

3

2:
1,
un

ComMIT’s Smooth Bathymetry Tool can help

P

Bathymetry Carrection Toal

Select Grid

B grid
( Cagrid )

—

Input filename:

Qutput filename:

Max wave estimate: 0.0

Minimum Depth: 0.0

Max slope: 0.7

(D<slope<i)

7.99833
Extents: 98.25000 98.64667
-7.60167
[ phuketGridC

phuketCridC_wver01l.corr

( cancel ) ( Go )




Model Testing: Accuracy

The model must accurately forecast
real tsunami events




Model Testing: Accuracy

Sea level data for comparison:
http://www.ioc-sealevelmonitoring.org/

M @ SEA LEVEL STATION MONITORING FACILITY

10C

Intro Map Stations Metadata

Data Policy

The data and products available through this web-site are made available in accordance with the I0C Oceanographic Data Exchange Policy as adopted by the 22nd session
of I0C Assembly in Resolution 6. Data and products available on this web-site may not be used for any commercial purposes. Commercial users should contact the
relevant data originators.

Download parameters Tide gauge at Padang
5 n
Station: | Padang :) - 0rs + rad + enc
. Year Month  Day Hour Minutes

[ s fram[ 2010 2[4 2[4 2)[21 2][28 %] 7
Number of

1 .
days: i
(Generate graph ) (Generale table ) (Downlcad ) 5

[ L L L L L L |
o000 02:00 03:00 07:00 03:00 11:00 12:00 15:00 17:00 13:00 21:00
04-03

2010-04-04 21:28 2010-04-05 21:23

EI0C-YLIZ



http://www.ioc-sealevelmonitoring.org/

Toolsfor Grid
Processing

« NetCDF support: Matlab 2009+, or use mexnc for older versions.

» Some things that are useful:
. Crop

. Resample/regrid

. Plotting tools

= ComMIT’s Smooth Bathymetry tool
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