Analysis of the Pacific Coast near the Mouth of the Columbia River

for Tsunami Hazard and Shelter Potential
Molly Kent 12/2009

The goal of this project was to analyze the mouth of the Columbia River for areas that would be flooded in the event of a
tsunami, and to look for topography that could act as a barrier or baffle to the incoming water. Many people live and
work in this area and the Columbia River provides shipping access to the interiors of Washington and Oregon, so hazard
analysis has immediate real-world applications.

Data:

DEMs were downloaded from the USGS Seamless Map Server. The grids are part of the National Elevation Dataset
(NED) with a resolution of 1/3 arc-second (~10 m), in geographic projection with the NAD83 horizontal datum and the
NAV88 vertical datum.

Methods:

The data were downloaded in ArcGrid format in 250 MB increments and had to be un-zipped before they could be
loaded into ArcMap. Metadata did not transfer well, and had to be entered by hand (Fig. 1).

-3 ArcCatalog - Arcinfo - Y:\GISLab_F09\Baserasteribase_raster (=03 Flgu re1: An examp|e of

File Edit View Go Tools Window Help

elom mE X &@as o metadata, for the base raster
Location:  [V\GI5Lab_FOT\Baserasterbase_aster -

e n used in this project.

/| Contenls| Praview Metadats
) Catalog
<@
= @ EA base_raster
=-{g v:\GlsLab_Fo?
=1 (] Baseraster Raster Dataset - GRID
] base_raster
& mETADATAshD - 5 ~
[X) Metadataxml Description Spatial Attributes
cutput_parameters,txl
(0 rasters
& " Keywords
messy i
& modern. Theme: elevation
&) modernhazard mxd
&) sihazard.mxd Description
] sLrise.mxd Abstract

% @ VAMy Documentsitycio National Elevation Dataset
(@ Arcireb Services

(i Coordinate Systems

+ (19 Database Connections Purpose

+ (] Dakabase Servers To provide a seamless DEM for the conterminous United States

+-[gd, GIS Servers

*+-igz8 Inkeroperability Connections
f= Scalar References

g Search Results
(g Tookboxes
(% Tracking Connections

Status of the data
Time period for which the data is relevant

Publication Information
Who created the data: USGS
Date and time: 2009

Data storage and access information
File name: base_raster
Type of data: raster digital data
Location of the data:
¢ \\disk.austin.utexas.edu\mek729$\GISLab_F09\Baseraster\base_raster
Data processing environment: Microsoft Windows XP Version 5.1 (Build 2600) Service Pack 3; ESRI ArcCatalog 9.3.1.1850
Accessing the data
Constraints on accessing and using the data

Details about this document




To construct a GIS it was necessary to mosaic the individual rasters together into one large raster. The Mosaic tool in

ArcToolbox was the easiest option, and the resulting large raster extended from near Grayland, WA to Seaside, OR, and

inland to near Westport, OR (Fig. 2).
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Figure 2: base raster, after
being mosaic-ed and
symbolized

The large raster was then reclassified using the Spatial Analysis tool to convert any cells below an elevation of zero to

NoData —i.e., to create empty space where there was water (Fig. 3).
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Figure 3: adjusted raster,
with elevations less than
zero reclassified as NoData
and symbolized as nocolor.



The resulting adjusted raster was then set as the analysis mask for the remainder of the analyses performed.

To analyze areas that would be at risk in the event of a tsunami, it was necessary to create new rasters isolating areas
below 5 meters in elevation. Current research into tsunami events puts the theoretical maximum tsunami height for the
Pacific Northwest coast at 15 feet, or approximately 5 meters (geosociety.org). Therefore any coastal area under 5
meters in elevation is in severe danger of flooding.

To isolate these areas, the raster calculator presented the simplest option. A raster showing all elevations below 5
meters was created using the expression con([grid name] <= 5,1). These are the areas that are most likely to flood
during a tsunami (Fig. 4).
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Some of these areas (in orange) lie behind higher topography, however, assuming the tsunami approach is from the
west. This approach is likely, since most tsunami along the Pacific Norwest coast are generated from distant
earthquakes (geosociety.org). To analyze which areas might provide shelter from a tsunami, a second raster was
overlaid on the 5 m raster, to isolate areas with elevations between 5 and 10 meters. The following expression was
entered into the raster calculator: con([grid name] >5,1) & con([grid name]<=10,1) (Fig. 5).
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While some of these areas (in green) will clearly have no sheltering effect, others may act as effective barriers or baffles
to the tsunami, especially the north-south trending bars and spits at the mouth of the Columbia River.

With global warming and sea level rise as constant concerns, an analysis for this same area after accounting for
projected sea level rise seems valuable. Models predict various amounts of sea level rise for the Pacific Northwest coast,
but appear to average out at around 1.5 meters of rise.

To begin, it was necessary to construct a new base raster showing this increase in sea level. Rather than reclassify all
cells below an elevation of 1.5 meters to NoData, all cells with elevations below 1.5 meters were isolated in a new raster
and symbolized to match the water (Fig. 6).



* Untitled - ArcMap - Arcinfo BEE Figure 6: New base raster

File Edit View Bookmarks Insert Selection Tools Window Help t d b b I . “
DE@& b @X[ - [T o] | & @ O 3| N | acrstomemnager | 5 P P[50 ] created by symbolizing a

‘Edito['i [ ‘i\:‘ Task: [

enreas o] | oo | dxe@@E@iisA#zrEoo] areas with elevations less

= £Z Layers
# O strise
# O SLSm < elev < 10m
# O st<sm
# M Sealevel rise
® O shoreline_layer
# O hilshd
# [ sm<elev <10m
=0 <5m
=
Value
High : 958

than 1.5 meters in elevation
to match the water (blue).

Low: 1
# 0 <tm

# 0 <3m

# 0 3m<eley<Sm
= 0 <tom

# O west

# O aspect2

# O Barrier Effect
# O adjusted

= O 688612390
= 0 <tom

# 0 <5m

Display | Source | Selection o an 4| |,|_
prawing v K ) | O~ A~ 7= [0 Aal ~l [0~ n,g\é-&-ﬁ-;-i

-13866683.631 5225619.478 Meters A

Then similar expressions were used to calculate areas under 5 m in elevation (Fig. 7) and areas between 5 and 10 meters

in elevation (Fig. 8), measured from the new sea level: con([grid name]<=6.5,1) and con([grid name]>6.5,1) & con([grid
name]<=11.5,1)
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Discussion:

The change in sea level does not appear to make a large difference in the areas at risk from a tsunami. Some of the
smaller islands in the Columbia River mouth would be flooded completely and may not play as large a role in dissipating
the incoming tsunami, increasing the potential for damage, but this is speculation. The higher topography that may act
as a potential barrier to the tsunami, i.e. the north-south trending bars, are too high to be inundated by a sea level rise
of only 1.5 meters, and thus would continue to exert the same baffling influence on the incoming wave.

Final maps are included below as Figs. 9-12.
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Figure 11:
The mouth of
the Columbia
River at 1.5
meters
higher-than-
current sea
level.

Figure 12:
The mouth of
the Columbia
River at 1.5
meters
higher-than-
current sea
level, with
tsunami
hazard and
shelter areas
highlighted.
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