Modeling the Lower Columbia during the Lake Missoula Floods:
Corrections to the Denlinger and O’Connell Model
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Introduction

The late Pleistocene Glacial Lake Missoula (GLM) floods inundated the Columbia River valley with
enormous discharge, carving the dramatic topography of the Channeled Scablands. The episodic failure
of the ice dam created where the Okanogan Lobe of the Cordilleran Ice Sheet obstructed the Clark Fork
river drainage system of GLM scoured the Columbia Plateau, leaving geomorphic and stratigraphic
evidence of maximum flood levels throughout the Columbia River Valley.

Denlinger and O’Connell have just published an extensive simulation of the flooding in the upper regions
of the Columbia River Valley, above the Wallula Gap. In this analysis, | will bring together maximum
flood levels found below the Wallula Gap (from Benito and O'Connor, 2003) with their analyses of flood
volume and discharge.

Figure 1:
Initial Conditions for Lake Missoula flood, from Denlinger and O’Connell, 2010.
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Inundation to the Wallula Gap took at least 55 h (Denlinger and O’Connell, 2010), as flood waters filled
the Cheney-Palouse scablands, the upper Columbia channels, and the Pasco and Yakima Basins. There
were two major stages of drainage; first the rapid flooding of the upper basins, and later the slow
drainage of the basins through the Columbia Gorge to the sea.

The simulations of Denlinger and O’Connell provide excellent models for the initial (Stage 1) flooding,
but they do not account for many of the maximum flood level indicators provided by Benito and
O’Connor. In the conclusion of their (Denlinger and O’Connell) paper, they admit that “However, our
modeled peak flood stages at Walulla Gap are 10 m to 40 m lower than peak-stage indicators in the
field.”



Base maps

DEMs

The analysis was based primarily on the Digital Elevation Models for the lower Columbia River
Valley. | needed DEMs covering the Columbia River downstream from the Wallula Gap. It was necessary
to take DEMs at least to the contour of the maximum flood level on both banks of the River. The most
comprehensive source for these data is the US Seamless Server, containing the National Elevation
Dataset data. | also briefly (and futilely) searched for DEM’s through GIS servers maintained by various
Washington and Oregon state departments.

Other Maps
| referred to other maps included in the Denlinger and Benito papers

Data Processing

| created an Excel file from the data in table 5 of the Denlinger paper, which shows the
differences between the field measurements of maximum flood level below the Wallula Gap published
by Benito and O’Connor, and the maximum flows modeled by Denlinger and O’Connell using the
maximum levels at the dam site along with flow model. Coordinate data was provided in Table DR2 of
the Benito and O’Connor paper.

To preprocess this data, | first converted DMS coordinates to Decimal Degrees, and created
separate sheets for the 2003 (field) data and 2010 (modeled) data to import into ArcMap. To import the
data, first | added XY data in ArcMap, and then created a shapefile of the points with X,Y and Z
coordinates in a NAD 1983 datum.

At Wallula Gap, Denlinger and O’Connell model the maximum height of the flood waters at
300m.

ArcGIS Processing

After many attempts at downloading the DEM, two NED DEM grids were added to my ArcMap
project. The eventual solution was to download NED DEM’s from the US Seamless Server to a flash drive
for use in the project. It took two 222MB files from the Seamless Server to cover my study area.

As an information sciences student, adding the appropriate metadata to the newly created
DEM'’s is very important to me, and unfortunately the metadata from the Seamless Server did not
import to my DEM files. | added most of the metadata by hand through ArcCatalog, copying the
metadata from the XML file into the ArcCatalog metadata creator.



ArcCatalog - Arcinfo - G:\mab_dem

Figure 2:

Eie Edit Yew Go Inols Window Help

= HnREX A Q@O

Location;  [B-\meb_dem [ Descri ptive
Swleshest  [FGDCESAI =] o 1% 5

] e v metadata added
o @ &
3 ~
. 8 s 1-Arc Second National Elevation Dataset = to the new DEM
& (] Trashes
& (L] American Foriean Policy Spatial | Attributes H
03 pocurents . = covering my
=0 E-Rock g
-] E-Rock Casey Keywords
=2 Flowers Theme: National Elevation Dataset, NED, elevation, grid, LIDAR, Lidar, LIDAR, Light Detection and Ranging, high- Study area
23 mab_dem resolution, topography, USGS, U.S. Geological Survey, DEM, Digital elevation model, Surface Model, Digital terrain
) (L] MED_41793119 model
= [ MED_63389458 Place: United States
) (L] Mew Camera
1 (L Mew Folder .
& [ Physics Description
# (13 Potrera Chico Abstract
-0 Salamander The National Elevation Dataset (NED) is the primary elevation data product produced and distributed by the USGS.
[ Stephen's Movie.rcproject The NED provides the best available public domain raster elevation data of the conterminous United States,
w2 System Alaska, Hawaii, and territorial islands in a seamless format. The NED is derived from diverse source data,
#-{] The Backyard processed to 3 common coordinate system and unit of vertical measure. All NED data are distributed in geographic
) (L The Capital with Lily coordinates in units of decimal degrees, and in conformance with the North American Datum of 1983 (NAD 83). All
(1 UT Tower M elevation values are provided in units of meters, and are referenced to the North American Vertical Datum of 1988
& [ arches_edited-1.jpg (NAVD 88) over the conterminous United States. The vertical reference will vary in other areas. NED data are
0 [ Face Lipg available nationally at resolutions of 1 arc-second (approx. 30 meters) and 1/3 arc-second (approx. 10 meters),
- [ Face 10.jpa and in limited areas at 1/9 arc-second {approx. 3 meters). At present, the bulk of Alaska is only available at a 2
- [ Face 11.9pa arc-second (approx. 60 meters) resolution, owing to a lack of higher resolution source data, though some areas
- Face 12,900 are available at resolutions of 1 and 1/3 arc-second with plans for significant upgrades of the state over the next
#-# Face 13.jpg five years. The NED is updated on 3 nominal two month cycle to integrate newly available, improved elevation
- Face 14.jpg source data.
w [ Face 15.pg
i+ ] Fare 16.9pg Purpose L
0 (] Face 17.7pg The NED serves as the elevation layer of The National Map, and provides basic elevation information for earth
@ Face2 Ipg science studies and mapping applications in the United States. The data are utilized by the scientific and resource
i @ Face 300 management communities for global change research, hydrologic medeling, resource monitoring, mapping and
o Face 40 visualization applications.
- [ Face Sgpa
- Face6.jpg
- Face 7.jpg
- Face8.jpg
+ B Face 9.i0 ¥ Publication Information
=] 3 =

ArcCatalog - Arcinfo - G:\mab_dem

Figure 3:

Eile Edit Wiew Go Iools Window Help
=3 £l Ca L =
Location: [Grmab_dem | Spatlal metadata

Stlesheet  [FGDCESAI  +| = &' % z
= Canterts | Preview Metadsta | added to the
B

G
(] .Spotlight-w100

= 8 Temporaryltems 1-Arc Second National Elevation Dataset DEM created for
- Trashes
- (1 American Foriean Policy m -
escl n Attributes
530 bonrans my study area
(] E-Rock
E % E[R”“kce”y Horizontal coordinate system
o lowers y
53 A e Details
= (0 NED_41793113
([ NED_§3363458 Altitude System Definition
- (0 Mew Camers Datum Name: North American Vertical Datum of 1988
e (] New Folder Distance Units; meters
w1 (] Physics

% 0 Potrers Chicn Encoding Method: Implicit coordinate

w1 [ Salamander
wi-(_] Stepher's Movie.rcproject

- (0 System Bounding coordinates.

(0 The Backyard Horizontal

- (21 The Capical with Lily - In decimal degrees

o O T Tawer West: -123.6824999990983
o Arches _edited-1.40g e

5 0 Foce Lips East: -118.724444444003
o 4 Face 10.pg North: 46.5694444443609
o Face 1Lipg South: 45.2541666664946

B Face 12.ipg
B Face 13.pg
w8 Face 14.pg
-3 Face 15.ipg
- Face 16.jpg
- Face 17.ipg
- Face 2.jpg
- Face 3.pg
-8 Face 4.0p
-] Face S.pg
 f Face 6.jpg
o f Face 7.jpg
B Face 8.jpg
. #8 Fare 9.ia L




missoula - ArcMap - Arclnfo

Fle Edt View Bookmarks Insert Selection Tools Window Hel

— S e(n

DeWd&

B R | %

© | & [rasa =l

&l

g >3 4GB AR [T ] | paa~

- £ lLayers
= @ 2003

.
=8 2010
.
= B ned 41793119
Value
High : 2104.59

Low: 2253
= B ned_63%69458

| _Display [[Souce] Selecion

@ @

2 &P O I K2 | spatialnalyst v
_

[1:465,32 T

Qe B I ROMN s

[-[5)%]

@l

a

]

[Oisplay and set the map scale

“121,438 46.2 Decmal Degrees

Figure 4:

2003 and 2010
flood level point
data with two
NED digital
elevation
models as
downloaded
from the US
Seamless Server.
Notice color
offset between
the two DEM on
the western
quarter of the
map

It was necessary to merge (mosaic) the two DEM’s so that they could be symbolized together and
manipulated using Spatial Analyst tools.




Figure 5:
Map with DEM after
the mosaic
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In order to eventually create flood level polygons, | used the Spatial Analyst tools to create a Hillshade
(which I then symbolized using 50% transparency) and contour lines that would allow me to create
vector polygons.
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To model the lake levels, my first approach was to resymbolize the DEM with blue as the color as
anything below 280 meters, which is the maximum flood level at the upper most site of my analysis. At



this point the 2003 field measurement of maximum flood level (280 meters)and the 2010 modeled
measurement of maximum flood level are approximately equal.
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Using the raster calculator, | created polygons at each level of the maximum flood. | simply identified all
elevations in the DEM that were less than or equal to the flood elevation at each of the given points and
for each study.
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Figure 10:
Final Map of Maximum Flood Levels at Largest Difference Between the 2003 Data and 2010 Data
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To compare the lake sizes, | calculated the surface area of the river at each flood level. The modeled lake
contained 15980344 raster cells, while the measured/ 2003 flood level calculation came to 19070499
raster cells. The modeled flood level is 1.2 times larger than the measured flood.

Conclusion

Using ArcGlIS for this type of an analysis is very useful. The majority of the work was spent
acquiring the data and manipulating the DEMs. The results of the analysis were not surprising, but have
interesting implication for the newly published model. The most dramatic differences in flood levels in
the comparison of the 2003 and 2010 maximum flood levels are located in the basins (the Umatilla Basin
and Willamette Valley). These are the areas with the lowest relief, so the changes are expected.

It would be interesting to statistically analyze the differences volume between the various flood
stages, and to give the water surface a better (i.e. not perfectly horizontal) modeled surface. Writing
more accurate equations into the raster calculation could account for the maximum flood heights
recorded at downstream locations.

It is clear that the Denlinger and O’Connell model does not take into account the complex
drainage systems that were occurring at and below the Wallula Gap. Their new “shallow-water” model is
valuable evidence for the lower volume flood theory, yet the observed flood heights do not yet match
even the newly modeled flood levels.
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