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https://coast.noaa.gov/llv/
https://coast.noaa.gov/llv/
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Water Level Station and Data

Home About~ WhatWeDo ~ News Education ~

g water levels and winds for Post-tropical Cyclone Hilary and Poter ime water level and meteorological data

Home / Products /Water Levels /9099064 Duluth, MN ¥¥ Favorite Stations ~

Station Info ~  Tides\Water Levels ~  Meteorological Obs.  Phys. Oceanography  OFS

Notice: This station is currently in high water condition

NOAA/NOS/CO-OPS
Observed Water Levels at 9099064, Duluth MN
From 2023/08/20 00:00 LST/LDT to 2023/08/21 23:59 LSTILDT —
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— Verified — Preliminary

Options for Units Shift dates

1610367 Nonopapa, Niihau I... Standard v KBack1Day  MForward 1 Day
From: Timezone Interval

Aug v 20 v|2023 LSTADT v 6min | 1hr | HL | Day & Month
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& Show Data Listing -
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https://tidesandcurrents.noaa.gov/waterlevels.html?id=9099064
https://tidesandcurrents.noaa.gov/waterlevels.html?id=9099064

Water Level Station and Data

Duluth, MN
Station ID: 9099064
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https://tidesandcurrents.noaa.gov/waterlevels.html?id=9099064
https://tidesandcurrents.noaa.gov/waterlevels.html?id=9099064

Coastal Inundation Dashboard

TIDES:

C IUDP NTS Home About~ WhatWeDo v News Education v
CURRENTS

g water levels and winds for Post-tropical Cyclone Hilary and Poter

ime water level and meteorological data

Home / Products / Coastal Inundation Dashboard / 9099064 Duluth, MN ¥¥ Favorite Stations

[aa Water Level Data & Meteorological Data B2 Top-10 Water Levels L2 USACE Lake Forecast
Select Station:

NOAAINOSICO.0PS
9095064 DUKIIMN v Observed Water Levels at 9099064, Duluth MN
From 2023108/20 00:00 LSTILDT to 2023108122 23:59 LSTILDT
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Flood levels displayed above have been established by the National Weather Service local Weather Forecast Office (WFO). For more information about National Weather Service coastal flood
advisories, please visit the NWS home page
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https://tidesandcurrents.noaa.gov/inundationdb/inundation.html?id=9099064
https://tidesandcurrents.noaa.gov/inundationdb/inundation.html?id=9099064

Coastal Inundation Dashboard

NOAA/NOS/CO-OPS
Observed Water Levels at 9099064, Duluth MN
From 2023/08/01 00:00 LST/LDT to 2023/09/01 23:59 LST/LDT
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Coastal Inundation Dashboard

Height in inches (LWD)
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Use Case

Coastal Storm Impacts: 2017, 2018, and 2019
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Coastal Storms: Duluth, MN 2018

Today through This Evening

Highest Wind Gusts Today (mph)
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GALE WARNING
* Gale-force windsand
near storm-force gusts
today through this
evening.
s IMPACTS
Isolated tree damage
and power outages near
the lake.

Flooding, erosion, and
damage to shoreline.

Difficult travel for high-

profile vehicles on high

bridges between Duluth
and Superior.

weather.gov/duluth | § 9 @
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NOAA/NOS/CO-OPS
Observed Water Levels at 9099064, Duluth MN
From 2018/10/09 00:00 LST/LDT to 2018/10/11 23:59 LST/LDT

Increased water
and wave
action for 24
hours.
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of 15 inches in 30

hours- NOAA/NOS/Center for Operational Oceanographic Products and Services
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https://tidesandcurrents.noaa.gov/waterlevels.html?id=9099064&units=metric&bdate=20181009&edate=20181011&timezone=LST/LDT&datum=IGLD&interval=6&action=
https://tidesandcurrents.noaa.gov/waterlevels.html?id=9099064&units=metric&bdate=20181009&edate=20181011&timezone=LST/LDT&datum=IGLD&interval=6&action=
https://tidesandcurrents.noaa.gov/waterlevels.html?id=9099064&units=metric&bdate=20181009&edate=20181011&timezone=LST/LDT&datum=IGLD&interval=6&action=
https://tidesandcurrents.noaa.gov/waterlevels.html?id=9099064&units=metric&bdate=20181009&edate=20181011&timezone=LST/LDT&datum=IGLD&interval=6&action=
https://tidesandcurrents.noaa.gov/waterlevels.html?id=9099064&units=metric&bdate=20181009&edate=20181011&timezone=LST/LDT&datum=IGLD&interval=6&action=
https://tidesandcurrents.noaa.gov/waterlevels.html?id=9099064&units=metric&bdate=20181009&edate=20181011&timezone=LST/LDT&datum=IGLD&interval=6&action=

Coastal Storms: Duluth, MN 2018

October 2018, Gale Warning. Canal Park, Duluth, MN March 1975, Blizzard causes flooding. Canal Park, Duluth, MN
Source: WDIO HarborCam Source: Duluth News Tribune
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Comparison of Water Levels and Storm Events - Duluth, MN 9099064

October 21, 2019

October 10, 2018
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NOAA CO-OPS Water Level Data

Lake Superior - Duluth, MN (9099064) 3/1 - 12/1 2019
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Lake Level Viewer United States Great Lakes Help Download FAQ Share

usiness

Does not account for wave runup!

EXAMPLE: October 21, 2019
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Long Term Average
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Data Access Viewer

DATA ACCESS VIEWER

Elevation/Lidar
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https://coast.noaa.gov/dataviewer/#/
https://coast.noaa.gov/dataviewer/#/

Elevation Data
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Landcover Data
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Oincart

Attributes

Cell size (m): 30

Related Links

Imagery Opacity 100%




Comparison of Resolutions
REGIONAL (30 METER) LOCAL (1 METER)

[ Developed - High Intensity
Developed - Medium Intensity
B Developed - Low Intensity

[ Developed - Open Space

I Cultivated

Pasture / Hay

[ Grassland

[ Deciduous Forest

Il Evergreen Forest

B Mixed Forest

I Scrub / Shrub

Bl Falustrine Forested Wetland
[ Palustrine Scrub / Shrub Wetland
B Falustrine Emergent Wetland
Il Estuarine Forested Wetland
Il Estuarine Scrub / Shrub Wetland
Il Estuarine Emergent Wetland
[ Unconsolidated Shore

[ Bare Land

B vater
I Falustrine Aquatic Bed

I Estuarine Aquatic Bed
[ Tundra
[ Snow £ lce
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9 DIGITAL COAST: DATA ACCESS VIEWER IMAGERY ~ LAND COVER  ELEVATION HELP SHARE

i iy ) 1]

Q  search By Address, Lat/Lon or Extent ray L Filter by Provider | Sort Results

2022 NOAA NGS DSS 4-Band 8 Bit Imagery: Two
Harbors, Wi
NOAA NGS

5.23 GB - BULK DOWNLOAD

2021 USDA NAIP 4-Band 8 Bit Imagery: Minnesota
USDA

1.18GB - BULK DOWNLOAD

2020 USDA NAIP 4-Band 8 Bit Imagery: Wisconsin
USDA

755.07 MB - BULK DOWNLOAD

2019 NOAA NGS DSS Natural Color 8 Bit Imagery:
Duluth, MN
NOAA NGS

1018.51 MB - BULK DOWNLOAD

2019 NOAA NGS DSS Infrared 8 Bit Imagery:
Duluth, MN

NOAA NGS

338.04 MB - BULK DOWNLOAD

2018 A NAIP 4-Band 8 Bit Imagery: Wisconsin
USDA
“’E gii % 752.05MB - BULK DOWNLOAD
B 3 ; .

2015 USDA NAIP 4-Band 8 Bit Imagery: Lake
Superior NERR
USDA

435.08 MB - BULK DOWNLOAD
2010 GLRI Natural Color 8 Bit Imagery: Lake

Superior, Wi
EPA

5 B M B B B @ @

204.61 MB - BULK DOWNLOAD

Showing 10 results



Use Case

Evaluating Change at Minnesota Point
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Evaluating Change at Minnesota Point

Want to look at elevation and shoreline changes.
Want to look at which areas are potential for coastal flooding.

Want to look at nearshore bathymetry change.

W nhoe

Want to be open and transparent about my methodology.
— Use QGIS, Python, and SAGA for geospatial data selection and
processing. (Open source software solution)

v NOAA OFFICE FOR COASTAL MANAGEMENT



Evaluating Change at Minnesota Point

Useful Numbers to Remember:

Low Water Datum: 601.1 feet / 183.215 meters

Ordinary High Water Mark (OHWM): 603.1 feet / 183.825 meters
Lakewide Long Term Average: 601.75 feet / 183.41 meters

2009 Lakewide Average: 601.25 feet / 183.26 meters

2019 Lakewide Average: 602.85 feet / 183.75 meters

All referenced to International Great Lakes Datum 1985 (IGLD85)

v NOAA OFFICE FOR COASTAL MANAGEMENT



Evaluating Change at Minnesota Point

Grab elevation data from Data Access Viewer

a DIGITAL COAST: DA CCESS VIEWE
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https://coast.noaa.gov/dataviewer/#/lidar/search/-10252613.259433117,5894078.360327011,-10242752.882784327,5908219.210559769
https://coast.noaa.gov/dataviewer/#/lidar/search/-10252613.259433117,5894078.360327011,-10242752.882784327,5908219.210559769

9 DIGITAL COAST: DATA ACCESS VIEWER IMAGERY ~ LAND COVER  ELEVATION HELP SHARE

| Filter by Provider Sort Results

% 2021 USGS Lidar: Lake Superior, MN
USGS

2,243,162,364 Pts - BULK DOWNLOAD

& 2019 USACE NCMP Topobathy Lidar DEM: Lake
Superior (MI, MN, WI)
USACE, USACE NCMP

s 2019 USACE NCMP Topobathy Lidar: Lake
Superior (MI, MN, WI)
USACE

68,019,770 Pts - BULK DOWNLOAD

® 2016 3DEP Lidar: Douglas County, WI
USGS

583,849,459 Pts - BULK DOWNLOAD

®e 2012 MN DNR Lidar: Duluth Post-Flood
MN DNR

240,997,266 Pts - BULK DOWNLOAD
®e 2011 MN DNR Lidar: Arrowhead, MN
MN DNR

86,868,658 Pts - BULK DOWNLOAD

®s 2010 GLRI Bathymetric Lidar: Lake Superior
Coastline (MI,MN,WI)
NOAA, EPA

692,241 Pts - BULK DOWNLOAD

®s 2009 USACE NCMP Topobathy Lidar: Duluth,
MN & Superior, Wi

USACE, USACE NCMP

5,355,690 Pts - BULK DOWNLOAD

A =T

Showing 11 results



Evaluating Change at Minnesota Point

Extract lidar elevation data points and convert into Digital Elevation
Models (DEMs)

Scripting in Python Conversion to Raster in SAGA DEM Development in QGIS
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Evaluating Change at Minnesota Point

Extract contours for shoreline at the time of data collection and
also Ordinary High Water Mark (OHWM) for reference

() “- s N - 3 \ Skl Wt L\ W ’!_ : ~ YU t_“;' I's ' -,}‘
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Evaluating Change at Minnesota Point

Determine potential inundation area extent by creating a mask

v NOAA OFFICE FOR COASTAL MANAGEMENT



Determine potential inundation

EXAMPLE: October 21, 2019 &
184.33 meters i
604.75 feet




Evaluating Change at Minnesota Point

Change in nearshore bathymetry

<

2009 \ ¢ 2019 X

019 019
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Evaluating Change at Minnesota Point

Change in nearshore bathymetry
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Evaluating Change at Minnesota Point

Change in nearshore bathymetry

2019



Evaluating Change at Minnesota Point

Change in nearshore bathymetry
Littoral sediment transport

Blue - deposition
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\ Windrose Plot for [DYT] DULUTH (SKY HARB N
\I[EM ; Obs Between: 26 Sep 1976 03:00 AM - 21 Mar 2023 01:55 AM America/Chicago

N

Summary
Obs Used: 273619
Obs Without Wind: 37762

Avg Speed: 9.3 mph

Calm values are < 2.0 mph
Bar Convention: Meteorology
Flow arrows relative to plot center. s
Generated: 21 Mar 2023

Wind Speed [mph]

N 2-49 mmm 5-6.9 75979 10-14.9 mmm 15-19.9 mmm 20+
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Evaluating Change at Minnesota Point

Climate Change in the Coastal Zone:
Coastal Zones are very dynamic and impacted by multiple
geomorphological processes (exogenic)

Water: Increase Precipitation = Increased water levels in the lake and saturation of
shoreland leading to possible mass wasting events

Wind: Increased Storm Severity = Increased wave action and aeolian transport
Ice: Increased Freeze Thaw Cycling = Increased physical weathering

Ice: Loss of Shorefast Ice = Increased exposure to winter storms

v NOAA OFFICE FOR COASTAL MANAGEMENT



Wrap Up
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Adaptation Strategies

OFFICE FOR COASTAL MANAGEMENT Q

& DIGITAL COAST

S Home / Topics / Adaptation Stratesies

DATA

o

Adaptation Strategies

f)

TRAINING

m

STORIES

=
Topics .
Jump to Section
6 - Understand the Basics

PARTNERS

@

ABOUT

+ Identify Options
+ Evaluate Options
+ Engage Stakeholders

+ Learn from Others

Coastal communities are striving to adapt to a changing climate. Whether

it'e findino now wave tn nratant tha huilt and natural anvirnnmant ar
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https://coast.noaa.gov/digitalcoast/topics/climate-adaptation.html
https://coast.noaa.gov/digitalcoast/topics/climate-adaptation.html

Adaptation Strategies

ADAPTING TO CLIMATE CHANGE:
A PLANNING GUIDE FOR

> ~Natural and
‘Structural Measures
“for Shoreline
* Stabilization

InNOvative approaches are necessary as TG broChurd Presonts a conenuum
‘our Coastal COMMUNt6S and shoreines. 0f green 10 gray Snoraiine stabiization
aro facing escaiating risks from more 18CMquUS, Nighignting Living Shoranes,
POwerful St0rMS, aCcakerated Sea-evel  Hhat NID ra0uCe COAStal ieks and
prove resiency though an intograted
approach that raws from the ful array
of Coastal risk reduGHoN MEASUrSS.

Protecting Investments
in Shore Property
on the Great Lakes

NOAA Office of Ocean and Coastal Resource Management
WWW.n0aa.gov
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https://coast.noaa.gov/data/digitalcoast/pdf/adaptationguide.pdf
https://coast.noaa.gov/data/digitalcoast/pdf/adaptationguide.pdf
https://coast.noaa.gov/data/digitalcoast/pdf/living-shoreline.pdf
https://coast.noaa.gov/data/digitalcoast/pdf/living-shoreline.pdf
https://publications.aqua.wisc.edu/product/living-on-the-coast-protecting-investments-in-shore-property-on-the-great-lakes/
https://publications.aqua.wisc.edu/product/living-on-the-coast-protecting-investments-in-shore-property-on-the-great-lakes/

Key Takeaway Messages

1. Minnesota Point is a very complex and delicate system.

2. Great Lakes coastal areas are very dynamic and directly influenced by
climate change.

3. Recent high water levels and coastal storms have led to increased rates
of erosion and sediment transport.

4. Reduced ice cover over the winter allows for additional coastal erosion.

5. Data and tools are available to help with understanding the complexity
of geomorphic processes, coastal impacts, and adaptation strategies.
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Questions?

Brandon Krumwiede, GISP, CGP-R
Physical Scientist/Regional Geospatial Coordinator
brandon.krumwiede@noaa.gov
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