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FLOOD RISK IN ALASKA: CHALLENGES

* Alaska has ~6,640 miles of coastline
(>47,000 miles of tidal shoreline).
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FLOOD RISK IN ALASKA: MOTIVATION

e  64% of Alaska residents live in coastal

o communities.
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COASTAL HAZARDS IN ALASKA

Coastal communities of Western & Northern Alaska are regularly impacted
by storms and experience frequent flooding and erosion,
which threaten critical infrastructure and traditional ways of life.
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Alaska Ocean Observing System

DIVISION OF GEOLOGICAL & GEOPHYSICAL SURVEYS



STATE OF ALASKA COASTAL HAZARDS PROGRAM

The goal of the Coastal Hazards Program is to enhance decision making support for coastal geohazard
response and resource management by providing Native Alaska communities with

sound scientific investigations of coastal processes that are informed by local knowledge.

Analysis & Assessment

Event Response Baseline Data Collection
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Forecast
Wave Runup

Forecast
Storm Surge

Historical aerial imagery of Unalakleet, AK Digital Elevation Model of Kipnuk, AK Flood forecast map of Golovin, AK

We want to collect more data in Alaska, connect Alaskans to these data,
and provide them with the methods and tools they need to make well
informed decisions, helping make them less vulnerable and increasing

their climate resiliency.

Extratropical Typhoon Merbok 2022
floodingin Tuntutuliak, AK
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BASELINE DATA

The DGGS Coastal Hazards Program
regularly collects:

* Aerial imagery
(tied to ground control points)

e Elevation data (DSM)
High water mark elevations

* Historical flood points

Coastal elevation profiles
Single-beam bathymetry
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 Water level monitoring
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COMMUNITY-BASED MONITORING & INVOVLEMENT

Wainwright, AK Shishmaref, AK
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BUILDING CAPACITY

Geologic Hazard Risk Assessments in
Alaska’s Environmentally Threatened Communities

Maximum Erosion Distance

Forecast Mean Erosion Distance

Erosion Exposure Assessments:
https://dggs.alaska.gov/pubs/id/30672

Past Shorelines
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Flood Assessments: m—
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https://dggs.alaska.gov/pubs/id/30672
https://dggs.alaska.gov/pubs/id/30573

BUILDING CAPACITY

Report of Investigation 2021-3
Buzard and others, 2021

Erosion Exposure Assessments Erosion Forecast
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Cost to Replace Exposed Infrastructure 1|l \
Erosion Forecast  Buildings & Power Water . | I‘.I
Date Range Tank Facilities Lines Lines Roads Alport Sum
2019102039  $41525900 $196500 $239,100 $836,400 S0 $42,797900 |*
2039 to 2059 $13,050,000 $223400 $115,000 $1,235,000 S0 $14,623,400
2059 to 2079 58,450,000 5$244,400 S0 $951,000 $9,123,300 $18768,700
Combined Total  $63,025900 $664,300 $354,100 53,022,400 $9,123,300 $76,190,000
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BUILDING CAPACITY

REPORT OF INVESTIGATION 2021-1C
Coastal Flood Impa‘:t Map Buzard and others, 2021

FIOOd RiSk ASSESSmentS Kotlik, Alaska KOTLIK, SHEET 1 OF 3
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 Compile baseline elevation data

NOV-1974
AUG-1992
NOV-2013
OCT-1989
JUN-1964
OCT-2004
waste lagoon
NOV-1975
FEB-2019

 Perform historical flood research

* Quantify historical storm impacts to
current infrastructure based on minor,

moderate, and major flood guidelines
(NWS Guidance: https://www.weather.gov/aprfc/terminology)

NOV-2003
OCT-1987
AUG-2019
NOV-2017
NOWV-2020
NOV-2011
v 13 minor floods
riverbank

wastewater lagoon
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Alrstrip covered 54 11 =] Houned OF IirapiruCiune may hane mowed Ence DCRA Inework wad completed
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Access road threatened 30 0.5 L] HER
E Low-lying property 2.2 0.6 |
= Mi 2.2 0.6 feet
inor . = above 1
MHHW

DIVISION OF GEOLOGICAL & GEOPHYSICAL SURVEYS




GEOLOGIC CONTEXT
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Legend

Flood Assessments
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In Progress
Data Collected
Data Not Collected
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COMMUNITY-BASED MONITORING & INVOVLEMENT

Estimating historical flood heights

* Flood staff heights

e Verbal accounts, pointing to water level

* Flood photographs

Flood staff flood water levels
(2017) Kwigillingok, AK

Resident pointing out high water level in

Kipnuk, AK Post-storm verbal HWM

collection in Teller, AK
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ALASKA FLOOD OBSERVATIONS GROUP

Alaska Flood Observations
v

& Private group - 30 members

About Discussion

A private Facebook group for citizen scientists to connect
and contribute local knowledge and help improve
modeled and forecasted inundation with on-the-ground
observations.
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https://akdggs.com/floodphotos

DATA ACCESSIBILITY

DGGS Coastal Hazard Photo Database

Title
Kipnuk Storm 2016 October 28 p01

Credit
Facebook

Description
Flood waters at Kipnuk clinic looking northeast

Taken
10/28/2016

Tagged

storm, flood, October, Kipnuk, 2016 Kipnuk Storm 2016 October 28 p01

Facebook

(5]
|

Kipnuk Storm 2018 October 4 p01

Facebook

500 km
500 mi

70.299 : -131.6602

Kipnuk Storm Oct 28 2016 p06 Kipnuk Storm Oct 28 2016 p03
Kipnuk EPA IGAP Kipnuk EPA IGAP

4

Contributions to the Alaska Flood Observations group will be added to the DGGS Photo Database,
connecting Alaskans to a visual historical record of flood events throughout the State.
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https://maps.dggs.alaska.gov/photodb/#search=flood
https://maps.dggs.alaska.gov/photodb/#search=storm

Still Water Inundation Model (SWIM)

Traditional “Bathtub” Model till Water Inundation Model

Modeled flood inundation from Extratropical Typhoon Merbok, 2022, in Hooper Bay, AK

The still water inundation model (SWIM) method leverages hydrological connectivity data to more
accurately model inundation extents.
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Still Water Inundation Model (SWIM)

Still Water Inundation Modeling (SWIM)

- Efficient, user-friendly method for accurate still water inundation
extent modeling

4

L
« This method does not rely on expert knowledge of hydrodynamics, nor \f‘ _‘
does it require access to complex modeling software %ﬁ. \3
-« Users do not need to edit DEMs or visually select hydrologically eBTEIEIERE oadinEoNCrgad,
connected areas
:://,:/

« Limited to estimating still water inundation extents

- Tidally influenced zones are subject to dynamic flooding that includes
wave set-up, run-up, and overtopping

« Dynamic flooding can reach greater extents than what can be
estimated with an eBTM

Photographic evidence of debris flooding road.
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CULVERT INVENTORY SURVEY

T

12:31 PM 3 12:33 PM

AK DGGS Culvert Inventory

Culvert Location*

RED points are UNVERIFIED culvers
GREEN points are VERIFIED
and BLUE points are citizen scie

awaiting approva

enhancing

s n your community and
throughout the State. Please do not place yourself or
others in harms way while verifying these data; safety

I you are
. . . youdre
is always more important. Thank you so much for your

slvert that is already in the
5 or IS NOT present, click on its
carrespanding paint on the map.

assistance!

If a culvert alraady in the inventary is in the wrong
NOT present and create a NEW

culvert in the correct location

location, mark it

Pleaze direct questions or comments to the &

Hazards Program via email

== £ at: 54.068065 Lon: -151.2175601
\ dnr.dggs.coastal hazards&alaska.gov J \ )

A publicly available web application for citizen scientists
to verify hydrological connections in their communities.
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https://akdggs.com/culverts

FLOOD IMPACT CRITERIA & ASSESSMENTS

In conjunction with the SWIM method, DGGS is working to establish a repeatable flood
categorization schema based on quantifiable criteria that will be available for
local governments to use for community planning and risk assessment.

Table 1. Summary of infrastructure elevations and flood categories. Gray = Extreme, purple = Major, red = Moderate,

an(.i yellow = Minf)r. Thn.a- Extreme.cate.gory represents .infrastructure situated a.t elevations abovcfe .the highest Coastal Flood Impact Map REPORT OF ";VESTIGALIOE 202;—012(33
estimated flood height with uncertainty included. Categories are based on current infrastructure conditions. Kipnuk, Alaska 15300 anSHOEE?‘IF’? T
164°0400" W 164°03'00"W 164°0200"W MHHW
Vertical . y 2% 1
Elevation Feature Elevation Uncertainty Elevation Vertical § e +Fuel Tanks wl [
(ft MHHW) ) (mMHHW)  Uncertainty (m) % X </ VA g Hot ¢ h |
School 13.4 0.1 4.07 0.04 N O Off e press'
Airstrip inundated 116 0.2 3.53 0.06 3
Washeteria 10.1 0.1 3.08 0.04
Water tanks 9.0 0.1 2.73 0.04 3
Fuel tank containment wall 8.8 0.1 2.68 0.04 <
School water tank 8.7 0.1 2.64 0.04
Generator 1.2 0.1 2.20 0.04
Fuel tanks 6.4 0.1 1.96 0.04
Many buildings flooded 6.2 0.1 1.90 0.04
Extreme 5.8 178 Rower P
Several buildings flooded 5.7 0.1 1.74 0.04 B jv‘:‘:r’ iy |
Wastewater lagoon 5.7 0.2 1.72 0.06 1 e BathiEE
Freshwater lagoon 4.8 0.2 1.48 0.06 Buildings (colors
Lowest residences flooded 4.6 0.1 1.40 0.04 - I'fn‘:::f;;tgzno‘:y)
Washeteria fuel tank 4.2 0.1 1.27 0.04 7 :' ’i
Major 4.1 1.25 o P T e
Airstrip access 3.6 0.2 1.09 0.06 Navmsthdd TR el
Access to large portions of village 2.8 0.2 0.84 0.06 ep— ey g ST MADES 2911 T e
Moderate 2.6 0.79 U gratE oF ALASKA et wtation of SUCTes s ok, SACAn! A0 of ecple
Low-lying roads threatened 15 0.2 0.46 0.06 4 gﬁzzgﬁd SI;E—%ENMURAL SRR nom..nm.m.mm‘::émrmmmw:mxn [ ——
Private property threatened 13 0.2 0.38 0.06 ) i resact 1 Winor Flooding s deed as o s N
Riverbank 0.6 0.2 0.17 0.06 v s e et i et i st s P it G i i
Minor 0.4 0.11 _
Example Flood Impact Categorization for Kipnuk, AK Flood Impact Map of Kipnuk, AK
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Alaska Flood Inundation Tool (AK-FIT)

ssssssssss

EEEEEE
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AK-FIT is a web-based flood modeling application that
will bring together the connections we hope to make
through outreach and connect Alaskans with their data in
a user-friendly and impactful way.
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https://akdggs.com/akfit-demo

COMMUNITY CONNECTION

Children in Stebbins supervising
deployment of a bathymetry survey

) AN ik
Children in Kwigillingok
helpingw/ permafrost probe

Science outreach with children
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RECENT PUBLICATIONS

Check out our recent DGGS Publications:

Horen, K.C., 2024, Still water inundation modeling with hydrological connectivity:
Alaska Division of Geological & Geophysical Surveys Miscellaneous Publication
176, 35p.

Horen, K.C., Poisson, A.C., Christian, J.E., Nieminski, N.M., 2024, Methods for
evaluating coastal flood impacts in Alaska communities: Alaska Division of
Geological & Geophysical Surveys Miscellaneous Publication 177, 13p.

Horen, K.C., Poisson, A.C., Seimsen, Z., Christian, J.E., Nieminski, N.M., 2024, Coastal
flood impact assessment for Kipnuk, Alaska: Alaska Division of Geological &
Geophysical Surveys Report of Investigation 2024-5, 45p.
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https://dggs.alaska.gov/pubs/

THANK YOU!

JUNE 23-27, 2024 |
‘SALT LAKE CITY, UTAH. >,

Nora Nieminski

Research Geologist

Coastal Hazards Program Manager

Division of Geological & Geophysical Surveys (DGGS)
nora.nieminski@alaska.gov

RESILIENCY IS LIFE ELEVATED ’

Coastal Hazards Program Website:

STATE OF ALASKA DIVISION OF GEOLOGICAL & GEOPHYSICAL SURVEYS



https://dggs.alaska.gov/hazards/coastal/
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