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COASTAL HAZARDS?
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' Natural | Valued | Hazard
Process System
__=P-
Hazards only exist through the lens of == —
a human value system P

ldentifying potential hazards is the first
step towards reducing
losses and mitigating risk



Coastal Hazard Process List

Beach erosion

Landslides

Wave attack

Storm surge

Cyclones (& hurricanes)

Tsunami

Relative sea level rise (inundation & salination)
Ice push (ivu)

Salt spray



Hazard Classification

(madified from LAWA, 2008)

Coastal Hazard
Timescales

+ Spatial Extent

Magnitude ———>

<—— Frequency

: Gradual
Catastrophic
» Permafrost melt
» Storm Surge -
: VS. » Gravel mining
* Tsunami

* ATV use on dunes



Coastal Hazards are Interconnected

Trigoers

Storm /V’
Earthquake

Thawing permafrost

/

Relative change In sea level
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EROSION

The primary mechanism of erosion in
the coastal zone is wave action
Beaches undergo cyclic patterns of == ‘

erosion and accretion

Coastal erosion is highly episodic Reversible Irreversible

Erosion of bluffs and cliffs is
irreversible on a human timescale Kivalina, AK (Kinsman 2010)

This coastal hazard can be most
directly linked with human actions

* Beach mining

*  \egetation removal

» Altered sediment sources
» Blocked sediment paths

*
VR G . ]
P, RN



LANDSLIDES & SLOPE
FAILURE

Subaerial/Terrestrial Erosion
+ Rain wash: sheetflow, rill & gully formation
* Groundwater: hyrostatic, gravity
« Biological activity: roots, burrows, humans
+ Seismic events
* Wind (& frost)

Bluff Failure
Kivalina,

Cliff Resistance influenced by:

« Lithology (type, cementation, clay content)

» Discontinuity weaknesses (cleavage, joints, faults)

» Degree of weathering (mechanical, chemical, biological)
* Groundwater/Pore pressure (sapping)

Slumping Bluff
South of Unalakleet Marine Erosion
WAVES
shydraulic erosion: compression, tension & shearing
mechanical erosion: impact & abrasion




Encyclopedia of Coastal Sci. |

ARCTIC BLUFF
EROSION

Thermal erosion — warm sea water against
permafrost rich bluffs

Bluffs on North Slope = 50-70% ice

Therme-arasicn al

i e

Characterized by catastrophic failures

Average retreat rates can be >10 m/yr

Floasonipe Fickges
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and arosion along permafrost coacstlines




VU

Aride-up & accumulation of ice
on the coast

Typically occur atop slope breaks
or other irregular coastal features

Often wind-driven during storm
surge events

Extremely destructive to man-
made structures

Not well studied & very difficult
to predict

Ivu (Ice Push)
Nome, AK - May 2004 (Tom Busch 2004)



Savoonga

SALT SPRAY

December 2010
Power outage in Savoonga

“Winter storms are not at all a rare
occurrence in village Alaska, and
especially on St. Lawrence Island. In
this particular instance however, a
severe winter storm occurred with
high wind from the northeast and
salt spray was picked up from the
ocean that is normally covered with
sea ice. The extreme cold caused the
salt spray to freeze on electrical
equipment. Initial outages were
caused by line slap from iced-up
conductors, but later problems were
caused by electrical arcing through
conductive salt. We are concluding
that the lack of sea ice was a major
contributor to this situation.”

- Meera Kohler, CEO for Alaska
Village Electric Cooperative Inc.

Conductive salt spray caused arcing to burn this transformer and
bushing. Burns similar to this occurred on other transformers and
bushings, especially those closest to the ocean.




WAVE ATTACK

Poses enhanced danger when debris is
present

* lce
* Driftwood
* Man-made objects

The elevation that water can reach on
the shore is called the run-up height

Overtopping & overwash

Breaking waves exert an incredible
amount of force on the coast

Nome (AK DHSEM, 2008)

Video by Shawn Hulse — November 2011



TSUNAMI

A long period wave - behaves
like a shallow water wave

» Steepens rapidly on shelf

» Faster than a commercial jet
airplane in open ocean

Triggered by seismic activity,
landslide or submarine landslide

May be preceded by a drawdown

1958 Lituya Bay event had an
inundation elevation of >500m

1964 Good Friday EQ tsunami
caused extensive damages along
the southern coast

Alaska Tsunami Elevations

From FEMA Coastal Construction Manual (2000)

Tsunami-Damage
Kodiak, AK —March 1964

o
N

KEY

Tsunami Elevations
(ft NVGD)

(noaa:gov)




Shaktoolik, AK — July 2011 (Kinsman 2011)

STORM SURGE

Total surge level =
Tide
+ Barometric bulge
+ Wind-driven pile
+ Waves

8-12 feet is a typical large surge in AK
30 feet = Katrina surge
43 feet = max. documented (Australia)

Storm surges do not necessarily occur
at the same time as high winds

The effects of a storm surge can be
enhanced in small ocean basins, sounds

Elevated water levels allow for the
translation of other coastal hazards
- further inland during surges

T .
NPS. March 2011
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Relative sea level trend
information is limited
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The role that sea level trends
need to play in coastal hazard

planning differs greatly
throughout the state NOAA SL Trends, 2010



Ocean Surface Variability

Magnitude/size of change

10 feet 500 feet

1 foot

storm
global sea level
surges
tides _
climate
oscillations
waves (e.g. El Nifio)
seconds minutes days  Yyears decades >10,000 years

Timescale of change

Modified from Woodroffe, 2002



Sea Level on a Geologic Timescale

800,000 years ago

I 1 I I | I I I
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Time (thousands of years BP)
Modified from Hudson et al., 1982



Modern Global Sea Level Trend

T T T T | I T T T I

record

| a1 L] L] Ll
Instrumental

Projections

U | |
Estimates | l
500 ofthe past | | of the future
[ I
[ i
400 | I
| i
— I 1
E 300 I I
E.. I Sateliite J
@ | altitude (S)] | |
2 200 | | o =
E | ' I ]
o . Current rate = 3.2 mm/yr | ]
E 100 ' or 1 foot by year 2100 \: -
?ﬁ 0 I A ]
| | —
w | I ]
| | :
-100 ' [ T
b i =
I ]
i i .
-200 ' ' Source: NOAA -
i i 1 i | i | i i | i i B i| i i i i [ IR Tt | i i i i
1800 1850 1800 1950 2000 2050 2100

Year



What Processes Change Global Sea Levels?

Satellite and
tide gauge
observations
Greenland Ice
Sheet
Antarctic Ice
Sheet ¥
g3
Glaciers and : 'F .
ice caps |
benchmark
- — —
1 Relative Sea Level (RSL) Trend 1_
Long-term Vertical
Alaska 30% Land Motion Long-term Sea
Subsiding ~ 1 to 3 mmyr in Surface Trend
Ocean thermal western Alaska Rising ~ I to 3 mmAr in
expansion wesiern Alaska
N
8 -
S 2. Thermal Expansion
(")
=
<
Q
—
Estimated contributions Observed f:
| to sea-level rise [ sea-level rise | o
(@)
S
I

2.83:. 3.1
. mm/yr - mmiyr
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COASTAL PROCESSES’?




Baseline Data

An assessment of coastal
hazards benefits from g
extensive baseline data
Including:

e Rates of erosion/accretion

e Littoral cell information

o Bathymetry & elevation data

e Knowl edge of dominant | ; | " DistibiNa Mo Deposits
RS (and erosion features)
processes & Iandforms (Kivalina, AK - Landsat, 200 "‘\/

N o1zs25 5 78 1010 '
e Geologic context A==

e Records of historic hazard
events

« Tidal cycles & water level data
e Storm recurrence intervals
e Wind & wave records

Inlet Bathymetry and Dynamics

T

Coastal Segment Characterization




Measuring Erosion & Accretion
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Measuring Erosion — Lidar

Ground Based
Pleasure Point, CA (USGS, 2009)

Palm tree




Coastal Sediment Characterization

Identification of sources & sinks Grain size & mineral composition




Littoral Cells T

Encyclopedia of Coastal Sci.
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nearshore
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headland
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When quantified = sediment budget
dredge record, infill rates,
tracer studies, landform migration



Delaware Coastline: 30 mi — 4 tide gauges
NW Alaska Coastline: 2,000+ mi — 3 tide gauges

4
s K

Pressure
Transducers

Current Meters

Bubbler gauges and


http://water.weather.gov/ahps2/hydrograph.php?wfo=pafg2&gage=unaa2

Storm Surge Water Levels

Nome
November, 2011

1. Field measurements
2. Aerial assessment
3. Sensor networks
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Types of coastal hazard mapping

There are three basic categories of coastal hazard mapping:

Geohazard Potential Advanced Predictions

Observed Impacts

 Recent or historic
geohazard extents
 Drawn from oral,

recorded, instrumented or

 Measured geomorphic

characteristics combined
with known processes

* May include calculations

Require extensive
baseline data
Incorporate models and

multiple scenarios

such as recurrence
intervals

observational record

Example:

Suleimani et al., 2002
Tsunami hazard maps of the
Kodiak area, Alaska

Example:

SCOPAC, 2005
Current and Historic Natural
Hazards Isle of nght UK

Example:

Queensland CP, 2010
Storm Tide Inundation Area,
Bowen, Australla

Isle of Wight
~" Council

A
\
PANY
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Shaktoolik, AK (Kinsman 2011) San Diego, CA (www.oceanlight.com)

» Existing methodologies designed for densely populated coastlines
» Longest coastline in the United States - very diverse coastal environments
« Extremely limited baseline data
» \WWater levels, historic event record, aerial imagery, topography & bathymetry
» Few detailed hazard-specific studies
» Coastal economics are fundamentally different

« Unique hazards & different emphasis



How can

HAZARDS IN THE COASTAL
ZONE BE MITIGATED?



Management Options

Do Nothing / Abandon
Adapt / Accommodate

Managed Retreat
Defend / Fortify

« The European approach = preventative
« United States practice = reactionary
e An Alaskan advantage




DO NOTHING
ABANDON

Stay the course until no longer possible
to remain in hazardous area.

Pros:
* Less expensive

» Maximizes usefulness of existing
structures

* Natural course of action
» Minimal effects on nearby property

Cons:

» Dangerous

* Potentially harmful to environment
* Legal grey area in some states

* ‘Unfair’ to property owners




ADAPT
ACCOMMODATE

Examples:
e Build on raised foundations

e Protect infrastructure from salt
corrosion

» Employ movable housing

» Establish emergency procedures
and evacuation plans

» Raised gardening beds

* Install and improve warning
systems

 Document known hazards &
manage future development
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' communities

Currently 3 AK communities are exploring full relocation and 12 are seeking phased retreat options

Newtok is in the process of reloca }o to | Mertarwk




Unalakleet Revetment, AK (Kinsman)

DEFEND
FORTIFY

Hard solutions:
e Seawalls

¢ Revetments
* Breakwaters
 Groins

Soft solutions:

* Beach nourishment

» Sediment bypass systems
» Dewatering

* Revegetation

* Dual use structures

8

Hooper Bay Tundra Trail(ADN 2011)

Trend outside of Alaska moving towards
more soft solutions.

False sense of security issue
Deters long-term management strategies

Local-level vs. State & Federal




Seawalls

Eegb/g B;ach, CA (Kinsman)

Del Mar, CA (CA Coastal recordf‘p%ject)



Revetments — Fort Ord

(CA Coastal records project)


http://www.californiacoastline.org/cgi-bin/image.cgi?image=8711149&mode=big&lastmode=timecompare&flags=0&year=1987
http://www.californiacoastline.org/cgi-bin/image.cgi?image=8711149&mode=big&lastmode=timecompare&flags=0&year=1987
http://www.californiacoastline.org/cgi-bin/image.cgi?image=13570&mode=big&lastmode=timecompare&flags=0&year=2002
http://www.californiacoastline.org/cgi-bin/image.cgi?image=13570&mode=big&lastmode=timecompare&flags=0&year=2002

Revetments — Fort Ord

(CA Coastal records project)


http://www.californiacoastline.org/cgi-bin/image.cgi?image=200402046&mode=big&lastmode=timecompare&flags=0&year=2004
http://www.californiacoastline.org/cgi-bin/image.cgi?image=200402046&mode=big&lastmode=timecompare&flags=0&year=2004
http://www.californiacoastline.org/cgi-bin/image.cgi?image=200508184&mode=big&lastmode=timecompare&flags=0&year=2005
http://www.californiacoastline.org/cgi-bin/image.cgi?image=200508184&mode=big&lastmode=timecompare&flags=0&year=2005
http://www.californiacoastline.org/cgi-bin/image.cgi?image=200805595&mode=big&lastmode=timecompare&flags=0&year=current
http://www.californiacoastline.org/cgi-bin/image.cgi?image=200805595&mode=big&lastmode=timecompare&flags=0&year=current
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(Fernandez, 2004) (HBVB, 2009) (CCRP,2002) (CCRP,2004)



Engineered Coastal Structures

Deean Concrete Harbor
cop

Photo by Susan Winters



Beach Nourishment

“Beach nourishment involves the addition of Iar%e quantltles
of sand or gravel to beaches with the aim of repairing

eroded areas or widening existing ones.” (komar, 1998)
e Problems

— Locating compatible sediment
— Transporting adequate quantities
— Retaining the sand
— Adverse environmental effects
— Variable Lifespans
— Expensive

. - (Griggs, Patsch and Savoy, 2005)

< Dredging and

Nourishment at South

Carlsbad State Beach, 2001
Image from Scripps Coastal

Geomorphology Group, 2003
(http://coastalchange.ucsd.edu/)
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o 6,600 mile coastline
> 40,000 mile tidal shoreline

2010 Census: 64% of AK residents live in coastal communities

12% of AK communities are not participating in the National Flood Program
Including: Unalaska, Stebbins, Kenai, Savoonga, Gambell, Hooper Bay, Unalakleet

2009 Government Accountability Office report identified 20 coastal Alaska Native
villages as imminently threatened by flooding and erosion

Many of Alaska’s coastal communities are involved in mitigation or adaptation efforts in
response to natural hazards

The State and local governments require sound baseline data to fuel informed decision-
making



The Coastal Zone Management Act
(1972)

« CZMA encourages
Integrated state-level coastal
management

o (Goal to “protect, restore, A e
and responsibly developour ~ ™, "
nation’s diverse coastal 1P stmbe
communities and resources

 Participation is voluntary &
State management plans )

Vary Ln OCRM IN YOUR STATE
o Access to federal funding : S

for enhancement,

conservation and pollution

control




‘Imperiled’ Community Actions

Hazard Mitigation plans to

qualify for federal disaster aid ity of Kivalina, Alaska_

. . Local Hazards Mitigation Plan
Exploring National Flood Plan o
Involvements | T elon T

Local mitigation strategies
DOT armoring of runways
Fortified evacuation centers
COE revetment projects
Evacuation route design

Relocation plan development —
exploratory committees

Raising awareness e
— Kivalina lawsuit
— 1AWG or GAO lists

Cover Photo: Kivalina; 09/24/05




Thank You
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