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IMPORTANT INFORMATION/DISCLAIMER: This report represents a Regional Coastal Resilience Assessment that can
be used to identify places on the landscape for resilibndeing efforts and conservation actions through

understanding coastal flood threats, tlegposure of populations and infrastructure have to those threats, and the
presence of suitable fish and wildlife habitat. As with all remotely sensed or publicly available data, all features

should be verified with a site visit, as the locations of sigtédndscapes or areas containing flood threats and

community assets are approximate. The data, maps, and analysis provided should be used only as alem@ening
resource to support management decisions. This report should be used strictly as a plefienémge tool and not

for permitting or other legal purposes. Before planning any resilience projects in American Samoa, it is important to

first consult local matai, or chiefs, to explore opportunities in areas governed by traditional land tenure.

Thescientific results and conclusions, as well as any views or opinions expressed herein, are those of the authors
and should not be interpreted as representing the opinions or policies of the U.S. Government, or the National Fish
YR 2 Af Rf AT &rtn@2 Mayitien of thadeyi@ries ok Eommercial products does not constitute their
endorsement by the U.S. Government or the National Fish and Wildlife Foundation or its funding sources.

NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION DISCLAIMHER ré@hdtsaeid conclusions, as
well as any views or opinions expressed herein, are those of the author(s) and do not necessarily reflect those of
NOAA or the Department of Commerce.

Suggested Citation: Dobson, J.G., Johnson, I.P., Kowal, V.A., Rbddésissier, B.C., and Byler, K.A. (2021)
American Samoa Coastal Resilience Assessment. UNC Asheville National Environmental Modeling and Analysis
Center, Asheville, NC. Prepared for the National Fish and Wildlife Foundation. Available online:
https://www.nfwf.org/programs/nationatcoastatresiliencefund/regionalcoastatresilienceassessment

Report cover image¥atia, Tutuila (© ddy23) (top); coral reef under crashing wave (bottom)


https://www.nfwf.org/programs/national-coastal-resilience-fund/regional-coastal-resilience-assessment

TABLE OF CONTENTS

ACKNOWLEDGEMENTS
GLOSSARY OF RELEVANT TERMS
EXECUTIVE SUMMARY
INTRODUCTION
1.1 American Samoa
1.2 Overview of the Regional Coastal Resilience Assets
METHODS
2.1 Introduction
2.2 Study Area
2.3 Data Collection and Stakeholder Engagement
2.4 Creating the Community Exposure Index
2.5 Creating the Fish and Wildlife Index
2.6 Creating the Resilience Hubs
RESULTS
3.1 Community Exposure Index
3.2 Fish and Wildlife Index
3.3 Resilience Hub Analysis
3.4 Castal Resilience Evaluation and Siting Tool
CASE STUDIES

4.1 Demonstrating Local Resilience through Living Shorelines

CONCLUSION
5.1 Summary and Key Takeaways
5.2 Future Work

REFERENCES

APPENDIX

© N oo ol oo N R R =

AW W W W W W WDNDNDNPREPRPEP P
 © 00 00 O P - O U P O O Bk



ACKNOWLEDGEMENTS

Funders

The Regional Coastal Resilience Assessments were commissioned by the National Fish and Wildlife
Foundation (NFWF) and funded by, and conducted in partnership with, the National Oceanic and
Atmospheric Administration (NOAA).

Project Team and Partners

National Fish and Wildlife Foundation Kristen Byler, Kaity Goldsmith, Chris Burdett
Mike Lagua

National Environmental Modeling and Greg Dobson, lan Johnson, Virginia A. Kow:

Analysis Center Kim Rhodes, Dave Michelson, Matthew Geig

National Environmental Modeling and Lindsey Nystrom, Anitra Griffin

Analysis Center Student Interns

National Oceanic and Atmospheric Administration BridgetLussier*, Julia Royster, Elaine
Vaudreuil, Laura Petes, Kim Penn

Advisory Committee

National Oceanic and Atmospheric Administration, Hideyo Hattori*
Office for Coastal Management

National Oceanic and Atmospheric Administration, Dr. Bernardo Varga&ngel
National MarineFisheries Service

Office of Disaster Assistance and Petroleum Lima Fiatoa
Management
Coastal Management Program Gina Faig&Naseri

I F ¢ A~ A apddmeriéaNSagiaa Community Kelley Anderson Tagarino
College

Department of Marine and Wildlife Resources Maria Vaofanua

U.S. Fish and Wildlife Service Chris Swenson
We also thank the Office of Samoan Affairs, American Samoa Historic Preservation Office, American
SamoaDepartment of Marine and Wildlife Resources staff, the American Samoa Community College,

the NOAA Coral Reef Conservation Program, and the many stakeholder workshop attendees for
providing valuable input, data, technical expertise, and other support.

* Contractor with Lynker Technologies



GLOSSARY OF RELEVANT TERMS

The analysis was developed in adherence to the following terms and their definitions adapted from the

U.S. Climate Resilience Toolkit and NFWF.

Term

Definition

Adaptive capacity

Ecosystem services

Exposure

Impacts

Natural features

Nature-based features

Nature-based solutions

Resilience

Risk

Sensitivity

Threat

Vulnerability

Community Assets

The ability of a person or system to adjust to a stressor, take advanfageio
opportunities, or cope with change.

Benefits that humans receive from natural systems.

The presence of people, assets, and ecosystems in places where they col
adversely affected by hazards.

Effects omatural and human systems that result from hazards. Evaluating
potential impacts is a critical step in assessing vulnerability.

Landscape features that are created and evolve over time through the acti
of physicalbiological, geologad, and chemical processes operating in nature
(Bridges et al. 2014).

Features that may mimic characteristics of natural features, but are create«
human design, engineering, and construction to pro\dgecific services such
as coastal risk reduction (Bridges et al. 2014).

Actions to protect, sustainably manage, and restore natural or modified
ecosystems that address societal challenges effectively and adaptively,
simultaneously providing human wédeing and biodiversity benefits (IUCN).

The capacity of a community, business, or natural environment to prevent,
withstand, respond to, and recover from a disruption.

The potential total cost if something of value is damaged or lost, considere
together with the likelihood of that loss occurring. Risk is often evaluated a
the probability of a hazard occurring multiplied by the consequence that wc
result if it did happen.

The degree to which a system, population, or resource is or might be affec
by hazards.

An event or condition that may cause injury, illness, or death to people or
damage to assets.

The propensity opredisposition of assets to be adversely affected by hazar
Vulnerability encompasses exposure, sensitivity, potential impacts, and
adaptive capacity.

Critical infrastructure and facilities important to the character dndction of a
community immediately following a major flood event, including locations v
dense populations and high social vulnerability.



EXECUTIVE SUMMARY

Coastal communities throughout the United States face serious current and future threats from natural
events, and these events are predicted to intensify over the short and long term. Dynamic processes
such as coastal erosion, storm surge flooding, aret nwnoff exacerbate the threat from sea level rise.
Tropical systems and heavy precipitation events have the potential to devastate both human
communities and fish and wildlife habitats. As communities prepare, deeisakers need tools and
resources thaallow for datadriven decision support to maximize available funding opportunities and
other planning needs.

The American Samoa Coastal Resilience Assessment aims to support effective -deskdngnto help

build resilience for communities facing flooelated threats. The National Fish and Wildlife Foundation
(NFWEF), in partnership with the National Oceanic and Atmospheric Administration (NOAA), is committed
G2 &dzLIL2 NI AY3 LINPINIFYa YR LINR2SOdGa GKI iyt YLINR GBS
coastal storms, sea level rise, and flooding events through strengthening natural ecosystems and the fish
and wildlife habitat they provide.

This Geographic Information System (Gi&ed Coastal Resilience Assessment combines spatial data
relatedto land use, protected areas, human community assets, flooding threats, and fish and wildlife
resourcedo identify and prioritize Resilience Hubs (see figure below). Resilience Hubs are large areas of
natural, open space or habitat where, if investmente made in habitat conservation or restoration,

there is potential to provide benefits to fish and wildlife and help build human community resilience to
flooding threats.

OBJECTIVE. REGIONAL COASTAL RESILIENCE ASSESSMENTS

Identify areas on the landscape where nature-based solutions may maximize
fish and wildlife benefits and human community resilience to flooding threats.

Community Exposure Index
Helps identify where the most people and assets are
exposed to flooding threats

Fish & Wildlife Index

Helps identify where important species and their habitats
are located

Resilience Hubs
Areas of natural, open space or habitat where resilience
projects may have the greatest potential for dual benefits




The Assessment identified areas throughout American Samoa that are nabqrdged to a range of
coastaiflood related threats, but also contain higher concentrations of community assets. In addition,
through the development of habitat extent and suitability models, the analysis identified terrestrial and
nearshore marine areamportant for species of conservation concern. Together, the Assessment
revealed natural areas of open space and habitat ideal for the implementation of resilience projects that
may be capable of supporting both the people and wildlife of American Sameauribhary mapping
products from the American Samoa Assessment are shown below.

Local community planners, conservation specialists, and others can use the outputs of the American
Samoa Assessment to help make informed decisions about the potential ofatstgrconservation, or
resilience projects to support fish and wildlife while also helping to build human community resilience to
flooding threats. The Assessment is intended to be used as a scrdemeidgool designed to help

identify areas that may beell suited for naturebased solutions. Before planning any resilience projects

in American Samoa, it is important to first consult local matai, or chiefs, to explore opportunities in areas
governed by traditional land tenure. As with all GIS analyseslesiel assessments are required to

validate results and develop detailed design and engineering plans.

This American Samoa Coastal Resilience Assessment report provides a detailed discussion of the data
and methods used for the three analyses (CommuiBitposure, Fish and Wildlife, and Resilience Hubs),
regional results, and a case study. In addition to the results presented in this report, NFWF has
developed the Coastal Resilience Evaluation and Siting Tool (CREST), an accomp angsegl @kb

tool that allows users to view, download, and interact with the inputs and results of the American
Samoa Assessment (availableexilientcoasts.orly

Community Exposure Index
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Community Exposure Index for the American Samoat&dassilience Assessment. Higher values
represent areas where a higher concentration of community assets are exposed to flooding threats.


https://resilientcoasts.org/#Home

Fish and Wildlife Index for the American Samoa Coastal Resilience Assessment. Higher values
represent areasvhere numerous species of conservation concern and their habitats are located.

Resilience Hubs for the American Samoa Coastal Resilience Assessment. Higher values represent
areas where resilience projects may have the greatest potdotia¢nefit both human communities
and wildlife.



INTRODUCTION

1.1 American Samoa

American Samoa has a rich natural and cultural history with extensive coral reefs, stunning beaches,

rugged green mountains, and millennia of Polynesian history and culture. Located within the Samoan

Islands archipelago in the mgbuth Pacific, AmericaraBioa has a total land area of approximately 200

square kilometers (77 square miles) covering five volcanic islands and two coral atolls. Tutuila is the
fFNBSald AatlryRI K2YS (2 2@SNJ don LISNOSy (i sm@l, NBaiARS:
inhabitedisland off the eastern coast of Tutuila. Approximately 110 kilometers (70 miles) to the east lie

GKS alydZ I LaftheyRENEO2FBIARMEIYE RFLIzZL | G SR @2f OF yAO |
The territory also includes two coraldlis: Rose Atoll, which is uninhabited and protected by a Marine

National Monument, and the now unpopulated Swains Island.

Volcanic in origin, the main islands feature steep jagged mountains, lush paleotropical rainforests, and

deeply chiseled stream vajls. Along the coast, habitats include rugged rocky shorelines, pristine sandy
0SIFOKSas YIyaNR@Sas yR O2NIf NIS amomgthe MBINA O Yy { | Y
diverse and pristine in the United States, providing habitat for federally thresmtermd endangered

species. Protected areas such as the American Samoa National Park, American Samoa National Marine
Sanctuary, and Rose Atoll National Monument were designated to help recognize and protect the
GSNNRG2NEB QA dzyAlj dzS laydPariesizNIDS D@ f @3N SHFIFRIKEZNS ¢ | Qdz Y
is one of the oldest coral colonies in the world (Coward et al. 2020).

American Samoa has been inhabited for over 3,000 years and has a rich cultural history that is strongly
connected to thdand and water. Polynesian culture and language are preserved to this day through the
SYLKFaAa 2F T QlF { L&Y d Hen(dRNawsiifcBde avdtdrsiiedivased & | &
management strategy, where matai (chiefs) manage watersheds from the mountaie tedfi crest,
determining the land and water use to steward resources responsibly. Due to the land tenure legal
structure, unique Samoan culture, and many other considerations, any restoration and conservation
LINE 2SO0 02y OSLIia Ydza (ncl@yiilige éngagetnent. | QF { I Y2 | yR
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earthquakedo cyclones and flash floods. Due to the rugged landscape, relatively little land can be

developed, leaving much of the polation restricted to lowlying coastal areas where communities are

left exposed to threats such as sea level rise and storm surge. These effects are further compounded by
significant land subsidence associated with an 8.1 magnitude earthquake that sffubk coast of

American Samoa in 2009. As sea levels rise, the 200%pshic event accelerated these effects,

leaving American Samoa to face some of the greatest rates of relative sea level rise in the world (Han et

al. 2019). The earthquake generdtdevastating tsunami waves up to 22 meters (72 feet). Thinty

people were killed in American SamdeavingPago Pago inundated and buildings flattened (Kong et al.

2015).

While the frequency of a tsunami event of this magnitude is low, American &#ames other threats
associated with heavy rainfall events, tropical cyclones, shoreline erosion, and landslides. Extreme
rainfall events are expected to increase in frequency and severity (Wang et al. 2016, Keener et al. 2021).

L For a list of threatened and endangered species in American Samoa listed under the U.S. Endangered Species Act, visit the
U.S. Fish anwildlife Service Environmental Conservation Online Sysiéims(//ecos.fws.gov/ecp) and NOAA
(https://www.fisheries.noaa.gov/pacifitslands/endangeregpeciesconservation/marineprotected-speciesamericansamog.

1
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Heavy rains cause reguliash flooding, leading to sanitary sewer overflows, pump station failure, and
blocked roadways. Coastal erosion and floodiagdamage infrastructure and roadand squeeze

beach and coastal habitat between the steep mountains and the advancing oceafallReoastal
flooding, and coastal erosion throughout the territory threaten tsunami evacuation routes, coastal
roads, and other critical infrastructure. Tropical cyclones can also cause extreme flooding as was
recently seen during 2012 Cyclone Evan 20#18 Cyclone Gita events.

In response to projected increasessi@a level rise anthe frequency of extreme rainfall events (Wang

et al. 2016), numerous efforts have worked to better understand the threats, needs, gaps, and nature
basedapproaches that can be applied to build resilience in American Samoa. Recent efforts include the

Pacific Islands Regional Climate Assessment for American Samoa (Keener et al. 20213z dlti

Mitigation Plan for American Samoa (Capla@@pU.S. ArmyZN1Ja 2F 9y IAY SSNRAE& ¢ | ¥ dz
management study and American Samoa Moisaster Watershed Assessmgrind efforts to promote

green stormwater infrastructure (HWG 2019) and understand the relative resilience of coral reef

ecosystems in American Saen(Schumacher et al. 2018), among others.

As American Samoa takes steps to lower its exposure and plan for a more resilient future, resources
such as this Coastal Resilience Assessment can equip deugiens and stakeholders with valuable

tools and ifiormation to help plan for future flood and storm events. The American Samoa Coastal
Resilience Assessment provides a framework for a holistic approach that considers both fish and wildlife
habitat and resilience for human communities facing growing flogdhreats.

1.2 Overview of the Regional Coastal Resilience Assessments

The National Fish and Wildlife Foundation (NFWF) and the National Oceanic and Atmospheric

Administration (NOAA) are committed to supporting projects and progtdinas improve resiliace by
NBRdzOAY3 O2YYdzyAliASaQ @dz ySNIroAfAGe G2 O2radlf ad:
natural ecosystems and the fish and wildlife habitat they provide. In response to growing coastal

flooding threats, NFWF commissioned the Unive8if b 2 NI K / I NBt Ayl 6! b/ 0 | &KS
Environmental Modeling and Analysis Center (NEMAC) to develop an assessment to identify coastal

areas that are ideal for the implementation of natdpased solutions that build both human community

resilience ad fish and wildlife habitat. The resulting Regional Coastal Resilience Assessments (referred

to from here forward as the Regional Assessments or Assessments) aim to identify and rank open space

areas and habitat cores where targeted investments can impleamesiliencebuilding projects before

devastating events occur and impact surrounding communities.

TheAmerican Samo&oastal Resilience Assessment is part of a broader effort that seeks to evaluate
regional resilience for all U.S. coastlines. Regioss¢gsments are already complete for the U.S.

Atlantic, Gulf of Mexico, and Pacific coastlined, ¢ I Puértd Rico, the U.S. Virgin Islands, Guam, and
the Commonwealth of the Northern Mariana Islands. Additional Assessments are underway for Alaska
and theU.S. Great Lakes (Figure 1).

2 https://www.poh.usace.army.mil/Missions/CiviNorks/ProjectReviewPlans/
3 See the National Coastal Resilience Fumtighs ://www.nfwf.org/programs/nationalcoastairesiliencefund.
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Figure 1. The geographic extent of the Regional Coastal Resilience Assessments in dark gray and the American Samoa
Assessment in orange. All Regional Assessments will be completed by 2022. Map not shown to scale.

Strategcally implementing resilience projects can increase the ability of surrounding communities and

habitats to withstand and recover from the impacts of coastal storms and flooding events (Narayan et al.
2017).Efforts to build resilience begin by determiniigk § SEL}2 adzNB 2F | O2YYdzy Al @
or threat. The Regional Assessments use &b@s8d approach to model landscape characteristics and

their potential impacts to identify places throughout the United States where assets are potentially

exposd to flood threats. They combine human community assets, flooding threats, and fish and wildlife
resource spatial data to identify and rank Resilience Hubs. Resilience Hubs are large areas of natural,

open space or habitat where, if investments are maubabitat conservation or restoration, there is

potential to benefit fish and wildlife species while also helping to build human community resilience to

flooding threats.

From a modeling standpoint, the Regional Assessments consist of three separatebetated

analyses: (1) the Community Exposure Index, (2) the Fish and Wildlife Index, and (3) the Resilience Hubs
(Figure 2). These three components make the Regional Assessments unique as they look at resilience
potential through the lens of both humaand fish and wildlife communities. Specifically, the Community
Exposure Index can guide land use and hazard mitigation planners in identifying potential development
constraints and improve the understanding of potential risks to critical infrastructurenanthn

populations. The Fish and Wildlife Index can inform where important species and habitats occur. The
Resilience Hubs then identify open spaces and habitat suitable for the implementation of projects

A % 4 A x
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Community
Exposure Index

Fish &
Wildlife Index

Resilience
Hubs

Figure 2. A conceptual model showing the separate, but interrelated components of the
Regional Coastal Resilience Assessments.

While the Resilience Hubs are the primary output of the Regional Assessments, each component can be
used individually or in conibation to help community planners, conservation specialists, funding
applicants, and others make informed decisions about the ability of potential restoration, conservation,
or resilience projects to achieve dual benefits for both human community resdliand fish and wildlife
species and habitats. The Assessment is intended to be used as a scilegalrigol designed to help

identify areas that may be well suited for natdoased solutions. Before planning any resilience projects

in American Samoa, i important to first consult local matai, or chiefs, to explore opportunities in areas
governed by traditional lantenure. As with all GIS analyses, 4éeel assessments are required to

validate results and develop detailed design and engineeringsplan



METHODS

2.1 Introduction

The foundation of the Regional Coastal Resilience Assessments is based on the coastal vulnerability
research outlined in Gornitz et al. (1994). In 2011, the New Jersey Office of Coastal Management and
Department of Environmedal Protection adapted that research to assess existing and future hazard
vulnerabilities on a local scale (REP 2011). This research was integral to structuring the inputs and
methodology of this analysis.

The following sections provide a brief overviefithe methods used in the American Samoa Coastal
Resilience Assessment. For more details about overarching methodology and data sources common
across all Regional Coastal Resilience Assessments, please refer to Dobson et al. (2020). To the extent
possibk, the Regional Assessments aim to use the same methodology and data across all regions.
However, given the unique geographic characteristics of each region and the fact that data availability
varies, someegionally specificnodifications were requiredaiven the geographic scale of American
Samoa, all GIS modeling was completed at a tmeger resolution to best match the resolution

common to the input data. The following sections briefly discuss pertinent methodological changes to
the Community Exposuiedex, Fish and Wildlife Index, and Resilience Hubs for American Samoa.

2.2 Study Area

¢KS ' YSNAOLY {lFY2l ! 3aSaaySyil F¥20dzaSa 2y (KS YIAy
and does not include Rose Atoll or Swains Island. American Ssamaatotal population of less than

60,000 people, 95 percent of whom live on the largest island of Tutuila. With over 100 kilometers (60

miles) of coastline, the main islands possess a diversity of ecosystems, climates, terrain, and habitats

ranging fromvolcanic craters to rainforests to coral reefs. Characterized by a steep and rugged

topography, the highest peaks in American Samoa range from just over 650 meters (2,100 feet) at

Matafao Peak in Tutuila to over 900 meters (2,950 feet) at Olotania Critero KS A at FyR 2F ¢~

The Assessment covers entire watersfeidom the mountains to sea, extending into the ocean to the
30-meter depth contour (Figure 8)This Assessment is unique in that it not only considers the
immediate coastline, but it also fosas on inland areas that can often directly contribute to coastal
flood-related issues. For instance, intense rainfall and overland flow in steep, montane environments
can directly exacerbate coastal flooding events. In all regions, the boesdéthe Assessments follow
the coastal watersheds designated by the U.S. Environmental Protection Agency (EPA), which are
watersheds that drain directly to the ocean and are represented at a hydrologic unit code eight scale
(HUG8)®. For American Samoa, the H8@atersheds cover all the islands, and thus the study area also
overs the entirety of each island (Figure 3).

4 A 30meter depth contour was used for the Fish and Wildlife Index to allow for the inclusion of marine habitats with potential

to host significant biodiversity. Iroatrast, the Resilience Hub analysis only considered habitats less than 10 meters in depth

since shallow water habitats are expected to provide greater coastal protection benefits through the implementation of nature

based solutions.

SAccordingtothe EBANR Y YSy Gl f t NPGSOGA2Y | IBtysdevéepalgdviwatiénddcoastd Gt I y Ra Ly A
wetlands
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Figure 3. The American Samoa Coastal Resilience Assessment study arean&tex 88pth contour is shown in
black.

2.3 DataCollection and Stakeholder Engagement

The Project Team compiled an initial set of data from multiple national and regional data sources,
including sea level rise data from NOAA and floodplain data from the Federal Emergency Management
Agency (FEMA). In adidn to reviewing publicly available data sources, the American Samoa
Assessment relied on significant input from local and regional stakeholders to identify and inform the
use of additional data sets.

To help guide the Assessment process, the ProjeziTestablished an Advisory Committee consisting

2T AAE YSYOSNE NBLINBaSyiGdAy3d bh!! Qad hFFAOS F2NI/ 21
Samoa Office of Disaster and Petroleum Management, the American Samoa Coastal Management
Program, the Americap I Y2 5SLI NIYSyd 2F alNAYyS FyR 2AfREAFS
American Samoa Community College, and the U.S. Fish and Wildlife Service. The Advisory Committee

met regularly with the Project Team to:

1. Provide guidance to the Project Team at key sieci points in the analyses, including
recommendations on data to be included;

2. Help identify additional local stakeholders within federal agencies, local and territorial
governments, universities, village mayors, Fgevernmental organizations, and othds
provide input into the development of the American Samoa Assessment; and



3. Advise on final products and tools, including the effective dissemination of results.

With input from the Advisory Committee and building on initial data collection, the Progachhosted

a virtual workshop to allow local stakeholders to review and provide input on preliminary Assessment
products. The Virtual Stakeholder Workshop was held over the week of March 15, 2021. The Project
Team hosted three sessions to introduce theesssnent and discuss preliminary results. All participants
had access to written materials and an online GIS viewer to facilitate the re¥igwaft models and
provide comments during and after the workshop. The comment period remained open for several
weeks following the virtual workshop.

Thirty people attended the workshop, representilogal federal, norgovernment, and academic
organizations. For a complete list of all organizations invited to the workshopgymeendix G
Workshop participants helped the Project Team:

1. Identify geographic features, flooding threats, cultural and s@donomic factors, and
additional considerations that are unique to the region;

2. Identify, collect, and appropriately use Gl&asets related to flooding threats, community
assets, and species and habitat;

3. Provide references and contact information for additional experts that may be able to
contribute data or knowledge to the effort; and

4. Obtain overall buyn to the Assessmentrpcess and solicit ways in which it can be used by local
stakeholders in American Samoa.

Participants reviewed draft maps and data sources, providing important feedback and
recommendations to improve the analyses. In addition, participants considered mesaitiat local
communities can take to enhance resilience, including management strategies, activities, and projects
that restore habitats and install natural and natdsased features that reduce floeelated threats.

Following the stakeholder workshoghe Project Team reconvened with the Advisory Committee to

assess the feedback, comments, and suggestions provided during the workshop and to determine which
data to incorporate intdhe revised products. NEMAC then followed up individually with Committee
members and other key stakeholders to further discuss data and methodology as needed. Results of the
American Samoa Assessment were reviewed by the Advisory Committee and shared with local
stakeholders via a public webinar.

2.4 Creating the Community Expaie Index

The Community Exposure Index was created by combining the Threat Index and Community Asset Index,
depicting the spatial distribution of the potential exposure of assets to flood threats (Figure 4). The
following equation calculates exposure:

Threat Index x Community Asset Index = Community Exposure Index

To accommodate local datasets and needs, the following text describes the specific methods used for
the American Samoa Assessment. A complete list of datasets included can be féumeimix ASee
Appendix [for a description of the methodology used to calculate the Community Exposure Index.



Threat Index Community Community

Flood and Severe Asset Index Exposure

StormRelated Threats Community Assets Index

A Sea level rise scenarios

A Floodprone areas A Population density Identifies_ areas where
Almpermeable soils A Social vulnerability community assets are
A Soil erodibility A Critical facilities potentially exposed to
A Areas of low slope A Critical infrastructure impacts from flooding
Awavedriven flooding or severe storm events

A Tsunami inundation

Figure 4. Elements of the Threat and Community Asset Indices useat® the Community Exposure Index.

2.4.1 Threat Index

Floodrelated datasets are used to help communities understand what kind of threats are potentially
present in their area. While other threats may exist, for the purposes of this analysis only those threats
relevant to coastal flooding in American Samoaev@cluded. Threats are defined as datasets that

show coastal flood and severe storm hazards on the landscape. The Threat Index is-lbasetemodel

with a cumulative scoring of inputs (Dobson et al. 2020). As in other Regional Assessments, the
American Samoa analysis included data related to sea level rise,-flomtke areas, soil erodibility,
impermeable soils, areas of low slope, landslide susceptibility, and tsunami inundation areas (Wood et
al. 2019), each of which are described in detail in thehddology and Data Report (Dobson et al.

2020). Whilepost seismi¢and subsidence is a clegeologic stressan American Samoa (Han et al.

2019), there were insufficient spatial data across éiméire study area to include subsidence in the

Threat IndexIt is important to recognize that subsidence due to nearby seismic activity is likely a
compounding factor that exacerbates the flooelated threats that were included in the Index. Storm
surge, which is typically a Threat Index input used in otherdRabgAssessments, was unavailable for
American Samoa at the time of modeling. An additional inparive-driven flooding was included to

serve as a proxy for storm surge (gggpendix B.Tor details). For this input, thanalysis utilized data

from Storlazzi et al. (2019). These models used significant wave heights associated with 8te 10

100, and 508year storm return periods and inundation was modeled based on the presence or absence
of coral reefs. For the purpes of this analysis, inundation models in the presence of coral reefs were
used. Additional details on those data used to create the Threat Index for American Samoa can be found
in Appendix A.Jland Appendix B

2.4.2 Community Asset Index

The Community Asset Index includes data related to infrastructure and human population. The Index
used datasets that quantify the number of assets presembt their magnitude of vulneraibty or
susceptibility to flood threats. The infrastructure and facilities that were incorporated into the Regional
Assessments were chosen for their ability to help people respond to flood events.

In American Samoa, the Community Asset Index includedlptipn density, social vulnerability, and
the full complement of critical facilities and infrastructure detailed in the Methodology and Data Report
(Dobson et al. 2020). Unlike previous assessments, where critical infrastructure locations received a
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lower rank than critical facilities, in American Samoa these two categories of community assets were
counted with equal weight. Based on feedback from the stakeholder workshop and Advisory
Committee, critical infrastructurevasgiven an equal rank to criticadilities since all assets are

important in response to storm and flood events on remote islands. This approach is consistent with
other existing methodologies to identify community assets that support recovery during an emergency,
such as the FEMA Commyniifelines framework It was of utmost importance to include locally
available data whenever possible. Therefore, based on feedback from the stakeholder workshop and
Advisory Committee, some local datase#sre incorporatedrom the National Marine Santuary of
American Samoa GIS Data Archive taredAmerican Samoa Departmentlddmeland Securityyhile
othersweredigitized by NEMAC with guidance from the Advisory Committee. In addition, the analysis
included cultural heritage sensitivity areas and historic sites within the study area. Although these sites
may not directly assist in responding to flood evetitgir importance to local communities, as well as

any economic value they may hold, were considered justification for including them as a type of critical
infrastructure The following types of critical infrastructure were included in the American Samoa
Assessrant:

Primary roads Petroleum terminals and refineries
Bridges Hazardous sites

Airports Wastewater treatment facilities
Ports Culturalandhistoric resources

Power plantaand substations

In addition, as with all other regions, the following listcotical facilities were included because of their
relevance and widespread use following flood events or other disasters:

Medical facilities (hospitals, nursing Schools (public and private,
homes, etc.) universities)
Law enforcement (police, sheriff Fire stations

stations, etc.)

A detailed list of datasets used for all Community Asset Index inputs included in the American Samoa
Assessment can be foundAmpendix A.2SeeAppendix Gor a description of methods used to create
the Community Asset Index.

2.5 Creating the Fish and Wildlife Index

The Fish and Wildlife Index, which consists of Marine and Terrestrial components, allows for a greater
understanding of important habitats and fish amildlife resources to aid in the identification of areas
where implementing naturdased solutions may support coastal resilience and ecosystem benefits
(Figure 5). The Index attempts to identify areas on the landscape where terrestrial, aquatic, anel marin
species of conservation concern and their habitats are located. For the American Samoa Assessment,
only those species of concern with federat territory-level protection status and/or those included in
resource management plans were considered. Burgatthe Fish and Wildlife Index varies regionally;
however, a detailed description of the general methods governing the Fish and Wildlife Index is available
in the Methodology and Data Report (Dobson et al. 2020). Regional considerations for American Samo
are discussed below; a complete list of data can be fourhipendix Aand a description of the

methods used to create the Fish and Wildlife Index can be fouAgmndix E

S FEMA Community Lifelingttps://www.fema.gov/emergencymanagers/practitioners/lifelines
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Terrestrial
Index

Habitat suitability model for
aquatic & terrestrial species
of conservation concern

A species of Gnservation +
Concern

A Habitat
A Important BirdAreas
A National Wetlands
Inventory
A Land cover
A Protected areas
A Other regional data

Figure 5. Elements of the Terrestrial and Marine Indices used to create the Fish and Wildlife Index.

2.5.1 Terrestrial Index

The Terrestrial Index aims tentify suitable habitats for major species groups using available land

cover and habitat data. The Index is created relative to the habitat preferences and needs of the species
of greatest conservation concern in the region, which were identified usieg\tmerican Samoa
Comprehensive Wildlife Conservation Strategy (DMWR 2016) and species listed as threatened or
endangered under the U.S. Endangered Species Act. Broad taxonomic and species groupings were used
to model habitat preferences throughout the rieg, including:

Sea birds Reptiles
Land birds Terrestrial mammals

Based on habitat preferences associated with each species group, the analysis modeled primary,
secondary, and tertiary habitat suitability (for details see Dobson et al. 2020). A complete list of species
(organized by taxonomic and species group) includdgtie American Samoa Assessment is available in

Appendix E.1

In addition to using the NOAA Coastal Change Analysis Program landlatyéi.S. Fish and Wildlife

{ SNBAOSQa Dbl GA2y Lt 2 SléEionalyRidgrdphy O&bagdl 1B iNéhtEy habifaR | { D{
types, the analysis utilized vegetation maps from the U.S. Forest Service (Liu et al. 2011) and the high
resolution land cover map for American Samoa developed by Mstyat (2017) to identify areas of

primary forest and intact rare forest types. BirdLife International Important Bird Areas (IBAs) were also
included. A complete list of datasets and methods used to create the American Samoa Terrestrial Index
can be found iMppendix A.and Appendix E.lrespectively.
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2.5.2 Marine Index

The Marine Index aims to identify marine habitat types that can support significant biodiversity, such as
coral reefs and mangroves. Vidhbther marine habitat types may support significant biodiversity, the
American Samoa Assessment focused on those habitat types where restoration and resilience projects
may offer the multiple benefits of species richness, ecosystem enhancement, andlquaséction.

The study area for the Marine Index was defined by thar@@er depth boundaryaround each island
according to bathymetric data. Inside this boundary, the spatial extent of coral reef habitat was
estimated from live coral coverrecordsusind ! | Q&4 bl GA2ylf /2Nl t wSST az2yA
regularly implements stratified random sample surveys throughout the islands. Based on surveys from
2018, areas with higher coral coveand thus more likely to support higher numbers of reef associated
species (Komyakowt al. 2013Y were ranked higher in the Marine Index. Due to ecosystem changes
since the benthic habitats were mapped in 2007, it was recommended that survey data be used at the
sectorlevel broken into three depth categories, known ae 8iratalevel, using bathymetry (Tom

Oliver, NOAA, personal communication). The coral cover data were pooled for each strata and then
ranked across the islands. The three depth levels are as follows: shaltbméters), middepth (>618
meters), and dep (>1830 meters). Data on mangrove extent were also incorporated using a
presence/absence scoring to indicate their potential capability for supporting higher species richness.

In addition to the spatial extent and condition of these habitat types, theiiaindex calls upon
severaladditional datasets including Essential Fish Habitat, Marine Protected Areas, and reef fish
biomass data from NOAA. A complete list of datasets and methods used to create the American Samoa
Marine Index can be found ippendix A.4and Appendix E.2

2.6 Creating the Resilience Hubs

Resilience Hubs are areas of natural, undeveloped space that attempt to identify places that may be
suitable forresiliencebuilding conservation or restoration efforts that can help prepare for potential
adverse impacts to infrastructure and communities, while also improving the habitats of fish and wildlife
species. Therefore, Resilience Hubs represent open spackkabitats that have a high potential to
provide benefits to both human communities and fish and wildlife. Accounting for natural spaces on
both inland areas and in the nearshore marine environment, Resilience Hubs are formed based upon
undeveloped landsapes and habitat types to create two outputs: Green Habitat Cores (inland) and Blue
Habitat Cores (maring)-igure 6).

While the criteria differ between the Green and Blue Habitat Cores, both models rank Resilience Hubs
according to the combined average values of the Community Exposure Index and the Fish and Wildlife
Index (for a detailed description of methods s&ependix Fand Dobson et al. 2020). To show variation
within Resilience Hubs, the Habitat Cores are further subdivided and scored at a-fiaetade (10

acre) hexagon grid (Figures 7, 8, and 9). This scale wasrctmfacilitate local decisiemaking
commensurate with the size of potential natubased projects and solutions.
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Green Infrastructure
analysis produces:

Green
Habitat Cores

Areas ofintact habitat cores
capable of supporting
freshwater anderrestrial
communities

Underdeveloped land cover
Soil characteristics

National Wetland Inventory
Topographic diversity
Compactness ratio

National Hydrography Dataset
Roads, buildings, and railroad
as fragmenting features

Cores are then scored by thd
average Fish & Wildlife and
Community Exposure Indice

Blue Infrastructure
analysis produces:

Blue
Habitat Cores

Nearshore marine areas
supportingimportant
coastal habitats

Live coral cover

Coastal wetlands presence
Coral reef crest presence
Beach presence

Within 10m bathymetric
depth

Within 0.25-km distance from
wetlands, coral reefs and reef
crests, and/or beaches

Cores are then scored by th
average Fish & Wildlife and
Community Exposure Indice

Resilience
Hubs

Areas that have the
potential to provide
benefits to both human
communities and fish
and wildlife, ranked by
scores calculated in the
combined Blue and
Green Habitat Cores

Figure 6. Elements of the Green and Blue Habitat Q@apits used to create the Resilience Hubs.

Figure 7. An initial step in creating the Green and Blue Habitat Cores. Note the Green Habitat Cores
include both terrestrial and freshwater aquatic areas. The Blue Habitat data include coral cover,
beaches, castal wetlands, coral reef crests, and nearshore marine areas less than 10 meters in depth
but have not yet been grouped into Cores.
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Figure 8. Green and Blue Habitat Cores convertedhectare (18acre) hexagons. As with each
Habitat Core, each hexagmlater ranked to show variation within Resilience Hubs.

Figure 9. Final Green and Blue Habitat Cores. The Blue Habitat hexagons are grouped into Habitat
Cores by bathymetric basin. The resulting Green and Blue Cores are then ranked to become Resilienc
Hubs.
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2.6.1 Green Infrastructure

The Green Infrastructufeanalysis used in the Regional Assessments builds upon methodology
developed by the Green Infrastructure Center for the continental United States (Firehock & Walker
2019). Since these data were not available for American Samoa, NEMAC replicated the amealgsite
GKAA AYLERNIFYyG fF@SNI F2NJ GKS ' YSNRAOLY {lFY2F ! aa
or every natural area 4 hectares (10 acres) or greater, regardless of ownership or preservation status.
The dataset is intended to guide bicregional, and urban planners in identifying important places to
conserve prior to planning development projects. The dataset also helps to prioritize which landscapes
to protect and conneat such as natural systems that mitigate flooding, provide reiioeal

opportunities, and benefit air and water quality (Firehock & Walker 2019). Habitat cores also represent
relatively intact habitat that considers fragmenting features that may disrupt the movement of wildlife
species.

Applying these methods to Amedan Samoa, the Green Infrastructure analysis resulted in the creation
of Green Habitat Cores, or inland habitat cores encompassing both terrestrial and freshwater aquatic
habitats. The resulting Green Habitat Core features are then converted inteeatde (10acre)

hexagonal grid (Figure 8). The hexagonal grid helps to highlight variation in the Community Exposure
Index and Fish and Wildlife Index scores associated with each habitat core to help facilitateafme
decisionmaking. For full documentain on how the Green Habitat Cores were created, please refer to
Appendix Fand Dobson et al. (2020).

In addition to scoring the Green Habitat Cores with the Community Exposure and Fish and Wildlife
Indices,consideration was given to Cores that are nearest to the community assets identified within the
Community Asset Index. This ensures that priority Green Habitat Cores are identified based on their
potential to benefit the largest number of community assttat are nearest to each core.

In summary, the Green Infrastructure approacim determining both Green Habitat Cores and their
subsequent hexagomnsidentifies contiguous natural landscapes composed of similar landscape
characteristics that are nearest to monunity assets. Lands identified have the potential to be of higher
ecological integrity and thus may offer improved potential for both human and wildlife benefit. This
allows for a more accurate determination of the boundaries of natural landscapes whamf and
ranking the Resilience Hubs. Sggpendix A.land Appendix For more details.

2.6.2 Blue Infrastructure

Recognizing the prominence of valuable coastalinghabitats in American Samoa, the Assessment
developed a Blue Infrastructufanalysis. Marine and coastal habitats, such as coral reefagroves,
wetlands, and beaches not only support significant biodiversity but are also important natural features
that can protect human communities and infrastructure from floodretated threats. Unlike the
methodology used in the Green Infrastructure analysis, marine environments typically lack the
fragmenting features that are necessary to delineate and fornnogggaces into inland habitat cores. As

a result, the Project Team developed a different approach to identify Blue Habitat Cores, or marine and
coastal areas represented by habitats that may be suitable for the implementation of conservation or
nature-basedresilience projects. The Blue Habitat Cores were delineated by creatihgetdre (10

acre) hexagonal grid of all coastal and marine habitats less than 10snetbepth and then by

" Note that Green Infrastructure analysiss it is referred to in this Assessmeniertains to a specific methodology and is not
intended to represent othelocal planning and management projects.
8 Note that Blue Infrastructure analysisas it is referred to in this Assessmergertains to a specific methodology and is not
intended to represent other local planning and management projects.
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grouping hexagons according to the American Samoan bathymetric lzagirthe marine habitats they
contain. Unlike the Fish and Wildlife Index, only habitats less than or equal to 10 meters in depth were
considered in the Blue Infrastructure analysis since nabhaged solutions are more likely to provide
coastal protectiorwhen implemented in shallow water habitats. For full documentation on how the
Blue Habitat Cores were created, please refeAtmendix Fand Dobson et al. (2020).

2.6.3 Combining Habitat Cores and Rankingsence Hubs

To capture the potential impact the Green and Blue Habitat Cores may have on reducing the effects of
coastal flooding on nearby community assets while also benefiting fish and wildlife, the Habitat Cores
were scored using the average valuéshee Community Exposure and Fish and Wildlife Indices to
determine the rankings of Resilience Hubs. For details about how Green and Blue Habitat Cores were
scored, see Dobson et al. (2020). As noted above, every habitat core feature was convertethento a f
resolution 4hectare (16acre) hexagonal grid. As a result, each hexagon also received its own individual
ranking, allowing for a finescale view of areas within any given Habitat Core. When considered in
combination with the Resilience Hubs, the bgrns can help identify areas that may be ideal for
resiliencebuilding efforts that achieve dual human community and fish and wildlife benefits. See
Appendix A.land Appendix For more detalils.
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RESULTS

The American Samoa Coastal Resilience Assessment reveals abundant opportunities to udzasatiire
solutions to help build human community resilience while supporting fish and wildlife habitat and
species. Naturdased solutions include actions that sus&bly manage and utilize natural systems to
address societal challenges such as stormwater management, urban flooding, and heat islands while
benefiting biodiversity and human weidkeing. Implementing naturbased solutions, such as wetland or
coral reefrestoration, can provide tremendous 4xenefits to people and wildlife.

The Community Exposure Index shows that areas of high exposure are concentrated around populated
areas. Along the coastlines of each island, the Fish and Wildlife Index revealeat@tian of habitat

types expected to support wildlife species. As expected, inland and some remote coastal areas outside
of urban centers show moderate values that support high concentrations of important habitat for
species of concern. Finally, the Riesice Hubs show that there are numerous Hubs across all islands,
both along the coastline and inland. For the purposes of this report, the results for all islands are
described separately; however, a single model was used for all five islands, which ralsmls to be

directly compared within and among islands.

3.1 Community Exposure Index

The Community Exposure Index for American Samoa shows that exposure to flooding threats is mainly
concentrated around the mostensely populatedreas along the coast. With a total average population
density of106 people per square mile and with the vasjority of residents living along the shoreline,

it is unsurprising that lowying, populatedareas are most exposed to flooding threats. On Tutuila, the
highest exposure values, indicated by the darkest browns, are associated with the more populous
commw AGASE 2F ¢FFdzyt X tlF32 tF323% FyR [S2yS 6CA3IdzNB
values are found in the villages of Ofu, Olosega, and LWhan compared to other coastal regions of

the United States, American Samoa does not contain vestthes of highly exposed coastline. In fact,
outside of the populated areas, coastal areas around each island exhibit consistently low exposure
values. Irmanyof the undeveloped coastal areas this is likely due to the topography of the coastline,
whichnot only prevents high concentrations of community assets from being located directly near the
water in many places, but also results in relatively low values for severalftdattd threats. Thenain
exception is the Tafuna Plain in southern Tutuilagr@mediumhigh exposure values are more

prevalent due to the flat topography and high concentration of assets.

The Threat Index reveals that floodlated threats affect nearly all coastlines throughout American

Samoa. However, cumulatively across allilspthere are relatively few areas that are highly threatened

by the coastal flood threats. Those areas with significant development are also areas with flatter

topography that are more subject to flooding threats, which is evident in the Community Eeposu

Index. For instance, the highest Threat values on Tutuila are seen in coastal lagotms-bting areas

d4dzOK a GKS tFftF [1322y YR FNRdzyR GKS tF32 tl| 32 |
and the exposed eastern shore of the islang{Feé 11). This pattern is also evident in Pago Pegobor,

where high threat values revealed in thesessment are consistent with regular flooding events

observed at the head of thearborl Y R NBdzy R ! dzt @ hy ! dzydzZ dzz GKS Sy A
AK2ga4 KAIKSNI GKNBFG @ fdzSaz RNAGSY o0& NBflFGAGSEe&
Islands, a narrow band of high threat values around Ofu and Olosega indicate that most of the coastline

is coincident with roadways that occupy ldyind | Y R A YLISNXY S| 6f S & dz2NF I OSad hy
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highest values are found on the western side of the island wherdyow assets are at high risk of
inundation due to tsunami, sea level rise, and walvizen flooding.

The topography of the islandsrongly influences the presence of flooelated threats and their

impacts on the landscape. For example, apart from bays, inlets, and the Tafuna Plain, the islands feature
relatively few lowlying areas capable of pooling water. In addition, inputs saaschea level rise, wave

driven flooding, and tsunami inundation are all limited to the immediate coastline. Except for

impervious surfaces around densely populated areas, most of the landscape features well

moderately welldrained soils that help to mimize flooding risks. Relatively high threat values within

the interior portions of the islands are largely driven by soil erodibility. It is important to note that the
flooding threats included in the Assessment do not explicitly account for the rapiddubsidence

observed in American Samoa followiamajor earthquake2009(Han et al. 2019). The associated

decrease in elevation across much of the islands means the threats identified in the American Samoa
Assessment are conservative and should berpreted with caution since ongoing post seismic land
subsidence is expected to exacerbate sea level rise and coastal flooding in the region (Han et al. 2019).
9FF2NI A& FNBE OdNNBydte dzyRSN¥I& o0& (KS | BRi@DSNEBEA (&
that account for recent land subsidence, which will greatly improve the accuracy of currently available
data. The Assessment will be updated as new data becomes available.

Community Exposure Index

- W
Tutuila and Aunu'u J HEN N |

Ofu and Olosega

Figure 10. Community Exposure Index for the islands of Tutuila anduAtop), Ofu and Olosega (bottom left), and

¢F1dz 6t 26SNI NRIKGVD ¢KS ¢KNBIG FYR /2YYdzyAdGe ! 23aSaG LYyR?
which shows areas where assets overlap flood threats. To view results in detdihmsealix Hor view results in

CREST
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CA3dzNB mmd ¢KNBI G LYRSE T2NJ GKS A afoloyRid 22F f Sdedidzat [ yIRy R
right). The Threat Index highlights areas where multiple coastal flood threats are present. To view results in detail,
seeAppendix Hor view results ICREST

While the topography of the region may result in fewer areas subject to numerous flooding threats,
portions of American Samoa are densely populated, leaving important community assets exposed to the
impacts of flooding. The Communif§sset Index identifies concentrations of assets around the

developed, populated lowland areas; however, important community assets can be seen throughout the
islands, including roads, bridges, communication infrastructure, ports, and airports, all &f arhic

critical for effective emergency response in the event of major floodmst community assets are

found within the Tafuna Plain and surrounding the Pago Péayborin Tutuila (Figures 12). Major

roads, population centers, and socially vulneraldenmunities are evident in Tutuila. In the islands of

Ofu and Olosega, assets are largely restricted to the immediate coastlines where important roads and
the Ofu-Olosega Bridge connect the small, isolated villages of Ofu and Olosega. Similarly, the small
VAffFr3Sa 2F ¢l " dz NB Fff O2yySOGSR o0& (62 YIAYy NERI
for supplies and emergency response following storm events.
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Community Asset Index

Low

High
Tutuila and Aunu'u [ [ [ [l

Ofu and Olosega Ta'u
Figure2® / 2YYdzyAG& 1 aaSi LYRSE T2NJ GKS Aafl yRa 2F ¢dzidzf |
¢l 1dz 6t26SNI NAIAKGUod ¢KS /2YYdzyAride ! a4aSi LYRSE KAIKEAIK

view results in detail, se®ppendix Hor view results ICREST

At the islandscale, Tutuila clearly features the highest Community Exposure values. By focusing on the
village of Tafuna, fineresolution pdterns in exposure become evident (Figure 13). The Threat Index is
mostly driven by storm surge, low lying areas, and the prevalence of impervious surfaces. As expected
for one of the larger communities on the island, the Community Asset Index is inflibgg@opulation
density and social vulnerability, with relatively high concentrations of both critical infrastructure and
facilities throughout. Together, patterns of high exposure are evident throughout the region. Even
within the central portions of thésland, such as near Pago Pago (Figure 10), there are areas of very high
exposure due to the presence of numerous critical facilities and relatively high population. When
combined with low slope, erodible soils, and impermeable surfaces, some of theaareasl Pago

Pago are highly exposed to flooding threats. To explore the results of the analysis in more detail for any
area of interest, visit the Coastal Resilience Evaluation and Siting Tool (CRES@ratoasts.orgFor

more details about CREST, please refé&tdotion 3.helow.

19


https://resilientcoasts.org/#Home
https://resilientcoasts.org/#Home

Figure 13. The area around the village of Tafuna, Tutpddjcularly around the Pago Pago International Airport,
shows higher values of exposure, resulting from the combination of flood threats and community assets.
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3.2 Fish and Wildlife Index

The combined Fish and Wildlife Index shows the highest valueswitbductive nearshore marine

g GSNA YR 0A2RAOSNES F2NBada ftz2y3 GKS AatlyRaQ
nature of the Fish and Wildlife Index, the highest values are all observed in coastal waters where healthy
marine habitats coicide with terrestrial resources such as seabirds and sea turtles. This is evident
SaLISOAlLffe 2y (GKS AaflyRa 2F h¥dzZ hfz2adenm FyR ¢
mydag and hawksbillEretmochelys imbricajasea turtles. In other instances, high values are driven by
overlapping features, such as areas that are designated for protection or conservation by multiple

agencies. This drives high values in both the Marine and Terrestrial Indices. While the inepfiehsi

YR ¢6AfRfEATS KIoAGlrGa 2y GKS AaflryRa 2F h¥dzz hf2a
wildlife assets throughout all five islands, indicating there are ample opportunities for habitat

conservation and restoration projectsto®ui F Ay ! YSNRAOFY { Y2 Q& 0A2RAOSNE

CAIdz2NBE mnd ¢KS CAAK [yR 2AfRfEAFTS LYRSE F2NJ GKS Aafl yRa
¢ I (ladzer right). Terrestrial and Marine Indices are added to produce the Fish and Wildlife Index, which shows
concentrations of fish and wildlife species and their habitats. To view results in detaihssedix Hor view results

in CREST

As noted in the Methods section, the Terrestrial Index evaluated habitat suitability across four broad
species groups. Many of the species included in the American Samoa Comjprefiidlife

Conservation Strategy (DMWR 2016) rely on {gjghlity habitat in primary rainforest, which can be

F2dzy R I ONR&aa f | NBS (Figihe\lh) &the? aFeasiwdthinifh doricédtiatiohs/otiviidiife 2 NJ
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assets in the Terrestrial Index kedt the prevalence of protected or managed ar¢a®ughout the

islands. For instance, some of the highest Terrestrial Index values are seen in portions of the National

Park of American Samday R G KS al ydzZ I Laf I yR&heselthspregedce of Y LI2 NI | v {
high-quality habitat overlaps with lands under protected status. High values in the Terrestrial Index

along the coastlines highlight the importance of coastal habitats for migratory birds, sea birds,

waterbirds, and sea turtles. For a completé dgspecies referenced for this analysis, gggendix E.1

Terrestrial Index

Tutuila and Aunu'u 7 i.

Ofu and Olosega

CA3dzNBE mMpd ¢SNNBAGNAEFE LYRSE F2N GKS ooRtiliyeyRa t % (¢ &i dzy/1
(lower right). The terrestrial index highlights concentrations of terrestrial species and their habitat. To view results
in detall, seeA\ppendix For view results ICREST

The Marine Index reveals many high values around each island, highlighting the importance of marine

habitat and species throughout the region (Figure 16). This is largely driven by the prevalence of coral

reefs andessential Fish Habit@EFH}around the margins of the islands. Despite recent severe bleaching

events in 2015 and 2017 (Coward et al. 2020), live coral cover was relatively high along the entire
O2FadtAyS 2F ¢ ~dz I YR 2y Inaddifon to thdpresen& dilcBasthese2 | a i 2
areas also feature EFH for resource fishes and show high reef fish biomass. The presence of other

protected and managed areas, such as the National Marine Sanctuary of American Samoa and the Aua
Village Marine Potected Area also contribute to higher scores. Together, these features all indicate

these regions harbor significant marine biodiversity.
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Marine Index
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right). The marine index highlights concentrations of marine species and their habitat. To view results in detail, see
Appendix FHor view results ICREST

Some of the highest Marine, Terrestrial, and combined Fish and Wildlife values identified in the
American Samoa Assessment are found along the coast of @f@lasega. Here, high values result

from a combination of marine and coastal habitat used by myriad species of conservation concern. The
entire coast of Ofu and Olosega is marked by extensive coral reefs and very high reef fish biomass.
Marine Index valuealong the southern shore are also driven by the presence of EFH, the National Park
of American Samoa, and the Ofu Vaoto Marine Park (Figure 17). This area features habitat important to
sea turtles, sea birds, and land birds, contributing to an increasethined Fish and Wildlife Index

score for this region. To explore the results of the analysis in more detail for any area of interest, visit
the Coastal Resilience Evaluation and Siting Tool (CRES&I)attcoasts.orgFor more details about
CREST, please refer3ection 3.4elow.
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Figure 17. The coasdf Ofu and Olosegshows higher values in both the Terrestrial and Marine indices, resulting in
high values in the Fish and Wildlife Index. This is a result of a combination of the presence of several important marine
and coastal habitats utilized by marine and terrestspécies.
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3.3 Resilience Hub Analysis

The American Samoa Assessment identified many Resilience Hubs throughout the islands. While the
eastern portion of Tutuila features many of the highestking Resilience Hubs, the assessment
revealed ample opportunigés throughout American Samoa to implement nati@sed solutions to

build human community resilience while benefiting fish and wildlife habitat and the species and
ecosystem services they support.

The final Resilience Hub rankings are the product of trar@unity Exposure and Fish and Wildlife
Indices. As described in the Methods section above, the boundaries of the Resilience Hubs are formed
through the Green and Blue Infrastructure analysis, which identifies Green and Blue Habitat Cores at
least 4 hectags (10 acres) in size. The habitat cores represent areas of contiguous open space that are
of a sufficient size to implement a natubmsed solution with maximum potential to provide fish and
wildlife and flood risk reduction benefits. Once the boundadéthe Blue and Green Habitat Cores are
determined, they are ranked based on the product of the Community Exposure and Fish and Wildlife
Index values (Figures 18 and 19). Using zonal statistics, a single average rank is then applied to each
habitat core tocreate the combined Resilienttibs (Figures 20 and 2Tosee the variation in ranking
within a given Resilience Hub, results are also viewed as a hexagon grid-lieathrd (16acre)

hexagon also receives a rank based on the Community ExposureshraehBiWildlife Index values

(Figures 20 and 21). The hexagons clearly show higher rankings around the coast and adjacent to dense

community assets, while more interior and remote locations receive lower ranks.

Green Habitat Cores

High Low

HEEEE ) )]

Tutuila and Aunu‘u

Ofu and Olosega ) Ta'u

Figure 18. Green Habitat Coresforthe igiRad 2 F ¢ dzidzAf I+ | yR ! dzydzidz 6 (2L X
(lower right).
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Blue Habitat Cores

Low

Tutuila and Aunu’u

Ofu and Olosega Ta'u

CAIdzNE mpd . tdzS 1FoAGlIG /2NBa F2N 6KS AatlrkryRa 2F ¢ dzidzh
(lower right).

Due to the extensive presence airal reefs andiast tracts of natural land cover with few fragmenting
features, the analysis identified many large Resilience Hubs:rHlidg¢ing Hubs represent areas with
significant potential for naturdased solutions to achieve benefits for fish anttiifie while also

reducing flooding risk to important human community assets. While the less populated islands of Ofu,
ht 2aS3l 2 | yR -rarkifgddubs, $hesé dakiBgs &rd 1ardely driven by the presence of fish
and wildlife habitat and criticabad infrastructure running through most Hubs along the coastlines.

On Tutuila, higheranked Resilience Hubs can be found throughout most of the island, particularly in
areas surrounding Vatia and along the Tialeogaumu and Maatulua mountain ridgehBaljo Pago
Harbor (Figure 20). In Vatia, this is due to the combination of high Community Exposure values,
extensive coral reef and wetland habitats in the bay, and the presence of the National Park of American
Samoa. Along the relatively undeveloped main ranges, there are numerous higéinking Hubs that

are not only home to endangered native forest birds and invertebrates, but also have dense community
assets at the base of the mountains along the coast. With numerous villages along the coast and
significant cultural and historical resources, this region also has high fish and wildlife values; together,
the large tracts of open space highlight potential opportunities for natused solutions with dual
community and ecosystem benefits.
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Figure 20. Resilience Hubs and rankdabdtare (16acre) hexagons to view variation in Resilience Hub rankings for
GKS AafryRa 27F ¢dzidzAftl |yR ! dzydzidzd |1 A3IKSad NIylAy3
implementation of naturédbased stutions that will benefit both species of conservation concern and human
community resilience to flooding threats. To view results in detailAseendix For view results iCREST

The analysis revealed a large network of Blue Habitat Cores encompassing nearly the entire nearshore
marine boundary of all five islands (<f®ter depth) (Figure 19). Blue Habitat Cores found in nearshore
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areas also received a higher score if multipleitatiypes, such as coral reefs, mangroves, or sandy
beaches are present in the same areas (within 0.25 kilometers). Areas with multiple habitat types in
close proximity may offer opportunities to implement a suite of coordinated naha&®ed solutions to
maximize the potential to protect surrounding coastal communities from storm and flood events.

Figure 21. Resilience Hubs and rankdubdtare (16acre) hexagons to view variation in Resilience Hub rankings for
the islands of Ofu and Olosega (left) ahdTdz O NAIAKGO® | AIKSAG NIyl1Ay3 | NBI a
for the implementation of naturdased solutions that will benefit both species of conservation concern and human
community resilience to flooding threats. To view results inifjeteeAppendix For view results IICREST

Resilience Hub size also varied considerably between islands, due in part to the large amount of open
and natural lanccover found in the interior of most islands. In Tutuila, there are numerous roads,
buildings, or other infrastructure that fragment the landscape and produce several relatively small Hubs
distributed across much of the island (Figure 20). This is patigwdvident in the Tafuna Plain where

there are relatively few Green Habitat Cores (Figute Zhis relatively flat area is highly developed and
thus features high Community Exposure values; however, there are relatively few patches of contiguous
intact habitat that meet the criteria used to identify habitat cores. Therefore, while projects in this area
may support important community benefits, there may be limited contiguous terrestrial habitat to
support naturebased solutions that can also benefit testrial species of conservation concern. Despite
limited open space, there are several higinking Resilience Hulrscluding the Naumatrorest There

are alsoseveralhigherrankingblue habitat cores in and around the Tafuna Phaid within the Pala

Lagoon suggesting there may be more opportunities to implement nato@ased solutions in coastal
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and nearshore marine habitats, including coral reef conservation and restoration, mangrove restoration,
and living shorelines and other techniques that helpstmastal erosion. To explore the results of the
analysis in more detail for any area of interest throughout American Samoa, visit the Coastal Resilience
Evaluation and Siting Tool (CREST@sitientcoasts.orgFor more details about CREST, please refer to
Section 3.4helow.

vl

FHgure 22.GreenHabitat CoresBlueHabitat Cores, and ranked Resilience Hubs for the southernmost coast
of Tutuila.

29


https://resilientcoasts.org/#Home

3.4 Coastal Resilience Evaluation and Siting Tool

To provide an online interface to allow users to interact with key Assessment data, including input data
and final models fothe Community Exposure Index, Fish and Wildlife Index, and the Resilience Hubs,
the Coastal Resilience Evaluation and Siting Tool (CREST) was developed as an accomphagety GIS
web tool (available atesilientcoasts.orly CREST helps users make informed decisions about proposed
project sites and address other key questions about how to build resilience within their community. It
also allows users full access to the American Samoa Assessmasiodaiey may incorporate them into
their own GIS applications or other planning processes. Additionally, CREST provides access to the
Assessment results even if the user does not have a GIS background or access to GIS software.

Users can directly accesssults of the American Samoa Assessment straight from the CREST homepage.
In addition to simply exploring the results of the Regional Assessments, CREST allows users to analyze
results for specific areas of interest. For instance, if a user has alreadifietea potential project

location, they can draw or upload the project boundary within the tool to viewsitecific results for

the Resilience Hubs, Community Exposure Index, Fish and Wildlife Index, and the results for each of the
model inputs. Altematively, if a user does not have a specific project location in mind but is interested in
evaluating opportunities within a particular region, they can draw a broad area of interest to view

results. In both cases, the user can view the results in CRESWload the results in tabular or GIS
formats for additional analysis.

CREST is intended to be used as a scredeisd tool designed to help identify areas that may be well
suited for naturebased solutions. Before planning any resiliepogects in American Samoa, it is
important to first consult local matai, or chiefs, to explore opportunities in areas governed by traditional
landtenure. As with all GIS analyses, déeel assessments are required to validate results and develop
detailed design and engineering plans.
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CASE STUDIES

4.1 Demonstrating Local Resilience through Living Shorelines

The high, mountainous islands of American Samoa feature steep terrain interspersed with stream
drainages that help to transport sediment to réleely narrow coastal plains underlain by terrigenous

and marine sediments that support beaches, wetlands, and mangrove forests (Thoriteligh 2008).

Due to this rugged topography, coastal development is largely restricted to flat, narrow coadtlives t

are particularly vulnerable to climate impacts. In particular, sea level rise and more frequent and intense
extreme rainfall events result in significant flooding and shoreline erosion (Keener et al. 2021). Coastal
erosion is a significant and growittgeat that is greatly exacerbated by rapid increases in relative sea
level rise. Throughout the islands, seawalls, and other forms of traditional shoreline armoring help to
protect coastal infrastructure; however, hardened infrastructure can often acatddreach loss and
worsenerosion (Summer et al. 2018, Keener et al. 2021). With rapid environmental changes expected in
the coming years and decades, there is growing interest in innovative solutions that can help coastal
villages and habitats adapt.

Nature-based solutions offer one innovative approach to help reduce erosion, protect exposed
shorelines from coastal flooding, and provide important habitat for native species. Naaged
solutions include efforts to install living shorelinggant native egetatiory and restoe coral reefs,
mangroves, and wetland habittRestoring and preserving natural ecosystems can help to attenuate
wave energy, store excess water during flooding events, and reduce erosion.

While efforts to improve and conserve corakf habitats have long provided coastal resilience benefits

in American Samoa, other natut®sed solutions like living shorelines remain untested, not just in
American Samoa but across most tropical volcanic islands in the Pacific. In other locatiorsthe

United States, living shorelines have proven an effective alternative to shoreline hardening and seawalls.
Living shorelines utilize natural materials to create a robust but gentle transition from uplands to the
water. By using natural material$vihg shorelines filter upland runoff, provide habitat for fish and

wildlife, and prevent erosion. When properly designed and sited, living shorelines aseisilining,

require less maintenance than seawalls and bulkheads, cost less to install, ardkegralitat for fish

and wildlifé. Living shorelines can even promote the accretion of sand and sediment. However, there
are locations where living shorelines are not appropriate. In areas where flooding or wave energy is too
severe, a hybrid approach ing gray and natural infrastructure may be needed.

Researchers at the Universityof Hatkai | &G any2F 6! 1 a0 NB tSIRAYy3I |y A
implement living shorelines in Lions Park and Coconut Point, Tutuila. With funding from the National

Coastal Rakence Funél and other sources, UHM is working with local partners to design and construct

a living shoreline that will serve as an important demonstration project for residents and visitors of

Tutuila. The project is being implemented through a coordinated effortragrtbe American Samoa
D2OSNYYSyiQa 5SLINLIYSYd 2F tIFNyJa YR wSONBIFGAZ2Y S |
Marine and Wildlife Resources, Department of Education, Department of Commerce, and Environmental
Protection Agency in addition to the N@ACoastal Zone Management Program, American Samoa

I 2YYdzyAGe [/ 2tftS5S3SQa alNAyS {OASYyOS tNRBIANIY YR [ I
Group, and local noprofit organizations Le Tausagi and Finafinau.

9 For more informatio about living shorelines, vidittps://www.habitatblueprint.noaa.gov/livingshorelines/
10 https://www.nfwf.org/programs/nationaicoastairesiliencefund.
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The following case study describeggoing living shoreline activities in and around the Pala Lagoon,

using the American Samoa Assessment results to demonstrate the utility of various outputs to evaluate
potential locations to site similar types of resilience efforts. Through 2023, the UHiv ¢éll work on

two distinct living shorelines projects within the lagoon, one along the shore of Lions Park and a second
for Nutuli Uta at Coconut Point (Figur8)2

CAIdz2NBE Ho® al LJ aK2gAy3I (GKS 20 (A 2ufli Usafiving shBelife Biedighdat t | NJ
Coconut Point (right). Both projects are located in the Pala Lagoon near Tafuna, Tutuila.

As seen in the satellite imagery, the north and east sides of Pala Lagoon are ringed with protective
mangroves. However, on theedeloped western side of the lagoon there are fewer mangroves, leaving
Lions Park and surrounding community assets exposed. Owned and managed by the American Samoa
Department of Parks and Recreation, the site is ideal for an innovative demonstrationtgoofetp

promote consideration and adoption of living shorelines in a popular public park visited by many
residents(Figure 2). By installing a living shoreline at this site, the project team can demonstrate the
utility of nature-based approaches for pvading important coastal erosion and flooding protection

benefits.

While the American Samoa Assessment reveals that Lions Park is only moderately exposed to flooding
threats (Figure 2), this relatively sheltered and low wave energy site within the lageddeal for a

natural rock living shoreline that will be planted with native vegetation and seeded with oyster dome
reefs to help reduce erosion, create habitat, and grow and adapt to future flooding threats. Even
without accounting for ongoing land sutence, the site is subject to the effects of sea level rise (Figure
26) and is located withim flood-prone area (FigureZ. The Nduuli Uta site at Coconut Point is a much
higher energy site subject to frequent wave energy (Fig@)e I2ot only is thigvident in the

Community Exposure Index and sea level rise ldyarit also indicates that this site may require a

different living shoreline design better adapted to attenuating wave energy.
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Figure 24. Views of the Lions Park living shoreline site. Shoreline erosion is visible alongéutionidf the Lions
Park shoreline by the recreational shelter (left). Coastal inundation at high tide on the south end of Lions Park, an
areausedfor®®NB I GA2y YR FTAAKAY3I ONARIKGOP tK2(G2 ONBRAGAY YSt

Figure 25. The Community Exposure Index results for the Pala Lagoon reveal exposure to floodimagathnetibe
lagoon. The black lines outlinetheA 2 ya t I NJ 6 f §ighi) living sfoRelinb piojedzttatations! G |
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Sea Level Rise

Figure 26. Living shorelines can help to reduce shoreline erosion and flooding associated with sea &vatieise.

represent #o-5-foot sea level rise scenarios, with the highest values reprinting domteise in sea level due to its

higher likelihed of occurrencet KS o6t I O1 Ay Sa 2dzif Ay S {rigl)living shofdinet I NJ o f
project locations
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Figure 27. Living shorelines can help to reduce shoreline erosion and flooding Hprdiloedareas. The black lines
outinethe A 2y a t I NJ o Shghtplivilg ghBrelibedarojeetirbcations. i |
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2009 earthquake and ongoing subsidence, this sittufed several feet of dry
t K242 ONBRAGY YSitSeé ! yRSNE2Y ¢ 3

and that has since been inundated.
NAYy2> ! YyABGSNBRAGE 27F

- 0

The results of the assessment highlight numerous community assets in close proximity to both project

sites (Figure @). The Lions Park site is not ormtgarpopulated areas, but there are also adjacent critical
FIOATtAGASEA YR AYTNI adNHzOG dzNBE A y Cdndirie dnyy Hvo oads dzA £ | Q&
leading to the airport, bulk fuel storage, and the airpitself. While not identified in the assessment,

Lions Park is also an important area for recreation and community use, including a public pool,

bathrooms, parking areas, a tennis club, and walking tréiisre is also a road leading to the N

Uta ste at Coconut Point (Figuré@® While living shorelines may not proteait these assets from all

coastal flooding threats, the natural shoreline is expected to reduce shoreline erosion.

In addition to the numerous physical benefits of installing theg\shoreline and planting vegetation,

the project may also provide important habitat for wildlife. The Pala Lagoon is the largest estuary in
American Samoa with over 100 acres of estuarine and mangrove habitat important for juvenile fishes,
birds, and seturtles (Figure30). Oyster reef construction and possibly oyster and clam farming is also
being considered to help protect the shoreline, improve water quality, and augment oyster and clam
production in the lagoon (Haws et al. 2020).
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Figure 29. The @amunity Asset Index shows concentrations of community assets around the Pala Lagoon. The black
fAySa 2dzif AyS GKS [ A@ghtiliving lshedlinedptojdcE Idcatiors.\N&te thedrinmamadts &ritical (i |
facilities and assets in proximity toee Lions Park site.

Hsh%n& Wii‘dliﬁei- !I'nide!xyl ! = .
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CA3dzNB ond CA&EK YR 2AfREAFS LYRSE NB&dzZ Ga FT2NJ GKS t1¢
Uta (right) living shoreline project locations. Note the high fish and wildlife values in the mangrove areas lining the
lagoon and nearshore coral reefs west of Coconut Point.
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With the presence of considerable flooding threats, concentrations of coastal communétys aasd

wildlife habitat, living shorelirand other restoration efforts in Pala Lagoon demonstrate the

importance of placing resilience projects in areas that can achieve dual benefits for communities and

fish and wildlife The Assessment reveals howsiRience Hubs are a useful tool to identify areas suitable

for naturebased, resiliencéuilding interventions Within and surrounding the lagoon, a range of

moderate ranking Hubs are visible (Figug. Additionally, by visualizing thehkctare (16acre

hexagonal grid, the user can access firesolution information to understand the variation in scores

within a Resilience Hub. The Resilience Hubs along the coast, and throughout American Samoa, can help
support the prioritization of habitats for othesimilar types of projects in Tutuila and elsewhere.

Figure 31. Resilience Hubs indicate that there are multiple areas potentially well suited for restoration projects. The
4-hectare (16acre) hexagons show variation in scores within Resilience Hubthidihblack lines outline the Lions
t ' NJ] of ST {0 (rightyliRng ishdrélidedgtofect Ipcations.

This collaborative and innovative project will serve as an important ppbobncept that could be

replicated and scaled up at other locationsAmerican Samoa. There is growing interest around using
natural and greergray hybrid approaches to shoreline protection. To harness this momentum and
educate residents and decision makers about the benefits of ndtased approaches, the project team

will also develop a guide to capture lessons learned and help others replicate living shorelines elsewhere
in American Samoa. In addition, the project will engage the local students and community groups in
regular volunteer shoreline cleanp events. By engagy community members throughout the process

and installing educational signs that will continue to educate visitors, this project is likely to have lasting
and transferable benefits for years to come.

37

















































































