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Review Panel

Neil Ganju, PhD (Chair)
Research Oceanographer, Woods Hole Coastal and Marine Science Center
The U.S. Geological Survey

Hilary Stockdon, PhD
Acting Program Coordinator, Coastal and Marine Hazards and Resources Program,
The U.S. Geological Survey

Tina Hodges
Climate Change Policy Analyst, Office of the Secretary of Transportation,
The U.S. Department of Transportation

My name is...

John Callaway, PhD

° I Professor, Environmental Management (MSEM) Graduate Program Director,
I University of San Francisco

Lisa Auermuller
Assistant Manager, Jacques Cousteau National Estuarine Research Reserve
Administrative Director, Megalopolitan Coastal Transformation Hub, Rutgers

Angelina Freeman, PhD
Research Scientist,
Coastal Protection and Restoration Authority of Louisiana (CPRA)
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Program Review Structure & Schedule

Tuesday

NCCOS and Coastal Change Program Overview
Internal Coastal Change Science Part 1

Effects of Sea Level Rise Program

Internal Coastal Change Science Part 2
Executive Session - Review Panel Only

Wednesday

e (Coastal Change By The Numbers
Open Discussion with Management
Partner Panels (Virtual)
Closing remarks
Executive Session - Review Panel Only

Thursday
e Panel Deliberations & Initial Recommendation Development
e Panel Presentation(s) & Summary to Program Leadership
e Thanks & Final Remarks
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Web Application Demo
@ NCCOS Coastal Change Program Review

r the NCCOS Coastal Change Program Review. Links above are for reference materials
contains additional information on the people and projects included in this review.

- e -— == = «
| This website is provided as a quick reference resource fo
land the content below

— ey

Choose a item below to learn more about individual projects within that
category. Or view the projects on a map
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Questions & Comments
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MARGO SCHULZE-HAUGEN David Kidwell
Director (Acting) Deputy Director (Acting)
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NCCOS and Coastal Change

Program Overview

Leadership Remarks,Organization Mission, History,
& Priorities

Margo Schulze-Haugen, David Kidwell

NOVEMBER 15th - 17th, 2022 | SILVER SPRING, MD
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Review Purpose

NOAA requires external, peer-reviews of its research and development programs on a periodic basis. Such reviews can
play a key role in program planning, management and oversight by providing feedback on both program design and
execution. NCCOS is further interested in evaluation of its information products and their delivery to users, and
engagement with stakeholder

NOAA, through an Administrative Order (NAO 216-115B), has adopted Quality, Relevance and Performance as core
evaluation criteria.

Charge to Reviewers

NCCOS will present information relevant to the Coastal Change program during the course of the review. Each member of
the Review Panel will use that information and any ensuing discussion to come up with independent observations,
evaluation, and recommendations on different aspects of the portfolio.

Individual written reports will be due within 60 days after the review. No consensus report will be submitted.
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[ DEPARTMENT OF COMMERCE ]

NCCOS Mission:

\ 4

NATIONAL OCEANIC AND
ATMOSPHERIC ADMINISTRATION

The National Centers for Coastal Ocean Science

delivers ecosystem science solutions for stewardship [ ]
of the nation’s ocean and coastal resources in direct

support of National Ocean Service (NOS) priorities,

offices, and customers to sustain thriving coastal [ NATIONAL OCEAN SERVICE ]

A 4

communities and economies

\ 4

NATIONAL CENTERS FOR COASTAL
OCEAN SCIENCE
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History and Structure

Science office in NOAA’s
National Ocean Service:
e Created in 1999 as o
the focal point for ' SR oxford.
NOAA’s coastal
ocean science Beaufort, NC

Staffing & Facilities:
e HQ in Silver Spring
e 4 NCCOS Labs
e Staff nationwide iteaas

NCCOS HQ
@ NCcos Facilities
NCCOS Staff

NATIONAL CENTERS FOR COASTAL OCEAN SCIENCE | HISTORY & MISSION
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Funding Mechanism

® NCCOS Base @ CRP

$50,000,000 In our annual Congressional appropriations,
NCCOS has two budget lines (PPAs).
$40,000,000
e NCCOS Base
$30,000,000

o Federal salary

$20,000,000 o  Discretionary science funding for
o internal research.
$10,000,000 e Competitive Research Program (CRP)

o external science.
$0

FY11 FY12 FY13 FY14 FY15 FY16 FY17 FY18 FY19 FY20 FY21 FY22

Year
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Science Priorities (2017-2021)

National Ocean Service (NOS) Priorities Roadmap

1. Coastal Resilience, Preparedness, Response, and Recovery
2. Coastal Intelligence
3. Place-based Conservation

NATIONAL CENTERS FOR COASTAL OCEAN SCIENCE | SCIENCE PRIORITIES 13
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Science Priorities (2017-2021)

National Ocean Service (NOS) Priorities Roadmap

1. Coastal Resilience, Preparedness, Response, and Recovery
2. Coastal Intelligence

3. Place-based Conservation
NCCOS Research Priorities

1. Marine Spatial Ecology

2. Stressor Impacts & Mitigation

3. Coastal Change: Vulnerability, Mitigation, and
Restoration

4. Social Sciences

NATIONAL CENTERS FOR COASTAL OCEAN SCIENCE | SCIENCE PRIORITIES
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Science Priorities (2017-2021)

National Ocean Service (NOS) Priorities Roadmap

1. Coastal Resilience, Preparedness, Response, and Recovery
2. Coastal Intelligence
3. Place-based Conservation

NCCOS Research Priorities

1. Marine Spatial Ecology
2. Stressor Impacts & Mitigation
3. Coastal Change: Vulnerability, Mitigation, and

Restoration

4. Social Sciences Coastal Change Sub-Priorities
1. Vulnerability and Risk Assessment
2. Natural and Nature-based Features
3. Climate Impacts on Ecosystems
4. Restoration

NATIONAL CENTERS FOR COASTAL OCEAN SCIENCE | SCIENCE PRIORITIES
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$NCCOS

Leveraging partnerships

National
Marine
u.S. Sanctuaries
Geological
Survey

Federal
Highways

Administration

NCCOS
Coastal
Change

U.S. Fish Prog ram

and
Wildlife
Service

State Sea

Grants State

Natural
Resource
Dept
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U.S. Army
Corps of
Engineers

National
Park
Service

Federal
Emergency
Management
Agency

Universities
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The Coastal Change science portfolio is executed by scientists across NCCOS

NCCOS

Marine Spatial Competitive
Ecology Division Research Program

Coastal Resilience, . .
Restoration, and Biogeography Cooperative Effects of Sea

Assessment Branch Branch Oxford Lab Level Rise
Program

Social Science
Team

NATIONAL CENTERS FOR COASTAL OCEAN SCIENCE
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Coastal Change Project Funding

® Internal ® External
$5,000,000

$4,000,000
$3,000,000
$2,000,000

$1,000,000 /.\/‘\

$0

FY17 FY18 FY19 FY20 FY21
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Coastal Change Project Funding

® Internal ® External
$5,000,000

$4,000,000
$3,000,000
$2,000,000

$1,000,000 ‘/,\/‘\\*

$0
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NATIONAL CENTERS FOR COASTAL OCEAN SCIENCE | FUTURE DIRECTIONS 19




NATIONAL CENTERS FOR
@ N CCO S OASTAL OOEAN SCIENGE SCIENCE SERVING COASTAL COMMUNITIES

Facilitating Resilience and Adaptation to Inundation and Climate
Impacts Priority (FY22-26)

e Science to support restoration and implementation of nature based solutions.
e User-driven science to inform holistic coastal planning.

e Science to quantify the social and economic vulnerability of human communities under sea level rise to
inform action.

e Science to understand, predict, and reduce climate change impacts on coastal processes and
ecosystems.

NATIONAL CENTERS FOR COASTAL OCEAN SCIENCE | FUTURE DIRECTIONS
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Future Directions of the Coastal Change Portfolio

e Congressional direction for NCCOS to do more Coastal Change work.
o From the FY 23 Senate Mark:

National Centers for Coastal Ocean Science [NCCOS].—The Com-
mittee provides $51,500,000 for NCCOS and encourages NCCOS to
expand efforts related to offshore wind and coastal sustainability
and resilience.

Improving Coastal Resilience.—Within the funding for Competi-
tive Research, NOAA is encouraged to provide information and pre-
dictive capabilities to coastal communities, especially those with
underserved populations, and to encourage natural-based solutions
to address coastal hazards like sea level rise, flooding, and inunda-
tion.

NATIONAL CENTERS FOR COASTAL OCEAN SCIENCE | FUTURE DIRECTIONS



NATIONAL CENTERS FOR
@ N CCOS OASTAL OOEAN SOIENGE SCIENCE SERVING COASTAL COMMUNITIES

Questions?
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Internal Coastal Change
Science

Tomma Barnes
Chief, Coastal Resilience, Restoration, and Assessment Branch

COASTAL CHANGE PROGRAM REVIEW | NOVEMBER 15th - 17th | SILVER SPRING, MD
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Provide science to support
coastal resilience through
ecosystem protection, restoration,
and management and the use of
natural or nature-based
infrastructure to reduce impacts
and increase resilience of coastal
communities, infrastructure, and
economies.




History of Coastal Change Science at NCCOS

17 year Climate and Resilience Science Portfolio

NCCOS STRATEGIC PLANS

2005-2010 2011-2015 2017-2021 2022-2026
- Facilitatin
Extreme Climate Coastal - 9
Resilience and
Events Impacts Change :
Adaptation
« Forecast ecological * Develop impact scenario « Vulnerability and Risk » Ecosystem Change
impacts of climate models for climate change Assessment . Community and
Ehar.wge (incl. d in coastal ecosystems * Natural and Nature-based Ecosystem Vulnerability
urrcanes an « Characterize ecosystem Features .
weather patterns) and habitat vulnerabilities | » Restoration and Natural
. . * Climate Impacts on and Nature-based
to climate change impacts
Ecosystems Features
» Develop new conservation :
* Restoration

& restoration strategies for
coastal ecosystems
impacted by climate

chanie
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WHY WE CARE

Waves decreased with healthy coastal habitats.

v == Natural coastal habitats have the
_— capacity to mitigate the impacts
of coastal hazards.

How do we evaluate climate

Wotes with degaded constl b resilient ecosystems (e.g., coral
reefs and wetlands) protection

and restoration approaches?

Wave Height

© 2013 Copyright The Nature Conservancy
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WHY WE CARE

Q

How do we utilize Nature |
. . Healthy Coral Reef
B ased SO I u tl O n S I n a Way A healthy reef crests near the In coastal areas where wave

surface and serves as a major energy is lower, mangroves
. natural break-water—reducing can grow and further stabilize
th at most wave energy and helping shorelines, reduce erosion, and S
protect coastal communities. provide nursery habitat for fish, R

Healthy reefs have abundant shrimp and crabs.

- optimizes benefits?

fishing industries and diving.

- minimizes impacts? \ “
:‘.L—..Q,Q : \i

.

—

How do we quantify the
) I Degraded Coral Reef g
be n efl tS at th e S Ca I e Of th e When reefs are degraded, the damage to people and property, e

living corals die and the reef is  reduces fishing and diving, and

. . . . eroded to rubble. As a result, may force coastal communities
d d | t’? much more wave energy passes 1o retreat, or pay for expensive
I n IVI u a p rOJ e C H over the reef, which erodes coastal defenses like seawalls.

shorelines, increases risks of

Credit: The Nature Conservancy
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Our work addresses questions about Why, Where, and How with respect to

implementation of Nature Based Solutions for Coastal Resilience.
To ensure that our science is relevant and actionable we work:
- directly with state and federal resource managers and regulatory j P\\\]

agencies to support the development of regulatory frameworks

IAA with USACE-EWN N—
USFWS, NMFS - guidance for TLP permit applicants

Living Shoreline Streamlined Permit NC
FKNMS - guidance for coral restoration permit requirements
USVI DNER - guidance for reef conservation MPA prioritization

- with practitioners/project designers to inform project siting, design,
implementation and monitoring

e EA Engineering,Science and Technology - CRADA to support
development of siting and implementation guidelines

e NOAA Restoration Center and Florida Keys National Marine Sanctuary
- to support coral restoration siting, implementation, design and
monitoring
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Nature-Based Solutions for Coastal Resilience: Wetlands

COASTAL CHANGE PROGRAM REVIEW | NOVEMBER 15th - 17th | SILVER SPRING, MD
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1. Fundamental Research to Understand Ecosystem Function & Advance
Methodologies

* How do vegetated tidal wetlands respond to sea level rise, storms, and other stressors ?

* How do carbon burial rates vary as a function of geography, marsh age, and sea level rise?

* How effectively can we use UAS-collected imagery to quantify habitat change?
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JGR Biogeosciences

Fundamental Research Products

Data

Mapping Tools
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Sea Level Rise Explains Changing Carbon Accumulation
Rates in a Salt Marsh Over the Past Two Millennia

Nathan McTigue' (), Jenny Davis' (), Antonio B. Rodriguez* (7, Brent McKee?,
Anna Atencio’, and Carolyn Currin'

"National Centers for Coastal Ocean Sdence, National Oceanic and Atmaspheric Adminksiration, Besufort, NC, USA,
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Ocean and Coastal Management 182 (2019) 104945

Contents lists available at ScienceDirect

Ocean and Coastal Management

ELSEV ILI\ journal www.elsevier.

Defining boat wake impacts on shoreline stability toward management and
policy solutions

Donna Marie Bilkovic™*, Molly M. Mitchell®, Jennifer Davis®, Julie Herman®, Elizabeth Andrews®,
Angela King®, Pamela Mason Navid Tahvildari, Jana Davis®, Rachel L. Dixon®’
Vi st o Marn Sctence Wil & Meey. PO b 1946 Glowestr . VA, 23052 USA
Jor Coasal O

° Chesapeake Hay Trist, 60 West Street, Annapoils, MD, 21401, USA
*Chesapeake Research Consoraum, 645 Contecs Wharf Road Edgewater, MD, 21037, USA

ARTICLE INFO ABsSTRACT

Keywords: Coustal economies are often supported by recreational vessels to move
Erosion eople of goods. such as Shipping, transportation, crulsing. and Rshing. Unintentionally, frequent o Intense
Ships vessel traffic can contribute (o erosion of coastines; this can be particularly evident in sheltered systems where
Tubiay at waves. We reviewed the state of the science of known
Sl effects of boat waves on erosion, turbidis

for evidence of a resporss to boat waves In Chesapeake Bay, and reviewed exising management and palicy
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2. Applied Research to Inform the Optimal use of Nature Based Solutions
(Why, Where & How?)

cial Use of Dredged

—

Living Shorelines
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Living Shorelines Research

- How green should/can
my living shoreline be?

- How do created living
shorelines respond to
storms and SLR and does
their response differ from
that of natural shorelines?

Hardening

Wave Energy (Cost, Permitting Time...)
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Living Shorelines Research e Surface Elevation

e Soil Development
Long-term Monitoring of Paired Natural and Sill- ® Vegetative Community
Based Living Shorelines e Storm Response

—

Lower SETs
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------

Upper SETs
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nnnnnnnn

Natural
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e

|||||

Sediment Surface Elevation

Georgia
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LiVing Shorelines Research - Wave Energy-Based Guidance for LS Design

Width of natural fringing marshes is markedly
decreased at RWE> 300 — natural marshes don’t
occur at RWE > 700

~
G
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~
>
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.
]
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-
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Living Shorelines Policy

Wave Energy Based Living Shoreline Siting Tool
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SECTION .2700 - GENERAL PERMIT FOR THE CONSTRUCTION OF MARSH SILLS

15A NCAC 07H .2701 PURPOSE

A general permit under this Section shall allow for the construction of marsh sills for wetland enhancement and
shoreline stabilization in estuarine and public trust waters as set out in 15A NCAC 07J .1100 and according to the
rules in this Section. Marsh sills are defined as sills that are shore-parallel structures built in conjunction with
existing, created, or restored wetlands. This general permit shall not apply within the Ocean Hazard System AECs or
waters adjacent to these AECs with the exception of those portions of shoreline within the Inlet Hazard Area AEC
that feature characteristics of Estuarine Shorelines. Such features include the presence of wetland vegetation, lower
wave energy, and lower erosion rates than in the adjoining Ocean Erodible Area.

History Note: Authority G.S. 1134-107; 1134-118.1;
Temporary Adoption Eff. June 15, 2004;
Eff: April 1, 2005;
Temporary Amendment Eff. April 1, 2019;
Amended Eff. July 1, 2019.

15A NCAC 07H .2702 APPROVAL PROCEDURES
(a) An applicant for a General Permit under this Subchapter shall contact the Division of Coastal Management and
request approval for development. The applicant shall provide information on site location, dimensions of the
project area, and applicant name and address.
(b) The applicant shall provide:

[8)} confirmation that a written statement has been obtained signed by the adjacent riparian property

owners indicating that they have no objections to the proposed work; or
2) confirmation that the adjacent riparian property owners have been notified by certified mail of the

Arnmnesd snels The notica chell imctroct adicnamt noancrt: anmars o necaida ase comments on

e Division of

Worked with state and federal o wire
© ooy regulators on development of ~ mreseree

(d) No w: Management

representa ru I e Ia n g u ag e fo r the proposed

developm¢ Juirements of
this Subch

autorin a streamlined permit for s it
residential living shoreline
applicants.

general au
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Living Shorelines Outreach

LIVING

Weighing Your SHORELINES
Optlons llu Science nul Management

Protection
i

COASTAL
WETLANDS

ANINTE 1 Bl

Livine gshorel ines use plants or other natural el with
harder - to stabilize oasts, bays, andt ibutaries.

How to Protect Your Property from

Shoreline Erosion:
A handbook for ine property owners in

North Carolina

%
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Living Shorelines Outreach

Water Depth (m)

UAS imagery-supported water level
visualization in support of living shoreline
design at USS North Carolina
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This product is for illustrative purposes only and does not represent a legal survey
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- Contribute to development of regulatory
frameworks
- Document Project Performance

Beneficial Use of Sediments Research

Two Beneficial Use Demonstration Projects, Camp LeJeune, NC

Elevation (m NAVD88)

Days Post-Placement
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2 i L

£
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Mlle HammOCk Bay 05/17E 07/17'§ 07/1; 08/19’g 07/2:1g
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Beneficial Use of Sediments Research - Evaluate performance & benefits of NBS
through empirical data collection and
Inter Agency Agreement with USACE - Engineering With Nature modelling

Formal agreement to
collaborate with ERDC
scientists and USACE district
personnel on
field data collection and
modeling
efforts at multiple NBS
project sites
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Beneficial Use of Sediments Policy

- Inform thin layer permitting requirements

- Partner with practitioners/project designers to inform project siting, design,
implementation and monitoring

- “Keep It In The System” — ESLR funded project to develop guidance for matching
future dredging needs with opportunities to restore vulnerable habitats
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Beneficial Use of Sediments Outreach

Ecological Engineering 177 (202) 106566

Contents lists available at ScienceDicect

Ecological Engineering

ELSEVIER Joumnal homepage: www.elsevier.com/ocate/ecoleng

Effective use of thin layer sediment application in Spartina alterniflora
marshes is guided by elevation-biomass relationship

Jenny Davis ', Garolyn Currin, Natalia Mushegian

101 Pivers et

Integrated Environmental Assessment and Management — Volume 00, Number 00—pp. 1-7
Receivect 7 January 2021 | Accoped: 7 Apel 2021 1

Special Series

A framework for evaluating island restoration performance:
A case study from the Chesapeake Bay

Jenny Davis," Paula Whitfield, Danielle Szimanski,? Becky R. Golden,® Matt Whitbeck,” Joe Gailani,®
Brook Herman,® Amanda Tritinger,” Sally C. Dillon,” and Jeffrey King®
"National Oceanic and Atmospheric Administration, National Centers fol Coastal Ocean Science, Silver Spring, Maryland, USA
2us Army Corps of Engineers Baltimore District, Bahrmme, Maryl
Marylan artment of Natural Resources, Annapolis, land,
“Us Fish and Wildlife Service, Chesapeake Marshlands lmmmr Wr!rl(:fe Refuge Complex, C.smbndge, Maryland, USA
$US Army Corps of Engineers, Engineer Research and Development Center, Vicksburg, Mississippi, U:

EDITOR'S NOTE:

This article is part of the special series “Incorporating Nature-based Solutions to the Built Environment.” The series
documents the way in which the United Nations Sustainable Development Goal (SDG) targets can be addressed when
nature-based solutions (NBS) are incorporated into the built environment. This series presents cutting-edge environmental
research and policy solutions that promote sustainability from the perspective of how the science community contributes to
SDG implementation through new technologies, assessment and monitoring methods, management best practices, and
scientific research.

Abstract

The use of natural habitats for coastal protection (also known as Nature-Based Solutions or NBS) in place of engineered
structures like breakwaters and seawalls can yield a wide range of ecological and economic benefits. Despite these ad-
vantages, NBS are not commorly implemented for shoreline protection due to uncertainty over the amount of protection

GNCCOS 1 snimi v Y

The Swan Island Project

Science to support island restoration for coastal community protection

‘Natina] Ceters for CoasalOcen Scince
Ocoler 2,209

NCCOS, USACE Help Marines Keep Pace with Sea Level Rise at Camp Lejeune (video)

8 published on:07/092018
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Primary Contact( carolyn curfin@noaa.govs jenny davis@noaa.gov
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Islands are natural features that shield adjacent shorelines from wave energy and as a resut, many islands become
degraded over time due to erosion. Restoration of degraded islands enhances their protective function and habitat value.
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Restored
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—

Future Directions

- Continued Advancement of UxS Methods

- Advancing Modeling Applications to
Quantify and Predict NBS Benefits

- Performance Evaluation of Historical NBI
Projects
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Nature Based Solutions for Coastal Resilience

e o’ Coral Reefs
}"{" 3 o -
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Coral Reefs as Nature-Based Solutions

e Status and change of reef-building corals that provide coastal resilience
e Restoration design and evaluation of progress towards goals

e Optimizing coral restoration for coastal resilience
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Evaluate the status of reef-building corals

National Coral Reef Monitoring Program (Atlantic)

Coral reef cont Coral reef condition: A status report for ?fronbefs ORIGIAL RESEARCH

National Coral Reef Monitoring Program US. CORAL RE

2019 U.S. Virgin Islands & NCRMP By The
Puerto Rico

=z

Numbers

Benthic | ReefFish
Composition

Sites Sampled

656 839

Area Surveyed

21,194 m? 288,816 m?

1,305 1,641

Number Surveyed

21,305 350,892
Coral Fish

A National Status Report on United
States Coral Reefs Based on
2012-2018 Data From National
(o] ic and Atmospheric
ornaceess - Administration’s National Coral Reef
> Monitoring Program

o
NOAR

BIODIVERSITY RESEARCH
: % Coral reef condition: Y . .

nbeie de'core || Astatus report for the = Spatio-temporal dynamics of the threatened elkhorn coral

PUERTO b, FLOWER g NOAA Coral Reef Acropora palmata: Implications for conservation

RICO - GARDEN Conservation Program

BANKS - Yi-HsiuChen™2® | Kyle W. Shertzer® | T. Shay Viehman?®

ECOLOGICAL
APPLICATIONS

CAL SOCIETY OF AMERICA

ARTICLE | 6 Open Access @O0®

5 Scale dependence of coral reef oases and their environmental
5 . ; S correlates

* oA - At s
e Colonies Recorded CORAL REEF @ d; 2 Robin Elahi i« Peter J. Edmunds, Ruth D. Gates.lisa B. Kuffner. Brian B. Barnes, lliana Chollett
A e / * 3 Y 0 A Travis A. Courtney, James R. Guest. Elizabeth A. Lenz, Lauren T. Toth, T. Shay Viehman, Ivor D. Williams
P First published: 11 May 2022 | https://doi.org/10.1002/eap.2651 | Citations: 1

NOAA Coral Reef Conservation Program, Southeast Fisheries Science Center,
Atlantic Oceanographic and Meteorological Lab, Florida Keys National Marine Sanctuary
NPS, FWC, FDEP, PR DRNA, USVI DPNR, UVI, NSU

Coral reef change
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Evaluate the status of reef-building corals

Coral Conservation Visualization Tools

NPS Coral Conservation and Management Dashboard

National Park Service

5 ...U..'. ..: -.?’; . R
) & NS

.
.vt‘r',".'.‘

‘& e \

e

YNCCOS

A

Users and Partners

NOAA Southeast Regional Office
National Park Service d
All state and federal long-term coral monitoring programs € senceos

OneNOAA/Coral collaboration webinar

28
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Evaluate change to corals and coral reefs

Coral/assessmentiand restoration

inthe U:SiCaribbean after.
2017 hurricanes

Assess impacts to coral reef infrastructure after major hurricanes to inform
emergency restoration

O FEMA Natural Resource Assessment post Hurricane Maria 2078
O Florida Keys National Marine Sanctuary assessment post Hurricane Irma 2017

Partners: NOAA Restoration Center (RC), Coral Reef Conservation Program (CRCP), FKNMS, FWC
Users: Puerto Rico Department of Natural Environmental Resources, FEMA; RC; FKNMS

Coral reef change from climate impacts
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Coral Restoration Planning and Evaluation

O Develop habitat maps and spatial planning to guide restoration
O Co-led Working Group to develop and implement Mission:Iconic Reefs Monitoring and Research Plan 2022

MISSION:

&%, ICONIC REEFS

Monitoring and Research Plan
2022

REEF CREST
TARGET COVER = 35%
E

RESTORING SEVEN ICONIC REEFS: A MISSION TO
RECOVER THE CORAL REEFS OF THE FLORIDA KEYS

Partners and users: NOAA RC, FKNMS, Coral Reef Conservation Program (CRCP)

Coral restoration 30
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Coral Restoration Evaluation

Evaluation

‘ ‘ Metrics

Benthic community % cover
Corals**
Benthic community

MISSION:

A4 ICONIC REEFS

+100 stratified random
monitoring sites at M:IR

Corals
Species
M (CONiC ReEFs Size
: Density
7 Iconic Reefs IR WA Condition

132 fixed monitoring sites Recruitment

Survival/growth
Reef complexity

MIR_;iabitat_Site - Fish

= : Species
Size
Abundance

Herbivorous invertebrates (night)
Urchins

Coral reef restoration
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Evaluating Restoration Success Outreach

%? CORAL RESTORATION CONSORTIUM

@ Universal Metrics for Monitoring
Coral Reef Restoration

November 20, 2020 | Evaluating Success in Restora i | . i Ree'

Resilience
N

etwork

Methods to evaluate restoration success from local to ecosystem scales

»_ W) 00:00/01:295%

July 25, 2019 | Photomoseics e  Tool for Monioring Corsl Restoraion Success
September 2020 -

—— RESEARCH

g Photomosaics as a Tool for "
el o i Coral Reef Restoration
Monitoring Coral Restoration Success B )
Brought fo you by: nglisn @
%\
iﬁﬂw A Latest Restoration Best Practices For Coral Reef
PRESENTERS: Ecosystems, Including Guidance On Restoration
e E ﬂ . i
».,......,

Coral reef restoration
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Coral Reef Restoration for Coastal Resilience

Expert workshop
Recommendations to integrate ecology, hydrodynamics, and engineering into coral restoration to provide coastal protection

Partners CoraLreer O NOAA ZZUSGS § ( Duke I j]gggEleggTY UL SANTA CRUI

science for a changing world

(7 CONSERVATION PROGRAM
,—~——
—_
————
JATIONAL MARINE
SANCTUARIES
INSTITUTE OF

DRIDA KEYS
FLORIDA KEY MARINE SCIENCES

=
UC SANTA BARBARA IT,TI
=

Recinto Universitario de Mayaglez

jorously Valuing the Potential Coastal Hazard Risk
rovided by Coral Reef Restoration in Florida

Products

Viehman et al (in review).
Coral restoration for coastal
resilience: a framework for
multi-scale integration of
ecology, hydrodynamics, and
engineering. Ecosphere.

Coral reef restoration for coastal resilience
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Coral Reef Restoration for Coastal Resilience

How can coral reef restoration be designed to

How do intact and restored coral reefs reduce wave energy? reduce coastal inundation?

Longitude

Partners and users: Mission:lconic Reefs (FKNMS & RC) Partners: NOAA RC, USGS
Partners: Duke University, Nortek Users: RC, PR DNER

Coral reef restoration for coastal resilience 36
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Current and future directions e
A e .
A s ,—:> h,,je . A o ,‘.‘%’
o Scaling up restoration desrq T_ H_‘er;;@o ‘ang evaluatlon " =
— Evaluate Iconic Reefs changg ol 4 bt e W A
‘ %'ﬁ{.}”’* : e -
o Application of emerging technology ‘&“' = s > W Lo P

— Reef-scale imagery (AUV, UAS).
— Big Data and Al for optlmlzlng lm

Coral reefs and coastal resilience 37
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Science to support NBS
Implementation: a
coordinated path
forward

Brandon Puckett .- /

Avery Paxton, Jenny Dauvis, .
Shay Viehman, Christine Buckel ¢ g

- ‘ poto: Nature-based
rastructure Global
esource Centre
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How does NBS evolve and

What are knowledge gaps
on NBS performance? perform over time?

&

Science to
support
NBS
implementation

How can NBS
implementation be
improved?

What is the extent and
distribution of NBS?

COASTAL RESILIENCE, RESTORATION AND ASSESSMENT BRANCH | Future directions: 2022 and beyond
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1: What are knowledge gaps on NBS performance?

» Assess state of science using evidence synthesis
* Across physical, ecological, social, and economic performance outcomes

* Six systems—marsh, coral, seagrass, shellfish, kelp, mangrove

* User groups: NCCOS, federal agencies (e.g., USACE, USGS), academics, NBS
practitioners

COASTAL RESILIENCE, RESTORATION AND ASSESSMENT BRANCH | Future directions: 2022 and beyond
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2. How does NBS evolve and perform over time?

_Coastal Marsh (beneflaal use) NBS Type & Project
g MM e iy | H
: Selection

Input from stakeholder (e.g.,

iy SBae TR = ”";_"i" S S e T NOAA RC)

Projects 5-10+ yrs old

National in scale

Performance Analysis

Multi-site Synthesis ke .
(individual projects)

Evaluation of outcomes across

: . Compare as-built surveys
environmental gradients

and initial monitoring data to

. current conditions
Guidance on NBS

performance

COASTAL RESILIENCE, RESTORATION AND ASSESSMENT BRANCH | Future directions: 2022 and beyond
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3. What is the extent and
distribution of NBS?

« Census of federally funded NBS

* (Calculate NBS extent

* Examine distribution by factors such as NBS
type, age, intended benefit, monitoring
actions, and socioeconomic setting

* User groups: federal and state agencies,
academics, practitioners and general public 5 JBam

COASTAL RESILIENCE, RESTORATION AND ASSESSMENT BRANCH | Future directions: 2022 and beyond 43
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4. How can NBS implementation be improved?

NBS Decision Support Tools

Data Visualizations

Evaluation Guidance

* Informing and improving future decisions
» Learning from previous projects
» Evaluating success and adaptively managing

Planners, Permitters, Practitioners, Funders, Managers, Researchers

COASTAL RESILIENCE, RESTORATION AND ASSESSMENT BRANCH | Future directions: 2022 and beyond
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The Effects of Sea Level Rise
Program (ESLR)

ESLR Overview and Accomplishments
Trevor Meckley

COASTAL CHANGE PROGRAM REVIEW | NOVEMBER 15th - 17th | SILVER SPRING, MD



Science to explore natural solutions and policy changes
that protect ecosystems, infrastructure, and communities
against flooding from sea level rise and storm surge

Effects of Sea Level Rise Program | WHAT WE DO: Program Goal 2




Improve models to

capture coastal ...and subsequent
processes to predict impacts

coastal change

Coastal Dynamics of Sea Level Rise (SLR)

..to inform policy action and land
management ;
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ESLR uses a co-production approach

and transdisciplinary research teams. HlfElcE.
Scientists
and

Engineers
Coastal Transportation
Scientist/ Extension Professional
Ecologists Experts S

Engineers
Economist/

Social Scientist

Effects of Sea Level Rise Program | WHAT WE DO: Project Structure
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Develop a funding prospectus based on scientific gaps
for informing coastal management

Develop FFO priorities and requirements and post on
Grants.Gov to solicit proposals
»

Provided feedback on letter of Intent

Expert reviews inform our selection of projects

Select awards for funding

Effects of Sea Level Rise Program | WHAT WE DO: Funding Opportunity Development
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ESLR research projects are managed as cooperative agreements.

Effects of Sea Level Rise Program | WHAT WE DO: Program Management
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Field visits help with understanding scale, existing science challenges or needs,
and cementing relationships.

USACE FRF, NC

Effects of Sea Level Rise Program | WHAT WE DO: Program Management
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We serve as boundary experts, supporting engagement between scientists
and science users and usually attend meetings.

1.6ft or 0.5m of SLR ®

Road 55

CR-§2 S

Esri, NASA, NGA, USGS | CONANP, ... (231

Attend Advisory Group Meetings Support Science Extension Products

Effects of Sea Level Rise Program | WHAT WE DO: Program Management
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2005
Program 2015 2019 FFO
Initiated Sentinel NNBF
in NC Site FFO National
(1) (4) (8)
Annual Budget Currently 16

active projects
budget and an
annual budget of

2009 2016 2019 2021 aM
Gulf FFO ESLR FFO
(1) NNBF Event NNBF
in Gulf Response and
and CA Begins FHWA

(3) 3 (8)
Effects of Sea Level Rise Program | HISTORY/TIMELINE 99



NATIONAL CENTERS FOR
\""/ N CCO S NATIONAL CENTERS FOR _ SCIENCE SERVING COASTAL COMMUNITIES

e ) " wi NY 20 g—"""
W e )\ " on o 15 /
uT e IL | IN - :; . 12 M,
: KSOK | MO TNKY oc 10 | OCRP =Budgeu-‘t#ﬂ//’o/ /,a___‘_‘,/
| HAB — 4.6M

: T -

- ' o [ / T \ /o °
= \ HTbD p. 0 2. 3|V|

2014 2015 2016 2017 2018 2019 2020 2021
FY21 Map of Project locations,
some projects have multiple sites

HISTORY/TIMELINE 10

Effects of Sea Level Rise Program |
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Weeks Bay area will gain marsh but lose it in the reserve

Weeks Bay NERR —2 M by 2100 (high scenario)

3000
_— —~— -~ TS— ~
e
Acreage 2000 —
(km) e
1000 o
0)

2000 2020 2040 2060 2080 2100

—-Study Area ——NERR Property

werove: [ [

Water

Effects of Sea Level Rise Program |
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30.31°

12000
: SLR=0cm
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Medium High

PRODUCT APPLICATION 11
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2. Vulnerability to flood under SLR

 Update floodplain results

* Inform planning for historic
buildings or critical facilities

* Guide watershed management

s y y - >
T . ’ 4 3

FEMA Floodplain Map

Effects of Sea Level Rise Program | PRODUCT APPLICATION 12
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P055|ble Actlons What approach saves S ? Who is Impacted?
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Effects of Sea Level Rise Program | PRODUCT APPLICATION
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1. ELSR is responsible for a paradigm shift in model approaches to
include process based models.

ACUNE+ Windsurf v;‘?:;?:: or
XBeach Aeolis - VA AANAALL
Wind Transformation 4 Y
CoSMoS-ModFlow /
Infiltration

Wave Aeolian Sediment

Transport

Transformation

Hydro-MEM

WARMER-Delft-3D

WindSurf .

Effects of Sea Level Rise Program | BENEFITS OF OUR WORK
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2. ESLR brought the co-produced science concept to coastal modeling and
management that has become a standard for applied NOAA science.

Effects of Sea Level Rise Program | BENEFITS OF OUR WORK
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3. ELSR is a leader in the formation of novel interdisciplinary teams.
In FY21, ESLR teamed up with FHWA to elicit the first teams of coastal

scientists, transportation experts, and pavement engineers to foster a new
age in resilient transportation planning.

Effects of Sea Level Rise Program | BENEFITS OF OUR WORK 16
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+

4. ESLR functions as a bridge across NOAA and other agency missions.

This includes connecting NOAA extension and NOAA water level prediction.

Effects of Sea Level Rise Program | BENEFITS OF OUR WORK 17
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We are innovating in several ways:
ESLR is growing, 65% of projects are still active

A new funding opportunity will be offered called
ESLR Technical Assistance.

FEMA Building Resilient Infrastructure and
Communities Direct Technical Assistance is

collaborating with the new funding opportunity

Effects of Sea Level Rise Program | NEXT STEPS: Areas of Innovation 18
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Dr. Peter Ruggiero — Oregon State University

Dr. Davina Passeri — St. Petersburg Coastal and
Marine Science Center USGS

Dr. Renee Collini — Mississippi State University,
Mississippi-Alabama and Florida Sea Grant

Dr. Brett Sanders — University of California at
Irvine

Effects of Sea Level Rise Program | NEXT: Example Projects 19
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THE UNIVERSITY
f NORTH CAROLINA
t CHAPEL HI

The Coastal Recovery from % Oregon State ;
W University  °
Storms Tool (CReST)

Beaches and foredunes provide important ecosystem services

1. Coastal Protection

e serve as barriers from extreme
storms, sea level rise, and tsunamis

e prevent beach erosion compared
to gray infrastructure (e.g., sea
walls, rip-rap, etc.)

e capture and stabilize blowing sand,

which can damage infrastructure




THE UNIVERSITY
of NORTH CAROLINA
at CHAPEL HILL

The Coastal Recovery from Storms OregonState
<’ University  °
Tool (CReST)

Beaches and foredunes provide important ecosystem services

£

2. Recreation (e.g., beach activities)
3. Aesthetics (e.g., viewshed)

4. Biodiversity conservation
(e.g., native species)
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The Coastal Recove ry from grggoq State m | e,
g nlverSlty ‘ém il | e cuaPEL HILL

Storms Tool (CReST)

Project Motivation: Storm impact assessments are incredibly valuable but do not account
for dune evolution; Dune Shape, dune Evolution, and dune management impacts coastal
Protection services; Gradients in grass species may influence dune evolution

Uniola paniculata Ammophila breviligulata

By Royalbroil [CC-BY-SA-3.0], via Wikimedia Commons

hitp://bit.ly/1viQ117
N
<10 > %
10t0 25 v PR MD{;* {\/
PrObablllty (%) Of 251050 A '/f/ﬂ %‘&DE Northern limit of U. paniculata'¢7
. . : 50to 75 S VA y
inundation (1pner), o e S/ v
overwash (mlddle), and - 90 //w" NC 12 SPECIES OVERLAP
collision (outer) during a wgy < £
A h . F/‘.‘é USGS \‘ \SC Southern limit of A. breviligulata'.é
C T3 urricanc science for a changing world \ GA //
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(. o 0 250 500

Hurricane Irene impacts



The Coastal Recovery from OregonStats |
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Storms Tool (CReST)

Vs)
et oF ©©

Project Motivation: Beach/dune management Issues within NCSSC

BB: Beach nourishment, grass planting, and sand fencing to protect against flooding and erosion
SHB: Dune erosion, pony and bird habitat

SCB: Bird and turtle habitat, infrastructure, driving impacts

NCB: Bird and turtle habitat, erosion near cabins — possible plantings/fencing, driving impacts
NCSSC: climate change impacts on coastal hazards/coastal ecosystems
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Pls: Peter Ruggiero, Sally Hacker, Laura Moore

Students/Postdocs/Technicians: Reuben Biel, Nick Cohn, Evan Goldstein, Paige
Hovenga, Michael Itzkin, Katya Jay, Rebecca Mostow, Elsemarie Mullins, lan Reeves,
Orencio Duran Vinent, John Stepanek, Hannah Lawrence, Jeff Wood

Community Partners: Jennifer Dorton, Sarah Spiegler, Rudy Rudolph, Sue Stuska
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The Coastal Recovery from
Storms Tool (CReST)

TECHNICAL NOTE:
Simulating dune evolution on managed coastlines:

Envitonmenal Modelling nd Softvae 153 (2022) 105404 H Tumot
R Mol et ey
Contens liss avail o
Article . . .
Environmental Modelling and Software Exploring Marine and Aeolian Controls on Coastal Explormg management optlons with

ELSEVIER T s e Foredune Growth Using a Coupled Numerical Model the Coastal Recovery from Storms Tool (CReST)

Nicholas Cohn (3, Bas M. Hoonhout 23}(3, Evan B. Goldstein ', Sierd de Vries * By
. . Laura J. Moore ¥, Orencio Duran Vinent 5 and Peter Ruggiero !
Combining process-based and data-driven approaches to forecast beach and Peter Ruggiero', Nicholas Cohn'?, Bas Hoonhout*, Evan Goldstein®, Sierd de Vries®,
dune change Laura Moore®, Sally Hacker’, and Orencio Duran Vinent®
in®"! Laura e ? otes iero?. Paige anea . §a aeker
Michael Ttzkin ™ ', Laura J. Moore?, Peter Ruggicro”, Paige A, Hovenga ™, Sally D. Hacker The coa Stal Recove ry fro Stor S Tool (CReST) Promy—y—Ty ey ——
.
Windsurf \

4 Aeolis \<

/C,Iimate Scenarios\
Sea Level Rise ‘ Grain Size Multi-fraction Bed Shear
Morphology aeolian sediment Stress
Storms | transport
Ecological Changes
) °g 9 ! [ XBeach \ ‘ Bed Composition ’ ( CDM \
. . Wave Transformation \l’ Bed Shear Stress
Policy Scenarios . — Morphology ’
Dune Grass Total Water Level | 8 4 T
Planting 1 Wind Transformation ‘
2 Subaqueous Sediment :
‘ Beach Transport | :
Nourishment <4 ‘ Vegetation Dynamics ‘
Coastal Protection Morphology ‘
‘ Structures \ ) k j
K / I Morphology Water Level Groundwater Table T
Duran and Moore, 2013

Roelvink et al., 2009 de Vries et al., 2014
Hoonhout and de Vries, 2016 Moore, Duran, and Ruggiero, 2016

Cohn et al., 2019; Ruggiero et al., 2019;
Itzkin et al., 2022; Hovenga et al., in revision
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Factors Controlling Beach and Dune Recovery/Growth

Environmental Conditions Physical/Ecological Factors

* \egetation characteristics
e Sediment supply and type
* Tectonic setting

Wind, waves, storm frequency
Water levels (tides, storm surge, runup)
Groundwater, precipitation

Climate change and variability

Anthropogenic Factors

Engineering structures
Management actions
Recreation patterns




Data Collection Dates Sy ) — o o
* October 2016 f i E )
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e October 2018 o W T = "“\\\ Q)v < '1381
* November 2019 , s ey & Lo 'és,s
* Pre / post nor’easter on SCB ‘ £, E | OQ‘ e §413
2020 - COVID ks Q\o o 6113
& e
. : O $ s
77 Site Locations Data Types — X .
22 BGB Real Time Kinematic GPS | > | ; 4
12 SHB » Cross-shore topographic profiles | 12
21 SCB » Along-crest topographic profiles 5
22 NCB * Transect quadrat % Y é{- )
oo Ecological quadrat sampling Wi : Y ,1'920
N St » Percent ground / plant cover e AN ~ Q/Q’ 7 18
4 e Tiller density i :j-';'f? V) 4 OQ' /1617
Sediment sample at dune toe : : QSJ /15
Wiy, Stya ' / 14
ot AN ) X ¢ %=l ¢ NK R """:)-’i HACKL 0& / 13
o i e GUE BA = B 5/:0 O /.
i I BO °"'”""‘°1‘“~uu 44/ RD % Ak
N = —oio—0 1 14 15 16 17 18 lf
‘_\ ./._,_‘. o 10 11 12 3 202122 ~b 23 6 / 10
= 8
/./,.—-"z g R : 7'8~91 o - .
i '%12 I Field Sites
3 L7 © BGB
w 6 e SHB
945
u @ SCB
@ NCB

Field data collection to initialize, calibrate, verify, and apply numerical model



CReST Simulations
Relevant for NCSSC Coasts

Baseline Case
Show capabilities of model
for beach and dune recovery

Additional Numerical
Experiments

 Alter Vegetation

e Alter Grain Size
Properties

* Explore Role of Climate
Variability

* Explore Timing of Beach
Nourishments

./"'/North Core Banks

(NCB)
4

/

¥

/

4

/ South Core Banks

/

Shackleford "\ /
Banks (SHB) f{

(SCB)

0 15 30
I km

T m%ﬂ

Ruggiero et al., 2019
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CREST/Windsurf : Base Case Based on Bogue Banks, North Carolina

Morphology
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Ruggiero et al., 2019



Base Case — 1 Year Simulation w/ Major Storm Event

t = 0.041667 days

Z (m)

5 10
al Wave Height Wind Speed
- n
E? E s
ul 2 =
+ =
14
0 : : : 0 : :
0 100 200 300 0 100 200 300
Time (days) Time (days)

Model attributes:

* Seasonal wind and wave climate * Dense vegetation above 3 m
* 1 year simulation = 1 day computation time ¢ Dg, grain size of 300 microns
Ruggiero et al., 2019



Base Case — 1 Year Simulation w/ Major Storm Event

E

N
Little net shoreline B PITETETE Y FIENT
change at LMSL arping at base of dune

Ruggiero et al., 2019



Contour Location (m)
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-15 +

-20

-25

Base Case — 1 Year Simulation w/ Major Storm Event

Z(m)

-200 -180 -160 -140

Little net
shoreline change

Scarping at
base of dune
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Time (days)
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Dune crest growth
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Ruggiero et al., 2019



Experiment 1: Role of Vegetation

Lack of vegetation
Vegetation helps |=— on dune leads to

stabilize dune in i | / landward migration

place of dune crest

Z{(m)

Decimeter scale differences in

1} beach state
OF = Dense Vegetation
No Vegetation
- = = Starting Profile
_1 Y M M 3
-20 -150 -100 -50

X (m)

*Results After 1

Ruggiero et al., 2019 Year Simulation



Experiment 1: Role of Vegetation

5 o
4 F Photo from Steven Michael
3 o
E
N 2
1}
0 = Dense Vegetation
No Vegetation
- = = Starting Profile
-1 . d !
200 -150 -100 -50
X (m)

*Results After 1

Ruggiero et al., 2019 Year Simulation



Experiment 2: Role of grain size

5 } |= = =Starting Profile
— ) (00 Microns
2 50 Microns
4 ¢ 300 Microns
350 Microns
400 Microns
3 f |====500 Microns

Z (m)

Finer grains lead to more dune growth

)
o
\

= w o
S Ut O

Dune Crest Growth Rate (cm/yr)
w
wn

_1 A i
-200 -18 -160

' i ' 3 A ' i M 2
120 -100  -80 200 250 300 350 400 450 500

D50 Grain Size (microns)

Coarser grains lead to less dynamic lower beach profile

Ruggiero et al., 2019

*Results After 1
Year Simulation



Experiment 3:
Ad hoc climate change scenario

Z (m)

— Base Case
| OW Waves
- = = Starting Profile

_1 L A
-200 -180 -160

-140

-120 -100 -80 -60

X (m)

Case Dune Vol Change Beach Change
(Above 2 m) (0 m Contour)
Base Case -8.8 m3/m +04m
50% Wave Reduction -2.3 m3/m +24m

Ruggiero et al., 2019



Experiment 4: Model application to Beach Nourishment Design

Example Initial Nourished
Beach Profile

5 b |= = =Starting Profile 5t
= Nourishment - Day 0
4 a4t
— 3 [
£ E
N ¢ ; 2t
7
7’
B
- 1 : l I
BN il - s Pre-Storm Nourishment
O Post-Storm Nourishment
No Nourishment
H H H H H = = =|nitial Profile
-160 -140 -120 -100 -80 '_]200 _1'50 _1(')0 _5'0

X (m) X (m)

Management Dune Volume Change 0 m Contour Change 2 m Contour Change
Action
Pre-Storm +6.2 m3/m +14 m +2.0 m
Nourishment
Post-Storm -5.9 m3/m +16 m -3.0m
Nourishment

Ruggiero et al., 2019




The Coastal Recovery from
Storms Tool (CReST)
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Article

Species-Specific Functional Morphology of Four US
Atlantic Coast Dune Grasses: Biogeographic
Implications for Dune Shape and Coastal Protection

{ﬁ\y
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ARTICLE
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Coastal and Marine Ecology

Sand supply and dune grass species density affect foredune
shape along the US Central Atlantic Coast
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The relative role of constructive and destructive processes in

dune evolution on Cape Lookout National Seashore, North
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1. Run multiple param-
5. Train LSTM model from
Windsurf output to produce
forecasts 2. Train neural network|
]
4. Run genetic algorithm with
Windsurf starting with the 3. Run genetic algorithm with
first generation using the neural network to predict best
neural network predictions parameterizations
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Environmental Modelling and Software 153 (2022) 105404

Contents lists available at ScienceDirect

Environmental Modelling and Software

ELSEVIER

journal homepage: www.elsevier.com/locate/envsoft

Combining process-based and data-driven approaches to forecast beach and
dune change

Michael Itzkin® ', Laura J. Moore ", Peter Ruggiero ", Paige A. Hovenga ™7, Sally D. Hacker

Earth Surface
Dynamics

The relative influence of dune aspect ratio
and beach width on dune erosion as a
function of storm duration and surge level

Michael Itzkin', Laura J. Moore', Peter Rugglero?, Sally D. Hacker®, and Reuben G. Biel!



THE UNIVERSITY
of NORTH CAROLINA

at CHAPEL HILL

Hurricane/Nor’ Hurricane Hurricanes Maria Hurricane Hurricane
Easter Joaquin Mathew and Irma Florence Dorian

Project
End

Project
Begin Fall 2015 Fall 2016 Fall 2017 Fall 2018 Fall 2019 Aug 2020

. Reconnaissance

) N g

( Fall Campaign 1 [ Fall Campaign 2 { Fall Campaign 3 \ Fall Campaign 4 )

S

. Summer Campaignl  Summer Campaign 2

Paige/Michael/Katya Begin Laura M. OSU visit Reuben start at UNC
Nick UNC visit Nick TU Delft visit DK OSU Visit
AGU 2016 Meeting Windsurf short course 03/11/19 Webex 03/02/20 Webex

0S16 — First Windsurf talk ASBPA talks 7 0S18 — several talks CS19 AGU19

o " Peer J publication X First Windsurf Paper
USCRP leverage grants . S —
Windsurf on Github Geomorphology Paper

Submit CALO/BB papers

Deliverables Team Building Stakeholder Engagement
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Optimizing the ecosystem
services of US Pacific Northwest
coastal beaches and dunes

through adaptation planning




Optimizing coastal ecosystem
services of beaches and dunes

) Oregon State
University

Project Team

Dr. Peter Ruggiero Mohsen Taherkhani
College of Earth, Ocean, and Civil and Construction Engineering
Atmospheric Sciences
John Stepanek
Dr. Sally Hacker Department of Integrative Biology
Department of Integrative Biology
Emma Gjerdseth

Dr. Steven Dundas Department of Applied Economics
Department of Applied Economics

Project Partners

Charlie Plybon, Surfrider; David Yamamoto, Tillamook County Commissioner; Sarah
Absher, Tillamook County Planner; Jarod Norton, US Army Corps of Engineers; Jonathan
Allan, DOGAMI; Brady Callahan, Oregon Parks and Recreation Dept., Trevor Taylor,
Oregon Parks and Recreation Dept., Lisa Romano, US Forest Service; Meg Reed, Oregon
Coastal Management Program
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Optimizing coastal ecosystem 8;&’—\%%%}21&
services of beaches and dunes

Project Objectives:

* Determine the biophysical and economic value of a suite of coastal
ecosystem services relevant to beaches and dunes in the Pacific
Northwest.

* Integrate data and models to develop optimal policy scenarios.

* Engage with an Advisory Council and coastal communities to develop
climate resilient adaptation pathways.



Optimizing coastal ecosystem
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Beaches and foredunes provide important ecosystem services
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Optimizing coastal ecosystem

) Oregon State
University

services of beaches and dunes

Ecosystem Service

Approach for Valuation

Coastal Protection

Value the role of coastal geomorphology using biophysical metrics
Value adaptation options revealed through housing market transactions

Quantify preferences of the general public for coastal adaptation strategies using a
choice experiment survey

Recreation/Beach Value the role of coastal geomorphology using biophysical metrics

Access Quantify preferences of the general public for beach accessibility using a choice
experiment survey
Value beach recreation using prior surveys and benefit transfer methods

Biodiversity Determine the number of Western snowy plovers and rare endemic plants supported by

Conservation current HRAs
Value Western snowy plover recovery using a choice experiment survey on habitat
restoration, other studies (benefit transfer), and biophysical value (population recovery)
Value “naturalness” of habitat using a choice experiment survey

Carbon Measure carbon sequestration in PNW dunes and value of carbon storage using benefit

Sequestration transfer and the social cost of carbon

Viewshed Value of adaptation options for viewshed changes revealed through housing market

analysis transactions
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services of beaches and dunes

Sandy Beach and Dune Ecosystem
Estimate Production Functions
Ecosystem
Services \;> Valuation of Services
u
Status Quo Protect Optimized Future Land-Use Pattern
& Model Alternative Land-Use
Patterns under Ecosystem
_ Service Provision Scenarios
Re-align KTAN
B =" Advisory Council
Stakeholders

Policy | Sea-Level Rise
Scenarios :> ENVISION modeling < e o e

Approach:




A decade of

ESLR funding
dedicated to the
Coastal Dynamics
of Sea Level Rise

Davina L. Passeri, PhD
U.S. Geological Survey
St Petersburg Coastal and Marine Science Center



Establishing the Coastal Dynamics of Sea Level Rise

Sandy beaches Estuaries and marshes
Coastal Dynamics of S 19 Rise (SLR i i S

N
]
N

B

isting MSL —

Passeri et al., 2015

 The coast is not a bathtub!
e SLR can result in increased inundation, beach erosion and marsh loss

* Need to incorporate the dynamic interactions and feedbacks between
coastal processes into SLR assessments

zUSGS :

achanging world

&
[



A transdisciplinary project framework

‘ ’ ,f - “ \ Integrated Models Dynamic Results 12 yea rS Of ES LR fundlng tO date
e B (L Rl - CSLR-NGOM (2010-2016)

Tidal Inundation

— * Tide, storm surge, shoreline change,

|| o \ - sediment marsh evolution under SLR

' eI - £SLR-NGOM-+N2E2 (2016-2021)
N * Socioeconomic impacts

» Ecosystem services
*  ESLR-EMBIR (2019-2023)

e Barrier island evolution
| M 1 € | i y o o
e S e | “ssessments « Restoration alternatives

I e ESLR-SAB (2022-2026)
* Marsh evolution in South Atlantic Bight

Management
Actions

Kidwell et al., 2017



Engaging with stakeholders to understand

HENREEE E N EEE

* Understand local knowledge
and management needs

e Gather input and feedback on
the project process, research
and products so they are
tailored and readily applicable
for improved decision support

Our partners:

U.S.
FISH & WILDLIFE
SERVICH NATIONAL
PARK
SERVICE
—=F

ENHANCE * PROTECT xCONSERVE

Fundamental objectives

Marsh footprint (maintain/grow)* -

Adverse impacts*

Cultural resources/identity « =

Barrier Is. footprint (maintain/grow) -

Native biota/species/habitats -

Means objectives

Maintain marsh acreage*

Maintain marsh productivity
Maintain marsh migration
Maintain/increase sedimentation rates
Conserve estuarine sediment quality
Increase wave attenuation*
Preserve cultural resources/identity
Reduce impacts to access

Reduce impacts to facilities

Reduce storm inundation®

Reduce barrier island erosion -
Maintain barrier island migration

Maintain aquatic habitats*

~ Maintain barrier island habitats

Control marinization of estuary

-~ Minimize restoration costs

Minimize maintenance costs* -

Minimize monitoring costs*

& Grand 15

National Estuarine
Research Reserve

Objective hierarchy for structured decision-making

Performance Measures

- Marsh area (barrier islands)*

Marsh area (mainland)*

Marsh productivity (biomass)*

* Vertical accretion

Upland migration potential

Wave attenuation across Grand Bay marsh
Wave attenuation across MS sound

Storm inundation extent/depths

Beach widths

Dune heights

Volume sand (barrier islands)

Submerged aquatic veg. habitat area
Oyster abundance / reef biomass
Implementation costs

Maintenance costs

*highest score

Actions X
'Ow scores

Natural evolution (no action)

Dauphin beach/dune nourishment

Petit Bois beach/dune nourishment

1800s Grand Batture footprint

Pascagoula navigation channel

Living shorelines Grand Bay

Escatawpa River reversion

NOAA ESLR-EMBIR project

Apalachicola
National Estuarine
Research Reserve

WEEKS BAY



Dynamic modeling assessments

— Storm SUIEe floodingﬁund/eri SLR Barrier island evolution under SLR
RROABML B L,

o & b N o N

Depth in meters

-10

Lower sea level rise ' Higher sea level rise
Bilskie et al., 2019 Passeri et al., 2020
e Higher surge depths and * More land loss and breaching with
increased inland flooding increased SLR

ZUSGS

science for a changing world



Dynamic modeling assessments

Storm surge flooding under SLR Barrier island evolution under SLR Marsh evolution under SLR
5 2000 |

45 %, 4

nt PR AT ? o S e P
¥ RS g i B

.ISLR=0cm

Depth in meters

Lower sea level rise Higher sea level rise

Passeri et al., 2020

More land loss and breaching with
increased SLR

Bilskie et al., 2019

e Higher surge depths and
increased inland flooding

Water Low Medium High
Growth Growth Growth
Alizad et al., 2018

* Marsh migration to upland areas
and conversion to open water under

high SLR

ZUSGS

science for a changing world



Informing management decision-making

* Translation to
socioeconomic impacts

* Ecosystem services

* Dynamic assessments of
a variety of management
actions

Studies benefiting from ESLR-funded science

* Restoration assessments

* NFWF Alabama Barrier Island Restoration
Assessment (2015-2020)

 NOAA RESTORE Grand Bay Restoration Feasibility
Assessment (2019 — 20223/

. NFW)F Little Dauphin Restoration Assessment (2021-
2023

« NOAA RESTORE Decision Support for Multi-species
Coastal Habitat Management (2021 — 2022)

* Real-time Forecasting of Hurricane Impacts

* DHS Development of an optimized tide and
hurricane storm surge model for the west coast of
FL for use in the ADCIRC Surge Guidance System
(2018-2020)

* ONR Forecasting Coastal Impacts from Tropical
Cyclones along the U.S. East & Gulf Coasts using the

ADCIRC Prediction System (2021-2024)
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Stakeholder Engagement and Science Application
Perspective




Co-Development Model Applied

Milestone Chart

EESLR 2016 — Dynamic sea level rise assessments of the ability of
natural and nature-based features to mitigate surge and nuisance flooding

Ask of MTAG:What MTAG
will contribute so the

Ask of Science Team: What

Date Activities . must be completed prior to Outcome
science team can move
the MTAG ask
forward
Year 1:
Any initial input or Field work site options, Coastal managers are aware of
Kick off Call/ Webinar Dec. 2016 E.xpla'in project goals & thoughts; Ir.lput ?n compr.ehensive pre?ent.ation current resea!rch and pl'anned
timeline Apalachee field site of project goals, objectives, outputs, begin foundations of
selection and timeline communication
Prelimi thods and Coastal thinki
. Workshop prep, cover Thoughts, concerns, re MINAry Methods an ) c.>e?s 4’ Managers are thinking
Call/ Webinar Mar. 2017 : ) vision for ecosystem services | critically about how ecosystem
information on ESV requests around ESV . . .
valuation services are quantified and valued
Completion of field
validation of hydromarsh
Presentation of ESV w/ marsh model in Apalachee; SR Fesearchers are aware oF
Workshop 1 Jun. 2017 NNBF options for Apalach ) P ’ ) feasible NNBF options for Fl
model Completion of ESV analysis
) } panhandle
for baseline scenario (no
NNBFs)
Year 2:

Rocpnarcrharc 3




Co-development Model Applied

Raise NIRefine data
awareness of JO|delivery
~N : ~
coming data products
products Data

O|Build and ™[ Understand A|Review 9 [Review
Olextend 8 project goals Olpreliminary 2 marsh and
partnerships economic dune
with model modeling

Input to shape
research

interested outputs outputs
Dialogue on
stakeholders > ¢ P Establish P Begin >

Discuss product
disconnect: [ training &
model delivery
outputs &

manager

perspectives

model capacity

and limitations common discussing

language data
on ESV delivery in-
depth

research cvontinued

Pandemic Pause

Concurrent social science research occurred in conjunction with engagement
activities and fundings. This allowed for additional data collection and sharing
of any generalizable findings.



Co-Development Model Applied: Methods
« Webinars * Participatory mapping

* GIS story maps and online data
* In-person workshops

exploration

* Virtual workshops * Voting (dots, hands, polls)

* Virtual trainings  Facilitated discussions (large &
small)

e Virtual townhalls

* Worksheets & exploration activities
* One-on-One meetings

* Priority & perspectives mapping



Partners Beyond the Project

Partners that already have existing
relationships with end-users:

* Improve initial engagement for
shaping research and two-way
dialogue

* Extend integration of science beyond
individual projects

N ATIONAL
\

% ’ V‘// \‘ T l
/4 ~ ~
{ .
Seal “t ———= SYSTEM
—_—-

| ESTUARINE

RESEARCH
R ESERYVE




Examples of Application and Lessons Learned

Local Utility Authority: Storm Protection &
Septic Risks

Dauphin Island Watershed Educational

Management Plan Programming

Natural
Resource
Planning

Santa Rosa Public
County VA Outreach
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Role of Sediment Management in Southern
California Sea Level Rise A
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Integrating Quantitative Uncertainty
into Decision-Support Tools for
Coastal Management

Question: which sediment management interventions will
pay for themselves (given uncertainties)?

(1) Stochastic, Hydro-Financial Simulation Framework

Y

Uncertainty

financial pa- financial model,

us = Fi(ve|ps)

N

rameters, pg

M

[ Present or Fu-

ture Cost, C

Brand et al., Water Resources Research (2020)

environmental
environmental environmental
— [ }— model, <[ ] e
parameters, pe forcing, ve
ue = Fe(Ve|Pe)

]—[ financial forcing, Vf] -

} (Probability Distribution)

Auienaoun

(2) Probability Distribution for Sediment Load to Catch
Basin and Disposal Cost per year

0.05 — 0.12

@ Ji (b)
0.04 | T | 0.1} Th

. 0.08 -
0.03F 4 I | o
I 0.06 |

0.02 +
0.04 +

0.01 + 1 0.02 -

0

0 0.5 1 1.5 2 2.5 3
Yearly Disposal Costs (Millions of 2018%)

0 50 100 150
Yearly Sed. Yield (thou. of tons)

(3) Evaluation of Sediment Management Alternatives
based on Capital Costs and Savings from Reduced
Disposal Costs

Capital Costs for Four Alternatives
(v‘mt_$l.0]. (v-‘ud|_$4.09 (J‘)n!.'$8.92 (,1,,‘f—l$12.3

| l //_L'—'
e 08} g
”
7
>
7
0.6 F 7
, 7 A »
B A 7052 Chance that
o A T1=040  Pproject Savings
o DO NOT
0.2 4 /// 1 RECOVER
/ £ Pl ~ Capital Costs
7 s ~P,=0.06
S P g ' P=0.00

0 2 1 6 8 10 12 14
Cost Savings



Simulating Future Coastal Marsh
Habitat: A Multi-Scale Approach

Question: can we simulate marsh habitat decades into future
despite highly stochastic and episodic watershed influences?

(2) Evaluating Differences in Spatial Structure of
Marsh Topography Across the Two Methods

(1) Comparison of Two Multi-Decadal Marsh Simulation Frameworks
Upper Newport Bay in Episodic Streamflow

. . Orange County, California with Sediment
Annual Time-Scale Event Time-Scale 9 Y

Biophysical Model Biophysical Model

[ ] [ ] [ ] Marsh Accretion Difference per Y

Century including Event-Scale ¢
Physical Processes '
. 20cm
Multi-Decadal Event-Scale Physical Process
Integration Model (Delft3D) -
-
Annual-Scale Biophysical =_20 em
Accretion Model (WARMER) 0 025 05 1 Kilomet
Annual-Scale Biophysical Multi-Decadal e
Accretion Model (WARMER) Integration
Pacific Ocean Tidal /
Forcing with Sea
Level Rise
[ ] [ ] 40 cm differences per century over

less than 100 m horizontal distances

Brand et al., JGR — Earth Surface (2022)



ldentifying and Responding to Compound Urban Flood Risks

The 100-year flood zone 197 - 874 thousand people (median=425K), and between 536 and $108 billion but these
impacts are not equitable. Non-Hispanic Black populations are disproportionately over-exposed to flood risk.
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Sanders et al., Nature Sustainability (2022)



-

La Paz; Mexico (1976)

Re-envisioning Flood Infrastructure s
for High-Gradient Coastlines T rodizens|

Multi-Benefit Design Goals
e Urban Amenities (e.g., shade & urban cooling)

 Water Security (e.g., water conservation and water quality)

e Coastal Sediment Supply

* Flood Risk Management

* Ecosystem Health Mountains
* Environmental Justice

Basins/Reservoirs with Controls for
Water and Sediment Releases

Groundwater Infiltration \ PR (P Ly, 7 QT 2

' Los Angeles (2022)
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Internal Coastal Change

Science Part 2
NCCOS MSE Social Science Team

COASTAL CHANGE PROGRAM REVIEW | NOVEMBER 15th - 17th | SILVER SPRING, MD
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RELEVANCE OF OUR WORK

e Programmatic relevance g,
o Research aligned with external and internal SCIENCE SERVING 5
drivers COASTAL COMMUNITIES | ;
Legislative mandates and Executive Orders rroz- i G P
o Climate change
Climate- and socially-vulnerable populations

MSE SOCIAL SCIENCE TEAM | BIOGEOGRAPHY BRANCH 3
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RELEVANCE OF OUR WORK

e Scientific relevance
o Grounded in relevant theory and scholarship
o In dialogue with peer reviewed scholarship
s nmem © Contributed framework approach to the
vt i Saind OO scientific discussion

MSE SOCIAL SCIENCE TEAM | BIOGEOGRAPHY BRANCH 4
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RELEVANCE OF OUR WORK

e Application relevance
o ldentifying client communities to service
o Engaging partners and stakeholders in co-
production of science
o Providing products that directly inform local
decision-making and adaptation planning

MSE SOCIAL SCIENCE TEAM | BIOGEOGRAPHY BRANCH 5
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RELIABILITY OF OUR WORK

e Research approaches
o Descriptive
o Explanatory
o Preference
e General methodologies
o Primary data collections
m Surveys, interviews, focus groups,
workshops
o Secondary data analyses
m Collecting data from existing sources
and analyzing them in a new way

MSE SOCIAL SCIENCE TEAM | BIOGEOGRAPHY BRANCH
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RELIABILITY OF OUR WORK

For the Vulnerability Assessment Portfolio:

Mid-scale spatial approach
e Secondary data collection for each type of
vulnerability and hazard; stakeholder prioritization
e Data reduction techniques for statistical validity
Stakeholder and peer review of each stage of
process

MSE SOCIAL SCIENCE TEAM | BIOGEOGRAPHY BRANCH 7
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Which factors
most contribute

Yy o

What are we
seeking to
measure

/\
6000

)1

;

) I

Best available
data sources

—.\

How to combine
into an index

MSE SOCIAL SCIENCE TEAM | BIOGEOGRAPHY BRANCH
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TRANSITION TO APPLICATION Assessing the Geographic Variability in

Valnerability-to.Climate Change and Coastal |

s Key prOdUCtS produced Ha;ards.lanosAngeIes County, Callfornla
e Primary and downstream users ' N

Assessmg Co
Vulners

fUniversity of Southern California Sea Grant, and
iThe California Coastal Commission

Congressional Briefing January 2021

MSE SOCIAL SCIENCE TEAM | BIOGEOGRAPHY BRANCH 9
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TRANSITION TO APPLICATION

e Early product transition planning increases uptake
e Delivery of products
e “After delivery support”

“l am thrilled you all are moving this to a
programmatic stage. Let me know when | can
tell the troops about this!” -regional partner

“Super excited to work with you all and

benefit from your amazing work to meet our
City’s environmental goals...You all are
amazing. Thank you so much!” -community
official

MSE SOCIAL SCIENCE TEAM | BIOGEOGRAPHY BRANCH
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The first vulnerability analysis in Oxford, MD enabled the
town to qualify for two projects funded by the Maryland
DNR Coastal Grants program.

These multimillion dollar efforts included resilience
infrastructure improvements such as:

1. Interior stormwater retention with the aim of reducing
stormwater flooding during high tides

2. Shoreline improvement design to protect from
vulnerable infrastructure from storm surge

MSE SOCIAL SCIENCE TEAM | BIOGEOGRAPHY BRANCH
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Questions, Comments & Discussion
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Coastal Change by the
Numbers

Tomma Barnes

COASTAL CHANGE PROGRAM REVIEW | NOVEMBER 15th - 17th | SILVER SPRING, MD
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52 projects
Over 100 partners

118 publications
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Full time Coastal Change Staff 0] Management

] Hired in 2022

External Science Internal Science
Competitive Research Program Coastal Resilience, Restoration, and Assessment (CRRA) Branch

ks _
Christine Buckel Jenny Davis, Ph.D. Shay Viehman, Ph.D.

—

David Kidwell Ecologist Research Ecologist Research Ecologist
CRP Director Beaufort, NC Beaufort, NC Beaufort, NC

Silver Spring, MD

Tomma Barnes, Ph.D.
CRRA Branch Chief
Beaufort, NC

T Meckley. Ph.D ‘ Mike Greene Avery Paxton, Ph.D. Brandon Puckett, Ph.D.
TSVOF ecMey, -D. Biological Science Technician Research Marine Biologist Research Marine Biologist
pogram bandest Beaufort, NC Beaufort, NC Beaufort, NC

Silver Spring, MD

Coastal Change By The Numbers | STAFF K}
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Partial Coastal Change Staff

Social Science Team (Biogeography Branch) Cooperative Oxford Laboratory

Heidi Burkart Chloe Fleming Doug Pirhalla

PAII'“anSda A_|VI? . Marine Scientist / Social Scientist / Research Physical Scientist
° K:-\): pecials Spatial Analyst Policy Specialist Oxford Laboratory
emote Remote Remote

Theresa L Goedeke, Ph.D.
Social Science Team Lead
Silver Spring, MD

Amy Freitag, Ph.D. Sarah Gonyo, Ph.D. Seann Regan
Sociologist Economist Geographer / Social Scientist
. Contract Staff Oxford Laboratory Silver Spring, MD Charleston, SC

Coastal Change By The Numbers | STAFF 4
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Funding for Coastal Change Science within NCCOS

$25,000,000
CRP- Total

20.000.000 B CRP- Coastal Change

. | Il NCCOS- Total
B NCCOS- Coastal Change

$15,000,000
$10,000,000

$5,000,000

, Hm Bo Bm Bm mll

FY17 FY18 FY19 FY20 FY21
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Active projects each year

® Internal @ External
12

10

FY17 FY18 FY19 FY20 FY21

Note: projects under a no-cost extension are not included in that year

Coastal Change By The Numbers 6
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Breakdown of Internal Science Funds

$2,500,000
$2,000,000 W Labor
Transfer funds
$1,500,000 Reimbursable funds
m NCCOS base
$1,000,000
$500,000
$0

FY17 FY18 FY19 FY20 FY21
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Breakdown of External Science Funds

$5,000,000

$4,000,000
Labor

B CRP science funds
$3,000,000

$2,000,000

$1,000,000

$0
FY17 FY18 FY19 FY20 FY21
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Project Funding by Year

® Internal ® External
$5,000,000

$4,000,000
$3,000,000
$2,000,000

$1,000,000 ./.\/\

$0

FY17 FY18 FY19 FY20 FY21
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Future Directions

e Coastal resilience is a higher priority in the Biden Administration and NOAA

e Adopting a coordinated approach to integrating the Coastal Change Portfolio
to be more deliberate in the products and services NCCOS provides

e Incorporating new technologies will allow for more efficiencies

e |n order to keep up with the demand for the products and services NCCOS
science provides, the Coastal Change Portfolio will need more resources.

Coastal Change By The Numbers 10
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