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Background

Vulnerable Habitat: Tidal Marsh advancement blocked as sea level rises . " ﬁ
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What can history
tell us?

* 1869's vs Today




What can history tell us?

No channel, marsh

complex significant
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Channel visible, marsh loss
significant on the eastern side
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What the data says to expect:
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Figure III-4. Relative sea level trends, Norfolk, Virginia, 1969-2017 series
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Objectives

* Whic
* Whic

* Whic
mars

N marsh types are most vulnerable to SLR?
N marsh types are more resilient to SLR?

n areas within the City are projected to experience

n loss or marsh gain, and what are the general patterns

In marsh habitat change?

* How could changes in marsh habitat as a result of SLR
iImpact ecosystem services these systems provide in VB?

 What are some potential strategies that could be
implemented to mitigate some of the forecasted impacts of
marsh loss?
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Approach

|dentify Study Sub-
Sites

Collect, Analyze
and Process Data

Setup SLAMM 6.7
Model

Perform 1.5 and 3ft
SLR Simulations
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Analyze Model
Output for
Modeled Scenarios

Validate Model
Results, Refine
Model
Assumptions
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SLAMM Data Inputs

Elevation Data C\Netland Tide Range
overage

Impervious

Salt Elevation Erosion
Area

SLR
Accretion Scenarios/Tim Subsidence
e Horizons
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Data Sources
| pata |  Source/Description

Downloaded NWI Data
o Northern watersheds based on imagery from 2000
o Southern watersheds based on imager from 2009

Converted to SLAMM categories using lookup tool.

m Extracted WNI classes with a classification of *-h’ in code

. Converted 2013 LiDAR data from NAVD88 to MTL using VDATUM. Correction factor ranges from 0.18 to
Elevation Data 0.71 feet

m Calculated from DEM

MHHW and MLLW rasters obtained from NOAA.
Great Diurnal Tide % GT = MHHW = MLLW

Range (GT) e  Calculated average GT within each sub-site.

Obtained data from VIMS Shoreline Studies Program shoreline evolution database (1937-2009).
e  Calculated average erosion within the Lynnhaven watershed = 0.19 ft/yr, or 0.06 m/yr. Applied to
all sub-sites.

m Used same values used in the Warren Pinnacle 2011 study for the Back Bay NWR.

Tide gauge analysis of the 30-day inundation value based on 4 gages:
o Chesapeake Bay Bridge Tunnel

° Duck, NC

Salt Elevation e  Sewells Point, VA

e  Oregon Inlet Marina

For Rudee Inlet, looked at harmonic constituents

\
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Model Subsites

* Lynnhaven
 Lynnhaven River
« Small Coastal West / Little Creek

 Elizabeth River

e QOceanfront
e Owl's Creek / Rudee Inlet
« Small Coastal North and East

e Southern Rivers

 Back Bay \ North Landing River\
Northwest River

e Small Coastal South

U
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Model Assumptions

» Wetland inhabit a range of vertical elevations that are a
function of tide range

Reg. Flooded Marsh 120% of MHHW

Trans. Salt Marsh MHHW Salt Boundary
Irreg. Flooded Marsh Average (MHHW, MTL) Salt Boundary
Tidal Flat MLLW MTL
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Calibration and Validation
1. Elevation analysis

2. Does the baseline wetland cover match present day
conditions? g )

Developed Dry Lana

Urdeveioped Ory Lard

Regiaty Fooded Varwh (Sat Maw)

Roverre Towl Open Water

reguanty Fooded Marwh
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City-Wide Results

Tidal Fresh Marsh ‘ ‘

Inland Fresh Marst ‘ ‘
Meh Marsh ‘ ‘
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Results http://www.vbgov.com/pwSLR

& C @ https://vbgov.maps.arcgis.com/apps/MapSeries/index.htmI?appid=c8b60ccd21bc457d9b23223d20414595 Yo o B o

Click to go back, hold to see history

Virginia Beach Comprehensive Sea Level Rise and Flooding Response Plan Stormwater Engineering Center

Department of Public Works

A Resilient Future

Wetland Change
Study Goals and Outcomes D (2 (3

This map shows today's wetland land cover. Use
the map to pan around and zoom in and out to
see wetland coverage in different areas across
Virginia Beach.

Wetland Response to Sea Level Rise

Legend

The impact assessment phase also looks at how wetlands will respond (] Upland

to sea level rise. Wetlands provide habitat, improve water quality, and B Swamp (Woody Wetiands)
@ also reduce local flooding by reducing waves and slowing down flood B Frooh Marsh

waters. Because of these benefits, it is important to understand how Shrub/Serub

wetlands will response to increased sea levels. ::xa'sh
* i icki P Flat

Use the map to the right by clicking on the 1, 2, 3 bullets to see how

wetlands are projected to respond to the 1.5 and 3 foot sea level rise - Wa'e’

scenarios. High Marsh
v

[ —. ¥
NORTH CAROLINA
MacKay
City of Virginia Beach, VITA, Esri, HERE, Garmin, USGS, NGA, EPA, USDA, NPS
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http://www.vbgov.com/pwSLR

Northern Watersheds

» Fastest rates

of high

marsh

loss (~20%
decrease by
2045 and 61%
decrease by

2075)

« Salt marsh
somewhat
resilient
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Southern
Watershed

e Substantial loses in
salt marsh (~55%

decrease by 2075)
» Expansion of open
water (~40%
increase by 2075)
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What benefits do wetlands provide?

Coastal communities protected
from storm surge by wetlands

A Storm surge oS
Y\
% Nutrient runoff *r *
from agriculture

Key Ecosystem Services and Features of Coastal Wetlands

Nursery areas benefit
recreational fishing

Wildlife and wetland ecosystems
increase receation and tourism
value

s Saltmarsh

o

&= Oyster reef
w Seagrass
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Natural Lines of Defense




Natural and Nature-Based Features (aka
NNBF)
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Quantifying Benefits of NNBF
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COUNCIL ON THE OCEAN

DIGITALCOAST ABOUT DATA TOOLS TRANING TOPics  sToREs

or Coast

enter for Coastal Resources Management

A Home | Trining | Green Infrastructure M,
SHORELINE BEST Home > CCRM > Comprehensive Coastal Resource Portals > Shoreline Best
MANAGEMENT Practices > Self-Guided Decision Tools

PRACTICES
Green InfraStrUCture Shoreline Management Self—GL“ded DeC|S|On TOOlS

Mapping Guide -,

Self-Guided Decision A series of decision trees that leads users through questions about shoreline conditions to
TRAINING TYPE ) DURATION
Self-Guided Resources Self-paced

Tools
Overview

produce a best practice recommendation

Undefended Shorelines & Failed Defense Structures
¢ Undefended Shoreline Decision Tool User Manual - 2010

Communities experiencing increasing incidents of coastal flooding are looking for relief. This online * Undefended Shoreline Decision Tool Diagram
guide shows spatial analysts how to incorporate nature-based solutions, or green infrastructure, into
their GIS work. A GIS work plan is provided, along with examples, process guidance, case studies, and
templates. Currently Defended Shorelines

This Guide Features ¢ Currently Defended Shoreline Definitions

- Astep-by-step process. Use it to develop a GIS work plan customized for your project goals.

Detailed examples. Study GIS plans from projects that successfully mapped green infrastructure
to support coastal resilience.

¢ Structural Integrity Guidance

Information checklist. know what is needed before you get started.

Case studies and links provide additional information about green infrastructure planning.
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Storm surge reduction potential of

wetlands

Nat Hazards (2016) 80:839-861
DOI 10.1007/511069-015-2000-7

@ CrossMark

Assessing the relevance of wetlands for storm surge
protection: a coupled hydrodynamic and geospatial
framework

Jana Haddad" - Seth Lawler' - Celso M. Ferreira’

Received: 16 April 2015/ Accepted: 24 September 2015/Published online: 9 October 2015
© Springer Science+Business Media Dordrecht 2015

Abstract The expectation that wetlands can protect coastal communities has been a
major topic in the effort to evaluate innovative methods of mitigating coastal impacts from
storm surge. Recent investigations have shown that there is a potential flood mitigation
benefit to be gained from the presence of marshes. Though the extent of that benefit is not
yet clearly defined, prioritizing wetland systems for coastal protection requires a consid-
eration of the interactions between communities at risk of storm surge damage and wetland
areas of sufficient spatial scales to reliably attenuate storm surge. Here, a framework is
proposed for geospatial characterization of these interactions based on numerical model
results and is applied to Virginia's Chesapeake Bay region. Spatial identification of
Chesapeake Bay wetlands was derived from four nationally available datasets (National
Wetland Inventory, National Land Cover Dataset, Coastal Change Analysis Program, and
NOAA’s Wetland Potential database). Maps of maximum stomm tides for four historical
storms were generated based on a coupled hydrodynamic wave model (ADCIRC-SWAN),
validated for those storms with a mean root mean square error of 0.44 m. Population
information was extracted from US Census block data in FEMA’s HAZUS Multi-Hazard
geodatabase. Results from geospatial analysis of the relationships between wetland land
cover, inundation, and population were used to identify where interactions with coastal
populations are relevant for the study area when spatial limitations are considered.
Approximately 1160 sq. km of wetlands were inundated by all four storms. Total popu-
lation present in a range of proximities (200, 400, and 600 m) to flooded wetlands was used
as a metric to evaluate the effect of a range of limitations on wetland size (5-50 sq. km) on

Estuaries and Coasts (2017) 40:930-946
DOL 10.1007/512237-016-0190-1

W

Quantification of the Attenuation of Storm Surge Components
by a Coastal Wetland of the US Mid Atlantic

Anne-Elconore Paquier’ - Jana Haddad ' - Seth Lawler” - Celso M. Ferrvira'

Received: 12 May 2016 /Revised: 31 October 2016 /Accepied: 8 November 2016 / Published online: 18 November 2016

© Caastal and Esuarine Research Federstion 2016

Abstract Coastal wetlands are
ation as natural defenses for coastal communities from storm
surge. However, there are gaps in storm surge

ing i 1 consider- ibute to a strong reduction of current velocity over the
marsh platform relative to the currents at the marsh front.
Wave ion varies across the tide cycke which implies

collected in marsh areas during extreme events as well as
understanding of storm surge processes. The present study
evaluates the importance and variation of different processes
(i.e., wave, current, and water level dynamics with respect of
the marsh topography and ion ch istics) invol ved
in a storm surge over a marsh, assesses how these processes

to storm surg; ion, and ifies the storm
surge attenuation in field conditions. During the Fall of 2015,
morphology and ion surveys were ducted along a
marsh transect in a coastal marsh located at the mouth of the

a link between wave attenuation and water level and, conse-
quently, storm surge height. Storm surge reduction, here
assessed through high water level (HWL) attenuation, is
linked to wave attenuation across the front edge of the marsh;
this positive trend highlights the reduction of water level
height induced by wave setup reduction during wave propa-
gation across the marsh front edge. Water level attenuation
rates observed here have a greater range than the rates ob-
served or modeled by other authors, and our results suggest
that this is linked to the strong influence of waves in siorm

Chesapeake Bay, mainly d of Spartina alternifl
and Spartina patens. Hydrody iC surveys were

during two storm events. Collected data included wave char-
acteristics, current velocity and direction, and water levels.
Data analysis focused on the understanding of the cross-
shore evolution of waves, currents and water level, and their
infly onth Il storm surge ion. Results indi-
cate that the marsh area, despite its short length, attenuates
waves and reduces current velocity and water level. Tides
have a domi infl on current direction and velocity,
but the presence of vegetation and the marsh morphology

Communicated by David K. Rakton

54 Ame-Eleonore Paquier

eleonorepaquier@ gmail com
' Civil, Emvi 1 and Engincering Volgenau
School of Engineering, D of Civil, Ewi 1 and

Infrastructure Engineering Gearge Mason University, 4400
University Drive, MS 6C1, Nguyen Engineering Bldg
Fairfax, VA 22030, USA

&) Springer

surge ion over coastal areas.

Keywords Storm surge attenuation - Water level - Waves -
Curmrents - Coastal wethnd -Nature-based defenses

Introduction

Tropical cyclones are one of the most costly natural hazards in
the United States (Lott and Ross 2006), and examples in re-
cent history, such as Katrina (2005), ke (2008), or Sandy
(2012). d the itude of infrastructure losses
and societal impacts in some of the most developed regions
of the country. Salt marshes, besides their well-documented
ecological functions (Lavoie et al. 2016; Xue et al. 2008),
. . .

have gained i d recog; as nature-b
for reducing the risks faced by coastal communities from sea
level rise and coastal storms (Arkema et al. 2013; Spalding
etal. 2014b). The move toward integrating green infrastruc-
ture as a component of coastal resiliency efforts has gained
traction at the highest levels in the United States. For instance,
the US Executive Office of the President (National Science



Potential Strategies

« > C @ https://vbgov.maps.arcgis.com/apps/MapSeries/index.html?appid=c8b60ccd21bc457d9b23223d20414595 Y ol - | °

Virginia Beach Comprehensive Sea Level Rise and Flooding Response Plan Stormwater Engineering Center

Department of Public Works

A Resilient Future

ACCOMMODATE e

future sea level + extreme tide/storm

Study Goals and Outcomes existing sea level

Adaptation Strategies

General Adaptation Strategies

In order to address existing flood risk and reduce short- and long-term There are many different ways to

flood exposure, the City is considering a wide range of possible adapt to sea level rise and recurrent PROTECT | ENGINEERED __ ™
strategies. Our strategy approach falls into two main categories - flooding. This graphic from the San &5
. . future sea level + extreme tide/storm
1. Policy, Planning, and Regulation Francisco Planning Department shows existing sea level
2. Engineering the four main types of adaptation

strategies. Explore these strategies in

Engineering solutions are costly and cannot solve the City's flood risk
& g y y more detail by scrolling down.

problems alone. We must think long-term and instill smart planning P
and decision-making into City operations and planning. The
combination of these approaches will create the best solution for PROTECT | NATURAL -~

® Virginia Beach. Explore the tabs to the right to learn more about |\
these strategies.

—

future sea level + extreme tide/storm
existing sea level

The Comprehensive Sea Level Rise and Recurrent Flooding Response
Plan study team is reviewing the City’s policies and regulations,
engaging department representatives, and working to help tailor the
strategies and how to best apply them to each of the City’s four diverse
major watersheds. These include the Oceanfront, Lynnhaven, Elizabeth RETREAT T
River, Southern Rivers and Back Bay watersheds. Click the Watershed
Diversity tab to explore each of the City's four major watersheds.

— e~

future sea level + extreme tide/storm
existing sea level

Feasibility AV 4

Technical | Administrative Political Leaal Fiscal Environmental
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Points of Contact

City of Virginia Beach
Department of Public Works

Toni Alger, P.E.
757-385-4131
talger@vbgov.com

Greg Johnson, P.E.
757-385-4131
gjohnson@vbgov.com

Sue Kriebel, P.E.
757-385-3934
skriebel@vbgov.com

U

# Dewberry
http://www.vbgov.com/pwSLR

Consultant:

Dewberry

Brian Batten, Ph.D., CFM
804-823-6981
bbatten@dewberry.com

Alaurah Moss
757-754-2500
amoss@dewberry.com
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