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What is a Watershed Management Plan?

“‘Watershed planning provides )

) Characterize
an analytical framework for Watershed
managing efforts to both Conditions
restore water quality in
degraded areas and protect
overall watershed health.” —

EPA, 2013 |[dentify
Critical Issues

Create
Management
Measures

Prioritize and
Refine
Solutions
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| What is a Stormwater Master Plan?

» A Stormwater Master Plan provides a clear,
comprehensive, and forward-looking plan to implement a
Community’s stormwater management program.

« Common Components of a Stormwater Master Plan

e Study area assessment
« Water Quality, Ecology, etc.

« Existing Stormwater Inventory

* Current Operations and Maintenance Programs
* Regulatory Requirements

 BMP Evaluation

 Funding and Recommendations
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What's Missing?
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What's Missing?

Best-Estimate Rainfall
2 day rainfall estimate ending August 13, 2016.
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| Southeast Region/Gulf of Mexico

From 0-1 ft/century along
Panhandle of Florida and
GA/FL Atlantic border to
above 3 ft/century in
southeast LA

Sea Level Trends -
NOAA Tides &
Currents
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https://tidesandcurrents.noaa.gov/sltrends/
https://tidesandcurrents.noaa.gov/sltrends/
https://tidesandcurrents.noaa.gov/sltrends/

| What can mean?
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https://coast.noaa.gov/slr/#/layer/sce/4/-9762540.872245409/3538439.2236421355/14/satellite/53/0.8/2050/inter/midAccretion

| What can mean?
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https://coast.noaa.gov/slr/#/layer/sce/4/-9762540.872245409/3538439.2236421355/14/satellite/53/0.8/2050/inter/midAccretion

| What can mean?
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https://coast.noaa.gov/slr/#/layer/sce/4/-9762540.872245409/3538439.2236421355/14/satellite/53/0.8/2050/inter/midAccretion

| What can mean?
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https://coast.noaa.gov/slr/#/layer/sce/4/-9762540.872245409/3538439.2236421355/14/satellite/53/0.8/2050/inter/midAccretion

| Southeast Region/Gulf of Mexico

Temperature trending warmer

. Example — Baldwin County Average Maximum Daily Temperature increase approximately +4-9°F by 2100
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https://crt-climate-explorer.nemac.org/
https://crt-climate-explorer.nemac.org/
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| Factors Affecting Vulnerability

Vulnerability - how susceptible a
natural or human system is to
coastal hazards, such as shoreline
change, sea-level rise, flooding,
and storm surge. Vulnerability is a
function of a system’s sensitivity
and its capacity to adapt to impacts
and changes

Factors affecting vulnerability

Sea Level Rise (Sea Level
Trends - NOAA Tides &
Currents)

Temperature increase (Melillo,
Richmond, & Yohe, 2014)

Extreme Weather Events
(NOAA Historical Hurricane
Tracks)

Societal and Economic
Resources (TNC, 2020)

Infrastructure (roads,
stormwater, etc.) (Bay County,
2022)

Sea level (m)

Sea level (m)

0.8

a) Northeast

b) Southeast

c) Eastern Gulf

d) Western Gulf

— Altimetry observations
— Tide-gauge observations
== Present trajectory

Low

Intermediate-low

Intermediate
Intermediate-high

High

GEOUSYNIEC CONSULTANTS



https://tidesandcurrents.noaa.gov/sltrends/
https://tidesandcurrents.noaa.gov/sltrends/
https://tidesandcurrents.noaa.gov/sltrends/
https://oceanservice.noaa.gov/news/historical-hurricanes/
https://oceanservice.noaa.gov/news/historical-hurricanes/

| Factors Affecting Vulnerability

* Vulnerability - how susceptible a

natural or human system is to 0.8 Hy Nttt . . B} SeiEEs]
coastal hazards, such as shoreline
change, sea-level rise, flooding, 06
and storm surge. Vulnerability is a E
function of a system’s sensitivity B 2 -
and its capacity to adapt to impacts = &
and changes e ] v
@ 3
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- Sea Level Rise (Sea Level 02! v 0 , | |
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« Temperature increase (Melillo, E—
Richmond, & Yohe, 2014) . 0.6 o
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» Societal and Economic 8 . Temperature change in the Southeast Region
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* Infrastructure (roads,
stormwater, etc.) (Bay County, -0.2 1 - _ _
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Intermediate-high
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https://tidesandcurrents.noaa.gov/sltrends/
https://tidesandcurrents.noaa.gov/sltrends/
https://tidesandcurrents.noaa.gov/sltrends/
https://oceanservice.noaa.gov/news/historical-hurricanes/
https://oceanservice.noaa.gov/news/historical-hurricanes/

| Factors Affecting Vulnerability

Sea Level Rise (Sea Level
Trends - NOAA Tides &
Currents)

Temperature increase (Melillo,
Richmond, & Yohe, 2014)

Extreme Weather Events
(NOAA Historical Hurricane
Tracks)

Societal and Economic
Resources (TNC, 2020)

Infrastructure (roads,
stormwater, etc.) (Bay County,
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https://tidesandcurrents.noaa.gov/sltrends/
https://tidesandcurrents.noaa.gov/sltrends/
https://tidesandcurrents.noaa.gov/sltrends/
https://oceanservice.noaa.gov/news/historical-hurricanes/
https://oceanservice.noaa.gov/news/historical-hurricanes/

| Factors Affecting Vulnerability

Vulnerability - how susceptible a
natural or human system is to
coastal hazards, such as shoreline
change, sea-level rise, flooding,
and storm surge. Vulnerability is a
function of a system’s sensitivity
and its capacity to adapt to impacts
and changes

Factors affecting vulnerability

Sea Level Rise (Sea Level
Trends - NOAA Tides &
Currents)

Temperature increase (Melillo,
Richmond, & Yohe, 2014)

Extreme Weather Events
(NOAA Historical Hurricane
Tracks)

Societal and Economic
Resources (TNC, 2020)

Infrastructure (roads,
stormwater, etc.) (Bay County,
2022)
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(Photo credit: Ken Cooper)

Heavy Boating Traffic around the Islands of Perdido on Memorial Day 2020
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https://oceanservice.noaa.gov/news/historical-hurricanes/
https://oceanservice.noaa.gov/news/historical-hurricanes/

| Factors Affecting Vulnerability

« Sea Level Rise (Sea Level
Trends - NOAA Tides &
Currents)

» Temperature increase (Melillo,
Richmond, & Yohe, 2014)

« Extreme Weather Events
(NOAA Historical Hurricane

Tracks)
» Societal and Economic /
Resources (TNC, 2020) Heav) ] BAY COUNTY BOUNDARY
* Infrastructure (roads, "\ S
stormwater, etc.) (Bay County, Borisi —— Stonm Culvers
2022) ~ o
012 4 6 *  Beach Outfall
™ sl @ StomBasin .
Miles ite-high

High
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https://tidesandcurrents.noaa.gov/sltrends/
https://tidesandcurrents.noaa.gov/sltrends/
https://tidesandcurrents.noaa.gov/sltrends/
https://oceanservice.noaa.gov/news/historical-hurricanes/
https://oceanservice.noaa.gov/news/historical-hurricanes/

| Tools- SLAMM (Sea Level Affecting Marshes Model)

« Warren Pinnacle Current Conditions |
Consulting, Inc. R

Simulates potential
impacts of long-term sea
level rise on wetlands and
shorelines

Example
«  Orange Beach — Swamps

surrounding Shelby Lakes
convert to Tidal Flats and
Regularly-Flooded marsh
indicating area is more
susceptible to flooding

Shorelines along Wolf Bay, Bay
La Launch, and Bayou Saint
John experience erosion

B Developed Land [ Inland Freshwater Marsh [ | Estuarine Beach [l Inland Open Water
B Undeveloped Land [l Scrub/Shrub Tidal Flat I Ectuarine Water
B Svamp I Regularly Flooded Marsh | Ocean Beach [ Open Ocean

I Irregularly Flooded Marsh GEOSYNTEC CONSULTANTS .




Tools- SLAMM (Sea Level Affecting Marshes Model)

Current Conditions & \ T
Equilibrium Approach

Elevation
\

Salt Elev.

(30 day inundation)

MHHW

«  Orange Beach — Swamps MTL
surrounding Shelby Lakes
convert to Tidal Flats and MLW i

_Regularly-FIooc_Ied marsh Tidal Flat  Regularly-  Transitional or Inland Fresh and Dry Land
indicating area is more Flooded Irregularly-

susceptible to flooding Marsh Flooded Marsh

«  Shorelines along Wolf Bay, Bay
La Launch, and Bayou Saint -—_._\

(Often Salt
Marsh)

Distance Inland ———*

John experience erosion

I Developed Land 0 Inland Freshwater Marsh | Estuarine Beach [ Inland Open Water
B Undeveloped Land [l Scrub/Shrub [ Tidal Flat I Ectuarine Water
B Svamp I Regularly Flooded Marsh [ | Ocean Beach [ Open Ocean

B Irregularly Flooded Marsh GEOSYNTEC CONSULTANTS .




Tools- SLAMM (Sea Level Affecting Marshes Model)

Current Conditions | B ~
(Migration of Wetlands Boundaries due to Sea Level Rise)

g F Y
= . Al
© \,a‘l"o
uii o9 g\ ' aoo”
O‘q.ﬂ‘"‘ uﬂd g\
net"
( Bui?iLtUHEdiE:n‘} ................. Salt Boundary
MHHW
«  Orange Beach — Swamps MTL
surrounding Shelby Lakes —
convert to Tidal Flats and - | )
- - S
:?]glgcl’lalﬁgé grl.g(a)c:gdm@raemh Water Tidal Flat Regularly- Irregularly-  Inland Fresh and Dry Land
Flooded Flooded
susceptible to flooding o) Marsh
- Shorelines along Wolf Bay, Bay s
La Launch, and Bayou Saint B nee e — ST
John experience erosion w
L
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I Irregularly Flooded Marsh GEOSYNTEC CONSULTANTS .




Tools-SLOSH (Sea, Lake, and Overland Surges from

Hurricanes)

Bridge Creek
(HUC 031401070103)

Palmetto Creek
(HUC 031401070104)

 Developed to estimate
storm surge heights
from historical,
hypothetical, or
predicted hurricanes

* Hurricane lvan (2004 )-
Category 3 storm that
made landfall near
Pensacola

Legend
(=3 Watershed Boundary

Inundation Extent
I Plus 0.0 feet
[0 Plus 0.7 feet
Plus 1.6 feet
I Plus 3.9 feet
Il Plus 6.5 feet

0 0.5 1 2
Mil

NCCOS Ecological Effects of Sea Level Rise in the Northern Gulf of Mexico (EESLR-NGOM): Simulated
Storm Surge (NCEI Accession 0170339) (noaa.gov)
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https://www.ncei.noaa.gov/access/metadata/landing-page/bin/iso?id=gov.noaa.nodc:170339
https://www.ncei.noaa.gov/access/metadata/landing-page/bin/iso?id=gov.noaa.nodc:170339

Tools — CREST (Coastal Resilience Evaluation and Siting

o i,

@‘0*0 Coastal Resilience Evaluation and Siting Tool (CREST)

) &
e Home Where Should 1 Do a Resilience Project? Analyze Project Sites Targeted Watersheds Examples Data & Reports About

NFWF

Where Shatild | Na a Resilience Proiect? i
E | Map Layers

Higher number 4 Higher number=mare
open space f risk of impal Higher number — areas
resilience proj¢ community ag important for species of
' threat of flog concern

Resfience Community [
Hubs Exposure

Iack Edweids Orange Beach
Surimary Chart irpar
Highl A6
i Gulf Shores
il | | e &
a i
Asset

Fish And Wildlife Inputs

Comunity Assets Inputs

Leaflet | Powered by Esri | HERE, Delorme, Mapmylndia, ® OpenStreetMap contributors

Coastal Resilience Evaluation and Siting Tool (CREST) GEOSYNTEC CONSULTANTS ‘
(resilientcoasts.org)



https://resilientcoasts.org/
https://resilientcoasts.org/

'0ools — CREST (Coastal Resilience Evaluation and Siting
[e]e]

Coastal Resilience Evaluation and Siting Tool (CREST)

h—rtd Home Where Should | Do a Resilience Project? Analyze Project Sites Targeted Watersheds Examples Data & Reports About

NFWF

i
Where Should | Do a Resilience Project?

R - )
Draw Area on Map Upload Shapefile
i= &

Summary Chart

Map Layers

Gulf Shores

Fish And Wildlife Inputs

Comunity Assets Inputs

Leaflet | Powered by Esri | HERE, DeLorme, Mapmylindia, @ OpenStreetMap contributors

Coastal Resilience Evaluation and Siting Tool (CREST) GEOSYNTEC CONSULTANTS ‘
(resilientcoasts.org)
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Community Scorecard

Maryland’s

» self-assessment tool that allows governments to
COGStS.mart determine how well they are posﬁioned to plan
Communities for coastal hazard impacts such as sea level

Scorecard rise, storm surge, flooding, etc.

« provides a mechanism for local officials to
Identify specific ways they can prepare for these
impacts by integrating coastal hazards into
existing programs

Risk and Vulnerability Assessment,
People and Property,

1)
2)
3) Infrastructure and Critical
Facilities,

4)

5)

Natural Resources, and
Societal and Economic Impacts.

e

This tool has been prepared by the Chesapeake & Coastal P
Service to provide Maryland's coastal communities with a
practical method to assess their preparedness for the impacts

of coastal hazards and increased future impacts duetoa é Eg MARYLAND &Zhaa ke -
changing climate. = [ Coastal Service

>~ A
A community self-assessment tool i @\e S
w’ MARYLAND
'L\‘.‘"ﬂ

7

Smart, Green & Growing

GEOSYNTEC CONSULTANTS .
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1.
13.

Scorecard Example

Does your community participate in the Fema Community Rating System?

Does your community’s comprehensive plan have a coastal hazard planning element or does the land use plan
make recommendations to reduce coastal hazard vulnerabllity through planning?

« If yes, does the comprefensive plan discourage development in vulnerable areas or identify specific land use tools that will be

used to respond to coastal hazard thremts?

Are frequently flooded areas zoned or planned for open space or recreation and targeted for conservation
easements and acquisitions?

Does the comprehensive plan recommend subdivision regulations that limit development within areas vulnerable
to coastal hazards?

Does the comprehensive plan recommend subdivision regulations that limit development within the floodplain?
Does the comprehensive plan promote Infill outside vulnerable areas?
Does the Sensitive Areas Element of the comprehensive plan conslder coastal hazards In Its policy recommendations?

Does the Water Resources Element of the comprehensive plan consider the Impacts of climate change on drinking
water avallabilicy?

Does the community have an adopted floodplain management plan?
Are planning horizons extended to Incorporate potential long-term coastal hazards such as:

« Seq-level rise?
- Coastal erosion?
« Increased storm activity and severity?

Does the water and sewer plan Include recommendations for relocation, abandonment or protection of
Infrastructure at risk to coastal flooding or other coastal hazards?

Does the community have a certified floodplain manager (cFm®) on staff?

Does your community have a floodplain manager or planner who participates In one of more of the following
organizations?

« Association of State Flioodplain Managers (ASFPM) or Maryland Association of Aoodplain and Stormwater Managers

(MAFSM)z

«  American Planning Association (apa) or Maryland ara chapter?
= American Society of Civil Engineers (asce) or state or local section of ASce?
« American Public Works Association?

o o a

=]

B @a 0 oo a o ooa

a

U & 80 a &8 =

O 0 8 HeEE

14. Does the community have technlcal or computer mapping capabilities?
15. Has the community adopted the 2010 Maryand Bullding Performance Standards (Meps)?
16. Has the community conducted a bulld-out analysls using existing zoning?

» Has the community evaluated the build-owt analysis for vulnerability to coastal hazards?
17. Does the community require disclosure statements for vulnerable coastal properties?

18. Does the community have a timeline or strategic plan for the relocation, abandonment or protection of bulldings
In areas at risk to coastal flooding or other coastal hazards?

19. Does the community require the elevation of residentlal, nonresidential, and public bulldings or Infrastructure to
be above base flood elevations, also known as freeboard, within the 100-year floodplain?

20. Does your community require flood-proofing of residential, nonresidential, and public bulldings or infrastructure
within the 1oo-year floodplain?
21. Does your community restrict rebullding of structures destroyed by coastal hazards?

= If rebuilding is allowed, is it required to be more resilient to coastal hazard impacts (eg. elevated, smaller footprint, or set
back from the coast)?

22. Does your community use an early flood warning system?

» Do local communities have citizen action groups that alert at-risk property ouwners during an event; educate residents about
evacuation routes and help residents ge

t out during an event?

Total number of yes and no answers

r N
PEOPLE 8 PROPERTY:
LAND USE PLANNING

CoastSmart rating:

14 jof 28
Number of Yes :lh

Coastsmart ... » 20 \
On The Right Track....10-20
Getting Started ... <10

- o

o ooooaa

<]

H B8 &

E @
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| Scorecard Example

1. Does your community participate in the Fema Community Rating Syster
2. Does your community’s comprehensive plan have a coastal hazard plam
make recommendations to reduce coastal hazard vulnerabllity through
= If yes, does the comprefensive plan discourage development in vulnerable areq
used to respond to coastal hazard thremts?
3. Are frequently flooded areas zoned or planned for open space or recreat
easements and acquisitions?

Does the comprehensive plan recommend subdivision regulations that |
to coastal hazards?

Does the comprehensive plan recommend subdivision regulations that |
Does the comprehensive plan promote Infill outside vulnerable areas?
Does the Sensitive Areas Element of the comprehensive plan conslder coast:
Does the Water Resources Element of the comprehensive plan conslder t
water avallability?

9. Does the community have an adopted floodplain management plan?
10. Are planning horizons extended to Incorporate potential long-term coa:
« Seq-level rise?

« Coastal erosion?
« Increased storm activity and severity?

11. Does the water and sewer plan Include recommendations for relocation,
Infrastructure at risk to coastal flooding or other coastal hazards?
12. Does the community have a certified floodplain manager (cFm®) on stafl

13. Does your community have a floodplain manager or planner who partic
organizations?
» Association of State Floodplain Managers (ASFPM) or Maryland Association |
(MAFSM)z
«  American Planning Association (apa) or Maryland ara chapter?
= American Society of Civil Engineers (asce) or state or local section of ASce?
« American Public Works Association?

-

I B R

Recommendations & resources

In Maryland, growth and development are outlined in the Local
Government Comprehensive Plan, a document officially adopted by
the local governing body and reviewed every six years for possible
update. The comprehensive plan establishes goals and objectives
that serve to tell the world how the community wants to function
and look in the future. The plan has legal significance in that zoning,
the provision of water and sewer resources, and other local land-use
actions must be consistent with the overall comprehensive plan. For
this reason, incorporating coastal hazards into local comprehensive
plans is recommended and longer planning horizons that incorporate
climate change should be considered.

Ways in which a community can incorporate coastal hazards into
comprehensive planning include:

« Add resilience to coastal hazards in the goals and objectives
section of the comprehensive plan.

« Incorporate coastal hazard data and analyses into the existing
elements of a comprehensive plan, or incorporate them into a
new element such as a coastal management element or a sea-
level rise planning element.

« Educate and inform community leaders and the public of the
community’s vulnerability to coastal hazards.

+ Integrate hazard mitigation policies into the comprehensive
plan.

« Include maps of coastal hazards in the land use plan element
and plan for and zone vulnerable areas for open space
conservation or limited development.

« Incorporate a post-disaster rebuilding policy into the
comprehensive plan to limit rebuilding in high-hazard areas.

“computer mapping capabilities?
aryland Bullding Performance Standards (mees)?
-out analysls using existing zoning?

ut analysis for vulnerability to coastal hazards?
statements for vulnerable coastal properties?

r strategic plan for the relocation, abandonment or protection of bulldings
ther coastal hazards?

tion of residential, nonresidential, and public bulldings or Infrastructure to

o ooooaa
Bl E O o

=

own as freeboard, within the 10o-year floodplain? 3
ovofing of resldential, nonresidential, and public bulldings or Infrastructure a
ng of structures destroyed by coastal hazards? @ 4
maore resilient to coastal hazard impacts (eg, elevated, smaller footpring, or set 7
»d warning system? m 3
proups that alert at-risk property oumers during an event; educate residents about = 7

Lt durl'ni an ewent?
— e L el

=

RTY:
IHING

ing:

=20 \
10—20
<10
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Developing a Management Measure

: - *«;& - ™
« Review vulnerability GatherFInplitil
information B i 1
» Gather input from " |
Community

 ldentify a Critical Issue

* Explore structural and non-
structural solutions

« EXxplore feasibility

* Develop implementation g
strategy and schedule ,'

* Develop monitoring plan

GEOSYNTEC CONSULTANTS ‘



| Developing a Management Measure — Example 1

Fort Morgan Beach

Google Earth

2000 ft

GEOSYNTEC CONSULTANTS .




| Developing a Management Measure — Example 2

e Gather input b e 27 80
 |dentify Critical Issues . -

« Major flooding -

* Debris in creeks | i Cathe |

 Undersized infrastructure | :*« & i

 Solutions e L_,'hw

 Localized projects — clearing d e o T
debris, increase stormwater | = ] sl 9 &8 1 \
capacity of infrastructure, etc. I [E?f - (s

* Regulatory — growth ) m ,_x o) 48 LM _-E

management plans, etc.

« Comprehensive — Updated g
Stormwater Inventory
* Implementation
» Highest Priority — Updated s Tt | i
i s e L
Stormwater Inventory Dot X | g
| e Syl I S R
@ Pipe collapse and repair multiple times o prs mnrma:mimzm 19

GEOSYNTEC CONSULTANTS
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Three plans

Gulf Frontal — Completed in 2020
« D’Olive Creek — Completed in 2022
Western Perdido — Ongoing

Goal: Characterize the
Watershed and identify critical
Issues and propose solutions
to issues in Watershed

Heauvily relies on public
outreach and community

engagement in addition to data i |

collection and interpretation

Commonly used as a basis for
grant applications

GEOSYNTEC CONSULTANTS
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City of Foley Flood Response Plan

« Completed in 2021

* Goal: Identify flooding Y -
hazards and compile ,,
response actions

« Three main components: 5
* Flood Hazard and Risk Assessment P
Current and Future Climate Impacts

Currently Identified Flood Hazard N -
Areas and Actions ) o

Heavily influenced by local officials
Known problem areas and here’s a set

of actions performed during floods A S . .
° POtentiaI Measures Legend County Road 12 at Bon Secour River
—— Base Flood Elevation B vE
Mana?ement Measures to reduce 02 X ) o o e P
repeat flooding - e i Geosyntec® Figure
Management Measures to lessen future |mmow : o 16
impacts

GEOSYNTEC CONSULTANTS ‘



| Bay County Stormwater Master Plan

« Completed in 2023 with subconsultants

. Baskerville Donovan, Inc.
. The Balmoral Group

 Goal: Update Master Plan and Strategic
Plan to guide next 5-10 years of stormwater
management program

. Plan included:

Review of previous plan

Regulatory Review

Stormwater Facilities and Operations
Water Quantity

Water Quality

Ecology

BMPs

Vulnerability and Resilience Assessment
Funding

Implementation Strategies

L Sterm Surge 2100-High
D Bay County Limits (2000 MSL + 2.0 m SLR}

Storm Surge 2100-Initial (2000 MSL)
o S 10 20
Miles

Storm Surge 2100-Intermediate Low
(2000 MSL + 0.5 m SLR)

i g EESLR-NGOM Surge Inundation Limits
f:‘EB".? :;rf iﬁ?f?..';‘fﬁ';“""e thh Bay County Stormwater Master Plan

GEOSYNTEC CONSULTANTS ‘




Closing Thoughts

 These Plans provide a
good basis to address
current issues
throughout a
community.

Future climate
Impacts are becoming

more frequent and
should be evaluated
now to preserve
community resources.

Photo credit: TNC GEOSYNTEC CONSULTANTS ‘
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