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WHAT IS A VULNERABILITY ASSESSMENT?

Vulnerability assessments are used to measure @
the impact of certain acute shocks or chronic
stresses to people, infrastructure, and land uses.

/ \

It helps a community determine which structural
and social assets are likely to be impacted by
these stresses.

Vulnerability
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» WHY CARE ABOUT A VULNERABILITY ASSESSMENT?

Helps determine how resilient a system is
Helps prepare in emergency situations
Helps plan for future projects

Helps prioritize projects

Helps prioritize land acquisition

Helps establish policies and code

Helps get $$$$$$$%$%$ for projects
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> REQUIREMENTS FOR A VULNERABILITY ASSESSMENT?

Critical Assets: - _—

1. Transportation - Roads bridges, rail, e TGN

and marina ,/f/f /,;f i
2. Critical Infrastructure - Non-buildings, "/’///

all utilities '-~-:-T;,;a;.5,
3. Critical Community and Emergency Hydroiogle .- g ==
Facilities - Buildings, schools, health care i
services

4. Natural, Cultural, and Historical
Resources - Shorelines, conservation
lands, parks

=1~ Watcr mnnagen'lent
.. Groundwater
\" withdrawal

)
. Surace A
withdrawal 7},

NOAA Intermediate = NOAA Intermediate High

Low

2040 7 -
e | 0B | > TIDAL FLOODING

» STORM SURGE
» RAINFALL
» COMBINATION

2100 1.77 6.00
' * Elevation NAVD88

| RESILIENT MARTIN




TIDAL FLOODING - EXPOSURE
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> VIRGINIA KEY GAGE

> TIDAL FLOODING = MHHW + 2 FEET

» PROJECTIONS — PRESENT DAY,
2040, 2070, 2100



TIDAL FLOODING

PRESENT DAY — TIDAL FLOOD DAYS (VIRGINIA KEY)

Approximate Days of Tidal Flooding

2004-2022 (NAVDS8S Feet)

Observed
1 | 2.02
5 | 1.80
. 10 1.60 |
‘ 15 | 1.45
\ 20 1.5
30 | 1.23: |
| 40 | 114
50 | 0.98
} 100 | 0.79
2150 | 0.47 |

Approx. 2040-NIL  2070-NIL  2100-NIL  2040-NIH 2070-NIH 2100-NIH

Days
1 2.10 2.76 3.28 2.92 5.06 7.82
5 1.90 2.54 3.06 2.64 4.79 7.52
10 1.74 2930 2.93 2.50 4.58 7.31
15 1.60 2.15 2.80 2.37 4.38 7.17
20 1.49 2.05 2.70 2.26 4.26 7.07
30 1.37 1.94 257 2ii2 4.13 6.94
40 1.27 1.85 2.48 2.02 4.02 6.84
50 e 1.70 2.34 1.86 3.88 6.65
100 0.93 1.51 2.14 || 1.65 3.66 6.38
2150 0.61 1.17 | 1.81| 1.30 3.24] | 5.85
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Sea Level Rise at the A1A Bridge based on the MHHW
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> EXPOSURE ANALYSIS: SEA LEVEL RISE

NOAA Intermediate
High, Present day +
2040/2070/2100
SLR + High Tide =
2.62" above
NAVD88
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) » STORM SURGE
. Utilized HAZUS-MH program
» Evaluated 100 year and 500
year Stillwater Elevations
» Projections — Present Day,
2040, 2070, 2100

Planning Horizon 100-Year 500-Year

Present Day Average Stillwater 4.96 6.59
'_N_IL_2DT40_Ad}usted_Average Stillwater - 5.65 7.28
' NIL 2070 }\”dj'usted' A\rerage Stillwater 6.21 7.84
' NIL 2100 Adjusted Average Stillwater ' 6.73 | 8.36

NIH 2040 Adjusted Average Stillwater 6.37 8.00
' NIH 2070 Adjusted Average Stillwater 8.24 | 9.87 |
' NIH 2100 Adjusted Average Stillwater ~ 10.96 12.59
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> EXPOSURE ANALYSIS: STORM SURGE

NOAA Intermediate
High, Present day +
2040/2070/2100
SLR + Storm Surge
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’ RAINFALL

—

|—| EC RAS Year Scenario Precipitation (inches)
) ) Present Day 10-Year 7.50
" Storm EventS o ]OYR_-l D’ Present Day 25-Year 9.234
25YR-1 D, SOYR-1 D, a nd Present Day 50-Year 10.90
-|OOYR--| D Present Day 100-Year 12.50
» Utilized SFWMD Rainfall
Change Factors ) | | M st Lucie
- Projections - Present
Day, 2040, 2070, 2100 1
Return Period| 2080 | 2070 | 2100 _ 35 {\ /\ A A
10 1.09 1.12 1.25 =" D+A I ’\/\/\V JANAVAW ‘An qnv e
IS w45 =V AL R VA VAT B 0 e
25 1.11 1.15 1.321 20 V
50 1.3 117 1.36 i _ | |
1m 1. 12 1.19 1.43 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020
—e— Vel Season Total Rainfall —e— Average Linear Trend -+— Lower Linear Trend (2.5%) Upper Linear Trend (97.5%)
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» EXPOSURE ANALYSIS: RAINFALL

» NOAA Intermediate High — 2040, 2070, 2100 for the TOOYR-1D
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COMBINATION FLOODING

» High Tide Flooding: Projected sea
level rise and high tide flooding
scenarios based on NOAA
Intermediate Low (NIL) and
Intermediate High (NIH) projections

» Storm Surge Events: 100-year and
500-year storm surge projections

» Rainfall Events: 25-year and 100-
year rainfall event

| RESILIENT MARTIN

NOAA Intermediate Low and High Combined
Flood Scenario Water Rise Impacts

Sea Level Rise
Scenario

Surge Scenario

Rainfall Scenario

Combined Water
Rise (ft)

NIH Present Day 100-Year 25 Year 24 Hour 755
NIH Present Day 100-Year 100 Year 24 Hour 8.00
NIH Present Day 500-Year 25 Year 24 Hour 9.18
NIH Present Day 500-Year 100 Year 24 Hour 9.63
NIL 2040 100-Year 25 Year 24 Hour 8.63
'NIL 2040 100-Year 100 Year 24 Hour 9.27
NIL 2040 500 Year 25 Year 24 Hour 10.26
NIL 2040 500 Year 100 Year 24 Hour 10.90
_NIH 2040 '100-Year 25 Year 24 Hour 9.35
NIH 2040 100-Year 100 Year 24 Hour 9.99
NIH 2040 500-Year 25 Year 24 Hour 10.96
NIH 2040 500-Year 100 Year 24 Hour 11.62
NIL 2070 100-Year 25 Year 24 Hour 9.19
NIL 2070 100-Year 100 Year 24 Hour 9.83
NIL 2070 500-Year 25 Year 24 Hour 10.82
NIL 2070 500-Year 100 Year 24 Hour 11.46
NIH 2070 100-Year 25 Year 24 Hour 11.22
NIH 2070 100-Year 100 Year 24 Hour 11.86
NIH 2070 500-Year 25 Year 24 Hour 12.85
NIH 2070 500-Year | 100 Year 24 Hour 13.49
NIL 2100 100-Year 25 Year 24 Hour 9.71
NIL 2100 100-Year 100 Year 24 Hour 10.35
NIL 2100 500-Year 25 Year 24 Hour 11.34
NIL 2100 500-Year 100 Year 24 Hour 11.98
NIH 2100 100-Year 25 Year 24 Hour 13.94
NIH 2100 100-Year 100 Year 24 Hour 14.58
NIH 2100 500-Year 25 Year 24 Hour 15.57
NIH 2100 500-Year 100 Year 24 Hour 16.21




> EXPOSURE ANALYSIS: PRESENT DAY SLR + 100 YEAR STORM
- SURGE + 25 YEAR RAINFALL
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»} FLOODING “HOT SPOTS’

» Areas prioritized
with:

1) the highest

amount of critical

assets

2) where those

aggregations of

assets are also

impacted by flooding

x| NASA oA, LISGE, FEMA, Sources: Exr, Tormiiom, Garmin, FAD), NOAA USG

| RESILIENT MARTIN




Flood Depth il D

P L] P

’xz" Ofeet No Exposure No floeding detected. Areas with
y’y:}’ S E N S I T I V I TY ANALYS I S ’ noimpactlr;rom sea levelrise or

flooding.

0to 0.5 feet Minor flooding. Shallow
inundation typically causing
minimal impact.

. . 0.5 feetto 1.0 foot Medium Exposure Moderate flooding. Likely to

i t d di
» Reflects what assets will be impacted and when il eyt
flooding also generally
compromises emergency

» Prioritizes Assets (both within and outside of the managemertaperatons,
1.0 foot to 3.0 feet Significant flooding. Sering:
Flooding Hot Spots degree of inundation causing
» Provides results in both lists of assets and maps

damage and major disruptions.

More than 3.0 feet Severe flooding. Extensive
inundation posing critical
threats and causing extensive
damage.

NIHPresentDay NIH2040 NIH2070  NIH 2100
i SLR+HTF B sLr+HTF B8 sLR+HTF @ sLr+HTF B

AssetName [Bl AssetiD

Roads NE INDIAN RIV DR 0
Roads NE INDIAN RIV DR 0
Roads NE INDIAN RIV DR 0
Roads NE INDIAN RIV DR 0
Roads NE OAK HILL WAY 0
Roads NE SEWALLS L WAY 0
Roads NE INDIAN RIV DR 0
Roads NE BAILEY TER 0
Roads NE INDIAN RIV DR 0 0
Roads NE INDIAN RIV DR 0 0
Roads NE PALM DR 0 0
Roads NE JETTY WAY 0 0 0 0
Roads NE SUNRISE WAY 0 0 0 0.548297071
Roads NE INDIAN RIV DR 0 0 j
Roads NE SEWALLS PO RD : -
Roads NE SUNNY ACR WAY
RESILIENT MARTIN Roads NE CASTLE HI WAY
Roads INTERCOASTAL DR 0




> ASSET PRIORITIZATION FOR MAPPING

Reflects: timing of impacts, type of flooding impact, severity/frequency of impact
and social vulnerability of those people affected

gEm e e

! N

Horizon Index: 1 Composite Index Score Assigned Priority
Timing of flooding | ‘ Threshold
impacts /
-------------------- Top 5% Highest Values 1
/ Riskindex: 510% a
e of floodin I
[ meotfoodns | APRIORITIZATION
'1\ frequency of flood ;' 15-25% 4
FRAMEWORK == :
______________________ a5, ' Below 50%/Median Value -Not | 0
Impact Index: v Prioritized

I: Social factors and E
' average flood depth /

.
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>

» Reflects what assets will be impacted and

when

» Prioritizes Assets

» Provides results in both lists of assets and

maps

Criticul Assets Priositized within Flooding Hot Spors.

£l

» SENSITIVITY ANALYSIS

= =P8 e @

11348

Saormrster Snares
¥ Ssormwwter Lnker

& Sanirary Sower Lifi Ssaions
B Samitary Sewes Pubdicly Oised Lift Stations
& Publicly Owsed Sewer Pusmps.

% Hiclipads

= USPS Facilities

4 Martin County Govermment Buildiegs
© T Ssaps

© Bost Ramps

M Electrical Subsations

B Micrrwave Service Towers
[F Mobile Home Parks

10 Local Law Enfarcement
¥ Local Luw Enfarcement
& Govornment Facilitics

W Fire Suations

B EMS Stations

Q) Haspisals

% Pharmacies

= Nursing Homes

& Now-Ermiagenay Medival Paclizes
T Emergency Shelers

O Publie Schooks

w Edducation Center

D Libesry

+ Railroads.

- Airports
Saninary Sewer Vacuum Huildings
B Sanicary Sewer Repusmp Stations
* ] Comsercation Areas sed Pasks
Pasks.
Cammueity Redevelopment (CRAs)
£ CHA Bowndaries
CRA Sercet Regulating Plan
= Primary Srees
Secvelary Strect
= Propused Waerront Trail
Porential Consplete Street Segmmemt
gz Tradl

Wit

Dictached Limited.
Detachen Eatane
£ Furare Sureet or
177 Reapuired Commencial Froncage
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4 - High

> URBAN HEAT ANALYSIS AWl

» DATA FROM THE 2020-2023 TRUST FOR
PUBLIC LAND SEVERE HEAT ANALYSIS

» KEY FACTORS

+ IMPERVIOUS SURFACES
* LIMITED VEGETATION

* HIGH BUILDING DENSITY

Table A - Jensen Beach Heat Severity Statistics 2020-2023

Year LandAreaExposedto LandAreaExposedto LandAreaExposed to
Level 3 Heat Severity Level4 Heat Severity Level5 Heat Severity

2020 | 4.20 acres (7.30%) 0 acres (0%) ' 0acres (0%)
12021 | 5.70acres (10.00%) | 0.60acres (0.87%) | 0acres (0%)
2022 3.50 acres (6.00%) 0.14 acres (0.24%) | 0 acres (0%)
2023 | 6acres (10.40%) 4.60acres (8.00%) | 0acres (0%)
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> » SEA LEVEL AFFECTING MARSHES MODEL (SLAMM)

Available on NOAA website:

https://coast.noaa.gov/digitalcoast/tools/sla Model Process Overview
mm.html
Originally founded by the Nature Addresses Six Primary Processes

Conservancy (Inundation, Erosion, Saturation,

Produced by Warren Pinnacle Consulting,
Inc. in partnership with ESA Associates
Mathematical Model that uses digital
elevation data and other information to
simulate potential impacts of long-term sea
level rise on wetlands and shorelines

Edrystion (Matrs)
a - ~
B - b o -4
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AREA 1 — PRESENT DAY (NIL — 2.56°'NAVD — 0 RISE)

Bl Developed Dry Land \
B Undeveloped Dry Land - ! !
I Swamp
Ml Cypress Swamp
B Inland-Fresh Marsh
Tidal-Fresh Marsh
B Trans. Salt Marsh
Regularly-Flooded Marsh
Bl Mangrove
Estarine Beach
Tidal Flat
Ocean Beach
B Occan Flat
Raocky Intertidal
Inland Open Water
Bl Riverine Tidal
Bl Estarine Open Water
- Creck
Hl Open Occan
W Flooded Developed Dry Land
B Flooded Forest

NE-Savannsh Rd




AREA 1 —-2040 (NIL — 2.92'NAVD - 0.36" RISE)
e

B Developed Dry Land
Indeveloped Diry Land e P T ——

N Sarip i . " 5 . "\' 5
Bl Cypress Swamp - - ;
B Inland-Fresh Marsh

Tidal-Fresh Marsh
B Trans. Salt Marsh

Regularly-Flooded Marsh
Bl Mangrove

Estarine Beach

Tidal Flat

Ocean Beach
B Occan Flat

Raocky Intertidal

Inland Open Water
Bl Riverine Tidal
Bl Estarine Open Water
Bl Tidal Creek

Open Occan
B Flooded Developed Dry Land
Bl Flooded Forest
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AREA 1 - 2070 (NIL — 3.48'NAVD - 0.92" RISE)
i

B Developed Dry Land
Tadew ; e e ———— — e .
—ea AT AN KEE % \
Cypress Swamp a . 3 y e LEY :
B Inland-Fresh Marsh
Tidal-Fresh Marsh
B Trans. Salt Marsh
B Regularly-Flooded Marsh
Bl Mangrove
Estarine Beach
Tidal Flat
Ocean Beach
B Occan Flat
Raocky Intertidal
Inland Open Water
Bl Riverine Tidal
Bl Estarine Open Water
Ml Tidal Creek
Open Ocean
B Flooded Developed Dry Land
Bl Flooded Forest
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AREA 1 -2100 (NIL — 3.84'NAVD —1.28' RISE)

Bl Developed Dry Land
B Undeveloped Dry Land A e e s e—
B Swamp . . ! AL L ' " i
Cypress Swamp - : ; \ 5 :
I Inland-Fresh Marsh
Tidal-Fresh Marsh
B ‘Trans. Salt Marsh
Regularly-Flooded Marsh
Bl Mangrove
Estarine Beach
Tidal Flat
Ocean Beach
B Occan Flat
Rocky Intertidal
Inland Open Water
Wl Riverine Tidal
Bl Estarine Open Water

W Flooded Developed Dry Land
B Flooded Forest
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MARTIN COUNTY HABITAT CHANGE - NIL

SLAMM Category Present 2040 2070 2100 Change Change Change . H

Day Hectares Hectares Hectares from from from DeCIlne In Swamp and Cypress Swamp

Hectares Present Present Present Areas

Day to Day to Day to
2040 2070 2100 - Current Extent: Swamps: 13,940 hectares,
Developed Dry Land 11081 10052 8906 7522 -9.28% -19.63% 32.11%
Undeveloped Dry Land 91621 90384 88653 85754 156% 3.45% 661% Cypress Swamps: 2,556 hectares
Swamp 13940 13066 12451 11587 6.27% -10.68% 16.88% | . 2040 Projections: NIL (_6_27%, _4_16%)’
Cypress Swamp 2559 2453 2365 2260 -4.16% -7.59% -11.69% NIH (-8 85% -6 68%)
Inland-Fresh Marsh 12265 12129 12099 12079 -1.11% -1.35% -1.52% ) ’ )
H : . 0 0
Tidal-Fresh Marsh 138 128 127 124 -7.32% -8.26% -993% | ° 2100 PI'OjeCtIOﬂS. NIL ('16-88 /0, -11.69 /0),
Trans. Salt Marsh 1893 2469 2525 3731 30.40% 33.33% 97.03% NIH (-73_23%, _80_68%)
Regularly-Flooded 798 1927 3190 4928 141.36% 299.58% 517.23%
Marsh e ”
Mangrove 30 24 24 24 -18.97% -19.30% -19.30% Transition of Coastal Wetlands:
Estuarine Beach 17 16 14 13 -8.64% -19.55% -25.90% « Transitional Salt Marsh:
Tidal Flat 313 1010 1314 1451 223.06% 320.39% 364.04%
Ocean Beach 1138 1129 1104 1076 0.85% 3.01% 5.49% o Current: 1,893 hectares
Ocean Fl 797 786 767 743 -1.45% -3.84% -6.84%
i o 2100: NIL (+97.03%), NIH (+2903.08%)
Rocky Intertidal 605 599 592 582 -0.92% -2.23% -3.74%
Inland Open Water 4445 4361 4258 4107 -1.87% -4.19% -7.60% « Mangroves:
Riverine Tidal 407 404 402 394 -0.62% -1.32% -3.20%
o Current: 30 hectares

Estuarine Open Water 163 319 1197 2081 96.34% 636.20% | 1180.11%
Tidal Creek 0 0 0 0 0.00% 0.00% 0.00% o 2100: NIL (-19.30%), NIH (-94.92%)
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MARTIN COUNTY HABITAT CHANGE - NIL

SLAMM Category Present 2040 2070 2100 Change Change Change Expansion of Marshes and Open Water:
Day Hectares Hectares Hectares from from from
Hectares Present Present Present i Reg u ta rly F lOOd e d M ars h .
Day to Day to Day to =
2040 2070 2100 3
Open Ocean 5 76 64 109 | 389.84% | 1131.72% | 1991.19% o Current: 798 hectares
Irreg.-Flooded Marsh 1 2 2 1 58.54% 55.24% 12.84% o 2100: NIL (+517.23%), NIH (+2417.38%)
Inland Shore 0 0 0 0 -5.80% -38.99% -76.65% .
e« Estuarine Open Water:
Tidal Swamp 8 3 3 2 -33.61% -61.65% -80.52%
Flooded Developed Dry 1203 2232 3379 4762 85.45% 180.75% 295.68% o Current: 163 hectares
Land
Flooded Forest 32 138 226 331 332.75% 607.34% 935.79% o 2100: NIL (+1180.11%), NIH (+3269.77%)
Aggregated Non Tidal 104105 102669 100937 98039 -1.38% -3.04% -5.83%
Freshwater Non-Tidal 28765 27648 26915 25926 -3.88% -6.43% -9.87%
Open Water 5019 5111 5921 6691 1.82% 17.96% 33.30 %
Low Tidal 2871 3540 3791 3865 23.31% 32.04% 34.62%
Saltmarsh 798 1927 3190 4928 141.36% 299.58% 517.23%
Transitional 1956 2633 2777 4087 34.60% 41.92% 108.91%
Freshwater Tidal 147 134 130 126 -8.83% -11.33% -14.00%
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}> ADAPTATION STRATEGIES 4: 1 2: 1

> Building-level Community-
adaptation wide adaptation
TYPES OF ADAPTATION STRATEGIES strategies strategies
(NN @ s outweigh the outweigh the
costs 4:1 costs 2:1

Once major needs and priorities are defined, specific adaptation strategies
can be developed, vetted, and defined.

03 Retreat

Retreat from areas or infrastructure where protection
or accommodation will not be efficient or effective
can be voluntary, incentivized, or done gradually,

01 Protection

Protection strategies are structurally defensive
measures that directly protect vulnerable structures,
allowing them to be left largely unaltered.

02 Accommodation 04 Avoidance

Accommodation strategies alter physical design of
vulnerable structures to allow the structure or land
use to stay in place with modification.

RESILIENT MARTIN

Avoidance involves guiding new development away
from areas that are subject to coastal hazards and
can be done by implementing policy and/or offering
of incentives.

Figure 19. Types of Adaptation Strategies.




>

.

» RECOMMENDATIONS - THEMES

. Targeted Resilience Planning: Develop tailored adaptation strategies for

each hotspot based on the specific asset vulnerabilities identified. For
example, prioritize wetland restoration in areas where natural resources are
significantly exposed, and reinforce transportation infrastructure in highly
impacted zones.

Enhanced Shoreline Protection: Focus on hotspots with high exposure to
storm surge where there is evidenced documentation of recent shoreline
erosion. Implement measures such as living shorelines, dune restoration, and
improved drainage systems.

Infrastructure Fortification: Strengthen transportation networks and critical
facilities in high-risk areas. Consider elevating roadways and improving
drainage systems to reduce flood risks.

Land Use Planning: Utilize exposure data to inform zoning and land-use
policies. Limit development in high-risk zones and encourage nature-based
solutions for flood mitigation.

RESILIENT MARTIN
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» RECOMMENDATIONS — THEMES (CONT.)

5. Community Engagement and Preparedness: Educate local communities on
the risks identified in the assessment. Promote disaster preparedness and
encourage the adoption of resilient construction practices.

6. Long-Term Monitoring: Establish a framework for continuous monitoring of
exposure metrics across hotspots and non-hotspot areas. Use updated data
to refine adaptation strategies over time.

7. Modeling of Sample Recommendations: Integrate the findings from the "Hot
Spot Results" section of the report into the broader resilience strategy. Use
this data to prioritize actions and allocate resources effectively.

8. Regional Coordination: Collaborate with neighboring counties and regional
agencies to address shared vulnerabilities, particularly for large-scale
challenges like storm surge impacts and wetland conservation.
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',f.,:- GRANT SUCCESS TO DATE

» Vulnerability Assessment required for continued Resilient Florida program
funding eligibility

2021-22 Grant Cycle Projects Match Amount 2023-2024 Grant Cycle Projects Match
(50%) Amount (50%)

PLANNING GRANTS

Cypress Creek Restoration Project | $750,000

»2018 - $34,000
»2019 - $75,000

»2021 - $191,000 Stormwater Backflow Preventer | $198,380
Installation
;%83% : g;gboggo Golden Gate Stormwater $180,000
) Treatment Area North Outfall
TOTAL $625 1 00 Twin Rivers Park Shoreline $862,000
= Stabilization

Stormwater Backflow Preventer $200,000
Installation Ph 2

TOTAL - $1 0 , 963,91 8 ISnrc]i(i)arg"I;(i;/;r;idze Park Living $1,863,938

Total Program Funding to Date
Awarded to Martin County from State of Florida: $10,338,818
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RESILIENCE IN ACTION

Bathtub Beach and MacArthur Boulevard October 26, 2012

e
INDIAN RIVER\ +

Tropical Storm Sandy

ATLANTIC OCEAN

RESILIENT MARTIN



>> RESILIENCE IN ACTION
Bathtub Beach and MacArthur Boulevard
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:’ NEXT STEPS

» Finalize Vulnerability Assessment work
products and submit to Florida Department
of Environmental Protection

» Enhanced public outreach

HOW ARE
» Adaptation planning efforts

» More refined modeling through stormwater YOU

master plan/watershed management plan ADAPTI N G ?
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’f;::» QUESTIONS/COMMENTS?
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