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1. SUMMARY

This document provides an inventory of the hazard data gathered for the vulnerability assessment. Four
types of flooding-related hazards are considered in the vulnerability assessment: Federal Emergency
Management Agency (FEMA) flood zones, storm surge, sea level rise and high tide flooding. For each of
these hazards, we use the most up-to-date nationally available datasets from federal sources. No
additional modeling is performed by FernLeaf Interactive.
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1.1 FEMA FLOOD ZONES

In coastal areas like Hallandale Beach, FEMA Flood Zones represent a combination of rainfall-induced and
storm surge flooding.

The assessment uses the most recent floodway, wave action, 100-year and 500- year floodplains
developed by FEMA to support the the National Flood Insurance Program (National Flood Hazard Layer
(NFHL) Id 12011C; effective on 8/18/2014).

Depth grids are not available for FEMA flood zones.

|:| City of Hallandale Beach
|:| Census Block Groups

Waterbody
FEMA Flood Zones

B Floodway or wave action area

- 100-yr floodplain
500-yr floodplain

N

Data Source: FEMA NFHL 12011C )
Map created by Fernleaf Interactive

Esri, HERE, Garmin, (€) OpenStreetMap contributors, and the GIS user community

FIGURE 1: CITY OF HALLANDALE BEACH FEMA FLOOD ZONES
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1.2 STORM SURGE FLOODING
Flooding caused by an abnormal rise in tide from a severe storm (e.g. a hurricane) over and
above the usual, astronomical tide.

The assessment uses the Sea Lake and Overland Surge from Hurricanes (SLOSH) Maximum of the
Maximum Enveloped of Water (MOM) layer for hurricane categories 1-5, developed by the National
Oceanic Atmospheric Administration (NOAA) National Weather Service's National Hurricane Center. This
layer represents a “worst case” scenario of flooding resulting from an “ideal” storm. Figure 2 shows storm
surge inundation for Category 1, Category 2-3 and Category 4-5 storms.

Storm Surge Inundation

I:l Category 4-5
- Category 2-3
- Category 1

:l City of Hallandale Beach
I:l Census Block Groups

Data Source: NHC SLOSH MOM dataset
Map created by Fernleaf Interactive Esri, HERE. Garmin, {c} OpenStreetMap contributers, and the GIS user community

FIGURE 2: CITY OF HALLANDALE BEACH STORM SURGE INUNDATION BY HURRICANE CATEGORY

City of Hallandale Beach Vulnerability and Adaptation Plan — Task 1: Flood Hazard Mapping



Figures 3 — 5 show inundation depth grids for Category 1 — 5 storms, respectively.
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E City of Hallandale Beach
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Storm Surge Inundatation Depth Grid
for Category 1 Storm

Depth (feet)

o1 -+

- B

|

| ~'\ \"

|
\ /

&,
/—1 K‘\ \
/

=

x
4

Data Source: NHC SLOSH MOM dataset
Map created by Fernleaf Interactive

N

A

Esri, HERE, Garmin, (¢) OpenStreetMap contributors, and the GIS user community

FIGURE 3: STORM SURGE INNUNDATION DEPTH GRID, CATEGORY 1 STORM

City of Hallandale Beach Vulnerability and Adaptation Plan — Task 1: Flood Hazard Mapping



12

E City of Hallandale Beach

E Census Block Groups

Waterbody

Storm Surge Inundatation Depth Grid
for Category 2 Storm
Depth (feet)

o s
o B

Data Source: NHC SLOSH MOM dataset

N

A

Map created by Fernleaf Interactive Esri, HERE, Garmin, (¢) OpenStreetMap contributors, and the GIS user community

FIGURE 4: STORM SURGE INNUNDATION DEPTH GRID, CATEGORY 2 STORM
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E City of Hallandale Beach

E Census Block Groups

Waterbody

Storm Surge Inundatation Depth Grid
for Category 3 Storm
Depth (feet)

o s
o B

Data Source: NHC SLOSH MOM dataset

N

A

Map created by Fernleaf Interactive Esri, HERE, Garmin, (¢) OpenStreetMap contributors, and the GIS user community

FIGURE 5: STORM SURGE INNUNDATION DEPTH GRID, CATEGORY 3 STORM
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E City of Hallandale Beach

E Census Block Groups

Waterbody

Storm Surge Inundatation Depth Grid
for Category S Storm
Depth (feet)

o s
o B

Data Source: NHC SLOSH MOM dataset

N

A

Map created by Fernleafl Interactive Esri, HERE, Garmin, (¢) OpenStreetMap contributors, and the GIS user community

FIGURE 6: STORM SURGE INNUNDATION DEPTH GRID, CATEGORY 4 STORM
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D City of Hallandale Beach North Lake
E Census Block Groups

Waterbody
Storm Surge Inundatation Depth Grid South Lake
for Category 4 Storm

Depth (feet)
o 2
B B

Data Source: NHC SLOSH MOM dataset

N

A

Map created by Fernleaf Interactive Esri, HERE, Garmin, (¢) OpenStreetMap contributors, and the GIS user community

FIGURE 7: STORM SURGE INNUNDATION DEPTH GRID, CATEGORY 5 STORM
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1.4 SEA LEVEL RISE

The relative rise of the local mean sea level over time. Sea level rise can cause permanent inundation as
well as an increase in frequency and severity of future tidal flooding.

The assessment uses the NOAA Sea Level Rise Viewer dataset, including inundation extents for up to 10
feet mapped using a "“modified bath-tub approach”. Based on the 2019 SLR curves developed by the SE
Florida Regional Climate Change Compact and the City's feedback, we chose two sets of sea level rise
levels for the analysis: 1, 2 and 3 ft for the near-term and 2, 4 and 5 ft for medium/long- term.

Depth grids are not available for sea level rise.

[_] city of Hallandale Beach A
Census Block Groups
Waterbody

Sea Level Rise MHHW)
3ft

B

[ R

Data Souvre: NOAA Sea Lavel Rise Viewer (dowloaded Nov. 2019)
Mep created by Farnleaf Interactive

E=ri; HERE, Sarmin, (£ @0oen Srestilan conirbiuiars, and ihes SIS user comemunity:

FIGURE 8: CITY OF HALLANDALE BEACH NEAR-TERM 1, 2- AND 3-FOOT SEA LEVEL RISE INUNDATION EXTENTS

City of Hallandale Beach Vulnerability and Adaptation Plan — Task 1: Flood Hazard Mapping 13
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|:| City of Hallandale B each
Census Block Groups
Waterbody

Sea Level Rise (MHHW)
51t

o
B

Data Source: NOAA Sea Level Rise Viewer (dowloaded Nov. 2019)
Map created by Fernleaf Interactive

N

A

Esri. HERE. Garmin, (¢} OpenStreetMap contributors, and the GIS user community

FIGURE 9: CITY OF HALLANDALE BEACH MID- TO LONG-TERM 2, 4- AND 5-FOOT SEA-LEVEL RISE INNUNDATION EXTENTS
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1.5 TIDAL FLOODING
Tidal flooding is flooding of the low-lying land along the coastline from a high tide that is not

associated with a major storm. Tidal flooding is also referred to as "high tide”, “sunny day”, or

"nuisance” flooding.

The assessment uses the “High Tide Flooding” layer produced by NOAA.

Depth grids are not available for tidal flooding.

- Tidal Flooding (current)
:l City of Hallandale Beach

:l Census Block Groups

N

Data Source: NOAA Sea Level Rizse Viewer (downloaded Nov 2019) A
Map created by Femleaf Interactive Esri, HERE. Garmin, (c) OpenStreetMap contributors, and the GIS user community

FIGURE 10: CITY OF HALLANDALE BEACH CURRENT TIDAL FLOODING
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2. FLOOD AREA AND FREQUENCY

AccelAdapt uses a parcel-based rather than an area-based methodology. However, flood area extents
were calculated for the flood types included in the analysis and displayed in AccelAdapt. This allowed the
percentage of the total City area affected to be calculated.

The frequency of the various flood types is discussed in terms of recurrence intervals, where it makes
sense to do so. Some flood types, such as sea level rise contribute to increased frequency of other flood
types, such as storm surge and tidal flooding. Projections of changes in frequency of most flood types are
subject to uncertainty.

1.6 FLOOD AREA

Flood areas were calculated in acreage and as a percentage of the total area of the City for each of the
flood layers mapped, including FEMA Flood Zones, Storm Surge, Near-term Sea Level Rise, Mid/Long-
term Sea Level Rise, and Tidal Flooding. Flood area calculations were performed using Geographical
Information Systems (GIS) software and should be regarded as approximate. GIS-based area calculations
vary in accuracy depending on the map projection used, with equal-area projections providing the best
results. An Albers Equal Area map projection was used to perform flood area calculations.

1.6.1 FEMA Flood Zones

FEMA identifies areas on its Flood Insurance Rate Maps as Special Flood Hazard Areas (SFHA) if there is a
1% or greater risk that they will be flooded in any given year. A flood with a 1% annual probability is also
called a 100-year flood, or a base flood. For the purposes of this study flood with a 100-year and 500-year
return probability were considered. Note that FEMA flood zones include heavy or extreme precipitation
among the various factors used in determining the flood area.

Approximately 83.5% of the City's area is located in a SHFA. Table 1: City Area within FlooD ZoneS below
shows acreage and percentage of total City area located in the 100-year and 500-year flood zones.

TABLE 1: CITY AREA WITHIN FLOOD ZONES

Type of Flooding Description Area Inundated (Acres) Percent of Total City Area
100-year 1545.1 54.92%
FEMA SFHA 500-year 804.2 28.58%

City of Hallandale Beach Vulnerability and Adaptation Plan — Task 1: Flood Hazard Mapping 16



1.6.3 Storm Surge

Storms surge flooding was modeled for Category 1 through 5 hurricanes. The analysis uses the SLOSH
MOMs to model an ideal storm under a worst-case scenario. Table 2 shows area inundated in acres and
percent of total City area for each depth range of flooding under each hurricane category rating.

TABLE 2: CITY AREA SUBJECT TO STORM SURGE BY HURRICANE CATEGORY

Type of Flooding Depth of inundation (Feet)  Area Inundated (Acres) Percent of Total City Area
Storm Surge, 0-1' 81.8 2.91%
Category 1 1-2' 10.0 0.36%
Storm Surge, 0-1' 230.0 8.17%
Category 2 1-2' 50.3 1.79%
2-3' 6.4 0.23%
0-1' 454.1 16.14%
Storm Surge, 1-2' 121.6 4.32%
Category 3 2-3' 26.7 0.95%
3-4 0.7 0.02%
0-1' 551.1 19.59%
1-2' 678.3 24.11%
Storm Surge, 2-3' 4179 14.85%
Category 4 3-4 161.0 5.72%
4-5' 38.5 1.37%
5-6' 6.7 0.24%
0-1' 315.8 11.22%
1-2' 451.9 16.06%
2-3' 607.1 21.58%
Storm Surge, 3-4 636.3 22.61%
Category 5 4-5' 270.0 9.60%
5-6' 75.8 2.70%
6-7' 20.5 0.73%
7-8 0.9 0.03%
1.6.4 Sea Level Rise

Sea level rise flooding was modeled for two scenarios, near-term and mid/long-term. Table 3shows area
inundated in acres and percent of total City area for each depth range of flooding under each sea level
rise scenario.

TABLE 3: CITY AREA INNUNDATED BY SEA LEVEL RISE, NEAR-TERM AND MID/LONG-TERM

Type of Flooding Depth of inundation (Feet) ~ Area Inundated (Acres) Percent of Total City Area
Sea Level Rise, Near | O - 1165 4.14%
Term ' 1-2 119 0.42%
2-3 154.1 5.48%
Sea Level Rise il 594.7 21.14%
Mid/Long Teir 2 658.6 2341%
23 165.1 5.87%

City of Hallandale Beach Vulnerability and Adaptation Plan — Task 1: Flood Hazard Mapping
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1.6.5 Tidal Flooding

Tidal flooding uses NOAA's “High Tide Flooding"” layer. This is current condition tidal flooding, i.e. it does
not project future tidal flooding conditions. The layer does not show flood depths, rather it indicates
whether an area is inundated. Table 4 shows the area in acres and percentage of the City as a whole
inundated by current condition tidal flooding, as well as the area and percentage of the City unaffected.

TABLE 4: CITY AREA SUBJECT TO CURRENT CONDITION TIDAL FLOODING

Type of Flooding Description Area Inundated (Acres) Percent of Total City Area
Tidal Flooding Inundated 65.5 2.33%
(Current Condition) Not Inundated 2,748.1 97.67%

1.7 FLOOD FREQUENCY

Flood frequencies are best represented through annual probabilities of occurrence for floods of a given
magnitude. Climate change will have the effect of decreasing the recurrence intervals for many types of
flooding.

1.7.1 FEMA Flood Zones

In coastal areas such as the City, FEMA Flood Zones include flooding related to both extreme precipitation
and storm surge. See the Task 3 Memo, “Future Precipitation Analysis” for discussion of climate
projections regarding the frequency of extreme precipitation events. Frequency of storm surge flooding is
discussed in Section 1.2.2, below.

FEMA flood zones are characterized by the probable frequency of flooding occurring over a given time
period. A 100-year flood has a 1% and a 500-year flood has a 0.2% chance of occurring annually.

Flooding related to precipitation occurs when urban drainage systems are overwhelmed by storm water as
a result of an extreme rainfall event. Storm surge flooding results in unusually high tides associated with a
severe storm, such as a tropical depression or hurricane.

Flood hazards are subject to frequent change due to changes in weather patterns, erosion, and
development. FEMA does not update flood maps on a regular schedule, but on an as-needed basis as
flood hazard change. Flood maps are not forward-looking, but are based on current conditions.

1.7.2 Storm Surge

The frequency of storm surge inundation events is related to several factors: the frequency and intensity
of hurricanes and other severe storms, and sea level rise. As sea level rises, the base tidal level will
increase, resulting in higher storm surge elevations.

The September 2018 Coastal Storm Surge Risk Assessment produced for Broward County, indicates higher
sea levels along the Broward coastline will result in increased risk of flooding due to both storm surge and
high tide events. Additionally, climate change may contribute to higher frequencies of tropical storms, and

City of Hallandale Beach Vulnerability and Adaptation Plan — Task 1: Flood Hazard Mapping 18
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related storm surge events (RMS Coastal Storm Surge Risk Assessment, Risk Management Solutions,
September 2018).

The report found that for nearby Fort Lauderdale and Hollywood beaches, the storm surge height would
increase linearly at approximately the same rate as sea level, i.e. a one foot increase in sea level would also
result in a one foot increase in storm surge. The data shows that the recurrent interval for a storm surge of
a given depth would decrease by approximately 50% corresponding to each foot of sea level rise. For
instance, under current conditions an 8.8 foot storm surge would be expected to occur at the city of
Hollywood's North Beach every 500 years. However, with one foot of sea level rise, the probability of
occurrence drops to once every 250 years, at two feet once every 100 years, and at 3 feet once every 50
years. This approximate rule is likely also valid for the City of Hallandale Beach.

1.7.3 Sea Level Rise

Sea level rise flooding was modeled for two scenarios (near-term and mid/long-term) based on the
Southeast Florida Regional Climate Change Compact's 2019 projections. Sea level rise is projected to be a
steady, gradual increase that results in permanent flooding. It is not subject to variations in frequency over
relevant timescales.

The projection indicates:

= Short term, by 2040, sea level is projected to rise 10 to 17 inches (0.8 to 1.4 feet) above 2000 mean
sea level.

= Mid/Long term, by 2070, sea level is projected to rise 21 to 54 inches (1.75 to 4.5 feet) above 2000
mean sea level.

1.74 Tidal Flooding
The assessment is based on NOAA’s

u

High Tide Flooding” layer which represents current tidal flooding
and does not project future changes. Like storm surge, tidal flooding will increase as a result of increasing
sea level. The National Climate Assessment states that, "By 2050, many Southeast cities are projected to
experience more than 30 days of high tide flooding regardless of [emissions] scenario.” (Carter, L, et. al.,
2018: Southeast Impacts, Risks, and Adaptation in the United States: Fourth National Climate Assessment,
Volume II. U.S. Global Change Research Program, Washington, DC, USA, pp. 743-808. doi:
10.7930/NCA4.2018.CH19)

NOAA projects that the nearby Virginia Key tidal gauge will experience about 30 days of tidal flooding per
year by 2100, based on a low emissions scenario and a derived high tide level of 0.53 meters. (NOAA
Technical Report NOS CO-OPS 086: Patterns and Projections of High Tide Flooding along the U.S.
Coastline Using a Common Impact Threshold, NOAA Center for Operational Oceanographic Products and
Services, February 2018).

City of Hallandale Beach Vulnerability and Adaptation Plan — Task 1: Flood Hazard Mapping 19
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However, under an intermediate-low scenario, tidal flooding would be nearly 200 days per year by 2100,
while intermediate, intermediate high, and high scenarios would see 200 days of flooding per year by
2055, 2045 and 2035, respectively. At intermediate scenarios and above, the location is flooded year-
round from 2070 onwards. Figure 6 shows projected number of days per year for tidal flooding at Virginia

Key for various emissions scenarios.

365 385
€ _ 300f 300
c
28
T 200t 200
- [7£]
% O 100r I‘||||| H‘ | 100
0 - : =u — 0 . : -
18680 1980 2000 2020 2040 2060 2080 2100 1960 1980 2000 2020 2040 2060 2080 2100
‘- Extreme [N High Int. High [ Intermediate [N Int. Low [ Low -Obser\red|

FIGURE 11: PROJECTED TIDAL FLOODING FREQUENCIES AT VIRGINIA KEY, MIAMI (SOURCE: NOAA
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3. TECHNICAL DOCUMENTATION:
FLOOD HAZARD DATA

This document provides information about the geospatial hazard data gathered for the vulnerability
assessment. Four types of flooding-related hazards are considered in the vulnerability assessment:

= Federal Emergency Management Agency (FEMA) flood zones,
= Storm surge,

= Sea levelrise, and

= Tidal flooding

For each of these hazards, we downloaded the most up-to-date nationally available datasets from federal
sources (see details below). Links to further technical documentation from various federal agencies are
also provided below. No additional flood modeling was performed by FernlLeaf Interactive. Rather, the
team conducted extensive spatial analysis using this geospatial hazard data as well as other existing data
provided by the City of Hallandale Beach, such as property parcel GIS data and the location of city
facilities.

This analysis was conducted in four stages:

Asset (parcel) data normalization and categorization

Spatial relation of individual assets to each hazard layer
Application of asset-scale vulnerability and risk rulesets
Aggregation of vulnerable and at-risk assets to census tracts

Hwn =

Further details about the assessment approach for each flood hazard are included in the Technical
Documentation for Task 2.

1.8 FEMA FLOOD ZONES

In coastal areas like Hallandale Beach, FEMA Flood Zones represent a combination of rainfall-induced and
storm surge flooding.

Dataset Used: The assessment uses the most recent floodway, wave action, 100-year and 500-year
floodplains developed by FEMA to support the National Flood Insurance Program (National Flood Hazard
Layer (NFHL) Id 12011C; effective on 8/18/2014).

FEMA technical documentation: https://www.fema.gov/media-library-data/1556727977591-
8b087b84083bda804143de635df0d5d6/FIRM_Database_Technical_Reference_Feb_2019.pdf

City of Hallandale Beach Vulnerability and Adaptation Plan — Task 1: Flood Hazard Mapping 21
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1.9 STORM SURGE FLOODING

Flooding caused by an abnormal rise in tide from a severe storm (e.g. a hurricane) over and above the
usual, astronomical tide.

Dataset Used: The assessment uses the Sea Lake and Overland Surge from Hurricanes (SLOSH) Maximum
of the Maximum Enveloped of Water (MOM) layer for hurricane categories 1-5, developed by the National
Oceanic Atmospheric Administration (NOAA) National Weather Service's National Hurricane Center. This
dataset represents the scale of potential “near worst case” flooding from hypothetical “ideal” storms.

NOAA Storm Surge Technical Documentation: https://www.nhc.noaa.gov/surge/slosh.php#MODELING

1.10SEA LEVEL RISE

The relative rise of the local mean sea level over time. Sea level rise can cause permanent inundation as
well as an increase in frequency and severity of future tidal flooding.

Dataset Used: NOAA Sea Level Rise Viewer dataset includes inundation extents for up to 10 ft that were
mapped using a “modified bath-tub approach”. Based on the 2019 SLR curves developed by the SE
Florida Regional Climate Change Compact and the City's feedback, we chose two sets of sea level rise
levels for the analysis: 1 and 2 ft for the near-term and 2, 4 and 5 ft for medium to long- term.

NOAA Sea Level Rise Technical Documentation: https://coast.noaa.gov/data/digitalcoast/pdf/sir-
inundation-methods.pdf

1.11TIDAL FLOODING

Tidal flooding is flooding of the low-lying land along the coastline from a high tide that is not associated

"o

with a major storm. Tidal flooding is also referred to as “high tide”, “sunny day”, or “nuisance” flooding.

Dataset Used: The "High Tide Flooding” layer produced by NOAA for its Sea Level Rise Viewer is used to
assess vulnerability and risk to current high tide flooding.

NOAA Technical Documentation: https://coast.noaa.gov/data/digitalcoast/pdf/slr-high-tide-flooding.pdf
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26

CITY OF HALLANDALE BEACH
VULNERABILITY AND ADAPTATION PLAN

TASK 2: FLOOD VULNERABILITY / LOSS ASSESSMENTS

RSsH



RSsH

27

City of Hallandale Beach
Vulnerability and Adaptation
Plan

TASK 2: FLOOD VULNERABILITY / LOSS
ASSESSMENTS

February 28, 2020
RS&H No.: 301-0068-000

Prepared by RS&H, Inc. and Fernleaf
Interactive LLC at the direction of
the City of Hallandale Beach

FERNLEAF

INTERACTIVE



TABLE OF CONTENTS

28

T SUMIMAIY oottt 4
2. FIOOD VUINEIADIIEY ..ccovercriercirinecrieceiceieceieeeesieesiecsisecsseesssesesesessesesesssssesesssesesssesessssessassessssnens 5
2.1 FEMA FIOOT ZONES....ooitmriereeieeeieeeeeeesse et assse s s s s st ss st et ss sttt ss s sssessssessssssssssssnsssnnes 6
211 COMMEICIAI PrOPEITY ...coumivirrrimceieceiieeeiieesisecsiseestseessssesssisesssessesessse st stssesssssesssesesesesese e ssssesssesesssensesense 6
2.1.2 Gty -OWNEA PrOPEITY...couuiverceinceimeceimcssieessisessiseesiseessssesssssessseseseseses st ssssesssssesssesesesesesessssesssssessssnesessnesesenss 7

2.2 SEOMN QUGB ettt 8
221 COMMEICIAI PrOPEITY ...couuivimcrimcrieciiieeiieessessessiseestsee st ssisesssesssesessse st ssssesesssesssesese e sessesssssesssensssensesenss 8
2.2.2  City-OWNEA PrOPEITY...couuiverreimceimeceimeessieessissessiseesssee st ssssesesesssesesse st ssssesssssesssesesesesssssssesssssessssnesssenesesenes 9

2.3 Sea-level Rise (Mid/LONG-TEIM) ... eeseessseassss st sssessssssssssssssssssesssssssssssessssesssesssessssessssessns 10
2.3.T  COMMEICIAl PrOPEITY ...ooureiercireciriecrieceiecsiieesseseesiseesisee st ssssesesesesesessstsassessssseseseesesesesesesssssssesssenesesenees 10
2.3.2 Gty -OWNEA PrOPEITY...ccuuceiencericirieesinecsiseesises s ssisseesisesssssesssssesssesesesesssssissesssssesssessesesesessssessssssssesesereneses 11

24 SEA-LEVEI RIiSE (SNOI TEIMN) ..ottt sss s eas s sass s sasssnsanes 12
247 COMMEICIAI PrOPEITY ...coouieiemcrricirieeeieceiecsiiee e ssiseesises st ssesesesesesesessss st ssssesssesesesesesessssesssssessseneserenees 12
242 City-OWNEA PrOPEITY ...ccoceeeceiicirieeriecsiecsiiessseseessissessissee st ssssesssssesesesssssassesssssesssssesesesesessssesssssessssnesesenses 13

2.5 Tidal FIOOAING (CUIMTENT) ..ot eese et ss et sse s sttt s s sssesssees 14
2.5.17  COMMEICIAI PrOPEITY ...oouieierciricieieerieceiecsiiee s ssiseesisee st ssssesssesesesessse st ssssesssesesesesesessssesssssessseneserenees 14
2.5.2 Gty -OWNEA PrOPEITY...couuceiemceiencerineeeineesisecsisnesssesesssiseesises st ssssesssesesesesssssassesssssesssssesesesesessssessssnessssneseseneses 15

3. POteNtial ECONOMIC 0SS ... it esessesise et sbeesesese sttt bbbt ebesesenen 16
3.1 Existing and FULUre FIOOM HAZards ..........crreceiceiecenieessessessissssisecsssnesssenesssesesessssssssnessssnessssnecs 16
3.2 Building Stock and ESSential FACIlItIES ......cc.vvueriereeceieceireciieeeieecsiecsisecssiecsseesssesesesessessssessssnesssenees 16
3.3 DEMOGIAPRNICS ..ot ssies st sbese bt se st ssenecs 18
4. TechniCal DOCUMENTATION ...cvvuuceeercerecirireerireceiscsisee st esesesssese it sre st ettt be et renes 19
4.1 ASSESSMENT APPIOBCH coureieicetcte et re sttt bbb bbb 19
4.2 ASSEt VUINEIaDIlITY GIS LAYEIS ...oucverieereceirceieceiieesie s esisecsissec s ssesssssesssesissesssssessssnsessnesesesesessssessssnsssens 22
4.2.1  Census Block Group Aggregation Dataset ..........merecrcrcsmsssssesesesisessssecsssnesesens 22
4.2.2  ParCEIJASSEE DAtASET ... e e e e se e ee s e ess e e e s ese e ess s s s s ssesassasssssnsesasesaseasaseasaseene 24
423  Parcel-level assessment Variables.......... . cecneeeeeessiesseesssseseseessssesssssssssssessssesesens 25

5. Appendix: Other information available in ACCEIAAPT ... sssssss e essseens 26
City of Hallandale Beach Vulnerability and Adaptation Plan — Task 2: Flood Vulnerability / Loss Assessments iii



29

1.SUMMARY

This document includes flood exposure assessment and economic loss analysis for commercial and city-
owned building assets.

GIS imagery of asset risk and vulnerability for each of four flood conditions are provided in Section 2:
Flood Vulnerability. This section also includes tables and short discussions of vulnerabilities, highlighting
key at risk assets.

Estimated direct and indirect economic losses for both existing and future conditions, including loss by
return period / annualized loss for each flood type are summarized in Section 3: Potential Economic Loss.
Economic loss estimates are based on impacts to building stock / essential facilities. This section also
includes summary of demographic effects associated with economic losses and existing and future flood
scenarios.

Technical Documentation is provided in Section 4, including a description of asset vulnerability GIS layers.
Further flood vulnerability and associated estimates of potential economic loss is available via the

AccelAdapt tool, a web-based geospatial database developed for Hallandale Beach as part of project
deliverables (See Appendix).
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2.FLOOD VULNERABILITY

This section uses GIS imagery and tabular summaries to describe current and future risk and vulnerability
in the City of Hallandale Beach to four types of flooding-related hazards: FEMA flood zones, storm surge,
sea level rise (2 time horizons) and tidal flooding. FEMA flood zones, storm surge and tidal flooding
represent current conditions. Sea level rise is a future condition. The scope for this analysis is limited to
commercial and city-owned properties. A similar assessment for residential properties would provide
additional insight into comprehensive asset vulnerabilities in the city.

The maps below show the distribution of commercial and city-owned properties across the City of
Hallandale Beach aggregated for each census block group. Commercial property includes non-residential
properties that serve businesses, organizations and industries. They typically support commerce, jobs, and
tourism in the community. The assessment used the 2018 parcel data from the Department of Revenue.

No. of Parcels

37-121

6-36

1-5

FIGURE 1: COUNT OF COMMERCIAL PARCELS BY CENSUS BLOCK GROUP

City-owned property includes City of Hallandale Beach facilities (n= 21) such as parks, fire stations, and
city hall as well as other city-owned parcels.

No. of Parcels

. 6-28

3-5

1

FIGURE 2: COUNT OF CITY-OWNED PARCELS BY CENSUS BLOCK GROUP
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2.1 FEMA FLOOD ZONES

In coastal areas like Hallandale Beach, FEMA Flood Zones represent a combination of rainfall-induced and
storm surge flooding. The assessment used the most recent floodway, wave action, 100-year and 500-
year floodplains developed by FEMA to support the National Flood Insurance Program (National Flood
Hazard Layer (NFHL) Id 12011C; effective on 8/18/2014).

2.1.1  Commercial Property

EXPOSED: Count of parcels per block
541 parcels exposed group with medium-high
combined vulnerability and risk

MEDIUM OR HIGH
VULNERABILITY AND RISK:

474 parcels

81% of Commercial Property
POTENTIALLY AFFECTED:

$1.36B (96% of city-wide) in sales volume
7033 (89% of city-wide) employees

High (27-108)
Medium (4-26)

Low (1-3)

City Limit

Census Block Group

1 LN

FIGURE 3:FEMA FLOOD ZONE VULNERABILITY AND RISK ASSESMENT FOR COMMERCIAL PROPERTY
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2.1.2 City-owned Property

EXPOSED: Count of parcels per block

343 parcels exposed group with medium-high
combined vulnerability and risk

MEDIUM OR HIGH B High (21-85)

VULNERABILITY AND RISK: ] Medium (2-20)

275 parcels [ ] Low()

47% of Commercial Property — City Limit

POTENTIALLY AFFECTED:
$933.1M (66% of city-wide) in sales volume
5180 (66% of city-wide) employees

Census Block Group

FIGURE 4: FEMA FLOOD ZONE VULNERABILITY AND RISK ASSESMENT FOR CITY-OWNED PROPERTY

32

City of Hallandale Beach Vulnerability and Adaptation Plan — Task 2: Flood Vulnerability / Loss Assessments



33

2.2 STORM SURGE

Storm surge is flooding caused by an abnormal rise in tide from a severe storm (e.g. a hurricane) over and
above the usual, astronomical tide. The assessment used the Sea Lake and Overland Surge from
Hurricanes (SLOSH) Maximum of the Maximum Enveloped of Water (MOM) layer for hurricane categories
1-5, developed by the National Oceanic Atmospheric Administration (NOAA) National Weather Service's
National Hurricane Center. This dataset represents the scale of potential “near worst case” flooding from
hypothetical “ideal” storms.

2.2.1 Commercial Property

EXPOSED: Count of parcels per block

343 parcels exposed group with medium-high
combined vulnerability and risk

MEDIUM OR HIGH B High (21-85)

VULNERABILITY AND RISK: ] Medium (2-20)

275 parcels [ ] Low()

47% of Commercial Property — City Limit

POTENTIALLY AFFECTED:
$933.1M (66% of city-wide) in sales volume
5180 (66% of city-wide) employees

Census Block Group

FIGURE 5:STORM SURGE VULNERABILITY AND RISK ASSESMENT FOR COMMERCIAL PROPERTY
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2.2.2 City-owned Property

EXPOSED: Count of parcels per block

27 parcels exposed group with medium-high
combined vulnerability and risk

MEDIUM OR HIGH B High -9

VULNERABILITY AND RISK: [ Medium 2

14 parcels [ ] Low(

21% of City-owned Property — City Limit

Census Block Group

FIGURE 6: STORM SURGE VULNERABILITY AND RISK ASSESMENT FOR CITY-OWNED PROPERTY
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2.3 SEA-LEVEL RISE (MID/LONG-TERM)

The relative rise of the local mean sea level over time can cause permanent inundation as well as an
increase in frequency and severity of future tidal flooding. In this assessment, vulnerability and risk of
permanent inundation from SLR in the mid/long-term (roughly, 2070s-2080s) is assessed for 2, 4, and 5 ft
over current Mean Higher High Water (MHHW) using the NOAA Sea Level Rise Viewer dataset. These
levels were chosen based on 2019 SLR curves developed by the SE Florida Regional Climate Change
Compact.

2.3.1 Commercial Property

EXPOSED: Count of parcels per block

173 parcels exposed group with medium-high
combined vulnerability and risk

MEDIUM OR HIGH B High (18-33)

VULNERABILITY AND RISK: ] Medium (2-17)

128 parcels [ ] Low()

22% of Commercial Property — City Limit

POTENTIALLY AFFECTED: —— Census Block Group

540M (38% of city-wide) in sales volume
3180 (40% of city-wide) employees

FIGURE 7: SEA LEVEL RISE (MID/LONG-TERM VULNERABILITY AND RISK ASSESMENT FOR COMMERCIAL PROPERTY
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2.3.2 City-owned Property

EXPOSED: Count of parcels per block

24 parcels exposed group with medium-high
combined vulnerability and risk

MEDIUM OR HIGH B High -9

VULNERABILITY AND RISK: [ Medium 2

11 parcels [ ] Low(

16% of City-owned Property — City Limit

Census Block Group

FIGURE 8: SEA LEVEL RISE (MID/LONG-TERM VULNERABILITY AND RISK ASSESMENT FOR CITY-OWNED PROPERTY
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2.4 SEA-LEVEL RISE (SHORT TERM)

The relative rise of the local mean sea level over time can cause permanent inundation as well as an
increase in frequency and severity of future tidal flooding. In this assessment, vulnerability and risk of
permanent inundation from SLR in the short--term (r2030s-2040s) is assessed for 1, 2 and 3 ft over
current Mean Higher High Water (MHHW) using the NOAA Sea Level Rise Viewer dataset. These levels
were chosen based on 2019 SLR curves developed by the SE Florida Regional Climate Change Compact.

2.4.1 Commercial Property

EXPOSED: Count of parcels per block

24 parcels exposed group with medium-high
combined vulnerability and risk

MEDIUM OR HIGH VULNERABILITY B High 5)

AND RISK: ] Medium (2-4)

12 parcels [ ] Low()

2% of Commercial Property — City Limit

POTENTIALLY AFFECTED: —— Census Block Group

$91.6M (6% of city-wide) in sales volume
472 (6% of city-wide) employees
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2.4.2 City-Owned Property

EXPOSED:

6 parcels exposed

MEDIUM OR HIGH
VULNERABILITY AND RISK:

0 parcels
0% of City-owned Property

38
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2.5 TIDAL FLOODING (CURRENT)

Tidal flooding is flooding of the low-lying land along the coastline from a high tide that is not associated
with a major storm. Tidal flooding is also referred to as "high tide”, “sunny day”, or "nuisance” flooding.
We use the 'High Tide Flooding' layer produced by NOAA for the Sea Level Rise Viewer. While this
assessment is for current tidal flooding, the frequency and intensity of tidal flooding will increase with
rising sea levels. Note that around some inland bodies of water (e.g. lakes, ponds) this dataset shows tidal
flooding where, in our opinion, it is not in fact likely to occur.

2.5.1 Commercial Property

EXPOSED: Count of parcels per block

29 parcels exposed group with medium-high
combined vulnerability and risk

MEDIUM OR HIGH VULNERABILITY B High @

AND RISK: ] Medium (1)

5 parcels — City Limit

<1% of Commercial Property — Census Block Group

POTENTIALLY AFFECTED:

$50.4M (4% of city-wide) in sales volume
186 (2% of city-wide) employees

City of Hallandale Beach Vulnerability and Adaptation Plan — Task 2: Flood Vulnerability / Loss Assessments 14



2.5.2 City-owned Property

EXPOSED:

9 parcels exposed

MEDIUM OR HIGH
VULNERABILITY AND RISK:

0 parcels
0 of City-owned Property

40
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3.POTENTIAL ECONOMIC LOSS

This section summarizes estimated direct and indirect economic losses for both existing and future

conditions, including loss by return period / annualized loss for each flood type. Economic loss estimates

are based on impacts to building stock / essential facilities. This section also includes summary of

demographic effects associated with economic losses and existing and future flood scenarios.

3.1 EXISTING AND FUTURE FLOOD HAZARDS

In this assessment we include both existing and future flood hazards summarized in Table 1.

TABLE 1: FLOOD HAZARD TIME HORIZONS

Flood Hazard

FEMA Flood Zones (floodplain inundation)
Storm Surge

Sea Level Rise (short-term)

Sea Level Rise (mid/long-term)

Tidal Flooding

Time Horizon
Current
Current
2040-2050s
2060-2070s
Current

3.2 BUILDING STOCK AND ESSENTIAL FACILITIES

This section summarizes the extent of potential direct (total property value) and indirect (sales volume,

employees) economic losses that could occur due to flooding-related hazards. This information also

provides insight to the potential for losses related to ability to provide critical services. Table 2 provides a

summary of potential economic losses associated with assets with high or medium combined vulnerability

and risk.

TABLE 2: POTENTIAL DIRECT EXISTING AND FUTURE LOSS PROFILE SUMMARY OF COMMERICAL AND CITY-OWNED PROPERTY

Vulnerability/ Total FE“;‘:ﬂ':::Od Sealevel  Sea Level Rise Tidal
Asset Type Loss Metric  Citywide (floodplain Storm Surge  Rise (short- (mid/long- Flooding
Assets inun daption) term) term) (current)
No. of
Properties 585 474 (81%) 273 (47%) 12 (2%) 128 (22%) 5(1%)
Total property
Commercial ~ value $1.63B $1.57B (96%)  $1.14B (70%)  $486M (30%)  $1.24B (76%) $160M (10%)
Annual Sales
Volume 1,420M 1,363M (96%)  933M (66%) 92M (6%) 540M (38%) 50M (4%)
Employees 7,868 7,033 5,180 472 3,180 186
No. of
City-Owned Properties 68 21 (31%) 14 (21%) 0 11 (16%) 0
Facilities Total property
value $102M $78M (77%) $57M (56%) 0 $48M (48%) 0

City of Hallandale Beach Vulnerability and Adaptation Plan — Task 2: Flood Vulnerability / Loss Assessments 16
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In Table 2, the Total Citywide Assets column summarizes the total number of assets citywide, providing a
baseline against which to evaluate potential losses. For each flood type, the ‘No. of Properties’ gives the
number and percentage of total assets at medium or high combined vulnerability and risk. In addition, the
‘Total Property Value' summarizes potential direct economic losses and ‘Annual Sales Volume' and
‘Employees’ summarizes vulnerable indirect economic activity.

Table 3 shows the total building value that is exposed to floodplain inundation. The values are specified
by the two flood return intervals included in FEMA dataset: 1) 100-year or 1%-annual-chance and 2) 500-
year or 0.2%-annual-chance.

TABLE 3 POTENTIAL TOTAL AND ANNUALIZED LOSSES BY RETURN PERIOD

Commercial $1356.2M $135.6M $1574.6M $31.5M
City-owned 12 $33.3M $3.3M 19 $61.1M $1.2M

The No. of Properties column in Table 3 gives the count of parcels with buildings that are exposed to
flooding. Exposed parcels that do not include buildings within the floodplain are not included in this
tabulation. Note that the loss estimates use total building values regardless of level or amount of building
exposure.

City of Hallandale Beach Vulnerability and Adaptation Plan — Task 2: Flood Vulnerability / Loss Assessments 17
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3.3 DEMOGRAPHICS

At the census block group level, the assessment cross references potential loss profiles with several
demographic criteria for each flood type. Table 4 summarizes the demographic criteria included in the
assessment.

TABLE 4: DEMOGRAPHIC CRITERIA INCLUDED IN LOSS PROFILE ASESSMENT

Demographic Criterion

Percent African American Population

Percent of Population Younger than 18 or Older than 64
Workers Relying on Public Transportation

Percent of Population with at least a High School Diploma
Percent of Population with a College Degree

Households Below the Poverty Line

Households Above the Poverty Line

Percent of Households Receiving SNAP Benefits

Median Household Income

Figure 9 provides an example of demographic data and economic data available in AccelAdapt tool (also
see Appendix). The image on the left shows the number of households below the poverty line in the City
aggregated by block groups (calculated from the American Community Survey dataset). The image on the
left shows the number of employees that could be potentially affected by sea level rise in the mid/long
term.

[ ————

[T

FIGURE 9: COMPARISION OF NUMBER OF HOUSEHOLDS BELOW THE POVERTY LINE (LEFT) AND THE NUMBER OF EMPLOYEES AFFECTED BY
SEA LEVEL RISE (MID/LONG-TERM)

City of Hallandale Beach Vulnerability and Adaptation Plan — Task 2: Flood Vulnerability / Loss Assessments 18
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4. TECHNICAL DOCUMENTATION

This section describes the methodology of the assessment of vulnerability and risk of commercial
and city-owned property in the City of Hallandale Beach to four types of flooding-related hazards:
FEMA flood zones, storm surge, sea level rise (2 time horizons) and tidal flooding.

4.1 ASSESSMENT APPROACH

This assessment was performed at the asset-level in a data-driven pipeline and full results are provided to
the City using a specialized tool, AccelAdapt, which allows interactive interrogation of vulnerability and
risk (results are also made available in the form of GIS layers).

The assessment approach combined multi-criteria decision analysis and spatial analysis.” This involved
developing criteria, or rules, that were used to assign to assets specific ordinal classifications of high,
medium, and low for each of the variables described below. The classifications were then combined using
a matrix approach to determine levels of vulnerability, risk, and combined vulnerability and risk.?

4.1.1 Vulnerability

Vulnerability describes the susceptibility of exposed assets based on the two core concepts described
above: (1) potential impact—the degree to which an asset is affected; and (2) adaptive capacity—the
ability the asset has to cope with a potential impact.

41.1.1.1 Potential Impact
Potential impact is the degree to which an
exposed asset (asset that is in harm's way) is
potentially negatively affected by a climate-
related threat. The level at which an exposed
asset is negatively affected is also referred to
as the asset's sensitivity. Assets that are not

Potential Impact Adaptive Capacity

exposed have no potential impact; thus, they

are not vulnerable, or at risk. Exposed assets l
were evaluated for levels of sensitivity, which

were used in determining levels of potential Vulnerability
impact.

41.1.1.2 Adaptive Capacity

Adaptive capacity considers how an asset can cope with a threat event or impact. An asset with adaptive
capacity can withstand an impact with minimal disruption or loss. Measures of adaptive capacity can

1 Malczewski, Jacek, and Claus Rinner. Multicriteria Decision Analysis in Geographic Information Science. Springer-Verlag, 2015.
2 EPA Office of Water, Climate Ready Estuaries. Being Prepared for Climate Change: A Workbook for Developing Risk-Based
Adaptation Plans. U.S. Environmental Protection Agency, 2014. [https://www.epa.gov/sites/production/files/2014-
09/documents/being_prepared_workbook 508.pdf]

City of Hallandale Beach Vulnerability and Adaptation Plan — Task 2: Flood Vulnerability / Loss Assessments 19


https://www.epa.gov/sites/production/files/2014-09/documents/being_prepared_workbook_508.pdf
https://www.epa.gov/sites/production/files/2014-09/documents/being_prepared_workbook_508.pdf

45

include physical elements, conditions, or designs in place that help an asset absorb an impact. Exposed
assets were evaluated for indicators of adaptive capacity and classified accordingly.

Levels of potential impact and adaptive capacity are then combined to inform vulnerability. Assets with
low potential impact and high adaptive capacity are the least vulnerable. Assets with high potential impact
and low adaptive capacity are the most vulnerable.

4.1.1.2 Risk Scoping

Just as potential impact and adaptive capacity
combine to determine vulnerability, risk
probability and risk consequence combine to give
us an assessment of risk scoping.

41.1.2.1 Risk Probability
Probabilities were determined for each threat

using annualized likelihoods of threat occurrence
or relative levels based on known risk factors. For
example, for FEMA Flooding, the floodway, 100-

year, and 500-year flood hazard zones were used
to evaluate different probabilities of flooding for
each asset.

Risk Probability Risk Consequence

41122 Risk Consequence
Risk consequence refers to negative outcomes or critical thresholds that indicate varying levels of
significance if a threat were to occur. For example, assets with affected structures or a higher monetary

value may have a greater negative consequence than assets with no affected structures or that have a lower
monetary value.

Levels of risk probability and risk consequence are then combined to inform risk scoping. For example, a
parcel with an exposed high-value building in the 10-year flood hazard zone would have a high risk
classification, while a parcel in the 100-year flood hazard zone without an exposed building would have a
low risk classification.

It is important to note that this step provides the scope of risk rather than estimating loss
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4.1.1.3 Combined Vulnerability and Risk
Vulnerability considers how an asset might be
impacted and its ability to cope if a given threat
event were to occur, and risk considers the
probability of the threat occurring and the
general consequence of the threat (without
considering factors that make it susceptible).
Combining these concepts allows decision makers
to evaluate which assets are most susceptible and
most likely to be impacted and consider options
according to different levels of risk threshold.

The matrix shown here features the combination
of vulnerability and risk for Commercial Property

46

and FEMA Flood Zones. High-vulnerability and high-risk parcels are in the top-most cell. Those that have

low vulnerability and low risk are in the bottom-most cell.

4.1.1.4 Aggregation of Vulnerability and Risk

In order to focus on the most vulnerable and risk assets, the assets with either medium or high combined

vulnerability and risk are mapped at the census block group scale as shown in the map below of

commercial property and FEMA flood zones. In the matrix above, these are the cells (i.e., parcels) with the

two darkest shades of red.

City of Hallandale Beach Vulnerability and Adaptation Plan — Task 2: Flood Vulnerability / Loss Assessments
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4.1.1.5 High-Level Summary of Assessment Ruleset Components

The table below summarizes the type of criteria (“rulesets”) used for each climate stressor considered in
the assessment. Rulesets have been developed for criteria including exposure, vulnerability and risk. More
specific information about the various criteria is available in the AccelAdapt tool (See Appendix).

TABLE 5: ASSESSMENT RULESETS BY CLIMATE STRESSOR

Risk Vulnerability
Hazard Exposure’ Probability Consequence  Potential Impact Adaptive
Capacity
FEMA Flood Any FEMA flood zone Levels of flood Property Criticality of asset ~ Base f.lood
Zones (floodway, and 100-yr and  probability (floodway, value based on type and  elevation
500-yr) 100-yr, 500-yr) use (BFE)
Criticality of asset ~ Base flood
Storm Surge Inundation for Cat 1-5 ASTEREIS GG 7 ) based on type and  elevation
(1, 2-3,4-5). value
use (BFE)
. Criticality of asset ~ Base flood
Sez? Level Rise Up to NOAA 5 ft SLR Levels of SLR (2, 4, 5) Property based on type and  elevation
(mid/long-term) value
use (BFE)
. Criticality of asset  Base flood
Sea Level Rise Up to NOAA 3 ft SLR Levels of SLR (1, 2, 3) Property based on type and  elevation
(short-term) value

use (BFE)

Criticality of asset ~ Base flood
based on type and  elevation
use (BFE)

Tidal Flooding NOAA high tide extent
(current) (impact threshold)

For commercial properties that have high or medium vulnerability and risk, we also estimate the economic
activity that could be potentially affected by each flooding hazard. Specifically, we look at sales volume
and jobs associated with the property using data provided by ESRI Business Analyst.

4.2 ASSET VULNERABILITY GIS LAYERS

This section records the metadata of GIS layers produced as the end-result of the vulnerability
assessment. Specifically, it provides details about the format in which the vulnerability scores for
commercial and city-owned assets for each flooding hazard is available in the GIS outputs delivered as
part of this study. Assessment output is available in two layers: 1) Data aggregated at census block group
level and 2) Parcel level data. These data are used within the AccelAdapt tool (see Appendix) for
Hallandale Beach and made available for download as feature services.

4.2.1 Census Block Group Aggregation Dataset
This GIS layer summarizes the assessment within census block group boundaries. The output dataset
(Census Block Group Aggregation Data) provides the assessment summaries in a format that is best suited

3 Details about the threat datasets are available as part of Task 1 documentation
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to be viewed using definition or attribute queries. Table 3 lists the attributes of the dataset along with

some description and example data values:

TABLE 6: GIS DATASET ATTRIBUTES

GEOID
MODULE
ASSET

THREAT

VARIABLE

VAR_UNIT

VAL

HML_H

HML_M

HML_L

Census block group ID
The unique asset-threat pair associated with the metric

Assessment asset category

Assessment threat

Variable type / theme

Variable subtype / specific unit

Count of total for “asset” and “exposed” variables; count of
medium or high for “combined_vulnerability_risk” and
"vulnerability”

Count of high
Count of medium

Count of low

ID string
string

city_owned
commercial

flood

storm_surge
sea_level_rise_2040
sea_level_rise_2070
high_tide_flood

asset

exposed

vulnerability

combined _vulnerability_risk

count
improvement_value

[number]

[number]
[number]

[number]

48

Values from multiple columns in the dataset may need to be selected in or order to select individual map
variables or asset-threat pairs. For example, to view the residential property/flooding high or medium
combined vulnerability and risk map as seen in the default view in AccelAdapt, the following selection or

definition query would need to be made:

MODULE = residential_flood
VARIABLE = combined _vulnerability_risk

Then, the resulting selection or definition query could be symbolized using the VAL column (which is a

total of HML_H + HML_M for “combined_vulnerability_risk”, as described above).
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4.2.2 Parcel/Asset Dataset
The GIS layer contains attributes that identify the parcel asset categories and specify parcel-level values of
vulnerability and risk components. The output dataset (Parcels) has the following attributes (Table 4)

TABLE 7: OUTPUT DATASET ATTRIBUTES

Attribute
PARCEL
TAGS

VAL
VAL_LAND
VAL_IMPRV
YR_BLD

CBG_GEOID

Description

Unique parcel ID

Comma separated list of asset categories parcel belongs to
Total parcel value in dollars

Parcel land value in dollars

Parcel improvement value in dollars

Year built of structure on parcel (min year if multiple structures)

ID of the census block group parcel is within

49

Data Type
number
string
number
number
number
number

string
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4.2.3 Parcel-level assessment variables

The following column attributes include the components of the vulnerability and risk assessment. These
column names can be deciphered using the following replacement pattern of THREAT_VARIABLE. For
example, FLD_VR is the parcel-level variable for flooding and combined vulnerability and risk. Below is a

list of the THREAT and VARIABLE abbreviations:

TABLE 8 PARCEL-LEVEL ASSESSMENT VARIABLES

Threat

FLD = flooding

HTF = high tide flooding
STS = storm surge

S40 = near-term SLR

S$70 = mid/long-term SLR

EX
EX_BLD

P_BLD
PI

AC_C

RP
RC

VR

Exposure

Building exposure
Parcel threat probability
Building threat probability
Potential impact
Adaptive capacity
Adaptive capacity desc.
Vulnerability

Risk probability

Risk consequence

Risk

Combined vulnerability & risk

Variables
[0=None, 1=Yes]
[0=None, 1 =Yes]
threat-specific/relative likelihood
threat-specific/relative likelihood
[0 = None, 1=Low, 2=Med, 3=High]
[0 = None, 1=High, 2=Med, 3=Low]
commentary
[0 = None, 1=Low, 2=Med, 3=High]
[0 = None, 1=Low, 2=Med, 3=High]
[0 = None, 1=Low, 2=Med, 3=High]
[0 = None, 1=Low, 2=Med, 3=High]
[0 = None, 1=Low, 2=Med, 3=High]
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5.APPENDIX: OTHER INFORMATION
AVAILABLE IN AccelAdapt

51
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AccelAdapt is designed to provide assessment information at multiple scales in an interactive
and transparent manner. Key AccelAdapt features are highlighted here to document the full
extent of information that is available to the City of Hallandale Beach.

Asset-level View

Analysis is conducted and made available at the asset scale. Rulesets for the four components
of vulnerability are available on the right. When a parcel is highlighted in this view, the
corresponding factors (4 in total) that contribute to its classification as having high, medium or
low combined vulnerability and risk get highlighted in the rulesets. The matrices on the right
also include the total number of assets in the city for each category of vulnerability and risk and
their individual components.

> Commercial Property & Storm Surge

| H ﬂ Combined Vulnerability and Risk
L i e a
g H
e, k
1] 30
- NG

OO
% 39 @ L
69
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Vulnerability
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@00%_ B

E Potential Impact ﬂ Adaptive Capacity ﬂ Risk ili Risk €

Structure in inundation Structure built out of H Cat1humicaneextents  |Structure exposed and above
extent and [ret@il notel floodplain or structure in median value
mobilk home park floodplain built after BFE

requirements were raised in
2016

= L |cat4-5 humicane extent | No structure exposed (land
M Structure in inundation Structure in floodplain built [
3 only)
extent after BFE requirements were ¥

Asset Combined Vulnerability and Risk SEEEEEE * Risk values dencte the scope of the sk, but are nat

BRI ||| L testcweninudton Stcvenfoodplantult probabilst

il extent (land only) before BFE requirements

I

M Cat2-3 hurricane extents  Structure exposed and below
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In addition to combined vulnerability and risk, the asset-level view is also available for each
component individually: adaptive capacity, potential impact, risk probability, risk consequence,
vulnerability and risk.

City of Hallandale Beach Vulnerability and Adaptation Plan — Task 2: Flood Vulnerability / Loss Assessments 27



City-wide View
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The asset-specific information is aggregated to census block groups in the city-wide view to
enable comparison across neighborhoods. Specifically, the colors denote the number or
percentage of assets in a block group at high or medium combined vulnerability and risk.
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aggregated at the
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Many of these
variables can be used
as indicators of social
vulnerability.
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dorsriarn

Waorkers Relying on Public Transportation

£ Actions
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Exposed
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Households Above the Powverty Line
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Economic Analysis
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The Economics section of AccelAdapt shows the sales volume and number of jobs associated
with properties that have high or medium combined vulnerability and risk for each threat.
These numbers are a measure of the economic activity that could be potentially affected by a

threat rather than estimates of loss.

o :
‘¥ Economics

Hallymead

Use these sconamic layars when identifying and priaritizing actions to build resiliznce. (3

Sales Valume Employees Sales Valume Employees
Affected by FEMA | Affected by FEMA  Affected by Affected by
Flood Zones Flood Zones Storm Surge Storm Surge

Buzinezzes, zale:, or employes:

Sales Molume

Employesz

Parcels with business data

Sales Volume Affected by FEMA Flood Zones i

Employees Affected by FEMA Flood Zones

Sales YWolume Affected by Storm Surge

fveriinn

Employees Affected by Storm Surge

Sales Wolurne Affected by Sea Level Rize (near-term)

it Planmct
Employee: Affected by Sea Level Rize [near-term)
Sales Violume Affected by Sea Level Rise (mid/Jong-term)
Sl Vaditnivd Employees Affected by Sea Level Rise [mid/long-term)
b e Sales Volume Affected by Tids! Alooding
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1. OVERVIEW OF CLIMATE EFFECTS ON
PRECIPITATION

Precipitation patterns are expected to
change as the climate changes.
Precipitation projections agree that

Observed Change in Total Annual Precipitation
Falling in the Heaviest 1% of Events
(1901 - 2016)

|
.gt‘ '-5
2 -

rainfall will become more intense ‘

globally when it does occur'. This ’
pattern may lead to periods of drought

interspersed with intense rainfall and
flooding. Typically, extreme
precipitation events are defined as

those in the top 1% of all days with

precipitation. In the Southeast, extreme 19%
precipitation events have increased by
18% since 1901 (Error! Reference
source not found.).

Percent Change (%)
Temperature and precipitation are TR T TR
closely linked. Higher temperatures
increase evaporation and can FIGURE 1: OBSERVED CHANGE IN HEAVY PRECIPITATION 1901-2016.

contribute to drought in some cases SOURCE: U.S. GLOBAL CHANGE RESEARCH PROGRAM

However, as the air warms, it can also

hold more water vapor. Air can hold

about 7% more moisture for every 1

degree C increase in temperature.’ Together, these changes can lead to more extreme and variable
precipitation.

The severity of a flood event related to precipitation depends on the total amount and intensity of
precipitation as well as soil moisture conditions, the extent of impervious surfaces, performance of
stormwater systems and tailwater conditions holding back discharges to receiving waters. Sea level rise
may compound these effects as the water table rises and tailwater conditions increase and there is less
capacity to store stormwater in the ground.

This is of concern because the majority of the land area of the City of Hallandale Beach is located in a
FEMA Special Flood Hazard Area (Error! Reference source not found.). Most of the City's area has either
a 1% or 0.2% annual chance of flooding. The City has a history of loss claims for flood damage and has
more than 420 repetitive loss properties
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|:I City of Hallandale Beach
E Census Block Groups
Waterbody
FEMA Flood Zones
- Floodway or wave action area
P 100-yr floodplain
500-yr floodplain

N

Data Source: FEMA NFHL 12011C ')
Map created by Fernleaf Interactive

Esri, HERE, Garmin, (c) Open StreetMap contributors, and the GIS user community

FIGURE 2: CITY OF HALLANDALE BEACH FEMA FLOOD ZONES BASELINE CONDITIONS

To understand how climate change may affect precipitation in the City, it is useful to establish a baseline
by looking at historic occurrences and variability of extreme events. Other aspects of a baseline include
recent extreme precipitation events in the City, and how Hallandale Beach tracks such events. Also

included in the baseline is the City's level of service (LOS) standards for stormwater management systems.
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2. PRECIPITATION BASELINE

Statewide, Florida averages about
54 inches of precipitation

£ 09
[0}
annually. The number of extreme 5 48
precipitation events in the state is E '
highly variable, with the highest 5=, § 0.7
year average since 1900 occurring g = 0.6
> Q
between 2010-2014 (Figure 3). i *g 0.5
[= )=
. 82 04
Figure 3, from NOAA's state =)
. . Ss® 03
climate summary for Florida, zZz
shows “the observed number of g 02
extreme precipitation events % 0.1
(annualnumbe.rofever?t.swnh 200 :
greater than 4 inches divided by T ¥ ¥ 3 I T T X O oz o=
i T T 22 ¥ %2 2 T 2T 2 T 7
the number of long-term stations) o © o © © o o o o o o o
o - (8} [3p] <t Yol o I~ =) [*)] o —
for 1950-2014, averaged over 5- & @ 9 e o O o 9 @ 4 9 O
year periods; these values are 5-year Period
averages from 12 long-term FIGURE 3: FLORIDA OBSERVED EXTREME PRECIPITATION EVENTS, NOAA STATE SUMMARY

reporting stations. The dark

horizontal lines represent the long-term average. Significant variability is observed over the recorded 5-
year periods. A record number of such events occurred during the most recent 5-year period (2010-2014)
with an average of about 0.8 events per station per year. ”
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Total annual precipitation is projected to increase in Hallandale Beach and has been increasing in recent
decades. Broward County averaged slightly higher annual rainfall than Florida as a whole with about 57.19
inches from 1895 to 2000 (Figure 4)." NOAA data shows a very slight increasing trend of 0.04 inches per
decade for the county during that period. Annual precipitation in Broward is highly variable with more
than 88 inches recorded in 1948 and as little as 37 inches in 1957.

Broward County, Florida Precipitation
1896-2020 Trend

(+0.04 infDecade)

90.00in - 2,286.00 mm
80.00in | - 2,032.00 mm
70.00in | ¢ . 4' ‘ o - 1,778.00 mm

% 'I\. 1 AM o \ d
60-008 T 190142000, Mean: 57.19 in o o 1 s| | e 152400mm

S v | , T
WRLIEE :

) ol | 2lle ® e -
50.00in - L I - ‘ \ -1,270.00 mm
40.00in o > 'V - W L 1,016.00 mm
30.00in . r r r 1 1 r r . . r r 762.00 mm

1895 1905 1915 1925 1935 1945 1955 1965 1975 1985 1995 2005 2020

FIGURE 4: AVERAGE ANNUAL PRECIPITATION IN BROWARD COUNTY. SOURCE: NOAA

In southeast Florida, precipitation is seasonally variable, with the highest average monthly rainfall typically
occurring during the warmer months between May and October. NOAA does not provide annual average
rainfall data at the city level for Hallandale Beach. However, it is likely very close to the Broward county

average.

2.1 NOAA PRECIPITATION FREQUENCY ESTIMATES

NOAA 90% confidence interval data for precipitation depths in inches provides values that can be utilized
as a design criterion for critical infrastructure. This method is based on historical weather station
observations and does not incorporate climate change predictions. It is a good basis for understanding
the historical statistical frequency of precipitation events of various accumulations for Hallandale Beach.

NOAA Atlas 14 Volume 9 contains precipitation frequency estimates for the six southeastern states of
Alabama, Arkansas, Florida, Georgia, Louisiana, and Mississippi. This information is also available in a
searchable format through the agency's Precipitation Frequency Data Server. The data for Hallandale
Beach is presented by duration of the precipitation event (vertical axis), average return interval (ARI) in
years (horizontal axis) and amount in inches as measured by a precipitation gauge (Table 1).

City of Hallandale Beach Vulnerability and Adaptation Plan — Task 3: Future Precipitation Analysis 5



62

TABLE 1: NOAA PRECIPITATION FREQUENCY ESTIMATES FOR HALLANDALE BEACH (AT UPPER 90% CONFIDENCE INTERVAL) BY DURATION

AND ARI (YEARS)

Duration
5-min
10-min
15-min
30-min
60-min
2-hr
3-hr
6-hr
12-hr
24-hr
2-day
3-day
4-day
7-day
10-day
20-day
30-day
45-day
60-day

1

0.696

1.02
124
1.96
2.68
3.38
3.76
4.36

49
549
6.35
1.08
1.74

94
10.8
143
17.2
208
239

2
0.806
118
144
2.29
3.09
3.87
43
5.04
5.85
6.71
7169
8.39
9
10.6
12
16.2
19.6
238
273

5
0.99
1.45
177
2.83
3.82
478
532
6.36

16
8.89
10.1
10.8
113
12.7
143
193
23.5
28.5
326

10
115
1.68
2.05
3.29
448
5.63
6.31
7.65
9.25
10.9
123
12.9
134
14.8
16.4

22
26.7
324
36.9

25

14
2.06
2.51
4.05
5.66
1.23
8.27
10.2
124
145
16.3

17
175
18.8
204
26.7
319

38
42.8

50

16
2.34
2.85
4.62
6.56
8.45
9.76
122
14.8
17.3
193

20
20.5
218
235
30.2
35.8
423
474

100
1.82
2.66
3.25
5.27
1.62
9.91
11.6
14.6
17.7
20.5
22.8
23.7
242
254
21.2
343
40.2

47
521

200
2.06
3.02
3.68
5.98
8.82
11.6
13.7
174

21
24.2
269
218
283
29.6
314
38.8
449
51.8

57

500
238
3.49
4.25
0.92
10.5

14
16.7
214
257
295
325
33.7
343
35.5
374
449

51
51.8
62.7

1000
2.62
3.84
4.68
1.64
11.8
15.8

19
245
293
334
36.8
381
38.8

40
419
49.5
55.7
62.3

67

2.2 HISTORIC PRECIPITATION EVENTS AND ASSOCIATED FLOODING

IN THE CITY

Flooding has been a recurring problem in the City due to its low elevation, with much of the City located

in a FEMA Special Hazard Flood Area. Many historical floods have been associated with an extreme
precipitation event. During storms and hurricanes, flooding is often associated with several factors in

conjunction, for example by storm surge together with heavy rainfall.

Broward County’s Enhanced Local Mitigation Strategy (ELMS) lists 22 historical flood events that occurred
in the county from 1994 to 2011, with nearly $500 million in associated property damage. The ELMS lists
National Flood Insurance Program (NFIP) payments of $10.5 and $22.6 million in Hallandale Beach for

2009 and 2011, respectively".

The City of Hallandale Beach does not currently track or maintain an internal database of flood events due

to extreme precipitation. Examples of historical flooding from extreme precipitation that affected

Hallandale Beach can be found in NOAA’s Storm Events database, which lists three recent events involving
flooding due to extreme precipitation for the “"Hallandale Beach” search term". For example, on December

17, 2009, heavy rains caused severe flooding southeastern Broward and northeastern Miami-Dade
counties, affecting Hallandale Beach. Up to 14 inches of rain in just six hours was recorded in nearby

North Miami Beach." Table 2 shows details of this extreme precipitation event and others in the NOAA

database.
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TABLE 2: PRECIPITATION-CAUSED FLOODING EVENTS FOR HALLANDALE BEACH FROM NOAA STORM EVENTS DATABASE

6/7/2013 Portions of Hallandale Beach near the Severe Flooding Heavy rain up to 9 inches
Intracoastal Waterway associated with Tropical
Storm Andrea
04/30/2012 Hallandale Beach, specific location not Roof collapsed on a home, Heavy rain (2 inches in 12
recorded resulting in injury to resident hour period) and winds to 40
mph
12/17/2009 Hallandale Beach, specific location not Streets and parking lots under Heavy rain associated with a
recorded several feet of water warm front, up to 14 inches

The most recent extreme precipitation event in the City occurred on December 23, 2019. Southeastern
Broward County and Northeastern Miami-Dade County received between 8 and 12 inches of rainfall
during the early morning. The heavy rainfall affected several communities in the area including Hallandale
Beach, Fort Lauderdale, Hollywood and Dania Beach. Localized flooding rendered roads impassable,
damaged automobiles, and caused the Fort Lauderdale-Hollywood (FLL) International Airport to close for
several hours (Figure 5"

In Hallandale Beach, the worst flooding occurred in
the area between Hallandale Beach Boulevard and
Atlantic Shores, and between Federal and NE 14t
Avenue. News reports indicated a City pump stopped
working, possibly as a result of wells being
overwhelmed by the heavy precipitation.¥il The City
did not provide an estimate of damages associated
with this event.

2.3 COMMUNITY FLOODING
COMPLAINTS DATABASE

The City maintains a database of complaints related
to flooding received from residents. The City
provided data on 37 flooding-related complaints
over a four-year period, from September 2015 to
October 2019. The complaints are not organized by
the cause of flooding. There appears to be an
increasing trend in the number of complaints per
year, from 7 in 2015 to 16 in 2019 (Error! Reference

FIGURE 5: DECEMBER 23, 2019 FLOODING IN HALLANDALE BEACH.
PHOTO PROVIDED BY THE CITY.

source not found.). With only five years in the
database, a longer time period would help validate
this trend.
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FIGURE 6: TREND IN NUMBER OF FLOODING COMPLAINTS OVER TIME, CITY OF HALLANDALE BEACH

The database includes the date each complaint was created and the date it was completed. There is no
field to distinguish the cause of flooding, such as tidal flooding, precipitation events, or other causes, such
as a broken water main. The database includes the date the City closed the compliant, but not a
description of the City’'s response. Analysis of the number of days between creation and closing of the
complaints shows an average 21-day response time from the City.

2.4 STORMWATER INFRASTRUCTURE DESIGN STANDARDS AND
INVESTMENTS

The City's Comprehensive Plan establishes LOS standards for stormwater management. These have not
changed since the previous 2007 Comprehensive Plan. For new development, the LOS is based on a
design storm with a 5-year frequency, one-hour duration, and 3.3 total inches of rainfall. For existing
development, the LOS is to meet the Florida Building Code drainage standards.

The City's 2007 Floodplain Management and Hazard Mitigation Plan discusses investments made to
reduce flooding by implementing mitigation projects. From 2001 to publication, the City completed
drainage improvement projects in areas subject to repetitive flood losses. In all, around $45 million was
spent or earmarked for stormwater drainage improvements over the six-year period. The Plan indicates
most of the projects were successful at reducing flooding, at least in the short term (Error! Reference
source not found.).

TABLE 3: DRAINAGE IMPROVEMENT PROJECTS FROM 2007 HAZARD MITIGATION PLAN

Location Description Approximate Cost to the City
Ansin Boulevard, Pumps and piping installed to pump water from Chaves Laketo  $11 million
Northwest Quadrant the C-10 Canal
Southwest Quadrant Capital improvement projects to enhance stormwater drainage, ~ $1.5 million
funded through Community Development Block Grants
West of US 1 Projects to address drainage deficiencies $3 million
Northeast Quadrant Community Redevelopment Agency Drainage Improvements $2.8 million
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While more recent data on City investments in stormwater infrastructure improvements was not available,
information from the 2007 Plan indicates the City's expenditures on improving drainage have been
considerable. The next update to the Floodplain Management and Hazard Mitigation Plan will occur in
2021.
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3. FUTURE CONDITIONS

Long-term climatic projections of future precipitation amount, intensity and frequency are a developing
area of science. Such predictions are currently uncertain and may have a “low” or “moderate” confidence
level, in contrast to climate impacts that are now more certain, such as sea level rise. Uncertainty rises as
projections move from larger (global, national, regional) to smaller (state, local) geographic scales. County
or city level projections are not available.

Generally, Hallandale Beach is likely to experience an increase in the frequency of extreme precipitation
events, along with longer periods of drought and slightly less annual rainfall overall, in line with national
and regional projections. These projections have a medium confidence level.

3.1 GLOBAL, NATIONAL AND REGIONAL PROJECTIONS

The IPCC Fifth Assessment Synthesis Report* indicates it is “very likely” that extreme precipitation events
over most mid-latitude land masses will become more intense and more frequent as global temperature
increase. All of the continental United States falls into the mid-latitude region, which includes Earth’s
subtropical and temperate zones.

The report also states that in many mid-latitude wet regions, average annual precipitation will likely
increase under the RCP8.5 scenario (Error! Reference source not found.). According to IPCC projections,
by the last two decades of this century average annual precipitation could increase from 0 to 10% in
Florida, compared to historical averages. However, as discussed below, some national and state-level
projections show an overall decrease in annual precipitation for south Florida. The discrepancy is due to
the uncertainty inherent in climate change projections related to precipitation.
In the context of flood damages, extreme precipitation 1.0

events are more of a concern than total average 0.9

Southeast
annual precipitation. According to the Fourth National ~ 0.8
Climate Assessment, extreme precipitation events in 0.7
the United States are already occurring and are gg

expected to increase with climate change, increasing 04
the risk of severe flooding. The report notes that '
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infrastructure is not typically designed to account fora 4 5
changing climate. In the Southeast region, “the 0.1
combined effects of extreme rainfall events and rising 0.0
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Extreme precipitation events in the Southeast are FIGURE 7: SOUTHEAST REGION EXTREME PRECIPITATION FREQUENCY

projected to increase in frequency during this century =~ FORLOW AND HIGH CLIMATE SCENARIOS.
(Figure 7).X The Figure shows projected changes in the
20-year return period amount for daily precipitation
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using downscaled climate projection data under both low (RCP4.5, low) and high (RCP8.5, high) scenarios.
The chart aggregates average results from 16 and 14 different climate models for the low and high
scenarios, respectively. The models used follow the CMIP5 protocol, endorsed by the World Climate
Research Program. The low scenario shows increases of around 10% by mid-century and up to 14% by
late century. The high scenario shows larger increases of around 20% by late century. The vertical axis
shows the average frequency for the historical reference period (0.2), so the chart values should be
interpreted relative to the historical average value.

3.2 STATE AND LOCAL PROJECTIONS

In contrast to the IPCC's projected increase in Florida, NOAA projections show annual precipitation
averages in the state may decrease by the middle of this century by between 5 and 10%. *i

While changes in the total amount of precipitation are uncertain, NOAA and CMIP5 models generally
agree that an increase in the intensity of rainfall is expected in Florida due to climate change. The result
may be periods of drought interspersed with less frequent, but more intense precipitation events. This
pattern has the potential to overwhelm stormwater systems that are designed to receive less runoff in any
one storm.

Broward County's ELMS report indicates the county can be expected to experience future floods ranging
in depth from 6 inches to 2 feet with maximum depths of up to 8 feet associated with thunderstorms,
tropical storms and hurricanes. This estimate includes flooding associated with heavy rainfall, a high water
table, and storm surge events. It also notes that, “the impacts of climate change and the attendant sea
level rise will have considerable impact on future flood conditions” and that flooding in the county may be
affected by “a potential 10% increase in overall precipitation” but also notes that, “some experts have
projected a 10% decrease.”

3.3 PRECIPITATION ASSOCIATED WITH HURRICANES

Hurricanes are a threat in Florida coastal communities. Broward County has had 17 hurricane disaster
declarations since 1965. The flooding associated with hurricanes is be a major cause of property loss,
injury and loss of life. Flooding can occur due to storm surge but can also be caused by extreme
precipitation associated with these storms, or by a combination of factors.

As the climate warms, the atmosphere can hold more moisture. This can result in hurricanes releasing
more extreme precipitation. The destructive potential of heavy rainfall associated with hurricanes can be
seen in the flooding caused by hurricane Harvey in 2017, which dropped over 60 inches of rain in
Nederland, Texas, and 36 to 48 inches in the Houston metropolitan area. Climate models on average show
a 10 to 15% increase in rainfall rates for hurricanes, averaged within about 100 km of the storm, under a
two-degree Celsius warming scenario®i,
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4. IMPLICATIONS FOR HALLANDALE
BEACH

While projections of future climatic changes to precipitation patterns are uncertain, there is no doubt that
extreme precipitation events have the potential to cause destructive flooding in the City, impacting City
infrastructure, residences, businesses, streets and vehicles. If these events become more severe and/or
more frequent as projected by most climate models, the City should expect more destructive flooding
unless it takes proactive mitigation measures.

Because much of the City is in a FEMA Special Flood Hazard zone, heavy rainfall has the potential to result
in flooding. This has occurred repeatedly in the historical record, resulting in considerable property losses.
The City has made significant capital investments in improving stormwater infrastructure with positive
results. However, future changes in precipitation patterns may mean that even areas that have benefitted
from these improvements could suffer flooding if design conditions are exceeded. This was seen in the
December 2017 flood event when the volume of stormwater exceeded the capacity of pumps, causing
one pump to go offline during the storm. The result was significant flooding of City neighborhoods,
causing blocked streets and damaged cars and buildings.

Hallandale Beach’s 2014 Vulnerability to Sea Level Rise Assessment Report only considers the effects of
sea level rise and does not consider precipitation changes associated with climate change. Further study
may be needed to fully understand the interaction and combined effect of potential climate impacts

related to flooding in the City (precipitation, elevation of the water table, sea level rise and storm surge).

4.1 POTENTIAL IMPACTS TO THE COMMUNITY

Flooding can cause acute impacts such as property damage, injuries or loss of life. It can also contribute to
longer term impacts such as financial hardship, loss of business income, secondary health impacts related
to pollution, waterborne disease and sanitary sewer spills, and disruption of infrastructure. Transportation
routes may be blocked, including critical evacuation routes. Residents may be subject to financial stress if
they suffer damages, or if their flood insurance becomes unavailable or rates increase as a result of
recurring or significant losses in the community. All of these impacts can also cause psychological stress
for people who are affected. Vulnerable residents such as those who are elderly, young, disabled, minority
and low-income may be more adversely affected or have a harder time recovering from a flood event.

4.2 POTENTIAL IMPACTS TO CITY INFRASTRUCTURE

Flooding can damage infrastructure such as facilities, roads, parks, drainage systems, water and
wastewater systems, and power distribution. Damaged infrastructure can result in considerable costs to
the City. Floods can also deposit debris that will require cleanup and removal, as well as spread pollutants
from contaminated sites, resulting in a need for expensive remediation. Severe or recurrent flooding can
anger residents, limit tourism, and potentially affect the tax base if people or businesses relocate as a
result.
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Floods can also impact the City's stormwater management system. Systems in coastal areas may require
gravity to move water, and can back up when outfalls are submerged by flooding. Flooding can also block
pipes by forcing debris into them. If saltwater is introduced into the system, it can corrode piping, valves
and other components.

5. PRELIMINARY RECOMMENDATIONS

RS&H has identified number of recommendations for the City to consider that will mitigate the risk posed
by flooding from extreme precipitation events.

This report presents only a high-level assessment of risk from climate-related changes in extreme
precipitation. Further analysis would be needed to evaluate the vulnerability of specific infrastructure or
facilities, community impacts, and
thresholds where impacts would
occur. It is also necessary to monitor

Monitor and track relevant adaptation data
- ‘g_i‘pk—i > 4

emerging science and projections on
the topic, since uncertainty exists
regarding climate impacts. Enhats

For this reason, RS&H recommends an : = =
, ) Integrate adaptation decisions with key systems
Adaptive Management planning

approach (Figure 8). Adaptive

Evaluate thresholds that trigger key adaptation decisions

. . FIGURE 8: ADAPTIVE MANAGEMENT PLANNING APPROACH
Management is a systematic approach

to managing uncertainty through

flexible decision making informed by data. It can be used as a framework for addressing vulnerabilities,
starting with the development of initial actions to mitigate climate change effects. Informed by adaptive
management, the initial actions developed in this plan are classified into three categories, Monitor,
Evaluate, and Plan.

5.1 MONITOR

»  Monitor emerging science / projections related to extreme precipitation events. Currently, there is
uncertainty related to projections of changes in total annual rainfall, and the degree to which extreme
precipitation will increase. The City should monitor both changes in historical data and emerging
science that may clarify projections.

»  Coordinate with regional partners such as Broward County, the Florida Department of Transportation,
the Florida Department of Environmental Protection, and the South Florida Water Management
District on analysis of regional drainage conditions and needs and identification of critical facilities

»  Maintain an internal database of flooding incidents and locations that includes flooding as result of
precipitation events as well as other causes (i.e. water main leaks, tidal flooding, etc.). The City should
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record the cause of flooding as well as weather details about the event, such as the total rainfall,
duration of event, etc. In addition, the database should include information about the location and
extent of flooding, damages, and costs of the City’'s response. This will allow high-hazard areas to be
identified and help track changes in the frequency and severity of events. Identify vulnerable
populations ahea