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Disclaimer

This document provides guidance for developing watershed master plans. This document refers to regulatory
provisions that contain legally binding requirements. However, this document does not impose legally binding
requirements and may not apply to all governments Local government decision-makers retain the discretion to adopt
or modify the approaches described in this guidance document. Adoption of the suggestions or recommendations herein
will not necessarily constitute approval during CRS cycle verification visits. Interested parties are free to raise their
opinion about the appropriateness of the application of the guidance to a situation, and FDEM will consider whether
or not the recommendations in this guidance are appropriate in that situation in order to make changes to this guidance
document in the future.
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1.0 DEFINING THE WATERSHED PLANNING PROCESS

The purpose of this document is two-fold: 1) to define Watershed Master Plans (WMPs) and 2) to
provide a template outline for communities interested in producing or adopting a WMP for the
purposes of planning projects to reduce local flood risk and maximize Community Rating System
(CRS) credits. According to the CRS Coordinator’s Manual (FEMA, 2017), “the objective of
watershed master planning is to provide the communities within a watershed with a tool they
can use to make decisions that will reduce flooding from development on a watershed-wide

basis.” Successful watershed master plans consist of (Association of State Floodplain Managers,
2020):

1. Evaluation of the watershed’s runoff response from design storms under current and
predicted future conditions

Assessment of the impacts of sea level rise and climate change

Identification of wetlands and other natural areas throughout the watershed

Protection of natural channels

U

Implementation of regulatory standards for new development such that peak flows and

volumes are sufficiently controlled

6. Specific mitigation recommendations to ensure that communities are resilient in the
future

7. A dedicated funding source to implement the mitigation strategies recommended by the

plan

Although each watershed master plan emphasizes different issues and reflects unique goals and
management strategies, every watershed master planning process is iterative, holistic,
geographically defined, integrated, and collaborative. The Federal Emergency Management
Agency (FEMA) has encouraged the State of Florida to develop statewide watershed master
planning frameworks that integrate and coordinate plans for large drainage areas. It is likely that
federal, state, tribal, and local planning efforts are occurring simultaneously with the watershed.
Ideally, these other plans should be integrated within the comprehensive watershed master plan
effort through stakeholder participation, data sharing, and implementation of management
measures.

1.1 Partnerships

The United States Environmental Protection Agency (USEPA) (2013) notes that the first step in
watershed master planning is to build partnerships with surrounding communities. For example,
water may enter a community watershed from upstream and leave to impact another community
downstream, overwhelming their system. To start building partnerships, communities should
tirst engage their neighbors to exchange relevant information on existing regulations, policies,
and future goals. One major challenge is that the geographic boundaries of most administrative
units (for example, municipalities) do not follow the geographic boundaries of the watersheds in
which the units are located. Accordingly, WMPs will likely need to be created in partnership with
1



other administrative units with overlapping geographic interests. This means that the key
communities/agencies/jurisdictions within the watershed must be identified, including
stakeholders, experts, and members of the public with local knowledge. One barrier to
developing watershed level plans in Florida is the difficulty in getting any specific entity to take
on the leadership role to accommodate such efforts. Hence, the Florida Division of Emergency
Management (FDEM) undertook this project to help create the framework for watershed master
plans for all 29 watersheds in the state.

Working with neighboring communities will help to maximize CRS credits because of the way
the impact adjustment is calculated in the CRS Coordinator’s Manual. In addition, by working
with neighboring communities, the costs associated with completing the hydrologic modeling
necessary to earn credit for this element could be shared.

Specific programs that have a planning component or conduct related activities that might to
integrate with the watershed planning effort include the following:

e Water quality management reports (TMDL implementation plans, BMAPs, SWIM Plans)
e Flood insurance studies

¢ Floodplain management plans

e Florida “Peril of Flood” guidance

e Comprehensive plans

e Unified land development regulations

e Stormwater management policies

e Local mitigation strategies

e Intergovernmental cooperative agreements
e Special watershed restoration plans

e Stormwater pollution prevention plans

e DPost-disaster redevelopment plans

¢ Climate adaptation action plans

e Other Plans

It may be advantageous to include staff from these programs as partners in developing the
watershed master plan. This approach can help in gaining additional technical expertise,
leveraging resources, and sharing responsibilities for implementation. It also helps provide buy-
in from those who are charged with implementation of these plans and policies in the context of
the larger planning vision. More about these parallel planning efforts is found in Section 3.5.

In terms of identifying key stakeholders to include, those who are in positions of decision-making
and authority and resources to implement projects should be considered, but also it is important
to include representatives from vulnerable communities that are likely to be impacted, and those
with specialized knowledge that can assist in the overall effort. As such, examples of key
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stakeholders other than those described earlier might include: landowners, local government
and/or tribal representatives, regulatory agencies, citizen advocacy groups and volunteer
monitoring groups, local business, community service organizations, faith-based groups,
academia, regional planning councils, soil/water conservation districts, water management
districts, utilities, cooperative extension offices, and fishing/boating/recreational/birding groups.
It is important to involve the public early in the process to build trust and buy-in with the plan.
This is the key to a successful information/education component of public outreach as you
navigate the planning process.

1.2 Overview of the Watershed

By definition, watershed master planning focuses on a watershed, which is a geographic area that
is defined by a drainage basin. A watershed plan should address a geographic area large enough
to ensure that implementing the plan will address all the major sources and causes of
impairments and threats to the waterbody under review. Although there is no rigorous definition
or delineation of this concept, the intent is to avoid focus on single waterbody segments or other
narrowly defined areas that do not provide an opportunity for addressing larger scale watershed
stressors in an efficient manner. As an example, there are 29 defined basins in Florida, with 55
smaller basins defined within the 29. Clearly the scale is far larger than any single jurisdiction.

Information on the physical and natural characteristics of the watershed will define the watershed
boundary and provide a basic understanding of the watershed features that can influence
watershed sources and pollutant loading.

1.2.1 Geomorphological Considerations

Itis important to note agricultural and industrial activities, urban development, habitat, protected
open space, water recharge zones, and geomorphology of stream/rivers (i.e. streambanks,
shorelines, riparian zones, channel dimensions, slope, stream conditions, etc.). Examples of
standard geomorphic protocols are as follows:

e USEPA’s Environmental Monitoring and Assessment Program (EMAP)
(www.epa.gov/emap)

e Vermont's Stream Geomorphic Assessment Protocols
(www.anr.state.vt.us/dec/waterq/rivers/htm/rv_geoassesspro.htm).

1.2.2 Hydrologic Boundaries

One way to identify the geographic extent of the watershed master planning effort is to consult
the United States Geological Survey (USGS) map of hydrologic units. A hydrologic unit is part of
a watershed mapping classification system showing various areas of land that can contribute
surface water runoff to designated outlet points, such as lakes or stream segments. USGS
designates drainage areas as sub-watersheds (including smaller drainages) numbered with 12-
digit hydrologic unit codes (HUCs), nested within watersheds (10-digit HUCs). These are



combined into larger drainage areas called sub-basins (8 digits), basins (6 digits), and subregions
(4 digits), which make up the large regional drainage basins (2 digits).

Region>>Sub-region>>Basin>>Sub-basin>>Watershed>>Sub-watershed

Watersheds divide sub-basins and usually range in size from 40,000 to 250,000 acres, while sub-
watersheds divide or may be equivalent to watersheds and usually range in size from 10,000 to
40,000 acres (USEPA, 2008).

Florida has a HUC-TMDL boundary layer (Figure 1) that was modified for the purposes of this
document and is available at cwr3.fau.edu. This map was compiled from the USGS HUC basins
and the TMDL boundary maps developed by the Florida Department of Environmental
Protection. These have also been cataloged by USGS nationally as HUCs at
http://water.usgs.gov/wsc/index.html. The appropriate HUC can also be found at the USEPA
“Surf Your Watershed” website (http://cfpub.epa.gov/surf/locate/index.cfm).

Legend
Seven HUC Waterhsheds Overreaching Boundaries

Total Maximum Daily Load Watershed Boundaries

1]
Florida Hydrologic Unit Code Watershed Boundaries
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Figure 1. Revised HUC-TMDL map such that TMDL regions match with HUC boundaries as
created by FAU to delineate boundaries for screening tool development
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The HUC boundaries may not have sufficient resolution for watershed master planning, so
dividing into sub-watersheds will permit better resolution on flood vulnerability. An example
map showing all sub-watersheds that drain into the larger community of Broward County is
illustrated in Figure 2.

o Mt S, Cperrs | 1P ot S | ot S | W (e

Figure 2. Watershed map of Broward County, FL (Rojas, 2020)
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Another way to identify watershed boundaries more precisely is to use a topographic map. The
raw data are available at USGS (usgs.gov/core/science/systems/ngp/tnm-delivery/topographic-
maps) and the processed data and maps are available at cwr3.fau.edu. When working in very
small watersheds of just a few square miles, more detailed topographic information should be
obtained from municipal planning departments, if possible. From these maps, lines can be drawn
following the highest ground between the waterways to identify the watershed boundaries, or
ridge lines, as shown in Figure 3.
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Figure 3. An éxample of a USGS topdgraphic map used to define a watershed.
(https://www.nrcs.usda.gov/Internet/FSE_MEDIA/nrcs144p2_014463.jpg)

1.2.3 Wetlands and Natural Areas

According to Florida Administrative Code (FAC) 62-340, the State of Florida defines wetlands as
“those areas that are inundated or saturated by surface water or ground water at a frequency and
a duration sufficient to support, and under normal circumstances do support, a prevalence of
vegetation typically adapted for life in saturated soils.” Florida wetlands generally include
swamps, marshes, bayheads, bogs, cypress domes and strands, sloughs, tidal marshes, mangrove
swamps, and other similar areas.

Wetlands serve many purposes, including acting as recharge areas, filters for contaminants,
buffers that mitigate temperature changes in adjacent areas, and habitat for wildlife. Hydrologic
functions include receiving and storing surface water runoff, which is important in controlling
tflooding, erosion, and sedimentation. Surface water that enters a wetland is stored and percolates
into the ground or until the wetland’s overflow capacity is reached and thereafter water is slowly
released downstream to a receiving waterbody. As the flow of water is slowed by wetland
vegetation, sediments in the water (and pollutants bound to the sediments) settle out of the water
column, improving water quality. Additionally, within cypress wetlands, the trees are deciduous,
which reduces water loss due to transpiration during the dry season. Wetlands also function
hydrologically as groundwater recharge-discharge areas when the water level of a wetland is
higher than the water table.



Biological wetland functions include providing habitat for fish and wildlife, including organisms
classified as endangered, threatened, or species of special concern. Some species depend on
wetlands for their entire existence, while other semi-aquatic and terrestrial organisms use
wetlands during part of their life cycle. Their dependence on wetlands may be for seasonal
migration, residence, feeding, reproduction, nursery areas, or corridors for movement. Wetlands
are also an important link in the aquatic food web. They are important sites for microorganisms,
invertebrates, and forage fish, which are consumed by predators such as amphibians, reptiles,
wading birds, and mammals.

The National Wetlands Inventory (NWI), maintained by the United States Fish and Wildlife
Service (USFWS), provides information on the characteristics of wetlands, deep-water habitats,
and other wildlife habitats. The Emergency Wetlands Resources Act of 1986 requires USFWS to
conduct national wetlands studies and report comprehensive estimates of wetlands on public and
private lands in the United States to Congress every 10 years. The latest reports are published in
https://www.fws.gov/wetlands/status-and-trends/index.html. The NWI has a Wetlands Mapper
tool (Figure 4) that allows a user to map wetland habitats (www.nwi.fws.gov). Other key
information can be obtained from wetlands assessments or surveys that include global
positioning system (GPS) coordinates, plot descriptions, canopy information, flora/fauna
diversity, and land use impacts.
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Figure 4. Screenshot of NWI mép product that shows wetlands delineation
(https://www.fws.gov/wetlands/data/mapper.html)

State Wetland Conservation Plans will describe regulations relating to wetlands protection.

Florida has adopted a unified wetlands delineation methodology that is binding to all state,

regional, and local governments throughout the state (FAC 62-340). This methodology is specific

to Florida and recognizes the unique vegetation, hydrology, and soil features that characterize
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Florida wetlands. Although the Florida methodology differs from the United States Army Corps
of Engineers’ (USACE) 1987 Wetland Delineation Manual, state and federal wetland delineation
lines are very similar. FDEP publishes wetlands delineation guidance at:

e hittps://floridadep.gov/sites/default/files/delineationmanual.pdf
e https://floridadep.gov/water/submerged-lands-environmental-resources-
coordination/content/wetland-delineation-and-umam

Other natural areas also have value such as the upland ecosystems, which include the hardwood
forests in both the panhandle and the peninsula, pine forests, various scrub, dry prairie,
rangeland and the rocklands of the extreme southern tip of Florida
(https://www .floridasnature.com/florida_uplands.html). Flatwoods are the most widespread
ecosystems in Florida, occupying as much as 50% of the state’s land area. The topography of a
flatwoods region is low and relatively uniform. The soil is sandy, acidic, has very little organic
content with an underlying layer of marl or hardpan that not only inhibits drainage, it also
prevents deep moisture from coming to the surface soil layer resulting in alternating seasonal
periods of flood and drought. The dominant pine canopy is open, allowing plenty of sunlight to
reach under-story shrubs, herbs and grasses. Upland areas are characterized by pines and palms
that provide habitat for certain species like the Florida Panther. Many of these areas are either
protected or have limitations on development to support endangered or threatened species. It is
common for upland and wetland areas to lie adjacent to one another, providing the opportunity
for species to migrate between the two ecosystems. Tropical hardwoods, hardwood hammocks,
coastal scrub and dry prairies are other habitats located in wupland regions
(https://www .floridasnature.com/florida_uplands.html).

Natural areas and open space are defined herein as areas that are exempted from development.
Generally, it means one or more of the following qualifiers exist:

1. Valuable for recreation, forestry, fishing, or conservation of wildlife or natural resources
A prime natural feature of the state’s landscape, such as a shoreline or ridgeline
3. Habitat for native plant or animal species listed as threatened, endangered, or of special

concern

4. A relatively undisturbed outstanding example of an uncommon native ecological
community

5. Important for enhancing and conserving the water quality of lakes, rivers, and coastal
water

6. Valuable for preserving local agricultural heritage

7. Proximity to urban areas or areas with open space deficiencies and underserved
populations

8. Vulnerability of land to development

9. Stewardship needs and management constraints

8



10. Preservation of forest land and bodies of water that naturally absorb significant amounts
of carbon dioxide

Permanent protection of sensitive areas can provide critical water quality protection and can be
achieved through partnerships with landowners, municipalities, land trusts and state agencies.
Land within the watershed that has been protected via acquisition by federal, state or local
agencies, has conservation easements or is designated as wetlands or areas of critical concern
should be clearly marked on maps. An example map of Florida panther habitat is shown in
Figure 5.

N9 _.

Florida Panther Range

- Known Breeding Range

Confirmed Presence of Males

- Caloosahatchee River
and Lake Okeechobee

L 2 }
.
Figure 5. Florida panther habitat range (Florida Fish and Wildlife Conservation Commission,
2018)

1.2.4 Floodplains

A floodplain is a generally flat area of land next to a river. An example of a floodplain from the
Suwanee River watershed is shown in Figure 6. Floodplain identification and mapping is
important for flood protection of property/damage reduction. Because floodplains are expected
to flood periodically, local governments are expected to develop regulations that either prohibit
development in floodplains or permit development that follows standards that make the
structures/property flood resilient. Floodplain identification and mapping is also important for
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water quality protection and restoration because inundated floodplains provide habitat for fish
and wildlife, act as an important removal mechanism for nutrients and sediments and provide
storage to reduce the severity of downstream flooding. Streams that are actively connected to
their floodplains are less likely to suffer severe erosion.
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Figure 6. Natural channel of the river (dark‘line), river floodplain (black hétch) and fringe area

(pink shaded area) within flood zones map. Note in Florida, the lack of topography makes
delineating the flood plain and bluff lines a challenge, but the concept still applies
(http://www.srwmdfloodreport.com)

Beyond the floodway is the flood fringe, which extends from the outer banks of the floodway to
the bluff lines of a river valley. When a channel receives too much water, the excess flows over its
banks and into the adjacent floodplain. Flooding that occurs along a channel is called riverine
flooding (black hatched area in Figure 6). Overbank flooding occurs when downstream channels
receive more than normal precipitation from their watershed. Excess water overloads the
channels and flows out onto the floodplain. Overbank flooding varies with the watershed’s size
and terrain. One measure of a flood is the velocity of its moving water. Depending on the size of
the river and terrain of its floodplain, flooding can last for days and cover wide areas. In urban
areas, flash flooding can occur where impervious surfaces, gutters and storm sewers increase the
speed runoff.

1.2.5 Flow Paths and Natural Channels

Natural channels are defined features on the ground that carry water through and out of a
watershed. They may be rivers, creeks, streams or ditches. They can be wet all the time or dry
most of the time. Beyond the floodway is the flood fringe that extends from the outer banks of
the floodway to the bluff lines of a river valley.
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ArcHydro is an available extension in ArcMap with a set of tools design to create the catchment
drainage areas using a digital elevation model (DEM) as input. The ArcHydro function also
permits the delineation of routing and sub-basins, which may need to be modeled separately.
Figure 7 shows an example map illustrating the flow channels for the Caloosahatchee basin based
on the modeling by Florida Atlantic University.
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Figure 7. Example of a flow paths map for the Caloosahatchee basin

1.3 Planning Goals and Scope

To ensure the watershed planning effort remains focused, the planning goals and scope of the
effort must be clearly defined. If the scope and goals are established early in the planning process,
it will become easier to implement and monitor the plan. The goals and scope will also impact
the planning horizon, which is typically 5 to 10 years. Factors such as changes to the watershed,
development pressure, impacts of climate change, availability of new technologies and mitigation
strategies, etc. will make the plan obsolete within a 10-year window or less, requiring periodic
updates. Therefore, it makes sense to update the plan before then (e.g. every five years).

The stakeholders/partners identified in Section 1.1 will provide critical input into the watershed
master planning process to identify issues of concern, develop realistic goals, and propose
management strategies for implementation to help shape the scope of the WMP effort. For each
goal identified during this process, specific management objectives should be developed that
include measurable targets and specific indicators to track progress toward meeting the goal. The
more specific the goals and objectives are, the easier it will be to achieve them. For example, one
goal for a riverine community might be to restore recreational uses (fishing and swimming). This

goal might be further defined as improving freshwater fisheries by reducing sediment and
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nutrient loading in runoff by 20% compared to a baseline value, increasing dissolved oxygen
concentrations to an average of 7.0 mg/L as O, reinstating swimming by lowering fecal coliform
counts during the summer to a geometric mean <200 CFU/100 mL, and reducing peak flow for a
24-hour, 1-year storm event to <400 cfs (USEPA, 2008).

Preserving lands, wetland protection, limiting development, requiring the use of low impact
development techniques and similar regulatory goals can also be established as a means to
achieve up- and down-stream goals. Some examples of projects implemented to address
watershed goals are listed in Table 1, some of which are discussed further in Chapter 5.

Table 1. Sample goals related to flood protection on a watershed basis

Sample Goal Indicator Management/Project
Reduce Overbank Flooding |Repetitive Loss Claims Revetment
. . Restore Water Flow
Restore Wetlands ‘é\i)el?jtrsld Species Population Increase Regulatory Protection
Acquire Properties
. ) Install Pump Stations
Reduce Flood Levels Repetitive Loss Claims Install Weirs/Gates
Changes to Flood Maps —
Install Piping
Increase Water Supply Water Restrictions Construct Upstream Reservoir

1.4 Public Participation

The goals of the watershed management plan public outreach program reflect the steps required
to solicit the input of the public and build awareness of the project throughout diverse
communities. Information presented to the public must be straightforward, factual, and designed
to be appreciated by non-technical audiences. Typical goals of this planning process are as
follows:

e Create and implement a meaningful public involvement process that communicates
effectively and engages with the diverse communities and stakeholders

e Develop a list of public and regional benefits

e Create public forums and collateral materials that provide clear, concise and easy-to
understand information to enable the public to make informed decisions and provide
input

e Publish and distribute the draft environmental documents for review and also notify the
public, elected officials and other stakeholders of upcoming community meetings and
public hearings

¢ Respond to public and stakeholder feedback in an accurate, consistent, and timely manner

e Evaluate the public involvement process on a regular basis
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To facilitate community participation, there is a need to develop a database of stakeholders
(community groups, residents, local and regional business owners, labor, environmental
organizations, employers, academia, cultural and entertainment attractions, emergency
responders, media, policy leaders, regulators, other institutions, etc.), as discussed Section 1.1. A
successful community outreach program will assess attitudes and perceptions among target
audiences and identify barriers, advantages and levels of support.

Communication must be public, and all input recorded in terms of who is in attendance and the
content of educational materials. A website should be created as a clearinghouse of
documentation for all meetings, including: agendas, notices, meeting materials, meeting
summaries or minutes, public comment logs, plan documents, and supplemental materials used
to develop the plan. Because not all stakeholders can participate in many daytime meetings in
person, options to provide input should include: 1) commentary tool on the webpage, 2) virtual
meetings using Zoom, WebEXx, Teams or other platforms, 3) surveys, 4) local news media outlets,
and 5) community discussion boards. Such forums must be monitored continuously to be able to
incorporate comments into revisions of the plan. All outreach programs should incorporate a
news media outlet to reach as many stakeholders and members of the public as possible.

Every watershed master plan should include an information/education component that involves
the watershed community. Because many water quality issues result from individual actions and
the solutions are often voluntary practices, effective public involvement and participation
promote adoption of management practices, help to ensure the sustainability of the watershed
master plan, and encourage behaviors that will help to achieve planning goals and objectives (see
Section 6.1). Examples of outreach materials using the CRS Coordinator’s Manual to identify
those CRS activities that require outreach effort(s) for credit. A draft outreach plan and
supporting documents are included in Appendix E.
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2.0 WATERSHED CHARACTERIZATION

Once the planning team has been assembled and the overarching planning goals, scope, and
objectives established, the watershed must be characterized to identify the most vulnerable areas
and to mobilize resources to implement the action plan. Understanding how the watershed works
will involve gathering existing information and data sets from previous planning efforts
involving water quantity and water quality in the watershed. This effort includes creating a data
inventory, identifying any critical data gaps, and analyzing the data with screening tools and
modeling to identify and prioritize areas of flood risk that should be addressed by the plan. It is
important to note that this step is iterative and ongoing as new data are generated and projects

are implemented and monitored.

2.1 Inventory of Existing Data

To assess the historical and current conditions, it is critical to gather existing data sets that
characterize the physical and natural features of the watershed in the following categories:

* Topographic data

¢ Groundwater

e Surface water/tides

e Soils data

e Land cover/land use identification including vacant land, wetlands, waterbodies, etc.
e DPrecipitation records

e Open space

* Impervious areas

e  Waterbodies

e Locations of stormwater infrastructure
¢ Natural resources

e Demographics

The data sources used by FAU to develop the mapping tools and algorithms are provided in
Appendix F. Each of these are explained in further details in the sections that follow.

2.1.1 Topography/Elevation Data

Topography is a key parameter that influences many of the processes involved in flood risk
assessment, and up-to-date, high-resolution, high-accuracy elevation data are required.
Fortunately, high quality, aerially extensive electronic databases are available, a major
improvement over old topographic maps. These high-quality datasets are in the form of “light
detection and ranging” (LiDAR) files. LIDAR is a method for measuring distances by illuminating
the target with laser light and measuring the reflection with a sensor. Differences in laser return
times and wavelengths can then be used to make digital 3-D representations of the target.
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FEMA has adopted as a standard Quality Level 2 (QL2) data as defined in the USGS LiDAR Base
Specification v1.2 (Heidemann, 2018), which is provided through the USGS 3D Elevation
Program (3DEP) (FEMA, 2016a). In order to meet the requirements for FEMA Risk Mapping,
Assessment, and Planning (RiskMAP), 1-meter (2015 to present) and 1/9 arc-second (~ 3-meter)
(2010-2015) LiDAR Digital Elevation Models (DEMs) can be acquired from the USGS 3DEP
Elevation Products Program available through the National Map Viewer
(https://viewer.nationalmap.gov/basic/) or cwr3.fau.edu. QL2 LiDAR specifications are found in
the USGS LiDAR Base Specification: Version 1.0 (2012), Version 1.1 and 1.2 (2014), and Version
1.3 (2018) (Heidemann, 2018). QL2 data from the National Enhanced Elevation Assessment
(NEEA), which serves as the basis for the 3DEP, was developed using airborne LiDAR point
density of 2 points per square meter allowing for high accuracy and enhanced resolution of
derivatives. The 1-meter DEM has a target non-vegetated vertical accuracy of is 19.6 cm at the
95% confidence level (Arundel et al., 2015). This accuracy meets the 3DEP QL2 vertical accuracy
threshold of +10 cm root mean square error (RMSEz) (Arundel et al., 2015). In vegetated areas,
the vertical accuracy might be slightly diluted (showing larger RMSEz values), but nevertheless
the 1-meter DEM products retain a high level of accuracy in all segments. The 3-meter DEM
products have a vertical accuracy between 22 cm and 30 cm, which meets the specifications of
FEMA Elevation Guidance (Document 47) for flood risk analysis and mapping (FEMA, 2016a).
The FEMA specifications for vertical accuracy of elevation datasets are shown in Table 2 (adapted
from FEMA 20164, p. 6).

Table 2. FEMA vertical accuracy requirements based on flood risk and terrain slope

Flood Risk Terrain Specification | Vertical LiDAR
Level Characteristics Level Accuracy Nominal Pulse
Spacing (NPS)
High Low-lying flat areas Highest 245cm/36.3 cm | <2.0 meters
High Rolling slopes High 49.0cm /72.6 cm | <2.0 meters
High Hilly terrain Medium 98.0cm/145cm | <3.5 meters
Medium Low-lying flat areas High 49.0cm /72.6 cm | <2.0 meters
Medium Hilly terrain Medium 98.0cm/145cm | <3.5 meters

The extent of high-resolution DEM datasets available through the USGS 3DEP elevation program
for the State of Florida are: a) 3-meter DEM; and b) 1-meter DEM, as shown in Figure 8.
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Additional high resolution LIDAR DEM datasets (1-meter and 3-meter) can also be obtained from
the NOAA Data Access Viewer (https://coast.noaa.gov/dataviewer/#/lidar/search/) and
cwr3.fau.edu. These datasets can be combined with datasets acquired from the USGS National
Map Viewer to improve the extent of the coverage, which is incomplete in certain parts of the
State of Florida (mostly for inland rural counties and the Suwannee River Basin). Furthermore,
the USGS 1/3 arc-second (approximately 10 meters) National Elevation Datasets can also be
obtained from the USGS National Map Viewer. Newer 1/3 arc-second data are increasingly
derived from LiDAR and other high-resolution data sources. Reported accuracy of the 1/3 arc-
second DEM is approximately 1.16 m (Haneberg, 2006), which meets FEMA specification for high
to medium flood risk on hilly terrain. An example of a kriged topographic layer derived from
these products is shown in Figure 9.
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Figure 9. Kriged topographic layer for the Broward County, FL watershed processed by FAU
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2.1.2 Groundwater

Groundwater plays a key role in determining the soil storage capacity, which is the ability of the
soil to absorb precipitation. Knowledge of the soil storage capacity can provide insight into the
tendency for ponding. The underlying concern is that the combination of a high groundwater
table, heavy rains, and impervious conditions can lead to localized nuisance flooding events that
may be too difficult to predict with a model of predicted averages of groundwater/surface water
values. Coastal tidal conditions can also exacerbate flood concerns in areas with shallow
groundwater tables. Thus, groundwater conditions are conceptualized as an average of the
observable extremes due to those factors in situ.

An acceptable Level of Service (LOS) for a community must be defined to identify priority areas.
A LOS would indicate how often it is acceptable for flooding to occur in a community on an
annual basis. Local officials realize that there are no examples where there is never flooding. In
a survey of public officials conducted by E Sciences (2014), the number of days of continuous
nuisance flooding that the public will tolerate before the event is considered destructive is about
4 days, which means that roughly 1% (4/365) of the highest daily groundwater elevation values
on an annual basis represents the time of the year that a given area is at greatest risk of
experiencing a destructive-nuisance flooding event. As Figure 10 indicates, when the tidal (or
groundwater) data is tallied from smallest to largest, the top 1% is the 99" percentile.

Percentage (%)

2 15 1 45 L) 0s 1 .. i

Daily Maximum Tide Value (feet)

Figure 10. Definition of the 99" percentile value from the daily maximum tide data in the
Virginia Key station from 1994-2019

18



Because for certain areas of Florida, the surface and ground water levels interact as one, there is
a need to capture groundwater data. Romah (2011), Bloetscher and Wood (2016) and others have
noted that both tides and groundwater are increasing with time (Figure 11). Pertinent
groundwater information can be obtained from the 5 Florida water management districts
(WMDs) and the Florida Department of Environmental Protection (FDEP) to identify watershed
characteristics necessary to inform an effective framework for a statewide watershed master

planning initiative.
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Figure 11. Increasing tides and projected future increases — 99th percentile

Table 3 summarizes the groundwater datasets collected by FAU and made available at
cwr3.fau.edu. Over 4400 wells were identified and downloaded, but only 35% (1n=1500) provided
data applicable for screening (surficial aquifer and continuous data collection since 2000). Note
that as many as one-third of wells in a given area may not be useful for modeling purposes
because they are either offline, stopped recording years ago, temporarily out of service, or other

mechanical reason.
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Table 3. Location of groundwater datasets

Agency GW Date No. Source Data Format
Parameter Range of Wells

SFWMD Daily 2000 - 2019 844 CSV files downloaded (and
maximum processed)

SWFWMD | Daily 2000 - 2019 469 Access database provided by
maximum District

SRWMD Daily 2000 - 2019 197 Data portal (downloaded and
maximum processed)

SJWMD Daily 2000 - 2019 717 Provided by the District for a fee
maximum

NWFWMD | Different 2000 - 2019 92 Provided by the District (required
temporal processing)
resolutions
(max
processed)

FDEP Upper 2012-2017 1564 FDEP Open Data Portal:
Floridan https://geodata.dep.state.fl.us/
Aquifer https://geodata.dep.state.fl.us/dat
water level asets/unconfined-aquifer-wells-

well-list-frame/data

The groundwater surface elevation (hydraulic gradient) mapping is a critical effort because to
krig a groundwater surface elevation, a common date is needed. First, there needs to be enough
well/station-based groundwater data to create a groundwater surface in GIS. Having less than
20 wells that are aerially extensive is insufficient for developing a groundwater layer in GIS using
stochastic variance-dependent spatial interpolation (e.g., ordinary kriging). Prior work by
Romah (2011) indicates that while different interpolation methods can be used, ordinary kriging
methods are adequate and representative. A subset of available data is used for the creation of a
validation dataset, and the rest of the data is used for calibration (i.e., estimation of parameters of
the interpolation model). Where the coast is present, the coast is used as a constant head
boundary. For regions with spatially sparse or non-uniform groundwater wells, the groundwater
levels are estimated using a multiple linear regression approach from auxiliary variables in
addition to the limited ground well observations in a watershed (Zhang et al., 2020).

Based on locating the 99% percentile value as noted earlier, the top 2% of values, the 98-100%
percentile, are trimmed and then tabulated in ascending order and reviewed to determine a
common date over all remaining wells in the set. The 99 percentile should avoid outlier dates
that occurred during historically rare storm events. Outliers and anomalous groundwater levels
in the database are initially evaluated, identified and if found to be faulty, are replaced by region-
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specific mean values based on observations available from the nearest well. Missing date-specific
data are estimated using simple temporal interpolation based on observations available in time.
If a station (or monitoring well) data contains large amounts of missing data, it is not used in the
generation of the groundwater surface. FAU has created groundwater layers for all 29 watersheds
in Florida (available at cwr3.fau.edu). An example of one such groundwater surface krig is shown

in Figure 12.
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Figure 12. Example output of a kriged groundwater surface map for Broward County, FL

In flat or coastal areas, like south Florida, there is very limited topography and a direct
relationship between ground and surface waters exists. Prior work by Bloetscher and Wood
(2016), Bloetscher and Romah (2015), Wood, (2016), E Sciences (2013), Romah (2011) and others
related to the research team have extensively studied this issue. Each demonstrated that low
relief, coastal areas may see increased flood risk due to increasing sea levels, so as a result,
predicting how areas with low elevations may be affected by inundation in three ways: 1) from
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direct surface flooding, 2) from rising groundwater levels, and 3) from the inability of inland areas
to drain.

There are however scenarios when the groundwater layer is less important to surface flooding
screening. For coastal regions that also have some degree of topographic relief, there may be a
separation of surface water from groundwater. The further away from the coast, the topography
creates a separation whereby the ground and surface waters may be many feet apart and rivers
do not intersect the groundwater table at the upper reaches of the watershed. Tampa Bay is an
example in Florida. Another possibility is where the groundwater and surface waters are not
related and rarely intersect. Examples exist in the center of the state, and widely outside of the
state. Groundwater is less important in these areas, especially if clay or rock exists near the
surface (i.e. confined aquifers). See Section 2.1.3 for more details.

2.1.3 Surface Water/Tides
Surface water data is gathered from stream gages. Figure 13 shows stream gage locations
provided by SFWMD. However, it may be helpful to review temporal trends and relative minima

and maxima in surface water elevations.
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Figure 13. SFWMD stream gage stations for surface water data
(https://www.sfwmd.gov/sites/default/files/documents/em_stage_monitor_map_2.pdf)

There are four issues with surface water data sets:

1. The southern Florida coastal condition is characterized by direct interaction between
groundwater and surface water. Bloetscher et al. (2012) found that the groundwater elevation
would seek high tide as opposed to average tides for the coastal boundary condition. Tidal
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data can be gathered from NOAA tidal gages and other gages monitored by local
governments. The location of tide gages is important to ensure they accurately depict tides,
as opposed to inland waters. Figure 14 shows the location of tide gages in Florida. These tide
gages record high and low tides by cycle each day.
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Figure 14. Locations of Florida tidal stations maintained by NOAA in FDOT Districts
(https://www.researchgate.net/publication/330637496 Sea Level Rise Projection Needs Cap
acities and Alternative Approaches Sea Level Rise Projection Needs Capacities and Alt
ernative Approaches/figures?lo=1)

Miami Beach 2.39 mm

The tidal peak condition in the peninsula tends to occur with the king tides in the fall, which is close
to the point when the groundwater levels are also highest. In north Florida, the highest tides could
also be in the spring due to runoff conditions. To set a boundary for the coastal areas, the high
tide on the common data should be chosen. The land has relatively flat terrain, and groundwater
elevation is controlled by canals and tides. Resolving the south Florida situation is
straightforward. Once a common time period is determined across the majority of wells, canal
data can be gathered for that date (and two days prior in the event the canals were deliberately
lowered) from database sites for surface waters. Between stations, an ArcGIS tool permits a line
to replicate the canals and establish points in a gradient between stations. The same is true for
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the ocean, but it is a constant head boundary. The canals form boundary conditions for the
screening tool on the edges of the basin and affect localized groundwater. Using the water levels
in the groundwater and canals, the only remaining boundary is the ocean. The tide issue is
resolved by using the same groundwater date for high tide. FAU has the tidal information
available at cwr3.fau.edu.

2. Coastal areas with topography inland with direct interaction of groundwater and surface
water only along the coast (e.g. Hillsborough County condition). Current kriging spatial
interpolation techniques cannot resolve regions with sparse or no well observations. Thus, an
ideal groundwater table map/raster layer cannot be produced. The multiple linear regression
(MLR) approach has been well established for groundwater elevation estimation (e.g.,
Sepulveda, 2003; Chung and Rogers, 2012). It assumes that the exposed water surface such as
lakes, streams, rivers, and canals have the elevation of a local minimum water table referred
to as MINWTE in literature. The water table elevation (WTE) is closely related to MINWTE
and the depth-to-MINWTE that can be derived by subtracting MINWTE from DEM. The WTE
is estimated via a multiple linear regression model as follows (Equation 1):

Equation1  WTE = B1(MINWTE) + f2(Depth to MINWTE) + ¢

where ¢ = statistical error

The tidal and groundwater dates need to be obtained the same way they are for the south Florida
condition. Second, for points from streams, rivers, canals, and inland water boundaries (e.g.,
lakes), the elevation of these points are assigned as DEM using the “extract value to point”
function in ArcGIS. For points along ocean shorelines, elevations are assigned to the closest tidal
station observed elevation using point to point spatial join function in ArcGIS. Since the value of
“depth to MINWTE” is created by subtracting MINWTE from DEM, the conditional function in
ArcGIS should be used to set negative values to 0. This effort is available for some Florida
watersheds at cwr3.fau.edu.

3. Locations where there is no direct interaction between groundwater and surface water/tidal
conditions, and groundwater and surface water are not related. This is the north Florida
condition. In addition, there are two possible high groundwater levels: 1) post rainy season
and 2) spring season. The spring groundwater levels may be more related to spring runoff.

4. Inland, non-coastal basins that have no boundary along the coast. For watersheds with no
coastal connection, the challenge is determining if the groundwater and surface waters are
linked, and how fluctuations are controlled (versus tides affecting them). It will require
obtaining information from adjacent watersheds as a means of smoothing edges within the
watershed of interest. Otherwise the boundaries will not provide useful results.
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For all watersheds, the outlets need to be defined. Coastal communities will have the coastal
ocean as the outlet. Areas that do not discharge to the coastal ocean will have outlets that become
inlets for downstream watersheds. For example, as Figure 15 shows, the Caloosahatchee basin
has an inflow from Lake Okeechobee on the east. It also has contributions from various swamps
along the river as it flows west. The outlet is to the Gulf of Mexico and the east side of Sanibel
Island. A more inland watershed may require a substantially expanded area of investigation to
address incoming water and limits on the outlet end). This requires using a screening model (see
Chapter 4).
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Figure 15. Land use in the Caloosahatchee watershed (SEWMD, 2009) and note the 3 lock
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2.1.4 Soils

Soil can store water if there is adequate distance between the topographic surface and the
groundwater table elevation and the soil itself is capable of infiltrating the water. Soils data is
available from United States Department of Agriculture (USDA) or other agencies in the form of
maps that can be incorporated as a GIS layer. The Gridded SSURGO (gSSURGO) dataset from
USDA, which is similar to the standard product from the USDA Natural Resources Conservation
Service (NRCS) Soil Survey Geographic (SSURGO) database but is available in the Environmental
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Systems Research Institute, Inc. (ESRI®) file geodatabase format, allows for statewide or even
Conterminous United States (CONUS) tiling of data. The gSSURGO dataset contains all of the
original soil attribute tables in SSURGO. All spatial data are stored within the geodatabase instead
of externally as separate shape files. Both SSURGO and gSSURGO are considered products of the
National Cooperative Soil Survey (NCSS)
(http://www.nrcs.usda.gov/wps/portal/nrcs/main/soils/survey/partnership/ncss/).

An important addition to this format is a 10-meter raster (MapunitRaster_10m) of the map unit
soil polygons feature class, which provides statewide coverage of soil datain a single GIS layer. In
order to create a true statewide soils layer, some clipping of excess soil survey area gSSURGO data
may be required. The format also includes a national Value Added Look Up (valu) Table that has
several new “ready to map” attributes. However, file geodatabases such as gSSURGO are not
compatible with the NRCS Soil Data Viewer application and only support a limited subset of the
standard query language (SQL) that the Microsoft® Access® database format or Microsoft® SQL
Server® uses. These conversions were made by FAU for all basins in Florida and are available at
cwr3.fau.edu. Statewide available water storage derived for the soil layer (0-150 cm) is shown in
Figure 16.
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Figure 16. Florida available water storage map processed by FAU
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According to the Plant and Soil Science E-Library of the University of Nebraska-Lincoln
(https://passel2.unl.edu/view/lesson/0cff7943£577/10), water holding capacity refers to the
amount of water held between field capacity and wilting point. Available water storage (AWS)
is that portion of the water holding capacity that can be absorbed by a plant. As a general rule,
plant available water is considered to be 50% of the water holding capacity. The water holding
capacity (ratio) is calculated using Equation 2:

Equation2  Water holding capacity = 2 x (AWS for a soil layer of 0-150 cm) / 150 cm

Figure 17 shows the water holding capacity (ratio) map for Florida. Water holding capacity
here is dimensionless.
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Figure 17. Florida water holding capacity ratio map processed by FAU

2.1.5 Land Cover/Use

The USGS produces the National Land Cover Database (NLCD) of nationwide data on land cover
at a 30 m resolution with a 16-class legend based on a modified Anderson Level II classification
system. The database is designed to provide cyclical updates of United States land cover and
associated changes. Systematically aligned over time, the database offers the ability to understand
both current and historical land cover and land cover change, and enables monitoring and trend
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assessments designed for application in biology, climate, education, land management,
hydrology, environmental planning, risk and disease analysis, telecommunications, and
visualization. Using the NLCD 2016 dataset, a GIS layer can be created by using only three
categories out of the 13 to identify impervious areas such as primary roads in urban areas,
secondary roads in urban areas, and tertiary roads in urban areas.

NLCD is coordinated through the 10-member Multi-Resolution Land Characteristics Consortium
(MRLC), a two decades-long interagency federal government collaboration that has proved an
exemplary model of cooperation among federal agencies to combine resources to provide digital
land cover information nationwide. The database is designed to provide cyclical updates of
United States land cover and associated changes to assess both current and historical land cover.
For the conterminous United States, NLCD 2016 contains 28 different land cover products
characterizing land cover and land cover change across 7 epochs from 2001-2016, urban
imperviousness and urban imperviousness change across 4 epochs from 2001-2016, tree canopy
and tree canopy change across 2 epochs from 2011-2016 and western U.S. shrub and grassland
areas for 2016. Data are available on mric.gov/data/nlcd-2016-land-cover-conus either as
prepackaged products or custom products. Processed data is available at cwr3.fau.edu.

In addition to the NLCD land cover dataset, FAU also collected the statewide land use land cover
dataset compiled by FDEP. This dataset integrates land use land cover data products provided
by the five water management districts in Florida based on manually interpreted fine resolution
aerial photography: North West Florida Water Management District (NWFWMD) 2012-2013,
Suwannee River Water Management District (SRWMD) 2010-2011, St. Johns River Water
Management District (SJRWMD) 2009, South West Florida Water Management District
(SWFWMD) 2009, and South Florida Water Management District (SFWMD) 2004-2005 and 2008-
2009. Codes are derived from the Florida Land Use, Cover, and Forms Classification System
(FLUCCS-DOT 1999) but may have been altered to accommodate regional differences. Compared
to the NLCD dataset, this land use land cover product has a finer delineation of land cover types
but is not up to date. This dataset can help further refine water bodies and impervious surfaces
where soil water holding capacity is considered as zero in the screening tool.

At 30 m resolution, the NLCD and the FLUCCS-DOT datasets complement each other. Small
waterbodies and impervious surfaces have not been well delineated in the NLCD 2016 dataset,
but can be delineated better using the statewide land use land cover dataset. Large water bodies
such as Tampa Bay and canals have not been fully delineated by the statewide land use land
cover dataset but delineated by the NLCD 2016 dataset. The solution is to use the impervious
surface from the NLCD 2016 to set the soil water holding capacity to zero in screening tool
simulations, and water bodies defined in the statewide land use land cover dataset were used to
set soil water holding capacity to zero. Waterbodies are re-delineated by using both NLCD 2016

29



and statewide land use land cover datasets (available at cwr3.fau.edu). Note that tiny waterbodies
may be missing from WMD files. The 2016 NLCD land cover map for Florida is shown in Figure
18 with an overlay of county boundaries. The impervious surface mainly includes the classes 21,
22,23 and 24. The 30 m resolution can be re-pixelated to 3 m.
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Figure 18. Florida NLCD 2016 land cover map processed by FAU

The point of land cover is to determine the extent to which water can infiltrate the soil (natural
condition), versus more developed areas, where the land cover type will discourage infiltration.
For example, cropland, pastureland, rangeland, forestland, agriculture, developed, federal land,
etc. are primarily conditions where the land has considerable permeability. As a result, when
modeling runoff from storms, these areas will create less intensive runoff curves. In contrast,
developed areas will have more imperviousness, which may vary at the parcel level. For example,
typical residential communities may have less than 30% imperviousness, whereas downtown
business districts may be upwards of 80%. In such cases, the runoff curve associated with highly
developed areas causes higher peak runoff that occurs faster than that associated with
undeveloped properties.

Future land use plans normally address what communities expect for development intensity and
include regulations to mitigate the higher intensity runoff events. Waterbodies are impervious
properties per the land use codes. This information is needed to develop runoff models to
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replicate flooding in a given watershed. Note that political boundaries and watershed boundaries
tend not to line up, but the political boundaries are needed to identify potential stakeholders.

2.1.6 Precipitation Records

Relevant precipitation data are needed to understand the local water budget for the watershed
and also for modeling purposes. Historical data can be obtained from the National Oceanic and
Atmospheric Administration (NOAA) National Climatic Data Center (NCDC). Stations within or
near a watershed can be found in the NCDC database, and data can be provided for a fee. Local
or regional-level stormwater management districts will also collect rain gage data. Hourly or
daily precipitation data will be required in modeling runoff routing. These precipitation records
will provide critical information about wet and dry seasonal variations.

The precipitation data used in screening can be modified for any rainfall event using the
accumulated rainfall data table obtained from NOAA Atlas 14 Point Precipitation Frequency
Estimates (https://hdsc.nws.noaa.gov/hdsc/ptds/pfds_map_cont.html). Figure 19 shows the 3-
day, 25-year precipitation map based on the NOAA Atlas 14 dataset for Florida.
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Figure 19. NOAA Atlas 14 expected precipitation from the 3-day, 25-year storm event
processed by FAU

2.1.7 Stormwater Infrastructure Inventory

Accumulated stormwater runoff from developed property must be managed in an organized and
systematic manner if property owners are to enjoy the full use of their property and public
services are not to be disrupted. Stormwater facilities must be constructed and maintained to
reduce the negative impacts of runoff. Local community stormwater systems consist of structures
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that help channel the stormwater to these canals but also directly into the ground to help resupply
groundwater. These stormwater structures include catch basins, curb inlets, culverts, canals,
swales, pump stations, ditches, manholes, levees, dams, locks, etc. A question to ask is whether
maintenance or capital is required to address flooding.

Municipal separate storm sewer system (MS4) stormwater permits require additional record-
keeping, policy development, inspections and maintenance, associated with an asset
management plan that requires an inventory of assets like the example illustrated in Figure 20.
Depending on the accuracy desired, the data can be gathered in many ways such as onsite field
investigation, using existing maps, using maps while verifying the structures using aerial
photography and video, or field investigations. It is important to note that highly localized
infrastructure (i.e. culverts, bioswales, etc.) is unlikely to be significant in a watershed-level
screening analysis. However, the analysis will identify where local infrastructure may be required
to achieve the goals.

Legend
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Figure 20. Mapped drainage structures for Stormwater Master Plan for Town of Davie, FL
(FAU 2017)

The watershed screening tool model that is available using the databases described previously is
generally applicable to large, aerially extensive areas. The operations of rivers, large streams,
canals or other major waterways will tend to dwarf that of culverts along roadways. As a result,
the watershed view should focus on the dams, canals, pump stations, gated spillways, and similar
structures as needed by the modeling software that impact the operation of major waterways
identified in ArcHydro (see Section 1.2.5). Making sure that all major infrastructure is accounted
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for is key to this effort. Once completed and modeled, drilldown analysis of the vulnerable areas
will require added data, which is when the local infrastructure databases become more relevant.
This infrastructure is needed for modeling the watershed (see Chapter 4). An example of the

infrastructure map is shown in Figure 21.
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Figure 21. Location of major watershed level stormwater infrastructure in parts of southwest
Florida

2.1.8 Open Space
Open space is defined as areas that are exempted from development. Generally, it means one or

more of the following qualifiers exist:

1. Valuable for recreation, forestry, fishing, or conservation of wildlife or natural resources
A prime natural feature of the state’s landscape, such as a shoreline or ridgeline
3. Habitat for native plant or animal species listed as threatened, endangered, or of special

concern
4. A relatively undisturbed outstanding example of an uncommon native ecological
community
5. Important for enhancing and conserving the water quality of lakes, rivers, and coastal
water

6. Valuable for preserving local agricultural heritage
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7. Proximity to urban areas or areas with open space deficiencies and underserved
populations

8. Vulnerability of land to development

9. Stewardship needs and management constraints

10. Preservation of forest land and bodies of water that naturally absorb significant amounts
of carbon dioxide

Permanent protection of sensitive areas can provide critical water quality protection and can be
achieved through partnerships with landowners, municipalities, land trusts and state agencies.
These regions are primarily shown on conservation maps and added to this will be the
waterbodies in Section 2.1.10, which serve a related condition to open space. Agricultural land
and other land cover will come from the land cover map described in Section 2.1.5.

2.1.9 Impervious Area

As noted in Section 2.1.5, impervious areas do not permit the infiltration of precipitation to
groundwater, and because the water cannot infiltrate, it runs off faster, which means that peak
flows to waterbodies and storm sewers occur faster, and with higher peak volumes. The result is
a disruption of the natural, and potentially the planned, hydrology. Impervious areas include
pavement, buildings, and other areas that have been compacted that lessen runoff capacity. In
other words, developed areas have much higher imperviousness than areas that are natural or
agricultural. The state has a land development database labeled NLCD2016 that designates
imperviousness. Figure 22 shows the impervious areas derived from the NLCD2016 in Section
2.1.5.
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Figure 22. Example of an impervious area map for the Caloosahatchee basin
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2.1.10 Waterbodies
Waterbodies are defined in the statewide land use land cover dataset (Figure 23). Note that tiny

water bodies may be missing from water management district files. Soils were discussed in
Section 2.1.4.
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Figure 23. Example of a waterbodies map for the Caloosahatchee basin, as processed by FAU

2.1.11 Natural Resources

Understanding the watershed’s natural resources is critical to identifying potential sources of
water quality degradation and areas to designate for conservation, protection, and restoration.
One possible goal of watershed master planning is to protect terrestrial wildlife, aquatic habitat,
and buffer zones.

USGS maintains important sources of information on physical and geographical features as well
as soil and mineral resources, surface and ground water resources, topographic maps, and water
quality = monitoring data. The USDA’s Natural Resources Inventory (NRI)
(www.nres.usda.gov/technical/NRI) is a survey of information on natural resources on non-
federal land in the United States that captures data on land cover and land use, soil erosion, prime
farmland soils, wetlands, habitat diversity, erosion, conservation practices, and related items.
Since 2001, the NRI has been updated continually with annual releases of NRI data from all 50
states. The information provided can be used for addressing agricultural and environmental
issues down to the county or cataloging unit level. Therefore, at the watershed level, this data can
be used to determine erosion and site-specific soil characteristics for certain land uses such as
croplands, pasturelands, forestlands, etc., but the data is provided as inventories, not GIS layers.
Key natural resources include the following:
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e Wetlands and open areas (refer to Chapter 1.2.3)

e Waterbodies (refer to Chapter 2.1.3)

e Soils (refer to Chapter 2.1.4)

e Land cover/use (refer to Chapter 2.1.5)

e Fish and wildlife

e Ecosystems

e Some WMPs will also note culturally sensitive areas such as Native American sacred sites,
historic buildings, archeological sites, etc.

Identification of the types of fish and wildlife and their habitats can assist in evaluating areas
targeted for protection and conservation in the watershed master plan. Local and state fish and
wildlife offices (http://offices.fws.gov/statelinks.html) can provide information on wildlife
species and distribution within their jurisdictions. Within Florida, the contacts range from FDEP,
Florida Fish and Wildlife Conservation Commission, and USFWS local offices. The Nature
Conservancy also has eco-regional plans and other reports that provide valuable information.
The potential for endangered or threatened species should be verified at
http://endangered.fws.gov. Also any exotic or invasive plant or animal species should be noted.
The importance of fish and wildlife and habitat on the state of the watershed is why it is included
in the critical data needed for WMPs.

Ecosystem management requires that all aspects of a watershed (e.g., land, water, air, plants,
wildlife, etc.) be managed in a holistic approach. Successful, effective ecosystem management
strategies require partnerships (refer to Section 1.1) within the watershed. There are a number of
available resources for assisting in ecosystem management plan development and adapting or
integrating those recommendations into the WMP. The need is to identify the key networks of
wild landscapes, reserves, buffer zones, and the native species to be able to delineate, protect and
restore wilderness corridors, particularly when impacted by human activities and development
pressures.

2.1.12 Demographics

Demographics data is important for determining the ability to pay for improvements, social
justice issues, land acquisition costs, property/land use, and communication strategies. The US
Census has databases at the census tract (Figure 24) and block level.
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Figure 24. US census tract map (2010)

The data includes age, income, race, language spoken, number of people in the household, and
education level. All of these might be useful. An example is as follows:

As of the 2010 census, there were just over 37,000 people in the City, down over
7,000 (20%) from 2000. There were over 27,000 housing units at an average density
of 6,000 per square mile (2,294.8/km?). In 2010, the racial makeup of the city was
47.7% White/Non-Hispanic White, 31.8% Hispanic, 18.7% African American,
0.2% Native American, 1.4% Asian, and 2.6% from two or more races. 44.3% were
foreign born, and 51.8% speak a language other than English at home. Other
languages spoken are Spanish by 19.5%, French by 5.2%, with the majority being
French Canadians, Romanian at 2.7%, Italian at 2.0%, French Creole at 1.8%,
Yiddish 1.7%, Russian 1.3%, German 1.3%, Hungarian at 1.2%, Polish at 0.9%,
Hebrew at 0.8%, and Portuguese is spoken by 0.7%.

Home ownership was 60.6%. About 82% of dwelling units are multi-family. In
2010, there were 17,782 households with an average of 2.07 persons per household,
up from 1.88 in 2000. The median per capita income in the City was $25,168 up
from $22,464 in 2000. According to the 2010 census, the total household income
was $34,645, down from $37,171 in 2000 and far lower than the State average of
$47,827. The cause is likely fewer people per household or higher unemployment.
In 2010, 20.6% of the population in the City lived below the poverty line.

FAU has some of this key information available at cwr3.fau.edu.
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2.1.13 Data Gaps

All of the data collected must be reviewed to determine its quality and any major gaps. A true
data gap is when the information is missing or lacks sufficient resolution in space or time to
properly identify and characterize a key component of the watershed. Examples of common data
gaps include: 1) missing baseline data, 2) missing correlation data (i.e. flow rates that correspond
to specific water quality sampling event timing or locations, 3) non-representative sampling, 4)
insufficient data points, 5) dataset age, 6) lack of adequate resolution, 7) lack of upstream or
downstream data points, 8) poor spatial coverage, 9) lack of accuracy and precision, 10) bias, and
11) variable detection/quantitation limits or collection procedure. Knowing where the data gaps
are will permit planners to develop a strategy to overcome them.

There are some known issues. In some regions of Florida, the groundwater monitoring well
density is not spatially uniform or spatially extensive. Some important areas like the Keys and
the Everglades have limited (if any) well coverage. Spatial interpolation using a stochastic
variance-dependent interpolation (e.g., Ordinary Kriging) can be used to estimate groundwater
levels at points of interest or for the generation of the surface. A subset of available data is used
for the creation of a validation dataset, and the rest of the data is used for calibration (i.e.,
estimation of parameters of the interpolation model). Where the coast is present, the coast is used
as a constant head boundary. For regions with spatially sparse or non-uniform groundwater
wells, the groundwater levels are estimated using a multiple linear regression approach from
auxiliary variables in addition to the limited groundwater well observations in a watershed.

Outliers (very high or low groundwater levels attributed to a variety of reasons) are noted at
several sites. Outliers and anomalous groundwater levels in the database are initially evaluated,
identified and if found to be faulty, are replaced by region-specific mean values based on
observations available from the nearest well. Missing data is also an issue at some monitoring
wells. Missing date-specific data are estimated using simple temporal interpolation based on
observations available in time. If a station (or monitoring well) data contains large amounts of
missing data, it is not used in the generation of the groundwater surface.

The king tides in south Florida happen within the same period every year between the months of
September and November. This period happens to coincide with the end of the wet season and
the height of the hurricane season. The culmination of these phenomena means that groundwater
related flooding risks are greatest at this time and it also allows us to assume that, generally
speaking, rainfall and tidal influences on groundwater are most correlated at this time and can
be quantified indirectly through observable groundwater levels alone. However, since this is an
observation driven modeling effort with spatially explicit implications, discrete, observational
values of groundwater, surface water, rain, tides, etc. are also required to inform a spatial model.
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The watershed scale does not permit detailed analysis down to the level of a bridge culvert from
the current data sets due to spatial extent. Low resolution LiDAR limits the interpretability of
results; however, some assumptions can still be made by simply comparing tidal and rain
influences on observed flooding events. Data must be in the same datum (the datum used here
is NAVDS88) and units (ft). Spatially explicit rainfall data (NeXRAD) and storm surge input are
needed, but the records are lacking for some areas of the State.

If there are concerns about data gaps, the first step is to make an assessment if the data are
essential to the understanding of the problem. If the necessary datasets are available, then
determine if the data quality is acceptable (sufficient resolution, long enough time series, recently
updated, level of accuracy, etc.). The level of detail necessary will vary depending on the
modeling and tracking goals and is usually found along a spectrum, as summarized in Table 4.

Table 4. Summary of level of detail for certain types of screening data (USEPA, 2008)

Data Type | Low Medium High
Flow Summary statistics Spatial analysis of flow Spatial and temporal
(range, average) data in GIS analysis of flow data in
GIS often combined with

modeling and
supplemental monitoring

Land Use General distribution | Specific identification of | Statistical analysis of
using broad detailed categories by detailed categories in
categories sub-watershed relation to average flow

Soils General distribution | GIS analysis of locations | Detailed analysis of soil
of soil types and types of soil distribution in relation to

streams and erosion
potential

Habitat General distribution | Mapping of critical Landscape pattern
of habitats habitats and buffers measurement near critical

habitat with GIS modeling

Using data of low quality will make it difficult to make the correct management decision and
defend allocating the resources to implement the action plan and monitor its beneficial impacts.
Note that the level of detail necessary will vary depending on the modeling and tracking goals.
Although data gaps can be identified during the data inventory process, more specific
requirements are often discovered during modeling.

2.2 Screening Tool Modeling to Identify Vulnerable Areas

In order to complete a flood risk assessment, a community needs sufficient knowledge of its local
hydrology and water supply needs and the tools to assess changes. In general, a diversified

39



approach to stormwater is the best method to minimize future risks associated with climate
change uncertainties. This includes the development of surface water flow forecasting models,
demand forecasting models, and an integrated surface water — groundwater hydrologic model,
which all incorporate rainfall and temperature variables as driving forces. These models can take
output of downscaled climate models that provide different rainfall and temperature time series
and make assessments of the effects of changes in these parameters and how they affect the
service area.

Hence, the purpose of collecting all of the watershed-level technical data and pertinent
information in Section 2.1 is to use it to inform an effective framework for watershed master
planning that identifies critical areas in the watershed where improved management efforts are
needed. The boundary conditions and design storms must be selected for calculation purposes
during this exercise.

Several methods can be used to delineate flood-prone areas, depending on the level of detail and
accuracy required, the types of floodplain management measures to be used, land values, political
considerations, and other factors. The method used here relies on engineering principles of
precipitation routing to calculate flood levels for a given design storm to provide the basis for
delineating flood-prone areas.

2.2.1 Modeling the Watershed

To evaluate a watershed’s runoff response from design storms of various magnitudes and
durations under current and predicted future conditions, modeling software is needed.
Modeling software can be highly detailed or macro-scale. The latter permit a better, faster
watershed analysis without getting bogged down in local details that may create minimal effects
over the entire watershed. Such software must be user-friendly with readily available, easily
acquired data, be aerially extensive, include inputs for infrastructure, provide easy-to-interpret
results, be compatible with GIS, and adequately describe the macro-level flood response.

The modeling of stormwater routing and flood risk can take a number of forms such as solutions
for simple cases or numerical computer codes for more complex cases where a high degree of
accuracy is needed. Medium and large communities should have working computer models of their
jurisdiction, but most do not. For small communities, it may be sufficient for relatively simple
applications, but for more extensive modeling, significantly more data may be needed if surface
interfaces and competing users are located in a given basin.

For communities that have a working model, data must be gathered regularly to calibrate to actual
conditions. For the basin or watershed approach, data-driven models appear to be more appropriate
than simple local modeling. There are numerous resources available that describe, in varying
levels of detail, the processes, equations behind, and numerical methods of groundwater
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modeling including, but not limited to, those listed in the reference pages. Models are also
constantly improving, so designating specific models for this exercise is not appropriate.

Unlike engineering designs where precise measurements are turned into something tangible, a
flood risk model attempts to “approximate reality” while being transparent regarding its
uncertainties and limitations over a potentially open-ended time frame. At the same time, it must
be understood that models are mathematical approximations of typical or average conditions
estimated for the basin parameters. But there is also a need to understand the limitations of these
models.

The simplest representation of floodplain flow is to treat the flow as one-dimensional along the
center line of the river channel (DHI, 2003). Many hydraulic situations can make an assumption
of 1-dimensional conditions, either because a more detailed solution is unnecessary (e.g. the
purpose does not require knowledge in other dimensions) or because a 1-dimensional solution is
sufficient to approximate real conditions, such as in a confined channel or in a pipe. One-
dimensional models can be used for open surface floodplain flow too, in which case floodplain
flow is part of the one-dimensional channel flow, which is assumed to be in one direction parallel
to the main channel, and one cross-sectional averaged velocity is used to represent large
variations in velocity across the floodplain.

The two-dimensional models represent floodplain flow as a two-dimensional field with the
assumption that the third dimension (water depth) is shallow in comparison to the other two
dimensions (DHI, 2012, Roberts et al., 2015). Two-dimensional flood models such as ISIS, MIKE
11 and HECRAS represent the channel and floodplain as a series of cross-sections perpendicular
to the flow direction and solve either the full or some approximation of the one-dimensional
shallow water equations (Bates and De Roo, 2000). These models require less computer effort
compared to hydrodynamic models. They are fast, robust, and most desirable for applications
that do not require velocity output and have low demands on the representation and accuracy of
flow dynamics in the vertical direction.

Most approaches solve the two-dimensional shallow water equations, which represent mass and
momentum conservation in a plane, and can be obtained by depth-averaging the Navier-Stokes
equations. Two-dimensional numerical models for unsteady shallow flows and various
computational techniques using finite difference, finite element and finite volume schemes have
been reported (Table 5). Two-dimensional flood models such as TUTFLOW, SOBEK and MIKE
21 solve the two-dimensional shallow water equations by means of appropriate numerical
schemes (Mignot, et al 2006; Abderrezzak et al 2009; Dottori and Todini, 2013; Song et al., 2015).
Advances in remote sensing technology, particularly through high resolution and high accuracy
input data such as airborne LiDAR and Synthetic Aperture Radar (SAR) data, and improved
computing capacity seem to have increased the popularity of two-dimensional models.
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For many scales of floodplain flow, complex three-dimensional representation of flow dynamics
may be regarded as unnecessary, as a two-dimensional shallow water approximation may be
adequate, especially given the type and quality of data typically available for model construction
and validation (Alcrudo, 2004). However, modeling of vertical turbulence, vortices, and spiral
flow at bends is important during catastrophic floods, such as those occurring due to dam breaks,
tsunamis, flash floods or embankment and levee breaches.
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Table 5. Available models and their strengths and weaknesses (from Teng et al., 2017)

unsteady state

Model Author(s), Model Type & | Key Mathematical | Numerical Access Strengths Limitations
Name Date Dimensionality | Assumptions Framework Solutions
HEC-RAS USACE, 1995 1-D Hydraulic Basically, the model solves One- Implicit finite Open source Extensive Model instability
the one dimensional energy | dimensional difference However, user | documentation, | and limitation in
equation for steady flow. energy solution assistance is suitable for a environments that
However, it can solve the equation to limited to wide-range of require multi-
full 1D shallow water solve for USACE users data quality, dimensional
equation for unsteady friction and easily adaptable | modelling
flows. contraction and easy to set
up
HEC-HMS USACE, 1992 | Hydrologic Primarily designed to Different Analytical Open source Extensive Generally fails
simulate the precipitation statistical and solutions of However, user | documentation, | under dynamic
run-off process of dendritic | mathematical underlying assistance is suitable for a flood simulation
drainage basins concepts mathematical | limited to wide-range of conditions
describing representation | USACE users hydrologic
Also capable of solving a physical of hydrologic applications
range of hydrologic processes are processes. and amenable
problems used in for integration
modelling with other
software
ISIS-2D Halcrow 2-D Hydraulic Designed to work either Full two- Alternating Commercial Suitable for Slow simulation
(now CH2M standalone or within the dimensional Direction hydrodynamic speed and requires
HILL), 2009 ISIS suite shallow water | Implicit (ADI) flood a high resolution
equations , FAST and simulation topographic data
Total
Variation
Diminishing
(TVD)
ISIS-1D Halcrow 1-D Hydraulic Designed primarily for Full one- Muskingum- Commercial Suitable for Assumes velocity
(now CH2M modeling water flows and dimensional Cunge steady, is normal to cross
HILL), 2008 levels in open channels and | shallow water | scheme for unsteady, section and not
estuaries equation steady state subcritical, suitable for
and 4-point supercritical dynamic flood
Preissmann and transitional | simulation
scheme for flows
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Model Author(s), Model Type & | Key Mathematical | Numerical Access Strengths Limitations
Name Date Dimensionality | Assumptions Framework Solutions
ISIS - FREE Halcrow Coupled 1-D/2- | Provides an advanced one- | One- Alternating Open source Suitable for Limited to 250 1D
(now CH2M D Hydraulic dimensional (1D) and two- dimensional Direction wide range of nodes and 2500 2D
HILL), 2009 dimensional (2D) and two- Implicit (ADI) applications cells
simulation engine, analysis | dimensional , FAST and including urban
and visualization tools shallow water Total areas, coastal
equations Variation and river
Diminishing channels
(TVD)
ISIS-FAST Halcrow Simplified 1-D / | Quick simulation of Simplified FAST solvers | Commercial Simulation Requires high
(now CH2M Simplified 2-D flooding using simplified shallow water speeds are up to | resolution data and
HILL), 2011 hydraulics equations 1000 times is commercial
quicker when software
compared to
traditional 2-D
flood models
LISFLOOD-FP Bates and De | Simplified 2-D A raster-based hydraulic One- Explicit finite | Research Extensive Requires a high
Roo, 2000 model that is assumed to dimensional, difference documentation, resolution
possess the simplest kinematic and | solution easily adaptable | topographic data
hydrologic process two- and simple to for simulation.
representation dimensional set up
diffusive wave
equations
LISFLOOD De Roo, GIS-based LISFLOOD is a GIS-based One- 4-point Research Wide range of Not a stand-alone
Wesseling, distributed hydrological rainfall- dimensional, implicit finite applications code, it requires a
and Van hydrologic runoff-routing model kinematic difference including base platform of
Deursen, 2000 | model wave equation | solution and simulation of PCRaster
analytical interception of modelling
solutions of rainfall by environment
other vegetation,
hydrological evaporation of
components intercepted

water and Leaf
drainage.
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Model Author(s), Model Type & | Key Mathematical | Numerical Access Strengths Limitations
Name Date Dimensionality | Assumptions Framework Solutions
Newer MIKE 11 | DHI, 1997 1-D Full one-dimensional Saint | Muskingum Commercial complemented | Limited to
Venant equations, diffusive | method and by a wide rivers and
and kinematic wave Muskingum- range of fluvial-related
approximation Cunge method additional flood events.
for simplified modules and Model can be
channel extensions unstable under
routing covering two-
almost all dimensional
conceivable flood conditions
aspects of
river
modelling
MIKE 21 DHI, 2003 2-D Developed to simulate Full two- Implicit finite | Commercial Suitable for Simulations time
flows, waves, sediments dimensional difference hydrodynamic steps and model
and ecology in rivers, lakes, | shallow water techniques flood stability are
estuaries, bays, coastal equations with the simulation. affected by C-F-L
areas and seas in two variables Simulates bulk condition. Needs
dimensions defined on a flow to be calibrated
space- characteristics,
staggered flow velocity in
rectangular various
grid directions of
flow
MIKE-FLOOD DHI, 2003 Coupled Developed to enhance the One- Coupled Commercial Satisfactory Not well adapted
independent functionalities | dimensional solution of 1- real-time in terms of
of MIKE 11 and MIKE 21 and two- D/2-D simulation of application to
dimensional shallow water flood many geographic
shallow water | equations inundation in locations, and
equations river, coastal models require
and urban areas | calibration
TUFLOW - 1D BMT-WBM, 2-D Simulation of complex Full one- Second order | Commercial Dynamic There are
1990 hydrodynamics of flood dimensional Runge-Kutta linking uncertainties in
using full 1-D St. Venant shallow water | finite- capability solution and are
equations equation difference between poor at process
solution domains. Fast representation

from
computational
point of view
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Model Author(s), Model Type & | Key Mathematical | Numerical Access Strengths Limitations
Name Date Dimensionality | Assumptions Framework Solutions
TUFLOW -2D BMT-WBM, Simplified 2-D Simulation of complex Full two- Stelling Finite | Commercial Dynamic Slow, but
1997 hydrodynamics of flood dimensional Difference linking dynamically
using full 2-D free surface free surface and ADI capability captures bulk flow
shallow water equations shallow water between characteristics
equations domains with
satisfactory
representation
of process
JFLOW JBA 2-D It is basically a simplified Diffusion Explicit finite | Commercial More accurate Conditional
Consulting, physics flood model wave equation | difference flood stability through
1998 scheme simulation and the C-F-L condition
simple to set up | Unable to account
and useful at for effects of small-
coarse scale features
resolution during flood
simulation
DIVAST Liang, 2-D Solution that includes the Full 2- Implicit finite | Commercial Unconditionally | Lacks the ability to
(depth- Falconer and effects of local and dimensional difference stable. Constant | capture shock
integrated Lin, 2007 advective accelerations, the | shallow water | technique and time steps resulting from
velocities and earth's rotation, free surface | equations the ADI simulation
solute pressure gradients, wind formulation
transport) action, bed resistance and a
simple mixing length
turbulence model
DIVAST-TVD Falconer and | 2-D To address some limitations | Full 2- TVD- Commercial Ability to Conditional
Xia, 2013 inherent in the original dimensional McCormack capture shock stability
DIVAST model shallow water | explicit finite
equations difference
scheme
SOBEK Deltares, 2019 | Scheme. By Specially designed for Two- Finite Commercial Capable of Conditional
means of a overland flow dimensional difference handling stability
rectangular Saint-Venant wetting and
grid equations drying, spatially

varying surface,
roughness and
wind friction
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Model Author(s), Model Type & | Key Mathematical | Numerical Access Strengths Limitations
Name Date Dimensionality | Assumptions Framework Solutions
SOBEK Deltares / 1-D Specially designed for One- Finite Commercial Breaches can be | Conditional
Delft rural, urban and river flows | dimensional difference modelled by stability
Hydraulics, Saint-Venant means of a
2020 equations complex “river
weir” with time
dependent
properties
TELEMAC Electricité de | 2-D Designed to address the solves the full | finite-element | Open source It can perform Conditional
2-D France (EDF), challenges of process two- or finite- simulations in stability
2010 representation and dimensional volume transient and
limitations in channel and shallow water | method and a permanent
floodplain flood modelling | equations computation conditions
mesh of
triangular
elements
TELEMAC Electricité de | 3-D To address some limitations | Navier-Stokes | finite-element | Open source Ability to Conditional
3-D France (EDF), inherent in the 2-D version equations, or finite- capture 3-D stability
2010 of the model whether in volume hydrodynamic
hydrostaticor | method and a features of an
non- computation area. Suitable
hydrostatic mesh of for all flood
triangular sources
elements
TRENT 2000 Nottingham Full 2-D A flood model that can Shallow water | Explicit Finite | Commercial Shock capturing | Stable at CFL
University, capture full hydrodynamic | equations difference ability condition, using
2000 properties scheme adaptive time
stepping
MOD_freeSURF | Martin and 2-D To obtain a more efficient Unsteady state | Semi-implicit, | Open source Modularity, Lacks extensive
2D Gorelick, 2005 flood simulation through a | Shallow water | semi- computational validation
more robust numerical equations Lagrangian efficiency and
scheme numerical minimum data
scheme requirement
CADDIES Ghimire et 2-D A model that performs Rules that Cellular Open source Fast simulation | Lacks extensive
al., 2013 optimally at simulating govern automata of flooding validation

flooding in urban areas

movement of
water in-
between cells
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Model Author(s), Model Type & | Key Mathematical | Numerical Access Strengths Limitations
Name Date Dimensionality | Assumptions Framework Solutions
FLO-2D v. O'Brien, 2007 | Simple 2-D Hydrodynamic model for Full 1-D and 2- | Finite Commercial A combined Bridge or culvert
2007.06 and the solution of the fully D shallow difference hydrologic and computations must
2009.06 dynamic equations of water solutions hydraulic be accomplished
motion for one-dimensional | equations. modelling for external to FLO-2D
flow in open channels and urban and river | using
two-dimensional flow in flooding methodologies or
the floodplain. models accepted
for NFIP usage
GUFIN Chen et al., Simplified A model that simplifies the GIS- based GIS and Research Integrates GIS, Lacks extensive
2009 model use of distributed models infiltration suitable for validation
for urban environment functions urban flooding,
results compare
well with
numerical codes
MIKE URBAN DHI Water Coupled 1D Has the capability to 1-D unsteady Implicit, finite | Commercial Suitable for Lacks the ability to
2010 and and 2D analyze storm sewer flow difference flow in urban capture some
Environment, networks. Flow conditions numerical areas and hydrodynamic
2010 associated with weirs, scheme. integrates GIS phenomenon such
orifices, manholes, capabilities as shock and
detention basins, pumps, supercritical flows
and flow regulators can be
reflected.
USEPA (1971- SWMM, new | Generic Designed to represented six | Kinematic Generally, the | Open source Extensive The model requires
2005) versions major environmental wave model finite documentation, many add-ons, and
through 2017 components: external Full dynamic difference several a user needs to
forcing, surface runoff, wave system. scheme upgrades, and understand the

groundwater, conveyance
system, contaminant built-
up and (LID) controls.

adaptive to a
range of
hydrological
and hydraulic
operations -
urban flooding,
drainage, etc.

detailed guidelines
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Table 6 outlines three ways the models, regardless of the dimensionality, might calculate
results. Empirical models are relatively easy to implement because they are based on observations
and can be extrapolated to serve as validation to data assimilation models. They are limited by spatial
grids and weather. Simplified conceptual models are computationally simple for computers and can
mimic or predict impacts to the floodplain, but dynamic flooding is not possible. Hydrodynamic
models can overcome the limitations of the empirical and simplified models, but they are
computationally difficult and require extensive memory and time to develop. They also require
significant amounts of information to generate results. Thus, they are useful when drilling down.

From the perspective of screening for large areas within a watershed, large amounts of data,
integration with GIS, and ease of calculation are important. Highly specific answers that depend
on minute details in the basin are not appropriate at a basin wide screening tool level. Hence a
simplified model that has capacity to drilldown to local levels with the same data sets, but adding
more localized specifics such as pipes, is useful. This is why FAU chose to use Cascade 2001 for
screening purposes.

Table 6. Summary of flood screening model options (from Teng et al., 2017)

Method Strengths Limitations Suitable Applications

¢ Non-predictive

¢ No/indirect linkage to
hydrology (difficult to
use in scenario

e Relatively easy to modelling) . o
implement e Coarse spatial and e Flood monitoring
« Based on observation temporal resolution ¢ Flood damage
data (although improving) assessment
Empirical e Derived inundation ¢ Engineering limitations e Serve as
methods estimate is (sensors, carriers, observations to
independent transmission devices) supporF calibration,
« Technology is rapidly ¢ Environmental validation and data
. . limitations (clouds, assimilation for
tmproving wind, damaging other methods

weather conditions,

other natural constrains)
e Processing limitations

(algorithm, artificial

errors)
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Method Strengths Limitations Suitable Applications
e Flood risk
assessment
e No inertia terms (not * \é\{:;irrl(;sources
olified . .
Simplifie e Computationally sulta.b le for rapid ¢ Floodplain ecology
conceptual .. varying flow) .
efficient . . e River system
models ¢ No/little flow dynamics hydrology
representation e Catchment
hydrology
e Scenario modelling
e Flood risk
assessment
¢ Flood damage
assessment
e Direct linkage to ¢ Real—tln'le flood
hydrology forecasting
e Detailed flood risk ¢ Floéd rel.ated
. . . engineering
mapping ¢ High data requirements
. e Can account for e Computationally * Water' resourees
Hydrodynamic . . . planning
hydraulic intensive . .
models e Riverbank erosion
features/structures e Input errors can .
e L e Floodplain
¢ Quantify timing and propagate in time .
duration of sediment transport
e Contaminant
inundation with high
accuracy transport
¢ Floodplain ecology
e River system
hydrology
e Catchment
hydrology

2.2.2 CASCADE 2001

After careful consideration, the FAU team chose to use CASCADE 2001, which is a macroscale,
multi-basin, spatial hydrologic/hydraulic routing model developed by SFWMD but appears to be
applicable across the state. For the model to work accurately, the basin boundaries must be chosen
carefully. The results are three-dimensional. However, the model is not difficult to run and
integrates with GIS. A spatial model is distinct from developing a model of predicted averages of
groundwater/surface water values and can be conceptualized as an average of
the observable extremes due to those factors in situ. The modeling effort addressed by this screening
tool combines the extreme conditions of high groundwater levels occurring simultaneously with
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king tides, heavy rains, and impervious soils that can lead to localized nuisance flooding events
that may be too difficult to predict with more abstracted models. The model can be adjusted to
average conditions, if desired.

The screening tool starts with a flood response model (CASCADE 2001) whose output is used to
develop flood risk/hazard maps at 10 m resolution to identify areas of concern. The screening tool
accomplishes this by utilizing pertinent information and technical data to create the input
tile. Specifically, groundwater table elevations and surface water levels (USGS and WMDs), tidal
information for coastal areas (NOAA), soil maps (USDA), and topographic data (described
herein) were collected. The design storm for calculation purposes was taken to be the 3-day, 25-
year storm, which is the standard used by the WMDs for flood management. The tool can also
model other storm events such as the 24-hour, 100-year and the 1-hour, 100-year storm event, as
well.

Next, groundwater table elevations and surface water gauges were downloaded from the
applicable water management district, tidal information for coastal areas was obtained from the
NOAA Tides & Currents website (https://tidesandcurrents.noaa.gov), soil maps were obtained
from USDA, and topographic data was obtained from various sources. Figure 25 shows how the
GIS layers conceptually interface in the tool and how they are combined for the spatial analysis.

Topography S : Soll Storage
(DEM) p Capacity

Groundwater

(Oct 29, 2017) -
. L ArcHydro
rtiaiad ’ gl Toolset [amd

Zone To sy Catchments, Drainage

(DEM) points and lines

Impervious
- G

. SFWD Structure

Dosign Sporm l Specifications

CASCADE 2001
Muiti-basin Routing
Model

Figure 25. Process for the utilization of data layers to develop a screening tool, using flood
modeling software (in this case Cascade 2001).

The following data layers discussed in detail in Section 2.1 are collected and processed as the
input files for CASCADE 2001:
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Topography (Section 2.1.1)

Groundwater elevations (Section 2.1.2)

Surface waterways/outlet locations from the watershed map (Section 2.1.3, refer to Figure
15)

Soils (Section 2.1.4)

Development intensity as it relates to land use cover and imperviousness (Section 2.1.5,
and also 2.1.8, 2.1.9, and 2.1.10) refer to Figure 18

Rainfall event (Section 2.1.6)

Structure locations (gravity, pump and gated spillways) (Section 2.1.7, refer to Figure 15,
Figure 20 and Figure 21). Note only regional infrastructure like dams and structures were
included in the watershed level modeling.
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Figure 26. Conservation areas (gray) in Hendry County (Comprehensive Plan)

The general database sources used for this analysis are summarized in Table 7.



Table 7. Summary of database sources for key information needed for modeling used in
development of this document

Date Created
Source Data
Name Sources or Date
Format
Range
Raster image
Rainfall NOAA Atlas 14 Precipitation Frequency Estimates format
: 1840-2013 (downloaded and
https://hdsc.nws.noaa.gov/hdsc/pfds/pfds gis.html
processed)
Raster image
Soil USDA Soil SSURGO gSSURGO Database: Released in | format
https://sdmdataaccess.nrcs.usda.gov/ 2019 (downloaded and
processed)
USGS 30m resolution, derived from Landsat Raster image
Landcover satellites Created for | format
https://www.mrlc.gov/data/nlcd-2016-land-cover- | 2016 (downloaded and
conus processed)
NHD24Area_dec07, and nhd24waterbody_dec17,
. Converted to
both from National Hydrography Dataset created . .
. . binary raster image
. originally by USGS Created in
Waterbodies . format
https://www.usgs.gov/core-science- 2007
y . . (downloaded and
systems/ngp/national-hydrography/national-
N - processed)
hydrography-dataset
. . Converted to
USGS 30m resolution, derived from Landsat . .
. . binary raster image
Impervious | satellites Created for format
Surface https://www.mrlc.gov/data/nlcd-2016-land-cover- | 2016
- (downloaded and
conus
processed)
Raster image
LiDAR From USGS, NOAA, Counties and Cities of FL 2000-2019 format
Elevations https://viewer.nationalmap.gov/basic/ (downloaded and
processed)

The software requires identifying the offsite receiving body and creates a glass box model where
water rises to a certain level and then discharges. The simulation requires defining the basin
(HUC or sub-HUC) and input of the following data:

e Basin area

e Elevation data (by percentage of the basin above certain critical values)

¢ Initial groundwater stage elevation

e Longest travel time for the runoff to reach the most distant point of discharge
e Available water storage (AWS) for a soil layer of 0-150 cm
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Ground storage as estimated from the USDA gridded National Soil Survey Geographic Database
(eNATSGO) using Equation 3:

Equation3  Ground storage (S) ~ (Water holding capacity) x (Surface elevation - GW elevation)

S =2 x (AWS for a soil layer of 0-150 cm) / 150 cm x (Surface elevation — GW elevation)

The watershed may have, or may plan to implement, stormwater improvements. There are three
types of structures available to input in the tool, which include gravity, pump and gated
spillways. For a pump, the discharge rate and the head water elevation to trigger a turn-on or a
turn-off of the pump must be specified. The result is a dataset that defines the flood level for the
basin that can be mapped as a layer in GIS. The output from the model is an elevation that can
be used to develop flood maps for the area that can be compared to the repetitive loss property
maps uploaded to the GIS platform as a separate layer. Figure 27 is an example output for a
watershed using this methodology. The blue shaded areas are the most likely to flood as a result
of the conditions from the 3-day, 25-year storm event, seasonal high ground and surface water
elevation, surface characteristics, and soil storage.
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Figure 27. Example of a flood output from CASCADE 2001 for a basin in Broward County, FL
(Rojas, 2020)

2.3 Mapping Efforts

To accurately identify and delineate lands in Florida that are vulnerable to floods, high-resolution
elevation data was used to predict headwater height. As flood risk is defined as the probability
of inundation based on ground elevation data, a means to assess probability of flooding is needed
that takes into consideration the vertical accuracy error in the elevation datasets which may vary
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depending on the available data spatial resolution. The uncertainties associated with the DEM
vertical accuracy, estimated depths to groundwater table, and the modeling approach itself are
incorporated in the root mean square error (RMSE) computation.

For this purpose, the NOAA process for determining Z-scores was followed (NOAA, 2010) using
the following formula:

Probability of Inundation = Standard_Normal_CDF(Z-Score)

Z-Score = [(high headwater height) - (Ground Elevation from LiDAR DEM)] /
SQRT(RMSE_LidaDEM*+RMSE_CRT2001Model?)

= (Headwater Height - LIDAR DEM Elevation) / 0.46

The value suggested by NOAA for the compact counties coastal vulnerability assessments which
is 0.46. Based on the calculated Z-score, probabilities of inundation can be derived. The
calculation of the corresponding Z-score can be mapped directly in GIS. For the purposes of this
example, we will use the 10%, 25%, 50%, 75% and 90% probabilities. The value of Z for the 75%
percentile is 0.675. Thus, one must be 0.675 standard deviations above the mean to be in the 75%
percentile. The GIS was then classified into 6 classes with cutoff Z-scores, as shown in Table 8.

Table 8. Z-score GIS layer legend

Risk of Flooding Description Range of Corresponding Z values
Below 10% Unlikely to be flooded <-1.282

10%~25% Low risk from -1.282 to -0.675

25%~50% Low-moderate risk from -0.675 to 0

50%~75% Moderate-high risk from 0 to 0.675

75%~90% High risk from 0.675 to 1.282

Above 90% Highest risk >1.282

Using this procedure, the results can look like Figure 28 (depending on the probability desired).
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Flood Risk Map - Broward

Probability

[] <-1.282. Unlikely { Below 10% )

[]-1.282 t0 -0.875, Low Risk { 10% to 25% )
[ 0.675 - 0. Low-moderate Risk ( 25% to 50% )
B 0 - 0.675, Moderate-high Risk ( 50% to 75% )
B 0.675 - 1.282. High Risk { 75% to 80% )
- >1.282, Highest Risk ( Above 90% )

[J=rrsasmsec

Figure 28. Example application of probability-based flood risk for Broward County, FL
(Rojas, 2020)
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2.4 Impact Adjustment Map

The flood hazard maps must present flood risk information that is correct and up to date to ensure
that they provide a sound basis for floodplain management and insurance rating. FEMA relies
heavily on communities to provide notification of changing flood hazard information and to
submit the technical support data needed to reflect the updated flood hazards on the NFIP maps.
Although revisions may be requested to change any of the information presented on the NFIP
maps, FEMA generally will not revise an effective map unless the changes involve modifications
to Special Flood Hazard Areas (1% annual chance floodplains or flood elevations). Requests for
revisions that involve other information (e.g., roads or corporate limits) will typically be filed for
future use. The goal of the watershed master plan is to remodel the basin to determine if there
are justifiable changes to the FEMA flood maps.

An impact adjustment map is used to determine how much of the community’s Special Flood
Hazard Area (SFHA) is affected by a CRS-credited activity or element (refer to Appendices B-D
for more details on the CRS activities). The credit is adjusted based on the impact of the element
on the community’s flood problem. There are 5 components to the impact adjustment mapping

process:
1. Impact adjustment base map (Activities 410, 420, 430, and 440)
2. Impact adjustment for open space (Activity 420)
3. Other impact adjustments based on area (Activities 410, 420, 430, and 440)
4. Impact adjustments based on buildings (Activities 310, 520, 530, 610, 620, and 630)
5. Impact adjustments based on watershed area (Activity 450)

To calculate an impact adjustment, the total area of the floodplain or the total number of buildings
in the floodplain must be determined (this is the denominator), and second, the area or number
of buildings that are affected by the activity must be determined (this is the numerator). The
impact adjustment is a ratio from 0 to 1. For example, if a community has preserved 50 acres of
its 150-acre SFHA, then the impact adjustment is 50 + 250 = 0.2 or 20%. The community will then
receive 20% of the maximum credits for the activity of preserving open space. The base map has
the corporate limits of the community showing all of the SFHA on the most current Flood
Insurance Rate Map (FIRM) (Figure 29).
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[ ] Coastal Study Area
 Preliminary Significant Changes

Figure 29. Example of an incomplete, proposed impact adjustment base map for Lee County,
FL (Lee County, 2020)

Next, the areas to be excluded from SFHA must be marked out to make sure the denominator
accurately reflects the area of the SFHA that is subject to development and also under the
community’s jurisdiction. The community is not held responsible for areas shown as SFHA on
the FIRM that cannot be developed because they are under water or are beyond the community’s
authority to regulate because it is federal, tribal or state land. A community generally has no
authority over state land, but because the CRS credits state activities in a community, if the
community would receive more credit by counting state land, it can keep state lands as part of
the SFHA.

The following must be marked on the map:

e Waterbodies in the SFHA that are larger than 10 acres. This includes lakes, reservoirs, and
river channels, but does not include wetlands, which are not considered waterbodies.
e Federal and tribal lands in the SFHA that are larger than 10 acres.
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e State lands in the SFHA that are larger than 10 acres (differentiate state open space vs. all
other state-owned property)
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3.0 POLICY FRAMEWORK

A Watershed Master Plan (WMP) should be cognizant of all applicable policy guidelines,
ordinances, and public policies that relate to water management within the watershed. This
section catalogues the various guidelines and policies that a community should include in
formulating a WMP.

3.1 Existing Regulations

It is important that the watershed plan identify the control actions, management practices, and
regulations as well as the agencies that have authority and jurisdiction, as applicable to the
watershed. These will include regulatory standards for new development such that peak flows
and volumes are sufficiently controlled and regulations that prohibit development, alteration and
modification of existing natural channels. The universe of existing regulations includes federal,
state, tribal, regional, and local rules.

3.1.1 Federal and State

The federal and state rules have been interconnected since the 1980s with delegation of
enforcement and administration of the major environmental protection rules to the states. In
response to increased flood damage, the escalating costs of disaster relief for taxpayers, and the
lack of affordable flood insurance, Congress enacted the National Flood Insurance Act (NFIA) in
1968 (Public Law Number 90-448, 82 Stat. 572 (August 1, 1968). Codified, as amended, at 42 U.S.C.
§4001), which established the National Flood Insurance Program (NFIP). Property located in a
flood area where the community participates in the NFIP is subject to the NFIA’s requirements.

Flood insurance compliance requirements for federally regulated financial institutions began in
1973, when Congress enacted the Flood Disaster Protection Act of 1973 (FDPA - Public Law
Number 93-234, 87 Stat. 975.). Section 102(b) of the FDPA amended the NFIA to require the Board
of Governors of the Federal Reserve System (Board), the Federal Deposit Insurance Corporation
(FDIC), the Office of the Comptroller of the Currency (OCC), and the National Credit Union
Administration (NCUA) to issue regulations directing lending institutions under their
supervision not to make, increase, extend, or renew any loan secured by improved real estate or
mobile homes located, or to be located, in a SFHA where flood insurance is available under the
NFIP unless the building or mobile home and any personal property securing the loan are
covered by flood insurance for the term of the loan.

Congress subsequently enacted the National Flood Insurance Reform Act of 1994 (Reform Act -
Title V of the Riegle Community Development and Regulatory Improvement Act of 1994, Public
Law Number 103-325 (September 23, 1994), which made comprehensive changes to the NFIA and
FDPA. The changes include obligating lenders to escrow all premiums and fees for flood
insurance required under the NFIA. In part because the NFIP incurred large deficits from paying
claims for major floods, Congress enacted the Biggert-Waters Flood Insurance Reform Act of 2012
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(BWA) to ensure the NFIP’s fiscal stability and for other purposes. To make the program self-
sustaining, the BWA phased out both subsidized rates, which apply to approximately 20% of
policyholders (Pub. L. No. 112-141, 126 Stat. 916 (2012). The BWA also directed FEMA to
implement full-risk pricing for all policies.

USACE has rules associated with federal works that apply to dredging, and other activities on
navigable waters. This also includes wetlands. Discharges into surface waters is one of the oldest
methods of disposing of waste because surface waters remove the waste from the point of
generation. Downstream, reduction of the waste occurs due to dilution and natural degradation
processes. Given sufficient treatment prior to discharge, these mutual processes work to reduce
the waste to relatively minimal levels. Failure to treat adequately will overload the natural
attenuation ability of the waterbody, resulting in noticeable pollution. As a result of major issues
with pollution in the 1960s, Congress passed the Clean Water Act (CWA). The preamble for the
CWA is as follows:

“The objective of this act is to restore and maintain the chemical physical and biological
integrity of the Nation’s waters...”

Responsibility for compliance with these regulations lie with water system owners, public
officials, managers, and operators. Enforcement action for failure to meet regulations is usually
directed against the responsible officials of a water system, water district, municipality, or
company. The most common legal liability results from failure to comply with specific
regulations. In the United States, much of the enforcement of the federal laws was delegated to
the states in the 1980s. Hence the states enforce these rules. In Florida, a series of rules associated
with minimum flows and levels, water quality and other issues are discussed in the following
sections.

3.1.2 Regional

In Florida, stormwater management systems are regulated at the regional level across the
watershed basin by the WMDs. These regulations apply to the design of a stormwater
management system that requires a permit as provided in Chapter 62-330, F.A.C., or Section
403.814(12) E.S. The Districts publish regulations and guidance for stormwater management.

Unless otherwise specified by previous agency permits or criteria, a storm event of 3-day duration
and 25-year return frequency (Figure 30) or 24-hour, 100-year storm (Figure 31) are used in
computing off-site discharge rates. Applicants are advised that local drainage districts or local
governments may require more stringent design storm criteria. An applicant who demonstrates
its project is subject to unusual site-specific conditions may, as a part of the permit application
process, request an alternate discharge rate.
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Off-site discharge rate is limited to rates not causing adverse impacts to existing off-site
properties, and: a) historic discharge rates; or b) rates determined in previous agency permit
actions; or c) rates specified in WMD criteria. An acceptable peak discharge analysis typically
consists of generating pre-development and post-development runoff hydrographs, routing the
post-development hydrograph through a detention basin, and sizing an overflow structure to
control post-development discharges at or below pre-development rates. The regulations note
that peak discharge computations shall consider the duration, frequency, and intensity of rainfall,
the antecedent moisture conditions, upper soil zone and surface storage, time of concentration,
tailwater conditions, changes in land use or land cover, and any other changes in topographic
and hydrologic characteristics. Large systems should be divided into sub-basins according to
artificial or natural drainage divides to allow for more accurate hydrologic simulations. Peak
discharge calculations must make proper use of the Soil Conservation Service (5CS) Peak Rate
Factor or K’ Factor. The Peak Rate Factor reflects the effect of watershed storage on the
hydrograph shape and directly and significantly impacts the peak discharge value. As such, K
must be based on the true watershed storage of runoff, and not on the slope of the landscape
which is more accurately accounted for in the time of concentration.

Surface storage, including that available in wetlands and low-lying areas, must be considered as
depression storage. Depression storage shall be analyzed for its effect on peak discharge and the
time of concentration. Depression storage can also be considered in post-development storage
routing which requires development of stage-storage relationships. If depression storage is
considered, then both pre-development and post-development storage routing must be
considered.

The rules require that building floors must be at or above the 100-year flood elevations, as
determined from the most appropriate information, including FIRMs. Both tidal flooding and the
24-hr, 100-year storm event are considered in determining elevations. In cases where criteria are
not specified by the local government with jurisdiction, the design criteria for drainage and flood
protection, the 5-year storm frequency is used for roadways.

With respect to the floodplains, no net encroachment into the floodplain, between the average
wet season water table and that encompassed by the 100-year storm event, which will adversely
affect the existing rights of others, is permitted. Treatment is required for offsite discharge to
many categories of waters. That treatment is normally part of retention/detention. To wit, wet
detention volume is required to be provided for the first inch of runoff from the developed
project, or the total runoff of 2.5 inches times the percentage of imperviousness, whichever is
greater; or dry detention volume must be provided equal to 75% of the amounts computed for
wet detention, or retention volume shall be provided equal to 50% of the amounts computed for
wet detention. Projects having greater than 40% impervious area and that discharge directly into
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receiving waters are required to provide at least one-half inch of dry detention or retention
pretreatment as part of the required retention/detention. The rules are extensive, but the major
point is that added watershed volumetric loadings are not permitted in most circumstances.

3.1.3 Local

Local ordinances establish construction-phase erosion and sediment control requirements, river
corridors and wetland buffers, and other watershed protection provisions in the form of
stormwater ordinances and permits or development restrictions. Local stormwater ordinances
and permits stipulate that applicants to control stormwater peak flows, total runoff volume, or
pollutant loading. Stormwater ordinances that apply these requirements to redevelopment
projects (not just new development areas) can help mitigate current impacts from existing
development. Developers could be required to implement stormwater practices such as
bioretention, stormwater retention or detention ponds, or constructed wetlands to meet
performance standards.

Local development ordinances and permits stipulate that applicants meet certain land use,
development intensity, and site design requirements (e.g., impervious surface limits or open
space, riparian buffer, or setback requirements). Although it might be difficult to add open space
to the redevelopment plan of an already-developed area, equivalent off-site mitigation or
payment in lieu might be required.

3.2 10-year, 25-year and 100-yr and 5-day events

The 3-day, 25-year storm event and the 24-hour, 100-year storm event are noted in the prior
section. Other events are available from the WMDs and NOAA. Rainfall events are used to
calculate peak flows and volumes.

3.3 Peak Flows and Volumes

Peak volume data is determined as a result of modeling described in Section 2.2.

3.4 Minimum Flows and Levels (MFLs)

The purpose of establishing Minimum Flows and Levels (MFLs) is to avoid diversions of water
that would cause significant harm to the water resources or ecology of an area. The Florida
Legislature has mandated that all WMDs establish MFLs for surface waters and aquifers within
their jurisdiction. Section 373.042(1) defines the minimum flow as “the limit at which further
withdrawals would be significantly harmful to the water resources or ecology of the area.” It
further defines the minimum level as the “level of ground water in an aquifer and the level of
surface water at which further withdrawals would be harmful to the water resources of the area.”
The WMDs are directed to use the best available information in establishing a minimum flow or
a minimum level. The overall purpose of Chapter 373 is to ensure the sustainability of water
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resources of the state (Section 373.016, F.S.). To carry out this responsibility, Chapter 373 provides
several tools, with varying levels of resource protection standards. MFLs play one part in this
framework. Determination of the role of MFLs and the protection that they offer, versus other
water resource tools available to the WMDs. The scope and context of MFLs protection rests with
the definition of significant harm. The following discussion provides some context to the MFLs
statute, including the significant harm standard, in relation to other water resource protection
statutes.

Section 373.0421 requires that once the MFL technical criteria have been established, the water
management districts develop a prevention or recovery strategy for those water bodies that are
expected to exceed the proposed criteria. It is possible that the proposed MFL criteria cannot be
achieved immediately because of the lack of adequate regional storage.

3.5 Existing Plans

The watershed master plan should be sensitive to local, state, and federal regulatory requirements
that may or may not be already in place. Note that watershed master plans are distinctly different
than a variety of other plans: Water quality and TMDL plans, local mitigation strategy plans,
Flood Insurance Studies (FIS), Floodplain Management Plans (FMP), stormwater master plans,
local ordinances and CRS plans, are all examples of plan that are developed for different
purposes. For example, a County’s Local Mitigation Strategy (LMS) details all of the possible
hazards that the incorporated and unincorporated areas need to be concerned about. These
possible hazards are identified and rated on the potential for damage based on previous hazards
of similar type. Looking at the natural hazards that have the potential to affect a community,
assess the possibility for damage, plan for risks and vulnerably, and establish planned actions
after such events. LMS follows the FEMA hazard mitigation definitions to address issues that will
reduce or eliminate exposure to hazard impacts.

While the flood hazard event section of LMS relate directly to CRS activity 510, there are still more
aspects of LMS that can be used for WMPs. These reports are only produced at the county level
but are adopted through resolutions into a municipal ordinance. While municipalities do not
have an active role in creating a local mitigation strategy, they can contact the county government
to take part in the process of updating the report. To receive funding for mitigation projects and
non-emergency assistance, FEMA requires these LMS and their resubmission every five years to
stay eligible. Section 322 of the Disaster Mitigation Act of 2000 specifically addresses mitigation
planning and requires state and local governments to prepare multi-hazard mitigation plans as a
precondition for receiving FEMA mitigation project grants.

The FAU team has identified the following possible documents that might have relevant
information for developing a WMP. Such documents would include the following:
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3.5.1 Water Quality Management Reports (TMDL/BMAP/SWIM Plans)

Three types of relevant water quality management reports may provide useful information for
development of WMPs. These include Total Maximum Daily Loads (TMDLs), Basin Management
Action Plans (BMAPs), and Surface Water Improvement and Management (SWIM) Plans.

TMDL. Section 303(d) of CWA allows the USEPA to assist states, territories, and authorized tribes
in the process of listing out all impaired waters for developing respective TMDLs. A TMDL is the
water quality restoration goal of a specific watershed and serves as the starting point or planning
tool in which water quality can be restored. FDEP regulates the quality of watersheds across the
State of Florida and determines if they are with an acceptable TMDL of pollutants. TMDL
planning efforts are summarized in Figure 32.
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Figure 32. TMDLs across the State of Florida (FDEP, 2017)

BMAP. The BMAP serves as the guidelines for restoring watershed water quality.

SWIM Plans. In 1987, the Florida Legislature passed the Surface Water Improvement and
Management (SWIM) Act to protect, restore and maintain Florida’s surface water bodies. Under
this act, the five water management districts are directed to identify a list of priority water bodies
within their authority and implement SWIM plans to improve them. These SWIM plans use
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strategies for both restoration and protection, employing activities that vary from educational
public outreach to resource evaluation to treatment techniques.

Although Water Quality Management Reports focus primarily on water quality, there is still
some valuable information that can be obtained from these reports when developing WMPs.
These include the following:

e Description of the watershed. A narrative describing the key characteristics, important
waterbodies, and physical boundaries of the watershed.

¢ Hydrology. Identification of basins and sub-basins that fall within the watershed, water
discharges,  precipitation trends, groundwater/surface = water interactions,
seepage/storage, and other key factors.

e Historic Groups and Programs. Documents all plans, reports, programs, groups,
legislation, or other items that have taken place to evaluate the water quality of the
watershed.

3.5.2 Flood Insurance Study (FIS)

A Flood Insurance Study (FIS) is “a compilation and presentation of flood risk data for specific
watercourses, lakes, and coastal flood hazard areas within a community. When a flood study is
completed for the NFIP, the information and maps are assembled into a FIS. The FIS report
contains detailed flood elevation data in flood profiles and data tables” (FEMA, 2020). FIS are
encouraged by FEMA and the CRS program and are commonly used to revise and update
information on the severity of flood hazards in geographic areas for specific waterbodies, lakes,
and coastal flood hazard areas within a community. Additionally, FIS aid in the administration
of the National Flood Insurance Act of 1968 and the Flood Disaster Protection Act of 1973. These
studies develop flood-risk data for various areas of their respective communities that will be used
to establish flood insurance rates and to assist the community to promote sound floodplain
management.

Minimum floodplain management requirements for participation in the National Flood
Insurance Program (NFIP) are set forth in 44CFR, 60.3. Under Section 60.3 is a requirement for
minimum compliance with floodplain management criteria. To wit, communities are required to
adopt and enforce floodplain management regulations based on the latest flood maps and data
published by FEMA. 44CFR 60.3 contains floodplain management criteria for flood-prone areas
based on five possible conditions relating to flood map and property categorization:

1. Subpart 60.3 (a) when there is no floodplain map. In such cases, the community is to
require permits for all proposed construction or other development in the community,
including the placement of manufactured homes, so that it may determine whether such
construction or other development is proposed within flood-prone areas. If a proposed
building site is in a flood-prone area, all new construction and substantial improvements
shall be designed (or modified) and adequately anchored to prevent flotation, collapse, or
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lateral movement of the structure resulting from hydrodynamic and hydrostatic loads,
including the effects of buoyancy.

Subpart 60.3 (b) when there is a map, but no flood elevations, the regulations require that
all new subdivision proposals and other proposed developments (including proposals for
manufactured home parks and subdivisions) greater than 50 lots or 5 acres, whichever is
less, include within such proposals base flood elevation data. Various requirements for
manufactured homes to be placed within Zone A of a community’s FIRM be installed
using methods and practices that minimize flood damage, in addition to applicable State
and local anchoring requirements for resisting wind forces.

Subpart 60.3 (c), when there are flood elevations, communities are to require that all new
construction and substantial improvements of residential structures within Zones A1-30,
AE and AH zones on the community’s FIRM have the lowest floor (including basement)
elevated to or above the base flood level, and provide that where a non-residential
structure is intended to be made watertight below the base flood level, the base level is
identified. The requirements are that buildings are designed so that below the base flood
level the structure is watertight with walls substantially impermeable to the passage of
water and with structural components having the capability of resisting hydrostatic and
hydrodynamic loads and effects of buoyancy. In addition, no new construction,
substantial improvements, or other development (including fill) shall be permitted within
Zones A1-30 and AE on the community’s FIRM map.

Subpart 60.3 (d), when there is a floodway mapped, the community must prohibit
encroachments, including fill, new construction, substantial improvements, and other
development within the adopted regulatory floodway to prevent the potential for
increases in flood levels. All new construction and substantial improvements in Zones
V1-30 and VE, and also Zone V if base flood elevation data is available, on the
community’s FIRM, are elevated on pilings and columns so that: i) the bottom of the
lowest horizontal structural member of the lowest floor (excluding the pilings or columns)
is elevated to or above the base flood level and ii) the pile or column foundation and
structure attached thereto is anchored to resist flotation, collapse and lateral movement
due to the effects of wind and water loads acting simultaneously on all building
components.

Subpart 60.3 (e), when there is a map with coastal high hazard areas, due to wave impacts,
V Zones have special building protection standards in addition to the requirements for A
Zones; have the space below the lowest floor either free of obstruction or constructed with
non-supporting breakaway walls, open wood lattice-work, or insect screening intended
to collapse under wind and water loads without causing collapse, displacement, or other
structural damage to the elevated portion of the building or supporting foundation
system. Includes design of water and sewer systems to prevent flood waters impacting
these systems. Space below the flood elevation will be useable solely for parking of
vehicles, building access, or storage.
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Section 60.4 discusses floodplain management criteria for mudslide (i.e., mudflow)-prone areas,
while Section 60.5 details floodplain management criteria for flood-related erosion-prone areas.
Section 60.6 provides for variances and exceptions.

Flood insurance studies have a natural overlap with WMPs with respect to the following:

e Hydrologic Analysis. Establishes the peak discharge-frequency relationships for each
flooding source within the study area, including riverine and coastal sources, where
applicable.

e Hydraulic Analysis. Documents the hydraulic characteristics of flooding from the sources
studied and provides estimates of the flood elevations at the selected recurrence intervals.

¢ TFloodplain Boundaries and Floodways. Identifies areas of encroachment on the floodplain
and areas where it is necessary to understand the tradeoffs between the economic gain
from floodplain development against the resulting increase in flood hazard.

e Coastal Analysis. Estimates the elevation of flooding along the coastline by way of
understanding factors such as wave height, wave runup, and beach erosion in relation to
sea level rise.

All counties that take part in the NFIP should have access to a FIS. It is important to remember
that flood elevations shown on the FIRMs are primarily intended for flood insurance rating
purposes. This is primarily due to the FIRMs evaluating only the historical data that is available
to them, WMPs seek to bridge historical data with future projections like in the case of the WMP
criteria of “Evaluate future conditions and long-duration storms” (FEMA, 2017).

3.5.3 Floodplain Management Plan (FMP)

Floodplain Management Plans (FMP) are found at both the municipal and county level, making
them varied in format and content. These plans have varied objectives beyond what is discussed
above, but at a minimum, cover similar aspects to a local mitigation strategy that overlap with
WMPs. These include a discussion of the flood hazards that the community needs to address. An
ideal FMP addresses content relevant to the development of WMPs, including;:

e Hazard Identification and Profiling. Identifies flood hazards, discusses threats to the
planning area and describes prior occurrences of flood events along with the likelihood
of future occurrences.

e Vulnerability Assessment. Assesses the community’s exposure to flood hazard events,
considering at-risk assets, critical facilities, and future development trends.

e Mitigation Strategies. Provides approaches for reducing potential losses identified in the
vulnerability assessment.

e Plan Implementation and Maintenance. Describes the method and schedule by which the
monitoring, evaluating, and updating of the mitigation plan will occur.
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Orange County, FL has produced a FMP that showcases just how much information can be
gathered from a single plan. The Orange County FMP provides details relevant to flood hazard
identification, vulnerability assessment, mitigation strategies, and plan implementation, but also
briefly discusses the contributions that the County has made to the CRS program by individual
CRS activities (Wheeler, 2017). While not all FMPs may have as much information as the Orange
County FMP, it is still possible to gather some relevant WMP information from these plans.

3.5.4 Florida “Peril of Flood” Guidance

Following E.S. 627.715, the State of Florida provides guidance regarding the “Peril of Flood” to
coastal communities in conjunction with federal guidance from NOAA. The intent of this effort
is to help increase coastal resilience by reducing the extent and degree of at-risk coastlines within
the state through a variety of analytical and developmental approaches. The force of law
concerning Peril of Flood relates mostly to Flood Insurance Studies, flood insurance generally,
and other policy factors a local community can take as described in other sections here. However,
the state commissioned efforts revolving around Peril of Flood take a step beyond simple
insurance risk assessment and attempt to provide communities with guidance pathways to
building resilient infrastructure and coastal development. This means involving regional
planning councils, academic professionals, transportation planning organizations, and county
staff to help identify areas of hazard and to identify possible pathways to resilience and increase
capacity among local efforts. The Peril of Flood documentation does this by establishing
guidelines through prioritization of local funds, coordinating stakeholder interests, and
spearheading projects, such as Capital Improvement Projects and Local Mitigation Strategies. The
Peril of Flood provides an online clearinghouse for resources and documentation on completed
projects here: https://www.perilofflood.net/

3.5.5 Comprehensive Plans

In 1985, the Florida legislature approved the Growth Management Act, which guided community
development in the state until 2010. However, many communities still conduct planning
activities as if the Growth Management Act was still in place. As a result, comprehensive plans
are still available in most communities (some may be dated, but the information is still useful).

Comprehensive plans are official public documents that have been adopted by a local
government to guide decision-making with regards to development in the community. These
plans generally communicate growth projections over a 20 to 30 year planning horizon. The
content of a comprehensive plan will address climate change, conservation, water, sewer,
transportation, stormwater, recreation, municipal services, housing, natural disasters, and several
other items that could be useful in developing WMPs, such as the following;:

e Water Management. Takes into consideration major infrastructure areas of water supply,
drainage, aquifer recharge, and sewer conveyance.
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e Natural Disasters. Evaluates the impact of hurricanes, storm surges, floods, and other
natural disasters that threaten the community to ensure that residents, visitors, and
vulnerable populations can remain safe during such events.

e Coastal Management. Evaluates the coastline conditions across the community’s
jurisdiction and makes the decision as to whether these areas should be limited for certain
development activities based on environmental, recreational, and economic value that
coastlines bring to communities.

¢ Climate Change. Provides the framework for integration of environmental, economic, and
social factors for mitigation efforts related to sea level rise and other climate related issues.

The Broward County Comprehensive Plan uses elements that have been identified as important
to the development of a WMP, as such, each element is likely to contain either literature or a
policy that will be useful in developing their WMP. In the Water Management element of their
Comprehensive Plan, Policy WM1.13 states that:

“[Water and Wastewater Services] will assess, identify, and evaluate the costs and
benefits of the design, construction, and operation of storm water management facilities
within its jurisdiction in a manner that conserves and enhances the availability of potable
water and supports environmental resources, while preventing area flooding and
protecting from sea level rise and other climate change impacts when evaluating
construction of new, or retrofit of existing, facilities.” (Broward County, 2019)

This policy statement and its eventual execution will be important in addressing several of the
WMP criteria, such as, “Address the protection of natural channels” or “Evaluate the impact of sea level
rise and climate change” (FEMA, 2017). This example illustrates why it is important to evaluate
local government Comprehensive Plans to understand what policies may already be in place that
address WMP criteria.

Both Hendry County (2020) and the City of Clewiston (2015) have produced similar
comprehensive plans that can provide a basis for developing a WMP for the city of Clewiston,
particularly regarding future conditions. While the modeling of future floodway conditions will
largely depend on the analytical approaches used (see modeling sections), projected future land
use and land cover will have a direct relationship with how, where, and why water is managed
in that future state and the spatial considerations required to make sound decisions regarding the
watershed. While not as extensive as Broward’s comprehensive plan, Clewiston and Hendry
County’s respective comprehensive plans describe in detail the current and projected land uses
in their jurisdictions with direct implications for how water might be managed in the watershed.
Consider the map in Figure 33. Given this information on the extent of public lands and wetlands
projected to be realized in the year 2025, the City has enough information to develop plans for
Low Impact Development, integrated stormwater management regulations, and other topics
related to floodplain management in the watershed.
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Figure 33. Map from the City of Clewiston’s Comprehensive Plan demonstrating projected
future land use by the year 2025 (City of Clewiston, 2015)

3.5.6 Unified Land Development Regulations (ULDRs)

The Unified Land Development Regulations (ULDRs) allow implementation of adopted
principles, strategies, goals, objectives, policies and maps of their respective Comprehensive
Plans as they relate to the regulation of use and development of land and structures per Florida
Statutes 163.3202. The ULDRs are expected to cover a wide variety of aspects from the
community’s Comprehensive Plan, as follows:

e Open Space. Defines the open space policies of the community as they relate to future
land use, stormwater, and the conservation of open space for the purposes of recreational
opportunity, pedestrian connectivity, and protection of natural resources.

e Regulation of Areas Exposed to Seasonal and Periodic Flooding. Defines and regulates
the policies in place that seek to protect and maintain the natural functions of the
tfloodplains, while at the same time establishing minimum regulation requirements for
building in such areas so to safeguard public health, safety, and general welfare

e Stormwater Management and Drainage. Defines the standards for design, construction,
and operation of stormwater management systems and the conformance with the best
overall management practices for regulation of runoff control and treatment of
stormwater.
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e Low-Impact Development. Defines the design standards by which land planning and
engineering design approaches are focused on the management of stormwater and runoff
using green infrastructure

A distinction between a ULDR and a Comprehensive Plan is that the former is directly tied to
development code, while the former is more aspirational and not always associated with specific
regulations. The Broward County ULDR code of ordinance references several of these aspects
that align with the implementation of a WMP. One such portion of Broward County’s ULRD that
already works towards developing a WMP is the following;:

“The proposed development shall be designed to provide adequate areas and easements for
the construction and maintenance of a water management system to serve the proposed
development and adjacent public rights-of-way in a manner which conforms to sound
engineering standards and principles” (Broward County Land Development Code,
2016)

This excerpt is the preamble to a section of the Broward County ULDR that addresses the
adequacy of their water management and the regulations that the code of ordinance sets in place
to ensure that adequacy.

3.5.7 Stormwater Management Policies (MS4)

As a part of the Clean Water Act, USEPA developed regulations relating to stormwater pollution
in waterways, which became the basis of the Municipal Separate Storm Sewer System (MS4)
program. Stormwater management policies related to the MS4 program regulate publicly owned
conveyance systems (i.e., ditches, curbs, catch basins, underground pipes, etc.) for collecting
stormwater that discharges to surface water bodies. Essentially, the permit requires reduction of
pollutants in the discharge to the “maximum extent practical,” to protect water quality (USEPA,
2020). MS4 permits are helpful in the development of WMPs because they identify major outfalls
and pollutant loadings, non-stormwater discharges, and pollutant levels in runoff, while setting
the guidelines to control and monitor stormwater discharge in new development and
redevelopment areas. Phase II of the MS4 program focuses on public education and outreach,
public participation, illicit discharge detection, construction site stormwater runoff control, post-
construction stormwater management in new development and redevelopment areas, and
overall pollution prevention.

3.5.8 Local Mitigation Strategies (LMS)

A county’s Local Mitigation Strategy (LMS) identifies potential hazards (including floods) and
ranks them on a scale of potential for damage based on previous hazards of similar type. There
is also a plan of action for responding to each potential event. FEMA requires these LMS and their
resubmission every five years to stay eligible for funding (Section 322 of the Disaster Mitigation
Act of 2000), which means that they are widely available. LMS follows the Federal Emergency
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Management Agency (FEMA) hazard mitigation definitions to address issues that will reduce or
eliminate exposure to hazard impacts. While the flood hazard event section of LMS relate directly
to CRS activity 510, there are still more aspects of LMS that can be used for WMPs. These reports
are only produced at the county level but are adopted through resolutions into a municipal
ordinance.

3.5.9 Intergovernmental Cooperative Agreements

Occasionally, regional guidelines and policy can arise from intergovernmental cooperative
agreements, bridging numerous municipal and county jurisdictions in support of a common goal.
One example of such a cooperative effort relevant to watershed management in Florida is the
Southeast Florida Regional Climate Change Compact (SFRCCC), which includes Monroe, Miami-
Dade, Broward, and Palm Beach counties and its charter is to help guide these four counties
through the inevitable challenges associated with sea-level rise and climate change using science-
based guidelines to drive policy decision-making.

From this cooperative came the Regional Climate Action Plan (RCAP) that provides SFRCCC
member communities with a guiding tool for coordinated climate action whose mission is to:

“serve as a tool for municipal and county local governments, agencies, regional councils,
regional resource management districts, and other local planners and practitioners. The
plan identifies vulnerabilities, prioritized actions, and integrated policy initiatives to create
a clear—though challenging—path forward for the region. The RCAP includes a broad set of
best practices to guide implementation of emission reduction and resilience-building actions
that each jurisdiction can implement. The RCAP is a framework for concerted regional
action rather than a set of directives for specific projects or programs at the local level,
recognizing that decisions on the timing and approach are best determined by each local
government.” (SFRCCC, 2012)

The RCAP relates directly to watershed management in the south Florida context because sea-
level rise presents a host of direct and indirect challenges to the water resources of the densely
populated, low-lying urban centers along the coast.

3.5.10 Special Watershed Restoration Plans

Special regional plans can also be directed from the federal level. One such example is the
Comprehensive Everglades Restoration Plan (CERP), whose mission is to restore the altered
south Florida watershed into a more natural state. This effort directly ties to any WMP effort
within CERP’s geography and mandates certain management criteria. CERP created an
intergovernmental South Florida Ecosystem Restoration Task Force (Task Force) in 1996 with 3
goals in mind: 1) water quality and quantity, 2) habitats and species, and 3) built environments.
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3.5.11 Stormwater Pollution Prevention Plans (SWPPPs)

Stormwater Pollution Prevention Plans (SWPPPs) identify primary sources of stormwater
pollution at construction sites, best practices to reduce stormwater discharge from construction
sites, and procedures to comply with construction permits. As part of the Clean Water Act, it is
required that nearly all construction site operators engaged in clearing, grading, and excavating
activities that disturb one acre or more, including smaller sites in a larger common plan of
development or sale, must obtain a National Pollutant Discharge Elimination System (NPDES)
permit for their stormwater discharges. Understanding the requirements of the SWPPP and the
NPDES will be helpful in addressing parts of a WMP with regards to stormwater and runoff
management.

3.5.12 Post-Disaster Redevelopment Plan

Some communities may decide to formalize a Post-Disaster Redevelopment Plan to facilitate
long-term recovery following a disaster. A community’s Post-Disaster Redevelopment Plan can
address issues relating to the identification of key roles, personnel, and agencies for future land
use and zoning of areas damaged by disasters. Key sections of Post-Disaster Redevelopment
Plans that should be considered when developing a WMP are as follows:

e Mapping Hazard Risks. Aligns the need for geospatial hazard analysis and mapping
efforts, which leads to more informed policy recommendations post-disaster.

e DProtecting or Restoring Natural Areas. Focuses on the redevelopment process taking place
in areas that are less sensitive to development, leaving areas more prone to disaster and
allowing them to serve as a buffer or other mitigating effect.

¢ Funding through Capital Improvement Programs. The identification of funding can assist
a community to implement well-managed growth and redevelopment.

3.5.13 Climate Adaptation Action Plan (CAAP)

The adaptation chapter of Florida’s Climate Adaptation Action Plan (CAAP) is one that contains
a series of 28 varying goals with strategies that work towards addressing the impacts of climate
change as they relate to infrastructure, biodiversity, the coasts and oceans (Georgetown Climate
Center, 2018). While all sections of the CAAP are significant, the topics of particular interest to
the development of WMP are as follows:

e Coasts and Oceans. Recommends actions to improve overall coastal resilience to bolster
both impact communities and ecosystems.

e Water. Identifies the impacts of climate change and how they relate to the water resources
of the state. Recommends actions that would improve conservation measure and efforts
to understand, quantify, and plan for uncertainties affecting water resources.

e Infrastructure. Identifies development strategies and engineering solutions that can
reduce risks from tidal flooding, storm surge, stormwater-driven flooding, and related

79



impacts of sea-level rise when updating coastal management elements of their
comprehensive plans.

e Public Health and Emergency Preparedness. Recommends actions that would reduce
public health threats from climate change and resilience against the impacts of climate
change.

3.5.14 Other Plans

Stormwater Master Plan: The purpose of a Stormwater Master Plan is to identify any deficiencies
in the existing stormwater management system and to recommend system improvements to
alleviate flooding problems within a public right of way.

Flood Risk Reports (FRR): Provide non-regulatory information to help officials understand flood
risk and take steps to mitigate and communicate those risks to their citizens and local businesses.

3.6 Dedicated Funding Sources

Nothing gets accomplished with respect to construction of infrastructure without funding. There
are many potential sources and mechanisms. For example, USACE is dependent on funding from
Congress. However, USACE and Congress are capable of putting together resources that no local
or regional government could possibly provide to fund very large infrastructure projects, like
CERP in south Florida. This is not however, a dedicated funding source, but a biennial
appropriation from Congress.

Likewise, the State of Florida could create potentially make funds available from its nearly $100
billion budget, including funds for land conservation programs, the most likely contributor to
watershed protection efforts in the states. Florida Forever is Florida’s conservation and recreation
lands acquisition program. It replaced Preservation 2000 (P2000). Since the inception of the
Florida Forever program in July 2001, Florida has purchased more than 818,616 acres of land for
$3.1 billion. Florida Forever funding is appropriated by the State Legislature and distributed by
FDEP to a number of state agencies and programs to purchase public lands in the form of parks,
trails, forests, wildlife management areas and more. All these lands are held in trust for the
residents of Florida. This is a dedicated funding source from the State.

The Florida Water and Land Conservation Initiative, Amendment 1 was approved in 2014 as an
initiated constitutional amendment. The measure designed to manage and restore natural
systems and to enhance public access and recreational use of conservation lands by dedicating
33% of net revenues from the existing excise tax on documents for 20 years was designed to
dedicate 33% of net revenue from the existing excise tax on documents to the Land Acquisition
Trust Fund that acquires and improves conservation easements, wildlife management areas,
wetlands, forests, fish and wildlife habitats, beaches and shores, recreational trails and parks,

urban open space, rural landscapes, working farms and ranches, historical and geological sites,
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groundwater recharge zones, drinking water resources, Everglades Agricultural Areas, and the
Everglades Protection Area. Nearly 75% of voters were in favor of the measure. On September 9,
2019, the 1+t District Court of Appeals ruled that the funds are “not restricted to use on land
purchased by the State after 2015.”

A host of non-profits and industry-backed groups such as the Nature Conservancy, Conservation
Florida, Southern Conservation Trust, the Trust for Public Lands, and other environmental
entities like the Bayer-funded Natural Resource Conservation group have in their mission
statements to assist in land conversation efforts. However, none have sustained funding sources,
and few can raise significant capital for large scale projects.

The Water Management Districts are special taxing districts with the authority to collect ad
valorem (property) taxes from landowners within their jurisdiction. As a result, there is a
dedicated funding source available. In addition to property taxes, the Districts” annual budgets
are funded from other sources such as state appropriations, federal and local revenue, licenses,
permit fees, grants, agricultural taxes, fund balances, and investment income. This is a somewhat
sustained funding source for maintenance, but less so for capital construction.

The budgeting process should include the costs for debt first, repair and replacement dollars
second, and operations third, thereby covering the life cycle cost of the asset. It is critical to
leverage existing resources. Adjustments can then be made, preferably to the operations budget
and not to the capital or repair and replacement budgets. Allocation of these non-operating costs
should be apportioned proportionately over the operating budgets or personnel. One traditional
option has been to use some form of General Fund appropriation. This is generally an ad valorem
tax fund. Local officials are increasingly using stormwater utility fees instead. These fees are
similar to water/sewer billing fees and are designed so that different users/land use classes may
be charged different rates, if the rates can be justified. For example, a distinction can be made in
some instances between user classes, i.e., residential customers being charged differently than
industrial or commercial customers. The equivalent residential unit-based method to allocate on
impervious area or imperviousness are often used. Among the considerations in developing a
rate structure are:

¢ Financial sufficiency - generating sufficient revenues to recover operating and capital
costs

¢ Conservation - encouraging customers to make efficient use of scarce water resources

e Equity - charging customers or customer classes in proportion to the costs of providing
service to customer groups and minimizing negative financial effects on utility customers

¢ Ease of implementation - having the capability to implement the rate structure efficiently
without incurring unreasonable costs associated with reprogramming, procedures
modification, and redesigning of billing forms
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e Compliance with appropriate legal authorities - being consistent with existing local, state,
and federal ordinances, laws, and regulations

e Long-term rate stability - producing rates that are reasonably constant from year to year,
(i.e., that the methodology does not produce rates that fluctuate widely from one period
to another)

Stormwater utility fees are a dedicated funding source option at the local level, but the size of the
jurisdiction will limit the amount of funds annually available.

Impact fees are charges imposed against new developments or connections to provide the cost of
capital facilities made necessary by that growth. Generally, capital facilities are deemed to be
treatment plants and regional infrastructure systems but can be applied to stormwater
improvement. The revenues are not always predictable, making pledges toward debt service of
these funds difficult without supplemental revenue pledges.

There are several instances where localized infrastructure can be funded in the small area served.
These are called assessments. Typical assessment infrastructure would be for small gravity
pipelines, neighborhood pump stations, or local retention/detention ponds. Any improvements
serving a limited geographical area are generally termed “subdivision infrastructure.”
Assessments are collected to meet special benefits for a sector of the population, and must
represent a fair and reasonable portion of the cost to each of the projects subject to the
improvements and the assessment (the assessment version of the rational nexus test). Payment
of the assessment bill may be enforced through a lien against the property, most easily
accomplished by placement of the assessment on the property tax bill so that failure to pay the
property tax bill and assessment (which cannot be separated) will cause the tax collector to pursue
liens on the property. While a detailed discussion of assessments is beyond the scope of this
document, there are strict requirements established for assessments in state statutes.

A brief description of the other major funding mechanisms for local infrastructure systems
include the following (Bloetscher, 2008 and Bloetscher, 2011):

e Grants. Funds that do not have to be repaid in the form of grants are sometimes made by
various government agencies. The availability of these funds for stormwater
improvements is minimal except to economically distressed, small communities.

e Bonds. Frequently issued to acquire land, replace outdated or failing equipment and
facilities, and expand systems, bonds generally lead to rate increases, so pay-as-you-go
systems are preferred when practical. The bonds provide large sums of money when
needed and permit repayment at a relatively uniform level over a period of 20 to 30 years.
Interest rates are based on the creditworthiness of the issuer. Small systems in poor
financial condition will have difficulty attracting buyers of their bonds at reasonable
interest rates.
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There are many types of bonds that may be issued, but the two that are most common are
general obligation bonds and revenue bonds (Bloetscher, 2008).

¢ General obligation (GO) bonds pledge the full faith and credit of the municipality against
the bonds, even though the bonds are usually paid off mostly or entirely from revenues.
The advantage of a GO bond issue for the bondholder is that the added security of having
both revenues and potential tax income to meet the obligation, may secure a more
favorable interest rate. The disadvantage of GO bonds is that the bond issue becomes part
of the municipal debt and will be included in determining the remaining bonding capacity
of the municipality. This obligation can seriously restrict the ability of a small municipality
to issue GO bonds for road construction or buildings. A GO bond issue must also be
approved by the voters, which may be a challenge.

¢ Revenue bond issues pledge the revenues of the system to pay the interest and redeem
the bonds when due. Revenue bonds can usually be issued much more quickly than GO
bonds, because they do not require voter approval. However, because the revenues of the
system are the only pledge (which is weaker than full faith and credit), the interest rates
are slightly higher and reserve funds are required. Bond attorneys can develop creative

revenue bond issues for specific circumstances.

In both types, bonds issued before the project is bid or complete, may need additional revenues
that cannot be secured from additional bonds. Therefore any small local government looks to
state revolving fund loan programs or other loan options. Low-interest loans are sometimes
available to publicly owned infrastructure systems from state/provincial or federal agencies,
under varying circumstances. This special funding is often available either for construction of a
new infrastructure or specific improvements to an existing system. The principal federal funding
sources that may be available are from the State Revolving Fund (SRF) loans and the Rural
Development Administration (RDA). Private properties are not generally eligible to receive
grants or low interest loans that are available to publicly owned systems. As in any other form
of private business, the private system owners must create their own financing, usually bond
funds that are taxable. Smaller investor-owned systems must be operated efficiently and
continuously and show a good rate of return on investment in order to sustain operations.

e USEPA resources (https://www.epa.gov/nps/funding-resources-watershed-protection-
and-restoration)

e Water Infrastructure and Resiliency Finance Center
(https://ofmpub.epa.gov/apex/wfc/f?p=165:1::::::)

e Clean Water State Revolving Fund (https://www.epa.gov/cwsrf)

e Environmental Education Grants Program (https://www.epa.gov/education/grants)
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3.7 Model Ordinance

Florida Division of Emergency Management has provided a Model Code-Companion Floodplain
Management Ordinance for Communities with Inland (Zone A) and Coastal High Hazard Areas
(Zone V) dated April 3, 2017. This version found in Appendix A includes inland flood hazard
areas (zones shown on FIRMs that start with the “A”) and coastal high hazard areas (zones that
start with letter “V”). Contact Technical Support at flood.ordinance@em.myflorida.com for
assistance with higher standards.
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40  ASSESSMENT OF VULNERABLE AREAS

Defining flood probability due to compounding hydrographic influences is the central concern
of a WMP. The point is to identify where further study might be needed. A screening tool
accomplishes this goal applied to the watershed to designate areas that are susceptible to periodic
flooding events. Utilizing the information collected and analyzed in Chapters 1-3, vulnerability
can be assessed. For any given watershed, this may mean only small parts of the land area may
be at risk. Note that modeling at the watershed level neglects certain localized issues but can
identify areas that need further scrutiny.

FEMA  develops its flood maps through several processes outlined in
https://www.fema.gov/media-library/assets/documents/34953. These guidance documents
support current FEMA standards and regulations. For this project, the 3-day, 25-year event was
substituted by the 1 day, 100-year storm event, and the CASCADE model was re-run. Figure 34
shows a comparison of the flood probability model using the screening tool and the FEMA Flood
Insurance Rate Map (FIRM). The screening tool map (left) shows in cyan the areas at higher risk
of flooding (above 10% probability), and the FEMA FIRM (right), is a pdf document downloaded
from the FEMA Map Service Center. The approximated area is around +/- 2,750 acres, showing
all flood zones and base flood elevations (https://msc.fema.gov/portal/home).

similarities (Dania Beach)
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Visual inspection shows strong similarities at the parcel scale, demonstrating that the screening
tool can achieve its objective. The next step was to quantify the flood probability maps against a
digital version of the FEMA FIRMs. The digital version of the FEMA FIRM was obtained from
the City of Fort Lauderdale, GIS — Information Technology Services; they provided a partial
coverage for Broward County (refer to Figure 35). Figure 36 is the new flood probability map run
in CASCADE with the 24-hour, 100-year storm event.
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Figure 35. FEMA Flood Zone Preliminary 2019 (Rojas, 2020)
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Flood Risk Map - Broward
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Figure 36. Probability of flooding during the 24-hour, 100-year storm event (Rojas, 2020)
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4.1 Historical and Existing Challenges

Historical challenges are most easily articulated through a review of repetitive loss maps. These
maps indicate the properties most likely to be at risk because claims have been filed on these
properties previously. Other challenges involved politics, development desires and finances.
These are very localized and may conflict between neighbors. For example, one community may
be very pro-growth, while its neighbor is more flood-conscious. These are issues that need to be
negotiated at the local and regional level.

4.1.1 Existing Management Efforts in the Watershed

Before recognizing the need for additional management measures to achieve goals and objectives,
the existing programs, management strategies, and ordinances (and responsible parties) already
in use in the watershed must be identified. In some cases, the existing management practices
themselves might be adequate to meet water quality goals, but they might not be maintained
correctly or there might not be enough of them in place or they may not be fully enforced. In other
cases, the existing strategy can be modified to be more effective. For example, by increasing
stream setback requirements from 25 feet to 100 feet. Typically, at a minimum, evaluate the
following existing management efforts:

o Wastewater discharge permits

¢ Onsite treatment and disposal systems
e Urban stormwater runoff

e Agricultural/forestry practices

e Wetlands and critical habitat protection
e Development codes

4.1.2 Critical Target Areas Identification

By modeling the watershed’s flood response to a 3-day, 25-year storm event and further
classifying flood risk as the probability of inundation, it is possible to identify critical target areas
within the watershed. These areas are particularly vulnerable to flooding and are subject to
further study through a more focused modeling approach. The screening tool should first be
applied at the watershed level to provide an initial risk assessment focused on the hydrologic
response to a rainfall event given the unique characteristics and features of the watershed. Figure
37 shows how this approach is used to identify the critical flood-prone areas in the
Caloosahatchee watershed.
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Figure 37. Flooded areas during a 3-day, 25-year storm in the Caloosahatchee watershed

The most vulnerable areas are considered as:

Areas that are predicted to flood as defined by z-score in the screening tool
Areas with critical assets (e.g. fire, police, hospitals, water, sewer, main roadways, etc.)
Economic centers (e.g. dense commercial/industrial/manufacturing)

=N =

Property risks affecting large populations or populations with limited opportunity to
address the risk

Figure 37 only shows probability of flooding but a closer look at the map created for the
Caloosahatchee Watershed provides opportunities to narrow down the areas that require more
detailed investigation.

The City of Clewiston is located directly southwest of Lake Okeechobee in northeast Hendry
County in the headwaters of the Caloosahatchee watershed. The design storm simulation with
the screening tool determined that floodwaters will rise to a maximum headwater height of 15.82
feet NAVDS88. Approximately 35% of Clewiston’s total area, or 1.58 mi? has ground surface
elevations below the maximum headwater height, and would therefore be expected to be
inundated during a 3-day 25-year storm. The flooded areas include agricultural lands in the
northwest and wetlands in the north; however, flooding in the east is of more concern as it poses
a threat to residential housing, commercial businesses, and existing essential infrastructure. The
probability of inundation of all areas within Clewiston, FL is shown on the map in Figure 38.
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