
 

FLOOD ANALYSIS IN THE PENSACOLA BASIN, FLORIDA 

by 

Susana Rodrigues 

 

 

 

 

 

A Thesis Submitted to the Faculty of 

Charles E. Schmidt College of Science 

In Partial Fulfillment of the Requirements for the Degree of 

Master of Urban and Regional Planning 

 

 

 

 

 

 

Florida Atlantic University 

Boca Raton, FL 

May 2021 

 



ii 

  

 

 

 

 

 

 

 

Copyright 2021 by Susana Rodrigues 

  



iii 

FLOOD ANALYSIS IN THE PENSACOLA BASIN, FLORIDA

by

Susana Rodrigues 

This thesis was prepared under the direction of the candidate’s thesis advisor, Dr. Diana 
Mitsova, Department of Urban and Regional Planning, and has been approved by all
members of the supervisory committee. It was submitted to the faculty of the Charles E. 
Schmidt College of Science and was accepted in partial fulfillment of the requirements for 
the degree of Master of Urban and Regional Planning. 

THESIS COMMITTEE:

____________________________________
Weibo Liu, Ph.D.

____________________________________ 
Steven C. Bourassa, Ph.D. 
Chair, Department of Urban and  
Regional Planning 

____________________________________ 
Teresa Wilcox, Ph.D. 
Interim Dean, Charles E. Schmidt College of 
Science 

____________________________________ ________________________
Robert W. Stackman Jr., Ph.D. Date 
Dean, Graduate College 

April 5, 2021

Frederick Bloetscher, Ph.D., P.E.
____________________________________ 

Thesis Advisor
Diana Mitsova, Ph.D.
____________________________________ 



iv 

ACKNOWLEDGEMENTS 

The author wishes to express sincere gratitude to her committee members for all of their 

guidance and support, and special thanks to her advisor for their persistence, patience, and 

encouragement during the preparation of this manuscript. The author is also grateful to 

Florida Atlantic University for providing the necessary resources to conduct this study.  



v 

ABSTRACT 

Author:  Susana Rodrigues 
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Flooding can impact a community's social, cultural, environmental, and economic 

resources; therefore, generating a sound, science-based, long-term decision to improve 

resiliency is critical for future prosperity and growth. Developing watershed management 

plans is essential in assisting local communities in reducing flood insurance costs through 

mitigation and resiliency efforts.  This effort, specifically for this report, will focus on the 

Pensacola Watershed Basin and the development procedures to assess the risks of flooding 

and storm surges. Utilizing readily available data on topography, ground surface water 

elevations, tidal data for coastal communities, open space, and rainfall, a framework was 

developed to facilitate flood risk assessments under various conditions.  Such knowledge 

allows communities to properly prepare and prevent major damages during times of high 

flooding, such as tropical storms and hurricanes.   
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INTRODUCTION 

The Pensacola Watershed Basin includes the Pensacola Metropolitan Area, with a total 

population of 448,991 residents as of 2010 (U.S. Census Bureau, 2010). The area is 

surrounded by a diverse system of rivers and bays. The basin is highly vulnerable to 

flooding as it drains four rivers: Escambia, Blackwater, Yellow, and East Bay rivers. The 

rivers drain into an estuarine system, including the Escambia Bay, Pensacola Bay, 

Blackwater Bay, East Bay, and portions of Santa Rosa Sound. There are communities 

within the basin that are vulnerable to flooding in the western, central and eastern parts of 

the Pensacola Bay estuarine system; therefore, conducting this research will result in a 

model depicting the effects of cascading waters in the basin and maps illustrating the 

vulnerable areas after the effects of heavy flooding due to storms and hurricanes. Utilizing 

the flood risk maps, communities can plan effectively for future hurricanes, prevent major 

damages in susceptible areas, and ensure the safety of their residents.  

The focus of this study is to identify areas susceptible to flooding, specifically the results 

of a hurricane, and potential planning solutions for community resilience. This study is 

structured into eight chapters. The Literature Review introduces the Pensacola Basin in 

North Florida, its characteristics and topography. The Planning Context chapter outlines 

the existing flood plans. The Problem Statement defines the issue and identifies the 

characteristics of the areas vulnerable to flooding. The Aim and Objectives chapter 

addresses the focus of the problem of areas susceptible to flooding in the Pensacola Basin 
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and identifies the sequence for the study. The Research Methodology summarizes the study 

approach and the strategy used to create flood analysis models. The Analysis and Findings 

chapter studies the results from each model and examines similarities to FEMA flood 

models. The Planning for Community Resilience suggests a strategy for planning and 

developing in areas vulnerable to flooding. The Conclusion assesses the results of the 

study.  
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CHAPTER 1. LITERATURE REVIEW 

Water provides numerous functions critical to the human quality of life. Landscape features 

and the underlying soils can contribute to the generation of stormwater runoff, affect the 

transport of nutrients and other contaminants impacting water quality, reduce or increase 

aquifer recharge, affect potable water supplies, or contribute to flooding. Wetlands and 

coastal barriers can enhance resiliency against coastal changes and major storms, such as 

hurricanes. Hurricanes can bring tremendous damage and rainfall during the storm; 

however, the aftermath of the storms results in a substantial amount of excess runoff which 

often leads to flooding. Major factors that contribute to the effects of flooding include the 

characteristics of the catchment, such as the current patterns of urbanizations, as well as 

the events that can trigger a significant amount of rainfall in a short amount of time, such 

as tropical storms and hurricanes. The Literature Review chapter introduces the Pensacola 

Basin in North Florida and describes the characteristics and topography of the basin. In this 

context, the review is divided into these two sections: Location and Characteristics and 

Hurricane Impacts. 

 Location and Characteristics 

The Pensacola Watershed Basin covers nearly 7,000 square miles in northwest Florida and 

southern Alabama. Approximately 34 percent of the watershed basin is within Florida, and 

the remainder is located within Alabama (NWFWMD, 2017). Within Florida, the 

watershed basin is comprised of four counties: Escambia, Okaloosa, Santa Rosa, and 
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Walton counties. According to the U.S. Census population estimates, the total population 

in 2019, solely within the State of Florida, is roughly 787,000; this number is derived by 

totaling the population estimates for all four counties, shown in Table 1-1.  

Table 1-1 Pensacola Basin, Florida Population 

GEOGRAPHIC AREA April 1, 2010 Population Estimate (as of July 1) 
Census 2010 2014 2019 

Escambia County 297,619 298,038 307,960 318,316 
Okaloosa County 180,822 180,715 194,615 210,738 
Santa Rosa County 151,372 152,908 162,668 184,313 
Walton County 55,043 55,217 61,186 74,071 
Total Population 684,856 686,878 726,429 787,438 

Source: U.S. Census Bureau, 2020  

The Pensacola Watershed Basin includes Florida Panhandle's largest metropolitan area, 

many inland and coastal communities, and the conservation of land that protects several of 

the natural resources. The basin is defined ecologically with diverse systems, including 

alluvial and blackwater rivers, floodplain swamps, tidal marshes, and other types of natural 

communities. This section will divide the watershed's characteristics into four categories: 

Land Use, Geographic, Geological, and Hydrological Characteristics. 

 

Majority of the basin consists of upland forest both in the State of Florida and Alabama. 

According to Pensacola Surface Water Improvement and Management (SWIM) Plan, 

roughly 63 percent of the area is upland forest, and the rest of the land is comprised of 

wetlands, agricultural lands, and developed areas (NWFWMD, 2017). Floodplains and 

wetlands are found along the Escambia, Yellow, and East Bay rivers. The agricultural lands 

are located in northern Escambia County, central and northern Santa Rosa and Okaloosa 

counties, and northern Walton County. The developed areas are concentrated in the 
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southern and southwestern portion of the basin, specifically located in the Pensacola 

metropolitan area. Any urban development in the northern portions of the basin tend to be 

confined around the City of Crestview in Okaloosa County.  

There are designated public lands used as a buffer system not only to provide flood 

protection, but also protect water quality and sustain an integrated terrestrial and aquatic 

ecosystem (NWFWMD, 2017). These lands include the Blackwater, Escambia, and Yellow 

River Water Management Areas (WMAs), Gulf Islands National Seashore, Blackwater 

River State Forest, several state parks, and U.S. Department of Defense lands.  

 

The Pensacola Basin, both Florida's and Alabama's portion, is located within the Gulf 

Coastal Plain physiographic region; the Florida portion is described as two types of regions: 

the Western Highlands with rolling hills and sharp ridges, which vastly contrasts to South 

Florida; and the Gulf Coastal Lowlands with vast prairies and alluvial floodplains 

(NWFWMD, 2017).  

The Western Highlands, a subsection of the Northern Highlands that spans across the 

northern Panhandle, contains the Blackwater, Escambia, and Yellow rivers. The highlands 

extend to 378 feet in elevation containing vast amounts of clay lying on top of limestone 

bedrock from the Citronelle formations1 (NWFWMD, 2017). The highlands are typically 

described to have dry conditions, with groundwater developing from lower slopes to create 

'hillside seepage bogs' (Wolfe et al., 1988, as cited in NWFWMD, 2017).  

 
1 The Citronelle Formation is a siliciclastic, ancient deltaic deposit consisting of gray to orange, often mottled, 
unconsolidated to poorly consolidated, very fine to very coarse, poorly sorted, clean to clayey sands. (USGS, n.d.) 
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The Gulf Coastal Lowlands consist of the estuarine embayment, an area represented with 

successively higher, parallel terraces rising from the coast, formed during the Pleistocene 

Epoch2 (NWFWMD, 2017). As the sea levels changed and began to recede, topographical 

features such as dunes, barrier islands, and beach ridges, and other topographical features 

became isolated inland. In general, land levels are typically 100 feet above sea level or less; 

however, a considerable amount of the land designated as wetlands are less than 30 feet 

above sea level.  

 

The geological features of the western Florida Panhandle are a result of prehistoric sea 

deposits when the sea level was higher. Overall, the foundation of the area is typically 

consisting of these three elements: sand, porous limestone, and clay. According to Thomas 

Scott (2001), superimposing most geologic formations are Holocene3 siliciclastic 

sediments and these deposits are presently found on many of the barrier islands surrounding 

the basin (Scott, 2001). The soil characteristics do vary when regarding the southern and 

northern portion of the basin. The southern part is typically a sandy composition with 

emphasis on the bay area, and typically hydric soils, soil saturated by water, are primarily 

found along the floodplains of the major rivers, tributaries, and other wetland systems 

(NWFWMD, 2017). In contrast, the northern portion normally contains more organic 

matter and is of moderate permeability.  

 
2 The Pleistocene Epoch is the time period during which a succession of glacial and interglacial climatic cycles 
occurred; the growth and melting of ice caps led to fluctuating sea levels (Johnson, 1999) 
3 Holocene sediments forms the present coastline for the State of Florida and are developed in response to the latest rise 
in sea level. These deposits are siliciclastic, carbonate, and organic sediments that make up Florida’s beaches, dunes, 
marshes, and lagoons.  
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An open pass, more than half a mile wide, to the Gulf of Mexico creates diverse hydrologic 

systems found in the Pensacola Basin. Blackwater Bay drains into East Bay and both East 

Bay and Escambia Bay flow into Pensacola Bay, which then releases into the Gulf of 

Mexico. The primary source of freshwater inflow to Escambia and Pensacola bays is the 

Escambia River. Blackwater Bay is influenced by the inflow of both Blackwater River and 

Yellow River. Another major water feature is the Santa Rosa Sound, a 42-square-mile 

lagoon extending from Pensacola Bay in the west to its confluence with Choctawhatchee 

Bay to the east. Estuarine waters, including the bays and Santa Rosa Sound, encompass 

roughly 187 square miles (NWFWMD, 2017); the waters typically show a low tidal range 

with limited circulation and are heavily influenced by the major river's inflow. 

The basin is composed of three major river systems: Escambia River, Blackwater River, 

and Yellow River. Each of them begins as a slow-moving channel in South Alabama, 

develops into a naturally flowing river that then drains into a series of interconnected 

estuaries, including Blackwater Bay, Escambia Bay, East Bay, Pensacola Bay, and Santa 

Rosa Sound. The entire system then discharges into the Gulf of Mexico south of Pensacola. 

Of the three rivers, Yellow River is the largest, extending approximately 110 miles from 

the eastern shore of Blackwater Bay to a few miles north of Andalusia, Alabama; Yellow 

River is also joined by a major tributary to the east, Shoal River, which stretches 40 miles 

and begins just west of Defuniak Springs, Florida. The second-largest, Escambia River, 

extends over 100 miles from Escambia Bay to Monroe County, Alabama. Blackwater 

River, the shortest of the three at approximately 60 miles, runs from the northeast point of 

Blackwater Bay to the southeast portion of Covington County, Georgia; most of the river 
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flows in Santa Rosa and Okaloosa counties. Another river, East Bay River, although not as 

major as the three listed above, also drains directly into East Bay; the river is roughly 15 

miles long. Average annual discharge of the three major rivers are shown in Table 1-2. 

Table 1-2. Annual Discharge of Major Rivers 

RIVER Water 
Year 

Annual Total 
Discharge Count 

(Cubic Feet Per Second) 

Water 
Years 

Annual Mean 
Discharge Count 

(Cubic Feet Per Second) 
Escambia River near 
Molino, FL 
(USGS 02376033) 

2019 2,232,000 1988-2019 6,434 

Yellow River near 
Milton, FL  
(USGS 02369600) 

2019 871,500 2002-2019 2,264 

Blackwater River 
near Baker, FL 
(USGS 02370000) 

2019 120,000 1950-2019 349.1 

Source: U.S. Geological Survey (USGS), National Water Information System 

In addition to the three major rivers, there are several smaller tributaries of rivers and 

estuaries; among these are a few creeks, including Carpenter Creek and Big Coldwater 

Creek, as well as drainage catchments through several smaller embayment near Pensacola 

Bay, Escambia Bay, East Bay, and Blackwater Bay. Figure 1-1 illustrates the surface water 

features in the Pensacola Basin area; Escambia River to the west, Blackwater River flowing 

from the northeast, Yellow River flowing from the west, and all rivers draining to the bays 

in the south. 
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Source: Northwest Florida Water Management District, Pensacola Bay System SWIM Plan 

Figure 1-1. Pensacola Surface Water Features 

The basin's hydrogeology is driven by a considerable amount of interaction between the 

surface water and groundwater. The aquifers present at the land surfaces include both 

surficial aquifer and sand-and-gravel aquifer; however, surficial aquifers are considered 

more important as a water source. Compared to the sand-and-gravel aquifers that supply 

for large municipalities, the surficial aquifers supply exclusively for domestic, commercial, 

or small municipal uses (USGS, 2016).  The aquifers are a primary source of potable water 

in the region, and the water is mainly recharged through direct infiltration of rainwater; 

therefore, the elevation is heavily dependent on the seasonal rainfall (NWFWMD, 2017). 

Most of the water that enters the aquifer moves quickly along short flow paths and 
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discharges as a base flow to the Escambia River and other major tributaries, including some 

smaller inland streams within the watershed basin.  

Another major hydrologic component is the floodplains that encompass the southern 

portions of both Escambia and Yellow Rivers and East Bay River's headwaters. Most of 

the floodplains correspond with the wetlands, which are also located on the Garcon Point 

and Fairpoint peninsulas. 

 Hurricane Impacts 

The State of Florida has a history with hurricanes due to its proximity to the tropics and 

westerly winds from the African coasts (FCIT USF, 2002). When the waters in the 

equatorial Atlantic and Gulf of Mexico are warm enough, tropical depressions begin to 

develop, often leading to tropical storms and major hurricanes. Due to its geographic 

location, the entire coastline of Florida is susceptible to hurricane impacts. Hurricanes have 

been affecting Pensacola settlers, and communities have learned and attempted to prevent 

damages and losses since 1559. According to the Florida Climate Center, even if the 

hurricane makes landfall elsewhere in the state, impacts can be felt hundreds of miles away 

(Florida Climate Center, n.d.). Two major impacts resulting from a hurricane include 

flooding and storm surge.  

Slow-moving, even stagnant, hurricanes and tropical storms, tend to produce a large 

amount of rainfall resulting in major flooding inland; hurricanes, such as Hurricane Harvey 

(2017) hovering over the Gulf of Mexico for 48 hours, intensifying before making landfall, 

and Hurricane Dorian (2019) stalling just north of Grand Bahama for about a day, produce 

tons of rainfall over one area for a large amount of time causing significant damage to the 
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communities (NWS, 2017 and 2019).  The damages from flooding can be viewed miles 

away from the center of the storm (Florida Climate Center, n.d.). Storm surges, the wall of 

water pushed toward the shoreline as a result of a hurricane moving onshore, can be as high 

as 25 feet above normal water levels, and with the combination of rising water and crashing 

waves, the outcomes of the storm can be deadly. According to Florida Climate Center, 

roughly 90% of all deaths in hurricanes are due to drowning in either storm surges or 

flooding caused by severe rainfall (Florida Climate Center, n.d.).  

 

There has been a total of five major hurricanes that either directly hit the Pensacola Basin 

or was near enough to have an impact on the basin; these include the following hurricanes: 

Opal (1995), Ivan (2004), Dennis (2005), Michael (2018), and most recently Hurricane 

Sally (2020). The impacts of each storm, shown in Table 1-3, varied when viewing the 

maximum storm surge and rainfall levels. This report will focus on the two recent 

hurricanes, Michael having high storm surge levels at 14 feet above ground level (AGL) in 

Mexico Beach, and Sally having a record amount of rainfall, a maximum of 30 inches in 

Orange Beach, Georgia (NWS, 2018 and 2020). 
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Table 1-3. Previous Hurricane Impact 

HURRICANE Landfall Category Storm Surge 
Maximum Rainfall Maximum 

Opal Pensacola 
Beach, FL 3 10-15 feet  19.42 inches 

(Brewton, AL) 

Ivan Gulf 
Shores, AL 3 10-15 feet  15.79 inches 

(Pensacola, FL) 

Dennis Navarre 
Beach, FL 3 6-7 feet 7.67 inches 

(Pensacola, FL) 

Michael Panama 
City, FL 5 9-14 feet 6.84 inches 

(Crossroads, GA) 

Sally Gulf 
Shores, AL 2 7-9 feet 29.99 inches 

(Orange Beach, GA) 
Source: National Weather Service, NOAA 

 

Flood hazard maps are an important tool when determining if an area is considered a flood 

risk (Pappenberger et al., 2012). The maps can be used in reinsurance, large-scale flood 

preparedness, and emergency response for local communities and also be used as standards 

for future flood predictions or climate impact calculations. Flood maps are typically 

gathered at a national level or river catchment level; however, there are many uncertainties 

within these maps. According to Deriving Global Flood Hazard Maps of Fluvial Floods 

through a Physical Model Cascade, the tiling of maps generated by various methods and 

created with different observations or other data can generate significant inconsistencies 

(Pappenberger et al., 2012). The use of hydrological models can produce dependable flood 

hazard maps and the maps can then be used in conjunction with vulnerability and impact 

information to generate estimates of flood risk, key information for disaster preparedness.  
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CHAPTER 2. PLANNING CONTEXT 

The City of Pensacola resides in the western part of the basin. The residential areas are 

surrounded by water, specifically Escambia River, Escambia Bay, and Pensacola Bay. It is 

essential for a city surrounded by water on three of its side to have a plan in case of 

emergency due to flooding. Currently, an existing map of the Pensacola area, produced by 

the Florida Department of Emergency Management, shown in Figure 2-1, illustrates that 

the major rivers and Garcon Point are zoned having major impacts from flooding and are 

advised for possible evacuations when needed.  The evacuation routes are shown in a light 

pink. However, the majority of the routes seem to be in areas that would show signs of 

flooding and possible storm surges in the case of a hurricane. With sea level rise, these 

evacuation routes can possibly see effects of high waves and rising water due to the 

hurricane pushing water in. It is necessary for the routes to avoid the coastal area and the 

major rivers in the basin.
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Figure 2-1. FDEM Evacuation Routes and Zones for Santa Rosa 
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CHAPTER 3. PROBLEM STATEMENT 

A common disaster that affects over 98 percent of the counties in the United States is 

flooding; damages can cost up to $25,000 with just one inch of water (FEMA, 2018).  

Flooding can impact a community's social, cultural, environmental, and economic 

resources; therefore, producing sound, science-based, long-term decisions to improve 

resiliency are critical to future prosperity and growth.  Flood modeling can encounter 

conflicts when combining data sets from different sources, and there tends to be 

controversies over administrative and political boundaries. Producing consistent hazard 

maps and understanding the vulnerability for some areas and the impact of heavy rainfall 

are essential for allowing communities to prepare and prevent disasters. Communities not 

properly prepared for the impacts, such as flooding and storm surges resulting from 

hurricanes, can encounter property damage and possible deaths.  Areas, such as the 

Pensacola Basin that are more susceptible to hurricane conditions and cascading waters 

from higher elevations require proper flood risk maps to ensure the safety of the community 

residing in the area. 
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CHAPTER 4. AIM AND OBJECTIVES 

Producing a reliable flood risk map is critical for building a resilient community. Flooding 

not only effects a community's environmental aspects and economic resources, but also the 

community's quality of life would be severely impacted. This thesis aims to generate flood 

hazard maps through the use of hydrological modeling. Specifically, the analytical 

approach incorporates various hydrological components and characteristics of the 

Pensacola Watershed Basin, including groundwater, surface water, precipitation, and 

elevation to determine the vulnerable areas and amount of impact, and finally compare the 

data and maps to existing plans established by FDEM and FEMA in the Pensacola area. 

The thesis aim breaks down into the following objectives, to: 

1. Collect and merge the Digital Elevation Models (DEM) from USGS. 

2. Understand each of the characteristics that define the Pensacola Basin. 

3. Run the Cascade models. 

4. Produce flood risk maps for the basin. 

5. Compare data and maps to recent reports of hurricanes. 

6. Propose a plan for community resilience towards flooding and storm surges. 

By achieving these objectives, this thesis will contribute to the process of building a 

resilient community in the Pensacola Watershed Basin and continue the research of 

preparing for and preventing damages from major tropical storms and hurricanes.  
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CHAPTER 5. RESEARCH METHODOLOGY  

The nature of this thesis stems from an analytical tactic aiming to systematically describe 

the characteristics of the Pensacola Watershed Basin and map out the flow of water to 

identify areas vulnerable to flooding from heavy rainfall and storm surges following a 

hurricane. The study involves the collection of qualitative data of DEM from USGS, 

generating and defining the catchments parallel to the water sources, modeling the flow of 

water on Cascade, and producing flood risk maps based upon the data received from the 

models.  

 DEM Collection 

Fundamental data, necessary for modeling, depicting the Digital Elevation Models (DEM) 

is downloaded from the U.S. Geological Survey (USGS) Earth Explorer. The thesis is 

exclusive to three-meter (3M) DEM resolutions to ensure the quality of the data, and if 3M 

is not available one-meter (1M) DEM will be the next option; if both 3M and 1M are 

utilized, the 1M DEM will need to be converted to 3M on ArcGIS. The DEM is also 

specific in dates, and for the purpose of this thesis, the initiation of the original project 

produced by FAU in 2019 will be used for the remainder of the thesis. 

 Generating Catchments 

Once the DEM are collected, and flow direction and flow accumulation are identified, the 

watershed basin can be sub-divided into a system of smaller catchments. Catchments are
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the areas from which all precipitation flows to a specific water feature (i.e., a river, a bay, 

or the ocean). The boundary between the catchments, known as a drainage divide, indicates 

that all the precipitation on opposite sides of the drainage divide will flow into different 

catchments. Identifying the boundaries of the catchments allows for semi-distributed 

hydrological modeling, which will be discussed in a later section.  

The process of dividing the catchments is completed on ArcGIS, a program used for 

creating, analyzing, managing, and sharing geographic information to assist decision-

makers in making intelligent, informed decisions (Esri, 2021). ArcGIS allows for the 

import of multiple data formats and uses analytical tools to identify spatial patterns and 

trends. These tools are used to merge the collected DEM as one file and then generate 

shapefiles for elevation, ground storage, groundwater, water holding capacity, pervious and 

impervious surface, and precipitation.  

Other extensions to the program, such as Arc Hydro, are necessary to define the basic 

networks of the water flow in the basin, split the basin into catchments and locate the 

drainage points for each line. A geoprocessing tool, Terrain Preprocessing, is used to create 

ten individual files: 

1. Fill Sinks: Any cell in the raster grid that is surrounded by cells with higher 

elevations will trap the water and prevent the water from continuing its flow. This 

tool modifies the elevation values of sinks to prevent this problem. Fill Sinks 

creates the raster layer ''Fil''. 

2. Flow Direction: Values in the raster grid represent the flow direction, which is the 

direction of steepest descent from that cell, derived from the ''Fil'' layer. Flow 

Direction creates the raster layer ''Fdr''. 
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3. Flow Accumulation: Creates a grid containing the accumulated number of cells 

upstream of each cell in the input grid, ''Fdr''. Flow Accumulation creates the raster 

layer ''Fac''. 

4. Stream Definition: Creates a stream grid based on the flow accumulation grid, 

''Fac'', and a specified threshold. Stream Definition creates the raster layer ''Str''. 

5. Stream Segmentation: Creates a stream grid of segments with unique identifiers. 

Each segment is either a head segment, or a segment between two segment 

junctions. Stream Segmentation creates the raster layer ''StrLnk''. 

6. Catchment Grid Delineation: Creates a grid to indicate which cells belong to 

particular catchments by assigning identifiers to each cell. Defined by the input 

stream segment link grid, ''StrLnk''. Catchment Grid Delineation creates the raster 

layer ''Cat''. 

7. Catchment Polygon Processing: Converts the raster catchment grid into a vector 

catchment polygon feature class. Catchment Polygon Processing creates the vector 

layer ''Catchment''. This raster will be used for merging catchments into a larger 

raster for Cascade. 

8. Drainage Line Processing: Converts the input raster stream link grid into a vector 

drainage line feature class. The drainage line contains attributes to indicate which 

segments belong to particular catchments. Drainage Line Processing creates the 

vector layer ''DrainageLine''. This raster is used for the purposes of finding the 

major rivers, measuring the time of concentration, and identifying the borders for 

the catchments. 
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9. Adjoint Catchment Processing: Generates the upstream catchments using the 

"Catchment" feature class and creates the vector layer ''AdjointCatchment''. 

10. Drainage Point Processing: Generates drainage points to indicate the location that 

the drainage line exits catchments and creates ''DrainagePoint''. This raster 

identifies the moment of outlets when inputting for Cascade. 

The files generated from Arc Hydro identify the main sources of discharge and water 

storage in the basin. The development of these files is a necessary step in dividing the 

catchments into sub-catchment inputs for the Cascade hydrological model (SFWMD, 

2001). The catchments created from Arc Hydro are overlaid above the drainage lines and, 

once identifying the major rivers, the catchment groups are determined by the major water 

feature that occurs within them. Once the borders for each catchment are recognized and 

merged, each catchment shapefile is assigned an attribute table with specific values that 

will be used as an input in the Cascade program; further detail about this process is stated 

within the next section. 

 Modeling in Cascade 

Cascade 2001, the latest edition, is a multi-basin hydrologic/hydraulic routing model 

developed by the South Florida Water Management District (SFWMD). Inputting the land 

use data provided from the DEM and the anticipated amount of rainfall and duration, the 

routing model can compute the storm water runoff, and route the runoff through a 

connected series of basins (SFWMD, 2001). The program can compute simultaneous flows 

through more than one water station in a catchment. Cascade includes the following 

features used for the purpose of this thesis: 
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• Storm frequencies: 3-, 5-, 10-, 25-, and 100-year 

• Storm duration: 1- and 3-day 

• Accounts for offsite receiving body tail water impacts 

• Control devices ("bleeders"): V-notch, circle, rectangle, rectangular notch, 

inverted triangle 

• Duration of rainfall event may be established by the use of calendar dates and 

clock times 

• Multiple offsite receiving bodies 

• Compute stage-storage relationship from site information 

• Tail water elevation control option for pump outfalls 

• For each basin, specify the stage at which modeling begins 

• Option for user-defined rainfall distribution 

The inputs required for the modeling program are based on datasets derived from the DEM 

and are listed in Table 5-1.  
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Table 5-1. Cascade Inputs 

INPUT Dataset Origin 

Area Derived from merging the smaller catchments into larger ones 
and converting the measurement to acre-ft. 

Offsite Determined by the water body the flow is drained into 

Initial Stage Determined by finding the outlets 

Ground Storage Derived from soil storage/ground storage tables from ArcGIS 

Time Of Concentration Determined by dividing the longest river length by 3600 

Rainfall Derived from precipitation tables from ArcGIS 

Stage-Storage Relationship Calculated on Cascade using the elevation 

Structure Determined by initial stage values for gravity structures 

 

 Producing and Comparing Risk Maps 

The output values derived from Cascade are used to map flooding for 3-day 25-year storm, 

1-day 10-year storm, and 1-day 100-year storm. These estimates are incorporated into 

mapping products and compared to existing flood maps provided by FEMA and FDEM. 

The mapping products will include:  

• Flood Inundation Map 

• Impervious Areas 

• King Tides 

• Sea Level Rise 

• Previous Hurricane Flood Levels 
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CHAPTER 6. ANALYSIS AND FINDINGS 

The findings for this thesis include: the identification of the catchments parallel to the water 

sources and the characteristics of the catchments; the results after inputting the data from 

ArcGIS to Cascade; and the fabrication of flood risk maps to compare with existing maps. 

This chapter is sub-divided into three section: Cascade Inputs, Cascade Results, and Map 

Comparisons. 

 Cascade Inputs 

The majority of the input variables for the Cascade hydrological model are generated in 

ArcGIS. The tools and extensions found on ArcGIS are used to merge the collected DEM 

for the entire Pensacola Basin Watershed and generate shapefiles for elevation, ground 

storage, water holding capacity, and precipitation, and then the individual shapefiles are 

divided into smaller catchments corresponding to certain rivers. The values from the 

attribute tables of each characteristic are utilized in the Cascade model. The inputs for the 

model include delineation of catchments, using zonal statistics to identify the minimum 

and maximum elevation, calculating ground storage, and extrapolating precipitation.  

 

The ArcGIS extension, Arc Hydro, defines drainage lines and catchments. The drainage 

line identified three major river systems: Escambia River, Blackwater River, and Yellow 

River. Not identified as a major river, East Bay River is also included in the division of 
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catchments because the origin of the river is different from the other three. The river flows 

directly from the east rather than Alabama to the North. All four rivers, identified in Figure 

6-1, drain into a series of interconnected estuaries, including Blackwater Bay, Escambia 

Bay, East Bay, Pensacola Bay, and Santa Rosa Sound.  

 

Figure 6-1. Pensacola Basin Surface waters 

The catchments derived from Arc Hydro are overlaid on the drainage lines, and the 

catchments are grouped to correspond with the four identified water sources previously 

described. The basin is subdivided into four HUCs identified in Figure 6-2: HUC 305 

(Escambia River), HUC 103 (Yellow River), HUC 104 (Blackwater River), and HUC 105 

(East Bay River), the Pensacola Bay, and all the bays that drain into it.  

Escambia River 

Blackwater River 

Yellow River 

East Bay River 

Embayment 
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Figure 6-2. Pensacola Basin Catchments 

Another input necessary for hydrological modeling in Cascade is the location of the 

existing water stations and the water height of stations either at the initial stage or offsite 

of the catchment. Figure 6-3 depicts the location of existing water stations in the Pensacola 

Basin. The data provided from each water station justifies the results obtained from 

Cascade.  Some HUCs, such as HUC 105, did not contain any existing water stations, 

however due to the flow of the rivers, the data collected from the basin upstream is used to 

prove the validity of the results. 
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Figure 6-3. Pensacola Basin Water Station Locations 

Table 6-1 lists the water stations utilized for both input of initial stage and comparing of 

offsite stages.  

Table 6-1. Water Station Name and Height 

HUC Site Number Site Name Gage Height (F.T.) 
HUC 103 02369600 Yellow River near Milton, Fla 38.17 

02368500 Shoal River near Mossy Head, Fla 7.22 
02369000 Shoal River near Crestview, Fla 6.33 
02371500 Conecuh River at Brantley Al 1.54 

HUC 104 02370500 Big Coldwater Creek near Milton, Fla 5.48 
02369800 Blackwater River near Bradley Al 0.92 

HUC 305 02374500 Murder Creek near Evergreen Al 4.95 
02376033 Escambia River near Molino, Fla 2.73 

Source: USGS, National Water Information System: Water Data (2019) 

Water Stations 
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Utilizing both the boundaries of the catchment and the lengths of the rivers within the 

catchments, the time of concentration can be derived from the following formula: 

Time of Concentration = (River Length in feet) x 3600 

Table 6-2 contains the time of concentration for the longest rivers in each catchment. 

Table 6-2. Time of Concentration 

HUC River Length (K.M.) Length (F.T.) Time of Concentration 
HUC 103 Upper Yellow 

River 
86.988  285,393.71   44.593  

Shoal River 65.202  213,917.33   33.425  
Lower Yellow 
River 

94.643  310,508.54   48.517  

HUC 104 Upper Blackwater 
River 

45.925  150,672.58   23.543  

Big Coldwater 
Creek 

54.623  179,209.32   28.001  

Lower Blackwater 
River 

57.806  189,652.24   29.633  

HUC 105 Carpenter Creek 7.632  25,039.37   3.912  
Mulatto Bayou 7.268  23,845.15   3.726  
East Bay River 27.321  89,635.83   14.006  

HUC 305 Big Escambia 
Creek 

75.979  249,274.94   38.949  

Escambia River 78.575  257,792.00   40.280  
 

 

The DEM provided from USGS that have been merged into a single 3M raster is modified 

to view the elevations; the values are set to show highest point in red and lowest point in 

blue, as shown in Figure 6-4. The highest points are approximately 521 feet above sea level 

near border of Alabama, and the lowest points are 0 feet at sea level shown along the coast 

of the panhandle.  
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Figure 6-4. Pensacola Basin Elevations 

The elevation raster is clipped to each catchment and the values, depicted in Table 6-3, are 

found within the attribute tables. The area for each catchment is converted into acres using 

the formula below. 

Acres = Area (SQFT) / 43,560 

Table 6-3 also breaks down the height of each of the smaller catchments making up the 

larger HUCs. Upper Yellow River contains the highest elevation at 159 meters (521 feet), 

while the lower part of the same river contains the lowest elevation at 0 meters. 
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Table 6-3. Pensacola Basin Elevations 

HUC Name Area Min 
(M.) 

Max 
(M.)  Mean STD Acres 

HUC 103 Upper Yellow 
River 1,412,063,100 25 159 80.038 23.890 32,416.508 

Shoal River 1,270,304,100 12 107 62.712 17.058 29,162.169 
Lower Yellow 
River 795,511,800 0 95 36.772 19.280 18,262.438 

HUC 104 Upper 
Blackwater River 520,150,500 20 103 61.022 14.187 11,941.012 

Big Coldwater 
Creek 1,271,688,300 0 93 51.309 17.549 29,193.946 

Lower 
Blackwater River 394,031,700 0 80 39.030 20.122 9,045.723 

HUC 105 Carpenter Creek 152,069,400 0 48 16.696 11.502 3,491.033 
Mulatto Bayou 99,656,100 0 52 15.712 14.986 2,287.789 
East Bay River 386,993,700 0 70 24.685 15.846 884.153 

HUC 305 Big Escambia 
Creek 1,068,291,000 8 132 80.687 25.989 24,524.587 

Escambia River 841,395,600 0 88 36.239 25.783 19,315.785 
 

 

The DEM utilized for determining the elevation is also used when finding the groundwater 

by means of kriging interpolation method to estimate the elevation values between known 

points. Figure 6-5 depicts the groundwater levels within the Pensacola Basin. The highest 

point reaches 230 feet to the east, past the Alabama border, and the lowest point is at 0 feet 

along the coastline, specifically along the East Bay River. The eastern portion of the basin 

depicts a heavy variety of ground water, containing both the highest point and lowest point, 

while the western portion seems to be leveled with values scaling in the middle range. 
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Figure 6-5. Pensacola Basin Groundwater 

The highest point of groundwater levels seems to be just north of the border of Florida and 

Alabama. The highest ground water level is shared between two catchments, as shown in 

Table 6-4:  Upper Yellow River and Upper Blackwater River at 229 feet. The majority of 

the rivers drain into the bays with 0 feet of groundwater; however, Escambia River in HUC 

105 releases into the bay with a level of 10 feet of groundwater. Although the groundwater 

values, are not direct inputs for modeling in Cascade, the values are used to determine the 

ground storage values. 
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Table 6-4. Pensacola Basin Groundwater 

HUC Name Area Min 
(F.T.) 

Max 
(F.T.) Mean STD 

HUC 103 Upper Yellow 
River 1,411,729,200 110.003 229.999 119.997 17.506 

Shoal River 1,270,202,400 0 220 220 59.142 
Lower Yellow 
River 795,464,100 0 179.996 179.996 39.800 

HUC 104 Upper 
Blackwater River 519,969,600 60.001 229.999 148.251 41.848 

Big Coldwater 
Creek 1,271,588,400 0 159.997 69.961 30.582 

Lower 
Blackwater River 394,023,600 0 109.939 35.315 20.770 

HUC 105 Carpenter Creek 152,063,100 10 60.000 33.843 7.688 
Mulatto Bayou 99,649,800 0 69.973 16.444 13.146 
East Bay River 386,915,400 0 89.982 2.467 10.022 

HUC 305 Big Escambia 
Creek 341,553,600 80 114.392 103.115 4.255 

Escambia River 841,390,200 10 101.677 71.873 21.173 
 

The soil depth, used in the ground storage calculations, is found using the following 

formula: 

Soil Layer Depth = Land Elevation – Groundwater Elevation 

The water holding capacity (ratio) is also used along with the soil layer depth in the ground 

storage calculations. Generally, the available water storage (AWS) is considered to be 50 

percent of the water holding capacity, and the gSSURGO database contains the AWS for 

the first 150cm of the soil layer. Therefore, the water holding capacity can be calculated 

with the equation below. 

Water Holding Capacity = 2 * AWS / 150 

Figure 6-6, shown below, is the water holding capacity for the Pensacola basin. The highest 

capacity is at ratio of 0.74, and the lowest ratio is zero. 
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Figure 6-6. Pensacola Basin Water Holding Capacity 

The ground storage values used as an input are calculated based on the soil layer depth and 

water holding capacity. The ground storage is calculated as the product of the water holding 

capacity (ratio) and soil layer depth (feet). Cascade requires the unit of ground storage to 

be in inches, so the soil layer depth is converted from feet to inches. The full calculation is 

as follows:  

Ground Storage = Water Holding Capacity * Soil Layer Depth * 12 inches 

Figure 6-7 represents the ground storage within the Panhandle region. The highest levels 

of ground storage are located in a small portion in the northeastern part of HUC 104 in the 
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State of Georgia and another small portion in the eastern part of HUC 103 in the State of 

Florida. The lowest levels are concentrated near the coast to the east. 

 

Figure 6-7. Pensacola Basin Ground Storage 

Upper Yellow River contains the highest level of ground storage at 95.90 inches; second 

highest is very close behind at 94.59 inches in the Upper Blackwater River. Both HUC 105 

and HUC 305 are shallower in the ground storage levels, not even reaching half of the 

maximum level, staying below 40 inches. 
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Table 6-5. Pensacola Ground Storage 

HUC Name Area Min 
(IN.) 

Max 
(IN.) Mean STD 

HUC 103 Upper Yellow 
River 1,396,825,000 0 95.90 24.478 5.841 

Shoal River 1,252,666,300 0 84.39 18.534 10.754 
Lower Yellow 
River 787,625,300 3.408 46.24 11.013 6.835 

HUC 104 Upper 
Blackwater River 516,693,200 2.344 94.59 24.536 13.179 

Big Coldwater 
Creek 1,264,796,500 2.278 57.59 14.788 4.400 

Lower 
Blackwater River 388,438,900 4.258 39.90 11.802 4.278 

HUC 105 Carpenter Creek 144,065,600 4.238 35.25 11.465 5.476 
Mulatto Bayou 93,971,700 4.458 31.66 12.023 4.739 
East Bay River 381,108,600 3.654 36.75 8.926 6.698 

HUC 305 Big Escambia 
Creek 332,254,700 2.298 34.419 19.081 4.890 

Escambia River 826,778,300 4.568 39.459 17.284 5.920 
 

 

Normal annual rainfall ranges from about 55 to 67 inches per year; the average annual 

rainfall is generally highest in the western portion of the watershed and lowest in the eastern 

portion (Pratt et al., 1996). There are two distinct rainy seasons each year, the first resulting 

from frontal storm systems during the winter and early spring, and the second occurring 

during the summer as a result of afternoon and evening thunderstorms. The estimated 

precipitation (inches) during a 3-day 25-year event can be found using the NOAA Atlas 14 

Point Precipitation Frequency Data Server, and is mapped in Figure 6-8. The figure depicts 

the precipitation values within the Pensacola Basin. Precipitation rates drop from north to 

south. The 3-day 25-year precipitation for the northern portions of the watershed is around 

11 inches of rainfall, while the southern portion can experience up to 14.5 inches of rain.  



35 

 

Figure 6-8. Pensacola Basin Rainfall 

Carpenter Creek (HUC 105) and East Bay River (HUC 105) experiences the largest amount 

of rainfall with roughly 14.5 inches of rainfall, seen in Table 6-6. Both Carpenter Creek 

and East Bay River are located in the southwestern portion of the Pensacola Basin 

Watershed. The area with the lowest rainfall, nearly 11 inches, is located near Big 

Escambia Creek. For the purpose of the thesis, the maximum numbers of rainfall are used 

as the input for Cascade. 
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Table 6-6. Pensacola Basin Rainfall 

HUC Name Area Min 
(IN.) 

Max  
(IN.) Mean STD 

HUC 103 Upper Yellow 
River 1,415,539,429.928 11.652 13.097 12.595 0.315 

Shoal River 1,269,923,570.866 12.467 13.838 13.129 0.267 
Lower Yellow 
River 796,288,829.288 12.971 14.184 13.669 0.331 

HUC 104 Upper 
Blackwater River 520,240,395.160 12.787 13.352 13.023 0.153 

Big Coldwater 
Creek 1,279,406,008.837 13.168 14.195 13.698 0.243 

Lower 
Blackwater River 390,079,836.426 13.311 14.142 13.689 0.249 

HUC 105 Carpenter Creek 157,908,070.056 14.23 14.478 14.353 0.072 
Mulatto Bayou 99,278,836.124 14.085 14.291 14.193 0.051 
East Bay River 390,079,836.426 13.887 14.44 14.220 0.126 

HUC 305 Big Escambia 
Creek 1,067,530,713.774 11 13.498 12.6118 0.617 

Escambia River 834,412,618.820 13.281 14.386 13.882 0.279 
 

 Cascade Results 

The inputs required for the model prepared on ArcGIS based on datasets of DEM, water 

table, soil storage, and rainfall are entered into Cascade. Figure 6-9 through 6-19 are clips 

of the inputs for the interface of the simulation for each catchment in Cascade. 

 

Figure 6-9. Upper Yellow River Cascade (HUC 103) 
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Figure 6-10. Shoal River Cascade (HUC 103) 

 

Figure 6-11. Lower Yellow River Cascade (HUC 103) 

 

Figure 6-12. Upper Blackwater River Cascade (HUC 104) 
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Figure 6-13. Big Coldwater Creek Cascade (HUC 104) 

 

Figure 6-14. Lower Blackwater Creek Cascade (HUC 104) 

 

Figure 6-15. Carpenter Creek Cascade (HUC 105) 
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Figure 6-16. Mulatto Bayou Cascade (HUC 105) 

 

Figure 6-17. East Bay River Cascade (HUC 105) 

 

Figure 6-18. Big Escambia Creek Cascade (HUC 305) 
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Figure 6-19. Escambia River Cascade (HUC 305) 

Table 6-7, shown below, demonstrates the results after inputting the data into Cascade. The 

results include values ranging between the head water stage and the tail water stage. 

Table 6-7. Cascade Results 

HUC Name Head Water Stage 
(F.T.) 

Tail Water Stage 
(F.T.) 

HUC 103 Upper Yellow River 68.00 91.33 
Shoal River 106.00 91.59 
Lower Yellow River 91.00 77.90 

HUC 104 Upper Blackwater River 3.00 11.21 
Big Coldwater Creek 10.00 8.56 
Lower Blackwater River 8.00 6.85 

HUC 105 Carpenter Creek 2.00 1.71 
Mulatto Bayou 2.00 1.71 
East Bay River 2.00 1.71 

HUC 305 Big Escambia Creek 17.00 15.99 
Escambia River 7.00 17.51 

 

 Map Results and Comparisons 

Utilizing the data provided from ArcGIS, water tables, and Cascade, four types of possible 

flooding maps are generated to then compare to the available FEMA flood risk maps. This 

section is split into the four types of map and the comparisons: Probability of Inundation; 

Vulnerability to Flooding in Impervious Areas; Anticipated Flooding Resulting from King 
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Tides and Sea Level Rise; Previous Hurricanes Mapped Impacts; and then the Flood Map 

Comparison. 

 

The Pensacola Basin is analyzed with the effects of the 3-day, 25-year storm event; a storm 

event having a 3-day duration and 25-year return frequency. Figure 6-20 displays the 

estimated flood risk for the basin based on a 3-day, 25-year rainfall. The highest risk is 

found along the coast and the lower portion of the four rivers that drain into Pensacola Bay 

and East Bay. The area is not densely populated but includes a large urban cluster along 

the coast shown within the yellow boundaries on the map. The largest city in the 

metropolitan area is City of Pensacola. Other urban settlements include Crestview, 

Century, and Fort Walton Beach. The highest flooding risk is found in and around the cities 

of City of Pensacola and Fort Walton Beach.  
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Figure 6-20. Possible Inundation based on 3-Day 25-Year Storm Event 

 

An alternative way to view the soil capacity is to view the impervious and pervious areas 

within the basin. Understanding the impervious spaces and comparing to the areas 

vulnerable to flooding assist in the planning for mitigating the damages from hurricane 

flooding. Figure 6-21 represents the impervious areas, primarily roads in the Pensacola 
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Basin.  These are areas where water cannot seep into the soil and as a result seep to 

unsaturated areas.  Most of the impervious areas are located near the coastline and are 

concentrated around City of Pensacola. 

 

Figure 6-21. Pensacola Basin Impervious Surfaces 

 

The DEM collected from USGS, is further analyzed by calculating the areas of vulnerable 

to 2.6 feet of king tide. The areas more susceptible to this flooding are areas in proximity 

to the four rivers, especially Escambia River, and in marsh areas along the Garcon Point. 

City of Pensacola sees slight effects from the King Tides to the south and some streams 
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near the city will overflow into the communities and the communities will experience some 

damages. 

 

Figure 6-22. Potential Inundation from King Tides 

King tides is one effect after a storm; another major factor in the damages resulting in a 

hurricane include the amount of sea level rise a community is vulnerable too. The following 

three maps, Figure 6-23 through 6-25 show the potential inundations from a series of sea 

level rises varying from 1 foot to 3 feet. Majority of the flooding occurs along the coastline 

and extends north where river flows. After 3 days of rainfall and 1 foot of sea level rise, 

flooding results seem to be concentrated in HUC 105. 
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Figure 6-23. Potential Inundation from 1 foot of Sea Level Rise 

After 3 days of rainfall and 2 feet of sea level rise, flooding results seem to still be 

concentrated in HUC 105, however, Escambia River begins to show signs of flooding in 

the southern portion of HUC 305. Also, Blackwater River and Yellow River seem to not 

extend further north after the shift from 1 foot to 2 feet of sea level rise, yet the effects of 

the sea level rise extend away from the rivers on either side to the west and east. The effects 

of 2 feet sea level rise are shown in Figure 6-24. 
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Figure 6-24. Potential Inundation from 2 feet of Sea Level Rise 

After 3 days of rainfall and 3 feet of sea level rise, flooding results again seem to be 

concentrated in HUC 105 all along the bays. Escambia River flooding extends further north 

up the river. Blackwater River flooding after sea level rise extends slightly up stream. 

Yellow River again does not seem to alter much after the shift from 2 feet to 3 feet of sea 

level rise. The effects of 3 feet sea level rise are shown in Figure 6-25. 
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Figure 6-25. Potential Inundation from 3 feet of Sea Level Rise 

 

Assessing the data retrieved from Coastal Emergency Risks Assessment interactive data 

maps, maximum water heights are able to be visualized during the latest two hurricanes: 

Michael in 2018 and Sally in 2020. Although, Michael, a category 5 hurricane, hit near 

Panama City, miles away from the Pensacola Basin, the watershed, nevertheless, 

experienced flooding due to the hurricane. Figure 6-26 depicts the water heights near the 

basin. The bay area experienced flooding ranging between 2.81 to 4.40 feet. 
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Figure 6-26. Michael (2018) Water Heights 

Sally, a category 2 hurricane, hit just west of the Pensacola Basin, and larger effects are 

visible within the bay. Figure 6-27 depicts the water heights near the basin. The bay area 

experienced flooding near 2.81 feet and extended north on Escambia River reaching water 

levels near 9.61 feet. 
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Figure 6-27. Sally (2020) Water Height 

Hurricane Sally also presents the topic of the ‘funneling’ effect, visible in the Escambia 

River. The funneling effect is a topographic mechanism; the intensification of the surge 

due to concentrating surge energy confined by a bay, specifically bays with a triangular 

shape (As-Salek, 1998). A long and narrow estuary, such as Escambia River, can 

significantly increase storm surge due to this effect; the surge would travel from the tail of 

the river to the head where the funneling occurs, producing a delayed peak surge in that 

location although the winds from the hurricane have receded.  

Both Hurricane Michael and Sally validate the inundation, king tide and sea level rise 

maps; the maps produced using the values from cascade depict an increase in water height 
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specifically in the bays and continuing upstream in the four rivers: Escambia, Blackwater, 

Yellow, and East Bay rivers. In the cascade models, Escambia River is also shown to hold 

a significant amount of water, similar to the results shown from Hurricane Sally due to the 

funneling effect. After producing the maps utilizing the existing hurricane data from 

previous hurricanes, Michael and Sally, it is observed that the effects shown are similar 

and consistent to the models, verifying that the models run by Cascade are reliable. 

 

For comparison, FEMA flood hazard areas identified on the Flood Insurance Rate Map are 

identified as a Special Flood Hazard Area (SFHA), depicted on Figure 6-28. SFHAs are 

defined as the area that will be inundated by the flood event having a ''1-percent chance'' 

of being equaled or exceeded in any given year. The 1-percent annual chance flood event 

is also referred to as a 100-year flood event. SFHAs are labeled as Zone A, Zone AE, and 

Zone VE.  
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Figure 6-28. FEMA Flood Map  

Figure 6-29 compares the flood risk zones based on the Cascade results with the maps 

provided from FEMA. The map depicts an overlay of the estimated flood risk map with 

the FEMA's 100-year floodplain.  
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Figure 6-29. FEMA Flood Map Comparison 

Table 6-8 provides a summary of the overlay statistics.  Roughly 85 percent of the existing 

FEMA flood risk map overlaps the modeled flood risk produced with the data gathered 

from Cascade. 

  



53 

Table 6-8. Comparison between FEMA Identified 100-Year Flood Event and CRT Modeled Flood Region 
with a High Probability for Inundation 

CATEGORY Results 
FEMA 1% flooding (total area: km2) 432.9 
Modeled flood risk (total area: km2) 367.3 
Overlapping area (total area: km2) 255.7 
Percent of overlap (FEMA flood zone, in percent) 84.8% 
Percent of overlap (estimated flood risk, in percent) 69.6% 
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CHAPTER 7. PLANNING FOR COMMUNITY RESILIENCE 

There are many factors involved when assessing the rising water levels and storms surges 

associated with storms and hurricanes; the location of the Pensacola Basin combined with 

its low, flat elevation will lead to an intense rise of water when a hurricane is near and 

threatens the communities in the basin. As previously expressed in Chapter 5, not being 

properly prepared for future storms can lead, not only to property damages, but also the 

possible deaths of citizens within the communities. Unprepared communities facing 

powerful hurricanes will also face damages in public infrastructure, force businesses to 

close, delay emergency response and erode coastlines (NRC, n.d.). 

In 2000, the City of Pensacola began a project, Project Greenshores, to re-establish the lost 

marsh habitat along its downtown shoreline (NRC, n.d.). Although the primary objective 

of the project is to re-establish the marshes, there seemed to be unintended benefits from 

the project that would increase the protection of the City from the storm-related surges and 

rising sea levels. Project Greenshores is an example, although accidental, of natural 

infrastructure improving a community's resiliency and protecting the residents from the 

storms. 

Residents along the Pensacola Basin will pay less for damages during future storms due to 

projects such as Project Greenshores. The same year that Site 1 from this project was 

completed in 2004, Pensacola was hit directly from Hurricane Ivan, an intense category 3 

hurricane. The storm surge reached 15 feet and washed out most of Bayfront Parkway, a 
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major roadway that runs parallel to the bay's shoreline, and due to the amount of damage, 

majority of the road was closed for months. However, the section of Bayfront Parkway 

directly behind Project Greenshores experienced significantly less damage, with only 

partial closure of the road, and the shoreline at the project sites did not experience heavy 

erosion. The benefits of the project were again observed the following year, in 2005, when 

the basin was hit by Hurricane Dennis, also a category 3 hurricane. The breakwaters and 

marsh islands helped protect the shore from storm surge. Project Greenshores was proven 

to be beneficial and provided the community with resilience during two hurricanes. 

After analyzing and reviewing the maps derived from Cascade, it is clear that the areas 

experiencing majority of the flooding is near main water sources such as the rivers and 

marshes. Re-establishing the marshes proved to show some positive effects after sea level 

rises and storm surges; therefore, protecting these areas is key. Also, after reviewing the 

impervious areas in the basin, it is apparent that the locations concentrated with residents 

are not permeable. Attempting to create areas of permeability within the impervious spaces 

will control and force water to properly drain, and planning the flow of water will be key 

to preparing the communities for future storms and hurricanes. 
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CHAPTER 8. CONCLUSION 

The Pensacola Watershed Basin includes the Pensacola Metropolitan Area, which 

incorporates the City of Pensacola with a population of 52,975, as of 2019, and several 

unincorporated census-designated places (U.S. Census, 2019). The total population of the 

Pensacola metropolitan area as of 2010 is 448,991. The area is highly vulnerable to 

flooding as it drains four rivers: Escambia, Blackwater, Yellow, and East Bay rivers. It is 

also part of the Pensacola Bay estuarine system, which also includes Escambia Bay, 

Pensacola Bay, Blackwater Bay, East Bay, and portions of Santa Rosa Sound. There are 

communities within the basin that are vulnerable to flooding in the western, central and 

eastern parts of the Pensacola Bay estuarine system as depicted in the maps in Chapter 7. 

Conducting this research resulted in generating a model of the effects of cascading waters 

in the basin and maps depicting the vulnerable areas after the effects of heavy flooding due 

to storms and hurricanes.  

Today, the City of Pensacola ranks 8th on Sperling's list of the ''worst places for hurricanes'' 

in the United States (NRC, n.d.). Utilizing the new maps and comparing it to existing maps 

provided from FEMA and FDEM, communities can effectively plan for future hurricanes 

and prevent major damages to susceptible areas. Protecting the environment surrounding 

the communities and producing barrier like islands within the bay will prevent major 

damages from hurricanes, contribute to the process of building a resilient community in 

the Pensacola Watershed Basin. If major damages could not be 
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prevented, the residents need to properly prepare and know their route for evacuation, for 

example the City of Pensacola need to avoid the coast to the west and south, Escambia 

River to the north, and head east away from the rising water. Being properly prepared and 

understanding which areas are vulnerable to flooding, visibly on a map, will ensure the 

safety of the community residing in the area.  
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