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1 STUDY OVERVIEW 

1.1 STUDY PURPOSE 

 
The purpose of this report is to provide an overview of the significant changes influencing the 
Central and Southern Florida (C&SF) Project since its inception in 1948, and if appropriate, to 
make recommendations regarding potential future studies.  This Initial Appraisal is authorized by 
Section 216 of the Flood Control Act of 1970 (33 USC 426 et seq) as amended, which reads:  
 
"The Secretary of the Army, acting through the Chief of Engineers, is authorized to review the 
operation of projects the construction of which has been completed and which were constructed 
by the Corps of Engineers in the interest of navigation, flood control, water supply, and related 
purposes, when found advisable due to significantly changed physical or economic conditions, 
and to report thereon to Congress with recommendations on the advisability of modifying the 
structures or their operation, and for improving the quality of the environment in the overall 
public interest." 
 
The importance of this study is demonstrated in a letter (see Appendix B-1) submitted by 
Senator Rubio, Senator Scott, Representative Steube, Representative Mast, Representative 
Rooney, Representative Hastings and Representative Diaz-Balart in June 2019. The letter 
emphasizes the urgency of assessing the full extent of South Florida’s aging flood control system, 
under sea level rise and higher water tables conditions, to improve the resilience of South 
Florida communities. In addition, individual letters were submitted by the mayors of four South 
Florida counties: Palm Beach County, Broward County, Miami-Dade County and Monroe County.  
The letters, represented in Appendix B-2 by the Palm Beach County letter, aim to: 1) highlight 
the importance of the south Florida economy to the nation, 2) stress the limitations of the 70-
year old Central and South Florida Flood Control Project (C&SF Project), and 3) expresses the 
risk of no holistic action to the resilience of the existing infrastructure in terms of flood 
vulnerabilities, water supply, coastal flooding, and surge protection given the significant 
changes to population, land use, weather patterns and sea level rise trends.    Back in 2018, a 
letter from Senator Rubio, also included in Appendix B-3, reinforced the existing limitations of 
the region’s water management system and describes significant impacts occurred during 
Hurricane Irma. Finally, on March 2020, the Governing Board Members of the project’s non-

Reference the Graphic Executive Summary for an overall project map, background, and 
key highlights from this report. 
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federal sponsor – South Florida Water Management District – passed a resolution to approve a 
letter of endorsement, supporting the U.S. Army Corps of Engineers (USACE) seeking federal 
funding to initiate the Central and Southern Florida Flood Resiliency Study (see Appendix B-4). 
 
This report offers a brief analysis of the existing C&SF project and explains existing external 
changes to the Florida landscape and consequential problems to the surrounding shared 
environment, threatening the project purposes of the originally authorized C&SF project.  In the 
next 50 to 200 years, the effects of the existing problems will become more extreme.  This report 
shows that the risk of no-action is too large to ignore, and that there is an opportunity to address 
these problems now with a phased approach. The  Central and Southern Florida Flood Resiliency 
Study  will focus on the project features which can reduce the most immediate risk to changing 
conditions, and the resilience aspects of such infrastructure in terms of flood vulnerabilities,  
based on an overall assessment of the entire C&SF system and the recommendation of areas 
for further evaluation. The selection of the most critical project features to be included at the 
study will be defined in coordination with South Florida Management District, non-federal 
project sponsor. The results of the study will allow the immediate authorization of construction 
to update components that need immediate attention to provide the expected C&SF level of 
service and approve continuing investigations of the remaining structures.  

1.2 LOCATION 

The Central and Southern Florida (C&SF) Project is generally located within the southeastern 18 
counties of Florida, covering an area of about 18,000 square miles (Reference the Graphic 
Executive Summary, page 1).  It is comprised of the Upper St. Johns River Basin in the 
northeastern section of the project, Kissimmee River Basin in the central section, the Lake 
Okeechobee-Everglades area in the central and southwestern section, and the east coast area 
in the southeastern section. 

1.3 EXISTING AUTHORIZED PROJECT 

The C&SF Project was initially authorized by the Flood Control Act of 1948 and is a large, 
multipurpose water resources project designed and constructed by the U.S. Army Corps of 
Engineers (USACE) in cooperation with the local sponsor.  The C&SF project is jointly operated 
by USACE and the primary local sponsor, the South Florida Water Management District.   

1.4  AUTHORIZATIONS AND PROJECT PURPOSES 

In 1948, the Department of the Army submitted to Congress the Comprehensive Report on 
Central and Southern Florida for Flood Control and Other Purposes (House Document 80-643).  
The C&SF Comprehensive Plan described how water stored in the Water Conservation Areas 
would provide water for use on the east coast agricultural lands, raise the groundwater table 
and improve water supply for the east coast communities, and improve problems of saltwater 
intrusion in the coastal water supply wellfields.  Spillways and culverts were to be constructed 



MAIN REPORT 

INITIAL APPRAISAL 

CENTRAL & SOUTHERN FLORIDA PROJECT APPRAISAL REPORT 

FLORIDA 
3 

 

in the Water Conservation Area levees to provide water to east coast areas for use during the 
dry season.  Lake Okeechobee would serve as a multiple-use reservoir with flood control, 
navigation, and water-conservation functions.  Lake Okeechobee was considered to be the heart 
of any plan for flood control and water conservation in South Florida.  The benefits of the C&SF 
Comprehensive Plan for salinity control and municipal and industrial (M&I) water supply were 
described in House Document 80-643.  
 
The Flood Control Act of 1954 authorized the remainder of the C&SF Project proposed in House 
Document 80-643, and, in addition, established that the Chief of Engineers had the discretionary 
authority to modify the plan. The C&SF Project was expected to improve the water supply for 
domestic, industrial, and agricultural use throughout the project area.  USACE concluded that 
from the standpoint of the project as a whole, these water supply benefits contributed to the 
increased land use benefits, which served as a basis for the local contribution.  In order to obtain 
the full benefits of the Federal project, the local interests would also be required to provide a 
system of secondary works.   
 
The compelling reason for Federal participation in the C&SF Project was its function of reducing 
flood damages.  The importance of drainage and water control and the resulting benefits from 
increased land use made it analogous to a project for reclamation of western lands.  In the Water 
Resources Development Act (WRDA) of 2000, the Comprehensive Everglades Restoration Plan 
(CERP) was approved as a framework for the modifications and operational changes to the 
Central and Southern Florida Project that are needed to restore, preserve, and protect the South 
Florida ecosystem while providing for other water-related needs of the region, including water 
supply and flood protection.   
 
A summary of the C&SF authorized project purpose and the applicable authorizations, including 
a series of Flood Control Acts and Water Resources Development Acts is provided in Appendix 
A and in Table 1. 
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Table 1. Central and Southern Florida Project – Authorized Project Purposes. 

YEAR 1948 1954 1958 1960 1962 1965 1968 1970 1970 1983 1988 1989 1992 1996 2000 2007 2014 2017 2018 

PURPOSE PL 80-858 PL 83-780 PL 85-500 PL 86-645 PL 87-874 PL 89-298 PL 90-483 PL 91-282 HD 91-394 PL 98-181 PL 100-676 PL 101-229 PL 102-580 PL 104-303 PL 104-303 PL 110-114 PL 113-121 PL 114-322 PL 115-270 

Flood Control X X X X X X X     X   X   X X X X X X 

Drainage/Water Control X X X X X X X               x x x     

Groundwater Recharge X X     X X                 x x x X  

Salinity Intrusion X X     X   X               x   x X  

Everglades National Park Water 
Supply 

X X         X X   X   X   X X   X X X 

Fish/Wildlife Preservation X X X   X   X               x x x X X 

Navigation X X         X   X                   X 

Water Supply X X         X               x x x X X 

Environmental Protection/ 
Restoration                     X X X X X X X X X 

Recreation X       X   X               x   x X X 

Irrigation             X               x   x   X 

Hydrologic Ecosystem Model                     X                 

                   

 

PL 80-858 - Flood Control Act of 1948 
PL 83-780 - Flood Control Act of 1954 
PL 85-500 - Flood Control Act of 1958 
PL 86-645 - Flood Control Act of 1960 
PL 87-874 - Flood Control Act of 1962 
PL 89-298 - Flood Control Act of 1965 
PL 90-483 - Flood Control Act of 1968 
PL 91-282 - River Basin Monetary Authorization and Miscellaneous Civil Works Amendments Act of 1970 
HD 91-394 - Central and Southern Florida Small-Boat Navigation (Authorized under Section 201 of the Flood Control Act of 1965)  
PL 98-181 - Supplemental Appropriations Act, 1984  
PL 100-676 - Water Resources Development Act of 1988 
PL 101-229 - Everglades National Park Protection and Expansion Act of 1989 
PL 102-580 - Water Resources Development Act of 1992 modifications to the project. 
PL 104-303 – Water Resources Development Act of 1996. 
PL 106-541-Water Resources Development Act of 2000 
PL 110-114 Water Resources Development Act of 2007  
PL 113-121 Water Resources Reform and Development Act of 2014 
PL 114-322 Water Resources Development Act of 2016 as part of the Water Infrastructure Improvements for the Nation Act of 2016  
PL 115-270 Water Resources Development Act of 2018 - America’s Water Infrastructure Act
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2 REVIEW OF CHANGED CONDITIONS 

A large extent of Florida is facing extraordinary changes which are challenging the original 
project purposes of the authorized C&SF project.  The main drivers of change can be largely 
grouped into categories of population growth, increased development of land, temperature 
increase, and sea level rise trends.  A roughly tenfold increase in the study area population 
and change in land use over time has significantly changed the demand for C&SF project 
benefits. The C&SF project was to provide flood protection for urban and agricultural areas, 
water supply for agricultural, municipal, industrial, and Everglades National Park (ENP) uses, 
and prevent saltwater intrusion risks to the coastal water supply.  These changes directly 
negatively affect the intended purposes of the C&SF project, as listed below: 
 

• Population growth – water supply 

• Increased development of land – flood risk reduction   

• Extreme Weather – water supply and flood risk reduction 

• Sea level change – flood risk reduction, water supply, prevention of salinity 
intrusion, ecosystem restoration, preservation and protection 

 

2.1 POPULATION GROWTH 

 

The C&SF Project encompasses either all or part of roughly 18 counties in the state of Florida. 
Counties within the study area grouped by physiographic sub region are as follows: 
 

▪ Lower East Coast - (Palm Beach, Broward, Miami-Dade) 
▪ Florida Keys - (Monroe) 
▪ Big Cypress - (Collier, Hendry) 
▪ Caloosahatchee - (Lee, Glades, Charlotte) 
▪ Upper East Coast - (Martin, St. Lucie) 
▪ Kissimmee - (Highlands, Okeechobee, Osceola, Polk, Orange) 
▪ Upper St Johns River Basin - (Brevard, Indian River) 

 

Since the project was authorized, the population of these counties has changed significantly 
over time. C&SF was designed based on projected population growth of 2 million in the 
Lower East Coast (Palm Beach, Broward and Miami-Dade Counties) by 2000 (Reference 1951 
C&SF Project Partial Definite Report Part I).  The actual population in the Lower East Coast in 
2000 was approximately 5 million.  Analysis of the data below suggest that the C&SF study 

Impact to the originally authorized C&SF project purposes:  Water supply (both needs 
and location of the water supply) is most greatly impacted by this change.   
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area population is growing and spreading far beyond what was originally anticipated during 
the early authorization of C&SF over 70 years ago. 
 

The total population of the study area increased at a combined annual growth rate (CAGR) 
of 3.2% per year from 1.1 million in 1950 to over 9.2 million as of 2017. According to 
University of Florida Bureau of Economic and Business Research (UF BEBR) projections, the 
study area population is anticipated to grow to nearly 12.5 million over the next 30 years 
(Figure 1). Reference the Graphic Executive Summary Page 2, Quadrant 1, for the visual 
illustration on the spatial distribution associated Figure 2 and Table 2, below. 
  

Figure 1. Total Population of C&SF Project Area 

 
 

Table 2. Total Population of the C&SF Project Area (Past, Present, & Projected)* 

Population of 
the counties in 

the C&SF 
Project. 

Year Low Medium High 

1950   1,080,591    

1970   2,941,450    

1990   5,750,815    

2000   7,229,399    

2017   9,183,296    

2020          9,609,562   

2025 9,473,669  10,284,211  11,124,561  

2030 9,719,281  10,866,238  12,093,551  

2035 9,892,728  11,384,254  13,017,630  

2040 10,010,113  11,851,249  13,926,632  

2045 10,068,735  12,280,936  14,823,260  1.  
1. SFWMD shares calculated with 2010 census block results, based on the % of the County areas within the C&SF Project. 100% of 

population from Indian River and Brevard counties were included. 
2. 1950 data source: 1950 census of population preliminary counts, U.S. Department of Commerce (SFWMD shares not applied). 
3. 1970 data source: Revised estimates of Florida Population by County, ISSN 0071-6030, Census April 1, 1970. 
4. 1990 data source: BEBR report: Revised annual population estimates by county in Florida, 1980 - 1990, with components of growth. 
5. 2000 data source: BEBR report: Revised annual population estimates by county in Florida, 2000 - 2010, with components of growth. 
6. 2017 data sources:  BEBR report (January 2018): Projections of Florida population by county, 2020 - 2045, with estimates for 2017 
7. 2020-2045 data sources: BEBR report (April 2017): Projections of Florida population by county, 2020 - 2045, with estimates for 2016  
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Table 3 provides detail on the current distribution of study area population by county and 
physiographic sub-region. Figure 2 provides detail on the past, present and projected 
population distribution by sub-region. 
 

Table 3. Distribution of Study Area Population 

Sub Region County 2017 Population* Percentage 

Lower East 
Coast 

Broward 1,873,970 20.4% 

Palm Beach 1,414,144 15.4% 

Miami-Dade 2,743,095 29.9% 

Kissimmee 

Okeechobee 40,075 0.4% 

Orange 368,943 4.0% 

Osceola 335,898 3.7% 

Highlands 8,847 0.1% 

Polk 37,057 0.4% 

Upper St Johns 
River Basin 

Indian River 148,962 1.6% 

Brevard 575,211 6.3% 

Florida Keys Monroe 76,889 0.8% 

Caloosahatchee 

Glades 13,087 0.1% 

Charlotte 1,467 0.0% 

Lee 698,468 7.6% 

Upper East 
Coast 

Martin 153,022 1.7% 

St. Lucie 297,634 3.2% 

Big Cypress 
Hendry 39,057 0.4% 

Collier 357,470 3.9% 
*Estimates taken from BEBR 2017 publication. The population for SFWMD are adjusted for SFWMD share (ref). 

 
Figure 2. Distribution of Population over Time by Sub-region. 

 
 
The two most populous sub-regions (Lower East Coast and Kissimmee) accounted for 88% of 
the population at the beginning of the project fell to around 75% based on current estimates 
(2017). The remaining five sub-regions which accounted for 12% of the study area population 
grew to around 25% based on 2017 US Census and UF BEBR population estimates.  Population 
has increased far beyond what C&SF was designed for and will continue to put a strain on how 
much water supply will be needed as well as where the water needs will be required. 
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2.2 INCREASED DEVELOPMENT OF LAND 

 

In addition to population changes, demand for project outputs for agricultural relative to 
urban uses is also changing in South Florida, leading to less value placed on land for agricultural 
use and more value placed on land for development.   
 
As development continues, areas that once provided natural cover for absorption and larger 
runoff of storm flows is now being replaced by hard surfaces, with large populations in very 
close proximity.  This has had the dramatic effect of flooding in relatively small storm events, 
and even days after storm events (sometimes known as sunny-day flooding). 
 

Between the mid-1990s, and 2012, agriculture yields have shown a significant decline. Figure 
3 and Figure 4 provides illustrations of the magnitude of change in land use development for 
urban use over time.    

 
These problems of flooding are also echoed in the letter submitted by four south Florida counties 
and adjacent vicinities, where the residents who live in the communities and the shared 
environment have begun to experience real damages in their infrastructure, economic and 
environmental arenas. 
 

Figure 3. Changes in land use from rural land to highly developed over the past 70 years.  

 

Impact to the originally authorized C&SF project purposes:   Flood risk reduction is most 
greatly impacted by this change.   
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Figure 4: Changes in land use in the C&SF project area showing South Florida development and 
reduction of undeveloped areas for storm runoff storage, which can increase local flood risks. 

Pre-drainage Everglades 1850 satellite image simulation McVoy (2011)                           1994 satellite image McVoy (2011) 
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2.3  CLIMATE-RELATED HYDROLOGIC CHANGES 

 

Extreme weather is becoming more prevalent due to rising temperatures, leading to longer 
periods of drought and more intense periods of rainfall.  This means that there will need to be 
more of a focus on adequate water supply during times of drought, as well as capturing intense 
rainfall for future water supply and to reduce immediate flooding.   
 

A series of extreme rainfall occurrences have been documented in the recent past in South 
Florida, as exemplified in Figure 5, showing rainfall driven flooding events in North Miami, 
Loxahatchee and Wellington areas, and the major storm event that closed the Sawgrass Mall in 
Sunrise, for 3 days in June 2017. 
 

Figure 5. Rainfall Driven Flooding Occurrences in South Florida 

 
 

USACE now requires consideration of potential climate-related changes in historic hydrologic 
patterns.  That includes, but is not limited to, changes in the frequency, intensity, duration 
and seasonal timing of rainfall, and related impacts on required water management, water 
storage and flood damage reduction systems. 
 

ECB 2018-14 Guidance for Incorporating Climate Change Impacts to Inland Hydrology in Civil 
Works Studies, Designs, and Projects, 10 Sep 2018 requires consideration of both past 
(observed) changes as well as potential future (projected) changes to relevant hydrologic 

Impact to the originally authorized C&SF project purposes:   Water supply and flood risk 
reduction are most greatly impacted by this change.   
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inputs as part of a first-order statistical analysis of the potential impacts to particular 
hydrologic elements of the study. This analysis can be very useful in considering future without 
project conditions (FWOP) and the potential direction of climate change. 

2.4 SEA LEVEL CHANGE 

 
  
Sea level rise plays a significant role in the future of Florida’s shared environment – perhaps 
the most significant of all the drivers discussed to this point.  USACE policy recommends 
analyzing sea level trends using three curves – a low (baseline, based on historical trends), 
medium, and high.  Data from the Sea Level Rise Update for SFWMD Board, 12 Apr 2018 shows 
that trends have been on the order of tracking the high level curve, on the order of 2-3 feet in 
the next 50 years, and as much as 15 feet in the next 100 years.  Sea level rise is influenced by 
temperature increases, on the order of 15 feet for every 2 degrees of Celsius increase.  As sea 
level increases, especially on the order mentioned above, not only is coastal infrastructure at 
risk, but also water supply features, inland flooding, salt water intrusion, and in general the 
entire shared environment (human, ecosystem, and economic) in which we all live.   

 
As noted earlier, the C&SF Project began with the Congressional authorization of 1948.  Early 
C&SF Project design and construction documents did not address potential future sea level 
change.  Most flood damage reduction measures for coastal areas relied on canals and 
structures designed for gravity drainage to tide, and general guidelines were for these canals 
and structures to provide design flood discharge flows with the canal stage at either +6 inches 
or +9 inches above the local Mean High Water (MHW) (i.e,. average high tide) elevation.  These 
canal stages and tide elevations may have been developed, in part, after consideration of pre-
existing locally developed flood drainage canal systems and local land development practices.  
Unfortunately, the relatively small difference between design flood discharge canal stages and 
average high tide elevations make the flood drainage system performance, and related 
community developments vulnerable to the unrecognized risk of slowly rising sea levels.  
Figure 6 shows a SFWMD map of their many, mostly C&SF Project built, gravity discharge 
water management structures whose flood discharge performance is being negatively 
impacted by ongoing sea level change.  In most cases, current MHW elevations are around +6 
inches or more above original design conditions. The map shown in Figure 6 does not 
represent, necessarily, the most critical structures that will be prioritized in the proposed 
Study’s phased approach. The selection of the most critical project features to be included at 

Impact to the originally authorized C&SF project purposes:   Flood risk reduction, water 
supply, prevention of salinity intrusion, and the ecosystem are most greatly impacted by 
this change.   
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the study will be defined based on an overall assessment of the entire C&SF system and the 
recommendation of areas for further evaluation, during the scoping stage, in coordination 
with South Florida Management District, non-federal project sponsor. 
 
Figure 6. SFWMD coastal water management structures which are losing discharge flow 
capacity due to ongoing sea level change. 

 
 
Note: Some of the earliest C&SF design documents were prepared with reference to the Mean Sea Level datum, 
a national survey datum which preceded the National Geodetic Vertical Datum of 1929 which may not have been 
widely implemented until some years after the Great Depression and World War II.  Appropriate adjustments will 
be needed to convert historic elevations into the North Atlantic Vertical Datum of 1988 (NAVD88) which is the 
required datum for all USACE SLC-related studies.) 
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The Central and Southern Florida Project Comprehensive Review Study dated April 1999, aka 
the Comprehensive Everglades Restoration Plan (CERP), did consider potential future sea level 
change in accordance with then current national guidance from EPA.  Based on this guidance 
and discussions with higher authorities, it was determined that future sea level rise of more 
than +6 inches by 2050 was very unlikely.  Subsequently, a future scenario with +6 inches of 
SLC by 2050 was modeled as discussed in CERP, Appendix B, pages B-77 to B-78, and also in 
other areas of the report.  Some of the major findings presented in CERP, Appendix B include:  
 

• For the Lower East Coast, water use cutbacks increased significantly with sea level rise, 
particularly in LECSA1 and LECSA2 (Lower East Coast Service Areas 1&2) where the number 
of months of cutbacks more than doubled. 

• Water supply deliveries increased significantly in order to maintain canals (in these areas) 
at higher stages. 

• Mean groundwater levels and peak stages were increased in the Lower East Coast flood 
protection area indicating a potential increase in flood risk with sea level rise.  

 

USACE Engineering Regulation (ER) 1100-2-8162, Incorporating Sea Level Change in Civil Works 
Programs, dated 31 Dec 2013, now requires all USACE Civil Works projects to consider potential 
impacts across the project life cycle for the entire range of possible future rates of SLC identified 
in this guidance.  These SLC scenarios represent potential low (historic), intermediate and high 
rates of future SLC based on local historic rates of SLC and two alternative future rates based on 
National Research Council guidance.  USACE guidance also requires that historic rates of SLC be 
determined based on a continuous 40-year or longer tide data record from a NOAA tide station 
or other approved tide stations.  Figure 7 below shows the NOAA tide stations around Florida 
which have a 40-year period of record and are accepted for use in developing USACE SLC 
scenarios.  A quick review of the tide station data and USACE SLC projections for this group of 
tide stations indicate future ranges of SLC are generally similar all-around Florida.   
 

For this report SLC scenarios for Key West, FL will be considered roughly representative of SLC 
scenarios all around Florida.  Table 4 below presents numeric values for USACE (2013) and 
NOAA (2012) sea level change scenarios for South Florida through 2100 and beyond.  Figure 8 
provides the USACE and NOAA SLC curves developed from the data in Table 4. Figure 9 and 
Figure 10 present USACE SLC curves for Key West plus 19-year and 5-year midpoint moving 
averages for the tide data.  These moving averages show the multi-decadal variations in SLC 
which is believed linked to variations in ocean dynamics. Figure 9 shows 30 years of tide data, 
and the 5-year midpoint moving average seems to suggest a potential significant future 
increase in local long-term SLC rates.  Figure 10 shows the tide data full period of record which 
reveals that short term increases in SLC have happened in the past without necessarily 
producing a sharp increase in long-term SLC trends (See Appendix C for additional Sea Level 

Change Graphs in Florida). 
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Figure 7. NOAA tide stations around Florida.  Compliant stations have a continuous 40-year 
or longer data record for use in calculating USACE and NOAA sea level change projections.  
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Table 4.  USACE 2013 and NOAA 2012 Sea Level Change Scenarios for Key West, FL.  
USACE guidance does not currently address SLC projections far beyond 2100. 
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Figure 8. USACE 2013 and NOAA 2012 SLC curves.  
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Figure 9. USACE SLC curves for Key West over 105 years from January 1913 to June 2018. 

 
 
 
Figure 10. USACE SLC curves for Key West over 30 years from June 1988 to June 2018. 
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In addition, a Regionally Unified Sea Level Rise Projection has been produced every 4 years, 
since 2011, by the Southeast Florida Regional Climate Compact to aid in understanding of 
vulnerabilities and to provide a basis for adaptation strategies, policies, and infrastructure 
design in the Southeast Florida region. Figure 11 shows the Compact’s 2019 Unified Sea Level 
Rise Projection. 
 
Figure 11. Southeast Florida Regional Climate Compact’s 2019 Unified Sea Level Rise Projection 

 
 

For long-term planning, sea level change is forecast to accelerate in coming decades and to 
continue well past 2100, and very likely well past 2200.  Table 4 provides NOAA and USACE 
SLC scenarios to 2200 even though USACE guidance does not (yet) address SLC scenarios far 
beyond 2100.  This is an area of great interest for current global research.   
 
For current knowledge on the potential amount of multi-generational sea level change (but 
not the future rate of very long-term SLC) which may result from ongoing global warming 
trends, readers may consider the paper by Levermann A, Clark P, Marzeion B, et al (2013), The 
multi-millennial sea-level commitment of global warming as published in the Proceedings of 
the National Academy of Sciences (doi:10.1073/pnas.1219414110).  It indicates that for each 
+1 degree Celsius increase in average global temperatures, global sea levels may be expected 
to rise about +2.3 meters (about +8.0 feet) over a time frame that will span multiple human 
generations.   
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Current global efforts seek to limit the ongoing increase in average global temperatures to 
+2.0 degrees Celsius or less by 2100, but there is a risk that global temperatures may exceed 
that target.  From a risk management perspective, it may be wise for Florida’s planners to 
consider lands up to 16-20 feet or more above current MSL as potential long-term SLC 
adaptation action areas, and to develop regional watershed or statewide strategies that will 
provide infrastructure and incentives to strongly encourage most future new development to 
voluntarily locate in lower-risk inland areas. 

 

Just a few feet of sea level rise has the potential to cause drastic and prolonged effects, shown 
in the case study of what 1.0 meter (3.28 feet) of sea level rise would look like in Hollywood, 
Florida shown in Figure 12. 

 

Figure 12: Effect of 3.28 feet (1 meter) of sea level rise in Hollywood Florida.
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Among observed impacts in the region, a series of high tide flooding events have been 
documented, as illustrated by Figure 13 showing “Sunny Day Flooding” occurrences in 
Miami Beach, Pompano Beach, Delray Beach and Lantana. These events are projected to 
increase in frequency as a result of sea level rise. 
 

Figure 13. High Tide Flooding Occurrances in South Florida 

 

 
 
Another observed impact is the acceleration of saltwater intrusion in highly porous 
Biscayne Aquifer, which is the region’s major source of drinking water. As illustrated in 
Figure 14, inland movement of the saltwater intrusion has been observed in the past years 
in both East and West Coasts in South Florida. In the past years, a total of 26 wellfields 
were relocated inland as a result of saltwater intrusion vulnerability. SFWMD is actively 
monitoring and mapping the location of the Saltwater interface on a five-year cycle, to 
identify movement, and therefore risk to water supply. 
 
 
 

 
 
 
 
 



MAIN REPORT 

INITIAL APPRAISAL 
 

CENTRAL & SOUTHERN FLORIDA PROJECT APPRAISAL REPORT 

FLORIDA 
21 

 

Figure 14. Movement of the Saltwater Interface in the East and West Coasts of South Florida 

 
 

3 FEDERAL INTEREST 

Based upon the discussion in this initial appraisal report concerning significant changes which 
affect the C&SF project purposes, there is Federal interest in proceeding to the feasibility 
phase of this study to further analyze and evaluate improvements to the C&SF project.   
 
 

4 RECOMMENDATIONS  

 

4.1 RISK AND UNCERTAINTY  

Risk may be thought of as the probability of an event times the consequences of the event.  
It is clear that the long-term consequences of ongoing sea level change and other related 
change, plus inappropriate development, could be very costly, even catastrophic, for people, 
buildings and communities unless they take actions in advance to reduce potential damages.     
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It is uncertain when and how fast local sea levels and other extreme weather conditions in 
Florida may change in the coming years.  Ongoing regional scale sea level change has begun 
accelerating significantly in the past two decades, and there is a risk that the rate of change 
could accelerate more in the future.  Risk management actions are needed to (1) minimize 
potential impacts in existing natural and developed areas, and to (2) concurrently plan and 
implement new infrastructure and encourage developments that will increase Florida’s 
climate preparedness and resilience.  
 

4.2 PROPOSED PATH FORWARD 

The most cost-effective way for Florida to build resilience to anticipated future climate-
related changes, and to sustain economic prosperity, is to develop a long-term vision and 
strategic plan to encourage most future growth in areas that are sustainable through 2200.  
In simple terms, the strategic plan will encourage new growth to locate in low risk areas 
and support efforts for gradual transition of existing high-risk coastal developments to 
lower-risk areas.  To help with this process, it is proposed that the USACE and local cost-
sharing partners, undertake the following three efforts: 
 

(1) In FY20, continue to develop enhanced C&SF project water management 
models, plus other tools, data and alternative operating rules for sea level change 
up to +3 feet above the 1992 datum used for NAVD88 elevations.  Existing CERP 
and C&SF authorities and funding could support these efforts. This is work that is 
already needed to prepare for a CERP Modification Study1 to address changing 
future conditions as required by the CERP Programmatic Regulations.  The same 
model development work and related efforts would be required to conduct a 
C&SF project update study, so this effort could help accelerate those proposed 
future efforts.   
 
Since 2015, South Florida Water Management District, the C&SF Project non-
federal sponsor, has been implementing the Flood Protection Level of Service 
Program (FPLOS) to develop enhanced water management modelling tools to 
evaluate the C&SF operations, under changed current and future conditions, to 
assess alternative mitigation selections, and to anticipate impacts of changed 

 

1The need for a CERP Modification Study might be eliminated by a decision to conduct a larger Section 216 

C&SF project update study.  Selected CERP projects could continue to be implemented and considered as part 

of existing conditions for future studies much like the CERP plan formulation efforts considered the then ongoing 

C-111 and MWD projects as part of existing future conditions.  A decision to proceed with this work would 

require support from the SFWMD which is the existing cost-sharing partner for the C&SF and CERP projects. 
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conditions in selected basins. The mission of the FPLOS program is to identify and 
prioritize long-term infrastructure improvement needs, and to develop an 
implementation strategy to assure that each basin can maintain and improve its 
designated FPLOS.  The SFWMD is implementing the FPLOS program at a regional 
and local scale, according to a prioritization of basins to study (Figure 15), a 
methodology and suite of tools for evaluating structures and canals in selected 
watersheds, and a framework for establishing the level of service. The FPLOS 
effort has already identified C&SF structures in Miami Dade County that no longer 
provide the same level of service and exhibit real urgency for adaptation. 
 

Figure 15: Basin Priorities for Flood Protection Level of Service in SFWMD 
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In addition, the Southeast Florida Regional Climate Change Compact’s Counties 
have been investing in technical assessment of vulnerabilities and resilience needs, 
under current and future changed conditions, and the evaluation of local and 
regional mitigation and adaptation strategies and their dependency on the 
performance of the C&SF system (Appendix D). Therefore, the proposed C&SF 
Project Flood Resiliency Study will be informing both County’s and SFMWD’s efforts 
and, at the same time, be provided with robust technical analyses being advanced 
in the project area. 

 

(2) In FY21, initiate a Section 216 C&SF Project Update Study under the existing 
authority of the Flood Control Act of 1970.  This 4-year study would identify 
recommended modifications that would allow the C&SF Project to continue to 
provide project benefits where possible for future conditions with sea level 
change up +3 feet above 1992 datum elevations. Sea levels in South Florida are 
currently about +6 inches above the 1992 datum elevations and NOAA tide 
station data show the rate of SLC is between current USACE intermediate and 
high rate SLC projections, so this study is expected to address flood damage 
reduction, water supply and related water resources concerns which could occur 
the coming 50 years (2020-2070) if the USACE high rate SLC scenario happens.  
Potential 50/50 cost-sharing partners would be the SFWMD and the SJRWMD. 
(Note. This SLC scenario is consistent with regionally coordinated efforts of south 
Florida counties already underway to further SLC adaptation planning.) 
 

The Study would focus on the project features which can reduce the most immediate 
risk to changing conditions, and the resilience aspects of such infrastructure in terms 
of flood vulnerabilities,  based on an overall assessment of the entire C&SF system 
and the recommendation of areas for further evaluation. The results of the study 
should allow the immediate authorization of construction to update components 
that need immediate attention to provide the expected C&SF level of service and 
approve continuing investigations of the remaining structures. 

 

(3) In FY21, if authorized, initiate Regional Watershed Planning Studies in each of 
the five Florida Water Management Districts CONCURRENT with the above 
Section 216 study.  The purpose would be to develop coordinated statewide 
strategic plans to address future sea level change of +3 feet and more (based on 
the 2200 planning horizon and appropriate SLC scenarios). These studies are 
expected to develop a coordinated vision and framework for planning and policy 
decisions regarding major new infrastructure investments (water resources, 
transportation, and utility systems, etc.) for sustainable growth in Florida through 
2200 much like early C&SF plans helped shape current South Florida 
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development.  These studies would also identify public/private partnership 
opportunities to encourage long-term development and population shifts away 
from high risk coastal areas to lower risk inland locations.  Potential 50/50 cost-
sharing sponsor could be FDEP, potentially in partnership with FDOT.   

4.3 SECTION 216 FEASIBILITY STUDY  

This Section 216 Initial Appraisal Report determines there is Federal interest in further 
investigation of improvements to the C&SF project.  Population, land use, hydrology and sea 
level change have been a significant driver of change with respect to the need for and 
Improvement of the C&SF project. A C&SF project update/feasibility study is recommended 
under the authority of Section 216 of the Flood Control Act of 1970 as amended.   
 

It is proposed that the recommended Section 216 C&SF Project Update Study (feasibility study) 
consider improvements to the existing C&SF project which are economically justified to minimize 
saltwater intrusion into local water supply wells and help maintain C&SF project water supply 
and flood damage reduction drainage benefits while accommodating up to +3 feet of sea level 
change above 1992 datum levels, which is predicted to occur within the next 50 years or more.  
Target flood damage reduction levels of service are to be the same as year 2000 levels (canal 
stages and flood water removal capacity) agreed to for the CERP Interim Targets (where 
available), except that relocation assistance may be provided to willing sellers of properties 
within C&SF project service areas unavoidably impacted as sea level rises and groundwater/canal 
stages are raised to prevent saltwater intrusion into local water supply wells. 

4.4 FLORIDA COORDINATED REGION AL WATERSHED STUDIES 

This Section 216 Initial Appraisal Report also determines there is a Federal interest in working 
concurrently with the State of Florida through its Department of Environmental Protection 
(FDEP) and in cooperation with its five Water Management Districts (Reference Page 1 of the 
Graphic Executive Summary) on five Coordinated Regional Watershed Planning Studies. The 
purpose would be to develop a multi-generational Adaptive Risk Management (ARM) 
Strategy for Florida as a framework for long range interagency coordination and planning of 
cost-effective adaptation actions to address future sea level changes of +3 feet to +10 feet 
or more (as appropriate for a planning horizon of 2200). It is expected that the Florida ARM 
Strategy will recommend future local, state, tribal and Federal government policies, 
infrastructure investments, private investment incentives, and public/private partnership 
opportunities that could strongly encourage voluntary and cost-effective adaptation to 
greatly increase Florida’s climate preparedness and resilience. The ARM Strategy is also 
expected to gradually and substantially reduce future economic risks to the National Flood 
Insurance Program and other taxpayer funded programs which already are, or will be, 
negatively impacted by ongoing sea level change and other related impacts. 
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In 1948, the Department of the Army submitted to Congress the Comprehensive Report on 
Central and Southern Florida for Flood Control and Other Purposes.  This Comprehensive Plan 
was published by Congress in House Document 80-643.  In the Comprehensive Report, Chief 
of Engineers General R.A.  Wheeler wrote,  
 

“The district engineer has prepared a comprehensive plan of improvement for flood 
protection, water control, and allied purposes.  Development of the comprehensive 
plan of improvement would afford a high degree of flood protection throughout the 
area; it would provide for removal of excess waters in wet seasons, and for their 
control, storage, and use in maintain water levels during dry periods.  Adequate control 
of water levels is essential for agricultural use of lands in this area and for maintenance 
of municipal water supplies.  The plan as whole and each of its major features are 
multiple-purpose in concept and design.  Accordingly, each feature of the plan 
contributes to the realization of the primary benefits through flood protection, 
drainage, and control of water.”   

 
The C&SF Comprehensive Plan described how water stored in the Water Conservation Areas 
would provide water for use on the east coast agricultural lands, raise the groundwater table 
and improve water supply for the east coast communities, and ameliorate saltwater intrusion 
in the coastal water supply wellfields.  Spillways and culverts were to be constructed in the 
Water Conservation Area levees to provide water to east coast areas for use during the dry 
season.  Lake Okeechobee would serve as a multiple-use reservoir with flood control, 
navigation, and water-conservation functions.  Lake Okeechobee was considered to be the 
heart of any plan for flood control and water conservation in South Florida.  The benefits of 
the C&SF Comprehensive Plan for salinity control and municipal and industrial M&I water 
supply were described in House Document 80-643: 
 

“66. Estimated benefits. – The flood protection and water control that would be 
afforded by the proposed improvements would result in large benefits from the 
prevention of flood damages and from increased or higher use of land throughout the 
area.  In addition, the project would produce other substantial benefits from 
navigation, preservation of fish and wildlife, improved water supply, reduction of salt-
water intrusion in coastal areas, and from improvement of sanitary conditions. 
(d) Salinity Control:  It is recognized that control of salinity is one of the urgent problems 
to be met by the comprehensive plan of improvement.  No attempt has been made to 
evaluate the extensive benefits claimed by local interests by virtue of excluding salt 
water from exiting canals and by maintaining higher ground-water tables, thereby 
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restricting saltwater intrusion.  This benefits are real and extensive as indicated by the 
proposed construction of a lock and dam for salinity control in Miami River by local 
interests at an estimated cost of $700,000; the continued drilling of Miami water-
supply wells further inland from the east coast resulting in long expensive pipe lines; 
and the creation of water conservation areas by Dade, Broward, and Palm Beach 
Counties.  Benefits due to prevention of damages due to salt-water intrusion in the 
Homestead-Perrine area are included under flood-control benefits.  
(e) Water Supply: Establishment and operation of conservation areas would aid 
materially in recharging underground fresh-water reservoirs of the east-coast areas, 
thereby maintaining and improving present water supplies of cities and towns of that 
area.  While this is a real benefit anticipated from the development, it has not yet been 
evaluated in monetary terms because of the extended and costly surveys which would 
be necessary to establish the full extent of this beneficial effect.  In addition, the more 
complete control of Lake Okeechobee contemplated under the comprehensive plan 
makes it adaptable to future development as a water supply for east-coast cities in the 
event of large population increases.”  

 
The Flood Control Act of 1954 authorized the remainder of the C&SF Project proposed in 
House Document 80-643, and, in addition, established that the Chief of Engineers had the 
discretionary authority to modify the plan. The C&SF Project was expected to improve the 
water supply for domestic, industrial, and agricultural use throughout the project area.  The 
Corps of Engineers concluded that from the standpoint of the project as a whole, these water 
supply benefits contributed to the increased land use benefits, which served as a basis for 
the local contribution.  In order to obtain the full benefits of the Federal project, the local 
interests would also be required to provide a system of secondary works.  The compelling 
reason for Federal participation in the C&SF Project was its function of reducing flood 
damages.  The importance of drainage and water control and the resulting benefits from 
increased land use made it analogous to a project for reclamation of western lands.   
 
House Document 186 described the role of water supply in the C&SF Project as follows: 
  

  “94. Water supply. – The Florida project will improve the water supply for domestic, 
industrial, and agricultural use throughout the project area.  This feature was pointed 
out in the original project document [H.Doc 643].  Water supply for domestic and 
industrial use has in the past been a non-Federal responsibility, resting largely upon 
lower governmental levels such as municipalities. 
   95.  The water supply value of the project was not evaluated in monetary terms in the 
House Document No. 643, on which authorization was based.  At that time the effect 
of the project on domestic and industrial supply did not arise from providing direct 
withdrawal of water for those purposes.  The water-supply values result incidentally 
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from maintenance of ground-water tables, recharge of ground waters, and abatement 
of salt-water intrusion accomplished by facilities provided under the project for other 
purposes.  Such area wide effects and resulting benefits cannot be assigned with 
certainty to a specific beneficiary such as a city, town, or industry.  From the standpoint 
of the project as a whole, these effects and improvement of agricultural water supply, 
contributed to the increased-land-use benefits which served as a basis for the total local 
contribution. 
   96.  It is considered, therefore, that there should be no specific contribution for 
general improvement of water supply in the area, over and above the general local 
contribution to the project.  In the event such features can be added to the project, or 
operating arrangements made, which would permit specific communities or industries 
to obtain rights to an assured water supply, those features or arrangements should be 
paid for by water users under separate agreements with the Federal Government and 
the local Flood-Control District.” 

  
House Document 85-186 stated that the water-supply values result incidentally from the 
maintenance of ground-water tables, the recharge of ground waters, and the abatement of 
salt-water intrusion accomplished by facilities provided under the project for other purposes.  
The Corps’ authority under the 1948 Flood Control Act, and subsequent Acts, to make 
releases from the C&SF Project for M&I water supply is not an “incidental benefit” that might 
accrue from releases for other authorized purposes.  Whether the releases are made for 
groundwater recharge, prevention of saltwater intrusion, or for M&I water supply is 
immaterial, as those purposes are interrelated in the multipurpose design and operation of 
the C&SF Project.  The authorizing language, through the incorporated Comprehensive Plan 
published in House Document 80-643 made clear that M&I water supply was intended to be 
a project purpose. In the Hearings of the U.S. House Committee of Public Works on the Flood 
Control Act of 1968, the Florida Secretary of State Tom Adams testified that,  
 

“The vital flood control project designed 20 years ago needs to be reengineered and 
updated to take full advantage of all water conservation aspects and provide maximum 
multipurpose benefits in a region that has more than quadrupled in population and 
tripled in industrial development during these two decades since the project was 
authorized.  Modification of the project is essential to Florida because all the water that 
can be saved is needed.”  
 

In the Water Resources Development Act (WRDA) of 2000, the Comprehensive Everglades 
Restoration Plan (CERP) was approved as a framework for the modifications and operational 
changes to the Central and Southern Florida Project that are needed to restore, preserve, 
and protect the South Florida ecosystem while providing for other water-related needs of 
the region, including water supply and flood protection.  The 22 June 1999 Chief's Report on 
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CERP discussed M&I Water supply.  According to the Chief's Report,  
 

"The C&SF Project, first authorized by the Congress in 1948, is a multipurpose project 
that provides flood control; water supply for municipal, industrial, and agricultural uses; 
prevention of salt water intrusion; water supply for Everglades National Park (ENP); and 
protection of fish and wildlife resources.  Today, the C&SF Project is the backbone of 
south Florida’s system of water management.  It provides flood protection and supplies 
water to more than six million people and almost one million acres of agricultural lands.  
The Restudy reexamined the C&SF Project to determine the feasibility of modifying the 
project to restore the south Florida ecosystem and to provide for other water-related 
needs of the region.  Specifically, as required by the authorizing legislation, the study 
investigated making structural and operational modifications to the C&SF Project for 
improving the quality of the environment and protecting natural resources; protecting 
water quality in the south Florida ecosystem; improving protection of the aquifer; 
improving the integrity, capability, and conservation of urban and agricultural water 
supplies; flood protection and improving other water-related purposes.  For close to 50 
years, the C&SF Project has performed its authorized functions well.  However, the 
project also has had unintended adverse effects on the unique natural environment that 
constitutes the Everglades and Florida Bay ecosystems."   
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Figure 1: Statement of Need from Congressmen (Pt 1) 
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Figure 1 (continued):  Statement of Need from Congressmen (Pt 2) 
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Figure 2: Statement of Need on behalf of Four Counties (Pt 1)  
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Figure 2 (Continued): Statement of Need on behalf of Four Counties (Pt 2)  
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Figure 2 (Continued): Statement of Need on behalf of Four Counties (Pt 3) 
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Figure 3:  Statement of Need from Senator Rubio’s Office (Pt 1) 
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Figure 3 (continued):  Statement of Need from Senator Rubio’s Office (Pt 2) 
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Figure 4:  Letter of Endorsement from South Florida Water Management District – Non-Federal 
Sponsor (Pt 1) 
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Figure 4:  Letter of Endorsement from South Florida Water Management District – Non-Federal 
Sponsor (Pt 2) 
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Figure 4:  Letter of Endorsement from South Florida Water Management District – Non-Federal 
Sponsor (Pt 3) 

 
 



APPENDIX B – LOCAL INTEREST 

INITIAL APPRAISAL 
 
 

CENTRAL & SOUTHERN FLORIDA PROJECT APPRAISAL REPORT 

FLORIDA 
B-17 

 

Figure 4:  Letter of Endorsement from South Florida Water Management District – Non-Federal 
Sponsor (Pt 4) 
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