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Executive Summary

1 EXECUTIVE SUMMARY

This document provides RECOVER’s (REstoration COordination & VERIification team) evaluation of the
expected responses of the Interim Goals and Targets under four modeling scenarios as required by
Programmatic Regulations. The Comprehensive Everglades Restoration Plan (CERP) was authorized by
Congress in the Water Resources Development Act (WRDA) of 2000. This act introduced the concept of
Interim Goals, which was further developed into the Programmatic Regulations of 2003 and defined as “a
means by which the restoration success of the Plan may be evaluated throughout the implementation
process.” The regulations also required the development of Interim Targets for “evaluating the progress
towards other water-related needs of the region provided for in the Plan...”

Reports on progress towards Interim Goals and Interim Targets are ideally produced by RECOVER every
five years in combination with the RECOVER System Status Report. Assessment of progress towards the
Interim Goals and Interim Targets will allow RECOVER to provide feedback to managers and identify where
progress is occurring as planned; where early indications of problems may require increased focus or
adjustment of projects; and where opportunities for increased benefit should occur both within CERP and
in collaboration with non-CERP projects. Such feedback allows managers to adaptively implement and
manage the progress of CERP to the ultimate benefit of the ecosystem and the people of Florida.

If RECOVER reports that Interim Goals and Targets are not being met or are unlikely to be met, managers
may initiate the following adaptive management actions: modify current operations of the Plan; modify
the design or operational plan for a project not yet implemented; modify the sequence or schedule for
implementation of the Plan; or the removal or addition of new components to the Plan not yet
implemented or in place.

In 2005, RECOVER provided the first Interim Goals and Targets recommendations. In 2007, the South
Florida Water Management District (SFWMD), the U.S. Army Corps of Engineers (USACE) and the
Department of the Interior (DOI) reviewed and approved the RECOVER Interim Goals and Targets
recommendations. The Interim Goals and Targets were adopted via interagency agreements in April 2007.

During the 2005 Interim Goals and Targets recommendations process, RECOVER selected indicators —
aspects of the natural, agricultural, and urbanized systems related to the goals and purposes of the CERP.
Interim Goals and Targets were defined as predictions of how the indicators would change as the
numerous planned projects of CERP were implemented incrementally through time and as the CERP made
progress towards meeting desired restoration conditions. Since few predictive tools were available at the
time, the 2005 Interim Goals and Targets predictions were largely qualitative and based on best available
science. Since the 2005 Interim Goals and Targets recommendations and the 2007 interagency
agreements, many indicators have been refined to include more predictive measures using scientifically
defensible computer models. Some indicators have been removed due to their inability to accurately
inform Interim Goals or excluded because modeling tools are not yet available. Other new indicators have
been included using updated scientific information and models developed during the past decade.

The Programmatic Regulations require that Interim Goals and Targets be developed for five year
increments beginning with the existing conditions baseline and ending in full implementation. For the
current effort, RECOVER developed four scenarios: existing baseline conditions (ECBIGIT), 2026,
2032CEPP, and 2032PACR. The ECBIGIT is the state of the structures and system circa 2017 and includes
the Everglades Restoration Transition Plan (ERTP). Certain pre-CERP projects such as Modified Water
Deliveries and C-111 South Dade Projects are assumed to be complete in the baseline. The other scenarios
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contain assumptions based on the July 2018 Integrated Delivery Schedule (IDS) for which structures and
operations would be implemented in 2026 and 2032. Two 2032 scenarios (2032CEPP and 2032PACR) were
included due to uncertainty regarding the authorization of the CEPP Everglades Agricultural Area (EAA) A-
2 Reservoir and Stormwater Treatment Area (STA). The 2032CEPP scenario includes the shallow A-1/A-2
Flow Equalization Basin (FEB) as originally authorized in the Central Everglades Planning Project (CEPP)
whereas the 2032PACR includes the now authorized CEPP EAA A-2 Reservoir and STA per the CEPP Post
Authorization Change Report (PACR). These model scenarios used historical hydrology from 1965-2005 to
generate forecasts for changes in the indicators by 2026 and 2032 due to the scheduled implementation

of CERP projects. Figure 1-1 outlines the regions evaluated for the 2020 Interim Goals and Targets
incremental modeling exercise.
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Figure 1-1. Map of Interim Goals and Interim Targets regions.
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1.1 Interim Goals

The CERP’s focus is on “getting the water right” in the South Florida ecosystem—getting the right amount
of water to the right places at the right time. Overall, this Interim Goals incremental modeling exercise
demonstrates the importance of the CERP and that significant incremental environmental progress can
be made. Small, beneficial changes over the next five years (2026) are observed in the expected responses
of the Interim Goals indicators with the majority of the benefit in the Northern Estuaries and Lake
Okeechobee regions due to increased storage with the C-43 and C-44 reservoirs. Additional benefits of
CERP will not be felt in the Greater Everglades region, until the 2032CEPP and 2032PACR infrastructures
and operational protocols are implemented. This demonstrates the importance of implementing projects
that will increase the volume of water delivered south and restore the hydrologic connectivity between
the Water Conservation Areas (WCAs) and southern portions of the system. The impact of these projects
(i.e., CEPP) was observed in the 2032 scenarios, which incorporate additional water made available and
increased flows across the “Red Line” (i.e., boundary between Everglades Protection Area and EAA).
However, even at this level, there was only a modest increase in freshwater flows to the Southern Coastal
Systems region resulting in moderate improvements in salinity solidifying the importance of full
implementation of CERP to increase freshwater flows into the region. CERP and non-CERP project plans
continue to be individually refined, authorized, and implemented during the Interim Goals revision
process. It is also important to note that this incremental exercise focuses only on the time period of 2017
to 2032. Projects implemented since the 2005 Interim Goals and Targets effort and 2017 have also made
improvements in the system. It is also very likely that performance described in this report will be
enhanced as future operational refinements are applied. For example, the Combined Operational Plan
(COP) will be implemented August 2020 and thus is not included in the models; yet COP is expected to
improve the timing and distribution of water deliveries and maximize progress towards restoring natural
hydrologic conditions in the southern portions of the system.

Overall, the 2020 Interim Goals exercise indicated that by implementing all elements of the 2032PACR
scenario, the system will capture, store, and redistribute water to restore more natural flow, improve
water retention, enhance and protect habitats, and support a more productive fish and wildlife
community structure. However, conditions in the Southern Coastal Systems region will not significantly
improve without additional substantial freshwater deliveries. Current authorized CERP projects do not
recommend an infrastructure or an operational change that can make substantial freshwater deliveries
to the Southern Coastal Systems. The pre-drainage Everglades system is much wetter than previously
thought and as a result more water will be needed to improve ecological outcomes, especially in the
southern portions of the system. Existing constraints such as, seepage management, water storage, and
water quantity will need to be addressed before enough additional water is available to see improvements
in the southern portions of the system. Furthermore, future iterations of Interim Goals may also need to
evaluate non-CERP modifications to the Southern Coastal Systems to improve Florida Bay, especially
considering sea level rise.

Detailed result summaries for each region (Northern Estuaries, Lake Okeechobee, Greater Everglades, and
Southern Coastal Systems) are provided in the following sections.

1.1.1 Northern Estuaries

The Northern Estuaries region, composed of the St. Lucie Estuary, Loxahatchee River Estuary, and the
Caloosahatchee River Estuary has been significantly impacted by alterations in the timing, volume, and
distribution of water flowing into each system. These hydrologic alterations result in the estuaries
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frequently receiving too much freshwater, delivered in a strong pulsing of flows or conversely periods of
too little freshwater inflows; this has altered the natural salinity regime. CERP projects will moderate these
stressors to the benefit of the natural attributes of this region. The Eastern oyster (Crassostrea virginica)
and several species of submerged aquatic vegetation are ecological indicator species for the Northern
Estuaries and are based on a U.S. Environmental Protection Agency valued ecosystem component (VEC)
approach: these species perform key functions in the ecosystem through the provision of habitat as living
spaces, refugia, and foraging ground for other species. Eastern oyster (Crassostrea virginica) habitat
suitability serves as the Northern Estuaries Interim Goal for this reporting year; the Interim Goal for
submerged aquatic vegetation (SAV) is not included in this report as the SAV habitat suitability index
model is still under development. Oyster habitat suitability increased in each estuary across all Interim
Goals model increments. There was an improvement in suitable habitat ranked in the “Good” and “Very
Good” range with each future increment scenario, with a total of 53 and 70 acres cumulative improvement
in these categories in the St. Lucie and Caloosahatchee estuaries, respectively, between the ECBIGIT and
2032PACR. The response of oysters to the 2032PACR scenario indicates that increased storage south of
Lake Okeechobee along with reduced extreme freshwater releases will provide the expected benefits to
the Northern Estuaries.

1.1.2 Lake Okeechobee

The draining of wetlands for agricultural and residential development, increasing water supply demands
and the channelization of runoff have resulted in unfavorable water levels, excessive nutrients, and
invasive exotic plants in Lake Okeechobee. As a result of these stressors, there has been an increased
frequency of algal blooms (both toxin and non-toxin producing), a change in marsh vegetation
composition, and a loss of important littoral and nearshore SAV which provide critical habitat for fish and
wildlife. CERP projects through 2032 are expected to improve Lake Okeechobee primarily through
increasing the flexibility of operations. Lake stage, SAV and emergent aquatic vegetation (EAV) were used
as Interim Goals indicators for Lake Okeechobee. The amount of time lake stage was projected to be
within the ecologically beneficial envelope increased from 28% for existing conditions up to 32% for the
2032PACR scenario with a decrease in low stage occurrences but a small increase in high stage
occurrences. The more time that lake stage is within the ecological envelope, the more favorable
conditions are for the other Interim Goals indicators, SAV and EAV. Improvements are expected to
increase in magnitude as more CERP and non-CERP projects come online especially those that provide
storage upstream for additional water made available.

1.1.3 Greater Everglades

The Greater Everglades has experienced a decline in ecosystem health due to water management and
other anthropogenic activities. These activities have resulted in the Everglades receiving too little water
volume overall with additional alterations in the location of inflows; compartmentalization of the system
into the WCAs and Everglades National Park (ENP) using levees and canals which disrupt sheetflow, and
create areas that are too deep in the downstream portion of the compartment while upstream areas don’t
have enough water; and changes in the depth and duration of flows. The volume of flows into the Greater
Everglades—and specifically into Shark River Slough and Taylor Slough—has been greatly diminished
compared with historical estimates. Too much water was directed into western Shark River Slough
affecting the marl prairies. Levees at the southern end of the WCA 3A have resulted in ponding whereas
northern WCA 3A and WCA 3B have become too dry and have suffered severe, dry condition fires that
consume peat soils and drive undesirable shifts in the vegetation pattern. These alterations have resulted
in a loss of tree islands, an alteration of the ridge and slough pattern on the landscape, loss of soils due to
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soil oxidation, alterations of hydroperiods in marl prairies and in the sloughs, all with consequential
impacts on alligators, fish, wading birds, and endangered species. CERP is expected to improve conditions
in the region by creating storage reservoirs to provide dry season flows, improving seepage management,
and removing barriers to sheet flow. Several indicators were used to assess Interim Goals in the Greater
Everglades region, these include: spatial extent of key vegetation types, ridge and slough, marl prairie,
tree islands, soil oxidation, fish, alligators, wading birds, and apple snails (prey item for snail kites).

This incremental modeling analysis found that the full impact of CERP will not be felt in the Greater
Everglades region until the 2032CEPP and 2032PACR infrastructures and operational protocols are
implemented. The 2032PACR scenario resulted in an average annual increase in flows of 350,000 acre-
feet across the “Red Line” (i.e., boundary between Everglades Protection Area and EAA) into the Water
Conservation Areas to benefit the ecosystem and met the CERP target for additional flows across the “Red
Line”. However, the modeled flows across the “Red Line” totaling 1.9 million acre feet in the 2032PACR
scenario still fall short of the historical flows of 2.5 to 3 million acre-feet estimated by the original Natural
System Model (NSM).

The distribution of these additional flows varies spatially across the landscape and through time within
the region and across indicators. For example, during the 2032 scenarios, many Interim Goals indicators
improved in northern WCA 3A due to rehydration from increased flows from the L-4 canal into the NW
section of WCA 3A. Soil oxidation, slough stability, wading bird foraging, small fish densities, apple snail
populations, and alligator habitat suitability improved in this area. In addition to the improvements in
northern WCA 3A, there is a transition from long hydroperiod, ponded areas to sawgrass along the L-67
in southern WCA 3A. The landscape vegetation changes occurring in southern WCA 3A are consistent with
expected consequences of implementing large-scale restoration actions. Current conditions in WCA 3A
have resulted in unnatural ponding. As hydrologic connectivity is restored between WCA 3A, WCA 3B, and
ENP the unnatural ponding will decrease and promote the development of a sawgrass dominated ridge,
slough, and tree island landscape. A consequence of this transition is the local decrease in small fish
densities and wading bird foraging conditions; however, these indicators improve in other areas of the
system, such as northern WCA 3A, Shark River Slough and Taylor Slough.

Indicator responses also vary depending on wet (1995), dry (1989), or average (1978) years. If conditions
are wetter, most indicators improve whereas when conditions are drier, most indicators deteriorate
across the region. Some indicators show the greatest incremental improvement due to CERP projects
under drier years, whereas a few show improvement in wetter years. These results are important as they
help us to understand the potential responses to changes in climate and also illustrate that the region will
benefit from management that provides more water south. The varying responses of the region’s
ecological indicators to the hydrologic conditions produced during the Interim Goals increments signifies
the complexity of biological succession towards a healthier ecosystem and solidifies the importance of
multiyear hydroperiods and more natural fluctuations in water depths.

1.1.4 Southern Coastal Systems

The Southern Coastal Systems region includes Biscayne Bay, Florida Bay, and the Southwest Coast. This
region relies on freshwater entering the southern estuaries to maintain ideal salinity conditions for SAV
and associated estuarine species. Water management practices and other anthropogenic activities have
disrupted the availability, timing, and distribution of freshwater to the region, which has significantly
altered the structure and function of the ecosystem. CERP was designed to eliminate or substantially
moderate hydrologic stressors that have degraded this region. Salinity patterns, seagrass, juvenile pink
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shrimp production, American crocodile growth and survival index, and juvenile spotted seatrout habitat
quality were all used as indicators of CERP progress.

Overall, ecological indicators did not improve substantially in this region, as there was only a modest
increase in freshwater flows to the Southern Coastal Systems region resulting in moderate improvements
in salinity with the greatest improvement occurring during the 2032PACR scenario. The majority of the
ecological indicators including, SAV, American crocodile and juvenile spotted seatrout mirrored the
salinity response with the greatest improvement occurring during the 2032PACR scenario. Importantly,
the current Interim Goal effort solidified the importance of full implementation of CERP to increase
freshwater flows into the region.

1.2 Interim Targets

CERP is expected to improve the timing, volume, and distribution of water throughout the system
primarily by increasing regional storage capacity, removing barriers to flow, and carefully redistributing
water within the system to more closely match natural cycles. The increase in regional storage capacity
provided by the CERP is also expected to increase water resource benefits for other water-related needs
of the region that includes water supply and flood protection as well as recreational and navigation
opportunities and protection of cultural and archeological resources and values. Several indicators were
used to assess Interim Targets in CERP regions, these include; water supply for the Lower East Coast and
Lake Okeechobee Service Area, ability to meet the Biscayne Aquifer Minimum Flows and Levels and
protect the Southern Biscayne Aquifer from saltwater intrusion, and flood protection performance in the
South Miami-Dade agricultural areas.

Overall, the 2020 Interim Targets exercise indicates CERP progress toward achieving the Interim Targets
depends largely on CERP projects to be implemented by 2032, with the most progress predicted as a result
of the 2032PACR scenario that includes the CEPP EAA A-2 Reservoir/STA. Water supply performance
improvements are primarily for existing legal uses in the Lake Okeechobee Service Area (LOSA) with a
substantial reduction in cutback volumes and fewer water shortage events predicted once the CEPP EAA
A-2 Reservoir/STA is operational. The Lower East Coast Service Area (LECSA) is predicted to have slight
improvements in water supply performance overall starting with the 2026 scenario. Increases in
developed area water supply for the Lower East Coast (LEC) and maintenance or improvements in flood
protection are the result of other efforts such as the LEC utilities development of alternative water
supplies and the progression of operational protocols in the South Miami-Dade area culminating in the
development of the Combined Operational Plan (COP) scheduled for implementation in August 2020.

Over seventy years ago in 1948, the U.S. Congress authorized the Central and Southern Florida Project
(C&SF Project) to help protect the roughly 500,000 people living in South Florida from the effects of
hurricanes, floods, droughts, and fires. The massive water management system was built to address flood
protection and provide water to people and agricultural lands. The project was designed in the early 1950s
and built in the late 1950s to early 1970s. Planning predictions estimated that by the year 2000 two million
people could be living in South Florida. Today’s population of over seven million people is almost 4 times
more than the project was designed to serve. Since the 1970s, extreme dry conditions, such as drought,
and extreme wet conditions, such as hurricanes, have reinforced the need for upgrades to the aging
infrastructure of the C&SF Project.

Developed areas have resulted in the loss of recharge areas to retain and store South Florida’s normally
abundant rainfall. Instead of being retained inland as groundwater or surface water, large volumes are
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discharged to tide to provide flood protection to developed areas and less water remains stored in the
system for use in dry times. Sea level rise has started to impact coastal aquifers which rely on maintained
freshwater levels in coastal canals on the east coast to prevent inland movement of saltwater into these
aquifers. These factors have strained the C&SF project’s ability to perform its intended functions of flood
protection; supplying water for people, agriculture, and industry; preventing saltwater from seeping into
the fresh groundwater of the Biscayne aquifer; supplying water to Everglades National Park; and
protecting fish and wildlife. Results for each Interim Target indicator are provided in the following
sections.

1.2.1 Water Supply

Progress toward achieving the Water Supply Interim Targets depends largely on projects the July 2018
Integrated Delivery Schedule (IDS) predicts to be constructed and operational by 2032, including CEPP and
the CEPP EAA A-2 Reservoir/STA. Water supply predictions for performance improvements are primarily
for existing legal uses in the Lake Okeechobee Service Area (LOSA) with relatively small improvements for
the Lower East Coast Service Area (LECSA). As CERP projects are built, water that is now discharged to tide
will be stored in reservoirs and underground wells. Ultimately, this will increase the amount of freshwater
available for all water users, including people and the environment.

In this report, “additional water made available” refers to water that is diverted to CERP projects for use
in meeting environmental restoration and other water related needs that otherwise would be lost to tide.
Additional water made available on an annual average basis by the Interim Goals and Targets scenarios
when compared to the 2017 ECBIGIT is predicted to be 319,000 acre-ft for 2026, 463,000 acre-ft for
2032CEPP and 565,000 acre-ft for 2032PACR.

Lower East Coast Service Area (LECSA) model predictions suggest CERP projects completed through 2032
will have a slight positive impact on water supply compared with the existing condition baseline (ECBIGIT),
with changes being slightly positive or slightly negative depending on the specific service area. Lake
Okeechobee Service Area (LOSA) model predictions indicate performance for existing legal uses will
improve slightly by 2026 and 2032CEPP. Significant improvements are predicted for the 2032PACR
scenario with the CEPP EAA A-2 Reservoir/STA project when the predicted frequency of years with water
restrictions is reduced by two events and declines to six out of the 41 year simulation, and the duration
and severity of water shortages is predicted to be half of that predicted for 2026 and 2032CEPP.

The Biscayne Aquifer model predictions indicate minimal change in protection from saltwater intrusion
compared to existing conditions for CERP projects through 2032, including the 2032PACR. The criteria to
protect the Biscayne aquifer from significant harm has a high likelihood (90 — 100% probability) of being
met, except at S-26, the coastal structure on the Miami Canal, where protection is not as likely (70-100%).

In the southern portion of the Biscayne Aquifer model predictions indicate minimal change in protection
from saltwater intrusion compared to existing conditions for CERP projects through 2032, including the
2032PACR. In contrast to the high likelihood (90-100% probability) of saltwater intrusion protection for
northern portions of the Biscayne Aquifer, only S-123 meets the target criteria with the potential to
protect the aquifer in extreme drought. Predictions for the other three structures (S-21, S-21A, S-20F)
indicate they are unlikely (less than 25% probability) to be able to protect the aquifer in extreme drought
for the existing condition baseline, 2026 or 2032 scenarios. The most vulnerable area to saltwater
intrusion is predicted to be the southern-most canal reaches examined. It is recommended that the south
Biscayne aquifer targets be reviewed since they cannot be achieved on a regular basis due to current
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water level operations at structures S-21, S-21A, and S-20F which are below the targets during the dry
season.

1.2.2 Flood Protection

More water storage capacity will provide water managers with more flexibility in how water can be moved
through the C&SF Project. Not only will water supplies be enhanced, but flood protection will be
maintained, and in some situations, will be improved.

Reservoir and other impoundment projects such as Flow Equalization Basins (FEB) and Stormwater
Treatment Areas (STAs) incorporate flood protection into their design criteria and are expected to meet
the infrastructure requirements necessary to maintain flood risk reduction.

Projects that increase groundwater levels on a large scale, such as the Picayune Strand Restoration Project
or the Central Everglades Planning Project (CEPP) require additional flood protection measures to
maintain or improve flood protection on a broader scale. The Picayune Strand Restoration Project is
constructing the Southwest Protection Feature levee and conveyance features to maintain flood
protection for agricultural lands adjacent to the project. CEPP includes seepage management and
conveyance components to maintain or improve flood protection in the developed areas adjacent to the
project.

South Miami-Dade area flood protection maintenance or improvements will be subject to new
operational protocols for the Combined Operational Plan (COP) which guides day-to day water control
operations in the Water Conservation Areas, Everglades National Park and the South Dade Conveyance
System. COP is scheduled to be implemented in August 2020, however this proposed operation was not
final in 2018 for use in this Interim Goals and Targets model projections update. COP is predicted to
provide maintained or improved flood protection for most of the developed areas adjacent to the east
side of ENP. The Interim Target predictions for water levels in the Miami-Dade Agricultural Area root zone
will be superseded by COP operations but are provided here for completeness. The performance
predicted by the models (without COP) for flood protection in 2026 and 2032 is equivalent to the 2017
existing condition baseline and acceptable with the following exceptions. A model cell (4328) near the C-
113 Canal is predicted to have a large increase in water levels and increased number of days of water
levels in the root zone for the 2026 and 2032 scenarios. The 2976 model cell (east of northern L-31) is
predicted to have water levels in the root zone for approximately 80% of the period of record in the 2017
existing condition baseline. Overall groundwater levels are predicted to slightly increase incrementally as
additional CERP components are completed through the 2017 and 2032 scenarios. Again, these negative
changes are expected to be resolved through implementation of the COP.

13 Next Steps

Following the RECOVER review and approval of this report, South Florida Water Management District
(SFWMD), the U.S. Army Corps of Engineers (USACE) and the Department of the Interior (DOI) may amend
the 2007 Interim Goals Agreement to reflect the revisions provided in this report. The Programmatic
Regulations state, “the Secretary of the Army, the Secretary of the Interior, and the Governor shall revise
the interim goals and execute a new agreement as appropriate.” The 2007 Interim Targets Agreement
may also be amended and is executed by the Secretary of the Army and the Governor.
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Section 1 Introduction

1 INTRODUCTION
1.1 Background and CERP 2005 Interim Goals and Targets

The Comprehensive Everglades Restoration Plan (CERP) is a complex plan made up of many individual
projects that will work together to restore the South Florida ecosystem and is designed to benefit both
the people and natural system of South Florida as a whole. Building the CERP projects requires a significant
public investment over several decades. Congress determined that the progress of CERP would be tracked
throughout to ensure that the public’s investment was being used wisely and that significant progress was
being made along the way.

Congress authorized the CERP (or the Plan) in the Water Resources Development Act (WRDA) of 2000.
This act introduced the concept of “Interim Goals,” which was further developed in the Programmatic
Regulations of 2003 and defined as “a means by which the restoration success of the Plan may be
evaluated throughout the implementation process.” The regulations also required the development of
“Interim Targets” for “evaluating the progress towards other water-related needs of the region provided
for in the Plan...” Interim Goals and Targets provide a means of tracking restoration performance made at
specified intervals of time towards restoration of the South Florida system and for reporting progress of
the CERP to policymakers and the public. They also facilitate adaptive management of the system by
linking science to decision-making if actual project performance towards meeting goals and targets is less
than anticipated.

Interim Goals and Targets involve the selection of indicators — key aspects of the natural, agricultural, and
urbanized systems such as the ecosystem hydrology, salinity patterns, submerged aquatic vegetation, and
aquatic fauna — that are monitored as CERP projects are constructed to assess progress towards the goals
and purposes of the CERP. The indicators selected for Interim Goals and Targets represent the full range
of expected changes — from upstream to downstream, from short-term to long-term, from hydrological
to biological. A combination of computer models and scientific expertise were used to predict how these
indicators were expected to change as the CERP is implemented (i.e., as projects are constructed and
become operational). These predictions were used to develop the Interim Goals and Targets.

The WRDA 2000 also established the RECOVER (REstoration COordination & VERification) Program which
consists of a multi-agency team of scientists, modelers, planners, and resource specialists who organize
and apply scientific and technical information to support the CERP in meeting its goals and purposes. The
RECOVER team published their initial recommendations for Interim Goals and Targets in 2005 (RECOVER
2005). The South Florida Water Management District (SFWMD), the U.S. Army Corps of Engineers (USACE)
and the Department of the Interior (DOI) reviewed and approved the RECOVER Technical Report. The
Interim Goals and Targets were adopted via interagency agreements in April 2007.

This document provides the first update to the 2005 recommendations for Interim Goals and Targets
(RECOVER 2005). Agencies may choose to amend the 2007 interagency agreements based upon the
updated recommendations and information provided. Changes fall into two major areas:

1. Modifying, adding to or subtracting from the indicators used to develop the interim goals and
targets.

2. Utilizing computer models to forecast indicator responses to the implementation of groups of
projects by 2026 and 2032 according to the 2018 Integrated Delivery Schedule (IDS; USACE 2018)
and using those predictions to develop Interim Goals and Targets.
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1.2 Why Revise CERP Interim Goals and Targets?

The predicted restoration conditions contained in the 2005 Interim Goals and Targets report (RECOVER
2005) were based on the best available science at that time. However considerable changes in both the
science and the planned restoration actions have led to the need to revisit the Interim Goals and Targets.
Some of these changes include:

e (ritical assumptions have changed based upon better science regarding aquifer storage and
recovery projects; how much and where seepage occurred and where the water would go; how
water actually moved in Water Conservation Area 3A and 3B (WCA 3A and WCA 3B); and how
projects would affect Taylor Slough (TS). These changes in understanding have resulted in
significant changes in project design.

e The timing and sequencing of projects have been modified resulting in changes to when, where,
and how much water management of the system can be expected to change. Figure 1-1 shows an
overview of the current planned CERP and non-CERP projects.

e Modifications to many CERP project planning details including scope and location (e.g., location
and size of reservoirs, bridges, flow equalization basins (FEBs) and Stormwater Treatment Areas
(STAs)) from what was outlined in the initial CERP will have minor to major changes on water
movement in the system and affect the timeframe for Interim Goals and Targets.

e Improvements in the hydrologic computer models as more information has become available.
The Regional System Model Basins (RSMBN) and Regional System Model Glades-LECSA (RSMGL)
have replaced the use of the South Florida Water Management Model (SFWMM) for Interim Goals
and Targets. Running these computer models takes considerable computing power. Figure 1-2
shows the geographic split between the RSMGL and RSMBN models allowing more detailed
models in each region. Figure 1-3 demonstrates how improved modeling resolution and available
information has better captured the movement of water through the Greater Everglades.

e Improvements in resolution of the model grid mesh that allow a finer spatial scale of hydrological
modeling in areas of interest than the previous 2 mile x 2 mile grid. These improvements are
coupled with the increased computing power necessary to handle the additional intensity of
computations (Figure 1-4).

e Availability of new ecological computer models developed over the last fifteen years that have
been successfully used in Central Everglades Planning Project (CEPP) planning and can now be
applied to Interim Goals.

e Availability of a longer climatic period of record allowing improved predictive capability (1965-
2005 vs. 1965-1995).

e Completion of major pre-CERP projects including Modified Water Deliveries and C-111 South
Dade Projects.

For these same reasons, a direct comparison of 2005 Interim Goals and Targets model results with 2020
Interim Goals and Targets model results must be treated with caution as they are based upon different
datasets and different assumptions although the direction of desired change should be consistent. A
summary of the 2005 Interim Goals and Targets is provided in Appendix A.
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storage and distribution to natural areas;
and improve quality of water entering the
central Everglades
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MODIFIED WATER DELIVERIES TO
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Restores water deliveries to Northeast Shark
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CERP (Avuthorized, PPA Executed)
B CERP (Authorized, PPA Needed)
I CERP Planning Phase

C-111 SPREADER CANAL
EASTERN AND BISCAYNE BAY
COASTAL WETLANDS PHASE 2
The next phase of restoration to increase water
flows to Biscayne Bay, and restore natural
pattems of freshwater flow to wetlands

NOT TO SCALE

HERBERT HOOVER DIKE
REHABILITATION
Rehabilitation of the dike to reduce the
risk of failure of aging structure

LAKE OKECHOBEE SYSTEM
OPERATING MANUAL (LOSOM)
Revision to the lake schedule when
sufficient rehabilitation of the dike has
been completed to support moving
water south

INDIAN RIVER LAGOON
(IRL) SOUTH

LOXAHATCHEE RIVER
WATERSHED RESTORATION
PROJECT (LRWRP)
Reconnect and restore natural areas in
the headwaters and improve water flow

BROWARD COUNTY WATER
~ PRESERVE AREAS (BCWPA)

CENTRAL EVERGLADES
 PLANNING PROJECT

BISCAYNE BAY COASTAL
WETLANDS PHASE 1

C-111 SOUTH DADE
PROJECT

Reduces water loss from ENP and improves

freshwater flow to Taylor Slough and
Florida Bay

Figure 1-1. Brief overview of pre-CERP, related non-CERP, CERP Generation 1, CERP Generation 2, and
CEPP projects. Not all projects are included as completed in model scenarios. See Table 1-1 and

Appendix B for more details.
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Northern Everglades |

(RSMBN)

Interface “Red Line”

(RSMGL)

Figure 1-2. Decoupled Interim Goals and Targets modeling approach using RSMBN and RSMGL models.
Note the “Red Line” interface between the RSMBN and RSMGL model boundaries.
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Figure 1-3. Examples of differences between original SFWMM and the current RSMGL model.
Differences include more flows going into northwest WCA 3A, less flow through the S140 structure,
more eastern seepage “loss” into canals, improved modeling of the Taylor Slough / eastern Panhandle

area, and expansion of the modeled area into the coastal zone.
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Figure 1-4. The 2 mile x 2 mile modeling grid used in 2005 (left panel) has been replaced with a flexible
grid (right panel) that allows greater intensity of modeling in areas of greater concern or complexity
and expands coverage into the coastal areas. Areas north of the WCAs are included in the RSMBN
model.

1.3 Process for updating CERP Interim Goals and Targets

The South Florida system is a dynamic, variable system, highly dependent on rainfall and its corresponding
effect on hydrology. CERP is adding a complicated sequence of projects to improve the system hydrology.
Setting realistic Interim Goals and Targets in such a system is complex, requiring the use of computer
modeling. RECOVER used models to separate the expected changes due to CERP projects from the normal
variation due to climate and from the effects of other non-CERP restoration actions such as the Herbert
Hoover Dike rehabilitation on Lake Okeechobee, Modified Water Deliveries, and C-111 South Dade
Projects. These expected changes were then used to set the Interim Goals and Targets.

The South Florida system is divided geographically into four regions to assess Interim Goals (Figure 1-5):
Northern Estuaries, Lake Okeechobee, Greater Everglades, and Southern Coastal Systems. The RECOVER
Regional Coordinators assembled work teams to develop Interim Goals for each region. Projects and
regions mentioned in relation to Interim Targets can be found in Figure 7-4.

The time increments for Interim Goals and Targets focused on for this report are 2026 and 2032. RECOVER
funded four model scenarios to update Interim Goals and Targets for the 2020 Report to Congress (Table
1-1). The revised Existing Condition Baseline for Interim Goals and Interim Targets (ECBIGIT) is the state
of the structures and system circa 2017 and includes the Everglades Restoration Transition Plan (ERTP),
Modified Water Deliveries, and the C-111 South Dade Projects, but does not include the proposed
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Combined Operational Plan (COP) with the new Tamiami Trail Flow Formula nor does it include changes
to the Lake Okeechobee System Operating Manual (LOSOM) as these were not approved prior to the
model formulations. The other models (2026, 2032CEPP, and 2032PACR) contain assumptions based upon
the July 2018 Integrated Delivery Schedule (IDS; USACE 2018) for what structures and operations would
be completed by 2026 and 2032 respectively (Appendix B). Two 2032 runs (2032CEPP and 2032PACR)
were included due to uncertainty regarding the authorization of the CEPP Everglades Agricultural Area
(EAA) A-2 Reservoir/STA. The 2032CEPP scenario includes the shallow A-1/A-2 FEB as originally authorized
in the CEPP whereas the 2032PACR includes the now authorized CEPP EAA A-2 Reservoir and STA per the
CEPP Post Authorization Change Report (PACR). Modeled changes in the system focus on changes due to
CERP projects only (Figure 1-1). It is important to emphasize that Interim Goals and Targets only reflect
anticipated changes due to CERP Projects in the IDS 2018. Many more restoration activities are underway
which are also expected to benefit the south Florida ecosystem including Modified Waters Projects, South
Dade C-111 Projects, the COP, and revised LOSOM, and the total effect of all these projects will have an
even greater impact on the South Florida system.

INTERIM GOALS AND TARGETS - JULY 2020
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Figure 1-5. Four geographic regions for the Interim Goals: Northern Estuaries, Lake Okeechobee,
Greater Everglades, and the Southern Coastal Systems.

INTERIM GOALS AND TARGETS - JULY 2020
8



Section 1

Introduction

Table 1-1. Model scenarios used in 2020 reassessment of CERP Interim Goals and Targets. See
Appendix B for a full list of projects assumed completed under each scenario.

Model
scenario

Description

ECBIGIT

Existing Condition Baseline run for Interim Goals Interim Targets (ECBIGIT) assumes hydrologic
conditions circa 2017 of the Everglades Restoration Transition Plan (ERTP). These conditions
include both current system infrastructure assumptions and current (circa, 2017) operational
practices. Model assumes the following projects are implemented as part of the baseline:
Modified Water Deliveries (MWD) Increment 1.1 and 1.2 to reflect the July 2016 Everglades
Restoration Transition Plan (ERTP) Biological Opinion (BO) and the 2016 Temporary Emergency
deviation changes; Central and South Florida (C&SF) infrastructures and Regulation Schedule
(2008 Lake Okeechobee Regulation Schedule [LORS]); MWD Tamiami Trail 1-Mile bridge; C-111
South Dade including Contracts 8, 8A and 9; 8.5 Square Mile Area (8.5 SMA) including C-358 and
S-357N; 5-Mile Seepage Reduction Wall (along L-31 North); Current permitted C-111 Spreader
Canal with $-199/5-200 capacity increase from 225 cfs to 300 cfs; Includes 7.5 ft stage constraint
on L-29 and no constraint at G-3273

DOES NOT INCLUDE: Combine Operations Plan (COP) modifications and Tamiami Trail Flow
Formula (TTFF)

2026

2026 incremental run “RUN1_2026" includes all the projects completed on or before 2026
according to the July 2018 IDS update (see Appendix B; USACE 2018). Assumes completion of
following projects: Tamiami Trail Next Steps Phase 1 & 2; C-111 South Dade Construction;
Biscayne Bay Coastal Wetlands (BBCW) Phase 1; C-43 Reservoir; C-44 Reservoir; C-44 STA & Pump
Station; C-23/24 Reservoir-STA North; Broward County Water Preserve (BCWPA)-C-11
Impoundment; Old Tamiami Trail modifications; Increase S-356 and S-333 flow capacity; L-67A
Structures (S-631, S-632 and S-633) and Gap in L-67C Levee (update operation); L-29 Gated
Spillway; A-1 FEB only

2032CEPP

2032 incremental run “RUN2_2032_CEPP” is based upon the CEPP selected plan (ALT4R2 run)
with the EAA A-1/A-2 FEB projects as conceptualized in CEPP. Assumes completion of following
projects: C-23/24 Reservoir STA North/South; BCWPA C-9 Impoundment; BCWPA WCA 3A & 3B
Seepage Management; C-25 STA; C-25 Reservoir; Removal L-67C & L-67 Ext; Construction of L-
67D Levee; Removal L-29 Levee & Backfill L-67 Ext; Project Partnership Agreement (PPA) North /
New Water (Seepage PPA Barrier Only); A-1 FEB; A-2 FEB (60K acre-feet)

2032PACR

2032 incremental run “RUN2_2032_PACR” is based upon the CEPP selected plan (ALT4R2 run)
with the CEPP EAA A-2 Reservoir project as conceptualized in 2018 SFWMD CEPP PACR of EAA
A-2 Reservoir and STA. Assumes same projects completed as 2032CEPP except A-2 Deep
Reservoir (240k acre-feet) plus A-2 STA replaces A-2 FEB (60K acre-feet)

NSM 4.6.2

Some teams also generated output from the Natural System Regional Simulation Model version
4.6.2 to compare with the other model scenarios.

Paleo-
adjusted
NSM 4.6.2

Some teams, particularly Southern Coastal Systems, generated output from the updated paleo-
adjusted Natural System Model which is based on the NSM 4.6.2. The paleo-adjusted NSM 4.6.2
uses circa 1900 data to adjust NSM output for salinity in Florida Bay, water level and hydroperiod
in the wetlands, and flow through Shark River and Taylor Slough to the pre-management values.

For this Interim Goals and Targets effort, not all CERP components are included in the model scenarios —
only those planned in the July 2018 IDS. Appendix B provides a summary of the projects assumed to be
implemented under each modeling scenario. Model scenarios do not necessarily include the “latest and
greatest” modifications in planned projects. Projects or operational plans that have not been officially
authorized by Congress such as the Lake Okeechobee Watershed Restoration Project (LOWRP),
Loxahatchee River Watershed Restoration Project (LRWRP), Western Everglades Restoration Project
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(WERP) and Combined Operational Plan (COP) are not included in the modeling. CERP and non-CERP
project plans continue to be individually refined, finalized, authorized, funded, and implemented during
the Interim Goals and Targets revision process. Thus, model scenarios only provide a snapshot in time of
forecasts based upon the projects planned in that model’s assumptions.

Table 1-1 provides brief descriptions of each model scenario. Modeling support was provided by a team
of modelers from the Interagency Modeling Center (IMC) comprised of modelers from the Modeling
Section of the Hydrology & Hydraulics Bureau of the SFWMD, and Water Resources Engineering Branch,
Inter-Agency Modeling Section (EN-WI) of the Jacksonville District of the USACE, with direct support from
RECOVER.

The primary hydrological models used were:

e Regional Simulation Model RSM version 3.1; (SFWMD 2005a and 2005b). The RSM is a robust and
complex regional scale model. The RSM was used to run both the RSMBN and RSMGL models.

e RSMGL: Release date February 1%, 2019, SVN Revision #5469. (SFWMD 2010)
e RSMBN: Release date March 21%%, 2019, SVN Revision #5493. (SFWMD 2011)

The RSMGL and RSMBN models (SFWMD 2010 and 2011) are non-overlapping models that cover the
spatial extent of the planning area as shown in Figure 1-2. The RSMGL does not cover Biscayne Bay and
has limited capacity in estuaries in the SCS. Although, improvements in resolution of the model grid mesh
were made to expand coverage to coastal areas in the southwest coast no interim goals have been
developed to cover that subregion (Figure 1-4). These same modeling tools were used in the CEPP. For
more details on these model scenarios see the “Interim Goals and Interim Targets IGIT Base Line &
Incremental Runs Model Documentation Report” (Interagency Modeling Center, 9/16/2019). Model run
outputs will be archived with USACE, SFWMD, and ENP.

The IMC assembled a historical dataset for precipitation, temperature and inflows at the model
boundaries for the years 1965-2005. These hydrological models used the 41 years of historical data to
generate predicted daily water depths in each model cell for each of the four modeling scenarios and to
develop hydrological Interim Goals and Targets. These daily water surface outputs were in turn used in
the ecological models to generate predictions for the different indicators. Figure 1-6 provides a diagram
outlining this process. Table 1-2 and Table 1-3 summarize the models used to develop Interim Goals and
Targets for each indicator.

While the names of most indicators are generally the same as those used to develop the 2005 Interim
Goals and Targets (RECOVER 2005), the details of how forecasts for those indicators are developed and
the models used have changed. However, for a few indicators, computer models are still lacking. As
Interim Goals require an ability to predict incremental progress towards goals based upon the planned
implementation of projects, Interim Goals have not been developed for these indicators (e.g.,
Submerged Aquatic Vegetation in the Northern Estuaries and algal blooms in Lake Okeechobee and
Florida Bay) (Table 1-2). However, these indicators are still monitored and reported in the CERP
RECOVER System Status Report (RECOVER 2019). In some cases, indicators were combined or renamed
such as hydrologic surrogate for soil oxidation instead of hydropattern.

The hydrological models provide results in a variety of ways. Some results are provided at specific water
control structures (Figure 1-7, left). Other results are given for model cells which also contain real-world
monitoring gages (Figure 1-7, right). Some predictions are made using specific “Indicator transects”

INTERIM GOALS AND TARGETS - JULY 2020
10



Section 1 Introduction

(Figure 1-8) for flows across that transect. Ecological and hydrological models make predictions for
“Indicator Regions” (Figure 1-8) or at a larger scale by “Indicator Zone” (Figure 1-8). For some indicators,
metrics were calculated across all the relevant habitat area within the region (e.g., number of acres
meeting a certain range of inundation in the Greater Everglades region). And finally, for the Southern
Coastal Systems region, indicators used salinity derived from the statistical (multiple regression) models
of Marshall et al. (2011) as a master variable to describe ecological changes in Florida Bay. These models
describe the relationship of daily salinity measured in Florida Bay as a function of daily water stage at sites
in the southern Everglades derived from the RSM. The Natural System Model (NSM) does not model
estuaries well and a paleo-adjusted NSM was used as a desired restoration condition for indicators in
Florida Bay. Southern Coastal Systems Interim Goals have not been developed for Biscayne Bay and the
southwest coast due to model coverage limitations in these areas.

For many indicators results are presented as the average prediction of the entire 41 year period of record
(1965-2005). However for some indicators the variation due to water year is important to show. For most
ecological planning tools in the Greater Everglades region, three years were chosen to display
differences among the model outputs that represent an average year (1978), a dry year (1989), and a
wet year (1995). These representative years are different for the apple snail ecological planning tool.
2004 was chosen as the dry year, as the output used from the Everglades Depth Estimation Network
(EDEN) starts in 1992. These years are not necessarily the best for illustrating differences in output for
all the indicators, but they were used to provide consistency throughout the document.
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Figure 1-6. Modeling process for development of Interim Goals and Targets. Historical records for
rainfall, temperature, and inflows are fed into hydrological models which create outputs useful for
determining hydrological Interim Goals and Targets and daily water depth estimated surfaces for
input into the ecological models. The ecological model outputs are used to create Interim Goals.
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Table 1-2. Interim Goal Indicators linked to models. * New 2020 interim goal. ** Dropped 2005 interim
goal due to lack of available model or redundancy with another indicator.

Region Interim Goal Indicators Analytical (Predictive) Tools
Ecosystem Hydrology: Northern Estuaries | RSM, RSMBN
System- Ecosystem Hydrology: Lake Okeechobee | RSM, RSMBN
wide Ecosystem Hydrology: Greater Everglades | RSM, RSMGL
Ecosystem Hydrology: Southern Coastal RSM, RSMGL
Systems
Northern Eastern Oyster (Crassostrea virginica) Habitat Suitability Index (HSI)
Estuaries Submerged Aquatic Vegetation** Not available. Model still under development.
e el fele S IF;Svl\e/llgN: Frequency of extreme high and low water
Lake Submerged Aquatic Vegetation SAV model
Okeechobee | Emergent Aquatic Vegetation* EAV model
Phosphorus concentration** Not available
Algal blooms** Not available
Spatial Extent of Vegetation Communities | Everglades Landscape Vegetation Succession (ELVeS)
Sheet Flow RSMGL
Ridge and Slough Pattern Multistate probability model
Tree Islands Performance indicator tool from COP
Marl Prairies* Cape Sable seaside sparrow (CSSS) Marl Prairie
Hydrologic Surrogate for Soil Oxidation RSMGL
Aquatic Fauna (I;Ziissittiicegopulation growth model to predict small fish
S\::?;I?des American Alligator AIIig.ator Prodgction Suitapility In'dex (APS'I): Habitat
quality, breeding, courtship, mating, nesting success
Wading Bird Nesting i\/t\)/ils:\é)slfllﬂr::\)l\:gi:ft;erslionse of great egrets, white
Aol Sl vergdes sl e | 1T s e deton of el
:Zi((:ij;?dp;r:')cern** (combined with soil RSMGL
Periphyton Mat** Not available. Model still under development.
Evergades Wetlands Tota Phosphorus™ | L0 0, et for terim Gost.
Salinity Patterns RSMGL-MLRs Frequency of meeting salinity envelopes
o SEACOI\/.I:'FIorida Bay SAV biomass, species
Southern composition
Coastal Juvenile Pink Shrimp Browder model
Systems American Crocodile Growth and survival index for juvenile crocodiles
Juvenile Spotted Seatrout* Kelble/Browder model
Algal Blooms** Not available
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Table 1-3. Interim Target indicators linked to models.

Interim Target Analytical (Predictive) Tools
Water Volume RSM, RSMGL, RSMBN
Water Supply for the Lower East Coast Service Area RSM, RSMGL
Water Supply for the Lake Okeechobee Service Area RSM, RSMBN
Ability to protect the Biscayne Bay Aquifer from Saltwater Intrusion RSM, RSMGL
Ability to Protect the Southern Biscayne Aquifer from Salinity Intrusion RSM, RSMGL
'I;I;rti)éjuﬁirr\;ﬂ.r:::;io:fef;;t\ljndwater Levels in the South Miami-Dade RSM, RSMGL
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Figure 1-7. Hydrological models make predictions of flows at specific water control structures (left) or specific model cells containing real-

world stage gages (right).
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Figure 1-8. Hydrological models make predictions of flows across specific “indicator transects” (left) or “indicator regions” (right, dark yellow
shaded areas) defined using the model grid. Some models make predictions by indicator “zones” (right, green boundaries).
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1.4 How this document is organized

Interim Goals for ecosystem hydrology across all regions are presented in section 3.0 Ecosystem
Hydrology. The remaining Interim Goals are presented geographically (from north to south) in four
sections: 4.0 Northern Estuaries, 5.0 Lake Okeechobee, 6.0 Greater Everglades, and 7.0 Southern Coastal
Systems. Each section provides an overview of the region including the causes of ecosystem decline and
projects planned; the indicators originally selected and how the list of indicators was modified since the
2005 report; the process used to update each indicator’s Interim Goals; the resulting revisions to the
Interim Goals; how progress will be measured; and the monitoring strategy needed. The Interim Targets
are presented in an eighth section, called 8.0 Water Supply and Flood Protection, with a similar format
to the Interim Goals. The final section 9.0 Summary, Reporting, and Future Refinements summarizes the
Interim Goals and Targets, the necessary reporting and monitoring needed to implement them, and
recommendations for future refinements.

Appendix A provides a summary of the 2005 Interim Goals and Targets (RECOVER 2005). Because the
models used were built with different resolutions, different assumptions, and differing project details, a
raw comparison of 2005 model outputs with the current models isn’t appropriate. However, comparison
of the relative ordering of the model outputs, the direction of change, and the percentage change may be
appropriate. Appendix B summarizes the projects assumed completed in each model scenario. Appendix
C provides additional 2020 Interim Goals modeling details and results submitted by the work teams.
Appendix D provides additional 2020 Interim Targets modeling details and results submitted by the work
team.
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2 ECOSYSTEM HYDROLOGY
2.1 What is included in the ecosystem hydrology section?

Rebalancing the water volume, timing, distribution, and flows across the ecosystem is pivotal to “getting
the water right” and ultimately successful restoration. South Florida ecosystems have been strongly
altered by changes in the volume, timing, and distribution of water sent to different portions of the
system. This section focuses on how much water is being sent to different portions of the ecosystem and
the anticipated changes being made under the Comprehensive Everglades Restoration Plan (CERP). This
section only focuses on environmental water volume, flows, distribution, and additional environmental
water made available. Additional water made available for urban and agricultural water supply and
aquifer protection is addressed in Section 8.0 Interim Targets: Water Supply and Flood Protection.

2.2 What has been causing the decline in ecosystem health with regards to the water hydrology?

Lake Okeechobee is smaller than it was historically and surrounded by a dike to prevent it from
overflowing onto neighboring lands in a sheetflow that historically moved slowly south through the
Greater Everglades and out to the Southern Estuaries (Figure 2-1). Lake Okeechobee is impacted by having
too high a frequency of extreme high-water levels and extreme low water levels which in turn impact both
the submerged aquatic vegetation (SAV) and emergent aquatic vegetation (EAV) of the lake as well as the
fish and wildlife. Lake Okeechobee is also suffering from algal blooms caused by both current water quality
issues and past water quality issues that have loaded lake sediments with excess phosphorus. Lake
Okeechobee must balance meeting the water supply needs of all the regions with meeting its own needs.

The Northern Estuaries frequently receive periods of too much freshwater delivered during the wet
season, and occasionally periods of too little freshwater inflows during the dry season or drought. This
has causes changes in the salinity patterns in the estuaries resulting in declines in oyster reefs and seagrass
beds, two key measures of ecosystem health.

The Greater Everglades has been changed by the diversion of historical flows, receiving too little water
volume overall, alteration in the location of inflows, and compartmentalization of the system into Water
Conservation Areas (WCAs) 1, 2, 3A, 3B and Everglades National Park (ENP). Levees and canals disrupt the
sheetflow and create areas that are too deep in the downstream portion of the compartment while
upstream areas don’t have enough water. The volume of flows into northern WCA 3A, Shark River Slough,
and Taylor Slough have been greatly diminished compared with historical estimates. Too much water was
directed into western Shark River Slough affecting the marl prairies. Levees at the southern end of the
WCA 3A have resulted in ponding whereas northern WCA 3A and WCA 3B have become too dry and
suffered fires. These alterations have resulted in a loss of tree islands, changes to the ridge and slough
pattern on the landscape, soil oxidation causing soil loss, variations in hydroperiods in marl prairies and
ridge and slough system, all with consequential impacts on biological communities including alligators,
fish, wading birds, Everglade snail kite, and the Cape Sable seaside sparrow.

The Southern Coastal Systems of Florida Bay and Biscayne Bay are downstream of the Greater Everglades
and similarly have been receiving a diminished water supply. This in turn has resulted in both bays being
more saline than they were historically which in turn has affected seagrass communities, juvenile pink
shrimp abundance, juvenile crocodiles, and juvenile sea trout. Florida Bay has also been affected by an
increase in hypersalinity in come basins which have resulted in seagrass dieoffs and algal blooms.
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Figure 2-1. Historic flow, current flow and restored flow patterns under the CERP. Historically, water
flowed from the Kissimmee River drainage and neighboring drainages into Lake Okeechobee which in
turn overflowed each year causing a massive sheet of water to flow south through the Everglades and

out into Florida Bay and southeast through finger glades into Biscayne Bay. Currently the flow from

Lake Okeechobee is channeled east and west into the Northern Estuaries and southward into canals

that rapidly move water to the coasts. Flows into the Greater Everglades and the bays are greatly
reduced. The plan seeks to increase flows to the Greater Everglades, reduce excessively high flows
into the Northern Estuaries, and reduce compartmentalization and restore, to the extent feasible, the
sheetflow, depth, timing, hydroperiod, and distribution while still ensuring sufficient water supply,
water quality, and flood protection for all users.

2.3 What is CERP doing to help restore the ecosystem hydrology?

From a big picture viewpoint Everglades Restoration is working to “get the water right” in the ecosystem
while meeting agricultural and urban water supply needs, maintaining flood protection, and minimizing
water quality concerns. Figure 1-1 shows the wide variety of projects being conducted to improve the
Everglades ecosystem. The CERP is focused on improving storage in the Northern Estuaries
(Caloosahatchee River C-43 and C-44 Reservoirs), increase storage and water quality treatment (CEPP
Everglades Agricultural Area (EAA) A-2 Reservoir and Stormwater Treatment Area) of water entering the
Greater Everglades, decompartmentalizing WCA 3A and 3B by removing levees and shifting water flow
into ENP from the west to the eastern side of Tamiami Trail under the new bridges, improving structures
to improve control of water management, adding seepage barriers and additional pumping to control
seepage, redirecting seepage water back into Everglades National Park, adding a C-111 spreader canal to
increase flows into east Taylor Slough and east and central Florida Bay. The purpose of all these changes
is to allow the system to handle increased water from Lake Okeechobee without compromising flood
protection or water quality. See Appendix B for more details.
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2.4 What are the ecosystem hydrology Interim Goal indicators and what was changed?

The 2005 Interim Goals and Targets included Water Volume as an indicator and primarily focused on the
total volume of water delivered to different regions and to urban and agricultural water supply needs.
This section in the 2020 Interim Goals and Targets goes into greater detail on the Interim Goals for the
specific ecological regions (Lake Okeechobee, Northern Estuaries, Greater Everglades, and Southern
Coastal Systems) and leaves targets for Water Supply to be covered in Section 7 Interim Targets: Water
supply and flood protection.

2.5 How were predictions for CERP success updated?

The predictions were updated using outputs from the Regional Simulation Model-Glades LECSA (RSMGL)
and Regional Simulation Model-Basins (RSMBN) models provided by the Interagency Modeling Center
(IMC). Where available, outputs were compared against runs of the Natural System Model (NSM) 4.6.2
which is used as the desired restoration condition unless performance measures with specific restoration
targets have been developed. The NSM 4.6.2 model does not incorporate issues such as climate change
and sea level rise. Future Interim Goals will need to evaluate the need to adjust restoration targets to take
such future expected changes into consideration. However for the current document the NSM 4.6.2
provides a reasonable surrogate. Interim Goals are described below by geographic region.

2.6 What are the predictions for Interim Goals?
2.6.1 Lake Okeechobee

Water flows into Lake Okeechobee from the Kissimmee River Watershed, Lake Istokpoga Watershed, and
Fisheating Creek and is then released to the Lake Okeechobee Service Area (which includes Miami, North
New River-Hillsoboro, West Palm Beach, and the Everglades Agricultural Area), to the St. Lucie Estuary, to
the Caloosahatchee River Estuary, and through the canal system to the Greater Everglades. Lake
Okeechobee was modeled using the RSMBN model coupled with the Dynamic Model for Everglades
Stormwater Treatment Areas (DMSTA). The model uses the 2008 Interim Lake Okeechobee Regulation
Schedule (Figure 2-2).

Lake Okeechobee Ecosystem Hydrology indicators include four performance measures that range from 0
to 100, with 100 being best and plus a fifth indicator for the percent time within the optimal ecosystem
envelope (RECOVER 2007a):

e Stage Below Envelope Score: based on percent of time stages were below the ecological stage
envelope

e Extreme Low Lake Score (< 10 ft [3.05 m]): based on percent of time stages were below extreme
low lake stage, defined as 10 ft NGVD29

e Stage Above Envelope Score: based on percent of time stages were above the ecological stage
envelope

e Extreme High Lake Score (> 17 ft [5.18 m]): based on percent of time stages exceeded extreme
high lake stage, defined as 17 ft NGVD29

e Percent time within optimal ecosystem envelope

Figure 2-3 provides the model results for all four scenarios and for each of the four performance
measures. Calculations are provided in documentation for Lake Okeechobee Performance Measure: Lake
Stage (RECOVER 2007a). Generally, CERP projects in the 2018 Integrated Delivery Schedule (USACE 2018)
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are expected to have minimal impact on Lake Okeechobee until some of the projects in planning stage
are authorized. With the current authorized CERP projects, the measures show a slight increase in high
lake and extreme high lake events (scores are lower) but the low lake stage events are forecasted to
decrease (scores are higher). Percent time within the optimal ecosystem envelope increases slightly under
the 2032PACR scenario (ECBIGIT= 28%, 2026= 29%, 2032CEPP=27%, and 2032PACR=32%). A more
complete description of percent time within the lake stage envelope indicator is given in Section 5.5
where it is strongly linked to the status of Submerged Aquatic Vegetation and Emergent Aquatic
Vegetation.

2008 Interim Lake Okeechobee RegulationSchedule in RSMBN

—ZONE-A —IONE-B —LONE-C = ZONE-D3
f— IONE-D2 = = =ZONE-D1 ZOME-DO —LOWSM
18 T
I E a | | I |
L Lake FC discharges down Miamiand NNR
17 % canals when RES can accept Lake waterand _//
6 T canal capacity exists (2550 cfs — runoff for -
— Miami and 1500 — runoff for NNR). [ I i N
g 15 B o <
= S~~~ ==«al. Lake ENV discharges down Miamiand NNR
E 14 canalswhen needed for meeting STA targets .|
= Rk S B 4 and canal capacity exists (2550 cfs — runoff
g 13 T for Miami and 1500 — runoff for NNR). 1
< | ] | |
e ! ! — —
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w12 — | No Lake discharges to
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H ‘\/T
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Figure 2-2. 2008 Interim Lake Okeechobee Regulation Schedule used in the RSMBN to determine Lake
Okeechobee Operational Criteria for determining discharges south to reservoirs (RES), Flow
Equalization Basins (FEB) and Stormwater Treatment Areas (STA) facilities. Discharges are made for
Flood Control (FC) and for environmental (ENV) purposes as well as for urban and agricultural water
supply. Miami Canal and North New River (NNR) capacity provided in cubic feet per second (cfs).
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Lake Okeechobee Stage Envelope Performance Measures
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Figure 2-3. Model forecasts for all four scenarios for four Lake Okeechobee performance measures.
Scores range from 0-100, with 100 being best. The desired restoration condition is set to 100.

2.6.2 Northern Estuaries

Table 2-1 lists the performance measures used to forecast differences due to the four scenarios. Models
calculate the number of months from 1965-2005 (492 months) that the criteria are met. The forecast
Interim Goals are expressed as an average percentage of months meeting the criteria although results
must be interpreted in light of the water years that occur in the future. Caloosahatchee River Estuary is
forecast to have decreases in both the number of extremely low flow months (< 450 cfs) and number of
high and extremely high flow months (> 2800 cfs and > 4500 cfs). For St. Lucie Estuary, the number of
extremely low flow months (< 350 cfs) shows only minimal reduction, however; the number of high and
extremely high flow months are reduced (> 2000 cfs and > 3000 cfs) (Table 2-1, Figure 2-4). Due to the
lack of connectivity with the CERP projects used for the purpose of Interim Goals modeling, results for the
Loxahatchee River and Estuary were not modeled.
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St. Lucie Estuary
Modeled Percent of Times Mean Monthly Flow > 2000 and >3000 cfs
(1965-2005 dataset; 492 months)
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Figure 2-4. Modeled percent of months (1965-2005) that mean monthly flow of St. Lucie Estuary is
beyond recommended thresholds of >2000 cfs and > 3000 cfs (top) and that Caloosahatchee River
Estuary is beyond recommended thresholds of >2800 cfs and > 4500 cfs (bottom).
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Table 2-1. Model outputs for Northern Estuary performance measures. Results are expressed as the number of months meeting the criteria
(1965-2005) and as the percent of months (total number of months = 492).

Estuary Indicator ECBIGIT 2026 2032CEPP | 2032PACR | Desired Restoration
# months | # months | # months | # months Condition
(% (% (% (% # months
months) | months) | months) months) (% months)
Caloosahatchee | Number of months flow < 450 cfs from C-43 116 (24%) 25 (5%) 28 (6%) 27 (5%) 0 (0%)
River Estuary Basin and Lake Okeechobee regulatory releases
(Oct-July)
Number of months flow > 2800 cfs from C-43 94 (19%) 78 (16%) 63 (13%) 56 (11%) 0 (0%)
Basin and Lake Okeechobee regulatory releases
(Jan-Dec)
Mean Monthly Flow > 2800 cfs 94 (19%) 78 (16%) 63 (13%) 56 (11%) 0 (0%)
Mean Monthly Flow > 4500 cfs 43 (9%) 38 (8%) 29 (6%) 23 (5%) 0 (0%)
St. Lucie Number of months average flow < 350 cfs 89 (18%) 88 (18%) 86 (17%) 86 (17%) 31 (6%)
Estuary Number of times 14-day moving average flow 105 52 49 50 0
> 2000 cfs for > 14 days from local basins
Additional number of times 14-day moving 72 69 36 23 0
average flow > 2000 cfs > 14 days from Lake
Okeechobee Regulatory Releases
Mean Monthly Flow > 2000 cfs 95 (19%) 68 (14%) 52 (11%) 44 (9%) 21 (4%)
Mean Monthly Flow > 3000 cfs 43 (9%) 31 (6%) 25 (5%) 22 (4%) 12 (2%)
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2.6.3 Greater Everglades
2.6.3.1 Flow across the Red Line

The “Red Line” is a term referring to the northern edge of WCAs 1, 2, and 3 which serves as the interface
between the RSMBN and RSMGL models (See Figure 1-2). Flows across the “Red Line” are considered total
inflows into the Greater Everglades region. The ECBIGIT baseline model forecasts an average of 1,562,000
acre-feet across the Red Line. The 2026 scenario forecasts an average additional 12,500 acre-feet across
the Red Line upon implementation of the 2025/2026 projects. The 2032CEPP and 2032PACR scenarios
forecast an additional 220,200 and 350,000 acre-feet respectively delivered to the Greater Everglades
(Figure 2-5). When CERP was first approved, the original Natural Systems Model (NSM) estimated the
historic flows across the “Red Line” around 2.5-3.0 million acre-ft, which could be considered the desired
restoration condition of flows across the “Red Line”.

Modeled Average Flows Across Red Line (1965-2005)
(Results from RSMGL)

2,000 1,912
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ECBIGIT 2026 2032CEPP 2032PACR

Figure 2-5. Modeled average increase in flows across the “Red Line” into the Greater Everglades
region. Calculations are based upon modeled flows from RSMBGL. Note these results are different
from the water budget as some of these flows continue on through the Greater Everglades into the
Southern Coastal System or are lost as seepage.

2.6.3.2 Magnitude and direction of sheetflow

The Regional Simulation Model-Glades LECSA (RSMGL) version 3.1 was used to predict the magnitude and
direction of surface water overland flow in the regions influenced by the CERP. The average annual flow
vectors (magnitude x direction) predicted by the RSMGL for each grid cell in the natural areas (including
the WCAs and ENP) are mapped onto the model domain to represent the movement of water over the
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landscape (Figure 2-6). Maps of the average annual flow vectors predicted by the RSMGL are presented
for the 41-year simulations of the baseline ECBIGIT, 2026, 2032CEPP, and 2032PACR model scenarios.
These maps are illustrative of the volume (as depicted by arrow size and color), directionality, and
continuity of sheetflow. The continuity, or flow of arrows across the landscape, show the barriers to
sheetflow caused by things such as levees and canals. The maps also display the influence of CERP projects
as they are implemented in the different time slices.

Average Annual Overland Vector ¢ Average Annual Overland Vector
1965-2005 1965-2005
ECBIGIT /-R— Tk
i

- \f?ﬁk, <

Average Annual Overland Vector ; Average Annual Overland Vector
“%E 1965-2005 ; .
2032CEPP g 2032PACR !i

Figure 2-6. Comparison of vector maps for all four model scenarios: ECBIGIT, 2026, 2032CEPP,
2032PACR. Length and color of arrows proportional to flow.
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2.6.3.3 Magnitude of flow across indicator transects

The RSMGL also forecasts the average dry and wet season surface water flows across indicator transects
throughout the Greater Everglades (Figure 2-7). Results for key transects are shown in Table 2-2 and
Figure 2-8. The results suggest a minimal increase in flows southward under the 2032PACR versus ECBIGIT
in WCA 1 (Transect [TR 1]1: 3,000 acre-feet), and a greater increase in WCA 2 of 63,000 acre-feet (TR 2).
Combined flows across northern WCA 3A increase by 757,000 acre-feet (TR 5 + TR 6). Flows into northwest
Shark River Slough (TR 17) decrease during the wet season but increase during the dry season. Flows into
northeast Shark River Slough (TR 18) are expected to increase in both the wet and dry seasons by 528,000
acre-feet. Seepage losses to the east along TR 19 are expected to increase by 80,000 acre-feet. Flows
down central Shark River Slough (TR 27) and into Cape Sable are expected to increase by 188,000 acre-
feet. Flows down Taylor Slough and into eastern and central Florida Bay (TR 23) are expected to only
increase by 26,000 acre-feet by 2032PACR.

RSM Glades-LECSA - Transects

— Transect
—p Positive Flow Direction
—— Channel

Mesh

T23A} 7238

Figure 2-7. Transects used to show flow volumes in the RSMGL.
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Table 2-2. Average wet (Jun-Oct) and dry (Nov-May) seasonal magnitude of transect surface water
flow volumes for selected transects. All volumes are average annual in 1000 ac/ft over the 1965-2005
period of record. NSM 4.6.2 (not paleo-adjusted) results are provided as a guide for target flows,
although may be underestimated near the coast

Transect Season NSM 4.6.2 | ECBIGIT 2026 2032CEPP | 2032PACR
TR 1 Wet Season | 229 7 8 9 9
Dry Season 227 40 42 41 41
TR 2 Wet Season | 268 232 331 245 279
Dry Season 279 177 227 167 193
TR5 Wet Season | 146 93 110 353 335
Dry Season 146 30 30 217 254
TR 6 Wet Season | 214 26 19 173 163
Dry Season 235 13 12 130 167
TR7 Wet Season | 272 181 154 296 286
Dry Season 260 96 81 184 216
TR 8 Wet Season | 141 171 164 222 240
Dry Season 151 149 153 198 230
TR 12 Wet Season | 439 329 327 391 410
Dry Season 373 276 293 334 368
TR 15 Wet Season | 77 69 16 42 47
Dry Season 80 88 31 61 68
TR 17 Wet Season | 245 160 61 129 148
Dry Season 232 121 71 123 144
TR 18 Wet Season | 423 74 299 359 379
Dry Season 472 97 228 303 320
TR 19 Wet Season | 229 -4 -32 -30 -29
Dry Season 269 5 -37 -48 -50
TR 21 Wet Season | 672 298 317 383 414
Dry Season 680 237 250 293 317
TR 23 Wet Season | 126 182 170 177 180
Dry Season 129 56 79 82 84
TR 27 Wet Season | 739 290 295 366 398
Dry Season 777 243 251 296 323
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volumes for selected transects (1965-2005)

Average wet (Jun-Oct) and dry (Nov-May) seasonal magnitude of transect surface water flow
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2.6.3.4 Hydroperiods and water depths at specific gages

Calculated flows across transects were computed using gage stations along canals and in the marsh. These
stations also have modeled results as shown in Figure 2-9 showing modeled hydroperiods at three key
gages and in Figure 2-10 showing modeled stage depth box plots at the same three gages. Calculations
using EDEN water surfaces may also be possible.
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Figure 2-9. Modeled average (mean) hydroperiod for three key gages for 1965-2005 expressed as the
percentage of the year with water stage above ground surface level. Desired restoration condition for
these three gages is 100%. The models produce these results for many of the key gages. 3A-NW is in
northwest WCA 3A. NESRS2 is in Northeast Shark River Slough. NP-TSB is at the Taylor Slough Bridge
in Everglades National Park.
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Modeled Stage Depth at 3 Key Gages
(Maximum, 90%, Median, 10%, Minimum)
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Figure 2-10. Modeled range of water depths for three key gages across the four model scenarios for
1965-2005. Data are expressed as boxplots of the Maximum, 90th percentile, Median, 10th percentile,
and Minimum water depths.

2.6.4 Southern Coastal Systems

Changes in forecasted flows between ECBIGIT and 2032PACR scenarios into the southern estuaries are
limited with most of the increase occurring in Shark River Slough, a smaller increase into central and
eastern Taylor Slough and with minimal change in western Taylor Slough. Sudden sharp flows into
Manatee Bay through the S197 structure are decreased as planned. Northern Biscayne Bay shows an
increase in flows, with only minimal changes occurring in central and southern Biscayne Bay (Figure 2-11).
The Natural System Model (NSM) does not model the estuaries well and is not used as a desired
restoration condition.
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Modeled Average Annual Overland Flow into Southern Estuaries
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Figure 2-11. Modeled average (mean) flows across transects and at key canal gages for flows entering
Florida Bay, Manatee Bay, and Biscayne Bay averaged for years 1965-2005.

2.7 How will success be measured?

Success will be measured by comparing modeled forecasts of changes in flows with actual measured
changes in water depth using data from stage gages or by using the Everglades Depth Estimation Network
(EDEN) modeled water surfaces based upon collected stage gage monitoring data to calculate actual
flows. While individual gage data do not equate on a one-to-one basis to the model transects, stage gages
are placed in nearly every critical part of the marsh and surrogates can generally be found (e.g., Figure
2-9, Figure 2-10). Comparing modeled change across indicator transects may be possible using EDEN
calculated water surfaces, but details of the methods will need to be worked out. What is immediately
possible is to compare changes at stage gages co-located with indicator transects, indicator regions, or at
water control structures with the modeled results. Historical data at stage gages can be used to calibrate
against the model results.

2.8 What monitoring strategy is needed to measure progress?

An extensive network of wetland stage gages, canal and structure stage gages, and groundwater water
depth gages are in place. Individual gages are funded, operated, and maintained by a number of agencies
including: the USACE, SFWMD, USGS, and ENP. Funding for some stations is supported by RECOVER. Data
is available through the State of Florida database DBYHDRO (https://www.sfwmd.gov/science-
data/dbhydro) and through the U.S. Geological Survey EDEN (https://sofia.usgs.gov/eden/).
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Section 3 Interim Goals — Northern Estuaries

3  NORTHERN ESTUARIES
3.1 What is included in the Northern Estuaries region?

The Northern Estuaries region includes the St. Lucie Estuary (SLE) and the southern Indian River Lagoon
(SIRL), and the Loxahatchee River Estuary (LRE) both on the Atlantic coast, and the Caloosahatchee River
Estuary (CRE) on the Gulf coast (Figure 3-1). Following the 2014 System Status Report update, the Lake
Worth Lagoon (LWL) was removed from the Northern Estuaries module because CERP projects were not
within the sphere of influence of the LWL once the North Palm Beach project was removed from the list
of planned CERP projects. These estuaries were historically altered in freshwater inflow volume, timing,
and distribution via C&SF canals, and subsequent urban and agricultural development after enhanced
flood protection and drainage in the region (RECOVER 2007b). For example, the Caloosahatchee River was
a meandering system with numerous oxbows, flowing from its headwaters at Lake Hicpochee to the Gulf
of Mexico. Activities that led to its degradation, beginning in the 1890s, include channelization, connection
to Lake Okeechobee, and construction of an extensive canal network associated with agricultural
development in the watershed (Barnes 2005).

Under current conditions, due to a lack of sufficient storage in the watersheds and regulation of water
levels in Lake Okeechobee, the resulting flows alter salinity regime and negatively impact habitat and
resident species. Estuarine species require conditions in which salinity is variable and ranges from
oligohaline (salinities 0.5-5) to polyhaline (salinities 18—30), depending on the species. Wet season rains
and tropical storm events (e.g., hurricanes), can result in basin runoff and high Lake Okeechobee
regulatory releases, causing these estuaries to become fresh for extended durations. During the dry
season, water supply demands and reduced precipitation may result in extreme low inflows, especially
during drought years. Low flows result in higher salinities not conducive to support species in the upper
estuary. CERP restoration projects aim to regulate freshwater inflows and establish beneficial salinity
regimes by creating additional water storage and allowing greater flexibility in watershed and Lake
Okeechobee operations (RECOVER 2007b).
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Figure 3-1. The Northern Estuaries region of the CERP RECOVER program. The South Indian River
Lagoon (SIRL), St. Lucie Estuary (SLE), and Loxahatchee River and Estuary (LRE) are on the southeast
Atlantic coast of Florida; and the Caloosahatchee River and Estuary (CRE) is located on the southwest

Gulf coast of Florida.
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3.1.1 St. Lucie Estuary and Southern-Indian River Lagoon

The St. Lucie Estuary (SLE) and the southern Indian River Lagoon (SIRL) are located on Florida’s southeast
coast. The SLE intersects the SIRL at the St. Lucie Inlet, an outlet to the Atlantic Ocean, in Stuart, Florida.
The western boundary of the SLE extends to open-channel headwaters of the North and South forks, with
inflows from Lake Okeechobee coming through S-80 in the South Fork. There is also an extensive influence
from the watershed in the SLE—the watershed-to-estuary ratio is high (about 100:1; SFWMD 2018a) due
to urban and agricultural development and the accompanying drainage canal network (Sime 2005). The
entirety of the Indian River Lagoon (IRL) exceeds the bounds of the RECOVER program: it is approximately
251 km long, running south from the Ponce de Leon Inlet in Volusia County to Jupiter Inlet in Palm Beach
County. The SIRL extends from the northern St. Lucie County line north of the Ft. Pierce inlet and south to
the Jupiter Inlet (Sime 2005). The distinction between SIRL and the greater IRL is jurisdictional, and
coordination with agencies monitoring the remainder of the IRL is ongoing.

3.1.2 Loxahatchee River and Estuary

The Loxahatchee River and Estuary (LRE) is located south of the SLE in southern Martin and northern Palm
Beach Counties and intersects with the southern terminal of the SIRL at the Jupiter Inlet. Jupiter Inlet was
naturally an ephemeral tidal inlet that has been maintained by dredging since 1947 and expanded with
daily tidal inputs from the inlet minimizing freshwater inputs from the C-18 canal (VanArman et al. 2005).
Its watershed to estuary surface area ratio is the largest of the Northern Estuaries (175:1). Historically,
the Loxahatchee River and its watershed included 565 km? of inland sloughs and wetlands, including pine
flatwoods, cypress sloughs, hardwood swamps, marshes, and wet prairies (VanArman et al. 2005). Large
areas within this footprint have been developed for urban and agricultural land uses. Today,
approximately 435 km? of the original watershed drains to the Atlantic Ocean instead of through its
historical, natural topography into wetlands and eventually to the Loxahatchee Estuary and Indian River
Lagoon (VanArman et al. 2005). Current water management concerns include saltwater intrusion in the
Northwest Fork (Roberts et al. 2008). Watershed (WaSH), River Hydrodynamics/Salinity (RMA) and Long-
Term Salinity Management Models (LSMM) have been applied to predict salinities under restoration
scenarios (SFWMD 2006). Specific restoration plans and objectives are detailed in the Loxahatchee River
Management Plan (Hughes 2010), and the Loxahatchee River Watershed Restoration Project (USACE
2020a).

3.1.3 Caloosahatchee River and Estuary

The Caloosahatchee River and Estuary (CRE) is located on Florida’s southwest coast and extends 105 km
from Lake Okeechobee to San Carlos Bay, entering the Gulf of Mexico near the city of Fort Myers, Florida
(Barnes 2005). The freshwater component from Lake Okeechobee extends to the S-79: one of three lock-
and-dam structures constructed to control river flow and stage height. The S-79 serves as an impediment
to tidal influence and saltwater intrusion, which historically would affect the upstream environment to
the town of La Belle, Florida (Barnes 2005; SFWMD 2018b). Pre-development, the river was sinuous and
originated near Lake Flirt about 2 miles east of La Belle. The estuary portion of the CRE runs 42 km and
has a long and narrow morphology.

3.2 What has been causing the decline in ecosystem health in the Northern Estuaries?

Water management activities within the watersheds of the Northern Estuaries result in significant
alterations in the timing and volume (excess wet season and insufficient dry season water flows),
distribution (water now flows through canals instead of overland), and quality of water flowing into these
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estuaries. These impacts reduce the ability of the watershed to provide water storage, dry season flows,
water quality treatment, which subsequently impact fish and wildlife habitat downstream.

3.2.1 St. Lucie Estuary

The primary ecological stressor on the SLE is altered salinity regime. The SLE usually receives sufficient
inflows directly from the watershed during the year, except in severe multi-year droughts. Excessive wet
season freshwater flows from the watershed and from Lake Okeechobee can have substantial impacts on
the system’s ecological resources. Historically, this estuary was a freshwater system influenced by
ephemeral ocean inlets. When the St. Lucie Inlet was permanently established in 1898, the system became
an estuary, characterized by abundant mangroves, oyster bars, and submerged aquatic vegetation.
Agricultural and urban drainage projects, beginning in the 1910s, expanded the area that now drains into
the estuary. The historic watershed was approximately one-third of its present size of almost 775 square
miles. Major drainage canals constructed in the watershed include the C-23 and C-24 canals. The St. Lucie
Estuary is connected to Lake Okeechobee by the C-44 canal, which is used for navigation and regulatory
releases from Lake Okeechobee. As a result, freshwater flow into the estuary tends to be excessive in the
wet season and occasionally insufficient in the dry season. Portions of the estuary have been degraded by
thick deposits of mucky silt that cover the bottom and make it unsuitable for submerged aquatic
vegetation and oysters. These sediments also become resuspended by wind, current, and boat traffic
resulting in diminished light penetration through the water column.

Oyster populations in the SLE have been negatively impacted by the highly variable freshwater inflows
that are a result of the altered hydrology. Periods of extremely high flow result in acute damage to oyster
populations. Extended periods of reduced flow can result in gradual increases in disease and predation
rates that result in compromised oyster health and survivorship. Rapid shifts between dry and wet regimes
reduce the opportunity for acclimatization by the oyster and other estuarine inhabitants. In the SLE, low
salinity events have had the most devastating impact on oysters but in recent years prolonged high salinity
events have also occurred.

3.2.2 Loxahatchee River and Estuary

Stressors on the LRE include periodic shortages of freshwater for the Northwest Fork as well as increased
freshwater flows from flood protection releases to the Southwest Fork during heavy or excessive rainfall
events. The Loxahatchee basin has been extensively altered by construction of canals, channelization of
natural waterways, drainage and/or impoundment of wetlands, and stabilization of the Jupiter Inlet.
Construction of the C-18 canal resulted in the disconnection of the Northwest Fork from its headwaters
in the Loxahatchee Slough. Saltwater intrusion upstream into the Northwest Fork has resulted in the loss
of six river miles of cypress swamp and freshwater floodplain vegetation (Roberts et al. 2008). Eastern
oysters (Crassostrea virginica) (Howard and Arrington 2008) and mixed species seagrass beds (Halophila
johnsonii, Halophila decipiens, Halodule wrightii, Thalassia testudinum, and Syringodium filiforme) are
present in the estuary. The freshwater SAV tape grass (Vallisneria americana) has been previously
reported in abundance in the Northwest Fork of the Loxahatchee (SFWMD and LRD staff observations; R.
Harris, pers. comm.). However, little monitoring of the SAV has been conducted since 2014, and tape grass
has not been studied there since 2014 (R. Harris, pers. comm.).

3.2.3 Caloosahatchee River Estuary

Ecological stressors on the CRE include altered salinity regime caused by extreme high flows in the wet
season, and extreme low-flows in the dry season. High flows may impact oyster and marine seagrass

INTERIM GOALS AND TARGETS - JULY 2020
36



Section 3 Interim Goals — Northern Estuaries

species (e.g., Halophila spp., Halodule wrightii, and Thalassia testudinum) in the lower estuary by affecting
both the salinity regime and the light environment via colored dissolved organic matter or sediment
resuspension and turbidity. Freshwater SAV species such as Vallisneria americana (commonly referred to
as “tape grass” or “American wild celery”) may be inhibited by higher salinities than it can tolerate during
periods of low to no freshwater inflow, and oysters may suffer from stress and disease related to high
salinity-high temperature interactive effects, especially during drought.

The tidally influenced portion of the estuary has been reduced by the operation of the S-79 control
structure, which acts as a barrier to saltwater, and from which high volume inflows from the watershed
upstream of S-79 and Lake Okeechobee originate. The distribution, abundance, and density of estuarine
ecological indicator species have declined from the predrainage era as a result of these impacts.

3.3 What is CERP doing to help restore the Northern Estuaries?

The CERP goal for the Northern Estuaries is to enhance habitat conditions while providing for economic
and recreational opportunities. CERP projects are expected to moderate the stressors (freshwater
discharges, diminished water quality, and habitat loss) and enhance the natural attributes (oysters and
SAV) of the Northern Estuaries. This will be accomplished through habitat enhancement, as well as water
storage and treatment projects. A detailed description of these projects can be found in the Central and
Southern Florida Project Comprehensive Review Study Final Integrated Feasibility Report and
Programmatic Environmental Impact Statement (USACE and SFWMD 1999).

The following projects and plans are expected to improve conditions in the Northern Estuaries region and
are described in more detail in Appendix B:

1. C-43 Basin Storage Reservoir and C-43 Basin Aquifer Storage and Recovery (C-43)
Indian River Lagoon South (IRL-S)

Loxahatchee River Watershed Restoration Project (LRWRP)

2

3

4. Central Everglades Planning Project (CEPP)

5. Lake Okeechobee Watershed Restoration Project (LOWRP; Planning phase, not authorized)
6

Lake Okeechobee System Operations Manual (LOSOM; Planning phase, non-CERP)
34 What are the Northern Estuaries Interim Goals indicators and what was changed?

The Interim Goal indicator used for this update in the Northern Estuaries is Eastern oyster (Crassostrea
virginica) habitat suitability. The 2005 Interim Goals indicators included both oysters and submerged
aquatic vegetation species (SAV). Only a Habitat Suitability Index (HSI) for the oyster in the CRE and SLE
was available for this assessment. An HSI model for SAV in the estuaries and the oyster HSI for the LRE are
currently still under development. An oyster HSI for the Loxahatchee can be developed, but requires
additional data and time.

Barnes et al. (2007) used an oyster HSI model for the Caloosahatchee River Estuary to simulate habitat
suitability responses to the C-43 West Basin Reservoir Project, and a revised HSI model was most recently
used to evaluate responses to the Central Everglades Planning Project’s EAA A-2 Reservoir and STA
(SFWMD 2018c). The revised HSI used for the latter project, and that was employed in this Interim Goal
update, is described below.
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35 Eastern Oyster

The Eastern oyster (C. virginica) is a bivalve common along the Atlantic coast of the United States and the
Gulf of Mexico that tolerates a range of salinities from the mesohaline to marine (Galtsoff 1964, Cake
1983, Mackenzie 2007, Lu et al. 2008, Lowe et al. 2017). It was chosen as an ecological indicator species
for the Northern Estuaries based on the U.S. Environmental Protection Agency valued ecosystem
component (VEC) approach (USEPA 1987). VECs perform a key function in an ecosystem including the
provision of habitat as living spaces, refugia, and foraging ground for other desirable species.

3.5.1 How were predictions for CERP success updated?

The Eastern oyster (C. virginica) HSI model was adapted from Barnes et al. (2007). This GIS-based HSI
model integrates spatial layers of three environmental variables: salinity, temperature, and substrate
type, all relevant environmental variables affecting the extent and health of oysters in the Northern
Estuaries. The HSI model creates composite maps incorporating these three variables and scores of
suitability from 0-1.0, with 0 being unsuitable, and 1.0 being most-suitable.

Daily temperature and salinity were downloaded from the South Florida Water Management District’s
DBHYDRO database (https://my.sfwmd.gov/dbhydroplsgl/show dbkey info.main_menu) or Harbor
Branch’s Land/Ocean Biogeochemical Observatory (LOBO) network (http://fau.loboviz.com/), from which
monthly mean values were calculated (Figure 3-2). The monthly mean temperature and salinity values
were interpolated into raster grids (30 x 30 m resolution). Substrate type was derived from oyster maps
updated in 2019 in the St. Lucie Estuary and Caloosahatchee River Estuary (Cummins Cederberg 2020, Dial
Cordy and Associates, Inc. 2019, respectively).
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Figure 3-2. Water Quality stations in the SLE (left) and the CRE (right) from which daily salinity and
temperature data were obtained for the HSI model.

Each input layer was converted into individual habitat suitability index values (0-1.0) based on
physiological tolerance ranges of adult oysters, and are weighted equally (Figure 3-3). The optimal salinity
used is in this model is 15—25 with unsuitable salinity less than 5 or greater than 40. The optimal range for
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temperature is from 23 to 30 °C with unsuitable temperature less than 10 and greater than 35 °C (Barnes
et al. 2007, Theuerkauf and Lipcius 2016). Of the approximate 400 total acres (ac) of oyster habitat
mapped in the SLE, and approximate 800 total ac of oyster habitat mapped in the CRE, substrate polygons
were classified as either “sparse shell” or “dense shell” based on a 50% cover threshold from ground-
truthed 0.25% quadrats and given an HSI index value of 0.25 and 1.0, respectively. Generally, the more
substrate that is available, the more live oysters are present (more suitable to larval recruitment); and,
for sparse shell, depending on the condition of the shell, including potential for dead shell deterioration
and/or sedimentation, less habitat value is assumed (M. Parker, pers. comm.).
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Figure 3-3. Relationships between environmental variables and associated habitat suitability indices
for salinity, temperature, and substrate type.

The final map produced includes the mean oyster habitat suitability over the modeled period of record
(1965—-2005). The final composite HSI was computed using the GIS-raster calculator as follows:

HSI= ¥{(Bottom substrate type)(Salinity)(Temperature))
3.5.2 What are the predictions for Interim Goals?

Eastern oyster (henceforth referred to simply as “oyster”) HSI results from the St. Lucie Estuary (SLE)
showed that over the modeled future scenarios, area in the Very Good category (HSI Score 0.75-1.0)
improves by 22 acres (ac) under 2032PACR compared to the ECBIGIT, whereas the Good category (HSI
0.50-0.75) improves by 31 ac (Table 3-1). This improvement reflects the decreases in the Poor (HSI 0—
0.25); -39 ac) and Fair (HSI 0.25—-0.50; -13 ac) categories. Combined over Good and Very Good categories,
the total area of suitable habitat for oysters with the 2032PACR scenario is approximately 329 ac.
Combined with Fair habitat, the total becomes 376 ac. These results are consistent with the 2005
RECOVER Interim Goals targets where the “CERP-only” analysis indicated that oyster habitat in the middle
estuary from the Roosevelt Bridge downstream to the A1A Bridge would increase from less than 25 acres
in 2010, to approximately 160 acres in 2015, to approximately 230 acres in the period 2020 through 2035.

The greatest areal improvement in habitat suitability in the SLE between the ECBIGIT and 2032PACR is
over approximately 25 acres of oyster habitat in the northernmost portion of the North Fork which
changes from Fair to Good, respectively (Figure 3-4). There are other small patchy areas where habitat
suitability improves in the South Fork from Poor to Fair, or from Good to Very Good (Figure 3-4). With
each future restoration scenario, the greatest improvements occur from 2026 to 2032CEPP (2032, with
CEPP as originally authorized), as evident by time series improvement in habitat suitability over the 25
acre habitat area in the North Fork (Figure 3-5).
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The lack of additional improved habitat suitability in the forks is likely a reflection of shell density rather
than poor performance of modeled future restoration scenarios, i.e., salinity is the variable changing: the
increases occur in the forks over habitat area mapped as “dense shell” in the ground-truthed oyster map,
which has a HSIl index score of 1.0; other habitat mapped (i.e., “sparse shell”) has a lower index score, and
thus the available substrate results in many areas to remain in the Fair-to-Good range with restoration
implementation. Some small areas in the middle estuary decrease in habitat suitability from Good to Fair,
likely due to an increase in salinity in that zone due to decreasing high volume inflows with project
implementation by 2032. Overall, model predictions in the SLE were lower than the original 2005
RECOVER Interim Goals target of 900 acres due to methodology differences. Habitat enhancement
features that were identified in the Indian River Lagoon-South (IRL-S) that were not part of CERP were
omitted. Those components of the IRL-S project, namely sediment remediation and cultch deployment,
to improve substrate suitability, will be critical to improving the total area of suitable habitat in the
estuary. HSI results from the Caloosahatchee River Estuary (CRE) showed that over the modeled future
scenarios, area in the Very Good category (HSI Score 0.75-1.0) improves by 28 acres (ac) under 2032PACR
compared to the ECBIGIT, whereas the Good category (HSI 0.50-0.75) improves by 42 ac (Table 3-2). This
improvement reflects the decreases in the Poor (HSI 0—0.25); -13 ac) and Fair (HSI 0.25-0.50; -57 ac)
categories. Combined over Good and Very Good categories, the total area of suitable habitat for oysters
with the 2032PACR scenario is approximately 732 ac. Combined with Fair habitat, the total becomes 766
ac.

Table 3-1. Oyster HSI results for the St. Lucie Estuary. Results are in acres of oyster habitat receiving a
poor, fair, good, or very good HSI score.

. Poor Fair Good Very Good
Scenario
[0-0.25] [0.25-0.50] [0.5-0.75] [0.75-1.0]
ECBIGIT 82 ac 60 ac 166 ac 110 ac
2026 58 ac 52 ac 184 ac 124 ac
2032CEPP 47 ac 49 ac 192 ac 129 ac
2032PACR 43 ac 47 ac 197 ac 132 ac
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Habitat Suitability
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Figure 3-4. Habitat Suitability of oyster habitat in the SLE from the ECBIGIT and 2032PACR
(RUN2PACR). Black squares (solid line) indicative of areas where habitat suitability improves as an
effect of improved salinity and existing dense shell substrate. Black boxes (dotted line) indicative of
areas where habitat suitability decreases as salinity increases in the middle estuary with decrease in
volume of freshwater inflow.
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Figure 3-5. Oyster habitat suitability in the North Fork of the SLE (total habitat area pictured 62 ac). 25
ac of dense shell improves only slightly from ECBIGIT to 2026 (RUN12026), with the greatest
improvement between 2026 (RUN12026) and 2032CEPP (RUN2CEPP) from Fair to Good. The

remaining area pictured in dark blue remains poor regardless of model run because it is categorized as

sparse shell, which is considered less suitable than dense shell (sparse shell HSI index score = 0.25,
compared to dense shell with HSI index score = 1.0). Area in figure is the black box from right panel of
Figure 3-4.
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Table 3-2. Oyster HSI Results for the Caloosahatchee River Estuary. Results are in acres of oyster

habitat receiving a poor, fair, good, or very good HSI score.

. Poor Fair Good Very Good
Scenario
[0-0.25] [0.25-0.50] [0.5-0.75] [0.75-1.0]
ECBIGIT 34 ac 91 ac 422 ac 240 ac
2026 31ac 40 ac 456 ac 260 ac
2032CEPP 27 ac 37 ac 460 ac 263 ac
2032PACR 21 ac 34 ac 464 ac 268 ac

The greatest improvement in oyster habitat suitability with the 2032PACR occurs downstream of the Cape
Coral Bridge, where the estuary narrows as it curves from south-west to west (Figure 3-6, black box; Figure
3-7). The map generated, however, does not show improvement upstream of this location around the
Cape Coral Bridge, suggesting that salinities may occasionally be below the optimum range for oysters
(salinities <15) upstream over the long-term average. Downstream into the lower estuary and into San
Carlos Bay, there are no discernable improvements. This make sense ecologically, as the area further
downstream is highly influenced by tide and therefore salinities are not expected to change dramatically
with future restoration scenarios, with salinities >25. Either supplemental flows in the dry season, or
decreased high volume inflows during the wet season, likely has a positive effect in this area of the
estuary.
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Habitat Suitability
. Poor (0-0.25)
[ Fair (0.25-0.50)
|[[] Good (0.50-0.75)
[ ] Very Good (0.75-1.0)

Figure 3-6. Habitat Suitability of oyster habitat in the CRE from the ECBIGIT and 2032PACR
(RUN2PACR). The black square indicative of areas where habitat suitability improves as an effect of
improved salinity and existing dense shell substrate.
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Figure 3-7. Oyster habitat suitability in the middle-to-lower CRE (total habitat area pictured ~31.5 ac).
Approximately 10 ac of dense shell improves from ECBIGIT to 2026 (RUN12026), with the greatest
improvement between (RUN12026) and 2032CEPP (RUN2CEPP) from Good to Very Good habitat
suitability.

3.5.3 How will success be measured?

Ecological success will be measured by improvements to oyster population density and health, and an
increase in the spatial extent of oyster reefs (the latter assuming natural recruitment of spat improves, or
other activities such as cultch deployment) in the Northern Estuaries. Specifically, oyster habitat
conditions will improve throughout each segment of the estuary, and thus, it is expected that measurable
oyster responses would improve in kind. With changes in freshwater inflows into the CRE resulting from
CERP projects, salinities in the estuarine portion downstream of the Cape Coral Bridge of the CRE may
improve and result in estuarine salinities suitable for the growth and enhancement of oyster reefs in the
CRE. In the next 10 to 15 years, habitat area suitable to oysters will increase in the SLE and CRE by
approximately 53 acres and 70 acres, respectively. Restoration of more natural freshwater inflows by
retention of water in reservoirs, wetland rehydration, and changing delivery patterns; removal of fine-
grained sediment; and introduction of artificial substrate into South Florida estuaries should provide
beneficial salinity and habitat conditions that promote the re-establishment of healthy Eastern oyster
beds (RECOVER 2020).

This HSI has been validated using in situ monitoring data in the CRE, where HSI scores were found to be
good indicators for live oyster density (Chen et al. in prep). However, model results should be
contextualized with antecedent conditions: a time series of biannually sampled live oyster density and
extracted HSI values from the Caloosahatchee show that near zero live oyster density in August 2013 and
March 2018 following high volume inflow events corresponded with HSI values of approximately 0.5
(deemed “Good” as described below), and that there is a subsequent time lag in which salinity recovers
over days-to-weeks, and oysters recover over months, before density once again corresponds well with
HSI scores (Chen et al. in prep). Generally, Chen et al. (in prep) recommends that HSI scores >0.5 be used
as a threshold in which one could expect to find oysters of approximately 100 oysters per mZ.

3.5.4 What monitoring strategy is needed to measure progress?

Changes in oyster distribution and abundance will be monitored according to the MAP 2009 (RECOVER
2009). RECOVER has contracted the Florida Fish & Wildlife Conservation Commission to conduct oyster
monitoring in the St. Lucie Estuary, Loxahatchee River and Estuary, and Caloosahatchee River Estuary. The
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RECOVER oyster monitoring program includes density of settled oysters, reproductive development,
juvenile recruitment, and prevalence and intensity of infection by the parasite Dermo (Perkinsus marinus).
Monthly water quality sampling is conducted in conjunction with field sampling at each location.
Methodology and sampling protocols are detailed in Parker and Radigan (2018).

More mechanistic, predictive ecological models such as those in Buzzelli et al. (2015) should be further
developed for the ecological indicator species of the Northern Estuaries from which specific targets can
be derived and measured prior to the next Interim Goals update.
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4 LAKE OKEECHOBEE

Lake Okeechobee is the second largest freshwater lake within the contiguous United States, measuring
730 square miles (467,200 acres) in area. It provides natural habitat for fish, wading birds, and other
wildlife; water supply; flood protection; recreation; navigation; and is home to a multimillion-dollar sport
and commercial fishery. The lake is an important source of freshwater to the Everglades and its releases
can have both beneficial and adverse effects on the ecology of the St. Lucie and Caloosahatchee Estuaries.
Therefore, the implementation of the CERP will help to balance the many competing demands on the lake.

4.1 What is included in the Lake Okeechobee region?

The Lake Okeechobee region is constrained within the Herbert Hoover Dike and includes the lake proper
and its wetlands (Figure 4-1).

Figure 4-1. Map of the Lake Okeechobee region. The lake proper and its wetlands are constrained
within the boundaries of the Hebert Hoover Dike (blue outline).
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4.2 What has been causing the decline in ecosystem health in Lake Okeechobee?

Several stressors significantly affect Lake Okeechobee’s ecology: unfavorable water levels, excessive
nutrients (phosphorus and nitrogen), and invasive and exotic plants. These stressors resulted from
decades of changes within the watersheds around the lake, draining wetlands for agricultural and
residential development, channelizing runoff to the lake, and increasing water supply demand. As a result,
the watershed hydroperiods became flashier and lake water levels tended to rise and lower more abruptly
once the lake became constrained by the Herbert Hoover Dike. Additionally, increased erosion and
cultural eutrophication in the watersheds led to an accumulation of nutrients and mucky sediments in the
lake. These stressors have contributed to a decrease in water clarity, an increase in the frequency of
harmful algal blooms, changes in marsh vegetation compositions, and a loss of important littoral and
nearshore submerged aquatic vegetation (SAV) that provides critical habitat for fish and other wildlife.

4.3 What is CERP doing to help restore Lake Okeechobee?

The CERP identified two projects in the region — the Lake Okeechobee Watershed Project (LOWP) and
Lake Istokpoga Regulation Schedule (LIRS). The LOWP was re-evaluated as the Lake Okeechobee
Watershed Restoration Project (LOWRP) in 2016, after a 10-year hiatus due to lack of funding. The LOWRP
is still in planning phase and has not been authorized. The primary purposes of the LOWRP are to: 1) store
water upstream of the lake in order to improve water stages in the lake; and 2) to restore watershed
wetlands for wildlife habitat. The LIRS evaluation was suspended by 2006 and is not listed on the October
2019 IDS (USACE 2019).

The following projects and plans, if approved, are expected to improve conditions in the Northern Lake
Okeechobee region but may only maintain conditions, or provide minimal improvements to the lake
proper. These projects are described in more detail in Appendix B:

1. Lake Okeechobee Regulation Schedule (LORS)
2. Lake Okeechobee Watershed Restoration Project (LOWRP; Planning phase)

3. Lake Okeechobee System Operating Manual (LOSOM; Planning phase)
Only the Lake Okeechobee Regulation Schedule is included in the current modeling effort.
4.4 What are the Lake Okeechobee Interim Goal indicators and what was changed?

The Interim Goal indicators in the 2005 report were lake water levels, submerged aquatic vegetation
(SAV), total phosphorus concentrations, and algal bloom frequency.

The 2020 Interim Goal indicators used to demonstrate progress for CERP are water levels/lake stage,
submerged aquatic vegetation (SAV), and emergent aquatic vegetation (EAV). The water level/lake stage
indicator is measured as an ecological envelope around a seasonally fluctuating stage of between 12.0 ft
and 15.0 ft (3.66 m - 4.57 m), with no occurrences of stages >17 ft (5.18 m) or <10 ft (3.05 m). When lake
stage is in this beneficial envelope the water levels in the nearshore and marsh are at optimal depths for
plant growth and development. In 2016, after a review of new SAV data and historic distributions the
Interim Goal was refined and changed from >40,000 ac (16,000 ha) of SAV with at least half comprised of
vascular species to >35,000 ac (14,000 ha) of total SAV at the peak of growing season (August) of each year.
In 2018, a new EAV indicator was added and it includes an expansion of bulrush along the outer edge of
the marsh as well as specific coverage for a mosaic of desirable native plants and shallow, open water in
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the interior regions of the marsh. Specifically, at least 24,500 ac (10,000 ha) of beakrush (Rhynchospora
tracyi) and/or spikerush (Eleocharis cellulosa), and a minimum of 4,700 ac (1,900 ha) of sawgrass (Cladium
jamaicense). The target also includes 4,700 ac of bulrush (Schoenoplectus californicus) below the 11 ft
(3.35 m) contour elevation. Willow (Salix caroliniana) is to fall within a range of 7,400 — 12,400 ac (3,000
— 5,000 ha). Floating leaved plants including but not limited to lily (Nymphaea spp.) and lotus (Nelumbo
spp.), will not exceed 3,700 ac (1,500 ha) above the 12 feet (3.66 m) contour elevation. Cattail (Typha spp.)
coverage should not exceed 19,800 ac (8,000 ha), exotic torpedograss (Panicum repens) should not exceed
5,000 ac (2,000 ha) of coverage, and other invasive/exotics will not occupy more than 60 ac (25 ha) of the
marsh. The areal coverage of woody vegetation, other than willow, should range from 1,200 — 3,700 ac
(500 — 1,500 ha). These indicators will track ecological responses to an improved frequency of favorable
water levels/depths as lake stage stays within the ecological envelope more frequently, avoiding extreme
high and low lake stages.

Algal blooms and lake total phosphorus have been dropped as Interim Goals since there are no CERP
projects related to improving water quality (other than incidental improvements through reservoir and
Aquifer Storage and Recovery (ASR) use) in the lake’s watershed. However, monitoring of chlorophyll a
(algal blooms) and concentration of lake total phosphorus (as well as a suite of other water quality
parameters) still occur and progress towards the overall restoration goals will be reported in the RECOVER
System Status Report.

4.5 Water Levels/Lake Stage

A wide body of research has documented the benefits of variable water levels in littoral and wetland
ecosystems (see Mitsch and Gosselink 2000 for detailed overview). The hydrology, or the seasonal,
annual, and interannual drying and wetting of marshes, makes these systems among the most productive
in the world (e.g., Junk et al. 1989) and drives a suite of critical processes; oxygen levels, nutrient types
and availability, floral and faunal reproductive cycles, and ultimately how plants and animals are
distributed on the landscape. In a general sense, the hydrologic gradient (or the elevation slope of littoral
marshes) is occupied by a suite of organisms with varying tolerances to flooding or inundation depth.
Wetter periods, among other things, can reduce the presence of flood intolerant species (e.g., woody
plants) at higher elevations, improve foraging access for aquatic predators, protect nesting areas for
species like wading birds, snail kites, alligators, and sport fish, and reduce the density of emergent plants
at lower elevations. Drier periods, on the other hand, expose marsh soils and reduce accumulated muck,
promote fires to reduce dead biomass and increase plant diversity, and provide necessary regrowth
periods for habitat that is stressed during wetter periods (lower elevation marshes, submerged plants,
nesting substrate for wading birds and snail kites, etc.). These wet and dry periods are necessary, and the
magnitude, duration, and return frequency of these events are critical to the health of the ecosystem.

The littoral marsh on Lake Okeechobee generally occupies elevations from the base of the surrounding
levees (15 ft [4.57 m]) to roughly 12 ft (3.66 m) in elevation (Havens 2002), though fringing stands of
bulrush and aquatic grasses can extend to around 10 ft (3.05 m) in elevation (Graham et al. 2020), and
beds of submerged vegetation to 8 or 9 ft (2.44 — 2.74 m), when conditions allow (Havens et al. 2004).
Lake stage has a profound effect on the health of these littoral marshes and the lake in general (Havens
2002), not just due to direct hydrological relationships; but to the varying connectivity of the central,
muddy portion of the lake to littoral and nearshore areas at different lake stages (Havens 1997).
Seasonally variable water levels within the range of 12.0 ft (3.66 m) as a June-July low and 15.0 ft (4.57
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Figure 4-2. Lake Okeechobee stage envelope. The target is a lake stage between the two curves
depending on the time of year in order to provide the optimal ecological conditions for the lake’s
plants and animals.

m) as a November-January high have been supported by numerous studies (Johnson et al. 2007, Havens
and Gawlik 2005, Havens 2002), as the best overall, annual stage fluctuation for Lake Okeechobee. Lake
ecologists are evaluating an improved ecological stage envelope for Lake Okeechobee that ranges from
11.5 ft to 15.5 ft (Figure 4-2).

RECOVER is currently in the process of updating the Lake Okeechobee Lake Stage Performance Measure
(RECOVER 2007a). Since the update was not completed prior to the modeling effort for this report, the
revised 2020 Lake Stage Performance Measure could not be used. Future reporting on Interim Goals will
use the RECOVER 2020 Lake Okeechobee Lake Stage Performance Measure update.

4.5.1 How were predictions for CERP success updated?

Lake Okeechobee stages were predicted using the RSMBN. For the lake stage envelope component,
separate response curves were developed for the stage above and below the envelope. For deviation of
lake stage above the envelope, the target is 0 weeks. The response curve was developed using average
weekly deviations from the stage envelope, with the worst-case scenario considered to be where the lake
stage hydrograph is always at least one foot from the top of the stage envelope. This would equate to a
total score of 1.0 ft x 52 weeks / year * modeled period. The response curve is a line between 0 (target)
and worst-case scenario. Raw scores were standardized using the derived slope between the two
scenarios.
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For deviation of lake stage below the envelope, the target is 192 ft weeks. This is the score that would be
obtained if all years had hydrographs within the optimal zone, except for once per decade the stage falling
to just below 11 ft for an average of 3 months. These periodic low stage events, which occurred at this
approximate frequency and duration in the 1950s to 1970s (prior to implementation of high stage
regulation schedules), are considered to be beneficial to the littoral zone because they allow for periodic
exposure of seed banks, oxidation of accumulated organic material, and fires that are important to
maintaining species diversity in the littoral zone. In this case the response curve is a line between 192
(target) and worst case, from which standardized scores were developed. Similar methodologies were
used for the extreme high and low lake stages, using response curve slopes to standardize raw scores.

4.5.2 What are the predictions for Interim Goals?

Interim goals for Lake Okeechobee Stages are targets which represent the seasonal variability of lake
stages that are necessary to support the lake’s diverse ecology. The CERP projects currently under
construction will likely result in minimal hydrologic change in Lake Okeechobee with improvements from
reducing the frequency of extreme low stages, but with minor adverse effects from slightly increasing the
frequency of extreme high lake stages and percent of time above the beneficial envelope (Figure 4-2).

Compared to the ECBIGIT, the maximum stage is increased under 2032PACR from 17.54 ft to 18.09 ft,
while the minimum lake stage increased from 8.66 ft to 8.95 ft. There are some years in 2032CEPP and
2032PACR scenarios where higher high lake stages are followed by higher low lake stages (e.g., 2003-
2004), the latter of which are critical for the recovery of vulnerable vegetation communities like SAV and
bulrush. The amount of time lake stages were within the beneficial envelope increased from 28% in the
ECBIGIT, to 29% in 2026 and 32% in 2032PACR, primarily from reducing the amount of time below the
envelope. The number of days with stages above 16 ft (moderate high stages) NGVD is increased from
884 in the ECBIGIT to 1,183 in the 2032PACR, and the number of days below 11 ft (moderate low stages)
is decreased from 1,662 to 1,333 with the 2032PACR scenario. We expect the trends mentioned above
will increase in magnitude when projects that improve new water storage upstream are included in the
modeling. In short, these projects will serve to increase the time that the lake is within the ecologically
beneficial stage envelope and will alleviate some drought conditions within the lake.

4.5.3 How will success be measured?

Success is measured using daily average lake stage information from the composite USACE monitoring
station. As of this writing, the average is comprised of four interior lake stations (L001, LO0O5, LO06 and
LZ40) and four perimeter stations (S-308, S-352, S-4 and S-133) to account for daily variations in stage due
to wind seiche. The ultimate restoration target is for lake stages to remain within the desired envelope.
Stages will be compared to envelope targets to assess whether restoration projects are improving the
time spent in the desired range. The actual effect of new infrastructure projects will depend primarily on
how they are operated.

4.5.4 What monitoring strategy is needed to measure progress?

Continued monitoring of average daily lake stage from the composite USACE station (described in
preceding paragraph) is needed. Lake stages are continuously monitored and will be assessed (daily,
weekly, monthly) relative to the ecological envelope, in terms of magnitude and seasonality of
fluctuations. Progress is evaluated by measuring the amount of time that lake stages are within the
desired range.
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4.6 Submerged Aquatic Vegetation (SAV)

The abundance of nearshore SAV is a key indicator of the lake’s overall ecological health as it provides
essential habitat for fish, macroinvertebrates, plankton, and other aquatic organisms. Additionally, both
SAV and the associated epiphytes improve water quality by competing with phytoplankton for water
column nutrients, which indirectly reduces phytoplankton biomass and potential bloom formations.
Annual summer SAV mapping has been occurring since 2001 and data indicate that coverage is heavily
influenced by water levels and extreme weather events; varying from 2,000 ac to 54,000 ac (800 — 22,000
ha) in coverage.

) Lake Extent
5_.-5 Littoral Zone

Suitable Area from 5.5 ft to 12 ft Elevation (NGVD2T)

Figure 4-3. Lake Okeechobee (A) nearshore submerged aquatic vegetation (SAV) potentially
colonizable area (green), and (B) the 631 square kilometer grid cells surveyed annually for SAV
coverage.

4.6.1 How were predictions for CERP success updated?

The CERP projects initiated and/or completed since the previous Interim Goals and Targets report was
submitted are primarily concerned with improvements to water quality and water supply south of Lake
Okeechobee. These projects are predicted to have minimal impact on lake stage or nutrient loads entering
the lake and are thus unlikely to influence SAV abundance. Thus only an overall goal is presented and does
not change for 2026 or 2032 scenarios.

The original RECOVER restoration target was = 40,000 ac (16,190 ha) of vascular and/or non-vascular
(predominantly Chara spp. [muskgrass]) vegetation, which equates to approximately 50% of the
nearshore region (Figure 4-3). This nearshore region extends from roughly the 12 ft (3.66 m) elevation
contour to the 5.5 ft (1.68 m) contour. However; when lake stages remain within the current preferred
lake stage ecological envelope, the deeper areas of this region are 7-10 ft (2.13 — 3.05 m) deep and are
therefore incapable of supporting SAV growth without drastic improvements in water clarity.
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Consequently, in 2018 the RECOVER team established a more ecologically relevant interim goal of 2
35,000 acres (14,165 ha) SAV, which constitutes approximately 35% of the nearshore region.

4.6.2 What are the predictions for Interim Goals?

Increasing the frequency of time that lake water levels remain within the recommended ecological
envelope should create conditions that are favorable for the establishment of the desired SAV community.
However, we do not have a model for predicting changes in average annual coverage associated with the
model outputs. As mentioned previously, the CERP projects currently under construction are not intended
to reduce flows into Lake Okeechobee or improve the incoming water quality. However, planned/future
projects which provide an alternative destination for both lake inflows and outflows, should improve lake
stage management. If non-damaging releases can be made to the Caloosahatchee and St. Lucie estuaries
under elevated in-flow conditions, and lake water can be retained under drier conditions, there is a
greater probability of lake levels remaining within the target ecological envelope (Figure 4-2). This
envelope varies seasonally (between 12.0 and 16.0 ft; 3.66 and 4.88 m) and represents the water levels
which are beneficial to the greatest portion of the lake ecosystem (e.g., vegetation, invertebrates, fish,
wading birds) for each time of the year. Assuming ecologically suitable lake stages can be maintained, and
there is minimal impact from extreme weather events, the SAV Interim Goal of 35,000 nearshore acres
(14,165 ha) should be achievable most years.

4.6.3 How will success be measured?

SAV data has been collected every year since 2001 using a lake-wide grid sampling protocol. Estimates
from this effort will determine whether SAV coverage is in excess of 35,000 acres (14,165 ha), which would
be indicative of success. The original RECOVER restoration target was 240,000 acres (16,190 ha) of
vascular and/or non-vascular (predominantly Chara spp. [muskgrass]) vegetation, which equates to
approximately 50% of the nearshore region (Figure 4-3). This nearshore region roughly extends from the
12 ft (3.66 m) elevation contour to the 5.5 ft (1.68 m) contour. However; when lake stages remain within
the current preferred lake stage ecological envelope, the deeper areas of this region are 7-10 ft (2.13 -
3.05 m) deep and are therefore incapable of supporting SAV growth without drastic improvements in
water clarity. Consequently, in 2018 the RECOVER team established a more ecologically relevant Interim
Goal of 2 35,000 acres (14,165 ha) SAV, which constitutes approximately 35% of the nearshore region.

4.6.4 What monitoring strategy is needed to measure progress?

SAV data has been collected at the peak of the growing season every year since 2001 using a lake-wide
grid sampling protocol. The entire nearshore SAV community of the lake is mapped with an intensive
program that includes 631 sites around the shoreline (Figure 4-3B). This sampling is done in August on a
1 km? resolution sampling grid developed in Geographic Information Systems (GIS). The total spatial
extent, species distribution, and acreage of SAV in the nearshore is calculated and maps of the dominant
species are developed. Estimates from this effort will determine whether peak SAV coverage is in excess
of 35,000 acres (14,165 ha), which would be indicative of success. This current monitoring strategy is
sufficient to measure progress. The summer monitoring occurs towards the end of the peak growing
season and therefore measures the SAV while it is at its theoretical maximum abundance. Continuing the
annual monitoring of SAV will provide data to determine the potential impacts of past, present, and future
projects on both the transient (such as the macroalgae Chara spp.) and more permanent (i.e., vascular)
SAV communities.
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4.7 Emergent Aquatic Vegetation (EAV)

Lake Okeechobee’s emergent marsh provides important habitat for fish, wading birds, endangered
species (including Everglade snail kites [Rostrhamus sociabilis]) and other wildlife (Figure 4-4). The marsh
consists of approximately 40,000 hectares bounded by the Herbert Hoover Dike and the 3.05 m (10 ft)
NGVD bathymetric contour. For ease of identification, the marsh is typically divided into three major
regions: 1) the southern South Bay marsh (includes Kreamer, Torry and Ritta Islands); 2) the northwestern
Indian Prairie marsh north of Fisheating Bay; 3) the southwestern Moore Haven and Moonshine Bay marsh
south of Fisheating Bay (Figure 4-5). The composition, distribution and areal coverage of plant
communities are strongly influenced by hydrologic conditions, vegetation management actions, and
competition between species, especially where desirable native habitats are threatened by invasive
species, both native (cattail) and exotic (e.g., torpedograss [Panicum repens] and luziola [Luziola
subintegral).

4.7.1 How were predictions for CERP success updated?

The littoral marsh of Okeechobee should support an ecologically desirable mix of native vegetation and
shallow open water habitat that is beneficial for fish, birds and other wildlife. Based on years of research
and monitoring, a performance target for the landscape mosaic was established based on the SFWMD
survey of 1973 (Pesnell and Brown 1976) and the University of Florida’s surveys conducted in 1989-1992
(Richardson and Harris 1995). The target includes at least 24,500 ac (10,000 ha) of beakrush
(Rhynchospora tracyi) and/or spikerush (Eleocharis cellulosa), and a minimum of 4,700 ac (1,900 ha) of
sawgrass (Cladium jamaicense). The target also includes 4,700 ac (1,900 ha) of bulrush (Schoenoplectus
californicus) below the 11 ft (3.35 m) contour elevation. Willow (Salix caroliniana) is to fall within a range
of 7,400 — 12,400 ac (3,000 — 5,000 ha). Floating leaved plants, including but not limited to lily (Nymphaea
spp.) and lotus (Nelumbo spp.), will not exceed 3,700 ac (1,500 ha) above the 12 feet (3.66 m) contour
elevation. Cattail (Typha spp.) coverage should not exceed 19,800 ac (8,000 ha), exotic torpedograss
(Panicum repens) should not exceed 5,000 ac (2,000 ha) of coverage, and other invasive/exotics will not
occupy more than 60 ac (25 ha) of the marsh. The areal coverage of woody vegetation, other than willow,
should range from 1,200 — 3,700 ac (500 — 1,500 ha).

Figure 4-4. Lake Okeechobee’s marsh provides important foraging and nesting habitat to wading birds,
fish and other wildlife.
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4.7.2 What are the predictions for Interim Goals?

The CERP projects in the 2018 IDS (USACE 2018) are predicted to have minimal impact on lake stage or
nutrient loads entering the lake and are thus unlikely to influence SAV abundance. Thus only an overall
goal is presented and does not change for 2026 or 2032 scenarios.

Increasing the frequency of time that lake water levels remain within the recommended ecological
envelope should create conditions that are favorable for the establishment of the desired emergent marsh
landscape. However, we do not have a predictive tool for predicting change in composition associated
with the model outputs. Creating additional water storage north of the lake, in combination with restoring
watershed wetlands, will improve both hydrologic and water quality conditions in the lake. The
anticipated improvements will create an environment where emergent aquatic vegetation will trend
toward and/or meet stated annual performance measure goals.

4.7.3 How will success be measured?

Success will be quantified by comparing the composition and distribution of EAV in the marsh to
established performance measures. Vegetation maps that include the entire marsh (approximately
100,000 ac [40,000 ha]) provide the greatest level of detail regarding EAV composition and distribution in
the marsh and the impact of the CERP and will be used to measure success. However, due to the vast size
of the lake’s emergent marsh, it is not feasible to map the entire marsh annually but is recommended at
least every three years. The last complete Lake Okeechobee vegetation map was in 2016 (Figure 4-5).

During interim years, vegetation data are collected annually from 24 representative sentinel locations that
are positioned throughout the marsh and cover a range of elevations and community types (Figure 4-5).
This smaller scale assessment method will supplement the whole-marsh classification that is done on a
less frequent timeframe.
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Figure 4-5. Left panel - Lake Okeechobee vegetation map completed in 2016. Right panel — Location of
24 sentinel vegetation sites (orange boxes) that are monitored during years when aerial imagery
required to produce large vegetation maps is not available.

4.7.4 What monitoring strategy is needed to measure progress?

The monitoring of EAV at 24 sentinel locations should continue to be evaluated annually. If observed
changes in the marsh community are not being captured with the existing network of sentinel sites,
additional sentinel locations may be added. A contiguous vegetation map of the entire marsh should be
created approximately every three years. This type of vegetation map will offer the greatest level of detail
regarding the condition of the marsh landscape but also require the greatest level of effort to produce.
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5 GREATER EVERGLADES
5.1 What is included in the Greater Everglades region?

The Greater Everglades region as defined in this document includes all of Florida’s Water Conservation
Areas (WCAs), portions of Big Cypress National Preserve (BCNP), and Everglades National Park (ENP)
(Figure 5-1). The Greater Everglades region is a massive, low nutrient, shallow wetland ecosystem that
experiences annual water level fluctuations as a result of wet and dry season rainfall patterns. Termed
the “River of Grass”, it includes a unique mosaic of interconnected freshwater wetlands that is
differentiated by subtle changes in soil elevation that in turn affect hydrology. A ridge and slough system
of patterned, freshwater peatlands extends throughout the WCAs and into Shark River Slough (SRS), and
drains into tidal rivers that flow through mangrove estuaries and into the Gulf of Mexico. Higher-elevation
marshes, characterized by marl substrates and exposed limestone bedrock, flank either side of SRS. Marl
prairies east of SRS form the drainage basin for Taylor Slough (TS), which flows through an estuary of
dwarf mangrove forests and empties into northeastern Florida Bay. To the west of WCA 3A and ENP, the
Everglades marshes merge with the forested wetlands of BCNP. The Greater Everglades region’s defining
characteristics include a unique combination of a slow-moving sheet flow of water, water depth patterns,
oligotrophy (low nutrients), salinity distributions, landscape patterns, and an abundance of wildlife,
particularly large numbers of wading birds (Ogden et al. 2005).

The value of the Greater Everglades region lies in its ability to produce abundant life, and its ability to
maintain a large supply of high quality water for the people of South Florida. Most marshes and wetlands
throughout the world receive nutrients from rivers that seasonally overflow their banks. The Everglades
is unique in that the extremely low levels of nutrients that support the ecosystem come almost entirely
from the atmosphere via rainfall.
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Figure 5-1. Map of the Greater Everglades region. Water Conservation Area 1 is contained within the
boundary of the Arthur R. Marshall Loxahatchee National Wildlife Refuge.

5.1.1 What has been causing the decline in ecosystem health in the Greater Everglades?

The geographic extent of the natural landscape in this region has been reduced by approximately 50%;
spatial and temporal patterns of hydrology, fire, and nutrient supply have been altered; landscape-scale
structure of the ridge-slough mosaic has been lost; and wildlife populations have declined (Davis and
Ogden 1994).

The Greater Everglades region has experienced a decline in ecosystem health due to water management
and anthropogenic activities, such as urban and agricultural development (Davis et al. 2005, Ogden 2005).
These drivers have led to several stressors which negatively impact the ecosystem function of this region.
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Stressors include but are not limited to, reduced spatial extent and water storage capacity, alteration of
sheetflow, compartmentalization, degraded water quality, and the introduction of nonnative species
(Davis et al. 2005, Ogden 2005).

5.1.2 Reduced spatial extent and storage capacity, compartmentalization, and alteration of
sheetflow

In the central portions of the region, the ridge and slough mosaic has been reduced by approximately 25%
(Davis et al. 1994). This reduction of spatial extent has resulted in less area for the collection and storage
of rainfall which is necessary for the ecosystem to function (Davis and Ogden 1994). The spatial extent of
this area allowed for large populations of animals to exist, including the necessary space to support high
aquatic faunal production which in turn supported higher trophic level consumers (Browder 1976,
Mazzotti and Brandt 1994).

This reduction in spatial extent has resulted in the loss of storage capacity which has led to unnatural
water depths during the wet season and in wet years (Ogden 2005). These increased depths result in
flooding of tree islands, loss of wading bird foraging habitat, altered periphyton and aquatic faunal
communities, and reduced quality of alligator feeding conditions (Ogden 2005). During the dry season or
dry years, the reduced spatial extent and storage capacity has resulted in increased frequency and
duration of dryout events which can lead to increased fire and soil oxidation, spread of woody vegetation,
reduced survival of aquatic fauna, altered periphyton communities, reduced alligator nesting, and
degradation of the discrete ridge and slough mosaic (Ogden 2005).

Similar to the ridge and slough habitat of the central Everglades, the marl prairies have been subjected to
loss of spatial extent in their eastern portions due to urban and agricultural development (Davis et al.
2005). Under current conditions, most marl prairies east of SRS remain dry for the majority of the year
(Van Lent et al. 1993, VanZee 1999) which has resulted in a decrease of aquatic fauna population densities
(Loftus and Eklund 1994, Trexler et al. 2003). West of SRS, the marl prairies and other short hydroperiod
habitats suffer significantly reduced hydroperiods with a loss of wading bird prey productivity. However,
the marl prairies near Cape Sable Seaside Sparrow (CSSS) subpopulation A (Figure 5-12) are not as
impacted by compartmentalization and development (Davis et al. 2005). Instead they are negatively
impacted by extended flooding as water control structures have diverted water to this area (Davis et al.
2005).

Not only has the region been subjected to reduced spatial extent and storage capacity, but it has also
been converted from a single, hydrologically connected system to a collection of hydrologically
independent systems (Science Coordination Team 2003). Connectivity is a system-wide property that is
fundamental to the functionality of the Greater Everglades region. This compartmentalization has
resulted in disrupted sheet flow, altered distribution and seasonal timing of water, and created an
unnatural mosaic of ponded and overdrained marshes in the WCAs, resulting in ponding in the southern
regions of the WCAs and increased frequency of fires in the northern regions of WCAs (Ogden 2005).

The ecological restoration of the Greater Everglades wetlands depends on the restoration of the volume,
timing, and distribution of sheet flow (RECOVER 2006). The volume, timing, and distribution of sheet flow,
in combination with direct rainfall, produce fundamental hydrologic and landscape characteristics of the
predrainage Everglades. Decompartmentalization combined with resumption of natural volume,
distribution, and timing of freshwater delivery is expected to restore sheet flow and predrainage
hydrologic and landscape characteristics (RECOVER 2006).
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5.1.3 Degraded water quality

During predrainage conditions, ridge and slough habitat was a low nutrient system with a periphyton
community dominated by diatoms and blue-green algae (Davis et al. 1987, Ogden 2005). Decreased
sheetflow, over drainage, and excess nutrients have altered the water and soil chemistry of the Greater
Everglades region (Ogden 2005). This consistent drying of wetland vegetation and soils over the last
century has increased oxidation rates, which in turn has released nutrients into the environment.
Furthermore, agricultural practices have increased phosphorus loads altering water and soil quality of the
ridge and slough system (Spalding and Forrester 1991, Browder et al. 1994).

When wetlands receive high concentrations of phosphorus, the microbes comprising periphyton remove
the added phosphorus from the water. The added phosphorus causes the endemic blue-green algae and
diatom community to be replaced with “weedy” species that occur in phosphorus-enriched environments
across the world. These excess nutrients also contribute to the conversion of sawgrass to cattail, resulting
in a reduction in plant diversity and useable habitat for foraging (Ogden 2005).

5.1.4 Introduction of nonnative species

CERP was not designed to specifically address the introduction of nonnative species; however, nonnative
species impact restoration success, including indicators used for Interim Goals. The spread of nonnative
species has presented serious threats to the structure and function of the Greater Everglades region
(Ferriter et al. 2008, Rodgers et al. 2017) and in some cases has been exacerbated through water
management (Kline et al. 2014). Nonnative plant species such as melaleuca (Melaleuca quinquenervia),
Brazilian pepper (Scinus spp.), and Old World climbing fern (Lygodium spp.) are the focus of ongoing
eradication programs, nonnative pythons (Python bivittatus) and tegu lizards (Tupinambis merianae) have
impacted native species through competition and predation (Enge et al. 2004, Orzechoswki et al. 2019),
and nonnative species have influenced predation-prey dynamics with nonnative species replacing native
species as prey (Cattau et al. 2010, Boucek and Rehage 2014, Klassen and Gawlik 2018). Certain habitats
in the region are now even dominated by nonnative species and the impact of the change in species
composition for community and trophic dynamics, and ecosystem function is not fully understood.
Without some degree of management of nonnative, invasive species, it is uncertain that restoration goals
can be achieved.

5.2 What is CERP doing to help restore the Greater Everglades?

CERP was designed and approved to relieve the stressors on the ecosystem by creating a water
management system that allows the natural system to regain its ecological health and function while still
providing water for the people of South Florida. The intent of the CERP is to reverse the trends of loss of
water and natural areas, to reduce barriers to the flow of water into the region, and to protect the quality
of the water flowing throughout the ecosystem. These changes will provide the foundation for restoration
of the region’s landscapes and the return of populations of abundant wildlife.

The following projects and plans are expected to improve conditions in the Greater Everglades region and
are described in more detail in Appendix B:

1. Central Everglades Planning Project (CEPP)

2. Broward County Water Preserve Area (BCWPA)

3. Combined Operational Plan (COP; not included in Interim Goals modeling)
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4. Western Everglades Restoration Project (WERP; not included in Interim Goals modeling and is in
the early stages of the planning process)

5.3 What are the Greater Everglades interim goal indicators and what was changed?

The 2005 RECOVER Interim Goals and Targets for CERP report outlined 12 indicators to be used to assess
Interim Goals in the Greater Everglades region (Table 5-1). Since the 2005 report, several indicators have
been refined with predictive tools to better assess Interim Goals in the region (Table 5-1).

Table 5-1. Past and current indicators used to assess Interim Goals for the Greater Everglades region.

Refined 2005 Added 2020 Removed 2005
Interim Goals Indicators Interim Goals Indicators Interim Goals Indicators
Spatial extent Marl prairie Everglades phosphorus
Ridge and slough Soil oxidation Periphyton
Tree islands Hydropattern (replaced by soil oxidation)

Aquatic fauna

Alligators

Wading birds

Apple snail (Everglade snail kite)
Sheet flow (Section 3.0)

Water volume (Section 3.0)

5.3.1 Added 2020 Interim Goals Indicators
5.3.1.1 Marl prairie

The marl prairies are an important added indicator as they support complex mosaics of wet prairie,
sawgrass, tree islands, and tropical hammock communities (Davis et al. 2005). Major ecological attributes
in this region include, periphyton, plant diversity, the Cape Sable Seaside Sparrow (CSSS), aquatic fauna,
alligators, and wading bird foraging (Davis et al. 2005). The predictive tool developed for this region is the
CSSS Marl Prairie model; it is a spatially explicit ecological planning tool that simulates hydrologic
suitability of marl prairie habitat based on CSSS survey presence data thresholds (Pearlstine et al. 2016).

5.3.1.2 Soil oxidation

The hydrologic surrogate for soil oxidation is an approved RECOVER performance measure for the Greater
Everglades (RECOVER 2007c) and has been used to evaluate restoration project alternatives. The C&SF
project compartmentalized the Everglades system, resulting in the reduction of the total amount of water
stored in the system. Reducing total water quantity stored by the ecosystem has lengthened the dry
seasons and increased the frequency and duration of “drydown” events. Consequently, there has been a
loss of land surface elevations, through soil oxidation and peat fires (Schneidt et al. 2000). The restoration
goal is to minimize the drought intensity index where peat soils are present. This indicator has replaced
the 2005 “Hydropattern” indicator.
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5.3.2 Removed 2005 Interim Goals Indicators
5.3.2.1 Everglades phosphorus

Phosphorus was used as an indicator of water quality in the previous 2005 Interim Goals report; however,
it was not included in this current effort. The previous indicator report suggested that additional
information was required to refine the accuracy of the predictions of phosphorus. Additionally, it was
suggested a regional water quality model would be essential for future evaluations. These tools have not
yet been developed or refined, thus phosphorus was dropped as an Interim Goal indicator. In addition,
total phosphorus (TP) is regulated, evaluated and assessed by the Florida Department of Environmental
Protection. All canal inflows to the Greater Everglades must first pass through the state-managed STAs
and all models used in this report have STA outflows based upon an operational protocol that is designed
to create an annual flow-weighted concentration at or below 13 ppb.

5.3.2.2 Periphyton

Periphyton is a key metric of the oligotrophic nutrient status in the Greater Everglades region (Gaiser
2009). Periphyton was used as an indicator of water quality in the previous 2005 Interim Goals report;
however, it was not included in this current effort. An updated periphyton model has been created since
the 2005 Interim Goals effort and is based on a multi-metric approach using the concentration of TP in
the periphyton, total biomass, and the percent of the diatom community comprised of endemic species
(Gaiser et al. 2015). Unfortunately, updates needed to include periphyton assessments for the current
Interim Goals model scenarios were not available and this indicator was dropped; however, the
periphyton model is not officially dropped from Interim Goals and can be included in future iterations if
the tool is available.

While we were unable to implement a periphyton evaluation tool to assess periphyton conditions against
Interim Goals model scenarios, the current (2012-2017) status of periphyton conditions is available in the
2019 System Status Report (RECOVER 2019). Monitoring of periphyton conditions continues and future
assessments of Interim Goals should be able to utilize the updated periphyton model to determine if
periphyton communities are rebounding as predicted with restoration.

5.3.2.3 Hydropattern

The previous Interim Goals effort included hydropattern as an indicator. Hydropattern was broadly
described as the inundation of the landscape. A simple estimate of the average percent of the landscape
that was inundated was used as the indicator. The indicator was further divided into ridge and slough,
marl marsh, and sawgrass. The current Interim Goal effort has included ridge and slough and marl prairie
as separate indicators with the addition of soil oxidation. The soil oxidation indicator’s desired restoration
condition is to restore hydrologic processes which result in organic soil accretion. More information on
this indicator is provided in Sections 5.3.1.2 Soil oxidation and 5.8 Landscape effects: Hydrologic
surrogate for soil oxidation.

5.3.2.4 Water volume

The previous Interim Goals effort included water volume as a Greater Everglades indicator; however, for
the current effort water volume will be discussed in Section 3 Ecosystem Hydrology of this report.
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5.3.2.5 Sheet flow

The previous Interim Goals effort included sheet flow as a Greater Everglades indicator; however, for the
current effort sheet flow across transects in the WCAs and ENP are captured in Section 3 Ecosystem
Hydrology of this report.

5.3.3 Spatial and indicator limitations

It is important to note that while the Greater Everglades region includes the WCAs and ENP, it includes very
limited portions of the western Everglades (Figure 5-1). Whereas new subregions cannot be added to this
Interim Goals report, future iterations of Interim Goals should consider expanding to the western Everglades,
especially as projects such as the WERP move forward. Furthermore, the ecological indicators used in this report
are not necessarily appropriate to assess the impact of restoration in the forested wetlands of the western
Everglades (e.g., Big Cypress Basin). Dedicated monitoring and the development of ecological indicators for this
area may be necessary to effectively evaluate the impact of system-wide restoration in the western Everglades.

5.4 Landscape effects: Spatial extent of vegetation communities

The Everglades landscape has lost and continues to risk loss of pattern and orientation to historical flow
directions due to altered hydroperiod, water depth, and flow direction (Davis et al. 1994). Vegetation
patterns along hydrologic gradients have shifted in response to the specific type of hydrological disruption
that has prevailed in their area. Shorter hydroperiod communities have formed in drained areas whereas
open water and floating marsh habitats have formed in pooled areas. For the Interim Goals update, we
evaluated vegetation community change over time in response to the changes in hydrologic conditions in
order to help quantify the degree of desirable outcomes that may occur across the landscape over the
next 5 to 10 years.

5.4.1 How were predictions for CERP success updated?

CERP goals regarding system-wide spatial extent of habitat are to increase (1) the spatial extent of natural
areas and (2) the functional value of native habitats. For the 2005 Interim Goals report, predictive tools
for determining spatial extent were not available. The 2005 effort focused on the ability to purchase land
and develop water preserve areas to increase spatial extent and functionality of natural wetlands. Spatial
extent of native habitat was calculated as the increase in acres of public land to be managed as natural
areas.

The current Interim Goals effort uses the Everglades Landscape Vegetation Succession (ELVeS) model to
forecast the spatial extent and location of vegetation communities within the landscape (Pearlstine et al.
2011). The ELVeS ecological planning tool does not explicitly measure spatial extent or functional value of
natural areas; however, it has the ability to forecast landscape vegetation succession across Interim Goals
scenarios based upon hydrological change. ELVeS is a spatially explicit simulation of vegetation community
change over time in response to changes in environmental conditions. The model uses empirically based
probabilistic functions of vegetation community niche space and temporal lags to evaluate expected
community response within the model’s domain. ELVeS simulates Everglades freshwater marsh and
prairie community response to hydrologic and soil properties. Results are dependent on both the state of
the system in the previous year as well as hydrology in the current year. Thus although the modeled results
from years 1978 (average year), 1989 (dry year), and 1995 (wet year) are provided, it is best to focus on
the comparative differences among the models within each example year rather than compare absolute
results across these years as results are not reflective of a single year's hydrology.
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5.4.2 What are the predictions for Interim Goals?

In examining the vegetation community trends suggested by ELVeS, we see an overall trend of increasing
medium-long hydroperiod sawgrass communities at locations that were formerly open water or floating
marsh landscape types (Figure 5-2, Figure 5-3, Table 5-2). The dominant area of marsh change is along
the L-67 (between WCA 3A and WCA 3B) as these areas transition to sawgrass and swamp shrubland
(Figure 5-3). Additionally, the vegetation type “cypress shrub sawgrass” transitions to sawgrass across all
Interim Goals restoration scenarios, primarily near the Broad River and Lostman’s River region in
southwest WCA 3A (Figure 5-3).

Similarly, when comparing vegetation community changes to existing conditions, there is an overall
decrease in long hydroperiod vegetation in the Interim Goals restoration scenarios, except in 1995
(representative wet year) where 2032 scenarios result in an increase in long hydroperiod vegetation
(Table 5-2). Overall, medium-long hydroperiod (sawgrass) vegetation increases across 2032 Interim Goals
scenarios (Table 5-2).

The landscape vegetation changes occurring in southern WCA 3A are consistent with expected
consequences of implementing large-scale restoration actions. Current conditions in WCA 3A have
resulted in unnatural ponding in the southern region. As hydrologic connectivity is restored between WCA
3A, 3B, and ENP, the unnatural pooling in southern WCA 3A will decrease and promote the development
of a sawgrass dominated ridge, slough, and tree island landscape (Table 5-2). The target vegetation
condition across all of WCA 3A, 3B, and the SRS portion of ENP is a healthy ridge, slough, and tree island
landscape mosaic. This mosaic appeared on the historical landscape oriented parallel to the prevailing
flow directions and is reinforced by differential hydroperiod, depth (McVoy et al. 2011), and nutrient
accumulation (Larsen et al. 2007) patterns among the mosaic elements. Nutrients and animal activity
concentrate in the tree islands, whereas fish and foraging wading birds were common in the long
hydroperiod sloughs. Sawgrass marshes dominate the ridge habitats and support the base of the food
web along with the highly productive submerged aquatic vegetation that is often wrapped in periphyton
communities which can rapidly scour the water columns of any available nutrients.
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Figure 5-2. Percent of modeled landscape (1,376,278 acres) with hydrology supportive of differing
vegetation communities under three different model years: 1989 (dry), 1978 (average), 1995 (wet).
Short hydroperiod wet prairies contain modeled pine rockland, marl prairies, and short sawgrass.
Medium hydroperiod shrublands include bayheads, willow cattail shrublands and swamp shrublands.
Medium-Long hydroperiod is sawgrass marsh. Long hydroperiod includes floating emergent
vegetation, cattails, deeper ponded areas, and cypress-sawgrass marsh. Note: Results are dependent
on both the state of the system in the previous year as well as hydrology in the current year. Thus, it is
best to focus on the comparative differences among the models within each example year rather than
compare absolute results across years as the vegetation does not shift in response to a single year's

hydrology.
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Figure 5-3. Percent difference maps for landscape vegetation succession in an average year (1978) when comparing Interim Goals scenarios to
ECBIGIT. (a) 2026 scenario, (b) 2032CEPP scenario, (c) 2032PACR scenario. Note the forecast of reduced area of the large ponded areas of
open marsh and floating emergent marsh to the northwest of the L-67 canal in WCA 3A and subsequent conversion to medium and medium-
long hydroperiod vegetation, as well as the decrease in the long hydroperiod cypress shrub-sawgrass areas in the western portion of WCA 3A.

Note: Results are dependent on both the state of the system in the previous year as well as hydrology in the current year. Thus, it is best to
focus on the comparative differences among the models within each example year rather than compare absolute results across years as the
vegetation does not shift in response to a single year's hydrology.
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Table 5-2. Total acres of vegetation community types in a representative dry year (1989), average year
(1978), and wet year (1995) across Interim Goals restoration scenarios and existing conditions
(ECBIGIT). [%] represents the percent change when comparing Interim Goals scenario to existing
baseline conditions (ECBIGIT). Note: Results are dependent on both the state of the system in the
previous year as well as hydrology in the current year. Thus, it is best to focus on the comparative
differences among the models within each example year rather than compare absolute results across
years as the vegetation does not shift in response to a single year's hydrology. * represent decreases
from ECBIGIT.

AL Vegetat"’t';::mm““"y ECBIGIT | 2026 | 2032CEPP | 2032PACR
Dry Year (1989) Short hydroperiod 247,817 251,810 238,051 233,268
[2%] [-4%]* [-6%]*
Medium hydroperiod 125,173 126,241 89,116 85,004
[1%] [-29%]* [-32%]*
Medium-long hydroperiod 784,371 838,695 883,649 879,734
[7%] [13%] [12%]
Long hydroperiod 218,915 159,531 165,462 178,272
[-27%]* [-24%]* [-19%]*
Average Year (1978) Short hydroperiod 262,169 264,979 253,155 251,810
[1%] [-3%]* [-4%]*
Medium hydroperiod 163,683 175,702 198,317 190,290
[7%] [21%] [16%)]
Medium-long hydroperiod 814,578 849,766 856,289 863,446
[4%] [5%] [6%]
Long hydroperiod 135,849 85,835 [- | 68,517 70,731
37%)* [-50%)]* [-48%]*
Wet Year (1995) Short hydroperiod 199,108 203,892 192,307 186,021
[2%] [-3%]* [-7%]*
Medium hydroperiod 88,641 99,079 45,902 43,846
[12%] [-48%]* [-51%]*
Medium-long hydroperiod 755,862 746,575 770,653 756,301
[-1%]* [2%] [1%]
Long hydroperiod 320,090 315,741 356,978 380,028
[-1%]* [12%)] [19%]
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5.4.3 How will success be measured?

Our expectations for specific outcomes on the landscape are determined by the observed sequence of
either representative wet, dry, or average years. Figure 5-2 was developed to convey the degree of
expected change across the landscape in wet, dry, or average conditions. As time passes, interactions
among prescribed and naturally occurring fires, water years and extreme events can trigger rapid shifts in
vegetation condition across specific patches in the landscape. For these reasons, we take a conservative
approach to measuring outcomes and connecting them to the influence of specific CERP projects.

Monitoring of landscapes across the WCAs and ENP provides the basis of the ELVeS simulation process.
We continue to monitor the status and trends of the landscape through agreements with researchers at
regional universities. Our general expectation of landscape trends is localized to specific areas identified
in Figure 5-3. By continuing to monitor the landscape we have the opportunity to affirm or refute our
expectations of trends and our goal is to communicate our observation of change in the CERP System
Status Report which is scheduled to be produced every 5 years.

5.4.4 What monitoring strategy is needed to measure progress?

A landscape panel monitoring design (Philippi 2007) has been applied to monitoring status and trends of
vegetation in the WCAs and ENP for over 10 years. Watts et al. (2010) demonstrated the utility of the
design and defined specific indicators of condition based on elevation pattern and associated vegetation
type. Maintaining this sampling design, and augmenting it to ensure effective investigation of embedded
tree island habitats is essential for producing a meaningful recognition of how the landscape is responding
to the effects of CERP projects and associated operational strategies.

The ELVeS model is designed primarily from hydrologic data from EDEN, the SFWMM, NSM, RSM, and
other hydrologic models. RECOVER support is given to USGS for the maintenance of EDEN. In addition
nutrient parameters were derived from soil samples collected throughout the Everglades region (Reddy
et al. 2005).

5.5 Landscape effects: Ridge and slough pattern

The predrainage ridge and slough landscape is characterized by expansive, long hydroperiod freshwater
marsh with low velocity sheet flow, moderately deep organic soils, and alternating sawgrass ridge/open
water slough communities (Davis et al. 1994, Gunderson 1994). These wetlands are important centers of
primary production, secondary production, and support higher trophic consumers, such as wading birds
and alligators. CERP goals include improvements to soil forming processes, habitat, and plant and animal
abundance and diversity. The heterogeneity of the remaining ridge and slough landscape supports this
diversity.

5.5.1 How were predictions for CERP success updated?

The 2005 Interim Goals report used the SFWMM to calculate the ridge and slough habitat suitability index
values for all cells located within the remaining ridge and slough landscape. Index values were based on
long-term average hydrology modeled for the scenarios and were the geometric mean of four sub-indices
characterizing key aspects of depth and flow.

The current Interim Goals effort uses the Ridge and Slough Stability index which is based on a multistate
model with data from the most stable section of the ridge and slough landscape, WCA 3A South (Zweig
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and Kitchens 2009, Zweig and Kitchens 2014, Zweig et al. in revision). The model uses a 15-year average
for hydrologic variables, so the model data starts at 1979 but is using data from the beginning of the
period of record (1965).

Interpretation of the updated model provides the lowest 15-year mean minimum (abbreviated to
minimum from here forward) water depths for stable sloughs and ridges using hydrologic factors,
elevation, and peat depth. It provides a threshold for minimum depths that are too dry for sloughs to be
stable and minimum depths that are too wet for ridges to be stable (i.e., how much ridges need to dry out
to stay stable and not transition to sloughs). The minimums were calculated for different areas of the
Greater Everglades region (WCA 2A, WCA 3B, WCA 3A North, WCA 3A South, the Pocket—the area
between the L67-A and L67-C levees, and ENP) at random points for different models scenarios (ECBIGIT,
2026, 2032CEPP, and 2032PACR). For slough stability, the index equals the number of years when each
random point is above the minimum stability depth divided by the total number of years (Figure 5-4). For
ridge stability, the index equals the number of years when each random point is below the minimum
stability depth divided by the total number of years (Figure 5-5). A perfect score for restoration scenarios
would be a 1 (100%) probability of stability for both ridges and sloughs under restoration scenarios, but
0.8 (80%) is an acceptable score.

5.5.2 What are the predictions for Interim Goals?

Overall, Everglades restoration will have a positive effect on ridges and sloughs, particularly in areas that
have been too dry—ENP and WCA 3A North. The results indicate that the 2032CEPP and 2032PACR will
benefit sloughs in WCA 3A North and the 2032PACR will also benefit sloughs in WCA 3A South. Ridge
stability is relatively the same except in ENP and WCA 3A North where they become less stable. However,
these areas have historically been too dry and have lost sloughs, so it would be a benefit to have a portion
of the ridges transition to sloughs. These results are improved over the 2005 Interim Goals report, which
stated that the northern section of the ridge and slough landscape (WCA 3A North) would not be
enhanced by CERP.
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Figure 5-4.Percent stable sloughs (80%+ stability) by area over time (1979-2005). * Acceptable target
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0.8 reached.
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5.5.3 How will success be measured?

The desired restoration condition for ridge and slough pattern is to restore the ridge and slough landscape
directionality and pattern by supporting natural soil forming processes, and the restoration of ridge and
slough microtopography. Hydrologic conditions that fulfill the 80% stability threshold calculated in the
multistate model would contribute to these natural processes. If restoration creates these conditions
across the entire Everglades system, this would achieve restoration success for the ridge and slough
system.

5.5.4 What monitoring strategy is needed to measure progress?

Currently, there are no monitoring efforts to improve the multistate model for more of the Everglades
subregions. Data collection for the multistate model ended in 2013 and this specific type of data is not
included in any other funded monitoring. The monitoring strategy to measure future progress would be
plant biomass, peat depth, and hydrologic data collection at a large scale—800-1200 points per area per
year (ENP, WCA 3A, WCA 3B, WCA 2A, the Pocket (area between the L67A and L67C)). However, there are
ongoing large-scale monitoring efforts on ridge and slough habitats under the RECOVER MAP. This
monitoring effort collects peat and hydrologic data and includes cover estimates of individual species.

5.6 Landscape effects: Tree island habitat suitability index

Tree islands are an important component of the mosaic of habitat types found in the Everglades. Tree
islands support diverse vegetative communities that provide essential foraging and sheltering habitat for
wildlife, especially during periods of high water, and provide nesting sites for wading birds and
herpetofauna (e.g., freshwater turtles). However, tree islands have undergone extensive damage from
flooding, drought, fire, tropical storms, and invasive species (Sklar and van der Valk 2002). Tree islands
are also sensitive to ongoing small to large-scale restoration activities of the CERP. Changes in hydrologic
regimes due to restoration projects are likely to alter the impact of drivers and stressors on tree islands.

5.6.1 How were predictions for CERP success updated?

The 2005 Interim Goals report focused on tree island habitat suitability which was composed of three
indices: tree species richness, flood stress, and drought stress. For the current Interim Goals effort, a
performance indicator for tree islands was used to determine how the Interim Goals scenarios compared
to one another will fair with each increment of restoration. This indicator was part of the development of
the 2020 Combined Operational Plan.

The tree island performance indicator uses mapped elevations of 387 of the largest tree islands in WCA
3A, 3B, and ENP. These tree islands were surveyed and mapped by principle investigators through specific
RECOVER monitoring efforts. The latitude, longitude, and elevation of each island was obtained. Each
island is larger than 1 acre. Mapped islands are not a statistically random sample of a set of known islands,
instead the 387 mapped islands (Figure 5-6) are a large proportion of all available tree islands that meet
the prescribed size and location criteria. The 387 tree islands used for the performance indicator are
thought to be reasonably representative of the general condition of tree islands in each of the target
hydrologic zones. Central WCA 3A demonstrates the most desirable outcome for CERP—high density of
tree islands with a characteristic distribution of tree island inundation—a core of islands (up to 50%) that
are inundated less than 10% of the period of record, with an even distribution of islands inundated more
frequently, up to nearly continuous inundation.
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All of the model scenarios evaluated for this Interim Goals exercise were summarized by comparing a daily
water surface covering the entirety of WCA 3A, WCA 3B, and most of the terrestrial area of ENP with the
treeisland elevations. If the water surface is above the tree island elevation, then that tree island is scored
as inundated. The total number of days inundated is summarized for each tree island. The Interim Goals
scenarios compare elevations with a 41 year sequence of days (1 January 1965 through 31 December
2005) and are compared to a 26 year sequence of observed daily water levels (using data extracted from
EDEN).

5.6.2 What are the predictions for Interim Goals?

ECBIGIT, 2026, 2032CEPP, and 2032PACR increased the proportion of tree islands that were inundated
less than 10% of the period of record when compared to the observed conditions since 1991 (Table 5-3).
The most significant changes were observed to occur in the central portion of WCA 3A, the southern
portion of WCA 3A, WCA 3B, and the L-29 Gap area in WCA 3A. ENP is virtually unchanged in any of the
scenarios, and northern WCA 3A contains so few remaining tree islands (6 total) that only small
differences in tree island inundation are possible. The result of these comparisons is compiled in Table
5-3, Table 5-4 and histogram summaries of the scenarios (ECBIGIT, 2026, 2032CEPP, and 2032PACR) are
presented in Figure 5-7, Figure 5-8, Figure 5-9, Figure 5-10, and Figure 5-11.

Tree island decline across WCA 3A, WCA 3B, and ENP has been extensively documented (Sklar and van
der Valk 2002, and Redwine et al. 2019). There has been a ~10% reduction in the number of tree islands
larger than 1 acre each decade beginning 1952-2004. The rate of tree island loss is different in different
portions of the landscape. The central portion of WCA 3A has the largest number of tree islands per
square mile. This portion of the landscape also exhibits tree islands occurring adjacent to each other
which have very different tendencies to be inundated. Between 1 May 2016 and 30 April 2017 there
were many examples of adjacent tree islands where the highest elevation portion of one tree island was
never below the water surface whereas a tree island next to it had over 300 days of inundation. Because
of the high density of tree islands and the condition of the central WCA 3A landscape, this area is
thought to be most representative of the target condition for the ridge, slough, and tree island
landscape. Improvements to the tree island performance indicator are perceived based on the degree to
which the population of tree islands in a geographic region tends to match the distribution of inundation
found in central WCA 3A. The simplest summary metric is a count of the number of tree islands
inundated less than 10% of the period of record. This summary information is provided for each scenario
in Table 5-3 and Table 5-4.

Interpreting ecological outcomes for tree islands associated with each of the Interim Goals scenarios is
complex, but interesting. At first review, it appears that 2026 provides the best overall outcome for tree
islands; however, there is a much more complex set of issues lurking below the surface of each scenario.
Tree islands have always presented a complex discussion for how they will be affected by CERP.
Reconciling the risks to the tree island landscape with the risks that individual islands may face has often
been at the root of the interpretation challenge. For the purposes of Interim Goals, we are attempting to
recognize progress toward expanding the characteristics of the landscape in central WCA 3A across as
much of the rest of the Everglades Protection Area as possible. We also seek to ensure that landscapes do
not degrade during any incremental step toward restoration.

A key threshold for stability of tree islands is that any tree islands occurring on peat soils will be stable
only if the landscape is consistently accumulating organic soil. Chronic dehydration in northern WCA 3A
and ENP are the cause of widespread loss of tree islands across these landscapes. The 2026 scenario
stabilizes peat soil landscapes of SRS whereas the 2032CEPP and 2032PACR scenarios stabilize the peat
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soil landscapes of northern WCA 3A (and generally maximize the stability of the peat soil system in
WCA3A/3B and ENP — see Section 5.8 Landscape effects: Hydrologic surrogate for soil oxidation). While
these conditions are necessary for generating healthy landscapes, there may be challenges with
processing large volumes of water in the L-28 Gap area, as this portion of the landscape has a 10%
reduction in “dry” tree islands in both of the 2032 scenarios. It seems likely that these challenges may be
reduced through the development of specific operational protocols for these projects. Southern WCA 3A
— the chronically impounded portion of WCA 3A —is clearly enhanced by the 2026 scenario, with slight
reductions in performance in the 2032CEPP and 2032PACR scenarios. Maximum stages in southern WCA
3A may be reduced by sending more water south during wet conditions, and/or delaying delivery to
northern WCA 3A to the dry season. Both techniques were employed in the development of the 2020
Combined Operational Plan and may prove effective when employed in the development of final
operational plans once CEPP and PACR infrastructure is completed. Changes made to the calculations of
how water is delivered to ENP have been made in COP, but these changes aren’t reflected in the Interim
Goals scenarios. We expect enhancements in tree island performance are likely when the flow formula
used in COP is applied to water budgets identified in 2026, 2032CEPP, and 2032PACR. It is very likely that
the performance described in this report will be enhanced as operational refinements are applied as part
of the formal development of operational plans.
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Figure 5-6. Location of mapped tree islands with estimate of number of days inundated during 1 May
2016 to 30 April 2017. This period was a wet year with emergency operations that moved significant
amounts of water south across Tamiami Trail.
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Table 5-3. Total number of tree islands inundated less than 10% of time period. For Observed = 950

days over 26 years, for Interim Goals scenarios = 1,461 days over 41 years.

Scenario WCA3AC | WCA3AN | WCA3AS | WCA3B ENPN | ENPS | ENPW | Gap | Total
Observed 16 3 19 11 4 14 18 6 91
ECBIGIT 52 4 26 13 4 14 18 17 148
2026 66 4 45 11 4 14 18 24 186
2032CEPP 54 3 38 11 4 14 18 18 160
2032PACR 54 3 36 11 4 14 18 17 157

Table 5-4. Percent of mapped tree islands inundated less than 10% of time period. For Observed = 950
days over 26 years, for Interim Goals scenarios = 1,461 days over 41 years.

Scenario WCA3AC | WCA3AN | WCA3AS | WCA3B ENPN | ENPS | ENPW | Gap | Total
Observed 12% 50% 17% 38% 100% 100% 100% 9% 24%
ECBIGIT 40% 67% 24% 45% 100% 100% 100% 25% 40%
2026 51% 67% 41% 38% 100% 100% 100% 36% 51%
2032CEPP 42% 50% 35% 38% 100% 100% 100% 27% 42%
2032PACR 42% 50% 33% 38% 100% 100% 100% 25% 42%
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Figure 5-7. Histogram of mapped tree islands across the regions of interest in WCA 3A, WCA 3B, and ENP. These are observed counts of
inundation over a 26 year period.
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Figure 5-8. Histogram of mapped tree islands across the regions of interest in WCA 3A, WCA 3B, and ENP. These are counts of inundation over

a 41 year period of simulating the operations of the existing conditions baseline (ECBIGIT).
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Figure 5-9. Histogram of mapped tree islands across the regions of interest in WCA 3A, WCA 3B, and ENP. These are counts of inundation over
a 41 year period of simulating the operations of the 2026 scenario.
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Figure 5-10. Histogram of mapped tree islands across the regions of interest in WCA 3A, WCA 3B, and ENP. These are counts of inundation
over a 41 year period of simulating the operations of scenario 2032CEPP.
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Figure 5-11. Histogram of mapped tree islands across the regions of interest in WCA 3A, WCA 3B, and ENP. These are counts of inundation
over a 41 year period of simulating the operations of the scenario 2032PACR.
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5.6.3 How will success be measured?

Success will be measured by calculating the percent of time inundated based on elevation and water levels
for the 347 tree islands presented. Percent will be a running 365 day average starting on May 1 (the start
of the water year). The desired outcome is that 50% of the tree islands will be inundated less than 10% of
the time as evaluated over a 10 year moving average.

5.6.4 What monitoring strategy is needed to measure progress?

Continued monitoring of water stage across the regional system through EDEN is necessary to continue
to evaluate progress with tree islands. Also, continued monitoring of tree islands across the landscape is
necessary to observe enhancements in the likelihood of tree island establishment/persistence in the most
severely degraded portions of northern WCA 3A and ENP.

5.7 Landscape effects: Marl prairies

The southern marl prairies are mosaics of wet prairie, sawgrass, tree islands, and tropical hammock
communities (Olmstead and Loope 1984, Davis et al. 2005). Marl prairies support a wide diversity of both
flora and fauna, including many species of conservation concern. Both SRS and TS are flanked by short
hydroperiod marl prairies and are habitat of the endangered Cape Sable Seaside Sparrow (Ammodramus
maritimus mirabilis; CSSS). The CSSS’s dependence on the short-hydroperiod marl prairies make it an
excellent indicator for marl prairie conditions.

5.7.1 How were predictions for CERP success updated?

Marl prairie was not included as an indicator in the 2005 Interim Goals report as no predictive tools were
available. For the current Interim Goals report, we used the CSSS Marl Prairie ecological planning tool
which is spatially explicit and simulates hydrologic suitability of marl prairie habitat based on CSSS survey
presence data thresholds (Pearlstine et al. 2016). The CSSS Marl Prairie ecological planning tool scores
target hydrologic indicators of suitable marl prairies inhabited by the CSSS. Output from the model is a
percent to target met by the hydrologic scenario. Since the output is based on CSSS survey
presence/absence data, the areas of interest are the critical habitat of CSSS subpopulations B-F (Figure
5-12) and surrounding marl prairie habitats.

5.7.2 What are the predictions for Interim Goals?

Increased flows to Northeast Shark River Slough (NESRS) resulted in a decrease in marl prairie habitat
suitability in the eastern marl prairies, including portions of CSSS subpopulations E and F (Figure 5-12).
However, areas southeast of CSSS subpopulations E and F and within CSSS subpopulation C exhibited
increased marl prairie habitat suitability (Figure 5-12). This pattern became more pronounced as Interim
Goals restoration scenarios advanced temporally (2026 to 2032). In the western marl prairies and in the
areas of subpopulation A (not critical habitat), marl prairie habitat suitability increased (Figure 5-12).

Overall, when comparing Interim Goals scenarios to existing conditions (ECBIGIT), the majority of the
critical habitat acreage (CSSS subpopulations B-F) remained unchanged (Figure 5-13, Table 5-5). Both the
2026 and 2032CEPP scenarios resulted in a gain of critical habitat acreage whereas the 2032PACR scenario
resulted in a minimal loss of critical habitat acreage (Figure 5-13, Table 5-5). This decrease in acreage is
not as concerning, when examining the 2032PACR percent change map in Figure 5-12. Figure 5-12
indicates an increase in acreage outside of the critical habitat areas (CSSS populations B-F) which is not
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captured in Table 5-5. Furthermore, Section 5.4 Landscape effects: Spatial extent of vegetation
communities, shows a very minimal decline (0.7%) in all short hydroperiod vegetation (includes: marl
prairie, pine rockland, and short hydroperiod sawgrass) between existing conditions (ECBIGIT) and the
2032PACR scenario (average year; Figure 5-2).

As additional water is made available to the system and moved south, marl prairie habitat is expected to
shift due to increased hydration of SRS. Potential tradeoffs exist between ridge and slough habitat
restoration and the extent and quality of habitat in adjacent marl prairies. It is hypothesized that the
longer hydroperiods, greater water depths, and appropriate flow regimes will reestablish and sustain
ridge and slough landscape patterns without significantly infringing on adjacent marl prairies (RECOVER
2004). Thus, the habitat in areas of some existing critical habitat (i.e., western portions of subpopulations
E and F) may become less suitable, but there will be other areas where marl prairie habitat becomes more
suitable. It is important to note that these results are based on hydrologic suitability; to realize the
potential for new habitats in the areas between the eastern subpopulations, some locations will need
additional vegetation restoration and shrub removal.
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Marl Prairie HSI Score: Percent to Target
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Figure 5-12. Percent difference maps for marl prairie when comparing Interim Goals scenarios to

ECBIGIT.
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Figure 5-13. Percent change in marl prairie habitat (acres) from existing conditions (ECBIGIT). X axis
represents the percent to target bins (colors) used in Figure 5-12. These acres are representative of
only critical habitat areas (CSSS subpopulations B-F)

Table 5-5. Difference in acres between Interim Goal scenario and existing conditions (ECBIGIT).
Number of acres in each acres category correspond to bin categories in Figure 5-13. Gain = 11-100% to
target, No change =-10 to 11% to target, Loss = -10 to -100% to target. [%] = the percent of acres in
each category. Acres are for critical habitat areas only (subpopulations B-F).

Acres (+, no change, -) 2026 - ECBIGIT 2032CEPP - ECBIGIT | 2032PACR - ECBIGIT

Gain 32,618 [27%] 19,294 [16%] 13,680 [11%]
No change 79,469 [65%] 86,467 [71%] 86,111 [70%]
Loss 10,201 [8 %] 16,526 [14%] 22,496 [18%]
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5.7.3 How will success be measured?

Success can be estimated as no net loss or an increase in marl prairie acreage when compared to existing
conditions. This is achieved in most Interim Goals scenarios with a very minimal decrease in acreage in
the critical habitat areas (CSSS subpopulations B-F; Table 5-5).

5.7.4 What monitoring strategy is needed to measure progress?

Continuation of the monitoring efforts under the RECOVER MAP for marl prairie that: (1) identify the
composition, structure, and abundance of marl prairie and slough vegetation communities; (2) identify
the boundary between different vegetation assemblages; and (3) relate changes in vegetation structure
and composition to hydrologic changes resulting from CERP restoration or climatic variation. Additionally,
the maintenance of EDEN gage stations located in the southern marl prairie region of ENP is necessary to
continue the use of the marl prairie ecological planning tool.

5.8 Landscape effects: Hydrologic surrogate for soil oxidation

The C&SF project compartmentalized the Everglades system, resulting in the reduction of the total
amount of water stored in the system. Reducing total water quantity stored by the ecosystem has
lengthened the dry seasons and increased the frequency and duration of “drydown” events.
Consequently, there has been a loss of land surface elevations, through soil oxidation and peat fires
(Schneidt et al. 2000, Hohner and Dreschel 2015).

5.8.1 How were predictions for CERP success updated?

Soil oxidation was not included as an indicator for the 2005 Interim Goals report as no predictive tools
were available. For the current Interim Goals report, we used the RECOVER approved performance
measure, hydrologic surrogate for soil oxidation, which measures daily, monthly, annual, and cumulative
drought intensity (RECOVER 2007c). The analysis below focuses on the cumulative drought intensity index
which is calculated by summing the annual drought scores calculated for each cell over the entire period
of record of the model output.

5.8.2 What are the predictions for Interim Goals?

The 2032PACR scenario provides the best outcome to the peat soil system of WCA 3A, 3B, and ENP. The
2032CEPP and 2032PACR scenarios demonstrate remarkable benefits to northern WCA 3A — an area that
has been chronically dehydrated for decades, and which continues to lose peat soils. The hydrologic
benefits observed in the 2032CEPP and 2032PACR scenario cascade through the system and clearly
register as enhancements across the entire expanse of SRS and TS. The slight increases in soil oxidation
risk in southern WCA 3A and WCA 3B represent nominal increases in drought (below the threshold of risk
to peat soils) that are healthy for a terrestrial wetland landscape. The 2026 scenario provides benefits to
SRS, but does not demonstrated rehydration benefits in northern WCA 3A. Just as with 2032CEPP and
2032PACR scenarios, the 2026 scenario is associated with slight increases in dry condition in WCA 3B and
W(CA 3A south, but these increases are enhancements to the wetlands — supporting rare but periodic dry
conditions (once per decade on average; Table 5-6). Unfortunately, none of the restoration scenarios are
likely to return TS to a peat accumulating landscape type, but the 2032PACR scenario performs the best
for TS among the Interim Goals scenarios.
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All four scenarios in WCA 3A south/impounded and WCA 3B areas score below the soil oxidation risk
threshold (1,248 ft*days of drought). ECBIGIT produced the lowest soil oxidation risk in WCA 3B, WCA 3A
south/impounded areas, and the western marl prairie portion of ENP (IR 140). Also, the western marl
prairie portion of ENP (IR 140) does not currently have peat soils, and none of the scenarios would produce
peat soils in the area. As a result of these considerations, we can identify the 2032PACR scenario as
producing the best system-wide outcome for peat soils (reducing risks where needed in WCA 3A north
and ENP, also maintaining low risks in WCA 3B and WCA 3A south/impounded areas).

Table 5-6. Cumulative soil oxidation risk for specific regions of the watershed. Risks are identified in
the currency of ft*days of drought (the distance of water table below soil for all days in a 41 year
period of record when water is belowground). Each row summarizes the status of a region among
Interim Goals scenarios and the NSM 4.6.2. The first column represents the soil oxidation risk
identified in the NSM 4.6.2. The final row is an average of all indicator region. 1/12 POR = -1248
ft*days of drought.

Region Ngx:éf)' 2 ECBIGIT 2026 2032CEPP | 2032PACR
ENP - NESRS -37.0 -1062.8 -619.4 -531.8 -542.6*
ENP - SRS Central -215.4 -847.8 -679.4 -578.8 -570.3*
ENP - SRS South -370.1 -1203.3 -1172.8 -1112.3 -1089.9*
ENP - Taylor Slough -2635.9 -2825.9t -2398.51 -2380.0t -2350.4*t
ENP - W Marl Prairie -4576.3 -3008.4*t -3490.4t -3326.8t -3270.81
W(CA 3A - Central -578.0 -210.3 -289.2 -205.8 -194.8*
WCA 3A - North of I-75 -628.8 -1230.5 -1568.8t -547.8 -413.8*
WCA 3A - South/impounded -467.2 -150.0* -512.5 -444.2 -434.7
W(CA 3B - E/S edge -87.2 -840.9 -704.4 -555.9* -566.6*
WCA 3B - North -919.2 -453.5*% -878.7 -762.8 -773.4
WCA 3B - West -115.0 -290.0* -487.4 -355.9 -370.7
Total -771.0 -947.8 -1081.2 -722.9 -677.9

*indicates the “best” performing scenario for each region. T indicates soil oxidation performance that is above the
1/12 POR threshold that corresponds to hydroperiods likely to approximate a peat accumulating marsh (indicates
areas that may be at risk of not accumulating peat soils).
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Table 5-7. Summarizes cumulative soil oxidation risk for each indicator region (IR). Data is the same
format as Table 1, but adds information on which IRs are associated with the broad geographic
regions identified in Table 1. The final row is an average of all IR scores. 1/12 POR = -1248 ft*days of
drought.

" d:izfl:lzgfons N(Stx;éf)'z ECBIGIT 2026 | 2032CEPP | 2032PACR
ENP - NESRS -37.0 -1062.8 -619.4 -531.8 -542.6
IR-IR129 | -37.0 -1062.8 -619.4 -531.8 -542.6%*
ENP - SRS Central -215.4 -847.8 -679.4 -578.8 -570.3
IR-IR130 | -114.3 -795.0 -607.8 -507.2 -489.8%*
IR-IR131 | -316.5 -900.5 -751.0 -650.3* -650.8%*
ENP — SRS South -370.1 112033 11728 11123 -1089.9
IR-IR132 | -370.1 -1203.3% -1172.8 -1112.3 -1089.9*
ENP - Taylor Slough -2635.9 -2825.9 -2398.5 -2380.0 -2350.4
IR-IR133 | -2635.9 -2825.91 -2398.51 -2380.01 -2350.4*t
ENP - W Marl Prairie -4576.3 -3008.4 -3490.4 -3326.8 -3270.8
IR-IR140 | -4576.3 -3008.4% -3490.4% -3326.81 -3270.8*%1
WCA 3A - Central -578.0 -210.3 -289.2 -205.8 -194.8
IR-IR120 | -487.0 -157.7 -220.2 -126.0 -108.7*
IR-IR121 | -494.6 -255.5 -310.3 -174.1 -160.8*
IR-IR122 | -664.4 -128.1%* -164.5 -141.4 -141.7
IR-IR123 | -665.8 -299.9%* -461.7 -381.8 -368.1
WCA 3A - North of I-75 -628.8 -1230.5 -1568.8 -547.8 -413.8
IR-IR114 | -318.3 -1347.6% -1352.7% -411.2 -255.8%*
IR-IR115 | 5131 -1465.1t -1940.7+ -405.7 -168.6*
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. dZZfl?lzgfons N(stx;éf).z ECBIGIT 2026 | 2032CEPP | 2032PACR

IR-IR116 -921.1 -1458.7% -1836.61 -669.1 542.7*

IR-IR117 -281.9 -492.6 -790.9 -379.6 -246.2%*

IR-IR118 -486.6 -1337.7% -2047.8% -887.5 -806.5%*

IR-IR190 -1251.9 -1281.3% -1444 4% -533.8 -462.9*

WCA 3A - South/impounded -467.2 -150.0 -512.5 -444.2 -434.7
IR-IR119 -442.5 -156.9* -666.9 -568.5 -555.8

IR-IR124 -491.8 -143.0* -358.2 -320.0 -313.3

WCA 3B — E/S edge 87.2 -840.9 704.4 555.9 -566.6
IR-IR128 -87.2 -840.9* -704.4 -555.9 -566.6

WCA 3B - North -919.2 -453.5 -878.7 -762.8 -773.4
IR-IR125 -919.2 -453.5%* -878.7 -762.8 -773.4

WCA 3B — West -115.0 -290.0 -487.4 -355.9 -370.7
IR-IR126 -115.0 -290.0* -487.4 -355.9 -370.7

Total -771.0 -947.8 -1081.2 -722.9 -677.9

*indicates the “best” performing scenario for each region. t indicates soil oxidation performance that is above the
1/12 POR threshold that corresponds to hydroperiods likely to approximate a peat accumulating marsh (indicates
areas that may be at risk of not accumulating peat soils). Locations of indicator regions can be found in Figure 1-8).

5.8.3 How will success be measured?

The ecological target is a drought intensity index representative of predrainage conditions in the
landscape with an objective of minimizing drought intensity where peat soils are present. Success will be
measured on the ability of each restoration scenario to meet either the NSM 4.6.2 target or the 1/12 POR
target outlined in Table 5-6 and Table 5-7.

5.8.4 What monitoring strategy is needed to measure progress?
The hydrologic surrogate for soil oxidation uses hydrologic metrics obtained from EDEN. Currently, there

is no ongoing monitoring in the MAP that feeds into the hydrologic surrogate for soil oxidation
performance measure; however, RECOVER support is given to USGS for the maintenance of EDEN.
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5.9 Wildlife: Aquatic fauna

The collapse of higher trophic level consumers, such as wading birds and alligators in the Greater
Everglades is attributed to diminished aquatic fauna production and availability (as outlined in the trophic
hypothesis cluster; RECOVER 2009). Abundance of these species is closely linked to hydrologic conditions
(Kushlan 1980, Loftus and Ecklund 1994, Trexler et al. 2001, Botson et al. 2016) which are sensitive to
management actions affecting the quality, timing, and quantity of water delivery. Aquatic fauna, such as
small fish, have short generation times, and their abundance responds to hydrologic management at an
annual time scale. Restoration of hydrologic conditions consistent with our understanding of predrainage
conditions is expected to reestablish aquatic prey densities and concentrations across the landscape and
in turn support the return of large wading bird colonies.

5.9.1 How were predictions for CERP success updated?

The 2005 Interim Goals report was largely qualitative and relied on limited data to evaluate the response
of aquatic fauna populations to Everglades restoration projects. Data were only available for two sites in
Everglades National Park (Trexler et al. 2003) and qualitative predictions were largely based on the
Greater Everglades region conceptual ecological models (Davis et al. 2005, Ogden 2005).

For the current Interim Goals update, we used a prey-based freshwater fish density model (Donalson et
al. 2010, Catano et al. 2015, Beerens et al. 2017). This model estimates densities of small freshwater fish
(< 8 cm). High densities of small freshwater fish characterized the predrainage central Everglade system.
Maximizing densities is an objective of many restoration scenarios. Since these fish dominate the prey
community for higher trophic level consumers, this tool can be used as a general measure of trophic
conditions within the central Everglades. In addition, this model provides a spatial component and is
capable of observing differences in densities across sub-regions (e.g., WCAs, ENP).

For the aquatic fauna ecological planning tool, three years were chosen to display differences among the
model outputs that represent an average year (1978), a dry year (1989), and a wet year (1995). These
years are not necessarily the best for illustrating differences in output for all the indicators; however, they
were used to provide consistency throughout the report.

5.9.2 What are the predictions for Interim Goals?

Overall, small increases in modeled average small fish densities occur under the 2032CEPP and 2032PACR
scenarios (7% and 9%, respectively) whereas a slight (-2%) decrease occurs in the 2026 scenario (Figure
5-14, Table 5-8). Overall, the 2032PACR scenario results in the greatest increase in total small fish density
across years (Table 5-8).

The prey-based freshwater fish density model also forecasts spatial changes in small fish densities (Figure
5-16). Spatial forecasts are presented for an average year (1978), a dry year (1989), and a wet year (1995).
These representative years may not be the best indicators of conditions and future reporting should
consider summarizing across several dry or wet years; however, for this Interim Goals modeling
incremental exercise, we use the representative years.

In the representative dry year (1989), conditions in WCA 1 and WCA 2 remain relatively constant across
all Interim Goals scenarios (Figure 5-16a). 2032CEPP and 2032PACR improved conditions in northern WCA
3A and in ENP (NESRS); however, conditions deteriorated along the L-67 between WCA 3A and WCA 3B
(Figure 5-16a). Results were similar with the representative average year (1978). Conditions remained
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relatively constant in WCA 1 and WCA 2; however, conditions improved in northern WCA 3A as well as
ENP (SRS and TS; Figure 5-16b). Overall, during the representative wet year (1995), conditions were similar
to both dry and average years; however, conditions deteriorated in the Broad and Lostman’s River regions
(Figure 5-16¢).

Overall, the greatest improvements are observed during the 2032CEPP and 2032PACR scenarios.
Significant improvements occur in the SRS and TS regions in ENP as well as in northern WCA 3A (Figure
5-16). Minor deteriorations occur along the L-67 between WCA 3A and WCA 3B, and in the Broad
River/Lostman’s River regions depending on hydrologic conditions (i.e., dry, wet, and average years).
These areas also experienced decreases in long hydroperiod vegetation which may be contributed to
diminished small fish densities (Section 5.4 Landscape effects: Spatial extent of vegetation
communities). The lack of improvements in the 2026 scenario are not unexpected as this scenario does
not substantially change hydrologic conditions for the Greater Everglades region, as no additional water
is made available south across the “Red Line”(boundary between Everglades Protection Area and EAA;
see Figure 1-2). In contrast, the 2032 scenarios begin to rehydrate areas of northern WCA 3A and
reestablish a more ecologically meaningful hydrologic connectivity between WCA 3A, WCA 3B, and ENP.
Furthermore, some of the deterioration observed in WCA 3A may be due to the relatively high densities
of small fish that currently exist in the unnatural ponded areas in this region (Figure 5-17). As hydrologic
restoration continues in southern WCA 3A (i.e., 2032CEPP and 2032PACR), these areas will no longer hold
as much water, resulting in a decrease in wet season fish production in these areas. However, as this water
is moved further south (2032CEPP and 2032PACR), it will rehydrate portions of SRS and TS, and densities
of small fish are expected to increase.
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Figure 5-14. Average annual cumulative density (fish/m?) in the Greater Everglades region for Interim
Goals scenarios.

Table 5-8. Percent change of total small fish density from ECBIGIT for representative dry year (1989),
average year (1978), wet year (1995), and overall (averaged total fish density across POR).

Year 2026 - ECBIGIT 2032CEPP - ECBIGIT | 2032PACR - ECBIGIT
Dry Year (1989) -8% 3% 8%
Wet Year (1995) 1% 1% 4%
Average Year (1978) 1% -2% 1%
Overall -2% 7% 9%
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Figure 5-15. Percent change of small fish density from ECBIGIT for 2026, 2032CEPP, and 2032PACR model scenarios across WCAs, BCNP, and
ENP for the period of record.
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Figure 5-16. Percent difference maps for small fish density when comparing Interim Goals scenarios to ECBIGIT. (a) Dry year (1989), (b)

Average year (1978), (c) Wet year (1995)
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Figure 5-17. Modeled average density of fish by year for WCA 3A, SRS, and TS. Error bars represent
standard error (bootstrapped with 5,000 iterations). Note different scales on Y axis. Adapted from
Trexler and Gaiser 2019.

5.9.3 How will success be measured?

The desired restoration conditions for aquatic fauna populations are to 1) achieve late wet season
population densities, size distributions, and taxonomic compositions of aquatic fauna consistent with
predrainage hydrologic patterns, 2) shift the distribution of high population densities and larger size
classes from artificially impounded areas of the WCAs to the southern Everglades, and 3) provide high
density patches of prey availability across the landscape where wading birds can forage effectively as
water recedes during the dry season. Whereas the small fish ecological planning tool did not measure
temporal patterns, size distribution, or taxonomic composition of small fish, it did provide estimates on
spatial distribution and densities (fish/m?2). Modeled average fish densities increased during the 2032
restoration scenarios with the 2032PACR having the greatest increase from existing conditions (9%).
Furthermore, there was a shift spatially with fish densities decreasing in the impounded areas of WCAs
and increasing in portions of SRS and TS, supporting the desired restoration conditions. Overall success
could be estimated as no decrease in small fish densities from existing conditions, and the 2032 scenarios
achieve this (Table 5-8).
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5.9.4 What monitoring strategy is needed to measure progress?

Current monitoring efforts under the RECOVER MAP monitor wet season aquatic fauna production and
dry season aquatic faunal concentrations using 1-m? throw traps across the Greater Everglades region
(RECOVER 2004). The monitoring of aquatic fauna provides information to assess progress of the Interim
Goals at 5 years.

5.10 Wildlife: Alligators

The American alligator (Alligator mississippiensis) is an important indicator for the Greater Everglades
region as it is a keystone species within the Everglades system (Mazzotti and Brandt 1994). Alligators play
a major role in influencing the overall health and ecological patterns of the region. Within the Greater
Everglades marshes, overall numbers of alligators have substantially declined and distribution patterns
have been greatly altered as a result of water and land management practices.

5.10.1 How were predictions for CERP success updated?

The 2005 Interim Goals report was largely qualitative and based on best professional judgment of the
Florida Crocodilian Research Team, an informal multi-agency group of researchers, working on
crocodilians primarily in South Florida. Model forecasts were used only for D13R (full CERP
implementation and the 1995 base) using the Across Trophic Level System Simulation (ATLSS) Alligator
Population Model (Slone et al. 2003). The ATLSS model looked at relative abundance across the landscape
and along discrete survey routes that were sampled in the field. However, there were not specific model
scenarios to assess the effects of restoration for other interim segments.

For the current Interim Goals update, we used the Alligator Production Suitability Index Model (Shinde et
al. 2014) ecological planning tool which estimates habitat suitability for five components of alligator
production: (1) land cover suitability, (2) breeding potential (female growth and survival), (3) courtship
and mating, (4) nest building, and (5) egg incubation. The ecological planning tool output provides an
American alligator Habitat Suitability Index (HSI) which is the geometric mean of the five components
outlined above for each grid cell. Results can be compared across the entire model domain, by area or by
year.

For the alligator ecological planning tool, three years were chosen to display differences among the model
outputs that represent an average year (1978), a dry year (1989), and a wet year (1995). These years are
not necessarily the best for illustrating differences in output for all the indicators; however, they were
used to provide consistency throughout the report.

5.10.2 What are the predictions for Interim Goals?

Overall, small increases in modeled alligator habitat suitability occur under the 2032CEPP and 2032PACR
scenarios (11% and 16%, respectively) whereas there was a slight (-4%) decrease with the 2026 scenario
(Figure 5-18, Table 5-9). The Alligator Production Suitability Index Model also forecasts spatial changes in
alligator habitat suitability (Figure 5-19). Spatial forecasts are presented for an average year (1978), a dry
year (1989), and a wet year (1995). These representative years may not be the best indicators of
conditions and future reporting should consider summarizing across several dry or wet years; however,
for this Interim Goals modeling incremental exercise, we use the representative years.
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In the representative dry year (1989), minimal changes in alligator suitability occurred in WCA 3A. There
were some minor improvements in central WCA 3A and NESRS during the 2032 scenarios (Figure 5-19a).
Under current conditions NESRS is too dry, thus an increase in water during dry years would result in more
suitable habitat for alligators. In the representative average year (1978), southern WCA 3A had some
deterioration (Figure 5-19b). Southern WCA 3A currently experiences prolonged hydroperiods, thus
additional water would increase depths more, decreasing overall suitability for alligator nesting habitat.
In the 2032 scenario, an increase in habitat suitability occurred in northern WCA 3A (Figure 5-19b) likely
due to the rehydration of this area from projected restoration. In the representative wet year (1995),
northern and southern WCA 3A experienced increased suitability with minor deterioration in central WCA
3A in the 2032 scenarios (Figure 5-19c). Additionally, deterioration occurred in SRS during the 2032
scenarios, largely due to the rehydration of this area. Historically during predrainage conditions, alligators
were more abundant in the fringe areas and marl prairies than the deeper sloughs (Craighead 1968,
Mazzotti and Brandt 1994), thus the rehydration of SRS and subsequent deterioration of nesting habitat
for alligators is not unexpected. Furthermore, increased habitat suitability in the marl prairies occurred
during the 2032PACR scenario (Figure 5-19c).

Overall, there is very little alligator habitat suitability acreage gained or lost across the scenarios (Figure
5-20). Since in the 2026 scenario there is no additional water made available to move south of the “Red
Line” (see Figure 1-2), there is no expectation that conditions would improve. The decrease in alligator
habitat suitability during the 2026 scenario is similar to current trends as recent monitoring efforts which
indicate a 5-10% decrease in body condition from the early 2000s to 2014 (Brandt et al. 2016). These
results show the importance of Everglades restoration and the restoration of multiyear hydroperiods and
more natural fluctuations in water depths as substantial increases in habitat suitability are observed
during the 2032CEPP and 2032PACR scenarios.
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Figure 5-18. Percent change in alligator habitat suitability from existing conditions (ECBIGIT) for the period of record (1966-2005).
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Table 5-9. Percent change of alligator habitat suitability from ECBIGIT for representative dry year
(1989), average year (1978), wet year (1995), and overall (averaged alligator habitat suitability across
POR).

2026 - ECBIGIT 2032CEPP - ECBIGIT | 2032PACR - ECBIGIT
Dry Year (1989) -13% -5% <1%
Wet Year (1995) <-1% 1% 5%
Average Year (1978) -7% -8% -4%
Overall
-4% 11% 16%
(Average across POR)
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Figure 5-19. Percent difference maps of alligator habitat suitability when comparing Interim Goals scenarios to existing conditions for (a) Dry
year (1989), (b) Average year (1978), (c) Wet year (1995).
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Figure 5-20. Alligator habitat suitability acres when comparing Interim Goals scenarios to existing
baseline conditions (ECBIGIT). X axis represents the percent change bins (colors) used in Figure 5-19.
(a) Dry year (1989), (b) Average year (1978), (c) Wet year (1995).

5.10.3 How will success be measured?

It is expected that CERP will result in the recovery of more natural hydropatterns regionally, which in turn
will promote the recovery of healthy alligator patterns. The desired restoration condition for alligators is
more natural numbers and distribution patterns for alligators across South Florida’s major freshwater and
estuarine wetland landscapes. Modeled alligator habitat suitability increased during the 2032 scenarios
with the 2032PACR having the greatest increase from existing conditions (16%).

Success will continue to be measured by tracking alligator relative density and body condition along routes
across the ecosystem and assessing their relationship to established targets and in relation to expected
changes shown in the alligator HSI. For example, by 2032 we expect to see improvements in alligator
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habitat suitability in northern WCA 3A, so we would expect to see improvements in alligator density and
body condition there.

5.10.4 What monitoring strategy is needed to measure progress?

The monitoring strategy that is needed to measure progress is monitoring of alligator density and body
condition along the routes established in the 2004 RECOVER MAP and additional routes in areas with
expected change such as northern WCA 3A and NESRS.

5.11 Wildlife: Wading birds

The sustainability of healthy wading bird populations is a primary goal of CERP and other Everglades
restoration programs. Wading bird populations in the Everglades have significantly decreased due to
reduction in spatial extent and degradation of the natural wetland system (Ogden 1994). Wading birds
are important ecological indicators for the health of the Greater Everglades system as their abundance
and distribution are linked to wetland hydrologic conditions (Frederick and Ogden 2001, Gawlik 2002,
Frederick et al. 2009). Long periods of inundation during the wet season (Loftus and Ecklund 1994)
promote aquatic prey production whereas receding water levels during the dry season concentrate
aquatic fauna, increasing their availability for foraging wading birds (Kahl 1964, Kushlan 1976). This dry
season prey availability is a key process that drives wading bird nesting (Frederick and Ogden 2001, Gawlik
2002).

5.11.1 How were predictions for CERP success updated?

The evaluation for wading birds in the 2005 Interim Goals report was entirely qualitative and focused
solely on wading bird nesting patterns. It was suggested for the next iteration of Interim Goals to
investigate and develop models relating to the relationship between hydrologic conditions and prey
abundance and availability for wading birds.

For the current Interim Goals modeling incremental exercise, the WADEM model (Beerens et al. 20153,
b) was used to determine spatially explicit changes in wading bird foraging conditions across Interim Goals
model scenarios. The years used in the model were 1975-2005. WADEM uses species distribution models
(SDM) to link species occurrence with a suite of hydrologic predictors to provide an estimate of foraging
habitat quality for great egrets, white ibis, and wood storks. The spatial foraging conditions model (SFC)
predicts wading bird abundance over time whereas temporal foraging conditions model (TFC) predicts
daily abundance across the landscape. These two models can be used by managers to serve as proxies for
variation in patch quality (TFC) and patch abundance (SFC) over the landscape. To evaluate the effects of
Interim Goals scenarios on wading bird foraging, we determined:

1. Average daily foraging index (SFC x TFC) for wood storks
2. Average daily individual abundance (TFC) for great egrets and white ibis

3. Spatial foraging conditions (SFC) for wood storks and white ibis
5.11.2 What are the predictions for Interim Goals?

Overall, wood stork foraging indices decreased from existing conditions (ECBIGIT) across restoration
scenarios; however, decreases were minimal: -0.36% for 2026, -2.5% for 2032CEPP, and -2.6% for
2032PACR (Figure 5-21a, Figure 5-23a, Table 5-10). Wood stork foraging patterns varied spatially with
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conditions decreasing along the L-67 (between WCA 3A and WCA 3B) and improving in northern WCA 3A,
SSR, and TS during the 2032 scenarios (Figure 5-22a). Similar landscape abundance patterns were
observed for white ibis, with minimal decreases from existing conditions: -3.10% for 2026, -0.73% for
2032CEPP, and -0.48% for 2032PACR (Figure 5-21c, Figure 5-23b, Table 5-10). White ibis foraging patterns
also varied spatially, and resembled wood stork conditions (Figure 5-22b). However, white ibis foraging
conditions improved more in the NESRS region for the 2032CEPP and 2032PACR scenarios (Figure 5-22b).
Great egret foraging conditions were similar to wood stork and white ibis conditions (Figure 5-21b).
However, modeled landscape abundance of great egrets resulted in greater decreases: -4.16% for 2026, -
4.78% for 2032CEPP, and -5.00% for 2032PACR (Figure 5-21b).

Overall minimal changes were observed in the number of wading bird foraging acres across all scenarios
(Figure 5-21, Table 5-10). Some improvements did occur in northern WCA 3A and the SRS regions during
the 2032 scenarios. This is not surprising as northern WCA 3A is expected to be rehydrated and increased
flows are expected in SRS as additional water made available is moved south of the Red Line (see Figure
1-2). Furthermore, small fish densities (wading bird prey base) did increase in these areas during the 2032
scenarios (Section 5.9 Wildlife: Aquatic fauna). The decrease in foraging conditions for wood storks along
the L-67 may be partially explained by the reduction in long hydroperiod ponded areas (Section 5.4
Landscape effects: Spatial extent of vegetation communities) and decrease in small fish densities
(Section 5.9 Wildlife: Aquatic fauna) expected in this area. Furthermore, wood storks select for larger
marsh fish that occur in these long hydroperiod areas (Ogden et al. 1976, Klassen and Gawlik 2018). White
ibis foraging conditions deteriorate to a lesser extent along the L-67; however, this may be due to the
difference in foraging requirements of the species. For example, white ibis typically forage in shallower
water depths and consume different prey species than wood storks (Gawlik 2002) and colonies are
primarily fueled by crayfish (Boyle et al. 2014). White ibis prefer short hydroperiod foraging habitats that
do not support large predatory fish (Dorn and Cook 2015) and generally forage in deeper water as crayfish
reach maximum densities in sloughs at much greater depths than fish (Binkley et al. 2019). As such, it is
not surprising that the white ibis response predicted by WADEM is different from other species. In order
to fully understand white ibis response to restoration, more information on crayfish densities is needed.

The lack of improvements in wading bird foraging conditions in the central Everglades is not as concerning,
when considering that this region already has the capacity to support optimal foraging habitat for wading
birds. It is important to note that with any predictive modeling tool there are some limitations. WADEM
is limited to primarily the central Everglades and does not include foraging conditions in the marsh
mangrove ecotone. Furthermore, WADEM utilizes SRF (Systematic Reconnaissance Flight) data, which
covers a time period of relatively dry conditions and does not include foraging responses during wetter,
more optimal conditions. Due to this, WADEM may not be able to adequately predict wading bird foraging
responses under optimal restoration conditions. This tool is currently being considered for revision by the
JEM Lab and will be improved prior to future Interim Goals incremental exercises.

In 2018, the largest annual nesting effort was observed since regular system-wide wading bird surveys
began in 1995; this nesting event was comparable to nesting observed in the 1940s (Cook and Baranski
2019). This increase in nesting is likely related to optimal hydrological conditions which resulted in optimal
prey availability prior to nesting season. A large proportion of these birds moved to the coastal regions
for nesting as compared to previous record years, partially fulfilling the restoration target of 50%. The
events of 2018 suggest that if hydrologic conditions are right, the Everglades ecosystem can still support
large wading bird breeding populations. Figure 5-22 suggests that foraging conditions do not improve with
the 2032PACR scenario in the sloughs and short hydroperiod habitats that support supercolony formation
in the coastal colonies, west of SRS. This is concerning as one of the key restoration targets for wading
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birds is the movement of nesting colonies to the southern Everglades coastal regions (Ogden et al. 1997).
However, it is important to note that key projects, such as COP or WERP are not included in this Interim
Goals modeling incremental exercise, and these projects may improve wading birds foraging conditions
in these areas.
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Figure 5-21. (a) Wood stork foraging index. Percent change in foraging index from existing conditions
(ECBIGIT) for the period of record (1975-2005). (b) Great egret landscape abundance. Percent change
in landscape abundance from existing conditions (ECBIGIT) for the period of record (1975-2005). (c)
White ibis landscape abundance. Percent change in landscape abundance from existing conditions
(ECBIGIT) for the period of record (1975-2005).
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Table 5-10. Wading bird foraging acreage in a representative dry year (1989), average year (1978), and
wet year (1995) across Interim Goals restoration scenarios and existing conditions (ECBIGIT). [%]
represents the percent change when comparing Interim Goals scenario to existing baseline conditions

(ECBIGIT).
Species Year ECBIGIT 2026 2032CEPP 2032PACR

Wood stork Dry Year (1989) 1,907 1,900 [<-1%)] 1,905 [<-1%] 1,982 [4%]
Average Year (1978) 1,434 1,529 [7%] 1,493 [4%)] 1,501 [5%]
Wet Year (1995) 925 937 [1%] 970 [5%] 985 [7%]
Overall 1,489 1,481 [<-1%) 1,450 [-3%] 1,447 [-3%]

White ibis Dry Year (1989) 8,762 8,953 [2%] 8,897 [2%] 9,598 [10%]
Average Year (1978) 7,948 8,359 [5%] 8,075 [2%)] 8,244 [4%)]
Wet Year (1995) 10,157 10,059 [-1%] 10,362 [2%)] 10,544 [4%]
Overall 9,077 8,664 [-3%] 8,911[-1%)] 8,935 [-1%]

Greategret | Dry Year (1989) 6,170 6,026 [-2%] 5,837 [-5%] 5,893 [-4%]
Average Year (1978) 4,785 4,865 [2%] 4,739 [-1%] 4,918 [3%]
Wet Year (1995) 6,748 6,553 [-3%] 6,573 [-3%] 6,651 [-1%)]
Overall 5,525 5,305 [-4%) 5,246 [-5%] 5,226 [-5%)
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Figure 5-22. Percent difference maps of foraging conditions when comparing Interim Goals Scenarios to ECBIGIT for (a) wood stork and (b)
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Figure 5-23. Percent change in wading bird foraging acres when comparing Interim Goals scenarios to
existing baseline conditions (ECBIGIT). X axis represents the percent change bins (colors) used in
Figure 5-22. (a) wood stork. (b) white ibis.
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5.11.3 How will success be measured?

Experimental studies have demonstrated a close link between feeding aggregation size of wading birds
and prey availability (Gawlik 2002). Furthermore, there is substantial indirect evidence that nesting
wading birds are food-limited (Kahl 1964, Kushlan et al. 1975, Kushlan 1986, Frederick and Collopy 1989,
Bancroft et al. 1990, Frederick and Spalding 1994, Frederick and Ogden 2001), as well as experimental
evidence (Herring et al. 2010). Further, nesting numbers and foraging conditions have been linked
explicitly in time-series analyses (Beerens et al. 2015b). Restoration of more natural, predrainage
hydrologic conditions will reestablish the distributions of prey densities and concentrations across the
landscape which in turn will support the return of large, successful wading bird colonies to the southern
Everglades as predicted by predrainage hydropatterns.

Not only would an increase in the amount of available foraging habitat for wading birds be considered
successful, but also increasing foraging habitat in areas that were previously unsuitable. Whereas overall
foraging conditions minimally decreased in the Interim Goals scenarios, foraging conditions did improve
in northern WCA 3A, SRS, and TS.

5.11.4 What monitoring strategy is needed to measure progress?

Current monitoring efforts under the RECOVER MAP monitors wading bird nesting patterns as well as
wading bird prey production and concentrations (RECOVER 2004). These projects are linked to the Trophic
Hypothesis (RECOVER 2009) and hypothesize that restoration of hydrologic conditions in the Everglades
will lead to restoration of historical productivity of apex predators, such as wading birds. The monitoring
of wading bird nesting and their prey base provides information to assess progress of the Interim Goal at
5 year intervals.

5.12  Wildlife: Apple snail (Everglade snail kite)

Everglade snail kites (Rostrhamus sociabilis plumbeus) are obligate wetland species which rely on a mosaic
of native freshwater marsh habitats characteristic of much of the Everglades. The snail kite has
experienced population fluctuations associated with hydrologic influences, both anthropogenic and
natural (Sykes 1983a, Beissinger and Takekawa 1983, Beissinger 1986), but the amount of fluctuation is
debated. However, the abundance of its prey, apple snails (Pomacea paludosa), has been definitely linked
to water regime (Kushlan 1975, Sykes 1979, 1983a). Drainage of interior wetlands has reduced the extent
and quality of habitat for both the apple snail and the snail kite (Sykes 1983b). Apple snail populations,
and subsequently snail kite habitat suitability, are particularly affected by severe and untimely drydowns
(Darby et al. 1997).

5.12.1 How were predictions for CERP success updated?

The 2005 Interim Goals reported two performance measures based on relationships between hydrologic
variables and snail kite habitat suitability. Apple snail reproductive habitat and snail kite foraging habitat
were predicted using hydrologic output from the SFWMM.

For the current Interim Goals update, we used the EverSnail: Apple Snail Population Model ecological
planning tool which describes the dynamics of the apple snail population as a function of hydrology and
temperature (Darby et al. 2015). The number and size distribution of snails are simulated and can be
calculated for any day of a year with input data. Adult apple snail population size during a given year is a
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product of egg production, and thus environmental conditions from the previous year. The ecological
planning tool was developed using EDEN and therefore outputs start in 1992.

5.12.2 What are the predictions for Interim Goals?

Adult apple snail population numbers are represented for a wet year (1995) and dry year (2004). Results
are shown for adult snails (>20 mm) during the spring of a dry year (April 20) before that year’s
reproductive period. These results are shown as this is the population of snails of the size class consumed
by the snail kite.

Overall, adult apple snail populations decrease on average -10% during the 2026 scenario; however,
conditions improve in both the 2032 scenarios (22% increase in 2032CEPP and 34% increase in 2032PACR)
(Figure 5-24, Table 5-11).

The apple snail model also forecasts spatial changes in apple snail populations (Figure 5-25). Spatial
forecasts are presented for a wet year (1995) and a dry year (2004). These representative years may not
be the best indicators of conditions and future reporting should consider summarizing across several dry
or wet years; however, for this Interim Goals modeling incremental exercise, we use the representative
years. In both representative wet (1995) and dry (2004) years, apple snail populations improve with the
2032 scenarios in northern WCA 3A whereas the 2026 scenario indicates no change or deterioration in
conditions (Figure 5-25). One possible reason for this deterioration may be that WCA 3B already has
increased water depths and wet conditions which would further create suboptimal conditions for apple
snails. Conditions in northern WCA 3A and the flanks of SRS improve across Interim Goals scenarios with
greater improvements occurring during 2032CEPP and 2032PACR scenarios (Figure 5-25). Overall, apple
snail conditions improved when compared to existing conditions with the greatest improvements
occurring during the 2032PACR scenario in the representative dry year (Table 5-11).
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Figure 5-24. Percent change in adult apple snail populations from existing conditions (ECBIGIT) for the

period of record (1995-2005).

Table 5-11. Percent change of apple snail conditions from ECBIGIT for representative dry year (2004),
wet year (1995), and overall (averaged apple snail conditions across POR).

2026 - ECBIGIT 2032CEPP - ECBIGIT | 2032PACR - ECBIGIT

Dry Year (2004) -18% 22% 46%
Wet Year (1995) 4% 15% 20%
Overall -10% 22% 34%
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Figure 5-25. Percent difference maps of apple snail conditions when comparing Interim Goals scenarios to existing conditions for (a) Dry year

(2004) and (b) Wet year (1995).
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5.12.3 How will success be measured?

The desired restoration condition for the Everglade snail kite is to restore and maintain a network of snail
kite foraging habitats and promote habitat that supports primary prey (apple snails) recruitment
throughout the South Florida ecosystem. The goal of improving habitat for snail kites and their prey is
consistent with the CERP goals to improve the functional quality of native habitats and improve native
plant and animal species abundance and diversity (USACE and SFWMD 1999). An increase in apple snail
populations from existing conditions would be successful. Modeled apple snail populations suggest that
with the 2032 restoration scenarios, apple snail conditions should increase 22-34% over existing
conditions (Table 5-11).

5.12.4 What monitoring strategy is needed to measure progress?

RECOVER is not currently monitoring apple snails or snail kites; however, USACE monitoring includes: (1)
monitoring the response of apple snail populations to changes in hydrology associated with ERTP and (2)
monitoring juvenile snail kite movement patterns, survival and causes of juvenile mortality at Lake
Okeechobee. Continued data on apple snail populations and their response to changes in hydrologic
conditions is needed to assess the effects of restoration projects.
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6 SOUTHERN COASTAL SYSTEMS

The Southern Coastal Systems region relies on freshwater entering the Greater Everglades’ southern
estuaries in order to maintain suitable conditions for submerged aquatic vegetation (SAV) habitat and
associated estuarine species. Historically, large volumes of freshwater flowed south through the
Everglades via Shark River Slough (2x average annual flow), Taylor Slough (3 to 3.7x average annual flow),
and rivers and creeks (Marshall et al. 2014, Marshall et al. 2020). Reduced flows from historic drainage of
the Everglades in the 20™" century have significantly increased salinity, thereby, degrading SAV habitat and
reducing, fish and other fauna. CERP and its associated Foundation projects have been planned and are
being implemented to reestablish the freshwater flow in order to restore estuarine ecology in the
southern Everglades (SCS region) with the expectation that this will yield a proper balance of freshwater
and seawater and healthier and more robust habitats for recreational opportunities, such as improved
fishing and wildlife observation, for residents and visitors.

6.1 What is included in the Southern Coastal Systems region?

The Southern Coastal Systems encompasses a large, ecologically and economically important area along
the coasts of South Florida. The SCS region is a contiguous network of coastal wetlands and estuaries that
wraps around the southern end of the Florida peninsula and includes Biscayne Bay, Florida Bay, and the
Southwest Coast (Figure 6-1).
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Figure 6-1. Map of the Southern Coastal Systems Region (RECOVER 2019) including Biscayne Bay,
Florida Bay, and the Southwest Coast (upper and lower).

INTERIM GOALS AND TARGETS - JULY 2020
112



Section 6 Interim Goals - Southern Coastal Systems

While the estuaries of the Southern Coastal Systems are generally shallow, there are distinct
geomorphological differences among the three sub-regions. Biscayne Bay is a coastal lagoon, separated
from the Atlantic Ocean by islands and shoal banks. Southern Biscayne Bay, which includes Card Sound
and Barnes Sound, is bounded by Key Largo and Elliott Key and has less tidal exchange with the ocean
than the rest of the bay. In contrast, the northern bay has strong tidal exchange and the shortest water
residence time of any bay in the region despite being bounded by Miami Beach and other islands.
Circulation within the bay is mainly wind-driven with uniform tidal amplitude and rapid filling and draining
through much of the northern Biscayne Bay (Smith 2001). Florida Bay, located at the southern tip of the
Florida peninsula, is characterized by a mosaic of mostly submerged mud banks, basins, and hundreds of
small islands. Circulation is complex with tidal influences strongest in the western bay, but significantly
dampened toward the central and eastern portion of the bay by the Florida Keys and the Bay’s internal
mud banks. Wind drives most of the bay’s internal circulation. These features isolate this interior region
from the Gulf of Mexico and Atlantic Ocean. The Southwest Coast sub-region extends from Cape Sable to
Ten Thousand Islands and is characterized by major rivers and sloughs conveying freshwater to coastal
areas and embayments, which are also strongly influenced by the input of Gulf of Mexico water via tidal
currents.

The ecological resources of the Southern Coastal Systems are rich and diverse. Vast seagrass meadows
are found in Biscayne Bay and Florida Bay, and various sponge species contribute significantly to Florida
Bay’s benthic habitat. Seagrass and sponge habitats are nurseries and refuges for fish and wildlife,
including commercially important spiny lobsters, stone crabs, and juvenile pink shrimp. They also provide
important habitat for recreational fisheries that includes spotted seatrout, gray snapper, and common
snook. The southwest coastal sub-region is known for its mangrove forests and oyster reefs, which provide
habitat for invertebrate and fish communities. The coastal wetlands throughout Southern Coastal Systems
include the largest spatial extent of mangrove forests in the United States, as well as, large expanses of
graminoid marsh. These vegetation communities provide vital nursery and forage habitat for fish and
wading birds. These sub-regions support numerous imperiled species including the West Indian manatee,
American crocodile, roseate spoonbill, smalltooth sawfish, and several species of sea turtles.

6.1.1 Biscayne Bay

Biscayne Bay is a shallow estuarine lagoon extending nearly the entire length of Miami-Dade County and
northeastern Monroe County in southeastern Florida. Biscayne Bay comprises a marine ecosystem of
about 428 square miles and a watershed area of about 938 square miles. A large area of the south-central
portion of Biscayne Bay is contained within Biscayne National Park, one of the largest marine parks in the
national park system with over 269 square miles. The park contains four distinct ecosystems: Biscayne
Bay, the mangroves along the shore, the coral limestone keys, and the offshore Florida Reef. The longest
stretch of mangrove forest remaining on Florida’s eastern seaboard occurs within Biscayne Bay. Extensive
areas of seagrass in Biscayne Bay serve as an important food source for the threatened West Indian
manatee, and as nursery areas for many ecologically and commercially important estuarine species,
including fish, shrimp, crabs, lobster, and sponges. Biscayne Bay is home to over 500 species of fish and
other marine organisms.

6.1.2 Florida Bay

Florida Bay lies between the southern tip of the Florida mainland and the Florida Keys. More than 85% of
the bay’s 850 square mile area lies within Everglades National Park, and the Florida Keys National Marine
Sanctuary contains much of the rest. The bay includes more than 200 small islands, many of which are
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rimmed with mangroves. Florida Bay supports numerous protected species, including the roseate
spoonbill, bottlenose dolphin, American crocodile, West Indian manatee, and several species of sea
turtles. Moreover, Florida Bay provides essential fish habitat for commercially important species, such as
spiny lobsters, stone crabs, and many important finfish species (i.e., spotted seatrout). It also serves as
the principal nursery for the offshore Tortugas pink shrimp, which supports an important fishery.

Florida Bay is an important component of the much larger South Florida region that is the focus of the
CERP. The bay receives freshwater runoff from the Everglades, a large portion of which is managed
discharge from canals in the region. Salinity is an important abiotic variable for the health and ecological
diversity of the estuarine system throughout Florida Bay. The bay is a complex, heterogeneous coastal
environment that, prior to canal construction, varied due to natural factors including hurricanes, climatic
variation, and changing sea level (Nuttle 2004). Canal construction and operation decreased freshwater
flow to Florida Bay up to four-fold (Marshall et al. 2014, Marshall et al. 2020). Restoration of more natural
hydrologic conditions in the Everglades will move the bay toward an ecological state more typical of the
period prior to the time of engineered changes imposed on the regional south Florida system.

6.1.3 Southwest Coast

The Lower Southwest Coast sub-region extends from Cape Sable to Lostman’s River and is more riverine
in nature, with major rivers and sloughs conveying freshwater from the Everglades to the relatively
unaltered coast. The Upper Southwest Coast, extending from Lostman’s River north through the Ten
Thousand Islands, is characterized by a smaller system of rivers and creeks that convey freshwater from
upstream to a coastal area dotted with thousands of islands and embayments, resulting in a more complex
estuarine circulation than the Lower Southwest Coast. The watershed of the Upper Southwest Coast has
a higher degree of human influence, with agricultural activity and residential development, than the
Lower Southwest Coast. The southwest coast’s mangrove transition zone is a large area that includes
strong inland-offshore and north-south gradients. With phosphorus supplied by the Gulf of Mexico, and
nitrogen supplied by the relatively nitrogen rich waters of the greater Everglades watershed, the area is
highly productive and important for its economically valuable recreational fisheries (Boucek and Rehage
2015, Brown et al. 2018).

6.2 What has been causing the decline in ecosystem health in the Southern Coastal Systems?

The Southern Coastal Systems region relies on freshwater entering the Greater Everglades’ southern
estuaries in order to maintain suitable conditions for SAV and associated estuarine species. Large volumes
of freshwater historically flowed south through the Everglades and were distributed via Shark River
Slough, Taylor Slough, and historic rivers and creeks. Over the past century, water management practices
and agriculture/urban development have disrupted the availability, timing, and distribution of freshwater
to the Southern Coastal Systems, which has significantly altered the structure and function of the
ecosystems in the southern estuaries. The loss of freshwater wetlands upstream and increasing control
over the regional hydrology for flood protection and water supply have decreased the inflow of freshwater
into the Southern Coastal Systems. This has altered circulation and salinity in the shallow coastal waters
and degraded habitat for valuable estuarine fish and wildlife. Estuarine areas near canals, particularly in
Biscayne Bay, are also threatened by nutrient pollution from storm-water runoff. Ecological stress
associated with these changes have caused widespread seagrass die-off, algal blooms, turbidity, and
decreases in epifauna, fish, and shrimp.
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Biscayne Bay shows increasing signs of distress: declines in fisheries, increased pollution and dramatic
changes in nearshore vegetation. Intensive development of the watershed has altered the natural cycle
of freshwater inflows into the bay. Northern and central Biscayne Bay are strongly affected by the urban
development associated with the growth of Miami. Southern Biscayne Bay is influenced by drainage from
the Everglades, which has been altered by canals and agricultural activities. The opening of inlets and
further channelization has contributed to the bay's transition from a freshwater estuary to a marine
lagoon. Today, the bay is a pulsed system that alternates between marine conditions and extreme low
salinities near the discharges of 19 major canals. One of the Interim Goals of CERP is to restore, along the
southwestern shoreline of Biscayne Bay, the historical diversity and abundance of SAV, fish, and
invertebrate communities associated with mesohaline habitat. Establishment of a salinity regime that
maintains appropriate nearshore SAV and mangrove habitats and supports both resident and transient
faunal communities over a broad spatial and temporal extent is a prerequisite to successful estuarine
restoration as identified by CERP and the National Park Service (NPS 2006). Healthy, heterogeneous SAV
and mangrove habitats provide shelter and food for fish and invertebrates as well as direct benefits to
water quality and the stabilization of substrate and shorelines.

6.3 What is CERP doing to help restore the Southern Coastal Systems?

CERP restoration projects aim to regulate freshwater inflows and establish beneficial salinity regimes by
creating additional water storage and allowing greater flexibility in watershed and Lake Okeechobee
operations (RECOVER 2007b). Significant and substantial environmental benefits are expected as a result
of CERP implementation. The restoration of a natural volume, distribution, and timing of freshwater inputs
to the Southern Coastal Systems is expected to provide salinity patterns that will sustain seagrass beds,
attenuate salinity fluctuations, and reduce hypersaline conditions. The recovery of seagrass beds in
combination with restored salinity regimes is expected to enhance nursery ground habitat values, as
indicated by increased populations of juvenile pink shrimp, juvenile spotted seatrout, and other fish
species that inhabit seagrass beds. Recovery of seagrass beds should also sequester nutrients and stabilize
sediments to reduce algal blooms and turbidity in areas of Florida Bay and Biscayne Bay that have
experienced seagrass die-off. Additionally, the delivery of freshwater to the Southern Coastal Systems will
also restore oyster beds and estuarine fish communities and improve conditions for crocodiles in
nearshore environments with the expectation of enhancing seagrass beds and oyster beds as foraging
areas for larger consumers and recreationally valuable species reliant on these natural communities.

Progress has been made by projects such as the C-111 Spreader Canal Western Project, the C-111 South
Dade Project, the Biscayne Bay Coastal Wetlands Project, and the Picayune Strand Restoration Project
which provide measurable benefits in wetlands upstream from the coast. However, critical components
of these projects, and implementation of the Central Everglades Planning Project, remain to be completed
before the full benefits to estuarine areas can be realized. As CERP’s Generation 2 projects are completed,
we expect to see even more positive benefits to the ecosystem and incremental achievement of the
Interim Goals for those areas.

The following projects and plans are expected to improve conditions in the Southern Coastal Systems
region and are described in more detail in Appendix B:

1. C-111 Spreader Canal Project (Western and Eastern)

2. C-111 South Dade Project

3. Biscayne Bay Coastal Wetlands Project
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4. Picayune Strand Restoration Project

5. Central Everglades Planning Project
6.4 What are the Southern Coastal Systems Interim Goal indicators and what was changed?

The 2005 RECOVER Interim Goals and Targets for CERP report outlined five indicators to be used to assess
Interim Goals in the Southern Coastal Systems region (Table 6-1). Since the 2005 report, several indicators
have been refined or updated to better assess Interim Goals in the region (Table 6-1).

Five indicators were used in the southern estuaries for the 2005 Interim Goals: salinity patterns, juvenile
pink shrimp densities, American crocodile, submerged aquatic vegetation, and algal blooms (RECOVER
2005). This report includes juvenile spotted seatrout as an indicator, a popular recreational fish species
whose lifecycle take place entirely within Florida Bay. Algal blooms was eliminated as an Interim Goal.

Since the establishment of the 2005 Interim Goals, RECOVER has updated the Florida Bay Salinity
performance measure twice. New performance measures were approved since the 2005 Interim Goals
and Targets for CERP report: American Crocodile PM (October 2015) and Juvenile Spotted Seatrout
Habitat Quality PM (February 2017). The 2005 Interim Goals indicator, algal blooms, was removed as there
is no predictive model or tool available to assess future CERP increments for impacts or influences on algal
blooms. It is noteworthy that while all five of the indicators used in this 2020 report are estimated for
Florida Bay, only the American crocodile indicator has metrics to estimate (simulate) conditions outside
of Florida Bay, and only marginally. The American crocodile indicator covers some of Biscayne Bay and a
small southeast portion of the southwest coast. This reflects a deficiency in monitoring data, ecological
modeling capability, and the challenges of translating Everglades watershed model (RSM) output to
estuarine and coastal conditions.

Table 6-1. Ecological Interim Goal Indicators associated with the Southern Coastal Systems

Refined 2005 Interim Goals
Indicator

Added 2020 Interim Goals
Indicators

Removed 2005 Interim Goals
Indicators

Florida Bay Salinity

Juvenile Spotted Seatrout

Algal Blooms

Submerged Aquatic Vegetation
Juvenile Shrimp Densities
American Crocodile

6.5 Salinity Patterns

Salinity is a master variable that strongly influences the ecological character of estuaries. As described in
the introduction of this section on the Southern Coastal Systems, Florida Bay salinities and thus the bay’s
ecology have been impacted by the historic diversion of water from the Everglades watershed, on which
Florida Bay depends (Rudnick et al. 2005). This has resulted in increased bay salinity (Marshall et al. 2014,
Marshall et al. 2020), including the widespread, common, and prolonged occurrence of hypersalinity (>
40 PSU, far saltier than seawater, which is typically 35 PSU). CERP success for Florida Bay restoration will
primarily be driven by the extent to which current freshwater flow to the bay is improved with increased
flow quantities and more natural timing and distribution, yielding more natural salinity patterns.

We evaluated the likely effects of Interim Goals scenarios of CERP implementation on Florida Bay salinity
from two lines of evidence, estimates of bay salinity and estimates of freshwater flow toward Florida Bay.
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Both salinity and flow estimates were derived from Regional System Model (RSM) modeling of the
scenarios. Bay-wide salinity was estimated from RSM estimates of Everglades wetland water stage
(elevation). Quantities of freshwater flow across southeast Everglades transects toward northeast were
calculated directly by the RSM.

6.5.1 How were predictions for CERP success updated?

For each Interim Goals scenario, daily salinity was estimated for each of 17 Florida Bay sites, located in six
bay zones with similar salinity patterns (Figure 6-2Figure 6-8), using the statistical (multiple regression)
models of Marshall et al. (2011). These models describe the relationship of daily salinity measured at these
sites as a function of daily water stage at a set of nine southern Everglades wetland sites, as well as the
variation of wind and the boundary Gulf of Mexico sea-level. Interim Goals scenarios of the RSMGL model,
calculated daily stages at these nine wetland sites and these stage results were input to the statistical
models to estimate daily bay salinity.

A salinity performance measure (PM) developed for RECOVER was used to evaluate Interim Goals
scenarios (RECOVER 2012). The PM included three metrics to quantify attributes of the Florida Bay wet
season and dry season salinity regime over the 36 year period (1965-2000) of Interim Goals model
scenarios. All metrics compare a scenario’s estimated salinity at a bay site to a salinity target for a site.
The target is derived from site-specific, salinity before canal drainage, as estimated from the Natural
System Model (NSM) with “paleo” adjustment (Marshall et al. 2014).

All metrics are calculated for each of 17 Florida Bay sites for 36 wet seasons and 36 dry seasons. These
site-specific metric values then are spatially averaged for sites within each of the six bay spatial zones. The
three metrics are:

1. a "Mean Salinity Offset" metric, which calculates the magnitude of the difference between a
scenario’s mean salinity versus that of the target NSM-derived mean salinity;

2. a "Salinity Regime Overlap" metric, which calculates the coherence of scenario and NSM-based
target salinity mid ranges, between the 25th and 75th percentiles of daily salinity value
distributions; and

3. a "High Salinity" metric, which calculates the extent to which a scenario’s frequency of harmful
high salinity exceeds the frequency of such salinity estimated from the NSM, calculated on a
monthly basis. For this metric, harmful high salinity thresholds are defined as 90" percentile of
the NSM-based salinity distribution, on a month-specific and bay site-specific basis.

Estimated freshwater flow toward Florida Bay with Interim Goals scenarios was also used to evaluate
prospects for CERP success through 2032. Flows down Taylor Slough and the wetlands east of Taylor
Slough, which are influenced by the C-111 canal, are the primary watershed source of water to Florida
Bay. The amount of this flow for each scenario was directly derived from the RSMGL model, with
calculation of flow across an east west transect (T-23) from the western edge of Taylor Slough to ENP’s
eastern boundary near the C-111 canal. Estimated flows provide a check on inferences drawn from the
salinity estimates, which are based on RSMGL stage estimates, not flow estimates.

6.5.2 What are the predictions for Interim Goals?

The results presented here show a progression of Florida Bay salinity regime improvement with each
scenario’s increment of CERP implementation. However, these improvements are relatively modest,
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indicating the need for additional freshwater flow to Florida Bay during or following the completion and
operation of CEPP.

The Mean Salinity Offset metric (Figure 6-3) showed decreasing mean salinity values in all six of Florida
Bay’s spatial zones, with incremental progress for each step from the current condition as reflected in the
Interim Goals existing condition base (ECBIGIT) to model scenario 2026 to 2032CEPP to 2032PACR.
However, the magnitude of improvement for each of these steps is estimated to be small, ranging from
0.2 PSU (salinity units) to 1.6 PSU among the sites in both wet and dry seasons. [For reference, seawater
is typically 35 PSU and the maximum salinity measured in Florida Bay was 70 PSU.] The most improvement
was in the Central zone, which has the highest salinity of any bay zone, but this mean improvement is
small relative to magnitude of the environmental problem, which is indicated by the magnitude of the
Mean Salinity Offset metric scores. Both the central zone and northeast coast zone, even with 2032PACR,
still are projected to have mean dry season salinities between approximately 8 PSU and 12 PSU higher
than the NSM target.

The Salinity Regime Overlap metric is illustrated for one station, Little Madeira Bay, in Figure 6-3, with
“ribbon plots” that show the seasonality of NSM-based salinity values along with each scenario’s mid-
range salinity values (from the 25" to 75" percentile of the entire salinity distribution for a given day of
year). The metric’s score is the area of overlap, shown in dark red, and ranges from 0 to 1 (no overlap to
complete overlap of the mid-range salinity ribbons). Little Madeira Bay (shown in white circle in Figure
6-2) is located in the Northeast Coast zone and is immediately downstream of Taylor Slough. Incremental
progress at this site is reflected in the increasing area of overlap through the modeling scenarios’ sequence
of CERP implementation. The Salinity Regime Overlap summary (Figure 6-5) shows incremental
improvement (more overlap) in all bay zones during the wet season, while the mid-range ribbons have
almost no overlap with any scenarios at half of the bay zones during the dry season. This lack of dry season
improvement is a serious concern; it appears advisable to re-evaluate ways CERP can increase freshwater
flow to the bay.

The High Salinity metric (Figure 6-6) shows a pattern of modestly improving wet season scores with
successive scenarios, and, similar to other indicators had poorer dry season scores than wet season scores.
While these scores showed incremental improvement with CERP implementation scenarios, the
frequency of very high salinity remained high, especially in the dry season.

The results from the salinity performance measure metrics provide projections of only modest
improvements with CERP implementation through 2032PACR. As a check on this inference, patterns of
how the scenarios differentially change quantities of freshwater flow toward northeastern Florida Bay via
Taylor Slough and southeastern Everglades were examined. Modeled freshwater flow across the
southeast Everglades (transect T-23 in Figure 6-7) shows increasing flow toward eastern Florida Bay with
Interim Goals incremental steps to CERP implementation, but as indicated by the salinity evaluation, this
increase is modest. The greatest increase in annual flow is an 11% increase with the 2032PACR scenario
over the ECBIGIT. It is promising that dry season flow is 50% higher with the 2032PACR scenario than the
ECBIGIT, but the total dry season’s increased quantity of only 28,000 acre-feet is insufficient to strongly
influence bay-wide salinity.

6.5.3 How will success be measured?

The degree of CERP success will be determined directly from measurements of freshwater flow into
Florida Bay through the creeks that connect the southern coastal wetlands and the bay, along with salinity
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measurements in all zones of the bay. Both flow and salinity have been measured on a high frequency
basis (sub-daily) for at least 25 years and these measurements are expected to continue through CERP
implementation and operation. However, to similarly measure success in Biscayne Bay and along the
southwest coast, indicators with restoration targets need to be adopted and models that can link Greater
Everglades watershed model (RSM) output to salinity conditions need to be further developed and
validated.

6.5.4 What monitoring strategy is needed to measure progress?

Freshwater flow into Florida Bay and salinity in the bay are key components of two major monitoring
networks. The U.S. Geological Survey (USGS) established and runs a creek flow monitoring network, in
part funded by RECOVER as a component of the RECOVER MAP’s Coastal Gradients project. The USGS
Priority Ecosystem Studies program also supports the creek flow network. Everglades National Park
established and runs the Marine Monitoring Network (MMN), with platforms in the bay that are
instrumented to measure bottom salinity and other parameters. This network is supported by internal
U.S. National Park Service funding, as well as SFWMD support. Improvements in assessing restoration
progress and evaluating future management options can best be realized by expanding the spatial domain
of salinity and ecological indicators and associated models beyond Florida bay to encompass southern
and central Biscayne Bay, which will be influenced by second phases of CERP projects in the southeastern
Everglades, and the southwest coastal region, which will be influenced by CEPP implementation.
Furthermore, gaining greater understanding of below-ground wetland hydrodynamics in the Southern
Costal Systems (especially seepage pathways and contributions to Florida Bay) and flow connections
between Shark River Slough and Taylor Slough is needed to meet the challenge of restoring Florida Bay.
Improved coastal salinity models, linked to Everglades watershed models, are needed for the entire
Southern Coastal Systems to guide the restoration and management of the Southern Coastal Systems.
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Florida Bay Salinity Performance Measure Estimates:
Zones of Similar Influence
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Figure 6-2. Map of Florida Bay salinity monitoring stations and spatial zones of the bay that have
similar salinity patterns. Salinity was estimated for Interim Goals and Targets scenarios at each of the
17 stations (yellow points).

INTERIM GOALS AND TARGETS - JULY 2020
120



Section 6 Interim Goals - Southern Coastal Systems

Florida Bay Wet Season Salinity:
Difference between Scenario & Target Means
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Figure 6-3. Summary of projected Mean Salinity Offset metric results in Florida Bay with Interim Goals
and Targets scenarios for the wet season (upper panel) and dry season (lower panel). The offset
compares the difference between mean salinity in a bay spatial zone with that of the NSM-based
predrainage target, with values shown as salinity units (PSU).
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Overlap of IGIT and NSM Mid-Range Salinities in Little Madeira Bay
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Figure 6-4. A site-specific example, for the Little Madeira Bay site, of the distribution of mid-range
salinity values (25th to 75th percentiles of daily salinities) for Interim Goals and Targets scenarios
compared to the NSM-based predrainage target. The site is located the Northeast Coast zone (circled
in Figure 6-1) and is immediately downstream of Taylor Slough. The dark red area of each scenario
evaluation is the area of overlap between the scenario and the target salinity regime and the Salinity
Regime Overlap index score is the proportion of this overlap.
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Florida Bay Wet Season Salinity:
Overlap of Scenario & Target Mid-Quartiles
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Figure 6-5. Summary of the projected Salinity Regime Overlap index score results in Florida Bay with
Interim Goals and Targets scenarios for the wet season (upper panel) and dry season (lower panel).
The overlap metric compares the similarity of scenario and NSM-based target salinity mid-ranges
(25th to 75th percentiles of daily salinity value distributions) in a bay spatial zone.
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Florida Bay Wet Season Salinity:
High Salinity Frequency (above NSM)
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Figure 6-6. Summary of the projected High Salinity index score results in Florida Bay with Interim
Goals and Targets scenarios for the wet season (upper panel) and dry season (lower panel). The high
salinity index compares the frequency of harmful high salinity during a scenario model run to that
estimated during an NSM model run, in a bay spatial zone.
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Taylor Slough Flow Transect Location
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Figure 6-7. Estimated flow of freshwater though the southeast Everglades toward eastern Florida Bay
for Interim Goals and Targets scenarios. The flow quantities are those calculated to cross the T-23
transect line (circled in the upper panel map). The values shown in the lower panel are for wet season,
dry season, and total annual flow quantities.

6.6 Submerged Aquatic Vegetation

The Florida Bay seagrass community underwent a large-scale die-off in 1987 and again in 2015 losing
thousands of hectares of the important habitat-forming foundation species Thalassia testudinum,
(turtlegrass). The die-off was triggered by hypersalinity, high temperatures, and drought conditions
associated with low rainfall and negative freshwater flows to the bay from Everglades’ creeks (Hall et al.
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2016). The Comprehensive Everglades Restoration Plan (CERP) aims to increase the flow of freshwater to
Florida Bay to prevent development of damagingly high salinity levels.

Primary production and growth of seagrasses is influenced by light climate in the water column as affected
by phytoplankton and suspended particulates, light absorption at the seagrass leaf surface by epiphytes
(Frankovich and Zieman 2005), and the sufficiency of nutrient availability of TN and TP, (Madden and
Kemp 1996). When salinity levels are too high (usually sustained above 50 PSU) seagrasses are required
to expend extra energy in osmo-regulation creating a high respiratory demand (Koch et al. 2007). Oxygen
can become reduced at the plant meristem and belowground structures leading to plant death. Sediment
sulfide toxicity, high temperature, and high salinity all limit plant productivity and are most likely to trigger
die-off in late summer when light is decreasing and photosynthetic oxygen production cannot counteract
high respiratory demand.

The Florida Bay Seagrass Ecosystem Assessment and Community Organization Model (SEACOM, Madden
and McDonald 2016) was developed to evaluate impacts of freshwater management, nutrient
management, climate, and climate change in the Everglades watershed and in downstream seagrass
systems in Florida Bay. The model is used to predict outcomes of water management restoration
alternatives (RECOVER 2014), hurricane impacts on seagrass beds (Rudnick et al. 2006) and nutrient
loading effects on SAV distribution, species composition (Rudnick et al. 1999) and habitat suitability for
higher trophic levels (Bennett et al. 2005).

6.6.1 How were predictions for CERP success updated?

SEACOM is a spatially averaged point model of seagrass biomass and the competitive interactions
between seagrass species, epiphytes, phytoplankton, and nutrient pools. There are separate unit models
developed for each of nine basins that represent ecologically different areas in Florida Bay. The goal of
the seagrass modeling effort was to simulate the effects of salinity and biogeochemical conditions on the
growth and survivorship of seagrasses. The model is driven by historical Florida Bay nutrient and light data
and salinity is input from RSM outputs. State variables are above and belowground carbon for three
aquatic macrophytes: two halophytes, Thalassia testudinum, and Halodule wrightii (shoalgrass), and the
fresh-to-mesohaline Ruppia maritima (widgeon grass), a beneficial plant that could expand distribution in
response to additional freshwater introduction to the system (Table 6-2).

INTERIM GOALS AND TARGETS - JULY 2020
126



Section 6 Interim Goals - Southern Coastal Systems

Table 6-2. State variables and units in the SEACOM model

Variable Definition Unit

Ta Thalassia biomass above ground (T,) g C/m?

Ty Thalassia biomass below ground (Ty) g C/m?

Ha Halodule biomass above ground (H,) g C/m?

Hp Halodule biomass below ground (Hp) g C/m?

Ra Ruppia biomass above ground (R.) g C/m?

Rb Ruppia biomass below ground (Rp) g C/m?

E Epiphyte biomass g C/m?

D Sediment organic matter g C/0.1 m3
Sulfide in pore water mM S

Py Available phosphorous in pore water UM P

P Phosphorous adsorbed to sediment gP/0.1m?3

The model describes a single layer water column, nominally 1 m deep but varying by +20 cm in different
basins, overlaying a 15-cm benthic substrate layer. The benthos and water column interact through
sedimentation and detrital fall, diffusive flux of nutrients, and plant nutrient translocation. The model
tracks annual biomass patterns for above and below ground carbon biomass for the three species
simultaneously. Factors that limit seagrass primary production and growth include turbidity from
phytoplankton and suspended particulates, light attenuation at the seagrass leaf surface by epiphytes
(Frankovich and Zieman 2005), and nutrients that support seagrass, epiphyte and phytoplankton growth
(cf. Madden and Kemp 1996). Sulfide and temperature effects on seagrass production were determined
by response curves derived from mesocosm experiments on Florida Bay plants (Erskine and Koch 2000,
Koch et al. 2007). Mortality losses from all primary production compartments enter the organic matter
pool in the sediments. Inorganic nutrient concentrations regulate photosynthesis in accordance with
Michaelis-Menten kinetics.

The SEACOM model was run using salinity inputs generated by passing stage output from the RSM model
for each restoration scenario through statistical regression models that translated the stages to salinity at
specific locations within Florida Bay (Marshall et al. 2011). Two contrasting basins were examined: Little
Madeira Bay, an estuarine nearshore basin at the mouth of Taylor River (TR site), and Whipray Basin (WR
site), a more marine basin in central Florida Bay. Little Madeira Bay is represented by the TR site and is
expected to be most impacted by increased freshwater flows in Taylor Slough; Whipray Basin has been
the site of hypersalinity events and seagrass die-off and is in need of additional freshwater flows (Zieman
et al. 1999). Model scenarios included the paleo-adjusted NSM, ECBIGIT, and the Interim Goals scenarios:
2026, 2032CEPP and 2032PACR. The sole variable that differed between scenarios was salinity. Outcomes
were evaluated by how likely they were to result in mixed-species communities rather than one
dominated by a mono-culture of Thalassia.

6.6.2 What are the predictions for Interim Goals?

The three restoration scenarios examined against the paleo-adjusted NSM and ECBIGIT demonstrate that
the effects of Interim Goals restoration scenarios on salinity are relatively small in the TR basin and that
minor salinity change has a minimal effect on most seagrass outcomes as compared to ECBIGIT. Although
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all three restoration scenarios have a similarly small impact on the seagrass community, there are
favorable restoration effects compared to ECBIGIT.

The seagrass model was run simulating current salinity conditions using RSM salinity output (ECBIGIT)
extrapolated forward 40 years and compared to outputs under historic predrainage conditions (paleo-
adjusted NSM) for 36 years, shown in Figure 6-8. Notable differences are seen, where for Taylor River
there is lower overall seagrass biomass and Thalassia is not dominant in the paleo-adjusted NSM run while
there is higher biomass dominated by Thalassia in ECBIGIT. The paleo-adjusted NSM salinity average for
TR for the entire model scenario was 16.5 PSU, a fresher environment than current baseline conditions
(salinity 23.8 PSU) and generally at the lower end of the salinity tolerance level for Thalassia.
Consequently, following initially high Thalassia biomass in the simulation, Thalassia declined to
elimination in a few years as Halodule and Ruppia remained dominant, albeit both at lower levels than
initially. Under ECBIGIT conditions, the higher salinity was much more favorable for Thalassia, which
remained the dominant seagrass in the TR basin (Little Madeira). Halodule was stable and even increased
slightly through the simulation period and remained co-dominant with Thalassia. Ruppia was eliminated
entirely under ECBIGIT conditions after initially relatively high biomass. Interestingly, this follows the
documented trajectory for the seagrass community composition observed in Little Madeira (TR) as Ruppia
disappeared from the TR basin during the 1990s and has not repopulated. Thalassia and Halodule have
remained co-dominant.

The three restoration scenarios examined demonstrate that the effects of Interim Goals restoration
scenarios on salinity are relatively small in the TR basin and that minor salinity change has a minimal effect
on most seagrass outcomes as compared to ECBIGIT. Each scenario model run produces biomass plots
that are visually indistinguishable from each other, which is exemplified by the plot in Figure 6-9 showing
the 2026 output, which is very similar to ECBIGIT. However, the 2026 scenario produces a seagrass
community whose annual Thalassia peak biomass and overall biomass is slightly reduced (3% reduction
in average biomass) from that in ECBIGIT with slightly higher Halodule biomass peaks (Figure 6-9). This is
favorable as it trends toward the restoration goal of promoting a mixed Thalassia-Halodule community.
In none of the restoration scenarios is Ruppia restored, however in the 2026 scenario Ruppia persists for
a longer time after initial conditions relative to ECBIGIT. Other Interim Goals scenario model runs produce
similar results and are compared in Table 6-3 showing average salinity and biomass for each for the entire
simulation period. The trend is for slightly declining salinity and Thalassia biomass and increasing Halodule
and Ruppia biomass with the successive scenarios.

Table 6-3. Average salinity and seagrass biomass in g C /m2 at Taylor River (TR) for predrainage
(paleo-adjusted NSM), current (ECBIGIT) and three restoration scenarios. Lower salinities and higher
biomass are the desired outcomes.

Metric NSM ECBIGIT 2026 2032CEPP | 2032PACR
Salinity (PSU) | 16.51 23.78 22.37 21.78 21.50
Thalassia 0.28 4.85 4.72 4.58 4,51
Halodule 1.03 1.18 1.24 1.29 1.32
Ruppia 0.74 0.10 0.11 0.14 0.15
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Taylor River: paleo-adjusted NSM
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Figure 6-8. Comparison of seagrass community in Taylor River under fresher paleo-adjusted NSM
conditions (top) and under saltier Existing Conditions Baseline (ECBIGIT) conditions (bottom) for a 36-
year simulation. Salinity input from the RSM is the sole difference between runs; other initial
conditions are the same. Biomass for Thalassia (blue) Halodule (orange) and Ruppia (gray) are
reported in g C/m?2. For Taylor River, mixed Ruppia-Halodule is desired.
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Taylor River: 2026

Biomass (g C/m?)

1965 1975 1985 1995
=——=Thalassia =—=Halodule ===Ruppia

Figure 6-9. Seagrass composition and biomass in Taylor River under the 2026 restoration scenario.
Biomass for Thalassia (blue) Halodule (orange) and Ruppia (gray) are reported in g C/m?2.

There are favorable restoration effects of the Interim Goals scenarios compared to ECBIGIT and
differences between scenarios that are worth noting. These can be distinguished by measuring the
difference in biomass produced by each scenario relative to ECBIGIT. The gain/loss of biomass is evaluated
depending on the species. In Figure 6-10, plots of the differences in plant biomass under existing salinity
conditions and each restoration salinity regime show that Thalassia declines somewhat under all
restoration scenarios (plotted as a greater positive difference) and both Halodule and Ruppia increase
under restoration scenarios (greater negative difference). The 2026 scenario had the least restorative
effect on these differences, and 2032PACR the most pronounced.
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Taylor River: ECB - 2026
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Figure 6-10. Difference in seagrass biomass under ECBIGIT and restoration salinity scenarios (ECBIGIT
minus restoration) at TR (Little Madeira Bay). Positive numbers indicate a loss of biomass; negative
indicates an increase in biomass. The larger the gap between the blue line and the other lines
indicates greater species diversity. The three scenarios show that under reduced salinity conditions
Thalassia (blue) tends to be somewhat reduced in biomass while Halodule (orange) and Ruppia (gray)
increase. The 2032PACR scenario had the greatest restoration effect on seagrass.
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For Whipray Basin, 10-15 km distant from Taylor River mouth and other freshwater sources, the salinity
regime under NSM scenarios is much saltier than at TR, averaging about 30 PSU. Whipray is in an area
that is poorly connected with other parts of the bay and freshwater input and circulation is reduced,
allowing increased evaporation and concentration of salts. The maximum salinity during the scenario run
was over 52 PSU, which can be stressful to seagrass but is still within the tolerance range of Thalassia. In
this higher salinity environment, even under predrainage conditions, Thalassia thrived and Halodule was
present as a co-dominant species. Ruppia was completely absent. Overall biomass, and particularly
Thalassia biomass, was much greater at Whipray than at the TR site, reflective of a more stable high
salinity regime of low variability. Under existing conditions (ECBIGIT), salinities above 36 PSU were higher
than NSM, seawater conditions, promoting slightly higher Thalassia biomass and lower Halodule (Table
6-4). Maximum salinity under the ECBIGIT scenario approached 58 PSU.

Table 6-4. Average salinity and seagrass biomass in g C/m? at Whipray Basin (WB) for predrainage
(NSM), current (ECBIGIT) and three restoration scenarios.

Metric NSM ECBIGIT 2026 2032CEPP | 2032PACR
Salinity (PSU) | 30.56 36.68 36.09 35.61 35.38
Thalassia 9.03 9.70 9.64 9.59 9.56
Halodule 2.29 1.90 1.94 1.97 1.98
Ruppia 0 0 0 0 0

Under each restoration scenario, salinity at Whipray Basin was reduced very minimally, with the largest
reduction of about 1.3 PSU with the 2032PACR scenario. The resultant effects on seagrass community
composition and biomass were also minimal. Thalassia biomass declined (greater difference between
ECBIGIT and restoration scenario) and Halodule increased slightly with each successive scenario as shown
in Figure 6-11 and Figure 6-12, with 2032PACR having the greatest effect.
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Figure 6-11. Comparison of seagrass community in Whipray Basin under fresher NSM conditions (top)
and saltier existing conditions baseline conditions (bottom) for a 40-year simulation. Salinity input
from the RSM is the sole difference between runs; other initial conditions were the same. Biomass for
Thalassia (blue), Halodule (orange), and Ruppia (gray) are reported in g C/m?. Ruppia is not present in
any scenario, including historic (NSM). For Whipray Basin, mixed Thalassia-Halodule is desired.
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Figure 6-12. Difference in seagrass biomass under ECBIGIT and restoration salinity scenarios (ECBIGIT
minus restoration) in Whipray Basin. Positive numbers indicate a loss of biomass; negative indicates
an increase in biomass. The larger the gap between the blue line and the other lines indicates greater
species diversity. The three scenarios show that under slightly reduced salinity conditions Thalassia
(blue) tends to be somewhat reduced in biomass while Halodule (orange) increases. The 2032PACR

scenario had the greatest restoration effect on seagrass.
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6.6.3 How will success be measured?

Success will be indicated by increasing mixed species composition of Thalassia and Halodule in the open
bay and of Halodule and Ruppia in the mangrove ecotone and by increasing total seagrass spatial extent.
This outcome would indicate that a variable salinity environment without hypersaline excursions is
established and that increased area is favorable for seagrass habitat. Maintenance and establishment of
mixed-species seagrass beds is the target for northeastern and central Florida Bay (Madden et al. 2009)
since a mixed-species community provides more stability in the ecosystem in response to shifts in
environmental conditions and perturbations such as storm impacts or occasional drought. Results are
reported within the System Status Report, the South Florida Environmental Report, and the South Florida
Ecosystem Restoration Task Force’s System-wide Ecological Indicator Report.

6.6.4 What monitoring strategy is needed to measure progress?

Monitoring of seagrass species composition, distribution, and density is ongoing in Florida Bay as part of
the RECOVER Monitoring and Assessment Plan (MAP Activity 3.2.3.3). As part of this program, annual
large scale sampling provides spatial distribution, composition, and density estimates, while twice-a-year
small scale sampling at fixed locations provides more detailed information on biomass and species
density. Continued monitoring of seagrass and environmental parameters- salinity, temperature
nutrients, chlorophyll- is necessary to advance SEACOM model development. Descriptions of this sampling
and current conditions can be found in the System Status Reports as well as the annual South Florida
Environmental Report: https://www.sfwmd.gov/science-data/scientific-publications-sfer

6.7 Juvenile Pink Shrimp

Florida Bay is a main nursery ground for the pink shrimp, Farfantepenaeus duorarum, which fills an
important ecological role as mid-trophic level prey for many higher trophic level predators and also
supports a highly valuable commercial fishery in South Florida. The productivity of juvenile shrimp in the
bay, as determined by growth and mortality processes, is dependent on favorable nursery habitat
conditions, including a favorable salinity regime. The work of Marshall et al. (2014) and others suggests
that Florida Bay salinities, especially in the bay interior, have radically increased due to hydrologic
alterations that accompanied modern development of south Florida. In this section, the premise is that
these hydrologic changes negatively impacted pink shrimp productivity, which would benefit from
reestablishment of a more natural volume and timing of freshwater inflows from the Everglades, creating
salinity regimes that better emulate conditions prior to hydrologic alteration.

6.7.1 How were predictions for CERP success updated?

The same pink shrimp model applied in the CEPP planning study and the 2005 Interim Goals and Interim
Targets study was re-coded in the R programming language and used to project shrimp production from
Florida Bay as progress toward restoration at different stages of CEPP implementation. The new model
code allowed for faster prediction of yearly shrimp production in two Florida Bay basins, Johnson Key
Basin and Whipray Basin (represented by water quality stations JK and WB in Figure 6-2), from modeled
daily salinity time series for the six salinity scenarios included in the 2020 Interim Goals analysis (ECBIGIT,
2026, 2032CEPP, 2032PACR, NSM 4.6.2 and NSM_Paleo) over the years available in each scenario (i.e.,
1965-2005, except for NSM_Paleo, 1965-2000). Whipray Basin, located in north-central Florida Bay, was
selected for this application because it frequently experiences daily salinities exceeding 45 and even 50
PSU (i.e., extreme hypersalinity), although appropriate freshwater inflows can lower prevailing salinity
conditions. Johnson Key Basin, located in western Florida Bay, was selected because it consistently
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supported the highest juvenile pink shrimp abundances (Costello et al. 1986, Robblee et al. 2014) and can
also experience hypersaline (>40 PSU) conditions. These two locations were thought to represent both
ends of the spectrum of potential pink shrimp benefits.

The growth and survival equations that drive pink shrimp production in the model yield realistic relative
production predictions under input of various scenarios of daily average salinity. The pink shrimp model
is predicated on quadratic relationships of growth and survival with salinity reported in Browder et al.
(1999, 2002). Subsequent laboratory studies (Criales et al. 2011, Zink et al. 2013, Zink 2017) and a meta-
analytic study (Zink et al. 2017) confirmed quadratic and dome-shaped functional responses for salinity-
growth and salinity-survival curves. These and similar functional shapes have also been reported from
field studies investigating pink shrimp salinity-abundance relationships (Browder and Robblee 2009, Zink
2017, Zink et al. 2017), although limitation in the observed range of salinities may have precluded
observing the full distribution on both sides of the dome (i.e., at very high and very low salinities) in field
abundance data (Zink et al. 2018). The cohort of shrimp that recruits to the bay each July was selected as
the focus of scenarios because it marks the beginning of peak recruitment to Florida Bay based on field
observations (Criales et al. 2006), with its consistency substantiated by predictable seasonal dynamic
oceanographic features that favor summer immigration of early life stages (Criales et al. 2015).

The metric selected to assess success among hydrological scenarios in our models is a function of growth
and survival: relative annual pink shrimp production from the July cohort. This production is hypothetical
and is not intended to represent actual or predicted production landed by pink shrimp commercial
fisheries. Variation in production also exemplifies the relative density of pink shrimp since salinity is
modeled to influence growth and survival, which together with recruitment determine pink shrimp
density. To standardize production, total production, by year, of the July cohort from each model scenario
was assessed relative to corollary production by the current conditions (ECBIGIT) scenario. For each
scenario being compared to ECBIGIT, percent differences were averaged across all years (i.e., overall) and
then positive-only and negative-only differences were averaged separately, the number of positive and
number of negative years also recorded.

6.7.2 What are the predictions for Interim Goals?

Predicted total yearly production of the July cohort varied from year to year, but, overall, the model
predicted that all restoration scenarios would lead to improvements in pink shrimp production over
ECBIGIT from both Johnson Key and Whipray Basins. The pink shrimp model indicated that the NSM 4.6.2
scenario would provide even greater production in both basins. It predicted that NSM_Paleo salinity
conditions, if reinstated, would benefit pink shrimp production in Johnson Key but not Whipray. Parabolic
relationships of growth and mortality to salinity in the model were reflected in model predictions of July
cohort production, combined across year, basin, and scenario (Figure 6-13). According to the combined
model predictions, either low or extremely high salinity can depress production; however, for the salinity
scenarios and two basins investigated, hypersalinity seemed to be of greater concern for pink shrimp
production, as these salinity conditions yielded the lowest predicted production (Figure 6-13).
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Figure 6-13. Combined yearly July cohort production predictions from both basins (Johnson Key and
Whipray) for the six model scenarios plotted against the average of July 1 to Dec 31 daily average
salinities of the respective basin (modeling results suggested that average daily salinity during this

time frame determined production from the July cohort). Daily salinity predictions were provided by

IMC and are the output of Frank Marshall’s statistical salinity models coupled with hydrologic model

output (Table 1-1).

Average salinity for the relevant growth months of July December from each modeled year (1965-2005)
as calculated from the IMC daily average salinity for the ECBIGIT, 2026, 2032CEPP, 2032PACR, NSM 4.6.2,
and NSM_Paleo scenarios is depicted in Figure 6-14 (left panels). Figure 6-14 (right panels) depict the
major output of the pink shrimp model: predictions of annual production (1965-2005 or 2000, depending
on salinity scenario) from the July pink shrimp cohort for each of the six scenarios.

Figure 6-15 (left and right panels) show percent change from ECBIGIT (i.e., current conditions) of predicted
production for each of the restoration and NSM scenarios (2026, 2032CEPP, 2032PACR, NSM 4.6.2, and
NSM_Paleo) for Johnson Key Basin and Whipray Basin. For this analysis, the percent difference between
each scenario-basin-year’s predicted production and corollary ECBIGIT-predicted production was
calculated relative to the lowest predicted ECBIGIT production in the time series (see equation in legend
of Figure 6-15) to set a more realistic baseline for increases and decreases relative to ECBIGIT production.
In both Johnson Key Basin and Whipray Basin, 1971 was the year of minimum predicted production
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Figure 6-14. Input (salinity; left column) and output (total production of July cohort; right column)
time series of the pink shrimp production model for Johnson Key Basin (top row) and Whipray Basin
(bottom row).

(111,308.9 and 96,009.1 kg, respectively) in the ECBIGIT scenario. In Figure 6-15, positive percent change,
indicating improvement relative to ECBIGIT, appears above the zero line; whereas negative change,
indicating digression from ECBIGIT, appears below it. In both plots, positive change seems more
substantive than negative change.

Table 6-5 shows the overall average of percent change in annual production of the July cohort from
ECBIGIT for each of the scenarios as well as the average of positive-only and negative-only changes, which
were summed separately to allow comparison of strength and weakness in performance (perspective
possibly helpful to future restoration efforts). In most cases, Table 6-5 confirms what was obvious to the
eye: Positive changes, overall, were larger, and negative changes slightly more frequent. Overall average
should be viewed as the performance rating metric because it integrates both positive and negative
change.

Both positive and negative production changes were larger for Johnson Key Basin than Whipray Basin.
Greatest overall percent change and greatest positive percent change in predicted pink shrimp production
were in Johnson Key Basin, where predictions associated with NSM_Paleo were especially high. To the
contrary, NSM_Paleo salinity conditions were slightly disadvantageous to predicted production (negative
over ECBIGIT) in Whipray Basin.
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Figure 6-15. Percent change from ECBIGIT, by scenario; Johnson Key (left) and Whipray (right) Basins.

Percent change from ECBIGIT was calculated as: 100*(X-ECBIGIT)/(ECBIGIT{-ECBIGITimin), Where X =
scenario, t = year, and tmin = year of predicted minimum predicted pink shrimp production from
ECBIGIT.

Table 6-5. Predicted production from July pink shrimp cohort (31-day cohorts) for indicated scenario,
expressed as the average percent difference of a scenario’s predicted production from predicted
ECBIGIT production. OVERALL values are the average percent change from ECBIGIT across all the
years, including both positive and negative differences. POSITIVE is the average percent change for all

the positive years (i.e., when scenario Xt > ECBIGITt), and NEGATIVE is the average percent change for
all the negative years (i.e., when scenario X > ECBIGITt) (X = scenario, t = year).

Overall | Overall | Positive . Negative .
Basin Scenario | Avg. % # Avg. % Positive Avg. % Negative
change | Years change i s change #Years
Johnson Key 2026 2.33 40 10.02 18 -3.96 22
Johnson Key 2032CEPP 1.43 40 10.78 18 -6.24 22
Johnson Key 2032PACR 0.37 40 10.76 18 -8.12 22
Johnson Key NSM_462 3.39 40 36.95 16 -18.98 24
Johnson Key | NSM_Paleo | 9.74 35 38.06 16 -14.11 19
Whipray 2026 1.72 40 7.01 17 -2.42 23
Whipray 2032CEPP 1.49 40 7.56 19 -4.01 21
Whipray 2032PACR 1.10 40 7.77 19 -4.94 21
Whipray NSM_462 2.27 40 24.88 18 -16.22 22
Whipray NSM_Paleo | -0.84 35 28.04 14 -20.09 21
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Johnson Key Basin and Whipray Basin had been selected to illustrate effects of hydrologic changes on pink
shrimp harvests because these two basins experience strongly differing salinity regimes that were
expected to affect the pink shrimp response to hydrologic restoration. Whipray Basin seemed the more
severely impacted by hypersalinity and so might have the greatest potential for improved production from
hydrologic restoration. Johnson Key Basin was expected to benefit less from hydrologic restoration
because salinity regimes there are generally less extreme. Results in Table 6-5 indicate that this was not
the case. Because Johnson Key Basin is reported to already have higher juvenile pink shrimp abundance
than Whipray Basin or anywhere else in a 19-location Southern Coastal Systems monitoring study
(Robblee et al. 2014), benefits of NSM_Paleo to Johnson Key Basin production likely would be
especially great.

The restoration scenarios (2026, 2032CEPP, and 2032PACR) each yielded positive overall average
predicted change, reflecting average positive changes larger than negative changes in both Johnson Key
Basin and Whipray Basin. According to overall change, the 2026 scenario performed better than 2032CEPP
and 2032PACR scenarios, although 2032PACR and 2032CEPP had greater positive change than 2026 in
both Whipray and Johnson Key Basins. Overall, 2032PACR was not an improvement over 2032CEPP in
either basin, although positive change was greater with 2032PACR in Whipray Basin whereas 2032CEPP
and 2032PACR production were essentially the same for Johnson Key Basin.

More detailed investigation of modeling results is needed to determine what features of NSM_Paleo
made it perform well in Johnson Key Basin but not in Whipray Basin, why NSM 4.6.2 performed well in
both basins, and why predicted performances from 2032CEPP and 2032PACR were not better. Designing
future restoration projects to create flow to Florida Bay more closely approximating at least NSM 4.6.2, if
not NSM_Paleo, would ensure top production of pink shrimp in two representative basins, Johnson Key
Basin, where high pink shrimp densities are often found and even greater abundances could be generated,
and Whipray Basin, which could exhibit higher pink shrimp densities under suitable conditions. Even
though NSM_Paleo does not support an increase above ECBIGIT in Whipray Basin production, its lift to
Johnson Key Basin production is so outstanding that NSM_Paleo might be viewed as best for pink shrimp
production overall.

6.7.3 How will success be measured?

Assessment of CERP success, as indicated by the desired restoration condition, will ultimately be
measured by increases in pink shrimp juvenile density in Johnson Key Basin, Whipray Basin, and other
areas of Florida Bay and the southwest coast, which would lead to increased pink shrimp production. In
this model report, improvement toward success was predicted as difference in total annual production
with each scenario relative to production from ECBIGIT, the scenario representing current conditions. Pink
shrimp abundance is a function of growth and survival processes; therefore, reported changes in
production in model outputs suggest that increases in juvenile pink shrimp density, also a function of
growth and survival, would be observed when monitoring effects of CERP implementation. Our modeling
results suggest that success in terms of pink shrimp densities would be manifested by reaching production
levels achieved under a flow regime producing the NSM_Paleo scenario in Johnson Key Basin and the NSM
4.6.2 scenario in Whipray Basin.

6.7.4 What monitoring strategy is needed to measure progress?

Both juvenile pink shrimp density in Florida Bay and pink shrimp production from Florida Bay are functions
of juvenile pink shrimp growth and survival. While the model simulates success in terms of production,
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success will be determined by field measurements of juvenile pink shrimp density. Field observations of
pink shrimp density trends are required to assess progress toward the desired restoration conditions and
corroborate pink shrimp modeling results. Monitoring of pink shrimp density in Johnson Key, Whipray,
and other basins of Florida Bay in the Fish and Invertebrate Network (FIAN; Robblee et al. 2014) was
suspended after 2011. Future monitoring of pink shrimp density is needed to identify changes in pink
shrimp density associated with future CERP implementation, much of which has not yet occurred. A
sampling protocol like that used in the past should be applied in future monitoring to facilitate assessment
of current and future density relative to previously collected information. To support interpretation of the
present pink shrimp model framework, sampling should be conducted repeatedly in July and possibly also
in August and September. Since the pink shrimp model could be initiated with any monthly cohort, future
field sampling and pink shrimp model runs that investigate dry season (e.g., March or April) conditions
could also be considered. Although field results and oceanic modeling output suggest that spring is a less
important period of recruitment to Florida Bay, investigating pink shrimp density during dry season
conditions might be informative because of the salinity regimes distinct to that period.

Modeling results indicate pink shrimp production, and, by inference, juvenile density, should increase with
CERP implementation. As anticipated, pink shrimp modeling results predict that restoration of a natural
volume, distribution, and timing of freshwater inflow to Florida Bay and other parts of the Southern
Coastal Systems is expected to provide salinity patterns that will enhance their nursery value for pink
shrimp. In pink shrimp scenarios, NSM_Paleo resulted in the highest predicted production in Johnson Key
Basin but was not favorable to production in Whipray Basin, whereas NSM 4.6.2 yielded the highest
predicted production in Whipray Basin. Percent change for both basins summed was highest for
NSM_Paleo. Both scenarios are thought to produce more natural seasonal salinity patterns than current
conditions or conditions achieved through 2026, 2032CEPP, or 2032PACR.

6.7.5 Conclusions about CERP progress from the pink shrimp indicator

A model of potential production based on survival and growth in Florida Bay was applied to the annual
July cohort, the most important monthly cohort in terms of settlement strength, in Florida Bay’s Johnson
Key and Whipray Basins. Model scenarios based on scenarios of daily salinity with water management
structures and operations planned for completion by 2026 and 2032 (i.e., 2032CEPP and 2032PACR)
predicted improvement in pink shrimp production over current conditions (i.e., ECBIGIT) in both Johnson
Key and Whipray Basins. However, the 2026 scenario was slightly advantageous to shrimp production
over either 2032CEPP or 2032PACR. The model predicted especially high pink shrimp production in
Johnson Key Basin, lower than ECBIGIT production in Whipray Basin, and the highest shrimp production
summed over both basins, if NSM_Paleo could be implemented. The model predicted that NSM 4.6.2
salinity would be favorable to pink shrimp production in both Johnson Key and Whipray basins. NSM 4.6.2
flows likely are between 2032PACR and NSM_Paleo in volume sent to the Bay and, like NSM_Paleo, have
a more natural seasonal pattern than the CERP scenarios. This combination would be expected to
moderate high salinities without expanding low salinities in Whipray Basin and thus support a favorable
response in shrimp densities and production. Designing future restoration projects to emulate flow to
Florida Bay more closely approximating NSM 4.6.2, if not NSM_Paleo, would ensure top production of
pink shrimp in two representative basins, Johnson Key Basin, where high pink shrimp densities are often
found and even greater densities could be realized, and Whipray Basin, which could exhibit higher pink
shrimp densities under suitable conditions.
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6.8 American Crocodile

American crocodiles rely on estuarine environments characterized by appropriate salinity regimes and
freshwater inflows (Mazzotti 1999, Mazzotti et al. 2007, Cherkiss et al. 2011); therefore, crocodiles can be
used as an indicator to evaluate restoration success in areas affected by CERP (Mazzotti et al. 2009,
RECOVER 2015). Though adults are tolerant of a wide salinity range because of their ability to
osmoregulate, juvenile crocodiles lack this ability (Mazzotti 1989, Mazzotti and Dunson 1989). Several
studies report negative effects of salinity on growth rate in American crocodiles, particularly in hatchlings
and juveniles (Ellis 1981, Mazzotti and Dunson 1984, Mazzotti et al. 1986, Dunson and Mazzotti 1989,
Mazzotti and Brandt 1994, Richards 2003, Richards et al. 2004). While predation is the primary
documented cause of mortality in hatchling and juvenile crocodiles in Florida (Kushlan and Mazzotti 1989),
increased growth rates are hypothesized to result in increased survival rates of hatchling crocodiles by
reducing their vulnerability to some predators (Thorbjarnarson 1989).

The American crocodile became a federally listed species in 1975 (USFWS). Throughout the last part of
the 1900s, the presence and activity of crocodiles in Florida Bay has increased in the Flamingo/Cape Sable
area along the confluence of Florida Bay and the Gulf of Mexico (RECOVER 2019). Documentation of
American crocodile nests has been historically scarce. Since 1970, the majority American crocodile nesting
in Florida Bay has been documented in the northeast part of the bay. Limited observations of nesting
effort in the Flamingo/Cape Sable area between 1970 and 1980 were documented (Kushlan and Mazzotti
1989, Mazzotti 1999). Crocodile nesting has increased overall since 1970 but the majority of increase has
been observed in the Flamingo/Cape Sable region of the Florida Bay (Kushlan and Mazzotti 1989, Mazzotti
1999). Prior to 1995, approximately 90% of crocodile nesting occurred in NE Florida Bay, whereas 74% of
nesting occurred in the Flamingo/Cape Sable area between 2005 - 2016 (Briggs-Gonzalez et al. 2017 a, b).
In the past 5 years, crocodile populations have shown a declining trend. Less information is known about
crocodile activity within the Biscayne Bay sub-region (including Card Sound, Barnes Sound, and Manatee
Bay). However, crocodile distribution and abundance increases to the south and southwest throughout
the sub-region (RECOVER 2019). Looking holistically at the Southern Coastal Systems region, crocodile
relative density and body condition increase from north to south and east to west throughout the region
(Table 6-6) (RECOVER 2019).

Table 6-6. Summary of relative density (#/km) and body condition (Fulton's K) of American crocodiles
(Crocodylus acutus) in Everglades National Park and Biscayne Bay (RECOVER 2019).

Location Relative Density Body Condition
(#/km) (Fulton’s K)
Biscayne Bay not analyzed 2.08
NE Florida Bay 0.92 2.03
West Lake Area 2.94 2.18
Flamingo/Cape Sable 11.65 2.26

Similar to most studies mentioned previously, current metrics support the negative relationship between
salinity and growth rate in American crocodiles (especially hatchlings and juveniles), as shown by changes
in crocodile distribution related to salinity and body condition. Because CERP will affect salinity in habitats
occupied by crocodiles, reduced salinity, especially a reduction in frequency and duration of hypersaline
events is expected to increase the productivity of prey and allow for increased juvenile crocodile growth
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through greater prey availability and reduced physiological stress resulting from osmotic regulation in a
saline environment.

6.8.1 How were predictions for CERP success updated?

Predictions for the American crocodile, as an indicator for restoration success of freshwater input into the
Southern Coastal Systems region, have been improved since the 2005 RECOVER Interim Goals and Targets
Report. The RECOVER American Crocodile Growth and Survival Performance Measure was approved in
October 2015 and includes revised characterization of “optimal” salinity. Evaluation of the suite of CERP
restoration scenarios modeled for RECOVER Interim Goals and Targets utilize the predictive metric and
targets of the “crocodile growth and survival salinity index” in the RECOVER American Crocodile Growth
and Survival Performance Measure. This index is calculated using modeled salinity estimates at seven sites
along the nearshore environment across Florida Bay’s northern shore for the period of record (POR) for
the months of August through December (RECOVER 2015). Each day in the dataset is coded based on the
daily average salinity value. Salinity values less than 20 PSU receive the highest score of 1; values equal to
20 PSU and up to 30 PSU receive a score of 0.6; values equal to 30 and up to 40 PSU receive a score of 0.3;
and values equal to 40 and above receive a score of 0. Daily scores are averaged between August and
December to obtain a yearly index. Years can be examined individually or in combination by averaging
annual scores. Higher Scores indicate better conditions for crocodile growth and survival.

The “paleo-adjusted” salinity values were produced by the RECOVER Salinity in Florida Bay Performance
Measure. The salinity values produced using the salinity performance measure are a result of simulated
historic hydrologic conditions circa 1900 that are derived by using paleosalinity data to adjust the
SFWMD’s Natural Systems Model Version 4.6.2 (NSM 4.6.2) and multiple linear regression (MLR)
statistical models to estimate salinity response. In the 2005 RECOVER Interim Goals and Targets Report,
predictions used the SFWMD’s South Florida Water Management Model (SFWMM).

6.8.2 What are the predictions for Interim Goals?

Average crocodile growth and survival index score increase slightly with each scenario of CERP (Figure
6-16: all years combined). Due to the similarity of average index results reducing discernibility between
CERP scenarios, results for each CERP scenarios are presented below as a percentage of the NSM 4.6.2
target in order to more accurately assess progress towards meeting Interim Goals established for the
American crocodile as an indicator of CERP restoration of freshwater flows to the Southern
Coastal Systems.
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Figure 6-16. Average crocodile growth and survival index for all years combined for Interim Goals.
Models include Natural Systems Model 4.6.2 (NSM 4.6.2), Existing Conditions Base for Interim Goals
and Interim Targets (ECBIGIT), 2026 (RUN12026), 2032 with Central Everglades Planning Project
(2032CEPP or RUN2CEPP), 2032 with Central Everglades Planning Project and a reservoir and
stormwater treatment area authorized in a PACR (2032PACR or RUN2PACR). Joe Bay, Trout Cove, and
Little Madeira Bay are the stations among the available stations closest to where the highest densities
of crocodile nests are.

Generally, the highest densities of American crocodile nests historically occurred in the vicinity of Joe Bay,
Trout Cove, and Little Madeira Bay. Paleo-adjusted NSM 4.6.2 is the comparison model run utilizing
salinity targets for MMN stations in Florida Bay from the RECOVER Salinity in Florida Bay Performance
Measure. Modeling shows a progressive improvement of salinity conditions throughout the scenarios of
CERP. Target salinities maximizing the American crocodile growth and survival index are met for all CERP
scenarios for Joe Bay in wet, dry, and average years. The 2032PACR (CEPP/EAA) scenario shows salinity
targets being met for Long Sound as well in average and wet years (Figure 6-19 wet year). For the two
remaining important historic nesting areas, Trout Cove and Little Madeira, all CERP scenarios for these
two sites are relatively consistent, with a growth and survival index % in the low to mid 90s for Trout Cove
and mid 80s for Little Madeira with lower values in dry years (Figure 6-18 dry year). Ultimately, the
advancement of CERP shows modest improvements in meeting restoration targets for the American
crocodile growth and survival index for all seven sites when compared to the baseline ECBIGIT (Figure
6-16, Figure 6-17).

INTERIM GOALS AND TARGETS - JULY 2020
144



Section 6 Interim Goals - Southern Coastal Systems

100%

90%

80%
70%
60%
50%
40%
30% i
20% i
10%
0%

ECBIGIT RUN12026 RUN2CEPP RUNZPACR

Crocodile growth and survival index % of NWM462
1965-2005

M Little Blackwater M Long Sound M Joe Bay = Trout Cove M Little Madeira W Terrapin Bay B Garfield Bight

Figure 6-17. Crocodile growth and survival index for 1965-2005 as a percentage of NSM 4.6.2. Natural
Systems Model 4.6.2 (NSM462), Existing Conditions Base for Interim Goals and Interim Targets
(ECBIGIT), 2026 (RUN12026), 2032 with Central Everglades Planning Project (2032CEPP or RUN2CEPP),
2032 with Central Everglades Planning Project and a reservoir and stormwater treatment area
authorized in a PACR (2032PACR or RUN2PACR).
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Figure 6-18: Crocodile growth and survival index for in a dry year (1989) as a percentage of NSM462.
Natural Systems Model 4.62 (NSM462), Existing Conditions Base for Interim Goals and Interim Targets
(ECBIGIT), 2026 (RUN12026), 2032 with Central Everglades Planning Project (2032CEPP or RUN2CEPP),

2032 with Central Everglades Planning Project and a reservoir and stormwater treatment area
authorized in a PACR (2032PACR or RUN2PACR).
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Figure 6-19: Crocodile growth and survival index for in a wet year (1995) as a percentage of NSM462.
Natural Systems Model 4.6.2 (NSM462), Existing Conditions Base for Interim Goals and Interim Targets
(ECBIGIT), 2026 (RUN12026), 2032 with Central Everglades Planning Project (2032CEPP or RUN2CEPP),

2032 with Central Everglades Planning Project and a reservoir and stormwater treatment area
authorized in a PACR (2032PACR or RUN2PACR).

6.8.3 How will success be measured?

Success will be measured by comparing crocodile growth, survival, relative density, body condition and
distribution to existing and underdevelopment targets. The expectation is that crocodiles will be more
abundant, in better body condition, and have greater survival within an area, such as northeastern Florida
bay, with lower salinities and fewer hypersaline events. Evaluation metrics will continue to assess
crocodile growth and survival using the evaluation index in the RECOVER SCS American Crocodile
Performance Measure which evaluates restoration scenarios for CERP or individual restoration projects
and compares that to the “paleo-adjusted” NSM salinity targets.”

6.8.4 What monitoring strategy is needed to measure progress?

Monitoring for crocodiles as outlined in the 2004 RECOVER MAP which included surveys throughout the
Southern Coastal Systems. That monitoring included surveys for nests which supports determining
crocodile growth, survival, and distribution and night-time eyeshine surveys that support determination
of crocodile relative density, distribution, growth, and survival. In addition, monitoring of salinity
throughout Southern Coastal Systems is needed to be able to link crocodile responses to changes in
salinity.

6.9 Juvenile Spotted Seatrout

We used the Southern Coastal Systems performance measure on juvenile spotted seatrout habitat quality
to evaluate the impact of the Interim Goals and Targets scenarios on juvenile sportfish habitat in select
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areas of Florida Bay for which we had salinity predictions. This performance measure was accepted on
February 16, 2017.

Per the Performance Measure documentation (RECOVER 2017):

“Restoration of natural salinity distributions in bays and estuaries should provide higher quality
nursery habitat for juvenile sportfish over an expanded area. The expansion of high-quality
nursery habitat will result in increased recruitment success, survivorship, and growth. Thus, if
adult sportfish populations are not adversely impacted by externalities outside of the control of
the Comprehensive Everglades Restoration Plan (CERP) (e.g., increase in fishing pressure, climate
change, etc.) their populations are likely to increase, translating into increased recreational fishery
catch rates.

The spotted seatrout, Cynoscion nebulosus, is one of the most commonly caught recreational
sportfish in Florida Bay (Tilmant 1989). This species is an established indicator of estuarine health
(Bortone 2002) with juvenile stages found to be adversely affected by hypersalinity in north-
central Florida Bay (Powell et al. 2007). This hypersalinity is more intense and ecologically
damaging, because of reductions from historic freshwater runoff (Marshall 2017). The anticipated
increases in freshwater runoff and associated decreases in Florida Bay salinity due to CERP should
increase the distribution, abundance, growth and survival of juvenile spotted seatrout in north-
central and western Florida Bay. The targets described below use frequency of occurrence of
juvenile spotted seatrout and its associated habitat suitability as both the evaluation and
assessment metric. These targets and metrics will be refined based on continuing detailed analysis
of CERP Monitoring and Assessment Plan (MAP) data and values derived from modeling efforts,
particularly concerning the current paleo-adjusted Natural System Model (NSM) target for salinity
in Florida Bay.”

6.9.1 How were predictions for CERP success updated?

Juvenile spotted seatrout was not used as a 2005 Interim Goal. For the 2020 evaluation juvenile spotted
seatrout habitat quality was predicted based upon the below equation (RECOVER 2017).

logit(H) = —69.93 — 0.5542 S, + 0.1837 S, + 5.265 T, + 0.01749 x 4 (1)
—0.04256 # S, * T, + 0.01716 * S2 — 0.06040 * T2 — 0.00003276 * A2

Where S, is monthly mean salinity, Srm is monthly maximum salinity, T, is monthly mean temperature, and
A is the area towed by the trawl net. A, the area trawled, is used when validating against observations,
but is held constant at the mean of 400 m? for predictions such as for the Interim Goals and Interim
Targets. The mean monthly and maximum monthly salinity were calculated from the salinity scenarios
discussed in section 7.5. The mean monthly temperature was calculated from observation at the Florida
Bay Marine Monitoring Buoys that correspond with the modeled salinity outputs.

The model outputs a measure of habitat suitability from 0 to 1, which corresponds to the probability of
observing a juvenile spotted seatrout in an otter trawl collected according to the RECOVER/MAP Florida
Bay Juvenile Sportfish monitoring program’s protocols. Thus, 0 is extremely poor habitat quality and 1 is
nearly perfect habitat quality.

These predictions were made for each month from May through November at Johnson Key, Murray Key,
Buoy Key, and Whipray Basin sites in section 7.5 for all years that had Interim Goals and Targets salinity
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scenario predictions. For ease of comparison, the median habitat quality and upper and lower quartile
were calculated for each month from May through November for all years that had salinity data for the
Interim Goals and Targets scenarios. May through November were the only months examined, because
these are the months where juvenile spotted seatrout are commonly found in Florida Bay, due to the
annual cycle in spotted seatrout spawning in Florida Bay (Powell et al. 2007).

6.9.2 What are the predictions for Interim Goals?

The ECBIGIT and 2026 scenarios had the lowest predicted probability of observing a juvenile spotted
seatrout in all four sub-regions of Florida Bay. There were no significant differences between the two
scenarios. The Paleo-NSM had the highest predicted probability of observing juvenile spotted seatrout in
all four sub-regions. Both 2032PACR and 2032CEPP had predicted probabilities of observing juvenile
spotted seatrout between the ECBIGIT/2026 and Paleo-NSM scenarios. Thus, they provided a benefit
compared to the ECBIGIT and 2026 scenarios, but they did not achieve even 50% of the increase realized
in the fully restored Paleo-NSM scenario. The largest differences were observed from June through
October when temperature is not a limiting factor and salinity is the primary determinant of the
probability of observing juvenile spotted seatrout.

The percent increase towards Paleo-NSM targets was calculated for each sub-basin for each month, where
100% occurs when a the scenario matches the Paleo-NSM habitat suitability, a negative value means the
scenario is below ECBIGIT, a value of 50% would mean the scenario improved habitat suitability to a value
halfway between ECBIGIT and Paleo-NSM. The 2026 scenario showed little to no improvement in juvenile
spotted seatrout habitat suitability with the percent increase ranging from -12% to 14% and a mean
percent increase of only 0.33%. The CEPP scenario showed improvement in juvenile spotted seatrout
habitat suitability with a mean percent increase of 13.7% and the range from -1% to 38%. The 2PACR
scenario had the greatest overall increase in juvenile spotted seatrout habitat suitability with a mean
increase of 17.8% and a range from 3% to 57%.

6.9.3 How will success be measured?

Success will be measured by validating the model against the continuously collected monitoring data,
specifically the frequency of occurrence of juvenile spotted seatrout. This frequency of occurrence is
measured using an otter trawl and following the protocols described in the RECOVER MAP Florida Bay
juvenile sportfish monitoring program.

6.9.4 What monitoring strategy is needed to measure progress?

The monitoring needed for this performance measure is collected via the RECOVER MAP Florida Bay
juvenile sportfish monitoring program. Juvenile sportfish, including spotted seatrout, frequency of
occurrence and abundance should be measured using an otter trawl and a stratified random sample
design in Florida Bay per the RECOVER MAP.
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Figure 6-20. Predicted juvenile spotted seatrout habitat suitability for each month under each of the
Interim Goals and Targets salinity scenarios (CEPP=2032CEPP, 2PACR=2032PACR, 12026=2026) in
Florida Bay at each of the four stations located in the RECOVER MAP juvenile sportfish sampling
domain. The lines and dots are the monthly medians for each scenario and the error bars are the

upper and lower quartile. The months are listed by their numerical value (e.g., May =5, June =6, etc.).
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7  INTERIM TARGETS: WATER SUPPLY AND FLOOD PROTECTION

7.1 What is included in the water supply and flood protection section?

Figure 7-1. Aerial photo showing Lake Okeechobee and northern Everglades Agricultural Area.

Over seven million people live around and south of Lake Okeechobee coast to coast, making South Florida
more populous than 37 states in 2018. Most people live in a narrow band along the lower east coast. The
South Florida Water Management District (SFWMD) provides regional water supply to the people of South
Florida by storing water in canals, the Water Conservation Areas (WCAs) located west of the developed
lower east coast, and Lake Okeechobee. Primarily, the lower east coast counties of Palm Beach, Broward,
Miami-Dade, and Monroe are collectively referred to as the Lower East Coast Service Area (LECSA) for the
purposes of water supply. In addition to its urban population, South Florida supports almost one million
acres of irrigated agricultural lands, mainly sugar cane, citrus, vegetables, and plant nurseries. A large,
mostly agricultural service area centered around and relying on Lake Okeechobee for supply is referred
to as the Lake Okeechobee Service Area (LOSA). LOSA provides water supply to the Everglades Agricultural
Area (EAA) (Figure 7-1), the Caloosahatchee and St. Lucie basins, and the Seminole Tribe of Florida’s
Brighton and Big Cypress Reservations. The system of canals and water management structures, known
as the Central and Southern Florida Project (C&SF Project), also provides flood protection for people and
farms.
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7.2 What are the underlying challenges in the water management system with regards to water
supply and flood protection?

Figure 7-2. Photo of flooding in Fort Lauderdale in 1949.

Over seventy years ago in 1948, the U.S. Congress authorized the C&SF Project to help protect the roughly
500,000 people who were then living in South Florida from the effects of hurricanes, floods, droughts, and
fires. The massive water management system was built to address flood protection and provide water to
people and agricultural lands. The project was designed in the early 1950s and built in the late 1950s to
early 1970s. Planning predictions estimated that by the year 2000 two million people could be living in
South Florida. Today’s population of over seven million people is almost 4 times more than the project
was designed to serve.

From 1971 to 2018, South Florida experienced eleven years of drought caused by too little rainfall; in nine
of these years, water shortage restrictions were declared. Water shortage restrictions can cause economic
hardship to people living in cities as well as on farms. Conversely, storm events such as the No-Name
Storm and Hurricane Irma in 2017 caused extensive flood and crop damage to some areas. During the
2004 hurricane season, four hurricanes struck South Florida and Lake Okeechobee water levels rose by
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Figure 7-3. 2008 Broward urban development adjacent to Everglades Water Conservation Area 2B.

5.5 feet in only six weeks. These extreme events (Figure 7-2) have reinforced the need for upgrades to the
aging infrastructure of the C&SF Project.

South Florida’s growth, enabled by the drainage system, has impacted the natural environment and
forever changed the region’s landscape. The rapid increase in population has intensified demands for
water supply and changed historical land uses as open areas (uplands, wetlands, and agricultural areas)
are converted to urban development (Figure 7-3).

The loss of recharge areas to retain and store South Florida’s normally abundant rainfall means more
water is discharged to tide to provide flood protection to development and less water remains stored in
the system for use in dry times. Sea level rise has started to impact coastal aquifers which rely on
maintained freshwater levels in coastal canals on the east coast to prevent inland movement of saltwater.
These factors have strained the C&SF project’s ability to perform its intended functions of flood
protection; water supply for people, agriculture, and industry; prevention of saltwater from seeping into
the fresh groundwater of the Biscayne aquifer; water supply to Everglades National Park; and protection
of fish and wildlife. Projects and regions mentioned in relation to Interim Targets can be found on Figure
7-4. The Biscayne aquifer, the primary fresh drinking water source for the region, extends from southeast
Palm Beach County through Miami-Dade County.
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Figure 7-4. Interim Targets project area map.
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7.3 What is CERP doing to improve water supply and flood protection?

CERP is expected to improve the timing, volume, and distribution of water throughout the system
primarily by increasing regional storage capacity, removing barriers to flow, and carefully redistributing
water within the system to more closely match natural cycles. The increase in regional storage capacity
provided by the CERP is also expected to increase water resource benefits for other water-related needs
of the region that include water supply and flood protection as well as recreational and navigation
opportunities and protection of cultural and archeological resources and values.

As CERP projects are built, water now discharged to tide will be stored in reservoirs and underground
wells. Ultimately, these two types of enhancements will increase the amount of freshwater available for
all water users, including people and the environment. By increasing the storage capacity through the
CERP, we can expect to see fewer water restrictions for the people of South Florida and less competition
for water between people and the natural system.

CERP will help meet the State of Florida’s planning goal to meet existing and future municipal, industrial,
and agricultural water supply requirements in the region during a 1-in-10 year drought event. A 1-in-10
year drought is a drought of such intensity that it is expected to have a return frequency of once in 10
years. More water storage capacity will provide water managers with more flexibility in how water can be
moved through the Central and Southern Florida Project. Not only will water supplies be enhanced, but
flood protection will be maintained, and in some situations, will be improved.

7.4 What are the water supply and flood protection Interim Target indicators and what has
changed?

Five indicators for water supply and one indicator for flood protection used in the 2005 Interim Goals and
Targets Report are being reported for the 2020 Interim Targets update. Below is a list of the indicators
with a brief description of each. Detailed documentation for each indicator and evaluation of results is
provided in Appendix D.

e Water Volume (Appendix D: D.1 Indicator) - The bulk quantities of water distributed throughout
the system are predicted and also the amount of water that is captured and stored by CERP
projects, and where that additional water goes.

e Water Supply for the Lower East Coast Service Area (Appendix D: D.2 Indicator) - The
characteristics of water supply that are evaluated include frequency, duration and severity of the
water supply restrictions imposed. The cause of the water restrictions, such as whether the
restriction is due to low Lake Okeechobee levels, dry season criteria, or a local water level trigger,
is also calculated.

e Water Supply for the Lake Okeechobee Service Area (Appendix D: D.3 Indicator) - The
characteristics of this indicator are similar to the Lower East Coast Service Area in that it tracks
when water shortage restrictions are imposed, including the frequency, duration and severity of
the water restrictions.

e Ability to Protect the Biscayne Aquifer from Saltwater Intrusion (Appendix D: D.4 Indicator) - In
selected canals that flow into the ocean, identified in a minimum flows and minimum water levels
prevention strategy, upstream stages (levels) at certain structures are evaluated to see if they are
able to be maintained at levels to prevent saltwater from intruding into and significantly harming
the Biscayne aquifer.
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o Ability to Protect the Southern Biscayne Aquifer from Saltwater Intrusion (South Miami-Dade
County) (Appendix D: D.5 Indicator) - This indicator is for the protection of the Biscayne aquifer
in south Miami-Dade County and is based on canal stages upstream of specified coastal structures.

e Flood Control: Root Zone Groundwater Levels in the South Miami-Dade Agricultural Area East of
L-31N (Appendix D: D.6 Indicator) - In order to evaluate a relative comparison for flood risk in this
area, several points of data are analyzed. Changes in stage (levels) in several “indicator cells” of
the model and how long the stages remain at certain levels are two of these points. It should be
noted that due to the use of the Regional Simulation Model (RSM) and its coarse resolution,
relative trends in flood protection are reported.

Although two additional indicators for flood protection were developed, “Groundwater Stages for Miami-
Dade, Broward, Palm Beach, and Seminole Tribe Surface Water Management Basins” and “Flood Water
Removal Rate for the Everglades Agricultural Area”, these indicators were not informative for projects
reviewed in this interim update. The CERP projects analyzed in this Interim Targets analysis did not change
water quantities to Seminole Tribe properties. CEPP had potential flood risks due to additional seepage
from higher water levels in WCA 2 and WCA 3 into southern Broward and Miami-Dade counties. These
were mitigated by seepage control measures in Broward County whereas in Miami-Dade County these
were reviewed in more detail in the Root Zone Groundwater Levels indicator. The stormwater removal
pumps in the EAA did not change capacities or operations between the different model scenarios so no
differences could be determined. These indicators will be re-evaluated to determine whether they will be
updated or removed for the next Interim Goals and Targets incremental modeling exercise.

Reservoir projects incorporate flood protection into their design criteria. CERP projects such as the C-43,
C-44, C-23/C-24, and EAA reservoirs and impoundment projects such as the C-9, C-11, Flow Equalization
Basins (FEB) and Stormwater Treatment Areas (STAs) are expected to meet the infrastructure
requirements necessary to maintain flood risk reduction. See Figure 7-4 for reservoir project locations.

Projects that increase groundwater levels on a large scale, such as the Picayune Strand Restoration Project
or the CEPP require additional flood protection measures to maintain or improve flood protection on a
broader scale. The Picayune Strand Restoration Project is constructing the Southwest Protection Feature
levee and conveyance features to maintain flood protection for agricultural lands adjacent to the project.
Because the project is not within the regional model area, an interim flood analysis is not provided. CEPP
includes seepage management and conveyance components to maintain or improve flood protection in
the developed areas adjacent to the project. The individual seepage management components are not
included in the regional model but their overall effect is simulated.

The USACE is currently requesting support and funding for a Central and Southern Florida Flood Resiliency
Study to be conducted under section 216 of the Flood Control Act of 1970 due to changed conditions
regarding flooding in the C&SF Project region. The entire C&SF Project region, of which the CERP project
areais a sub region, has seen population growth from 2 million in the late 1950s to 8.7 million in 2020 and
is projected to rise to 11.4 million in 2045. The USACE is currently planning to begin the study in
coordination with other agencies and stakeholders in 2022 if funding is available. It would include an
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Figure 7-5. South Miami-Dade agricultural area flooding.

opportunity to address vulnerabilities with a phased approach; inform how the system should look,
operate, and adapt considering changes since the initial construction; identify improvements needed; and
focus on project features which can reduce the most immediate flood risk.

Since CERP was authorized and Intergovernmental Agreements in 2007 were established, many state and
regional water supply statutes, rules and policies have changed. An effort to understand what potential
impact these changes may have on modeled performance should be undertaken. Water supply rules,
restricting water permit allocations until additional water is made available, include the Lower East Coast
Regional Water Availability Rule and the Lake Okeechobee Service Area Water Availability Rule. These are
regulatory components of minimum flow and minimum water level recovery measures for the Everglades
and Lake Okeechobee, respectively. CERP included plans for additional water to meet future water
demands. A strategy is needed to update water supply demands to the end of the CERP planning horizon
based on projections of future reasonable and beneficial uses given developments in water supply since
2005.

The 2000 Lower East Coast Water Supply Plan is a water supply plan example which relied on CERP to
provide for future water needs. When it became apparent that CERP’s implementation schedule was
unrealistic, CERP was replaced by revised state water law and the SFWMD Lower East Coast Water
Availability Rule limiting access to regional water. Utilities are now relying heavily on alternative water
supply projects to meet future demands. The 2018 Lower East Coast Water Supply Plan concluded
remaining unused allocations and new alternative water supply projects would generate sufficient water
to meet the needs of the planning area through the planning horizon of 2040.

The current Lake Okeechobee Regulation Schedule 2008 (LORS 2008) is an example of an operational
change intended to hold lake levels lower to reduce the risk of a Herbert Hoover Dike (HHD) failure while
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the HHD is repaired and rehabilitated. Because of the predicted increase of Lake Okeechobee Minimum
Flow and Levels violations and water shortages due to LORS 2008, the SFWMD adopted the Lake
Okeechobee Service Area Water Availability Rule. This established a water availability rule that is
consistent with the SFWMD Lake Okeechobee Minimum Flows and Levels Recovery Plan and limits
competition among existing and new consumptive water uses without creating additional water demands
on Lake Okeechobee.

The operational change LORS 2008 example is now subject to a new regulation schedule study, the Lake
Okeechobee System Operating Manual (LOSOM), scheduled for implementation in 2022. Also, the COP is
an operational plan scheduled to take the place of the 2012 Water Control Plan/Everglades Restoration
Transition Plan (ERTP) in August 2020.

CERP included additional water to meet future water demands as well as improvements in water supply
performance for existing legal uses. Help to meet future water demands were planned for CERP projects
such as the C-43 Reservoir, Lake Okeechobee Watershed Restoration Project, and CEPP A-2 EAA Reservoir
Project. While these projects include some improvements for existing legal uses, they have not identified
additional water to meet increased future water demands. CERP storage and supply for other water
related needs is very limited due to projects currently being constructed or in the planning phase lacking
the intended CERP water supply benefits. The CERP water budget recognized the need to move water
supply to new storage features to reduce reliance on Lake Okeechobee in order to provide more flexibility
for water management to meet the needs of the natural system and developed areas in tandem.

7.5 How were predictions for CERP success updated?

The tools employed in predicting progress towards meeting Interim Targets are numerical or
computational models, which allow forecasting of how the water supply and flood protection indicators
will respond to changes brought about by the CERP. In order to generate the data necessary to predict
the Interim Targets, the Regional Simulation Model simulated conditions for the South Florida ecosystem
for the ECBIGIT 2017 base condition, 2026, 2032CEPP, and 2032PACR with authorized CERP projects.
Based upon the implementation plan in the Integrated Delivery Schedule 2018 Update (USACE 2018),
CERP components expected to be constructed within each timeframe were added as input data to the
model. By evaluating the output of each timeframe, predictions of CERP’s progress have been established.

For the 2032 CEPP and 2032 PACR scenarios, 17 million gallons a day (MGD) of additional public water
supply withdrawals are made available by CERP in Lower East Coast Service Areas 2 and 3. In the model,
this was input in Broward County as a 10 MGD increase at the Broward County South Regional wellfield
and a 2 MGD combined increase for Ft. Lauderdale, Lauderhill and Plantation wellfields. In Miami-Dade
County, a 5 MGD increase was assumed for the West wellfield.

Conclusions drawn from models, such as the projection and evaluation of Interim Target performance,
must be understood in the context of the limits of applying predictive models, model uncertainty, and
appropriateness of scale. The hydrologic predictive models cannot predict what will actually happen to
the South Florida ecosystem between now and 2026, 2032 or any other time frame. Rainfall amounts,
their spatial and temporal distribution (in other words, variability), are completely unknown. What the
simulation models do is provide a greater understanding of how the system may respond under a variety
of circumstances using a predetermined rainfall pattern usually based on an historic period of record
(POR). Therefore, the numeric output from the simulation models reflects conditions over an historical
41-year period of record from 1965 to 2005. We use these outputs to guide predictions for the year 2017,
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2026, and 2032 with CERP projects predicted by the 2018 Integrated Delivery Schedule to be built and
operational by the years identified for evaluation.

Predicting the outcome of some indicators (i.e., flood protection indicators) is expected to have an
inherent level of uncertainty because current models have a margin of error associated with the output
that is within a range that could indicate impacts in specific locations. The results will be useful to look at
trends and the potential effects of CERP-related regional system operational changes in tribal, urban, and
agricultural areas. As more is learned about system responses to the CERP through monitoring and
adaptive assessment, predictions of responses will become more informed. Information from the
monitoring program will be used to refine and revise the predictive models, incrementally reducing the
uncertainty that surrounds their use. Contained within Appendix D is a further discussion of the specific
methodology and tools used in the prediction of each Interim Target indicator. The discussion includes
the uncertainty associated with each method.

7.6 What are the predictions for the Interim Targets?

This section provides a high level narrative summary of the predicted performance of CERP increments.
Please see Table 8-2 for a summary of qualitative and quantitative predictions by indicator and CERP
increment. More detailed technical documentation for each indicator is provided in Appendix D. A map
of regions described in Table 8-2 can be found on Figure 7-4 and maps of the Biscayne aquifer salinity
control structures are located in Appendices D.4 and D.5. A map of the flood data points is provided in
Appendix D.6.

Note on Model Result Interpretation — For a variety of reasons, there is a great deal of uncertainty in some
of the absolute values predicted for the Interim Target indicators. In this case, evaluation and model result
interpretation is based on the relative differences between the scenarios and not the absolute values.
Table 8-2 and the tables below present the model results followed by a high level summary of the
predicted performance of the CERP increments. The likelihood terms are defined as Highly Likely (90-
100%), Likely (70-100%), More Likely than Not (50-100%), and Unlikely (0-25%).

7.6.1 Interim Target Prediction Summary

Progress towards achieving the Interim Targets due to CERP projects is ongoing. Slight increases (17 MGD)
in developed area water supply for the Lower East Coast (LEC) are achieved in 2032, however most future
increases will be the result of other efforts such as the LEC utilities development of alternative water
supplies. Maintenance or improvements in flood protection are the result of the progression of
operational protocols in the South Miami-Dade area culminating in the development of the Combined
Operational Plan (COP) for implementation in August 2020. Overall, the 2020 Interim Goals and Interim
Targets exercise indicates CERP progress toward achieving the Interim Targets depends largely on CERP
projects to be implemented by 2032, with the most progress predicted as a result of the 2032(PACR)
scenario that includes the CEPP A-2 EAA Reservoir Project. Water supply performance improvements are
primarily for existing legal uses in the Lake Okeechobee Service Area (LOSA) with a substantial reduction
in cutback volumes and fewer water shortage events predicted once the CEPP A-2 EAA Reservoir/STA is
operational. The LEC Service Areas is predicted to have slight improvements in water supply performance
overall starting with the 2026 scenario.

INTERIM GOALS AND TARGETS - JULY 2020
158



Section 7 Interim Targets — Water Supply and Flood Protection

7.6.1.1

7.6.1.2

2026 Interim Goals and Targets Scenario

Water Volume — Additional water made available by CERP for natural area environmental
restoration and developed area use on an annual average basis when compared to the 2017
ECBIGIT is predicted to be 319,000 acre ft for 2026.

LEC Service Areas — Overall, performs slightly better than ECBIGIT (2017) in meetinga 1in 10 Level
of Service for existing legal uses. Slight improvements or declines indicated based on LEC Service
Area. Indication of slight increase in the duration of water supply shortages. All water shortages
predicted to be Phase 1. The C-11 Impoundment is included in this scenario but does not provide
a water supply benefit in Service Area 2.

LOSA — Indication of a slight improvement from ECBIGIT (2017) in water supply performance for
existing legal uses.

Protect Biscayne Aquifer from Saltwater Intrusion — No significant change from ECBIGIT (2017)
in likelihood to protect Biscayne Aquifer. Overall highly likely to likely, structures able to protect
aquifer except for S-26 on the Miami Canal where scenarios indicate more likely than not to
protect aquifer. Water supply deliveries from regional sources are reduced but canal stages are
maintained by wetter conditions upstream which provide seepage water needed to maintain
canal stages.

Protect Southern Biscayne Aquifer from Saltwater Intrusion — No change from ECBIGIT (2017) in
likelihood to protect Biscayne Aquifer. More likely than not to protect at S-123 but unlikely at S-
21, S-12A, S-20F. Indication of water levels slightly lower in driest conditions.

Flood Protection South Miami-Dade Agricultural Area — Similar to ECBIGIT (2017) except for one
of the five indicator cells, 4328, in the vicinity of the C-113 canal where water levels are predicted
to rise 0.5 ft and double the days in the water levels in the root zone. Overall slightly higher
regional groundwater levels compared to ECBIGIT (2017) are indicated. COP operations scheduled
to be implemented in August 2020 will supersede the Interim Targets update results and resolve
the issues noted at indicator cell 4328.

2032CEPP Interim Goals and Targets Scenario

Water Volume — Additional water made available by CERP for natural area environmental
restoration and developed area use on an annual average basis when compared to the 2017
ECBIGIT is predicted to be 463,000 acre ft for 2032CEPP.

LEC Service Areas — Same as 2026 performance but includes an increase in public water supply
pumpage of 12 MGD in Service Area 2 and 5 MGD in Service Area 3. Overall, performs slightly
better than ECBIGIT (2017) in meeting a 1 in 10 Level of Service for existing legal uses, indicating
that additional water made available to the Lower East Coast Service Area is comparable to the
increased pumpage. Slight improvements or declines indicated based on LEC Service Area.
Indication of slight increase in the duration of water supply shortages. All water shortages
predicted to be Phase 1. The C-9 and C-11 Impoundment is included in this scenario but do not
provide a water supply benefit in Service Area 2.

LOSA — Indication of a slight improvement in water supply from ECBIGIT (2017) and 2026 for
existing legal uses. Two of the major drought events are predicted to be slightly shorter and
demands met improves slightly.
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7.6.1.3

Protect Biscayne Aquifer from Saltwater Intrusion — No significant change from ECBIGIT (2017)
in likelihood to protect Biscayne Aquifer. Overall highly likely or likely except for S26 at the Miami
Canal where scenarios indicate more likely than not ability to protect. Water supply deliveries
from regional sources are reduced but canal stages are maintained by wetter conditions upstream
which provide the water, through seepage, needed to maintain canal stages. Slight declines
indicated in average and drought period water levels.

Protect Southern Biscayne Aquifer from Saltwater Intrusion — No change from ECBIGIT (2017)
and 2026 in likelihood to protect Biscayne Aquifer. More likely than not to protect at S-123 but
unlikely at S-21, S-12A, S-20F. Indication of water levels slightly lower in driest conditions.

Flood Protection South Miami-Dade Agricultural Area — Similar to ECBIGIT (2017) except for one
of the five indicator cells, 4328, in the vicinity of the C-113 canal where water levels are predicted
to rise 0.6 ft and slightly more than double the days in the water levels in the root zone. Overall
slightly higher groundwater levels compared to ECBIGIT (2017) and 2026 are indicated. COP
operations scheduled to be implemented in August 2020 will supersede the Interim Targets
update results and resolve the issues noted at indicator cell 4328.

2032PACR — CEPP A-2 EAA Reservoir/STA Interim Goals and Targets Scenario

Water Volume — Additional water made available by CERP for natural area environmental
restoration and developed area use on an annual average basis when compared to the 2017
ECBIGIT is predicted to be 565,000 acre ft for 2032PACR.

LEC Service Areas — The 2032PACR performance is essentially the same as the 2032CEPP
simulation indicating that the CEPP A-2 EAA Reservoir/STA operations do not affect water supply
in the Lower East Coast.

LOSA — Water supply in the LOSA area for existing legal uses is predicted to improve significantly
for this scenario. The predicted frequency of years with water restrictions declines to six out of
the 41 year simulation with a total of 10 months of restrictions. The duration and severity of water
shortages is predicted to be half of that predicted for 2026 and 2032CEPP.

Protect Biscayne Aquifer from Saltwater Intrusion — No significant change from ECBIGIT (2017),
2026 and 2032CEPP in likelihood to protect Biscayne Aquifer. Overall highly likely to likely can
provide protection except for S26 at the Miami Canal where scenarios indicate more likely than
not ability to protect. Water supply deliveries from regional sources are reduced but canal stages
are maintained by wetter conditions upstream which provide the water needed to maintain canal
stages. Slight declines indicated in average and drought period water levels.

Protect Southern Biscayne Aquifer from Saltwater Intrusion — No change from ECBIGIT (2017),
2026 and 2032CEPP in likelihood to protect Biscayne Aquifer. More likely than not to protect at
S-123 but unlikely at S-21, S-12A, S-20F. Indication of water levels slightly lower in driest
conditions.

Flood Protection South Miami-Dade Agricultural Area — Similar to ECBIGIT (2017) except for one
of the five indicator cells, 4328, in the vicinity of the C-113 canal where water levels are predicted
to rise 0.6 ft and more than double the days in the water levels in the root zone. Overall slightly
higher groundwater levels compared to 2017, 2026 and 2032CEPP are indicated. COP operations
scheduled to be implemented in August 2020 will supersede the Interim Targets update results.
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7.7 How will success be measured?

The actual number of times and duration when water supply restrictions are imposed will be analyzed to
determine if water supply demands were met for the water supply indicators. For protection of the
Biscayne aquifer, the number of times (frequency) the coastal canal stages and the number of consecutive
days (duration) the criterion is not met for each event will be monitored and analyzed to determine if it
was related to drought conditions or other causes. The monitoring data at the control structures will also
be compared to historical conditions and the ability to meet operating criteria. The Interim Target for
flood protection may be measured by using parameters such as water stage; duration and frequency; and
canal operating levels, flow volumes, and timing.

7.8 What monitoring strategy is needed to measure progress?

RECOVER will focus on developing the database needed to monitor the highest priority Interim Target
Indicators over the next five years. The SFWMD tracks and reports on several of the indicators as part of
their flood protection and water supply missions and they are reported in the South Florida Environmental
Report on a yearly basis.

7.9 Recommendations to improve Interim Targets predictions for future updates

e Lower East Coast (LEC) Water Supply Indicators - will be improved in 2020 by model updates to
trigger cell locations and water level trigger values associated with predictions for water
shortages.

e LEC and Lake Okeechobee Service Area Indicators - will benefit from re-analysis of the targets
based on improved models, as well as additional output programs providing daily stage
hydrographs, LEC regional water delivery information, and Lake Okeechobee inflows and outflow
reports.

e Biscayne Aquifer Water Supply Indicators - will benefit if the models applied to simulate
groundwater hydrology are improved to include density-dependent transport functions near the
coast to more accurately simulate the saltwater-freshwater interface. A density dependent
groundwater model of the Upper and Lower East Coast within the SFWMD is currently being
developed. This model could also be used in the prediction of other flood protection and water
supply interim targets not predicted by the RSMGL and RSMBN.

e The South Miami-Dade Root Zone Groundwater Levels Indicator - related to root zone flooding in
the agricultural areas will benefit from use of a version of the RSMGL and other models of the
south Miami-Dade area which include updated topography, operations, structures and model cell
stage analysis within the South Dade Conveyance System (SDCS).

e A revaluation of “Flood Water Removal Rate for the Everglades Agricultural Area” and update for
“Groundwater Stages for Miami-Dade, Broward, Palm Beach, and Seminole Tribe Surface Water
Management Basins” are recommended.
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8 SUMMARY, FUTURE REPORTING, AND REFINEMENTS
8.1 Summary of CERP Interim Goals

Table 8-1 summarizes the Restoration Coordination and Verification Team’s (RECOVER’s) 2020 recommended
indicators for Comprehensive Everglades Restoration Plan (CERP) Interim Goals, and the predictions of
performance for these indicators during CERP implementation as described in the 2018 Integrated Delivery
Schedule.

8.2 Summary of CERP Interim Targets

Table 8-2 summarizes the recommended indicators for Interim Targets and the predictions for
performance of these indicators. This section provides a summary of the Restoration Coordination and
Verification Team’s (RECOVER’s) recommended indicators for CERP Interim Targets, and the initial set of
predictions of performance for these indicators for CERP implementation for projects completed and
operational by 2026 and 2032 (Section 7.0). This summary is not intended to be a stand-alone document.
The justification of indicator use and Interim Targets predictions, including methods, limitations,
assumptions, and uncertainty, is provided in Section 8.0. Interim Target indicators are organized by water
supply and flood protection. Current predictions for the indicators are presented in narrative format,
either quantitatively or qualitatively, and are often separated by subregion under each heading. These
predictions carry a high degree of uncertainty associated with them that reflects current gaps in
understanding and limitations in current capacities to predict the performance of the selected indicators.

8.2.1 Water Supply
8.2.1.1 Water Volume (Appendix D: D.1 Indicator)

The water volume indicator predicts increases in water quantities over ECBIGIT 2017 conditions that CERP
produces to benefit natural systems and developed areas. Diverted water made available by CERP for natural
area environmental restoration and developed areas use is often termed “additional water made
available”. Additional water made available on an annual average basis by the Interim Goals and Targets
scenarios when compared to the 2017 ECBIGIT is predicted to be 319,000 acre ft for 2026, 463,000 acre
ft for 2032CEPP and 565,000 acre ft for 2032PACR. The calculations used to quantify this “additional water
made available” are based on the RSMBN and RSMGL water budget predictions and are a function of the
difference in storage volume predicted for a given basin between the interim dates and 2017. The project
components included in each model scenario are specific to this Interim Goals and Targets analysis and
therefore are unique predictions. Modeling predictions for other efforts using these modeling tools but different
project components are not directly comparable.
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Table 8-1. Summary of RECOVER recommended 2020 Interim Goals. NE = Northern Estuaries, LO = Lake Okeechobee, GE = Greater Everglades,
SCS = Southern Coastal Systems. HSI= Habitat Suitability Index. POR= 1965-2005 Period of Record. Under each Interim Goal indicator name is
the CERP desired restoration condition from the 2005 Interim Goals and Targets (RECOVER 2005) or from more recently developed
Performance Measure desired restoration condition or other new information if indicator is new.

2020 Interim Goals
(CERP Desired Restoration Metric or Area ECBIGIT 2026 2032CEPP 2032PACR
Condition)
Ecological Hydrology — Lake Stage Below Envelope 39.9 419 429 52.3
Okeechobee Score
Eliminate harmful high and low (Index from 0 to 100;
water levels in the lake that have goal =100)
been documented to cause adverse | Extreme Low Lake 86.9 88.1 87.2 89.4
impacts to plants, fish, and wildlife, | Score (< 10 ft NGVD)
while still providing for a seasonal (Index from 0 to 100;
range of water levels that has goal=100)
documented benefits. This multi- g, o0 Ahove Envelope | 75.7 76.9 72.9 72.0
faceted goal addresses both Score
extreme water levels that cause
acute harm (above 17 feet NGVD or (Index from 0 to 100;
below 11 feet NGVD) and goal=100)
prolonged moderate water levels Extreme High Lake 98.9 98.9 97.9 92.9
(above 15 feet NGVD or below 12 Score (>17 ft)
feet NGVD for 12 months or more). | (Index from 0 to 100;
The desired restoration condition goal=100)
also de.fine.]sc a desir}sd gradugl % time lake stage
recession of water from a winter S -
high near 15.5 feet NGVD to a \é\/r:ifglr;seerzﬁ;‘lgcr:zL 28% 29% 27% 32%
spring low of near 12.5 feet NGVD. percent is better)
Ecological Hydrology — Number of months 116 (24%) 25 (5%) 28 (6%) 27 (5%)
) flow < 450 cfs from C-
NE-Caloosahatchee River Estuary 43 Basin and Lake
The desired restoration condition for Okeechobee regulatory
water volume is to distribute water releases (Oct-July) [%
across the ecosystem in a manner of months in 41 years;
that reflects natural conditions while Goal = 0%]
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2020 Interim Goals

Line

The desired restoration condition for
water volume is to distribute water
across the ecosystem in a manner
that reflects natural conditions while
providing for other water-related
needs of the region.

Average Flows Across
Red Line in 1000 acre-
feet using RSMGL

(% difference from
ECBIGIT)

(CERP Desired Restoration Metric or Area ECBIGIT 2026 2032CEPP 2032PACR
Condition)
providing for other water-related Number of months 94 (19%) 78 (16%) 63 (13%) 56 (11%)
needs of the region. flow > 2800 cfs from C-
43 Basin and Lake
Okeechobee regulatory
releases (Jan-Dec) in 41
years [% of months;
Goal = 0%]
Mean Monthly Flow > 94 (19%) 78 (16%) 63 (13%) 56 (11%)
2800 cfs in 41 years [%
of months in 41 years;
Goal = 0%]
Mean Monthly Flow > 43 (9%) 38 (8%) 29 (6%) 23 (5%)
4500 cfs in 41 years [%
of months; Goal = 0%]
Number of months 89 (18%) 88 (18%) 86 (17%) 86 (17%)
Ecological Hydrology — average flow < 350 cfs
NE- St. Lucie Estuary in 41 years [% of
The desired restoration condition for months; Goal < 6%]
water volume is to distribute water Mean Monthly Flow > | 95 (19%) 68 (14%) 52 (11%) 44 (9%)
across the ecosystem in a manner 2000 cfs in 41 years [%
that reflects natural conditions while | of months; Goal < 4%)]
providing for other water-related Mean Monthly Flow > | 43 (9%) 31 (6%) 25 (5%) 22 (4%)
needs of the region. 3000 cfs in 41 years [%
of months; Goal < 2%]
Ecological Hydrology — GE -Red 1,562 1,574 (+1%) 1,782 (+14%) 1,912 (+22%)
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2020 Interim Goals

(CERP Desired Restoration
Condition)

Metric or Area

ECBIGIT

2026

2032CEPP

2032PACR

Ecological Hydrology — GE -
Sheetflow

Establish more historic magnitudes
and directions of sheet flow in the
natural areas of the Everglades.

Annual Transect flows
in 1000 acre feet (NSM
4.6.2 results: Wet
season + Dry
Season=Total Average
Annual volume) [see
Figure 3-7 for transect
locations]

TR2 (268+279=547)
TRS (146+146=292)
TR6 (214+235=449)
TR7 (272+260=532)
TR8 (141+151=292)
TR12 (439+373=812)
TR15 (77+80=157)
TR17 (245+232=477)
TR18 (423+472=895)
TR19 (229+269=498)
TR21 (672+680=1352)
TR23 (126+129=255)
TR27 (739+777=1516)

TR2:232+177=409
TR5:93+30=123
TR6: 26+13=39
TR7: 181+96=277
TR8: 171+149=320
TR12:329+276=605
TR15: 69+88=157
TR17:160+121=281
TR18: 74+97=171
TR19: -4+5=1
TR21:298+237=535
TR23: 182+56=238
TR27:290+243=533

331+227=558
110+30=140
19+12=31
154+81=235
164+153=317
327+293=620
16+31=47
61+71=132
299+228=527
-32+-37=-69
317+250=567
170+79=249
295+251=546

245+167=412
353+217=570
173+130=303
296+184=480
222+198=420
391+334=725
42+61=103
129+123=252
359+303=662
-30+-48=-78
383+293=676
177+82=259
366+296=662

279+193=472
335+254=589
163+167=330
286+216=502
240+230=470
410+368=778
47+68=115
148+144=292
379+320=699
-29+-50=-79
414+317=731
180+84=264
398+323=721

Ecological Hydrology — GE —
Hydroperiod and Stage at specific
gages

The desired restoration condition for
water volume is to distribute water
across the ecosystem in a manner
that reflects natural conditions while
providing for other water-related
needs of the region.

¢ of vear flooded WCA3A-NW: 81% 81% 94% 96%
6 of year floode oo . . .
(100% desired) NESRS2: 91% 95% 96% 96%
NPS-TSB: 39% 53% 53% 55%
Sorce (Modion i £ WCA3A-NW: 0.54 ft 0.52 ft 1.33 ft 1.39 ft
tage (Medianiin Feet) | \rcper 136 1.48 ft 1.53 ft 1.57 ft
(higher is better)
NPS-TSB: -0.28 ft 0.04 ft 0.05 ft 0.08 ft
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2020 Interim Goals

(CERP Desired Restoration
Condition)

Metric or Area

ECBIGIT

2026

2032CEPP

2032PACR

Everglades Hydrology -SCS- Flows
Across indicator transects into
Florida Bay

The desired restoration condition for
water volume is to distribute water
across the ecosystem in a manner
that reflects natural conditions while
providing for other water-related
needs of the region.

Average flows in 1000
acre-feet [% of
ECBIGIT]

SRS-Central (T27)
TS-West (T23A)
TS-Central(T23B)
TS-East(T23C)

SRS-Central (T27) =533
TS-West (T23A) = 24
TS-Central(T23B) = 66
TS-East(T23C) = 148

546 [+2%]
24 [0%]

75 [+14%)]
150 [+1%]

662 [+24%)
26 [+8%]
78 [+18%)]
155 [+5%]

721 [+35%]
26 [+8%]
80 [+21%]
158 [+7%]

Everglades Hydrology -SCS- Flows
through canals into Manatee and
Biscayne Bays

The desired restoration condition for
water volume is to distribute water

Average flows in 1000
acre-feet [% difference

Biscayne Bay N =517.3
Biscayne Bay C=119.9
Biscayne Bay $=257.9

541.9 [+5%]
117.5 [-2%]
255.1 [-1%]

540.4 [+4%]
119.4 [-0.5%]
260.6 [+1%]

547.2 [+6%]
121.2 [+1%]
264.1 [+2%]

Total: 756 ac

Total: 760 ac

- 0, _ 0, _ 0,
across the ecosystem in a manner from ECBIGIT] BMan:f; —19 57 [-70%] 6.8 [-65%] 7-1-63%]
that reflects natural conditions while ay( )=19.
providing for other water-related
needs of the region.
Fair:60 ac Z;alr:dszlzz Zalr:d4ig; Fair: 47 ac
st. Lucie Est Hs Good: 166 ac Voo ’ g a1c24 VOO ’ g alczg Good: 197 ac
. Lucie Estuar : :
y Very good: 110 ac a:ry goo a:ry go0 Very good: 132 ac
Total: 336 ac Total: 360 ac Total: 370 ac Total: 376 ac
NE - Eastern Oysters:
834 acres of living oyster beds in the Zt' Lgue :stlljahry oystcelr Chan.ges " Chan'ges 0 Changes consistent
St. Lucie Estuary and 500 acres in the en5|ty,f ea '; , Spatia - consistent wit consistent wit with HSI
Caloosahatchee Estuary extent of reefs HSI HSI
Fair: 91 ac Zalr:d425a(: ;alr:d3742; Fair: 34 ac
ood: ac ood: ac
Caloosahatchee River Good: 422 ac v d: 260 v 4263 Good: 464 ac
Estuary HSI Very good: 240 ac acery goo¢d: a:ry good: Very good: 268 ac
Total: 753 ac Total: 766 ac
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2020 Interim Goals

[NOTE: Projects in IDS 2018 (USACE
2018) are not expected to produce
interim changes in this indicator
but goal is to achieve or maintain
stated target]

(CERP Desired Restoration Metric or Area ECBIGIT 2026 2032CEPP 2032PACR
Condition)
Caloosahatchee River Changes Changes
Estuary oyster density, consiftent with consiftent with Changes consistent
health, spatial extent HS| HS| with HSI
of reefs
LO - Submerged Aquatic
Vegetation:
Restore and maintain healthy
communities of submerged
aquatic vege‘tatlon, cllltt}?mll' > 35,000 acres > 35,000 acres > 35,000 acres > 35,000 acres
zZone vegelation, and shoreline | acres spy nearshore SAV most nearshore SAV nearshore SAV nearshore SAV
bulrush. years most years most years most years

LO - Emergent Aquatic Vegetation:
24,500 ac beakrush/spikerush;
24,700 ac sawgrass; 4,700 ac
bulrush below 11 ft (3.35 m)
contour elevation; willow between
7,400-12,400 ac; floating plants <
3,700 above 12 ft contour; cattail <
19,800 ac; exotic torpedograss <
5,000 ac; other invasive exotics <
60 ac; woody vegetation other than
willow 1,200 - 3,700 ac

[NOTE: Projects in IDS 2018 (USACE
2018) are not expected to produce
interim changes in this indicator
but goal is to achieve or maintain
stated targets]

Acres specific
vegetation
communities

Trend toward and/or
maintain desired
restoration condition

Trend toward
and/or maintain
desired
restoration
condition

Trend toward
and/or maintain
desired
restoration
condition

Trend toward
and/or maintain
desired restoration
condition
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2020 Interim Goals

(CERP Desired Restoration

Condition)

Metric or Area

ECBIGIT

2026

2032CEPP

2032PACR

GE - Spatial Extent of Vegetation
Communities:
Increase 1) the spatial extent (acres
of public land to be managed as

natural areas), and 2) the
functional value of native habitats.

Average year (1978):
Acres supporting
different length
hydroperiods [percent
difference from
ECBIGIT] [NOTE: results
shows a lagged
response to previous
year as well as current

year]

Short= 262,169
Med= 163,683
Med-Long= 814,578
Long= 135,849

264,979 [1%]
175,702 [7%]
849,766 [4%]
85,835 [-37%)]

253,155 [-3%]
198,317 [21%)]
856,289 [5%]

68,517 [-50%]

251,810 [-4%]
190,290 [16%)]
863,446 [6%]

70,731 [-48%)]

Wet year (1995): Acres
supporting different
length hydroperiods
[percent difference
from ECBIGIT]

Short= 199,108
Med= 88,641
Med-Long= 755,862
Long= 320,090

203,892 [2%]
99,079 [12%]
746,575 [-1%]
315,741 [-1%]

192,307 [-3%]
45,902 [-48%]
770,653 [2%]

356,978 [12%]

186,021 [-7%]
43,846 [-51%]
756,301 [1%]

380,028 [19%]

Dry year (1989): Acres
supporting different
length hydroperiods
[percent difference
from ECBIGIT]

Short = 247,817
Med = 125,173
Med/Long = 784,371
Long =218,915

251,810 [2%]
126,241 [1%]
838,695 [7%]
159,531 [-27%]

238,051 [-4%]
89,116 [-29%]
883,649 [13%]
165,462 [-24%]

233,268 [-6%]
85,004 [-32%]
879,734 [12%]
178,272 [-19%]

WCA2A: 26% 39% 17% 24%

Hydrology supports % | WCA3B: 75% 47% 51% 67%

stable sloughs by area WCA3AN: 4% 1% 63% 34%

GE - Ridge and Slough Pattern: (WCA 1,2,33,3b, ENP) WCA3AS: 73% 60% 65% 77%

Restore the ridge and slough (80%+ optimal) ENP: 33% 52% 63% 73%

landscape directionality and Pocket: 96% 60% 83% 67%
pattern by supporting natural soil

. WCA2A: 43% 24% 45% 43%

forming processes, and the

restoration of ridge and slough Hydrology supports % WCA3B: 54% 76% 67% 49%

microtopography. stable ridges by area WCA3AN: 100% 100% 54% 91%

(WCA 1,2,33,3b, ENP) WCA3AS: 38% 54% 48% 36%

(80%+ optimal) ENP: 85% 76% 58% 52%

Pocket: 0% 17% 40% 11%
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2020 Interim Goals

(CERP Desired Restoration
Condition)

Metric or Area

ECBIGIT

2026

2032CEPP

2032PACR

GE - Everglades Tree Islands:

1) Improve health of Everglades
tree islands considered to be
stressed or degraded and maintain
the status of healthy islands and 2)
prevent areal reductions of tree
islands except for islands that have
expanded due to over drainage.

Percent tree islands
inundated less than
10% of time [#in area /
total # in area] (Higher
is better) ; final target
is a core population of
50% of tree islands
with a hardwood
hammock component)

WCA3AC= 40% [52/130]
WCA3AN= 67% [4/6]
WCA3AS= 24% [26/110]
WCA3B= 45% [13/29]
ENPN= 100% [4/4]
ENPS= 100% [14/14]
ENPW= 100% [18/18]
Gap= 25% [17/67]
Total= 40% [148/378]

51% [66/130]
67% [4/6]
41% [45/110]
38% [11/29]
100% [4/4]
100% [14/14]
100% [18/18]
36% [24/67]
51% [186/378]

42% [54/130]
50% [3/6]
35% [38/110]
38% [11/29]
100% [4/4]
100% [14/14]
100% [18/18]
27% [18/67]
42% [160/378]

42% [54/130]
50% [3/6]

33% [36/110]
38% [11/29]
100% [4/4]
100% [14/14]
100% [18/18]
25% [17/67]
42% [157/378]

GE-Marl Prairies:

Hydrologic suitability
of marl prairie habitat
within CSSS mapped
population areas only
in acres changed
relative to ECBIGIT [%
change from ECBIGIT]

Gain from ECBIGIT=
No change =
Loss from ECBIGIT =

32,618 ac [27%)]
79,469 ac [65%]
10,201 ac [8%]

19,294 ac [16%]
86,467 ac [71%]
16,526 ac [14%]

13,680 ac [11%]
86,111 ac [70%]
22,496 ac [18%]

GE - Soil Oxidation:

The desired restoration condition
for the landscape is to restore
processes which result in organic
soil accretion. The ecological target
is a drought intensity index
representative of predrainage
conditions in the landscape with an
objective of minimizing drought
intensity where peat soils are
present.

Metric is percent foot-
days drought/365. Less
than 1/12 of year
(8.3%) needed for peat
accumulation. NSM
4.62 below:

NESRS = 0.2%

SRS Central =1.4%

SRS South =2.5%
Taylor Slough =17.6%
W Marl Prairie =30.6%
WCA3A-Central =3.9%
WCA3A-North =4.2%
WCA3A-South =3.1%
WCA3B-E/S edge=0.6%

NESRS=7.1%

SRS Central=5.7%
SRS South=8%

Taylor Slough=18.9%
W Marl Prairie=20.1%
WCA3A Central=1.4%
WCA3A-North=8.2%
WCA3A-South=1%
WCA3B-E/S=5.6%
WCA3B North=3%
WCA3B West=1.9%
Regionwide=6.3%

4.1%
4.5%
7.8%
16%
23.3%
1.9%
10.5%
3.4%
4.7%
5.9%
3.3%
7.2%

3.6%
3.9%
7.4%
15.9%
22.2%
1.4%
3.7%
3%
3.7%
5.1%
2.4%
4.8%

3.6%
3.8%
7.3%
15.7%
21.9%
1.3%
2.8%
2.9%
3.8%
5.2%
2.5%
4.5%
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2020 Interim Goals

(CERP Desired Restoration Metric or Area ECBIGIT 2026 2032CEPP 2032PACR
Condition)
WCA3B-North=6.1%
WCA3B-West =0.8%
Regionwide=5.2%
GE - Aquatic Fauna:
1) Achieve late wet season
population densities, size
distributions, and taxonomic
compositions of marsh fishes and
other selected groups of aquatic
fauna consistent with predrainage
hydrologic and salinity patterns in
the Everglades wetlands, 2) shift 1965-2005 = -2% +7% +9%
the distribution of high population % change in small fish Dry (1989) = 8% +3% +8%
densmes' cj/n'd /ar'ger size classes density relative to Wet (1995) = 0% +1% +4%
from artificially impounded areas ECBIGIT
of the Water Conservation Areas to Avg (1978) = +1% 2% +1%
persistent pools to be restored in
the southern Everglades, and 3)
provide high-density patches of
prey-availability across the
Everglades landscape where
wading birds can feed effectively as
water levels recede during the dry
season.
. _ POR: -4% -4% +16%
GE - American Alligator: f;rCnh;anrgeZ I\r/:/:f?lECBIGIT - Dry(1989):-13% | -13% <1%
More natural numbers and (Regionwide) Wet(1995): <-1% | <-1% +5%
distribution patterns for alligators Avg(1978): -7% -7% 4%
across South Florida’s major Change in alligator Change Change ,
freshwater and estuarine wetland body condition and consistent with consistent with Change consistent
landscapes. density compared with | expected expected with expected
Yy p p p .
. . . change in HSI
baseline change in HSI change in HSI
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2020 Interim Goals

Recover healthy populations of
wading birds throughout the
Greater Everglades.

Numbers of nesting pairs:
substantial increase above pre-
CERP numbers (1986 -2005 nesting
seasons).

Locations of nesting colonies:
egrets, ibis, and storks - greater
than 50 percent of nesting pairs in
the estuarine region. Spoonbills-
realignment of nesting colonies
into eastern Florida Bay.

Timing of nesting: Wood storks
should initiate nesting no later than
January 31 in most years.
Supra-normal breeding events
about two supra-normal breeding
events during each 10-year time
period

index

Number of acres
[Percent difference
from ECBIGIT]

Dry (1989): 1,907
Wet (1995): 925
Avg (1978): 1,434

1,900 [<-1%)]
937 [+1%]
1,529 [+7%]

1,905 [<-1%]
970 [+5%)]
1,493 [+4%]

(CERP Desired Restoration Metric or Area ECBIGIT 2026 2032CEPP 2032PACR
Condition)
GE - Wading Birds: Wood stork foraging POR: 1,489 1,481 [<-1%)] 1,450 [-3%] 1,447 [-3%]

1,982 [+4%)]
985 [+7%]
1,501 [+5%]

Great Egret landscape
abundance

POR: 5,525

Dry (1989): 6,170
Wet (1995): 6,748
Avg (1978): 4,785

5,305 [-4%]
6,026 [-2%]
6,553 [-3%]
4,865 [+2%]

5,246 [-5%]
5,837 [-5%]
6,573 [-3%]
4,739 [-1%]

5,226 [-5%]
5,893 [-4%]
6,651 [-1%]
4,918 [+3%]

White Ibis Landscape
abundance

POR: 9,077

Dry (1989): 8,762
Wet (1995): 10,157
Avg (1978): 7,948

8,664 [-3%]
8,953 [+2%]
10,059[-1%]
8,359 [+5%]

8,911[-1%]

8,897 [+2%]
10,362[+2%]
8,075 [+2%]

8,935 [-1%]
9,598 [+10%]
10,544 [+4%]
8,244 [+4%]

GE - Apple Snail / Everglades Snail
Kite:

Restore and maintain a network of
snail kite foraging habitats and
promote habitat that supports
primary prey (apple snails)
recruitment throughout the South
Florida ecosystem. The goal of
improving habitat for snail kites
and their prey is consistent with the
Comprehensive Everglades
Restoration Plan (CERP) goals to

% change in adult
apple snail populations
from ECBIGIT

POR: -10%

Wet (1995): +4%
Dry (2004): -18%

+22%
+15%
+22%

+34%
+20%
+46%
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2020 Interim Goals

(CERP Desired Restoration Metric or Area ECBIGIT 2026 2032CEPP 2032PACR
Condition)
improve the functional quality of
native habitats and improve native
plant and animal species
abundance and diversity (USACE
and SFWMD 1999)
NE Coast: 7.5 7.3 6.7 6.4
. East: 3.9 4.1 3.7 3.5
Mean Salinity Offset East Central: 3.8 3.3 2.9 2.7
from NSM: Wet Season
Central: 8.7 8.2 7.5 7.2
(PSU; NSM 1965-2000;
. South: 4.3 3.8 3.3 3.1
lower is better)
West: 3.2 2.7 2.3 2.2
Baywide: 5.2 49 4.4 4.2
NE Coast: 12.8 12.2 11.7 11.4
SCS - Salinity Patterns: Mean Salinity Offset East: 7.6 7.4 7.1 7.0
ean Salini se
Reduce the intensity, frequency, . Y East Central: 4.1 3.7 3.3 3.1
] - from NSM: Dry Season
duration, and spatial extent of _ | Central: 10.0 9.4 8.8 8.5
hypersaline events; reestablish (PSU; _NSM 1965-2000; South: 4.7 4.2 3.8 3.7
con?nlqondmesoh:ﬁne conditionds in lower is better) West: 4.0 35 31 3.0
mainland nearshore zones; an .
reduce the frequency and rapidity Baywide: 7.2 6.7 6.3 6.1
of salinity fluctuations derived from NE Coast: 0.24 0.25 031 0.34
pulse releases of freshwater from o East: 0.34 0.34 0.38 0.40
canals. Sa"r’]",tlys'(\)/l"wap;”dex East Central: 0.29 0.33 0.41 0.46
wit : Wet Season
I: 0. . Nl |
(0to 1; NSM 1965- Central: 0.06 0.09 0.16 0.19
2000; Higher is better) South: 0.21 0.26 0.33 0.36
West: 0.18 0.23 0.34 0.39
Baywide: 0.22 0.25 0.32 0.36
Salinity Overlap Index NE Coast: 0 0 0 0.02
with NSM: Dry Season East: 0 0 0 0
(0to 1; NSM 1965- East Central: 0.10 0.18 0.26 0.31
2000; Higher is better) | central: 0 0 0.01 0.03
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2020 Interim Goals
(CERP Desired Restoration Metric or Area ECBIGIT 2026 2032CEPP 2032PACR
Condition)
South: 0 0.07 0.14 0.19
West: 0 0.02 0.05 0.10
Baywide: 0.02 0.04 0.08 0.11
NE Coast: 0.26 0.28 0.30 0.31
High Salinity Frequency | E@st: 0-40 0.39 0.41 0.42
above NSM Index: Wet | East Central: 0.36 0.42 0.43 0.44
Season (0 to 1; Years Central: 0.22 0.26 0.28 0.29
1965-2000; Higher is South: 0.27 0.34 0.36 0.38
better) West: 0.24 0.31 0.33 0.34
Baywide: 0.29 0.33 0.35 0.36
NE Coast: 0.14 0.15 0.16 0.17
ngh Sallnlty Frequency East: 0.14 0.17 0.18 0.18
above NSM Index: Dry East Central: 0.27 0.31 0.35 0.36
Season (0 to 1; Years Central: 0.16 0.18 0.19 0.20
1965-2000; Higher is South: 0.21 0.23 0.26 0.27
better) West: 0.16 0.18 0.20 0.21
Baywide: 0.18 0.21 0.22 0.23
average average average
average salinity=36.68 saI|n|ty=36.09 sallmty=35.6'1 salinity=35.38 PSU;
. PSU; Thalassia PSU; Thalassia o
. PSU; Thalassia biomass . . Thalassia biomass
SCS -Submerged Aquatic . . ) biomass =9.64 g | biomass =9.59 g )
. Whipray Basin =9.70 g C/m?; 5 5 =9.56 g C/m?;
Vegetation: i ). C/m?; C/m?; "
Halodule=1.90 g C/m?; Halodule=1.90 g
Establish and sustain diverse ;o 2 Halodule=1.94 g | Halodule=1.98 g . o
Ruppia=0g C/m ) . 2 . C/m?; Ruppia =0 g
Florida Bay seagrass communities C/m? Ruppia =0 | C/m?*; Ruppia =0 c/m?
with moderate plant densities and g C/m? g C/m?
more natural seasonality covering average salinity=23.78 average salinity= | average Average
65-70 percent of suitable bay & 1y=a3. 22.37 PSU; salinity=21.78 >rag
. PSU; Thalassia biomass ) ) salinity=21.50 PSU;
habitat. . 5 Thalassia PSU; Thalassia -
Taylor River =4.85 g C/m?; biomass =4.72 biomass =4.58 Thalassia biomass
Halodule=1.18 g C/m?; cl/mz- =nic8 cl/mz- “Ho%8 | _a51gC/m3;
Ruppia=0.10 g C/m? ’ ’ Halodule=1.32
pp gc/ Halodule=1.24 g | Halodule=1.29 g alodule=1.32 ¢
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2020 Interim Goals
(CERP Desired Restoration

Metric or Area

ECBIGIT

2026

2032CEPP

2032PACR

Condition)
C/m?; Ruppia C/m?; Ruppia C/m?; Ruppia =0.15
=0.11g C/m? =0.14 g C/m? g C/m?
SCS - Juvenile Pink Shrimp: Johnson Key - Overall
Increase juvenile pink shrimp Average % change B 233 1.43 037
density at peak abundance during from ECBIGIT (40
the August-October period in years)
optimal habitat (seagrass) in three
regions of Florida Bay, in Ponce de . .
Whipray Basin - Overall
Leon Bay on the lower
Average % change -- 1.72 1.49 11
southwestern mangrove coast, and
. from ECBIGIT(40 years)
in western nearshore southern
Biscayne Bay.
Period of Record (POR)
average crocodile
growth and survival 0.77 [2%]
index [% change from Little Blackwater: 0.76 0.77 [1%] ' 0.78 [3%]
0.93 [2%]
ECBIGIT]: NSM 4.6.2 Long Sound: 0.91 0.93 [1%] 0.96 [<1%] 0.94 [3%]
below: Joe Bay: 0.96 0.96 [<-1%] ' ° 0.96 [<1%]
; 0.89 [3%
SCS . American Crocodil Little Blackwater: 0.9 | 115t cove: 0.87 0.89 [2%] 0.54 {w} 0.90 [3%]
) ; me";a" r°°l° re: / Long Sound: 0.94 Little Madeira: 0.81 0.82 [< 1%] 068 [8;] 0.84 [3%]
estore freshwater flow volume Joe Bay: 0.95 Terrapin Bay: 0.63 0.65 [4%] o8 0.69 [10%]
and duration and thus the Trout Cove: 0.94 ] ] . 0.48 [4%) 0
frequency of low salinities in Florida . . Garfield Bight: 0.46 0.46 [< 1%] 0.49 [6%]
. Little Madeira: 0.95
Bay throughout the hatchling )
period for optimal growth and Terrapin Bay: 0.88
survival of juvenile crocodiles. Garfield Bight: 0.66
Average Year (1978) Little Blackwater: 0.79 0.81 [ 2%] 0.78 [-2%] 0.79 [ 0%]
a"eraghe Cr;’COd"F | Long Sound: 0.98 0.99 [ 2%] 0.99 [ 1%] 0.99 [ 1%]
growth and surviva Joe Bay: 1.00 1.00 [ 0%] 1.00 [ 0%] 1.00 [ 0%]
index [% change from
ECBIGIT]: NSM 4.6.2 Trout Cove: 0.97 0.99 [ 2%] 0.97 [ 2%)] 0.98 [ 1%]
below: Little Madeira: 0.84 0.84 [<-1%] 0.81 [<-1%] 0.84 [<-1%)]
Little Blackwater: 1.00 Terrapin Bay: 0.66 0.67 [ 3%] 0.65 [-1%] 0.66 [<1%]
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2020 Interim Goals

(CERP Desired Restoration ECBIGIT 2026

Metric or Area 2032CEPP 2032PACR

Condition)

Long Sound: 1.00
Joe Bay: 1.00

Trout Cove: 1.00
Little Madeira: 1.00
Terrapin Bay: 0.93
Garfield Bight: 0.64

Garfield Bight: 0.43

0.42 [-2%]

0.41 [-4%)]

0.42 [-2%]

Wet Year (1995)
average crocodile
growth and survival
index [% change from

Little Blackwater: 1.00

1.00 [<1%]

1.00 [<1%]

1.00 [<1%]

ECBIGIT]. NSM 4.6.2 Long Sound: 1.00 1.00 [ 0%] 1.00 [ 0%] 1.00 [ 0%]
below: Joe Bay: 1.00 1.00 [ 0%] 1.00 [ 0%] 1.00 [ 0%]
Little Blackwater: 1.00 | ot cove: 1.00 1.00 [ 0%] 1.00 [ 0%] 1.00 [ 0%]
Long Sound: 1.00 Little Madeira: 1.00 1.00 [ 0%] 1.00 [ 0% 1.00 [ 0%]
Joe Bay: 1.00 Terrapin Bay: 0.98 1.00 [ 1%] 1.00 [ 2%] 1.00 [ 2%]
Trout Cove: 1.00 Garfield Bight: 0.88 0.90 [ 3%] 0.94 [ 7%] 0.94 [ 7%]
Little Madeira: 1.00

Terrapin Bay: 1.00

Garfield Bight: 0.98

Dry Year (1989)

average crocodile

growth and suvival | 30 glackwater: 0.58 | 0.57 [-2%] 0.57 [-2%] 0.57 [-2%]

index [% change from
ECBIGIT]. NSM 4.6.2
below:

Little Blackwater: 0.58
Long Sound: 0.71

Joe Bay: 0.82

Trout Cove: 0.62
Little Madeira: 0.60
Terrapin Bay: 0.37

Long Sound: 0.69
Joe Bay: 0.95

Trout Cove: 0.53
Little Madeira: 0.53
Terrapin Bay: 0.16
Garfield Bight: 0.20

0.69 [<-1%]
0.94 [<-1%]
0.53 [< 1%]
0.53 [< 1%]
0.16 [ 1%]
0.19 [-3%]

0.69 [<-1%)]
0.94 [<-1%)]
0.54 [ 1%]
0.54 [ 2%]
0.18 [10%]
0.19 [-4%]

0.69 [<-1%]
0.94 [<-1%]
0.54 [ 1%]
0.54 [ 1%]
0.17 [ 6%]
0.19 [-4%]
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2020 Interim Goals

and survivorship

change in index

change in index

(CERP Desired Restoration Metric or Area ECBIGIT 2026 2032CEPP 2032PACR
Condition)
Garfield Bight: 0.23
Field monitoring of Change Change Change consistent
juvenile crocodile body consistent with consistent with .
condition and growth N expected expected with expected

change in index

SCS - Juvenile Spotted Seatrout

Seatrout HSI:
maximum monthly
median HSI [%

difference from Buoy Key: 0.55 0.57 [3%] 0.64 [16%) 0.66 [19%)
ECBIGIT] Whipray Basin: 0.40 0.40 [0%] 0.51 [27%] 0.53 [33%]
NSM 4.6.2 results: Johnson Key: 0.38 0.36 [-6%] 0.45 [17%] 0.48 [25%]
Buoy Key: 0.94 Murray Key: 0.53 0.54 [0%] 0.55 [3%] 0.58 [8%]
Whipray Basin: 0.91
Johnson Key: 0.76
Murray Key: 0.88
S . Chan'ge . Chan.ge . Change consistent

Field juvenile seatrout consistent with consistent with .

Lo -- with expected
monitoring data expected expected change in HSI

change in HSI change in HSI 8
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8.2.1.2 Water Supply for the Lower East Coast Service Area (Appendix D: D.2 Indicator)

Results are evaluated relative to each scenario. There is a high degree of uncertainty in the absolute values
of frequency, duration, and severity. Overall, the results indicate CERP projects through 2032 will have a
slight impact on water supply for the LEC being positive or negative depending on the service area and
category. An additional 17 million gallons of water per day was made available for public water supply in
Service Area 2 (12 MGD) and 3 (5 MGD), with no impact on water shortage results.

Frequency

The Lower East Coast Service Area simulation performs the same overall (21 years, on average, of
simulated cutbacks over the 41-year period of record) when compared with the ECBIGIT (2017 baseline)
(21 years on average) in providing a 1-in-10 level of service. The water shortages that do occur are Phase
1 water shortages.

e Service Area 1 results indicate improvement from 18 years with cutbacks to 15 years by 2026 and
then maintains the 15 years of cutbacks through 2032 with and without the CEPP A-2 EAA
Reservoir/STA.

e Service Area 2 results indicate water shortage cutbacks will increase in this area from 32 years to
34 years starting in 2026 and continuing through 2032 with and without the CEPP A-2 EAA
Reservoir/STA.

e Service Area 3 results indicate a slight improvement from 14 years with cutbacks to 13 years in
2026 continuing through 2032 with or without the CEPP A-2 EAA Reservoir/STA.

Duration

Results indicate the number of months (duration) with water shortage will increase from 101 for the
ECBIGIT (2017 baseline) to 106 by 2026, 106 through 2032 without the CEPP A-2 EAA Reservoir/STA and
105 with the CEPP A-2 EAA Reservoir/STA.

Severity

Results indicate severity will not increase from the ECBIGIT (2017 baseline) to the implementation of CERP
projects expected to be completed in 2026 and 2032. All simulated water shortages were Phase 1 without
any months becoming more severe.

8.2.1.3 Water Supply for the Lake Okeechobee Service Area (Appendix D: D.3 Indicator)

Overall, results indicate LOSA water supply performance will improve from the ECBIGIT (2017 Base)
compared to the implementation of CERP projects expected to be completed in 2026 and 2032 with the
largest gains being realized with the 2032PACR.

Frequency

The frequency of water shortages does not change from 8 years with shortages over the 41 POR until the
2032PACR is predicted to reduce the water shortage years to 6.
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Duration

Duration decreases from 23 months with restrictions for the ECBIGIT (2017) to 21 months for the 2026
and 2032CEPP scenarios. Duration is predicted to decrease significantly to 10 months for the 2032PACR
scenario.

Severity

Results indicate severity will decrease slightly to a score of 12 for the 2026 and 2032CEPP scenarios
compared to the ECBIGIT (2017 baseline) score of 13. Severity is predicted to decrease significantly to a
score of 6 for the 2032PACR scenario and the max month cut back volume is halved from 72,000 acre ft
for the ECBIGIT (2017 baseline) to 35,000 acre ft.

8.2.1.4 Protect Biscayne Aquifer from Saltwater Intrusion (Appendix D: D.4 Indicator)

Compared to the ECBIGIT (2017), all future scenario Minimum Flows and Levels (MFL) performance is
generally the same. Based on the RSMGL modeling for 2026 and 2032, the minimum flow and level criteria
to protect the Biscayne aquifer from significant harm should be able to be met except at S-26, the coastal
structure on the Miami Canal.

Regional water supply demands and deliveries are decreased due to increased seepage into the canals.
Overall, wetter conditions in upstream sources meet demands to maintain stages at salinity control
structures in accordance with the Interim Target criteria. However, in Miami-Dade County, there were
more days below the minimum stage target in 2026 and 2032 scenarios at three of the four structures
compared to the ECBIGIT (2017). In Broward County, there were slight declines in average and drought
period water levels in the 2026 and 2032 scenarios compared to the ECBIGIT (2017).

8.2.1.5 Protect Southern Portion of Biscayne Aquifer from Saltwater Intrusion (Appendix D: D.5
Indicator)

Compared to the ECBIGIT (2017), all future scenario Target performance is generally the same. Based on
the RSMGL modeling for 2026 and 2032, only S-123 meets the Target criteria with the potential to protect
the aquifer in extreme drought. The other three structures (S-21, S-21A, S-20F) are predicted as unlikely
to be able to protect the aquifer in extreme drought for the 2026 and 2032 scenarios. The most vulnerable
area to saltwater intrusion is the southern-most canal reaches.

8.2.2 Flood Protection

8.2.2.1 Flood Control: Root Zone Groundwater Levels in the South Miami-Dade Agricultural Area East
of L-31N (Appendix D: D.6 Indicator)

The operational protocols for the Combined Operational Plan (COP) are scheduled to be implemented in
August 2020 and were not used for the Interim Target scenarios since COP operations were not available
for Interim Goals and Targets update use in 2018. COP is predicted to provide maintained or improved
flood protection for most of the developed areas adjacent to the east side of ENP. The Interim Targets
indicator performance below will be superseded by COP operations.

Overall, performance for flood protection in 2026 and 2032 is predicted to be equivalent to the ECBIGIT
(2017) and acceptable with the following exceptions. The 4328 model cell near the C-113 Canal is
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predicted to have a large increase in water levels and increased number of days of water levels in the root
zone cell near the C-113 Canal in the 2026 and 2032 scenarios. The 2976 model cell is predicted to have
water levels in the root zone for approximately 80% of the POR in the ECBIGIT (2017) and have a relatively
small increase in the number of days water levels are in the root zone in the 2026 and 2032PACR scenarios.
Again, these negative changes are expected to be resolved through implementation of the COP.

8.2.2.2 Flood Control: Groundwater Stages for Miami-Dade, Broward, Palm Beach, and Seminole
Tribe Surface Water Management Basins

This indicator was not informative for projects reviewed in this Interim Targets update. It will be evaluated
for updating or removal in future Interim Targets updates. The CERP projects analyzed in this Interim
Targets analysis did not change water quantities to Seminole Tribe properties. CEPP had potential flood
risks from additional seepage from higher water levels in WCA 2 and WCA 3 into southern Broward and
Miami-Dade counties. These risks were mitigated by seepage control measures in Broward County, while
in Miami-Dade County the flood potential was reviewed in more detail in the Root Zone Groundwater
Levels indicator.

8.2.2.3 Flood Control: Flood Water Removal Rate for the Everglades Agricultural Area

This indicator was not informative for projects reviewed in this interim update. It will be evaluated for
updating or removal in future Interim Targets updates. The stormwater removal pumps in the EAA did not
change capacities or operations between the different model scenarios so no differences could be
determined
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Table 8-2. Summary of 2020 Interim Targets. Note: There is considerable uncertainty in the absolute value of modeled results. It is better to
use the results for comparison of the model predictions with the ECBIGIT model (2017 baseline) rather than focus on the absolute numbers.
Also models do not account for the implementation of the Combined Operational Plan (COP) using the Tamiami Trail Flow Formula, which is
expected to maintain or improve the ability to meet flood protection needs, as the COP was not implemented at the time of model scenarios.
Final targets provided are from 2005 Interim Goals using the data range 1965-2000 and require update. However they are provided as an
example target. These final targets also assume the proportion of wet to dry years remains consistent in the future and will need to be
adjusted to reflect the actual number of wet and dry years.

2020 Interim Targets Metric or Area ECBIGIT (2017) 2026 2032CEPP 2032PACR

Water Volume .
Additional water made

available on an annual - 319,000 acre ft | 463,000 acre ft | 565,000 acre ft
average basis

Distribute water across the ecosystem in a manner
that reflects natural conditions, while providing for
the other water-related needs of the region.

Frequency of years

with water restrictions. | s 1:17/41 [41%] 15/41 [37%] 15/41 [37%] 15/41 [37%]
Model forecast fordl | ¢5 5. 35/41 [78%] 33/41 [80%] 33/41 [80%] 33/41 [80%]
years [% of 41 years]).
Target is < 3/36 years | S 31 13/41132%] 13/41 [32%] 13/41 [32%] 13/41 [32%]
Water Supply for Lower East Coast Service (8%) per SA=Service Average: 21/41 [S1%] | 20/41 [49%] 20/41 [49%] 20/41 [49%]
Area Area
Meet existing and future municipal, industrial, | Duration (highest total
and agricultural water supply needs in the number of months
Lower East Coast Service Area up to a 1-in-10 affected out of 41
year drought event (Section 373.0361, F.S.). years among 3 service 95/492 [19%] 100/492 [20%] | 101/492 [21%)] | 105/492 [21%]
The characteristics of water supply to be areas [% of 492

measured include the frequency and duration | months]) Target is < 18
that water restrictions are imposed to protect | monthsin 36 yrs [4%]
the water resources from serious harm Severity based on
(Section 373.175, F.S.) severity scoring by

greatest annual
monthly cut back 95/492 [19%] 100/492 [20%] 101/492 [21%] 105/492 [21%]
volume. Lower is

better. Target is < 18
months in 36 yrs [4%]
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2020 Interim Targets

Metric or Area

ECBIGIT (2017)

2026

2032CEPP

2032PACR

Severity (months >
Phase 1 [% of 492)

0 [0%]

0 [0%]

0 [0%]

0 [0%]

Water Supply for Lake Okeechobee Service
Area

Meet existing and future municipal, industrial
and agricultural water supply needs in the
Lake Okeechobee Service Area up to a 1-in-10
year drought event (Section 373.0361, F.S.).
The characteristics of water supply to be
measured include the frequency and duration
of water restrictions that are imposed to
protect the water resources from serious harm
(Section 373.175, F.S.)

Frequency of years
with water restrictions
(Model forecast /41
years [% of 41 years]).
Target is < 3/36 years
(8%).

11/41 [27%]

8/41 [20%]

8/41 [20%]

6/41 [15%]

Duration (total number
of months with
restrictions/492) [% of
total months] Target is
< 8 months in 36 yrs
[2%]

28/492 [6%]

21/492 [4%]

21/492 [4%]

10/492 [2%]

Severity based on sum
of greatest monthly cut
back volume severity
scores for each of 41
years. Targetis < 7/36
yrs [19%]

12/41 [29%]

12/41 [29%]

12/41 [29%]

6/41 [15%]

maintain groundwater levels so that there is
no net inland movement of the saline interface

All Canals and
Structures

protect aquifer during
severe drought

able to protect
aquifer during
severe drought

able to protect
aquifer during
severe drought

Severity (maximum 67,000 acre- 66,000 acre- 35000 acre-feet
month cutback volume | 73,000 acre-feet feet feet 0 ! )
in 1,000 ac-ft). Loweris | [0 months > Phase 1] [0 months > [0 months > th;znlt] s>
better. Phase 1] Phase 1]
. . Highly likely Highly likely Highly likely
i i Highly likely
Protetft Biscayne Aquifer from Saltwater Palm Beach . will be able to will be able to will be able to
Intrusion will be able to protect . . .
All Canal and . . protect aquifer | protect aquifer | protect aquifer
1) Maintain water levels in the primary coastal | g4 ctyres aquifer during severe during severe during severe during severe
canals of the Central and Southern Florida drought drought drought drought
Project at levels adequate to protect the kelv will b el will b el will b
Biscayne aquifer from significant harm and 2) Broward Likely will be able to Likely will be Likely will be Likely will be

able to protect
aquifer during
severe drought
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SEE NOTE: 2

All Canals and
Structures except S-

to protect aquifer
from saltwater

protect aquifer

protect aquifer

2020 Interim Targets Metric or Area ECBIGIT (2017) 2026 2032CEPP 2032PACR
from inland migration to protect the Biscayne . More likely More likely More likely than
. iami- M likely th t
aquifer from harm. Miami-Dade ore likely than no than not to than not to not to protect

aquifer from

Protect Southern Portion of Biscayne Aquifer
from Saltwater Intrusion

Maintain water levels in the south Miami-
Dade coastal canals of the Central and
Southern Florida Project at levels adequate to
protect the Biscayne aquifer and stabilize the
saline interface.

SEE NOTE: 2

= from saltwater | from saltwater | saltwater
26/C-6, Miami Canal intrusion . . , . . .
intrusion intrusion intrusion
More likely More likely .
. More likely than
More likely than not than not to than not to y

C-100A@S-123

to protect aquifer
during severe drought

protect aquifer
during severe

protect aquifer
during severe

not to protect
aquifer during
severe drought

C-1@5-21

drought drought
Unlikely Unlikely Unlikely Unlikely
to be able to to be able to to be able to

to be able to protect
aquifer during severe

protect aquifer
during severe

protect aquifer
during severe

protect aquifer
during severe

C-102N@S12A

drought drought drought drought
Unlikely Unlikely Unlikely Unlikely
to be able to to be able to to be able to

to be able to protect
aquifer during severe

drought

protect aquifer
during severe

protect aquifer
during severe

protect aquifer
during severe

C-103@ S20F

drought drought drought
Unlikely Unlikely Unlikely Unlikely
to be able to to be able to to be able to

to be able to protect
aquifer during severe

drought

protect aquifer
during severe

drought

protect aquifer
during severe

drought

protect aquifer
during severe

drought
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2020 Interim Targets

Metric or Area

ECBIGIT (2017)

2026

2032CEPP

2032PACR

Flood Control: Root Zone Groundwater Levels
in South Miami-Dade Agricultural Area East
of L-31N

Maintain or improve the level-of-service of
flood protection consistent with the Water
Resources Development Act of 2000 (U.S.
Congress 2000) and Section 385.37 of the
Programmatic Regulations (DOD 2003).

SEE NOTE: !

Simulated
groundwater stages in
ft NGVD at the 10th
percentile line (high
stage) of the stage
duration curve. Stage
at 2’ below land
surface is not
considered root zone
flooding for this
evaluation. (Lower is
better)?!

Cell 2976: 4.52 ft
Cell 3409: 5.75 ft
Cell 3404: 7.33 ft
Cell 3622: 7.32 ft
Cell 4328:4.51 ft
Cell 4306: 3.76 ft

In five of the six
indicator cells, flood
performance is
acceptable overall.
Cell, 2976 indicates
poor conditions with
water levels in the
root zone ~ 80 % of
the POR.

Cell 2976: 5.57 ft
Cell 3409: 5.37 ft
Cell 3404: 5.10 ft
Cell 3622: 5.11 ft
Cell 4328: 4.60 ft
Cell 4306: 3.02 ft

Similar to the
2017 base
except at cell
4328 where
water levels
are predicted
to rise 0.5 feet
and double the
days with
water levels in
the root zone.

Overall slightly
higher regional
groundwater
predicted.

5.58 ft?
5.54 ft!
5.31 ft?
5.16 ft?
5.13 ft?
3.06 ft?

Similar to the
2017 base
except at cell
4328 where
water levels
are predicted
to rise 0.6 feet
and slightly
more than
double the
days with
water levels in
the root zone.

Overall slightly
higher regional
groundwater
predicted.

5.50 ft!
5.55 ft!
5.33 ft!
5.20 ft!
5.16 ft?
3.07 ft!

Similar to the
2017 base
except at cell
4328 where
water levels are
predicted to rise
0.6 feet and
more than
double the days
with water levels
in the root zone.

Overall slightly
higher regional
groundwater
predicted.

5.52 ft!
5.57 ftl
5.34 ft!
5.22 ft!
5.17 ft!
3.07 ft!

! The Combined Operational Plan (COP) scheduled for adoption in 2020 and August 2020 implementation will replace the operations used for
this Interim Targets update. The draft COP Water Control Plan operational protocols provide improved conditions for both ENP and it maintains
or improves flood protection for most of the developed lands adjacent to the ENP eastern boundary. The area most vulnerable to flooding with
the proposed COP operations is in the vicinity of the S-177 Structure, a Canal 111 (C-111) structure located in an area of lower topography as the
South Dade landscape transitions from developed areas to natural areas in the southern reach of C-111.

2 The likelihood terms are defined as Highly Likely (90-100%), Likely (70-100%), More Likely than Not (50-100%), and Unlikely (0-25%).
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8.3 Cautions about interpretation

The existing condition baseline (ECBIGIT) is set in 2017, not 1999. CERP Interim Goals and Targets focus only on
the incremental benefit of the projects approved in the 2018 Integrated Delivery Schedule (IDS; USACE 2018),
not the total benefit of all pre-CERP , CERP and non-CERP projects on total ecosystem restoration. CERP and
non-CERP projects not authorized in 2018 were not included in the model scenarios. Separating out the
incremental benefits of CERP versus non-CERP projects will require careful interpretation of the data, but the
overall change towards ecosystem restoration should be easier to discern.

A further caution is that the “Interim Goals” reflect estimates of average change expected by the available
models and given the understanding of the system conditions and planned projects in 2018 and the weather
from the 41-year period of 1965-2005. All models have assumptions and results must be carefully interpreted
in light of those assumptions. No one can completely predict the weather from 2020 to 2026, much less from
2026 to 2032; the models assume the weather will be similar to 1965 — 2005. In addition, estimates for some
indicators in specific years (i.e., 1978, 1989, 1995) may show a lagged effect of conditions in preceding years as
well as the that specific year. For such indicators with lagged responses, the terms “average year, dry year, and
wet year” may not apply and should instead be viewed as example years. Model updates to reflect acquisition
of new information or changes in the infrastructure or operations unfortunately lag somewhat behind the
reality. Thus how recently a model was updated adds to the uncertainty of the estimates. Additional pre-CERP
projects such as the Combined Operational Plan (COP) including the new Tamiami Trail Flow Formula that may
be implemented in 2020, as well as factors such as sea level rise and exotic species, have not been included in
the models. Thus some uncertainty exists regarding these model estimates. While the output of the models is
used to provide approximate estimates for Interim Goals and Targets, we advise focusing on the relative change
in the model scenario estimates compared to the existing condition baseline (ECBIGIT) and focusing on the
direction of change rather than focusing on the absolute numbers of the model estimates. The change in many
indicators will also need to be interpreted in light of the actual weather that occurs over the next twelve years
as many indicators showed considerable differences in results depending on whether it was a wet, average, or
dry year.

Interim Goals and Targets only use the subset of CERP indicators for which models exist that allow forecasting
changes in increments (2026 and 2032) in response to implementing specific projects. Some indicators included
in the 2005 Interim Goals and Targets report were not included in the present report including algal blooms in
Lake Okeechobee, algal blooms in Florida Bay, periphyton in the Greater Everglades, Submerged Aquatic
Vegetation in Northern Estuaries, and Total Phosphorous in Lake Okeechobee and Greater Everglades. This does
not imply they are unimportant or that they are dropped as final CERP goals and targets; merely that the models
do not exist to develop Interim Goals using the approach in this effort. As models are developed, forecasts for
these indicators may be included in future Interim Goals and Targets reports. In addition, progress towards these
goals will continue to be monitored and reported through multiple reporting mechanisms including the
RECOVER System Status Reports. Thus although these indicators can’t be used in forecasts about the system,
monitored changes in these indicators will be used to assess effectiveness of CERP implementation.

8.4 How Interim Goals and Interim Targets will be reported and linked to decision-making

Reports on the progress towards Interim Goals and Interim Targets will be produced by RECOVER every
five years. The reports will take advantage of analysis in the RECOVER System Status Report expected to
occur in 2024 and 2029 and may become a section of that report.
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The RECOVER System Status Report reports the measured status and trends of key indicators in the
system. Interim Goals and Targets also involves the reporting of measured key indicator status and trends,
but does so in relation to the modeled Interim Goals and Targets and in the context of the projects actually
built versus planned. The specific way each indicator will be reported will vary depending on the type of
indicator and how to most effectively communicate the results. Some examples of how such comparisons
can be made are provided in Figure 8-1, Figure 8-2, and Figure 8-3.

For some goals which are described as a specific directly measurable goal, the reporting can simply involve
reporting of the monitoring results in relation to those interim goals forecasted by the models. An example
is water volume deliveries south of the “Red Line” (Figure 8-1).

Hypothetical Example Graph: Directly Measureable Goal

1050 (e.g., Volume of Water Delivered Across the "Red Line")
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Figure 8-1. Hypothetical example of graph showing how progress towards a specific real measurable
goal can be evaluated against the 2026, 2032CEPP, and 2032PACR predictions. Examples include
predicted versus measured water volume deliveries south of the “Red Line”. (NOTE: data is artificially
generated and for illustration purposes only).
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Hypothetical Example Graph: Relative Goal (e.g., Percent Change in
Habitat Suitability from 1965-2005 average ECBIGIT baseline)

120%
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@ ECBIGIT % change W2026 % change @2032CEPP % change MW 2032PACR % change BMeasured % change

Figure 8-2. Hypothetical example of an indicator change compared with the level of change from the

1965-2005 ECBIGIT average expected under ECBIGIT, 2026, 2032CEPP, and 2032PACR model scenarios

given each year’s precipitation, weather, and inflow calculations. (Note: data is artificially generated
and for illustration purposes only).

However other Interim Goals and Targets are described in relation to the ECBIGIT and are very variable
depending on the type of water year (e.g., wet year, dry year, average year) that occurs, such as Habitat
Suitability Indices (Figure 8-2). Reporting such goals may require running of the ECBIGIT, 2026, 2032CEPP,
2032PACR with inputs for precipitation, evaporation, and inflows from the years 2017 and beyond to
determine what the predicted model results would be for those years. The change in real world measures
can then be compared with the differences between those models from the 1965-2005 ECBIGIT baseline
average. It should be noted that the measured metric will not exactly match the ECBIGIT model-calculated
metric and actually some indicators have shown further declines since 2005 and initial changes may simply
be reversing these recent declines. An alternative to re-running all the models may be comparing
measured results with the range of 1965-2005 modeled results from wet years or dry years based upon
the type of current water year.
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Hypothetical Example Graph: Ecological Indicator
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Figure 8-3. Hypothetical example of a biological indicator showing an upward trend in response to
water management changes pre- versus post- CERP implementation. (NOTE: data is artificially
generated and for illustration purposes only).

Some ecological monitoring metrics have additional factors impacting change than just water
management such as nutrients, previous year’s conditions, or disease and have qualitative goals such as
“a moderate increase should be seen by 2026” with a “substantial increase by 2032 if PACR is
implemented”. In such cases evaluation will focus on whether the hypothesized direction of change is
occurring and shows a change from the baseline years and whether the magnitude of biological change is
generally as expected given the level of hydrologic change (Figure 8-3).

Interim Goals and Targets must be evaluated regarding whether or not they have been met and if not,
why not. Results should be interpreted in light of the progress made on both CERP and non-CERP projects
and the resulting impacts on system hydrology; the actual seasonal climate that occurs; and unusual
events such as fire, drought, and hurricanes. The Federal Register states:

“(5) If the interim goals have not been met or are unlikely to be met, then the Corps of Engineers
and the South Florida Water Management District shall determine why the interim goals have not
been met or are unlikely to be met and either:
(i) Initiate adaptive management actions pursuant to § 385.31(d) to achieve the interim goals
as soon as practical, consistent with the purposes of the Plan and consistent with the interim
targets established pursuant to§ 385.39; or
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(i) Recommend changes to the interim goals in accordance with paragraph (b)(3) of this
section.” (68 Fed Reg 64,243 [Nov 12, 2003])

Regarding management actions listed in § 385.31(d) in the adaptive management program, the Federal
Register states:

“The Corps of Engineers and the South Florida Water Management District shall, in consultation
with the Department of the Interior, the Environmental Protection Agency, the Department of
Commerce, the Seminole Tribe of Florida, the Miccosukee Tribe of Indians of Florida, the Florida
Department of Environmental Protection, and other Federal, State, and local agencies, consider
the following actions:

(i) Modifying current operations of the Plan;

(ii) Modifying the design or operational plan for a project of the Plan not yet implemented;

(iii) Modifying the sequence or schedule for implementation of the Plan;

(iv) Adding new components to the Plan or deleting components not yet implemented;

(v) Removing or modifying a component of the Plan already in place; or

(vi) A combination of these.” (68 Fed Reg 64,239 [Nov. 12, 2003])

In order to successfully complete the adaptive management feedback loop of monitoring results to
management, RECOVER and associated agencies will need to fund sufficient agency staff and principle
investigator support to summarize Interim Goals and Targets, and generate reports for managers of the
agencies listed and for the Report to Congress. Additionally, RECOVER will need to dedicate time and
resources to re-run the models for the years since 2017 to create displays as shown in Figure 8-2.

8.5

Future refinements to CERP Interim Goals and Interim Targets

As stated in the Programmatic Regulations, the agreed upon Interim Goals and Targets will be reviewed
every five years to determine if they should be revised. Some reasons that may necessitate future
refinements to the CERP Interim Goals and Interim Targets include:

Only those CERP components planned in the July 2018 Integrated Delivery Schedule (IDS; USACE
2018) are included in the current Interim Goals and Targets model scenarios. Thus these model
scenarios did not necessarily include the “latest and greatest” modifications in the proposed
Combined Operational Plan, South Dade projects, C23/C24 projects, etc. Models provide a
“snapshot” in time of the forecasted future based upon the current prevailing knowledge of
project designs and operations. CERP and non-CERP project plans will continue to be individually
refined, finalized, funded, and implemented over the next ten years. While many changes are
minor, some changes in project planning or sequencing may be large enough to warrant revisiting
the Interim Goals and Targets. The Combined Operational Plan provides an example of this issue.
During development of the Combined Operational Plan, a new rainfall-flow relationship emerged
which reallocates water more favorably and which may enhance the benefits of the 2026, and
both 2032 scenarios - particularly how these areas flow water during drier conditions.

If delays in project implementation occur, the baseline may need to be recalculated as the system
may continue to degrade while waiting for project approval and funding. This has occurred from
2005-2017 as some indicators have shown declines during that time period. Without accounting
for further declines, CERP may not get credit for the full benefit of the new projects.

The effects of sea level rise and climate change have not been incorporated in this iteration of the
Interim Goals and Targets as this will require additional effort to update the hydrological models
appropriately. We recommend that the effects of sea level rise and climate change be
incorporated into the next revision.
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e As predictive models are developed for indicators not currently included such as algal blooms in Lake
Okeechobee, algal blooms in Florida Bay, periphyton in the Greater Everglades, Submerged Aquatic
Vegetation (SAV) in Northern Estuaries, and Total Phosphorous in Lake Okeechobee and Greater
Everglades, these can be added into future Interim Goals. Models for SAV in Northern Estuaries and
periphyton in the Greater Everglades are already in development. Some models for total phosphorous
developed for individual restoration projects may be expandable to region level.

e These Interim Goals and Targets only forecast changes through 2032 for projects authorized in
the July 2018 IDS (USACE 2018). Other CERP and non-CERP projects are in the planning stages.
Once planning for these projects is complete and projects are authorized, forecasts after 2032 will
need to be updated.

e lastly, the RECOVER study region is somewhat spatially limited in its division of four subregions:
Northern Estuaries, Lake Okeechobee, Greater Everglades, and the Southern Coastal Systems. Areas
such as the Kissimmee Chain of Lakes to the north and the western Everglades are not included in the
Interim Goals analysis. The Kissimmee Chain of Lakes, however, is included in the Interim Targets water
budget. Whereas new subregions and ecological indicators cannot be added to this Interim Goals
report, future iterations of Interim Goals should consider expanding to the western Everglades,
especially if projects such as the Western Everglades Restoration Project (WERP) move forward.
Furthermore, the ecological indicators used in this report are not necessarily appropriate to assess the
impact of restoration in the forested wetlands of the western Everglades (e.g., Big Cypress Basin).
Dedicated monitoring and the development of ecological indicators for this area may be necessary to
effectively evaluate the impact of system-wide restoration in the western Everglades

Any revisions will undergo the same development and agreement process as the initial Interim Goals and
Targets. Revisions will incorporate new information, improved prediction capabilities, and improved
understanding of the ecosystem and its relationships, resulting in a set of goals that improve over time
and a refinement of the expected benefits of the Plan. This process will also permit new Interim Goals and
Targets to be incorporated as warranted. Revisions to the Interim Goals and Targets will also be made in
response to changes in implementation sequencing, changes in the design and operation of the Plan, and
changes resulting from adaptive management.
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Appendix A

Summary of 2005 Interim Goals and Interim Targets

APPENDIX A. SUMMARY OF 2005 INTERIM GOALS
Table A-1. 2005 Interim Goals (RECOVER 2005). NE = Northern Estuaries, LO = Lake Okeechobee, GE = Greater Everglades, SCS = Southern

Coastal Systems.

live oyster beds

2005 Interim Metric or Area Baseline 2010 2015 _ D13R (FuI.I Desired re.s_toratlon
Goals (1995) implementation) condition
St Lucie Estuary 117 acres
Acres live oyster beds (2003 survey) 25 acres 159 acres 231 acres 834 acres
NE - American Caloosahatchee Estuary | 18 acres (2004 | o 40 acres 100 acres 500 acres
Oysters in Acres live oyster beds survey)
Northern
Estuaries Loxaha.tchee Estuary 10 acres (2004 Not available Not available Not available Not available
Acres live oyster beds survey)
Lake Worth Lagoon Acres Not available Not available Not available Not available Not available

NE - Submerged

years

years

years

years

Aquatic . . ;
Vegetation in Spat@l ext'ent, improve Not available Not available Not available Not available !ncrease Spatlél ext'ent and

functionality improve functionality
Northern
Estuaries
LO - Lake Phosphorus

+/-1 1+/- 76 +/- 70 +/- 4

Okeechobee concentration (ppb) 95 +/- 10 ppb 81 +/- 8 ppb 6 +/- 6 ppb 0 +/-6 ppb 0 ppb
Phosphorus

Fr'equency of Harmful 4 events in 31 3 eventsin 31 2 eventsin 31 2 eventsin 31

High Stages above 17 0 events

years years years years

feet
LO - Water Levels
in Lake Frequency of Harmful 9 eventsin 31 12 eventsin 31 8 eventsin 31 4 eventsin 31

0 events

Okeechobee Low Stages Below 11 feet

Frequency of Spring
Recession

8 eventsin 31
years

8 eventsin 31
years

13 eventsin 31
years

14 eventsin 31
years

Nearly every year
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Summary of 2005 Interim Goals and Interim Targets

east in WCA 3A,
3B, and
northern
boundary of ENP
due to the MWD
project

northeastern
boundary of
Everglades
National Park

2005 Interim Metric or Area Baseline 2010 2015 _ D13R (FuI_I Desired re_s_toratlon
Goals (1995) implementation) condition
LO - Lake Frequency of algal
Okeechobee q ¥ g Not available Not available Not available Decline No algal blooms occur
blooms occurrence
Algal Blooms
LO - Lake
Okeechob A f ti 55,000
eec. obee cres o. aquatic ! acres Not available Not available Not available 65,000 acres
Agquatic vegetation (2004 survey)
Vegetation
1,060,000 acre- 1,462,000 acre
93,000 acre- feet: 28.9% urban, _
feet: 37.8% Distribute water across the
feet: 41.9% urban, 26.9% 23.5% northern ecosystem in a manner
Acre-feet of new urban, 27.0% GE Ut estuaries, 22.6% y
GE - Water . GE & SCS, that reflects natural
Volume freshwater available - & SCS, 15.9% to 20.0% to LO & GE & SCS, conditions while providin
since 1995 LO & Kissimmee, | © - ° 15.0% to LO & P &
Kissimmee, .. for other water-related
15.2% Kissimmee, .
. 15.3% . needs of the region
agriculture aericulture 7.4% agriculture,
& 2.5% Big Cypress
Sheet flow
vector diagrams
indicate Additional
significant improvements in
changes in the magnitude of
\T:ii?tltu:feEZ‘A Minor C\(/)::;: lower Establish more historic
GE - Sheet Flow Magnitude and direction y . . magnitudes and directions
. and shift of additional Conservation Area .
in Natural Areas of sheetflow of sheetflow in the natural
flowway to the changes 3 and across the

areas of the Everglades
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Summary of 2005 Interim Goals and Interim Targets

2005 Interim Metric or Area Baseline 2010 2015 _ D13R (FuI_I Desired re_s_toration
Goals (1995) implementation) condition

Sawgrass plains 10 to 20% more Minimal

(amount inundated N landscape additional Minimal additional | Restore the natural timing

relative to 1995 inundated changes and pattern of inundation

. changes

conditions) throughout year

Ridge and Slough 5% more of

(amount inundated Minimal Minimal landscape Restore the natural timing
GE- Hydropattern | relative to 1995 o changes changes inundated during and pattern of inundation

conditions) dry months

Upto10% more | Upto12 %

Marl Marshes of the landscape | more of the Up to 20 % more

(amount inundated inundated landscape of the landscape Restore the natural timing

relative to 1995 o during the late inundated inundated during and pattern of inundation

conditions) wet season and during early early dry season

early dry season | dry season
Increase the spatial extent
GE - System-wide Acres natural habitat of lands to be managed as
Spatial Extent of . . - 8,232 acres 11,109 acres 103,709 acres natural areas and to
. acquired as public lands . .
Habitat increase the functional
values of native habitat.

GE - Everglades Acres CERP Stormwater 9 680 acres 10 micrograms/liter water
Wetlands Total Treatment Areas - 9,680 acres ! 16,320, acres column phosphorus

Phosphorus

Constructed

(same as 2010)

concentration

GE - Periphyton
Mat Cover,
Structure, and
Composition

Not available

Not available

Not available

Restore periphyton
communities that were
characteristic of the
spatially distinct
hydroperiods (short and
long hydroperiod) and low
nutrient conditions in the
greater Everglades
wetland communities.
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index: 1.0 is optimal)

2005 Interim Metric or Area Baseline 2010 2015 D13R (Full Desired restoration
Goals (1995) implementation) condition
North Ridge and Slough Restore the ridge and
(hydrologic suitability 0.29 0.29 0.29 0.29 slough landscape
GE - Ridge and index: 1.0 is optimal) directionality and pattern.
Slough Pattern Central ridge and Slough Restore the ridge and
(hydrologic suitability 0.45 0.65 0.65 0.58 slough landscape

directionality and pattern.

GE - Everglades

North Tree Islands
(Drought index; Flooding
index; Species richness
index; 1.0 is optimal)

Drought index=
0.85;

Flooding
index=0.80;
Species
Richness index
=0.88

Drought index=
0.85;

Flooding
index=0.80;
Species Richness
index =0.86

Drought index=
0.85;

Flooding
index=0.80;
Species
Richness index
=0.83

Drought index=
0.85;

Flooding
index=0.80;
Species Richness
index =0.81

Improve tree island health
and maintain healthy
islands

Fauna Regional
Populations in
Greater
Everglades
Wetlands

conditions)

Tree Islands Drought index= i =
ought inde Drought index= Drought index Drought index=
0.80; 0.84;
Central Tree Islands . 0.81; . 0.89; .
. . Flooding . Flooding . Improve tree island health
(Drought index; Flooding | . Flooding . Flooding L
. L index=0.44; . index=0.40; . and maintain healthy
index; Species richness . index=0.36; . index=0.41; .
. . . Species . . Species . . islands
index; 1.0 is optimal) . . Species Richness ) . Species Richness
Richness index index =0.71 Richness index index =0.83
=0.61 =0.73
. Increase the abundance of
Northeastern Shark River )
Slough (Site 23) (percent fish to levels that
. . & . P -— 64.4% increase 73% increase 31% increase approximate those
GE - Aquatic increase relative to 1995

predicted for predrainage
conditions

Western Shark River
Slough (Site 6A) (percent
increase relative to 1995
conditions)

20.3% increase

25.5% increase

14.4% increase

Increase the abundance of
fish to levels that
approximate those
predicted for predrainage
conditions
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in Estuarine Locations

surveys)

2005 Interim Metric or Area Baseline 2010 2015 _ D13R (FuI_I Desired re_s_toratlon
Goals (1995) implementation) condition
Loxahatchee NWR
(alligator density body No Restore more natural
condition, nesting, clutch | --- improvements Not available Not available numbers and distribution
size relative to 1995 expected patterns for alligators
conditions)
WCA2 (alligator density
o . . Restore more natural
body condition, nesting, Body condition . . e
. . --- . Not available Not available numbers and distribution
clutch size relative to improvement atterns for alligators
1995 conditions) P &
WCAS3 (alli i i
(@ |g§tor densjlty Dens.lty, body Restore more natural
body condition, nesting, condition and . . S
. . . . Not available Not available numbers and distribution
GE - American clutch size relative to clutch size atterns for alligators
Alligator 1995 conditions) increase P g
Shark Slough (alligator
density body condition, No Restore more natural
nesting, clutch size --- improvements Not available Not available numbers and distribution
relative to 1995 expected patterns for alligators
conditions)
Rocky glades / marl
Eg”iiﬂilligj;o;::t?:ty Alligator density, Restore more natural
y . ’ & --- hole occupancy Not available Not available numbers and distribution
clutch size, hole . .
. increase patterns for alligators
occupancy relative to
1995 conditions)
. 30,000 pairs
Total Number of Nest ’ . . . .
Po. a1 Rumber of Nesting (recent 35,000 pairs 40,000 pairs 60,000 pairs 80,000 pairs
GE - System—wide airs su rveys)
Wading Bird
Nesting Patterns Percent of Pairs Nesting 3.7% (recent so 10% 35% 50% nesting in estuarine

locations
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2005 Interim Metric or Area Baseline 2010 2015 _ D13R (FuI_I Desired re_s_toratlon
Goals (1995) implementation) condition
Timing of Wood Stork February & No change No change Oceurs in Oceurs in .
. March (recent December/January | December/January time
Nest Initiation expected expected . . .
surveys) time period period
Frequency of Super once every 8 No change No change
4
Colony Events years expected expected Once every 6 years | Once every 4 years
34% of the
indicator
regions have 0 . .
Snail Kite Foraging marginal 31% marginal, 38% marginal, 31% marginal, 10% 50/? of area'ls .marglnal'or
. h . . . optimal snail kite foraging
Habitat habitat and no 0% optimal 3% optimal optimal .
L habitat
indicator
GE - Snail Kite regions have
optimal habitat
43 percent of
the indicator
Apple Snail Habitat regions are 67% suitable 70% suitable 77% suitable Under development
suitable apple
snail habitat
Re-establish mesohaline to
Joe Bay (salinity) Salinities of 35 No change No change No change oligohaline conditions of 0-
¥ ¥ PSU common expected expected expected 15 PSU in mainland
nearshore zones.
SCS - Saln"nty Little Madeira Bay and o Small reductions Small ' . Substantial Re.:-estat?hsh mes'o.halme to
Patterns in Terrapin Bay (salinity) Salinities of 35 in hich salinit reductions in reductions in high oligohaline conditions of 0-
Florida and PSU common & ¥ high salinity . & 15 PSU in mainland
. levels salinity levels
Biscayne Bays levels nearshore zones.
Re-establish mesohaline to
] . . Salinities of 50 No change No change No change oligohaline conditions of 0-
field Bigh I
Garfield Bight (salinity) PSU common expected expected expected 15 PSU in mainland

nearshore zones.
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2005 Interim Metric or Area Baseline 2010 2015 _ D13R (FuI_I Desired re_s_toratlon
Goals (1995) implementation) condition
Substantial decline Re-establish mesohaline to
North River Mouth Salinities of 20 Decline in high Decline in high | " . oligohaline conditions of 0-
. . . in high salinity . i
(salinity) PSU common salinity levels salinity levels levels 15 PSU in mainland
nearshore zones.
Diverse seagrass
Current SAV community with moderate
community plant densities and more
Long Sound, Joe Bay, types are No change No change No change natural seasonality, and
Garfield Bight ephemeral and | expected expected expected with 65-70 percent of
not as diverse Florida Bay having suitable
as required habitat for seagrass
growth
Diverse seagrass
Current SAV community with moderate
community plant densities and more
May be lower .
. types are No change No change L natural seasonality, and
Terrapin Bay probability of .
ephemeral and | expected expected Halodule die-offs with 65-70 percent of
SCS -S.ubmerged not as diverse Florida Bay having suitable
Aquatlc. ) as required habitat for seagrass
Vegetation in growth
Southern -
Estuaries Diverse seagrass
Current SAV May be lower community with moderate
community probability of plant densities and more
Whipray Basin types are No change No change hypersaline events na.1tural seasonality, and
ephemeral and | expected expected and lower with 65-70 percent of

not as diverse

probability of

Florida Bay having suitable

as required seagrass die-offs habitat for seagrass
growth
Current S.AV Slight decrease Slight decrease | Substantial Diverse s.eagrz.ass
community . . . . . community with moderate
tvpes are in Thalassia and | in Thalassia decrease in lant densiti d
Little Madeira Bay yp increase in and increase in | Thalassia and plant densities a." more
ephemeral and . natural seasonality, and
. Halodule and Halodule and corresponding .
not as diverse . . . . with 65-70 percent of
Ruppia Ruppia increase in

as required

Florida Bay having suitable
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Biscayne Bays

meter)

square meter

200(5; Interim Metric or Area Baseline 2010 2015 _ D13R (FuI_I Desired re_s_toration

oals (1995) implementation) condition
Halodule and habitat for seagrass
Ruppia growth

SCS - Juvenile . . . .

Shrimp Densities V.\/hlpr?y Bas.m 2'2,_2'5 Juvenile No change No change No change 2 to 17 juvenile shrimp per

in Florida and (juvenile shrimp / square | shrimp per expected expected expected square meter

SCS - American
Crocodile

Terrapin Bay

Frequency of

F ies of optimal Low Frequency of optimal Frequency of
( r.ec.u{enues of optima frequencies of optimal p_ - q y. - Maintain high frequencies
salinities for growth and . . salinities optimal salinities o
. ] ) optimal salinities . . . of salinities below 20 PSU

survival of juvenile I . . improves improves slightly

. salinities improves slightly .
crocodiles) slightly
North River Mouth .
F ies of optimal | 8"
( :.ec!tfen]ccles ° op:mad frequencies of No change No change No change Maintain high frequencies
sa |n.|t|es o.r grO\_Nt an optimal expected expected expected of salinities below 20 PSU
survival of juvenile -

. salinities
crocodiles)
Little Madeira Bay
r ies of optimal Low Frequency of
( r.ec.|u.enC|es ofoptima frequencies of No change No change optimal salinities Maintain high frequencies
salinities for growth and . . o

. . ) optimal expected expected improves of salinities below 20 PSU

survival of juvenile _

. salinities moderately
crocodiles)
Joe Bay and Garfield
Bight Low
(Frequencies of optimal frequencies of No change No change No change Maintain high frequencies
salinities for growth and optimal expected expected expected of salinities below 20 PSU
survival of juvenile salinities

crocodiles)
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Appendix A
2005 Interim Metric or Area Baseline 2010 2015 _ D13R (FuI_I Desired re_s_toratlon
Goals (1995) implementation) condition
SCS - Florida Bay | M2gnitude, Duration, dMl;:a::::ne ;:Z Taagt?;tlwe’
¥ Spatial Extent of algal Not available Not available Not available Not available , P .
Algal Blooms extent of algal blooms in
blooms .
Florida Bay
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Table A-2. 2005 Interim Targets.

2005 Interim Targets

1995 Base

2010

2015

D13R (full
implementation)

5.1 Water Volume

No CERP projects yet built

931,000 acre-feet of
additional water
available

1,060,000 acre-feet of
additional water
available

1,462,000 acre-feet of
additional water
available

5.2 Water Supply for Lower East
Coast Service Area

1-in-2 year Return
Frequency for declared
water shortages

1-in-3 year return
frequency for declared
water shortages

1-in-5 year return
frequency for
declared water
shortages

1-in-10 year return
frequency for declared
water shortages

5.3 Water Supply for Lake
Okeechobee Service Area

1-in-3 year return
frequency for declared
water shortages

1-in-2.5 year return
frequency for declared
water shortages

1-in-4 year return
frequency for
declared water
shortages

1-in-6 year return
frequency for declared
water shortages

5.4 Protect Biscayne Aquifer from
Saltwater Intrusion

More likely than not to
protect aquifer during
severe drought in Miami-
Dade County

Highly likely will be able
to protect aquifer during
severe drought

Highly likely will be
able to protect aquifer
during severe drought

Highly likely will be able
to protect aquifer
during severe drought

5.5 Protect Southern Portion of
Biscayne Aquifer from Saltwater
Intrusion

More likely than not to
protect aquifer during
severe drought

More likely than not to
protect aquifer during
severe drought

More likely than not
to protect aquifer
during severe drought

Highly likely will be able
to protect aquifer
during severe drought

5.6 Flood Control: Root Zone

Groundwater Levels in South

Miami-Dade Agricultural Area
East of L-1N

Reasonably matches target
in most areas of interest

Flood protection levels
are acceptable; some
areas decrease while
others increase,
compared to 1995 levels

Closely matches 2010
performance

Closely matches 2010
performance
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APPENDIX B. MODELING SCENARIO ASSUMPTIONS
B.1 Model Assumptions for ECBIGIT, 2026, 2032CEPP and 2032PACR model scenarios.
B.1.1 Existing Condition Baseline for Interim Goals/Interim Targets (ECBIGIT).

The Interim Goals and Targets existing baseline condition model (ECBIGIT) is derived from the Combined
Operational Plan existing condition baseline model (ECB19RR) and modifies it to also include:

e Modified Water Deliveries (MWD) Increment 1.1 and 1.2 to reflect the July 2016 Everglades
Restoration Transition Plan (ERTP) Biological Opinion (BO) and the 2016 Temporary
Emergency deviation changes

e Central and South Florida (C&SF) infrastructures and Regulation Schedule (2008 Lake
Okeechobee Regulation Schedule [LORS])

e MWD Tamiami Trail 1-Mile bridge

e (C-111 South Dade including Contracts 8, 8A and 9

e 8.5 Square Mile Area (8.5 SMA) including C-358 and S-357N
e 5-Mile Seepage Reduction Wall (along L-31 North)

e Current permitted C-111 Spreader Canal with $-199/5-200 capacity increase from 225 cfs to
300 cfs

e Includes 7.5 ft stage constraint on L-29 and no constraint at G-3273.

DOES NOT INCLUDE

e Combine Operations Plan (COP) modifications and Tamiami Trail Flow Formula (TTFF)

B.1.2 Run 12026 Increment (2026): Model is derived from the WERP FWO model and is modified to
include projects expected to be completed by 2026. WERP FWO = Western Everglades
Restoration Plan Future With Out Project.

e Tamiami Trail Next Steps Phase 1, 2

C-111 South Dade Construction

e Biscayne Bay Coastal Wetlands Phase 1
e C-43 Reservoir

e (C-44 Reservoir

o (C-44 STA & Pump Station

e (C-23/24 Reservoir-STA North
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e Broward County Water Preserve (BWPA)-C-11 Impoundment
e Old Tamiami Trail modifications
e Increase S-356 and S-333
e |-67A Structures (S-631, S-632 and S-633) and Gap in L-67C Levee (update operation)
e |-29 Gated Spillway
e A-1FEBonly
B.1.3 Run 2 2032 Increment Central Everglades Project Plan (2032CEPP)
e (C-23/24 Reservoir Stormwater Treatment Area (STA) North/South
e BWPA C-9 Impoundment
o BWPA WCA 3A & 3B Seepage Management
e (C-25STA
e (C-25 Reservoir
e Removal L-67C & L-67 Ext
e Construction of L-67D Levee
e Removal L-29 Levee & Backfill L-67 Ext
e PPA North / New Water (Seepage PPA Barrier Only)
e A-1Flow Equalization Basin (FEB)
e A-2 Flow Equalization Basin (FEB): 60K acre-feet (2032CEPP only)

B.1.4 Run 22032 Increment PACR (2032PACR):

e Same as Run 2 2032 Increment CEPP except A-2 Deep Reservoir: 240k acre-feet +A-2 STA
replaces A-2 FEB: 60K acre-feet)

B.2 Major CERP Project Descriptions
B.2.1 Biscayne Bay Coastal Wetlands Project [CERP]

The Biscayne Bay Coastal Wetlands Project (BBCW) improves the ecology of Biscayne National Park and
Biscayne Bay by rehydrating coastal wetlands and increasingly flowing freshwater to the estuary over a
broad area, instead of through individual drainage canals. The State of Florida expedited construction of
the Deering Estate Flow-way and portions of the L-31E Flow-way have already produced ecological and
hydrological improvements in the area, which in turn have produced improvements in Biscayne Bay’s
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habitat quality. Construction on L-31E Flow-way S-706A, B, and C, and S-708 culverts was completed in
September 2018. USACE completed construction on the L-31E Flow-way Culverts S-712A and S-712B on
June 2017. Construction of the remaining contracts will redistribute available surface water from the
existing canal network to adjacent wetlands located east and west of the L-31E Levee through a spreader
canal system as part of the BBCW Phase 1 Project.

It is anticipated that planning for the BBCW Phase 2 will begin in FY20. The BBCW project will restore
wetland and estuarine habitats and divert a significant portion of the annual coastal structure discharge
into freshwater and saltwater wetlands instead of direct discharges to Biscayne Bay and Biscayne National
Park. A stated regional and project-level objective of CERP and BBCW is to establish a mesohaline
community of fish and invertebrates in Biscayne Bay’s nearshore waters adjacent to the rehydrated
wetlands.

B.2.2 Broward County Water Preserve Areas (BCWPA) [CERP]

The BCWPA aims to reduce seepage loss from WCA 3A and 3B to the C-9 and C-11 basins and to capture,
store, and distribute surface water runoff from the western C-11 basin. Capturing surface water from
these basins will reduce discharges into WCA 3, reducing nutrient loading into the natural system.
Additional project functions include maintaining the existing level of service for flood mitigation,
groundwater recharge, increasing the spatial extent of wetlands and improving hydroperiods and
hydropatterns in WCA 3A and WCA 3B.

The initial construction contract for the Northern Mitigation Area A Berm of the C-11 impoundment
component was awarded in 2017. Ecological benefits are expected to be realized once the remaining
components are constructed and operating.

B.2.3 C-111 Spreader Canal Project (Western and Eastern) [CERP]

The C-111 Spreader Canal Western Project helps to minimize water seepage from in Everglades National
Park, provides increased freshwater flow to Florida Bay through Taylor Slough, and restores freshwater
wetlands, tidal wetlands, and coastal habitat. Completed by the SFWMD in 2012, this project enhances
the habitat conditions that produced the massive colonies of wading birds that once inhabited this area.
The project was authorized in WRDA 2014 and includes an aboveground detention area, two pump
stations, canal plugging, culverts, and operational changes in south Miami-Dade County. Most of the
project features have been constructed by the SFWMD in advance of authorization to jump start the
recovery of the Taylor Slough area. The two remaining features will be constructed by the Corps and
should be completed by FY2023. The constructed features are already showing positive environmental
benefits to the Taylor Slough area by restoring more natural water conditions and flows, which have led
to improvement in the health and quality of wetland habitats in Florida Bay.

The C-111 Eastern Spreader Canal project will enhance sheetflow to Barnes Sound, which is the southern
extreme of the Biscayne Bay system, and help augment restoration efforts within the Southern Glades
and Model Lands. It is anticipated that planning for the C-111 Eastern Spreader Canal project will begin in
FY2021.
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B.2.4 C-43, C-44, and Everglades Agricultural Area (EAA) Reservoirs and Stormwater Treatment
Areas (STAs) [CERP]

Downstream (east and west) of the lake, the C-43 Reservoir and C-44 Reservoir and Stormwater
Treatment Areas (STAs) will store surface water and should reduce some water supply demands on Lake
Okeechobee from those basins. The C-43 Reservoir project is designed to capture excess C-43 Basin runoff
and regulatory releases from Lake Okeechobee during the wet season and release water from the
reservoir during the dry season. The project includes development of one aboveground reservoir with a
total storage capacity of approximately 170,000 acre-feet (ac-ft). The reservoir will be located in the C-43
Basin in Hendry County. The project will reduce the extreme salinity changes in the Caloosahatchee River
Estuary by providing a more consistent flow of water discharging into the estuary benefiting SAV and
oysters. The project will also provide water quality benefits by reducing nutrient impacts to the
Caloosahatchee River Estuary. The C-43 West Basin Storage Reservoir project is one of the SFWMD State-
Expedited Projects. SFWMD completed two construction contracts in April 2019 for the 195 cubic feet per
second (cfs) pump station and access roads. The construction of a 1,500 cfs pump station will be completed
in May 2022. The last construction contract was awarded in March 2019. Construction completion is
scheduled for May 2024. The C-44 Reservoir and STAs are the first part of the Indian River Lagoon South
project (discussed further below. They will provide positive impacts to the St. Lucie and South Indian River
Lagoon including the construction of a 3,400-acre reservoir, a pump station with a capacity to pump 1,100 cfs
of water, and 6,300 acres of STAs. Similarly, the CEPP A-2 EAA Reservoir (240,000 ac-ft) and Stormwater
Treatment Areas (6,500 ac-ft) will provide more storage south of the lake. These CERP projects are
primarily designed to serve the needs of their respective watersheds and estuaries; however, reduced
water supply demands and improved ability to send water south is expected to have modest beneficial
effects to the lake, primarily through reductions in extreme low stages.

B.2.5 Central Everglades Planning Project (CEPP) [CERP]

The primary goal of the Central Everglades Planning Project (CEPP) is to improve the quantity, quality,
timing and distribution of water to the Everglades and Florida Bay through increasing water storage,
improving water quality, and removing canals and levees to restore natural flow patterns. The project is
designed to send an additional annual average of approximately 370,000 acre-feet of additional water
made available south to the region. Due to the magnitude of this project, CEPP construction is sequenced
into three different phases:

1. CEPP South: removes water flow barriers in the southern portion of the project’s footprint, which
will set conditions to flow more water south

2. CEPP North: provides inflow facilities needed to restore northern WCA 3A and move additional
water south to the Everglades

3. CEPP New Water: moves additional water made available south, stores it, and treats it before it
goes into the Everglades

CEPP is modeled to show improved ecological performance for fish, wading birds, and apple snails in
northern and central WCA 3A and SRS. Improved hydroperiods and sheetflow in WCA 3A, WCA 3B, and
ENP resulted in less soil oxidation, promoting peat accretion necessary to rebuild the complex mosaic of
habitats across the landscape.

In addition to the project components above, the CEPP PACR includes the CEPP A-2 EAA Reservoir
(240,000 acre-feet storage) and Stormwater Treatment Area (STA; 6,500 acre-feet). Overall the
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construction of CEPP for the Greater Everglades region will begin to reestablish hydrologic connectivity
for WCA 3A, 3B, and ENP. Increasing water storage south of Lake Okeechobee will help reduce harmful
lake releases to the Caloosahatchee and St. Lucie estuaries.

B.2.6 Indian River Lagoon South (IRL-S) [CERP]

A major component of CERP that will provide positive impacts to the St. Lucie and South Indian River
Lagoon is the C-44 Reservoir and STAs, the first component of the Indian River Lagoon-South (IRL-S)
project. This project includes several components, each of which will provide future improvements in
water quality for SAV, oysters, and benthic infauna in the estuary. These components include four STAs,
restoration of ~92,100 acres of habitat upstream (mixed wetland and upland), and redirection of
freshwater flows to the North Fork of the St. Lucie River from the C-23/C-24 basin. Additional components
of the IRL-S focus specifically on improving and restoring the benthic habitat in the St. Lucie River Estuary
for VECs such as SAV, oysters, and benthic infauna by removing untenable sediments. The St. Lucie River
C-44 STA is set to be completed in FY2020 and the reservoir set to be completed in FY2021.

B.2.7 Lake Okeechobee Watershed Restoration Project (LOWRP) [CERP — Planning Phase]

This project, which is in the planning phase, if authorized and constructed, is expected to improve water
levels in Lake Okeechobee, improve the quantity and timing of releases to the Caloosahatchee River
Estuary and St. Lucie Estuary, restore degraded habitat for fish and wildlife, and increase the spatial extent
and functionality of wetlands. Over the next five years, LOWRP, if authorized and constructed, will,
together with other authorized projects, reduce the number and duration of high-volume Lake
Okeechobee releases to the Caloosahatchee River Estuary and St. Lucie Estuary. This reduction in flow
volume will improve salinity conditions and improve habitat for oysters, SAV, and fish. This project will
provide water storage in the watershed and result in more beneficial flows to the estuaries.

As originally envisioned in 1999, the Lake Okeechobee Watershed Project (LOWP) was to construct
250,000 acre-feet of water storage north of the lake (including 11,875 acres of stormwater treatment
areas [STAs]), the dredging of 150 tons of phosphorus enriched muck from tributaries, and the restoration
of approximately 3,500 acres of wetlands. After 6 years of planning, the LOWP identified management
measures to store 272,823 acre-feet of water north of the lake and restore 3,500 acres of wetlands, but
not directly address the excess nutrient issue.

The LOWP was re-evaluated as the Lake Okeechobee Watershed Restoration Project (LOWRP) in 2016,
after a 10-year hiatus due to lack of funding. The primary purposes of the LOWRP are to: 1) store water
upstream of the lake in order to improve water stages in the lake; and 2) to restore watershed wetlands
for wildlife habitat. Today, the LOWRP tentatively selected plan identifies 3,600 acres of wetland
restoration, 46,000 ac-ft of storage in a five-foot deep Wetland Attenuation Feature, and 448,000 ac-ft/yr
of storage in 80 Aquifer Storage and Recovery (ASR) wells. The number of ASR wells north of the lake was
reduced from 200 (as envisioned in the Restudy) to 80 based on results from a pilot project (USACE 2015).
The water storage modeled for the LOWRP increased the time that lake levels would be within the
ecologically preferred stage envelope by 3.5 percent. Additionally, ASR was predicted to reduce
phosphorus loading to the lake by 8 to 11 percent (over baseline conditions). The LOWRP has not been
approved and construction and funding are “To Be Determined”, but has an anticipated WRDA 2020
authorization (USACE 2019; IDS).
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B.2.8 Loxahatchee River Watershed Restoration Project (LRWRP) [CERP — Planning Phase]

This project, which is in the planning phase, is expected to restore and sustain the overall quantity, quality,
timing, and distribution of freshwater to the federally designated “National Wild and Scenic” Northwest
Fork of the Loxahatchee River for current and future generations. This project also seeks to restore,
sustain, and reconnect the area’s wetlands and watersheds that form the historic headwaters for the
river. Implementation of the project will provide multiple benefits including to help restore more natural
water deliveries to the river and estuary, promote improved health, connectivity and functionality of the
wetland and upland watershed, and increase the quantity and quality of habitat available for native
wildlife and vegetation. The project area includes approximately 753 square miles located in central and
northern Palm Beach County and southern Martin County. Within that area are Jonathan Dickinson State
Park, Pal Mar East/Cypress Creek, Dupuis Wildlife and Environmental Management Areas, J.W. Corbett
Wildlife Management Area, Grassy Waters Preserve, Loxahatchee Slough, the last remaining riverine
cypress stands in Southeast Florida in the nationally designated Wild and Scenic Northwest Fork
Loxahatchee River, and the Loxahatchee River Estuary.

B.2.9 Picayune Strand Restoration Project [CERP — Authorized]

This CERP project covers more than 55,000 acres and will restore natural habitats and the region’s historic
sheetflow while maintaining flood protection for neighboring communities. The project serves as an
important link connecting Florida Panther National Wildlife Refuge, Fakahatchee Strand Preserve State
Park, Picayune Strand State Forest, Collier Seminole State Park, Rookery Bay State Aquatic Preserve,
Rookery Bay National Estuarine Research Reserve, and the Ten Thousand Islands National Wildlife Refuge.
On a larger scale, these important protected lands will be contiguous with the larger Big Cypress National
Preserve.

By connecting this large mosaic of natural areas, historic wildlife paths and trails will be restored for wide-
ranging wildlife, especially for the Florida panther. The project includes three pump stations, three
spreader basins, 260 miles of road removal, 65 miles of logging trams, 48 miles of canal plugging along
four canals, manatee mitigation features, and flood protection features. The first component of this
project, plugging of the Prairie Canal, was completed by the SFWMD. Since then USACE has been leading
much of the construction of the major pump stations, road and logging tram removal, and canal plugging.
The SFWMD has constructed the manatee mitigation feature in the lower part of the project. The Corps
completed the three pump stations and construction is underway for the road and logging tram removal
and grading restoration of the Miller phase of the project and the Eastern Stair Step Canal clearing and
plugging restoration phase.

Even though the major project features are just coming online, the area is already showing signs of
recovery, particularly along the Prairie and Merritt Canals where wading birds are flourishing and plant
life is recovering. The extension of hydrological restoration due to phased implementation of this project
continues to improve habitat for a number of threatened and endangered species such as the Florida
panther, wood stork, West Indian manatee, and American crocodile. Additionally, improved hydrological
conditions in areas where partial or fully restored habitat has occurred, species abundance and diversity
has increased since the start of the Picayune Strand Restoration Project (Dixon et al. 2011, Young 2013).

B.2.10 Western Everglades Restoration Project [WERP — Planning Phase]

The CERP identified the need to restore and reconnect the western Everglades ecosystem. The purpose
of WERP, as defined in CERP, is to reestablish sheet flow from the West Feeder Canal across the Big
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Cypress Seminole Indian Reservation and into BCNP, maintain flood protection on Seminole Tribal lands,
and ensure that inflows to the North and West Feeder Canals meet applicable water quality standards.
Planning efforts are currently underway for WERP. If implemented these actions will reestablish ecological
connectivity of wetland and upland habitats in the western Everglades with restored freshwater flow
paths, flow volumes and timing, seasonal hydroperiods, and historic distributions of sheetflow; restore
oligotrophic conditions to reestablish and sustain native flora and fauna; reduce wildfires that damage
the underlying geomorphic conditions of the western Everglades; and promote system-wide resilience in
light of future change, such as sea level rise and climate change. The WERP project is in the early stages
of the planning process and was not included in the Interim Goals model scenarios.

B.3 Non-CERP and Foundation Projects
B.3.1 C-111 South Dade Project [Non-CERP Project]

Located in south Miami-Dade County, this project is the southern end of the C&SF project and borders
the eastern edge of Everglades National Park. This project is intended to restore the wetland sloughs and
prairies along the eastern boundary of Everglades National Park improve hydrologic conditions in Taylor
Slough and other adjoining areas of the park. The project is sending more freshwater through Taylor
Slough into Florida Bay, thus improving the bay’s overall health by reducing hypersaline events. At the
same time, project features maintain flood protection for development and agricultural interests located
east of the project. The project includes aboveground detention areas, associated water control features,
canal plugging, and operational changes and is being designed and constructed by the Corps. All lands
needed for the project have been provided by the SFWMD. The construction contracts were initiated in
late 2015 and the project was completed in FY2019. The final operating plan for this project has been
developed as part of the Combined Operational Plan (COP) for the Modified Water Deliveries and C-111
South Dade projects in FY2020, with an expected Record of Decision later in 2020.

B.3.2 Combined Operational Plan (COP) [Non-CERP project]

The COP is expected to be implemented in August 2020. COP was planned to balance ecosystem, water
supply and flood protection benefits for the southern portion of the region by defining operations for the
constructed features of the Modified Water Deliveries and C-111 South Dade projects, while maintaining
the congressionally authorized multiple purposes of the Central and Southern Florida Project (C&SF). In
the Greater Everglades region, COP is expected to improve water deliveries (timing, location, volume) and
restore natural hydrologic conditions in ENP given the current and future C&SF infrastructure; maximize
progress toward restoring historic hydrologic conditions in SRS, TS, the Rocky Glades, and eastern
panhandle of ENP; and protect the intrinsic ecological values associated with WCA 3A, SRS, and ENP.

B.3.3 Ecosystem Restoration Transition Plan (ERTP) [Non-CERP]

The Everglades Restoration Transition Plan (ERTP) is the operational plan that establishes how federal
water control structures are operated in the southern portion of the system to meet the Corps’
responsibilities for flood protection and to minimize adverse effects to threatened and endangered
species. As part of this plan, certain structures (s-12s, S343s, S342) will be operated during certain times
of year in order to meet the Corps’ project purposes in a manner that promotes conditions suitable for
sparrow nesting in Everglades National Park.
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ERTP provides greater flexibility to store and release water in Water Conservation Area -3A, and as a result
increases operational flexibility in the system and improves conditions for multiple species inhabiting the
area.

Moving more water through Everglades National Park into Florida Bay is part of the overall plan for
restoring the Everglades. ERTP helps to improve conditions for the sparrow and other threatened species
as restoration work progresses.

Ultimately, the completion of Everglades restoration projects, such as the Modified Water Deliveries and
C-111 South Dade projects, will enable operations to be refined further as part of the Combined
Operational Plan, which will provide the optimal balance between restoration and operational benefits
for the southern Everglades in the context of the existing water budget. When additional water made
available is brought into the system, subsequent operations plans will update the relationship between
environmental and water supply needs. The expectation is that significant environmental benefits during
the dry season are derived from these periodic operational updates.

B.3.4 Herbert Hoover Dike Rehabilitation [Non-CERP]

In 2016, the Corps completed the Herbert Hoover Dike Dam Safety Modification Study to address
instability problems and develop alternatives to keep the dike from failing. The results of the study
provided a plan to extend embankment repairs over 28 miles on the south and west sides of the structure.
This includes installing 24 miles of seepage barrier, commonly known as a partial cutoff wall, from Moore
Haven to Lake Harbor, 6.8 miles of seepage barrier between Lake Harbor and Belle Glade, and four miles
of cutoff wall near Lakeport. Work continues through 2022.

B.3.5 Kissimmee River Restoration Project [Non-CERP]

Construction of the Kissimmee River Restoration Project should be completed in 2020 to restore more
than 40 square miles of river-floodplain ecosystems, including nearly 20,000 acres of wetlands and 44
miles of historic river channel. This project should naturally slow the flow of water from the Kissimmee
Basin into Lake Okeechobee, thereby reducing lake level ascension rates. This in turn, may reduce
unwanted lake high-volume releases to the Caloosahatchee and St. Lucie Estuaries.

B.3.6 Lake Okeechobee Regulation Schedule (LORS) [Non-CERP]

Water managers decide how to move water into or out of Lake Okeechobee based on a regulation
schedule. In April 2008, the Lake Okeechobee Regulation Schedule (LORS) was implemented to decrease
maximum lake stages from the previous regulation schedule. In 2019, a study team began stakeholder
meetings to develop a new Lake Okeechobee System Operating Manual (LOSOM) by 2024 to coincide with
the completion of dike rehabilitation. These various regulation schedules are important because they
allow managers to affect lake stages independently of any progress on the CERP. However, full
implementation of the CERP should assist water managers with managing the lakes levels and beneficial
or harmful lake releases. Significant changes to the system are likely to emerge from updating the Lake
Okeechobee Regulation Schedule.

B.3.7 Lake Okeechobee System Operations Manual (LOSOM) [Non-CERP; current in planning phase]

Lake Okeechobee water management and lake levels are regulated by the 2008 Lake Okeechobee
Regulation System (LORS). The Lake Okeechobee System Operations Manual (LOSOM) is being developed
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to balance the performance of multiple project purposes while preserving public health and safety, not to
optimize performance of any single project purpose at the expense of another. One of the primary goals
of LOSOM is to maintain a lake level between 12.5 and 15.5 feet. LOSOM includes a seasonally adjusted
schedule to help guide water management decisions. Over the next five years, a new study on water
management and lake levels that includes significant public involvement will be undertaken. The revision
of LOSOM has the potential to improve Lake Okeechobee releases to the Northern Estuaries providing
better salinity regimes for the SLE and CRE. RECOVER is looking to update the Northern Estuaries Salinity
Envelope Performance Measure prior to the LOSOM study (RECOVER 2019).
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APPENDIX C. INTERIM GOALS MODEL RESULTS DETAILS
C.1 Ridge and Slough Stability Index

Multistate models were originally developed to accommodate multiple states of wildlife (physiological or
spatial scales) in survival analyses (Hestbeck et al. 1991, Nichols et al. 1994, Lebreton and Cefe 2002), but
have been applied in a limited way to vegetation communities (Breininger et al. 2009, Hotaling et al. 2009,
Zweig and Kitchens 2014, Zweig et al. in revision). They use a likelihood-based approach to model
transition probabilities between states and, more importantly, they can directly estimate the
environmental parameters associated with state changes (White et al. 2006, MacKenzie et al. 2009).

We used an existing multistate model for WCA 3A South to evaluate hydrologic model scenarios for
Interim Goals (Zweig et al. in revision). The multistate model calculated transition probabilities ({) from
ridge, slough, and prairies using a combination of hydrologic variables, peat depth, and elevation (Figure
C-1). The best supported multistate model included four variables: 15-year mean hydrologic amplitude,
15-year mean hydrologic maximum, elevation, and peat depth. For the 4 model scenarios (ECB, 2026,
CEPP, and CEPP PACR), few of the 15-year mean amplitudes and maximums were within the model bounds
(colored surface in Figure C-2), but if you follow the slope of 80% stability outside of the model bounds
(Figure C-3), the hydrologic conditions above that line would satisfy the ecological parameters of that
state, i.e., a landscape with a minimum of 20 cm depths would support a stable slough.

To create ecological rules to use outside the model bounds, and to simplify this model into something that
would be useful to managers and in operations, we focused on one hydrologic variable. We combined 15-
year mean maximum water depths and 15-year mean amplitude into 15-year mean minimum (maximum
—amplitude = minimum). We then created random points within the Interim Goals and Targets footprint
that still contained intact ridge and slough habitat (WCA 2A, 3B, 3 North, 3 South, the Pocket (between
the L67A and L67C), and Everglades National Park), excluding A.R.M Loxahatchee National Wildlife Refuge,
because Loxahatchee was created with different processes (pop-ups, less directionality of water flow, a
soft water system) than the central ridge and slough and will be managed separately from the other Water
Conservation Areas and Everglades National Park. At these random points, we collected peat and
elevation data from kriged surfaces (Zweig unpublished data and the USGS EDEN elevation surface). Using
averages of environmental variables that were within the model’s domain, we calculated the model and
determined the minimum water depth that supported a stable ridge and slough. Stability was set at 80+%
chance of staying in the same state over 10 years—the transition period for the model. We then calculated
how many minimum water depths from each hydrologic run fit the criteria (Table C-1).

Table C-1. Example of index calculations for slough stability in ECBIGIT hydrologic model scenario. N
for random points by area: WCA2A =91, WCA3B = 108, WCA3N = 67, WCA3S = 173, ENP = 69, Pocket =
91. Pocket is the area between the L67A and L67C.

Area 1980 1985 1990 1995 2000 2005 Total
WCA 2A 18.7% 12.1% 18.7% 30.8% 39.6% 34.1% 25.7%
WCA 3B 62.0% 11.1% 65.8% 95.4% 99.1% 100.0% 74.6%
WCA3AN 0.0% 0.0% 1.5% 6.0% 9.0% 10.4% 4.0%
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Area 1980 1985 1990 1995 2000 2005 Total
WCA3AS 60.7% 53.8% 68.2% 83.2% 86.1% 90.8% 73.0%
ENP 4.3% 1.4% 18.8% 50.7% 75.4% 81.2% 33.1%
Pocket 93.4% 84.6% 95.6% 100.0% 100.0% 100.0% 96.3%
(between
the L67A
and L67C)
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Figure C-1. (a) Structure of a multistate model. W is the transition probability from one state to the
other. R =ridge, S = slough, and P = prairie. For example, YR-S = the transition probability from ridge
to slough. (b) Multistate transition model for WCA 3A South. Sign on environmental variable indicates
a positive or negative effect on transition probability. 15amp = 15-year mean amplitude (annual
maximum water depth — annual minimum water depth (cm)), 15max = 15-year mean maximum water
depth (cm), elev = elevation (cm), and peat = peat depth (cm).
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Figure C-2. Examples of model run hydrologic data graphed with multistate model results in (a) ENP
and (b) WCA 3A South. Stability is represented by colors—100% stability is orange and 0% is dark blue.
Data begins in 1980 because of the 15-year average calculations for maximum and amplitude
(hydrologic data = 1965-2005). If you follow the slope of 80% stability outside of the model bounds,
the hydrologic conditions above the line would satisfy the ecological parameters of that state, i.e., a

landscape with a minimum of 20 cm depths would support a stable slough.
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Figure C-3. The purple shaded area represents conditions which, while out of the model bounds, could
support stable sloughs—they have a 15-year mean minimum of = 10 cm of water on the surface of the
peat at all times (maximum — amplitude = minimum depth.
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APPENDIX D. INTERIM TARGETS MODEL RESULTS DETAILS
D.1 Indicator — Water Volume
D.1.1 Whatis the target?

The Interim Target for water volume is to distribute water across the ecosystem in a manner that reflects
natural conditions, while providing for the other water-related needs of the region.

D.1.2 Why is this indicator important?

This indicator is important because the ecosystems of South Florida, including the floral and faunal
assemblages, are organized around and have adapted to the historic volumes, timing, and distribution of
water across the landscape. Under current conditions, canals and levees associated with the Central and
Southern Florida Project interrupt the flow of water across the landscape (altered timing and distribution),
while the regional flood protection and water supply constraints create unnatural surface- and
groundwater stages (altered volumes) in many areas. The Comprehensive Everglades Restoration Plan
(CERP) is expected to improve the timing, volume, and distribution of water throughout the system
primarily by increasing regional storage capacity, by removing barriers to flow, and through a careful
redistribution of water within the system that more closely matches natural cycles. The increase in
regional storage capacity provided by the CERP is also expected to increase the sources of water available
for other water-related needs of the region.

D.1.3 How is the interim target for this indicator predicted?

The Regional Simulation Models, Glades-LECSA (RSMGL) and Basins (RSMBN), are used to predict the
water budgets for the primary basins in the region covered by the CERP. These water budgets are also
used for the Interim Goals since they identify water quantities allocated to basins containing urban and
agricultural land uses. Water budgets produced for the ECBIGIT (2017), 2026, 2032CEPP and 2032PACR
increments provide an excellent way to account for changes in system-wide distribution throughout CERP
implementation through 2032. RSM water budgets also provide each region (and, indirectly, many
interests) with a set of mutually consistent expectations of CERP implementation. In recognition of this,
the predictions for this Interim Target are divided into two parts. The first part provides the bulk quantities
of water distributed throughout the system. The second part represents the portion(s) of that water
distributed to each basin that are made available by the CERP. It is important to note that in the CERP
process, the method for quantifying water available for other water related needs uses volume probability
curves rather than basin water storage volume differences.

D.1.3.1 Total System Distribution

The RSMBN and RSMGL are used to account for all inflows (e.g., structure flow), outflows (e.g., overland
flow, levee seepage), and changes in storage (e.g., water levels) for each of the basins in the CERP region.
For the purposes of this Interim Target, the RSM water budgets are aggregated into nine primary basins:
Lake Okeechobee and Kissimmee River, Caloosahatchee, St. Lucie, Upper East Coast, Everglades
Agricultural Area, Lower East Coast, Water Conservation Areas, Everglades National Park and Big Cypress
National Preserve (Figure D-1). Surface water discharges to tidal coastal zones via canals are calculated
separately for the St. Lucie Estuary, Caloosahatchee Estuary, Biscayne Bay, and Lower East Coast. In
addition, discharges to tide from Everglades National Park and Big Cypress National Preserve are provided.
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The Net Pumpage term for the Lower East Coast is a combination of public water supply, industrial and

irrigation, both landscape and agricultural.

Both RSMs produces output files identifying the annual water budgets for each of the primary basins
identified above and for average annual water budgets calculated over the 41 year simulation period from
1965 to 2005. Some post-processing of these water budget output files is necessary to calculate the net

exchanges between the basins and the total discharges to tidal zones.
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Figure D-1. Basins and projects in Water Volume analysis.
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D.1.3.2 Additional Water Made Available

This part of the water volume indicator predicts increases in water quantities over ECBIGIT (2017)
conditions that CERP produces to benefit urban and agricultural users and the natural system. The
calculations used to quantify this “additional water made available” are based on the RSMBN and RSMGL
water budget predictions and are a function of the difference in storage volume predicted for a given
basin between the interim dates and 2017. The project components included in each model scenario are
specific to this Interim Goals and Targets analysis and therefore are unique predictions. Modeling
predictions for other efforts using these modeling tools but different project components are not directly
comparable.

A more detailed description of this calculation involves a matrix used to summarize inflows and outflows
to and from the major basins, estuaries, and regional CERP projects for the 2017 baseline (ECBIGIT) and
interim years (2026 and 2032) during CERP implementation scenarios (Table D-2, Table D-3, Table D-4,
Table D-5). There are two 2032 scenarios with different portions of the Central Everglades Planning
Project (CEPP), without and with the CEPP A-2 EAA Reservoir/STA (PACR). The balance of inflows and
outflows for each component in the matrix is then compared between 2026, 2032CEPP and 2032PACR to
ECBIGIT (2017) in order to quantify the net storage increases or decreases over time within a basin (Table
D-6). Basins or project areas that show a net decrease in storage over time are considered to be sources
of “additional water made available”, while basins showing a net increase in storage over time are
classified as recipients of “additional water made available”. In Table D-6, the sources of “additional water
made available” are grouped according to geographic region or process (i.e., tidal losses). The basins
receiving the “additional water made available” are grouped according to primary basin (e.g., Northern
Estuaries, LEC, C-43/Caloosahatchee, EAA), etc.). In all cases, the total amount of water created through
the CERP (i.e., sources) is greater than the total amount received and distributed throughout the region.
This difference reflects the additional water made available that is removed from the system mainly
through evapotranspiration from reservoirs and stormwater treatment areas. Thus, not all the additional
water made available created by the CERP is available for environmental use or by developed areas

D.1.3.3 Uncertainty in the Model Predictions

At the time of this report, the uncertainty associated with the predictions of the average annual, basin-
wide water budgets used to determine total system distribution has not been evaluated. However, as with
other large-scale models, uncertainty in the RSM output is generally considered to decrease with
increasing temporal and spatial aggregation of results. This would indicate that the predictions of basin-
wide annual water budgets could be considered more accurate than finer-scale output variables.
However, the large-scale, integrative field measurements necessary to verify this assumption have not
been performed. Similarly, measurement errors associated with specific components of the water
budgets (e.g., groundwater fluxes) in many cases may also preclude a precise evaluation of basin-wide
predictions and the advancement toward this desired restoration condition.

Uncertainty in the output also has implications for additional water made available predictions. For
example, at the regional grid (e.g. typically >= 1 sq mile) scale, the accuracy of modeled stages is generally
considered to be +0.5 feet. The accuracy of modeled stages also varies with location in the model domain,
and with the interval over which modeled and observed stages are compared. Since the storage term in
a basin water budget is a function of stage (i.e., water level x basin area), uncertainty in modeled stages
will translate directly into uncertainty in the estimates of “new available water”. Confidence intervals on
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model stage predictions will have to be incorporated into the analyses of field measurements designed to
evaluate progress toward this part of the interim target.

As is shown below, the evaluation methods proposed for this interim target are designed to partially
account for model and measurement inaccuracies.

D.1.4 What are the predictions for the ECBIGIT (2017), 2026 and 2032 increments?
D.1.4.1 Total System Distributions

Average annual water budgets including the net exchanges between the primary basins over the period
of record can be presented using either map or table format. Diagrammatic maps are a convenient way
to display model predictions of the quantities and types of water (e.g., groundwater, overland flow, and
structure flow) distributed across the region. The average annual net exchanges between basins plus the
discharges to tide for the scenarios representing 2017, 2026 and 2032 conditions are identified in Table
D-1.
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Table D-1. Net exchanges and changes in storage for basins affected by the CERP for ECBIGIT (2017
baseline), 2026, 2032CEPP and 2032PACR models. All values in 1,000 acre-feet per year.

Basin Flow Description E((;g:(;;T 2026 glg?’i P2 Rng
Rainfall 1643 | 1643 1643 1643
Evapotranspiration 2097 | 2097 2097 2097
C-43 Basin to Lake O 26 21 21 18
Lower Kiss to Lake O 1052 | 1042 1042 1042
Fisheating Creek to Lake O 184 184 184 184
Lake Istokpoga to Lake O 363 363 363 363
E Taylor Creek/Nubbin Slough to Lake O 181 181 181 181
g C-44 backflow to Lake O 65 69 91 80
é Lake O via C-43 to C-43 Reservoir 0 21 21 15
8 Lake O to Caloosahatchee Estuary via C-43 463 356 356 210
f" Lake Okeechobee to Caloosahatchee Basin 112 111 111 114

Lake Okeechobee to S-4 Basin 11 9 9 12

Lake Okeechobee to EAA Miami 185 318 318 451

Lake Okeechobee to EAA NNR/Hillsboro 161 270 270 290

Lake Okeechobee to EAA WPB 93 94 94 94

Lake Okeechobee to L-8 Basin (C10A) 51 -33 -33 -43

Lake O to C-44 Canal via S-308 187 175 139 114
< Rainfall 2169 | 2169 2169 2169
C‘E Evapotranspiration 2533 | 2533 2533 2533
© Lake O via C-43 to C-43 Reservoir 0 21 21 15
§ Lake O to Caloosahatchee Estuary via C-43 463 356 356 210
3 Lake Okeechobee to Caloosahatchee Basin 112 111 111 114
E Lake Okeechobee to S-4 Basin 11 9 9 12
g C-43 Reservoir to estuary 0 125 125 138
'é C-43 Basin runoff to Reservoir 0 110 110 129
780 C-43 basin to estuary 721 589 589 577
© C-43 Basin to Lake O 26 21 21 18

Rainfall 583 583 583 583
< Evapotranspiration 541 541 541 541
§ Lake O to C-44 Canal via S-308 187 175 139 114
'_é C-44 Canal to C-44 Basin 23 28 28 28
ot C-44 Basin to C-44 Canal 166 | 127 137 127
3 C-44 Canal to C-44 Reservoir 0 49 7 7
g C-23 Basin to C-44 Reservoir 0 25 24 23
—jf C-44 Reservoir to C-44 Canal 0 78 39 37
ez C-44 Canal to St. Lucie Estuary S-80 265 234 189 163

C-44 backflow to Lake O 65 69 91 80
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Basin Flow Description E((;g:(;;T 2026 gg?:?: PZ 22?2
Rainfall 2626 | 2626 2626 2626
Evapotranspiration 2437 | 2437 2437 2437
Lake Okeechobee to EAA Miami 185 318 318 451
Lake Okeechobee to EAA NNR/Hillsboro 161 270 270 290
Lake Okeechobee to EAA WPB 93 94 94 94
Lake Okeechobee to L-8 Basin (C10A) 51 -33 -33 -43
A-2 Reservoir to EAA Miami 0 0 0 32
A-2 Reservoir to EAA NNR/Hills 0 0 0 72
A-2 Reservoir to STA 3/4 0 0 0 303

£ A-2 Reservoir to A-2 STA 0 0 0 145
l‘?; C-140 (C-139 Basin) to EAA 18 18 18 18
g C-141 (C-139 Basin) to STA5/6 186 186 186 184
<"E WCA 1 seepage to STAIW 7 7 7 7
g WCA 2 seepage to EAA 23 23 23 23
2 WCA 3 to Rotenberger 32 32 33 27
3 EAA Miami to A-2 Reservoir 0 0 0 395
f: EAA STA 3/4 to A-2 Reservoir 0 0 0 20
= EAA NNR/Hills to A-2 Reservoir 0 0 0 148
A-2 STA to WCA3 0 0 0 162
STA 5/6 to WCA3A 187 187 187 186
HoleyLand/Rot to WCA 3A 27 30 30 30
Miami Canal to WCA 3A 65 68 68 55
STA 3/4 to WCA 3A 391 607 607 462
EAA to NNR 27 25 25 23
EAA to Hillsboro 1 1 1 2
STA2 to WCA 2 375 383 383 513
STA 1E/W to WCA 1 433 436 436 437
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Basin Flow Description E(%E:(;;T 2026 gg?l'ﬁ’ F? 2?:??
Rainfall 3574 | 3574 3574 3574
Evapotranspiration 3591 | 3569 3607 3619
BCNP Gap to 3A overflow 130 134 133 132
A-2 STA to WCA3 0 0 0 162
STA 5/6 to WCA3A 187 187 187 186
HoleyLand/Rot to WCA 3A 27 30 30 30
Miami Canal to WCA 3A 65 68 68 55
STA 3/4 to WCA 3A 391 607 607 462
EAA to NNR 27 25 25 23
EAA to Hillsboro 1 1 1 2
STA2 to WCA 2 375 383 383 513
STA 1E/W to WCA 1 433 436 436 437
Acme to WCA1 156 168 140 140
North Springs Improvement District to WCA 2A 0 0 0 0
WCA 3A seepage to C-11 return 164 139 132 138
Western Basins S-140 to WCA 3A 123 115 134 136
ﬁ L28I outflow to WCA 3A 139 129 129 129
<Z 3A to BCNP S-344 8 7 10 11
'% 3A to BCNP S343 17 14 20 23
>
§ WCAS3A to BCNP - Levee Seepage 8 5 6 6
§ WCAS3A to BCNP - groundwater 13 10 10 11
E 3A to BCNP connection S-344 8 7 10 11
§ 3A to BCNP connection L-28 gap 13 10 14 15
WCAS3A to BCNP - groundwater 22 34 55 57
WCA3A to BCNP - S343s 17 14 20 23
WCA 1 seepage to STAIW 7 7 7 7
WCA 2 seepage to EAA 23 23 23 23
W(CA 3 to Rotenberger 32 32 33 27
WCA 3A to ENP S-12's 525 215 265 319
WCA 3A to ENP S-333 217 556 419 414
W(CA 3A groundwater seepage to ENP 3 3
WCA 3B to ENP overland flow 235 255
W(CA 3b to ENP groundwater 0 0
seepage collectors to ENP S355s 31 28 13 16
W(CA 3B to ENP levee seepage 22 -9 11 10
WCA 1to LEC levee seepage & groundwater 32 32 31 31
W(CA 2A to LEC levee seepage & groundwater 16 17 16 16
WCA 2A to LEC via S38 74 76 69 74
WCA 2B to LEC via S34 29 28 25 28
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Basin Flow Description E((;g:(;;T 2026 ggf,i P2 Rng
WCA 3A to LEC levee seepage & groundwater 76 67 69 70
WCA 3B to LEC via S31, S337 105 128 92 89
W(CA 3B to LEC levee seepage & groundwater 530 522 571 594
WCA 1to LWDD Vi G-94 A, B, C 37 40 51 51
WCA 1 to Hillsboro Canal via S39 35 35 34 34
W(CA 2B to LEC levee seepage, groundwater, S143 166 179 166 173
WCA 1 to Northern Palm Beach C-51 to Tide 10 10 11 11
Rainfall 4618 | 4618 4618 4618
Evapotranspiration 4216 | 4232 4252 4261
Western Basins to ENP overland flow 562 548 558 562
LEC structures to Everglades Nat. Park 250 454 474 497
$18C to Florida Bay 154 139 143 147
o LEC overland flow to ENP 17 10 10 9
3 WCA 3A to ENP S-12's 525 215 265 319
E WCA 3A to ENP S-333 217 556 419 414
',‘93‘ W(CA 3A groundwater seepage to ENP 4 4 3 3
E WCA 3B to ENP overland flow 0 0 235 255
g WCA 3b to ENP groundwater 0 0 0 0
g seepage collectors to ENP S355s 31 28 13 16
N W(CA 3B to ENP levee seepage 22 -9 11 10
LEC to ENP S-356 15 62 73 80
ENP to Tide 1610 | 1589 1711 1775
ENP to BCNP 1 1 1 1
ENP to C-4 Canal 50 0 0 0
ENP to LEC levee seepage & groundwater 548 811 845 878
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Basin Flow Description E(%E,IS;T 2026 gggi P2 R:C;IZR
Rainfall 4168 | 4149 4149 4149
ET 3103 | 3092 3096 3097
Okaloacoochee Slough to Feeder Basin 16 16 16 16
Okaloacoochee Slough to Big Cypress NP 41 41 41 41
2 Feeder Basin to C-139 at Deer Fence Canal 7 3 3 3
E Feeder Basin to C-139 deep seepage 44 57 57 57
2 _ | ENPto BCNP 1 1 1 1
:%n a § 3A to BCNP S-344 8 7 10 11
TE Z % 3A to BCNP S343 17 14 20 23
€ ¢ & | WCA3AtoBCNP - Levee Seepage 8 5 6 6
£ § g WCAS3A to BCNP - groundwater 13 10 10 11
E _g 2 | 3Ato BCNP connection S-344 8 7 10 11
§ § @ 3A to BCNP connection L-28 gap 13 10 14 15
3 - WCA3A to BCNP - groundwater 22 34 55 57
% WCA3A to BCNP - S343s 17 14 20 23
> BCNP to tide 300 298 300 301
C-140 (C-139 Basin) to EAA 18 18 18 18
C-141 (C-139 Basin) to STA5/6 186 186 186 184
Western Basins S-140 to WCA 3A 123 115 134 136
L28I outflow to WCA 3A 139 129 129 129
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Basin Flow Description E(%E,IS;T 2026 gggi P2 R:C;IZR
Rainfall 851 851 851 851
Evapotranspiration 837 837 837 837
Lake O to C-44 Canal via S-308 187 175 139 114
C-44 Canal to C-44 Basin 23 28 28 28
C-44 Basin to C-44 Canal 166 127 137 127
C-44 Canal to C-44 Reservoir 0 49 7 7
C-23 Basin to C-44 Reservoir 0 25 24 23
C-44 Reservoir to C-44 Canal 0 78 39 37
C-23 Basin to C23/24 Reservoir 0 56 53 54
C-24 Basin to C23/24 Reservoir 0 22 28 27

g C-25 Reservoir to water supply 0 0 215 215

S C-23 Basin to C-44 Reservoir o| 25 24 23

f, C23/24 Reservoir to C-23 Basin 0 6 7 7

g{ C23/24 Reservoir to C-24 Basin 0

% C23/24 Reservoir to C-24 Basin overflow 0 0 0 0
C23/C24 STA to Ten Mile Creek 0 70 70 70
TMC Res/STA to Ten Mile Creek 0 5 6 6
Ten Mile Creek to TMC Res/STA 0 7 8 8
C-44 Canal to St. Lucie Estuary S-80 265 234 189 163
C-44 backflow to Lake O 65 69 91 80
C23/24 seepage to estuary 97 97 97 97
C-23 Basin to St. Lucie Estuary S-48 131 33 37 38
C-24 Basin to St. Lucie Estuary S-49 122 69 66 66
Ten Mile Creek to St Lucie Estuary 64 46 46 46
N&S Fork St. Lucie to Estuary 241 215 215 215
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Basin Flow Description E((;g:(;;T 2026 ggf,i P2 Rng
Rainfall 4416 | 4412 4404 4404
Evapotranspiration 2462 | 2373 2371 2373
Net Pumpage 819 866 878 878
ENP to C-4 Canal 50 0 0 0
ENP to LEC levee seepage & groundwater 548 811 845 878
W(CA 1to LEC levvee seepage & groundwater 32 32 31 31
W(CA 2A to LEC levee seepage & groundwater 16 17 16 16
WCA 2A to LEC via S38 74 76 69 74
WCA 2B to LEC via S34 29 28 25 28
WCA 3A to LEC levee seepage & groundwater 76 67 69 70
WCA 3B to LEC via S31, S337 105 128 92 89

- W(CA 3B to LEC levee seepage & groundwater 530 522 571 594
§ WCA 1to LWDD Vi G-94 A, B, C 37 40 51 51
; WCA 1 to Hillsboro Canal via S39 35 35 34 34
"g W(CA 2B to LEC levee seepage, groundwater, S143 166 179 166 173
2 C-11 Impoundment S503P inflow 0 36 35
- C-9 Impoundment S509P inflow 0 51 51
C-11 Impoundment to C-11 Canal (WS) 0 0 0
C-11 Impound to C-9 Impound. 0 23 23
C-11 Impound to LEC groundwater 0 13 11 11
C-9 Impoundment to C-9 Canal (WS) 0 0 0 0
C-9 Impound. Bleeder flow to C-9 Canal 0 0 56 56
C-9 Impound. To LEC groundwater 0 0 19 19
LEC to Tide 2388 | 2428 2321 2348
LEC to Tide via S-197 19 6 7 7
Acme to WCA1 156 168 140 140
North Springs Improvement District to WCA 2A 0 0 0 0
WCA 3A seepage to C-11 return 164 139 132 138

D.1.4.2 Additional Water Made Available

The increases or decreases in storage shown in Table D-6 represent the interim target for each of the
individual basins, estuaries, and CERP projects. For instance, the interim target might be set as an increase
in storage (i.e., “additional water made available”) of 166,000 acre-feet from ECBIGIT (2017) to 2026 in
the Upper East Coast C-23/C-24 basins due to new reservoirs. Displaying the results in this way allows the
incremental steps toward full CERP implementation to be tracked through the interim scenarios. For each
scenario, the sum of the changes in storage for all the basins must always be zero — some basins show a
loss of storage, while others show a gain. Generally, interior basins and estuaries are showing decreases
while coastal areas show increases, thus indicating the flood releases that the CERP projects are designed
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to capture is being redistributed throughout the system. Graphs summarizing the distribution of water in
the system relative to 2017 conditions are provided for the 2026 (Figure D-2), the 2032CEPP (Figure D-3)
and the 2032PACR scenarios (Figure D-4). In these figures, the amount of “additional water made
available” created during each interim period is differentiated from the amount of additional water made
available that is ultimately available for use. As stated above, the difference between these two amounts
is a result of processes such as reservoir evapotranspiration.
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Appendix D

Table D-2. Average annual net exchanges (1,000 acre-feet per year) between CERP areas based on ECBIGIT (2017) conditions. Read as

exchange from column heading to row label.
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Table D-3. Average annual net exchanges (1,000 acre-feet per year) between CERP areas based on 2026 conditions. Read as exchange from

column heading to row label.
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Table D-4. Average annual net exchanges (1,000 acre-feet per year) between CERP areas based on 2032CEPP conditions. Read as exchange

from column heading to row label.
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Table D-5. Average annual net exchanges (1,000 acre-feet per year) between CERP areas based on 2032PACR conditions. Read as exchange

from column heading to row label.
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Table D-6. Net change in water storage (inflows — outflows) in 1,000 acre-feet per year for major
regions affected by the CERP plus differences of models from ECBIGIT (2017 Baseline).

Difference | Difference | Difference
Overall Overall Overall Overall from from from
Region Net Net Net Net baseline: | baseline: | baseline:
Change: | Change: | Change: Change: | ECBIGIT - | ECBIGIT - | ECBIGIT -
ECBIGIT 2026 |2032CEPP | 2032PACR 2026 2032CEPP | 2032PACR
Kissimmee -1,052 -1,042 -1,042 -1,042 10 10 10
Lake
Okeechobee 609 538 596 611 -70 -13 2
Northern Lake
Basins -728 -728 -728 -728 0 0 0
C-43 Caloos.
Basin -624 -599 -599 -598 25 25 26
C-44 St. Lucie
Basin -143 -99 -109 -98 45 35 45
Upper East
Coast -654 -488 -488 -488 166 166 166
EAA -751 -824 -822 -828 -73 -71 -77
Western
Basins -465 -448 -467 -467 18 -2 -2
WCAs 216 333 120 144 117 -97 -72
Lower East
Coast -2,436 -2,372 -2,253 -2,263 64 183 173
ENP -412 -396 -354 -342 17 58 71
BCNP -883 -877 -846 -838 6 37 45
Caloosahatchee
Estuary 1,184 1,070 1,070 925 -114 -114 -259
St. Lucie
Estuary 919 694 651 625 -225 -268 -294
Biscayne Bay 895 915 920 933 19 25 37
LEC Tide 2,417 2,443 2,339 2,367 26 -78 -50
ENP Tide 1,610 1,589 1,711 1,775 -21 101 165
BCNP Tide 300 298 300 301 -2 0 1
Reservoirs 0 -8 3 13 -8 3 13
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SOURCES OF 'ADDITIONAL WATER
MADE AVAILABLE'

Total: 2026
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Northern
Estuaries
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RECIPIENTS OF 'ADDITIONAL
WATER MADE AVAILABLE'
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Lower East
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20%
ENP / BCNP WCAs
7% 37%

Figure D-2. Sources of additional water made available by CERP between 2026 and ECBIGIT (2017),
and the recipients of the portion of additional water made available calculated for primary basins
over the 41-year simulation period of record.
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SOURCES OF 'ADDITIONAL
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Figure D-3. Sources of additional water made available by CERP between 2032CEPP condition and
ECBIGIT (2017), and the recipients of the portion of additional water made available for primary
basins calculated over the 41-year simulation period of record.
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SOURCES OF 'ADDITIONAL
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Figure D-4. Sources of additional water made available by CERP between 2032PACR condition and
ECBIGIT (2017), and the recipients of the portion of additional water made available for primary
basins calculated over the 41-year simulation period of record.
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D.1.5 How will we track whether the interim targets established for this indicator have been
achieved?

To measure progress toward this interim target, observations of stage, structure flow, and in some cases,
overland flow are necessary to determine whether the actual distribution of water matches the predicted
distribution of water. Construction of a network of automated gages used for measuring water levels
throughout the natural areas, as recommended in the CERP Monitoring and Assessment Plan, Part 1:
Monitoring and Supporting Research (RECOVER 2004), is ongoing, and observations from these gages can
be used to determine water storage, and changes in water storage, in many of the basins. Direct
measurements of flow passing through water management control structures also forms an important
dataset useful for deriving basin-wide hydrologic budgets and for comparisons with model predictions.
For example, surface water discharges to coastal tidal zones are frequently controlled using gated
structures. These structures are represented in the model, and direct flow measurements at these
locations are used to verify model predictions. Knowledge of operational guidelines for the structures is
used to categorize structure flows into flood control discharges or environmental water supplies. In some
basins, such as Everglades National Park, observations of overland flow proposed as part of the CERP
Monitoring and Assessment Plan can be used to verify modeled hydrologic budgets. Measurements of
canal stages, culvert flows, tidal creek discharges, evapotranspiration, and rainfall are also used to verify
modeled hydrologic budgets and to evaluate progress toward this interim target.

It is anticipated that direct measurements of all the surface and groundwater components predicted in
the basin water budgets will not be necessary to evaluate progress toward this target. Measurements will
instead be focused on water levels and on the largest of the hydrologic inflows or outflows in the overall
budget that may be readily quantified. In this way, the full water budget for a basin can be estimated,
since inflows minus outflows must equal the changes in basin storage, and it is necessary to quantify only
two of the three elements in this relationship to determine the complete water budget.

To measure progress toward this target, field observations of flow and storage volumes representing
individual components of the basin water budgets can be compared to model output representing these
guantities. Currently the data collected representing changed conditions is fed back into the model
recalibration / update efforts to attempt to reduce the modeled bias and error and simulate the most
current form of the system dynamics. If the model expected an extrapolated outcome that was not
realized (e.g. more flow = higher stage, but not as high as predicted), then the recalibration efforts can
inform the model update / simulation accuracy and the resulting baseline and subsequent planning efforts
would be better informed.

Model accuracy should be considered explicitly when progress toward this desired restoration condition
is evaluated in the field. During the evaluation phase, and in order to provide a more complete analysis of
water distribution in terms of interannual variability, the regional model will be used to simulate the
projects as they were actually constructed. Water budgets should then be recalculated to further
determine the extent to which the CERP is meeting expectations.

D.1.6 What additional work is needed to improve this interim target?

As the regional hydrologic models are improved, this target will be revised.
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D.2 Indicator — Water Supply for Lower East Coast Service Area
D.2.1 Whatis the target?

This Interim Target is to meet existing and future municipal, industrial, and agricultural water supply needs
in the Lower East Coast Service Area up to a 1-in-10 year drought event (Section 373.0361, F.S.). The
characteristics of water supply to be measured include the frequency and duration that water restrictions
are imposed to protect the water resources from serious harm (Section 373.175, F.S.).

D.2.2 Why is this indicator important?

A goal of the Comprehensive Everglades Restoration Plan (CERP) is to enhance economic values and social
well-being. One means to accomplish this is through ensuring adequate water supplies for current and
future water users. Water restrictions primarily affect water utility customers, landscape water users such
as golf courses, and agricultural water users. CERP implementation should increase the storage capacity
of water in the regional system that can be delivered to the Lower East Coast Service Area. The increase
in regional storage capacity provided by the CERP is expected to curtail the probability of water
restrictions by supplementing regional and local sources used to prevent saltwater intrusion and diminish
demands on Lake Okeechobee and the Water Conservation Areas.

Due to delays in CERP implementation, in 2007 the District Governing Board adopted Restricted Allocation
Area (RAA) criteria for the Lower East Coast (LEC) [Section 3.2.1.E of the Applicants Handbook for Water
Use (SFWMD 2015)]. The RAA is a component of the recovery strategies for Minimum Flows and Minimum
Water Levels for the Everglades and the Northwest Fork of the Loxahatchee River. These criteria limit
withdrawals of surface and ground water to prevent increases in withdrawals from the Water
Conservation Areas and Loxahatchee River Watersheds, and the canals hydraulically connected to them
until additional water is made available to meet the needs of both the natural system and developed
areas. The change in permit criteria was to ensure that water necessary for Everglades and Loxahatchee
River Watershed restoration is not allocated for consumptive use. In order to meet the LEC RAA criteria,
alternative water supply sources are being developed to supply future urban demand. Agricultural
acreage has been declining as urban areas have increased in the Lower East Coast Service Areas.

D.2.3 How is the interim target for this indicator predicted?

The SFWMD Regional Simulations Model — Glades LECSA (RSMGL), which includes simulation of the South
Florida Water Management District's Water Shortage Plan (Chapter 40E-21, F.A.C.) was used. The model
was used to simulate a 41-year period (1965 to 2005) for the 2017 baseline (ECBIGIT) and the future conditions
assumed for 2026 and 2032 (CEPP and PACR scenarios).

For the 2032 CEPP and 2032 PACR scenarios, 17 million gallons a day (MGD) of additional public water
supply withdrawals are made available by CERP in Lower East Coast Service Areas 2 and 3. In the model,
this was input in Broward County as a 10 MGD increase at the Broward County South Regional wellfield
and a 2 MGD combined increase for Ft. Lauderdale, Lauderhill and Plantation wellfields. In Miami-Dade
County, a 5 MGD increase was assumed for the West wellfield.

Separate evaluations are completed for three of the four Lower East Coast Service Areas: Service Area 1,
Service Area 2, and Service Area 3. Service Area 1 is mostly central and southern Palm Beach County.
Service Area 2 includes Broward County and a small portion of northern Miami-Dade County as well as

INTERIM GOALS AND TARGETS - JULY 2020
250



Interim Targets Model Results Details

Appendix D

the Seminole Tribe’s Hollywood reservation. Service Area 3 contains Miami-Dade and Monroe Counties.
Northern Palm Beach County is not currently included in the model tools available (Figure D-5).
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Figure D-5. Lower East Coast Service Areas
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The key results are presented in the Frequency of Water Restrictions graphics (Figure D-6, Figure D-7,
Figure D-8), which are tables indicating the months (rows) within each year (column) when simulated
water shortages occur. Years are "water years", October to September, to correspond to crop cycles and
South Florida’s wet and dry seasons. Shortages occur in the Lower East Coast Service Area because the
Water Shortage Policy has been implemented. This graphic tracks the implementation of the policy. It also
tracks months when water shortages would be likely to occur due to implementation of dry season
policies by the South Florida Water Management District's Governing Board. Water restrictions are usually
continued until the start of the wet season. Since some of these shortages are due to local conditions and
are beyond the reach of the regional water system, water restriction years that do not have two or more
months caused directly by the Water Shortage Policy will not be considered a regionally significant water
shortage and can be managed on a utility-by-utility basis.

The targets for frequency, duration and severity were developed from simulations of the South Florida Water
Management Model as part of the Restudy (USACE and SFWMD 1999). The target for frequency of water
shortages is that there be no more than three years with water restrictions in the 36-year simulation period
(1965-2001). Model results indicated that when reduced to three years, many months of water restrictions
dropped out or were reduced to only locally caused shortages. In total, about 18 months with water restrictions
remain when conditions indicative of meeting demands in a 1-in-10 year drought have been achieved, thereby
becoming the duration target. The target for severity, no greater than a Phase | Water Shortage, considers that
only Phase | restrictions are expected during 1-in-10 level of service for water supply.

Other model outputs useful for analysis include daily stage hydrographs of the cells corresponding to the
trigger well locations, Lake Okeechobee weekly stage hydrograph, water year summary of Lower East
Coast Service Area water restriction events, regional water deliveries to the Lower East Coast, the average
annual Lake Okeechobee inflows and outflows report and the Water Shortage policy. This analysis is only
using the water restriction events summary.

D.2.3.1 Notes on Model Results Interpretation

The evaluation of model results is based on relative differences. A high degree of uncertainty is reflected
in the simulated scenarios for this indicator by the high frequency of water shortage events and the lack
of a water shortage greater than Phase 1.

In 2010 the SFWMD adopted the Year Round Landscape Irrigation Rule which is not included in the
modeling assumptions and could have an impact on water shortage phases.
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MNote: Water year 1981 starts Oct/1980 and ends Sep/1981

Frequency of Water Restrictions for the 1965 - 2005 Simulation Period
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Figure D-6. Frequency of Water Restrictions Graphics for the Lower East Coast Service Area 1.
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Frequency of Water Restrictions for the 1965 - 2005 Simulation Period
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Figure D-7. Frequency of Water Restrictions Graphics for the Lower East Coast Service Area 2.
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Frequency of Water Restrictions for the 1965 - 2005 Simulation Period
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Figure D-8. Frequency of Water Restrictions Graphics for the Lower East Coast Service Area 3.
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D.2.4 What are the predictions for increments?

Four scenarios were included: ECBIGIT (2017 Baseline), 2026, 2032CEPP, and 2032PACR. The frequencies
of water shortages for each scenario are presented in Table D-7. The duration and severity of water
shortages are presented in Table D-8. Although the model predictions of the absolute number of water supply
cutback events and corresponding frequency of occurrence have a high degree of uncertainty, relative
comparisons between the four model scenarios provide meaningful comparison to quantify potential effects of
the projects.

Table D-7. Number of years in a 41-year simulation with water shortages in the Lower East Coast
Service Area.

. (I:ILc:‘da?: - Service Area 1 Service Area 2 Service Area 3 Average
ECBIGIT (2017) |17 32 13 21
2026 15 33 13 20
2032CEPP 15 33 13 20
2032PACR 15 33 13 20

Table D-8. Duration and severity of water shortages in the Lower East Coast Service Area.

scMe?\‘ii:o Service Area 1 Service Area 2 Service Area 3 i tizv:gt:ase 1)
ECBIGIT (2017) |40 95 33 0
2026 38 100 39 0
2032CEPP 38 101 38 0
2032PACR 38 105 38 0
D.2.4.1 2026

Overall, the 2026 scenario performs slightly better than the ECBIGIT (2017) in providing a 1-in-10 level of-
service and in minimizing the number of months with water supply cutbacks. The water shortages that do
occur are Phase 1 water shortages. Service Area 2 is the exception, with the frequency and duration of
water shortages increasing slightly in 2026 and remaining higher through 2032. The C-11 Impoundment
is included in this scenario but does not provide a water supply benefit in Service Area 2.

D.2.4.2 2032CEPP

The 2032 performance is the same as the 2026 performance while accommodating an increase in public
water supply pumpage of 12 MGD in Service Area 2 and 5 MGD in Service Area 3. The C-9 and C-11
Impoundments in Broward County are included in the 2032 model scenarios but do not predict a water
supply benefit in Service Area 2.

D.2.4.3 2032PACR

The 2032PACR performance is essentially the same as the 2032CEPP performance indicating that the CEPP
A-2 EAA Reservoir/STA operations do not affect water supply in the LEC.
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D.2.5 How will we track whether the targets established for this indicator have been achieved?

The number of times and duration when water supply restrictions are imposed will be analyzed to
determine if water supply demands were met. If they were not met, the severity of the drought associated
with the restrictions will be determined. The number of 1-in-10 year drought events where the water
supply needs were not met will be counted and the volume not met during that time period will be
calculated.

D.2.6 What additional work is needed to improve this interim target?

The targets need to be updated using output from the RSM model rather than the South Florida Water
Management Model (SFWMM). The RSM simulation period is also expanded from the 36-year simulation
period that the targets were based upon in the SFWMM. Water shortages in the models are predicted
based on water levels in trigger cells. The results for Service Area 2 appear to predict shortages too
frequently; this is also the case for Service Areas 1 and 3 to a lesser extent. The trigger cell locations and
water level trigger values are being updated in 2020 to better predict water shortages.

Model output programs to provide daily stage hydrographs of the cells corresponding to the trigger well
locations and regional water deliveries to the Lower East Coast are recommended.

D.3 Indicator — Water Supply for Lake Okeechobee Service Area
D.3.1 Whatis the target?

This Interim Target for water supply for the Lake Okeechobee Service Area (Figure D-9) is to meet existing
and future municipal, industrial and agricultural water supply needs in the Lake Okeechobee Service Area
up to a 1-in-10 year drought event (Section 373.0361, F.S.). The characteristics of water supply to be
measured include the frequency and duration of water restrictions that are imposed to protect the water
resources from serious harm (Section 373.175, F.S.).

D.3.2 Why is this indicator important?

A goal of the Comprehensive Everglades Restoration Plan (CERP) is to enhance economic values and social
well-being. One means to accomplish this is through ensuring adequate water supplies for current and
future water users. The CERP intends to increase the storage capacity of water in the regional system for
delivery to the Lake Okeechobee Service Area. The increase in regional storage capacity provided by the
CERP is expected to curtail the probability of water restrictions by supplementing regional and local
sources and diminish demands on Lake Okeechobee.

In October 2008, the District Governing Board adopted Restricted Allocation Area (RAA) criteria for LOSA
(Subsection 3.2.1.F of the Applicant's Handbook [SFWMD 2015]). These criteria limit surface water
withdrawals from Lake Okeechobee and all surface water hydraulically connected to the lake. The change
in permit criteria was necessitated by the impacts to water supply and increased exceedances of the
(Minimum Flows and Levels) MFL criteria from implementation of the 2008 Lake Okeechobee Interim
Regulation Schedule (2008 LORS), which reduced stages in Lake Okeechobee by approximately 1 foot. The
2008 LORS decreases the risk of dike failure while the Herbert Hoover Dike (HHD) is being rehabilitated.
The RAA is part of the MFL recovery strategy for Lake Okeechobee until the new regulation schedule (Lake
Okeechobee System Operating Manual; LOSOM) is developed for use in 2022 when HHD rehabilitation is
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scheduled for completion. Water supply and MFL criteria performance will be evaluated using the new
operational protocols.

Pursuant to Sections 373.175 and 373.246, F.S., the South Florida Water Management District implements water
shortage restrictions to prevent serious harm to the water resources and to equitably distribute available water
supplies to consumptive and non-consumptive users. These types of restrictions may be used for the purpose of
managing water supplies in Lake Okeechobee as outlined in the South Florida Water Management District’s
Water Shortage Plan (Chapter 40E-21, F.A.C.). The plan provides the specific guidelines for implementing these
water restrictions based on water use type and severity of drought. The specific method for implementing
restrictions will be determined through South Florida Water Management District Governing Board order.

The Lake Okeechobee Service Area (LOSA) includes those areas surrounding the lake that are directly supplied by
it. This includes the Everglades Agricultural Area, Seminole Tribe Brighton and Big Cypress Reservations,
Caloosahatchee basin, St. Lucie basin, the S-4 basin, and the L-8 basin. Supplies to these basins include primarily
water for agricultural production and public consumption. Within the Everglades Agricultural Area, agricultural
irrigation demands have been declining as agricultural acreage is removed for reservoirs and stormwater
treatment areas (STAs). STAs have water supply needs associated with the maintenance of vegetation and
treatment capabilities during dry conditions.
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Figure D-9. Lake Okeechobee Service Area.
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D.3.3 How is the interim target for this indicator predicted?

The Regional Simulation Model Basins (RSMBN) is used to simulate a 41-year period (1965 to 2005) for
the baseline (ECBIGIT), 2026, 2032CEPP, and 2032 with CEPPPACR and the implementation of the Water
Shortage Plan (Chapter 40E-21, F.A.C.). The results are presented in the "Frequency of Water Restrictions"
graphic (Figure D-10), which is a table indicating the months (rows) within each year (column) when water
shortages are simulated. Years are "water years", October to September, to correspond to crop cycles and
South Florida’s wet and dry seasons.

Water levels in Lake Okeechobee are compared to a seasonally fluctuating Water Shortage Management
Zone below the Lake Okeechobee Regulation Schedule (LORS). If water levels fall into the Water Shortage
Management Zone, phased cutbacks are applied to weekly 1-in-10 supplemental demand volumes
consistent with the SFWMD Lake Okeechobee Water Shortage Management (LOWSM) plan and water
shortage rule (40E-22 F.A.C.). Three criteria are used to determine if the water restrictions are significant. First,
for a month to be included in the count, there must be restrictions for 7 or more days. Second, the reduction in
deliveries during the month must be 10 percent or more of the monthly totals. Third, the total reduction in
deliveries during the month must exceed 18,000 acre-feet. Any water year with one or more months meeting
these criteria is counted as a year with significant restrictions. The “Frequency” metric counts how many of the
years with restrictions occurred over the 41-year model period. The “Duration” metric counts the total number
of months in the model period with restrictions. The “Severity” metric selects the highest monthly cutback
volume for each water year, assigns a severity score based on the cutback volume (18 to 50 Kac-ft = 1, 50 to 100
Kac-ft = 2) and adds up all the scores for the model period.

The targets for frequency, duration and severity were developed from simulations of the South Florida Water
Management Model as part of the Restudy (USACE and SFWMD 1999). The target for frequency of water
shortages is that there be no more than three years with water restrictions in the 36-year simulation period
(1965-2001). Model results indicated that when water shortages were reduced to three years, many months of
water restrictions dropped out or were below 18,000 acre-feet. Also, the total months of shortages dropped to
eight, setting the target for duration. The severity target is to reach cutback volumes during the worst month of
the water restrictions that would be unlikely to cause economic losses, considered to be less than 18,000 acre-
feet. A severity scoring system was developed and the scores for the three worst years of the simulation had a
score of seven, which became the severity target.

Other model outputs useful for analysis include Lake Okeechobee stage hydrograph; regional water
deliveries to the Lower East Coast; annual irrigation supply and demand not met for Seminole Tribe
Reservations (Figure D-12, Figure D-13); mean annual Everglades Agricultural Area/Lake Okeechobee
Service Area supplemental irrigation demands and demands not met (Figure D-11); S-236, S-4, and L-8
basins, and Seminole Tribe mean annual supplemental irrigation demands and demands not met; and
average annual Lake Okeechobee inflows and outflows report. The analysis in this document uses the
water restrictions report and the irrigation demands met and not met for LOSA and the Seminole Tribe.

D.3.3.1 Note on Interpretation of Model Results

The 2008 LORS predicted a 1 in 6 year Level of Service (LOS) for water supply in the LOSA, a reduction in
service from the 1 in 10 LOS predicted for the previous regulation schedule, Water Supply and
Environmental (WSE). The ECBIGIT (2017) and all future scenarios reflect the 2008 LORS operations. The
next update for Interim Goals and Targets will incorporate the new Lake Okeechobee regulation schedule.
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Figure D-10. Frequency of water restrictions graphic for the Lake Okeechobee Service Area.
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Figure D-11. Supplemental Irrigation demands and demands not met in the Lake Okeechobee Service Area.
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Annual Average (1965 - 2005) Irrigation Supplies and Shortages

for the Seminole Tribe - Brighton Reservation
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Figure D-12. Irrigation and shortages — Seminole Brighton Reservation.
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Annual Average (1965 - 2005) Irrigation Supplies and Shortages
for the Seminole Tribe - Big Cypress Reservation
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D.3.4 What are the predictions for increments?

Figure D-13. Irrigation and shortages — Seminole Big Cypress Reservation.

Table D-9 presents the characteristics of water shortages in a 41-year simulation in the Lake Okeechobee
Service Area for each model scenario. When the Severity score is greater than the Frequency, it indicates
that one or more of the years with water restrictions had cutbacks greater than 50,000 ac-ft and therefore
had a score higher than 1.

Table D-9. Characteristics of water shortages in a 41-year simulation in the Lake Okeechobee Service

Area.
Scenario Frequency of Duration Severity Severity
Water Restrictions | (total no. of months (sum of (max month cutback
(no. of years) with restrictions) scores) volume in 1,000 ac-ft)
ECBIGIT 11 28 13 73
2026 8 21 12 67
2032CEPP 8 21 12 66
2032PACR 6 10 6 35
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D.3.4.1 2026

The number of years with predicted cutbacks does not change but the duration decreases slightly, as does the
severity of the cutbacks. The volume of demands not met in the EAA improves slightly and in the other LOSA
areas reduces slightly but in all cases the change is less than 1% of the total demand. These results reflect the
reduction in agricultural demands from the existing condition to 2026 due to the construction of the CEPP A-2
EAA Reservoir/STA.

D.3.4.2 2032CEPP

The pattern of water shortages in the 2032 scenario improves over the ECBIGIT (2017 base) and performs
similarly to the 2026 scenario. Two of the major drought events are predicted to be slightly shorter in 2032.
The frequency and severity of the 2032 cutbacks are the same as in 2026. The volume of demands not met in
the EAA improves slightly and in the other LOSA areas reduces slightly but in all cases the change is less than 1%
of the total demand.

D.3.4.3 2032PACR

The pattern of water shortages continues to improve as the CEPP A-2 EAA Reservoir/STA is implemented in
the CEPP project. The Everglades Agricultural Area basin is the site of the STA and reservoir that is expected
to be constructed by 2025 and 2029 respectively, which would reduce the agricultural water demand by
reducing the amount of acreage requiring irrigation in that basin. Assuming it is fully implemented by 2032,
the predicted frequency of years with water restrictions declines to six out of the 41-year simulation with a
total of 10 months with restrictions. The volume of water supply restricted is cut in half compared to ECBIGIT
(2017). The frequency, duration, and severity of restriction events in the Lake Okeechobee Service Area
improves in the 2032PACR scenario when compared to the ECBIGIT (2017 Base) scenario. The demands
not met in the EAA are reduced by 1 percent (6,000 acre-feet per year) in the 2032PACR scenario, due to
operation of the CEPP A-2 EAA Reservoir/STA. This 1 percent improvement is also seen in the deliveries to Big
Cypress Seminole Reservation.

D.3.5 How will we track whether the targets established for this indicator have been achieved?

The number of times and duration when water supply restrictions are imposed will be analyzed to
determine if water supply demands were met. If they were not met, the severity of the drought associated
with the restrictions will be determined. The number of 1-in-10 year drought events where the water
supply needs were not met will be counted and the volume not met during that time period will be
calculated. The unmet demand volume and percentage of water demand not met can be compared to
assess the ability of existing legal sources to continue to meet demands.

D.3.6 What additional work is needed to improve this interim target?

The targets need to be updated using output from the RSM model rather than the South Florida Water
Management Model, which used a 36-year simulation period and supply side management operations
when developing the original targets. A longer period of simulation and a revised Lake Okeechobee Water
Shortage Management Plan, will be available for future analyses. Model output routines to provide a Lake
Okeechobee stage hydrograph, regional water deliveries to the Lower East Coast, and an average annual
Lake Okeechobee inflows and outflows report are recommended.
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D.4 Indicator - Protect Biscayne Aquifer from Saltwater Intrusion
D.4.1 Whatis the target?

The Interim Target for protecting the Biscayne aquifer from harm caused by saltwater intrusion has two
aspects: 1) maintain water levels in the primary coastal canals of the Central and Southern Florida Project
at levels adequate to provide recharge to the Biscayne aquifer and 2) maintain groundwater levels so
there is no net inland movement of the saltwater interface within the aquifer.

D.4.2 Why is this indicator important?

A goal of the Comprehensive Everglades Restoration Plan (CERP) is to enhance economic values and social
well-being. One means to accomplish this goal is through ensuring adequate water supplies for current
and future water users by protecting the primary groundwater supply source in the Lower East Coast, the
Biscayne aquifer. The CERP intends to increase the storage capacity of water in the regional system for
delivery to the Lower East Coast Service Area. The increase in regional storage capacity provided by the
CERP will supplement regional and local sources used to prevent saltwater intrusion.

Harm to the Biscayne aquifer in terms of saltwater intrusion is considered to be movement of the
saltwater interface to a greater distance inland than has occurred historically as a consequence of
seasonal water level fluctuations up to and including a 1-in-10 year drought event (SFWMD 2000a). In
order to prevent harmful movement of the saltwater interface in the Biscayne aquifer, the South Florida
Water Management District manages coastal groundwater levels by operating the primary canal network,
regulating surface water control elevations for developments (through surface water management
permitting), and by limiting coastal consumptive use withdrawals. Operational criteria for the coastal
canals are maintained by the South Florida Water Management District to prevent harm. These actual
levels vary seasonally as the South Florida Water Management District balances the goals of flood protection
(wet season control level) and water supply (drought management control level). The drought management
control levels represent target management elevations during the dry season. Water supply releases are made
from regional storage sources (currently the Water Conservation Areas and Lake Okeechobee) to achieve these
targets whenever possible. These canal levels provide recharge to the adjacent dry season groundwater
elevations within the Biscayne aquifer.

Groundwater levels within the Biscayne aquifer are controlled by local rainfall and by the canals and structures
that are regionally operated by the South Florida Water Management District. The aquifer becomes more rainfall
driven and less canal dependent as the distance from the canals increases. However, canal water levels play a
major role in determining the elevation of the freshwater levels in the Biscayne aquifer throughout most of the
Lower East Coast. Because of this relationship, the South Florida Water Management District maintains operating
levels for the primary coastal canals as a means to protect a major portion of the Biscayne aquifer against
further saltwater intrusion. The Biscayne aquifer is a Minimum Flows and Minimum Water Levels (MFL)
water body in accordance with Chapter 40E-8, Florida Administrative Code (SFWMD 2000b). The extent
of the Biscayne aquifer and location of canal salinity control structures are shown on Figure D-14, with
control levels listed on Table D-10. Four additional salinity control structures in south Miami-Dade County
shown on the map are not part of the MFL and are discussed in subsequent Interim Target Indicator —
Protect Southern Portion of Biscayne Aquifer from Saltwater Intrusion (Appendix D.5).

The consumptive use permit conditions for the protection of coastal fresh groundwater dovetail with
these canal operational levels by requiring coastal users to maintain a freshwater mound of greater than
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one foot between the withdrawal point and the source of saline water. This is described in the South
Florida Water Management District’s Applicant’s Handbook for Water Use Permit Applications (SFWMD
2015).

These two programs, canal operations and consumptive use permitting, have been mostly successful in
preventing harmful movement of saltwater within the Biscayne aquifer except for localized areas where the
saltwater interface has been unstable. Studies show that movements of saltwater in these areas were most
likely the result of drainage associated with land development activities and surface water management systems
that lower freshwater stages. Rising sea levels are also a factor in future inland movement of the saltwater
interface.
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Figure D-14. Locations of salinity control structures analyzed.
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Table D-10. Minimum canal operation levels of coastal canals to prevent significant harm to the Biscayne aquifer (From: SFWMD 2000a).

Location of Structure Canal/Structure Minimum Canal Operation Levels to Protect
Against MFL Violations (feet NGVD29)

C-51/5-155 7.80

Palm Beach C-16/S-41 7.80
C-15/5-40 7.80
Hillsboro/G-56 6.75
C-14/5-37B 6.50

Broward
C-13/s-36 4.00
North New River/G-54 3.50
C-9/5-29 2.00
C-6/S-26 2.50

Miami-Dade
C-4/5-25B 2.50
C-2/5-22 2.50
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D.4.3 How is the interim target for this indicator predicted?

The SFWMD Regional Simulations Model — Glades LECSA (RSMGL) was used to simulate a 41-year period
(1965 to 2005) for the ECBIGIT (2017 baseline) and the future conditions assumed for 2026 and 2032
(CEPP and PACR scenarios). Canal stages were simulated upstream of the indicated structures (Figure D-
15) except for S40 and S41. One of the minimum flow and minimum water level (MFL) criteria to prevent
significant harm to the Biscayne aquifer is to operate coastal canal structures so upstream stages do not
fall below minimum levels for more than 180 consecutive days. Table D-11 tracks the number of times
this MFL and Interim Target criteria was violated in the model scenarios.

Stages in primary coastal canals are usually maintained except during droughts or storm events. If stage
criteria cannot be met, its timing should correspond with drought. Table D-12 has model results for the
total number of days in the model period where stage criteria were not met compared to the average
stage in the dry season over the simulation period. Additional model output included regional water
supply deliveries to the Lower East Coast (Table D-13) and stage data for selected model cells. The G-54
structure on the North New River in Broward County is located significantly inland and therefore large
areas east of the structure do not benefit from maintained canal water levels. Model stages at selected
cells in regions both upstream and downstream of the G-54 structure were compared to the 2017 base
condition.

D.4.3.1 Notes on Model Result Interpretation
The minor variation in the upstream stages between model scenarios is a function of the model logic to

deliver water to meet the target water levels at these structures. Also, the historic data, from 1985 to
2005, is an indicator of the accuracy of the model predictions.
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Figure D-15. Number of days stage fell below target at salinity control structures.

INTERIM GOALS AND TARGETS - JULY 2020
271



Appendix D

Interim Targets Model Results Details

Table D-11. Number of MFL violations at salinity control structures. Number of times stage fell below MFL Prevention Strategy Minimum
Stage >180 consecutive days.

Stage Gage S-155 G-56 S-37B | S-36 | G-54 | S-29 S-26 S-25B S-22
MFL Stage 7.80 6.75 6.50 4.00 3.50 2.00 2.50 2.50 2.50
ECBIGIT 0 0 0 0 0 0 3 1 1
2026 0 0 0 0 0 0 4 1 2
2032CEPP 0 0 0 0 0 0 3 1 1
2032PACR 0 0 0 0 0 0 4 1 1

Table D-12. Average stage at salinity structures in dry season for simulation period in feet NGVD. Broward County: G56, S37B, S36, G54;
Miami-Dade County: $29, $S26, S25B, S22. $26 has values in all model scenarios lower than the minimum flow level stage including ECBIGIT.

Stage Gage | S-155 G-56 S-37B S-36 G-54 | S-29 | S-26 S-25B S-22
MFL Stage 7.80 6.75 6.50 4.00 3.50 2.00 2.50 2.50 2.50
ECBIGIT 7.95 7.20 6.62 4.38 4.01 2.15 2.39 2.70 2.70
2026 7.98 7.22 6.62 4.39 4.02 2.18 2.39 2.66 2.66
2032CEPP 7.89 7.20 6.60 4.37 4.01 2.17 2.37 2.66 2.66
2032PACR 7.89 7.20 6.63 4.38 4.02 2.18 2.37 2.67 2.67
Historic 8.31 7.29 6.84 4.46 3.90 2.15 2.40 2.39 2.84

Table D-13. Regional Water Supply Deliveries to the Lower East Coast.
Metric ECBIGIT 2026 2032 CEPP | 2032 PACR
Water Supply Deliveries (Kac/ft per year) 114.5 72.8 72.8 72.8
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D.4.4 What are the predictions for increments?

Based on the RSMGL model output for 2026 and 2032, the minimum flow and level criteria to protect the
Biscayne aquifer from significant harm should be able to be met except at S-26, the coastal salinity
structure on the Miami Canal. The MFL stage goal for S-26 may need to be re-evaluated. Compared to the
ECBIGIT (2017 baseline), all future years’ MFL performance is generally the same with two structures
showing one additional MFL violation.

Regional water supply deliveries to the Lower East Coast were significantly reduced in the 2026 and 2032
scenarios because increased seepage into the delivery canals from upstream sources at higher water
levels is meeting the demand instead. Therefore, the reduced regional deliveries do not impact the ability
to maintain targeted upstream stages at salinity control structures. However, in Miami-Dade County at
three of the four structures there were more days below the minimum stage target in the 2026 and 2032
scenarios (see Figure D-15). Review of selected model cells both upstream and downstream of the G-54
structure in Broward County show slight declines (0.05 feet) in average and drought period water levels
in the 2026 and 2032 scenarios.

At eight of the nine structures, the historic measurements of canal stages were similar to or higher than
model canal stages in the dry season (Table D-12).The exception is S-25B, where the model predicted that
the upstream target stages are achieved while the actual data indicates that they are not met.

Table D-14. Ability to protect Biscayne aquifer from saltwater intrusion. The likelihood terms are
defined as Highly Likely (90-100%), Likely (70-100%), More Likely than Not (50-100%), and Unlikely
(0-25%).

County ECBIGIT (2017) 2026 2032 CEPP 2032 PACR
Highly likely Highly likely Highly likely will Highly likely will
will be able to will be able to be able to protect | be able to protect
Palm Beach protect aquifer protect aquifer aquifer during aquifer during
during severe during severe severe severe
drought drought drought drought
Likely will be able Likely will be Likely will be able | Likely will be able
Broward to protect able to protect to protect aquifer | to protect aquifer
aquifer during aquifer during during severe during severe
severe drought severe drought drought drought
More likely than More likely than More likely than More likely than
o not not not not
Miami-Dade to protect aquifer | to protect aquifer to protect aquifer | to protect aquifer
from saltwater from saltwater from saltwater from saltwater

D.4.5 How will we track whether the targets established for this indicator have been achieved?

The number of times (frequency) the coastal canal stages and the number of consecutive days (duration)
the criterion is not met for each event will be monitored and analyzed to determine if it was related to
drought conditions or other causes. The monitoring data at the control structures will also be compared
to historical conditions and the ability to meet operating criteria.
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The South Florida Water Management District and the United States Geological Survey (USGS) jointly manage
and fund an extensive groundwater monitor well network to collect data in South Florida. The USGS also has
cooperative agreements with other local governments in the Lower East Coast that fund data collection from
additional monitor wells. Water use permit holders also submit monitor data where required. Groundwater
stages and chloride concentration data collected along the coastal area is analyzed to determine if the saltwater-
freshwater interface has moved a greater distance inland than has occurred historically. Maps are published by
SFWMD every five years (2009, 2014, 2019) delineating the saltwater interface in Palm Beach and Broward
counties based on data from the monitor well network. The USGS also publishes periodic saltwater interface
maps for Miami-Dade County (2009, 2011, 2016).

D.4.6 What additional work is needed to improve this interim target?

The models applied to simulate groundwater hydrology need to be improved to include density-
dependent transport functions near the coast to more accurately simulate the saltwater-freshwater
interface. A higher resolution, density-dependent East Coast Surficial (ECSM) MODFLOW groundwater
model is currently being developed. The MODFLOW model needs to be updated to be able to use RSMGL
output for boundary conditions. Sea level rise increases, not included in RSMGL scenarios for this Interim
Targets analysis, also need to be added to the model scenarios.

The performance measures for this indicator should be re-evaluated to determine if updates are needed.
Specifically, the MFL stage at S-26 is recommended for re-evaluation since historic data indicates that the
structure is operated below the target stage.

D.5 Indicator - Protect Southern Portion of Biscayne Aquifer from Saltwater Intrusion
D.5.1 What s the target?

The Interim Target for protecting the southern portion of the Biscayne aquifer from saltwater intrusion is
maintain water levels in the south Miami-Dade coastal canals of the Central and Southern Florida Project
at levels adequate to protect the Biscayne aquifer and stabilize the saline interface.

D.5.2 Why is this indicator important?

A goal of the Comprehensive Everglades Restoration Plan (CERP) is to enhance economic values and social
well-being. One means to accomplish this is through ensuring adequate water supplies for current and
future water users by protecting the primary water supply source, the Biscayne aquifer. The CERP intends
to increase the storage capacity of water in the regional system for delivery to the Lower East Coast
Service Area. This additional regional water will supplement local water supplies and reduce demands on
the natural system. The increase in regional storage capacity provided by the CERP will supplement
regional sources used to prevent saltwater intrusion.

Groundwater levels within the Biscayne aquifer are controlled by local rainfall and by the canals and structures
that are regionally operated by the South Florida Water Management District. The aquifer system becomes
more rainfall driven and less canal dependent as the distance from the canals increases. However, in south
Miami-Dade County the soils are relatively thin and canals are cut into the oolite and bryozoan facies of the
Miami Limestone and have penetrated below into the shelly sand and limestone of the Fort Thomson
Formation in some areas. As a result, these canals are directly connected to some of the most permeable
sections of the Biscayne aquifer. It is difficult to maintain canal stages for extended periods of time without
using a significant volume of water from regional storage.
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Canal water influences the elevation of the freshwater levels in the Biscayne aquifer in south Miami-Dade
County. To the extent possible, the South Florida Water Management District maintains operating levels in
south Miami-Dade coastal canals as a means to protect portions of the Biscayne aquifer against further
saltwater intrusion. These control levels, in place in 2000, are listed as the “Target Canal Stages” in Table D-15
(SFWMD 2000). They are measured in feet National Geodetic Vertical Datum (ft NGVD). The canal stages were
re-examined in 2010-2011 as part of the South Miami-Dade Water Issues Coordination Initiative where
one goal was to develop long-range strategies to manage impacts of sea level rise on saltwater
encroachment into the surficial aquifer (Smith 2010). Ultimately a new operational strategy was
implemented with a high, intermediate, and low range of water levels where the low range helps minimize
flooding of agricultural fields in the dry season. Only the high range (2.2 to 1.8 feet NGVD), operated in
the wet season, meets the target of maintaining at least 2 feet NGVD.

Table D-15. 2000 base canal stages.

Canal @ Structure Target Canal Stages
C-100A@ S-123 2.00 ft NGVD
C-1@S-21 2.00 ft NGVD
C-102 @ S-21A 2.00 ft NGVD
C-103 @ S-20F 2.00 ft NGVD

D.5.3 How is the interim target for this indicator predicted?

The SFWMD Regional Simulations Model — Glades LECSA (RSMGL) was used to simulate a 41-year period
(1965 to 2005) for the 2017 baseline (ECBIGIT) and the future conditions assumed for 2026 and 2032
(CEPP and PACR scenarios). The RSMGL can indicate whether changing hydrologic conditions have
increased or reduced simulated canal stages as compared to the 2017 base. The model should be used to
compare relative differences between alternatives as opposed to absolute differences.

For this exercise, the stage for the ECBIGIT (2017 baseline) in the 41-year period of rainfall conditions from
1965 through 2005 will be used as the indicator of whether the stage duration has increased or reduced
at the 50th and 90th percentiles. The 50" percentile gives an indication of how well canal stages are
maintained under average or routine conditions while the 90" percentile indicates if, under dry or
extreme conditions, enough water is reaching south Miami-Dade County to retard saltwater intrusion. If
water is available, canals are maintained at these stages. During droughts and/or the dry season, the
regional system may have enough water to maintain these canal stages. Historic data collected at the
structures from 1985 through 2005 was also analyzed for the 50" and 90" percentile.

D.5.4 What are the predictions for increments?

As simulated by the RSMGL, canal stages in south Miami-Dade County generally remain the same in the
interim conditions when compared to 2017 base conditions (Table D-16 and Table D-17). However, only
S-123 meets the 2 ft NGVD goal during extreme dry conditions (90" percentile). In 2026 and 2032, lower
stages are reached in conditions drier than the 95th percentile. The most vulnerable area to saltwater
intrusion is the southern-most canal reaches examined, C-102N Canal at the S-21A structure and C-103
Canal at the S-20F structure. The S-21A and S-20F structures are subject to the low operation range of 1.0
to 1.4 feet NGVD for the South Miami Dade Agricultural drawdown from October 15 to April 30" and a
high range of 2.2 to 1.4 feet NGVD the remainder of the year. As simulated, the canal stages at these two
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structures are not maintained at or above 2 ft NGVD beyond the 5™ percentile, corresponding to the

wettest years, for any condition simulated.

Table D-16. Stage at structures at 50th percentile under average conditions.

Stage Gage Target ECBIGIT 2026 2032 CEPP 2032 PACR Historic
S-123 2.00 2.81 2.85 2.85 2.85 2.57
S-21 2.00 2.06 2.05 2.05 2.06 2.08
S-21A 2.00 1.53 1.53 1.54 1.54 1.72
S-20F 2.00 1.40 1.40 1.40 1.40 1.59

Table D-17. Stage at structures at 90th percentile under dry to extreme dry conditions.

Stage Gage Target ECBIGIT 2026 2032 CEPP 2032 PACR Historic
S-123 2.00 2.06 2.04 2.07 2.08 2.04
S-21 2.00 1.58 1.53 1.56 1.57 1.66
S-21A 2.00 1.19 1.19 1.19 1.19 1.30
S-20F 2.00 1.11 1.10 1.10 1.10 1.27

Table D-18. Ability to protect southern Biscayne aquifer from saltwater intrusion for each scenario.
The likelihood terms are defined as Highly Likely (90-100%), Likely (70-100%), More Likely than Not
(50-100%), and Unlikely (0-25%).

Location:
Canal @ Structure

2017 ECB

2026

2032 CEPP

2032 PACR

C-100A@S-123

More likely than not
to protect aquifer
during severe

More likely than not
to protect aquifer
during severe

More likely than not
to protect aquifer
during severe

More likely than not
to protect aquifer
during severe

C-1@s-21

drought drought drought drought
Unlikely to Unlikely to Unlikely to Unlikely to
be able to be able to be able to be able to

protect aquifer
during severe

protect aquifer
during severe

protect aquifer
during severe

protect aquifer
during severe

C-102N@S-21A

drought drought drought drought
Unlikely to Unlikely to be able | Unlikely to be able |Unlikely to be able to
be able to

protect aquifer
during severe

to protect
aquifer during
severe drought

to protect
aquifer during
severe drought

protect

aquifer during severe
drought

C-103@ S-20F

drought
Unlikely to Unlikely to be able Unlikely to Unlikely to
be able to be able to be able to

protect aquifer
during severe
drought

to protect
aquifer during
severe drought

protect aquifer
during severe
drought

protect aquifer
during severe
drought
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D.5.5 How will we track whether the targets established for this indicator have been achieved?

The number of times (frequency) the coastal canal stage and the number of consecutive days
(duration) the criterion is not met for each event will be analyzed to determine if it was related to drought
conditions or other causes. The monitoring data will be compared to historical conditions and the ability
to meet operating criteria.

D.5.6 What additional work is needed to improve this interim target?

This target needs to be reviewed because the current water level operations at structures S-21, S-21A and
S-20F are below the target in the dry season. Therefore, the target cannot be achieved on a regular basis.
The models applied to simulate groundwater hydrology need to be improved to include density-
dependent transport functions near the coast to more accurately simulate the saltwater-freshwater
interface. A higher resolution, density-dependent East Coast Surficial Regional (ECSM) MODFLOW
groundwater model is currently being developed. The MODFLOW model will need to be able to obtain
RSMGL output for boundary conditions. In addition, sea level rise increases, not included in RSMGL
scenarios for this Interim Targets analysis, will need to be included in future model scenarios.

D.6 Indicator — Flood Control: Root Zone Groundwater Levels in South Miami-Dade
Agricultural Area East of L-31N

D.6.1 Whatis the target?

The target for this flood control indicator is maintain or improve the level-of-service of flood protection
consistent with the Water Resources Development Act of 2000 (U.S. Congress 2000) and Section 385.37
of the Programmatic Regulations (DOD 2003).

D.6.2 Why is this indicator important?

A goal of the Comprehensive Everglades Restoration Plan (CERP) is to enhance economic values and social
well-being by maintaining or enhancing the current level of flood protection. By avoiding increased flood
damages or mitigating for flood encroachment, increases to project and societal costs can be minimized.

D.6.3 How is the interim target for this indicator predicted?

A performance measure was developed for use during the Central and Southern Florida Project
Comprehensive Review Study (USGS and SFWMD 1999), known as the Restudy, and was subsequently
modified and adopted by the Restoration Coordination and Verification (RECOVER) Evaluation Team for
use in CERP evaluations (RECOVER 2004). This performance measure forms the basis for the development
of this interim target. The model calibration-validation for the years 1984 — 1995 are used to represent
acceptable flood protection performance for south Miami-Dade.

D.6.3.1 Flood Damage

The SFWMD Regional Simulations Model — Glades LECSA (RSMGL) was used to simulate a 41-year period
(1965 to 2005) for the ECBIGIT (2017 baseline) and the future conditions assumed for 2026 and 2032
(CEPP and PACR scenarios). The RSMGL has limited capability to directly measure flood damage on individual
fields or during relatively short events but gives an indication of a change in flood risk caused by the operation
of project features. Using a stage duration curve, the percentage of time the stage is above the root zone
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(defined as land surface to two feet below) can be calculated and the information used to give an indication that
there may be a flood protection problem in the vicinity of a model cell(s). The most important part of the stage
duration curve is the range of higher stages. Differences occurring in the lower stages of the stage duration curve
deeper than -2 feet are not important for predicting performance relative to this target.

There are three post-processed model output data: 1) a stage duration curve for each indicator model
cell, or canal, where performance at the 1-20™" percentiles are evaluated, and 2) a table that includes the
following three groups of data: change in peak stage (feet) from the target, change in stage at the 10
percent duration line from the target, and the difference between the alternative and target in duration
that the water table is within 2 feet of ground surface and 3) stage difference maps comparing scenarios
to the 2017 baseline condition.

D.6.3.2 Flow Volumes

Using the RSMGL to look at the flow volumes from the structures introducing water into south Miami-Dade
County from the north, gives an indication of the potential to overload the flood protection capacity of
the C-111 system. Post-processed model output data will be a table containing wet season and dry season
annual average flow volumes from the main inflow structures to L-31 which are S-334 and S-335, from the
structures moving water south (G-211 and S-331, S-177), and the structures moving seepage water back
into Everglades National Park. Note that S-331 is a pump and S-173 is gravity flow at the same location
while S-177 maintains optimum water levels in C-111 upstream of the structure (Figure D-16). Wet season
is from May 1 to October 31.
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Figure D-16. Location of south Miami-Dade model cells and structures used in flood analysis.
D.6.3.3 Note on Model Result Interpretation

Changes in models make direct valid comparisons to the 2005 Interim Target results difficult.
Uncertainties exist for topography and indicator cell performance between the SFWMD SFWM Model
used in 2005 and the RSMGL model used for this 2020 Interim Targets incremental modeling exercise.
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D.6.4 What are the predictions for CERP increments?

The Interim Target predictions for flood protection in the south Miami-Dade Agricultural Area will be
superseded by the Combined Operational Plan (COP) performance but are provided here for
completeness. The COP protocols, scheduled to be adopted in 2020 and implemented in August 2020,
were not available for use in 2018 for the Interim Goals and Targets model projections update. COP is
predicted to provide maintained or improved flood protection for most of the developed areas adjacent
to the east side of ENP.

D.6.4.1 Flood protection

Performance of flood protection in 2026 and 2032 is predicted to be equivalent to ECBIGIT (2017) in most of
the south Miami-Dade agricultural area. The large exception is in the vicinity south of the C-113 canal near
model cell 4328 (Figure D-17) where water levels increase by approximately half a foot. A small exception
occurs in the vicinity of model cell 2976 where the number of days of water levels in the root zone increase in
2026 and 2032PACR. Performance does not significantly change between 2032CEPP and 2032PACR. Figure D-
18 provides the stage duration curves at the two model areas where water levels are less than two feet below
land surface.
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Figure D-17. Difference in water level stage from existing ECBIGIT (2017) to 2026 and to 2032PACR.
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Stage Duration Curves for Cell 2976 in the LEC
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Figure D-18. Stage duration curves at model cells 2976 and 4328.
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Table D-19 describes the model output at the 10 percent (high) stage of the stage duration curves.
Performance for the selected cells at this one point of the stage duration curve ranges from slightly better
than target condition, which is two feet below land surface, to 0.6 feet higher (1.4 feet below land
surface). Even though performance at this one point is above the target in some cells, it is not necessarily
consistent throughout the remaining critical section of the stage duration curves. When comparing the
number of days that water levels are within two feet of land surface, the regional groundwater levels in
the southern agricultural area in Miami-Dade are similar to the ECBIGIT (2017) (Table D-20) in the 2026
and 2032 (CEPP and PACR) model scenarios except at Cell 4328 and to a lesser extent 2976. Higher regional
groundwater stages reduce the ability to provide flood protection. See the Draft Environmental Impact
Statement for the Combined Operational Plan (USACE 2020b) for information on non-CERP projects and
operations to address increased flood risk in south Miami-Dade developed areas due to increased
groundwater stages in natural areas.

Table D-19. Simulated groundwater stages in feet National Geodetic Vertical Datum (ft NGVD) at the
10th percentile line (high stage) of the stage duration curve.

Model and Target 2976 3409 3404 3622 4328 4306
ECBIGIT 5.57 5.37 5.10 5.11 4.60 3.02
2026 5.58 5.54 5.31 5.16 5.13 3.06
2032CEPP 5.50 5.55 5.33 5.20 5.16 3.07
2032PACR 5.52 5.57 5.34 5.22 5.17 3.07
Target: 2’ below LS 4.52 5.75 7.33 7.32 4.51 3.76
Table D-20. Number of days water level within 2 feet of land surface.

Model 2976 3409 3404 3622 4328 4306
ECBIGIT 12,088 499 19 31 2,134 63
2026 12,424 770 30 38 4,272 25
2032CEPP 12,065 797 33 45 4,473 27
2032PACR 12,202 848 36 51 4,595 30

Note: 14,974 days in period of record modelled

The preceding results evaluation does not include the Combined Operational Plan adoption and
implementation. This water management operation criteria manual is being modified to define operations
for recently constructed non-CERP features to deliver hydrologic benefits to the environment while
addressing increased flood risk due to the higher groundwater stages anticipated for the natural areas
west of developed areas in south Miami-Dade. Figure D-19 compares current water level stages in 2019
with stages expected after implementation of COP Alternative Q.

The area most vulnerable to flooding with the proposed COP operations is in the vicinity of the S-177
structure, a Canal 111 (C-111) structure located in an area of lower topography as the South Dade
landscape transitions from developed areas to natural areas in the southern reach of C-111. While the
COP results shown in Figure D-19 are not directly comparable to Figure D-17 because of differences in
each of their existing condition parameters, the selected alternative (Alt Q") does not predict increases in
stage in the agricultural areas.
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The Combined Operational Plan (COP) scheduled for adoption in 2020 and August 2020 implementation
will replace the operations used for this Interim Targets incremental modeling exercise. The draft COP
Water Control Plan operational protocols provide improved conditions for both ENP and it maintains or
improves flood protection for most of the developed lands adjacent to the ENP eastern boundary.

COP AltQ —ECBI19RR
Period of Record Average

Stage Difference (ft)

Il 1.0 higher
I 0.5-1.0 higher
B 0.25-0.5 higher |
: | 0.10-0.25 higher

+- 0.10
0.10-0.25 lawer
0.25-0.5 lower
0.5-1.0 lower
=1.0 lower

Figure D-19. Difference in water level stage from existing 2019 condition used for COP planning and
COP Alternative Q.

D.6.4.2 Flow Volume

The structures (G-211 and S-331) that move mainly seepage water south along the perimeter canals L-
31N and C-111 between Everglades National Park and the south Miami-Dade agricultural area have
significantly reduced flow in the wet season and slightly increased flow in the dry season in future model
scenarios (Figure D-20, Figure D-21). This reduction occurs because the water is being re-directed over
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Tamiami Trail into Everglades National Park instead. Structures that return seepage water to Shark River
Slough and Everglades National Park (S-356 and S-357) and away from agricultural areas show slight
increases in flow in the wet season and little change from current conditions in the dry season. The
increase in flow seen in the 2032PACR scenario at all structures is due to increased flow from WCA 3B
being conveyed south. Overall, the results indicate that while additional water is coming into the L-31N at
the top in the wet season, seepage is being re-directed back to Everglades National Park at increased rates
in the future and therefore less is moving south through the canal system (Figure D-20) In the dry season,
additional water supply is moving through the system for agriculture and Everglades National Park. In the
dry season, when water levels are lower in Everglades National Park, there is less seepage water to return
via S-356 and S-357 (Figure D-21).
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Wet Season Average Annual Flow
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Figure D-20. Wet Season Average Annual Flows at South Dade Conveyance System structures.
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Dry Season Average Annual Flow
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Figure D-21. Dry Season Average Annual Flows at South Dade Conveyance System structures
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D.6.5 How will we track whether the targets established for this indicator have been achieved?

This Interim Target may be assessed by using parameters such as water stage duration and frequency,
and canal operating levels, flow volumes, and timing.

D.6.6 What additional work is needed to improve this interim target?

This Interim Target was developed with indicator model cells and structure flows derived from the SFWMD
SFWMM. There are multiple model cells in the RSMGL model within the same cell in the SFWMM and
additional structures in the South Dade Conveyance System (SDCS) that could be associated with flood
risk management. A reconciliation between the SFWMD SFWMM model and the RSMGL model is not
available, making direct comparisons difficult. An update of this Interim Target evaluating the indicator
cells and structures available for models in current use is needed for future updates.
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