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PURPOSE OF DOCUMENT 

 

 The state of Florida will be faced in the coming years with significant challenges and 

opportunities for managing water in a highly dynamic and changing climate.  The impacts of 

climate change on water resources management will have consequences for the economic 

sustainability and growth of the state.  A strong awareness of climate change impact issues and 

potential adaptation strategies that could be implemented by the state will increase its resilience 

over the long-term to uncertain climatic conditions and sea level rise.  To that end, a series of 

white papers have been prepared by State University System (SUS) of Florida Universities to 

coalesce our understanding of realized and predicted climate change impacts with a focus on 

various topics.  The report presented herein addresses water resources and adaptation issues 

across the state.  The primary objectives of this report are: (1) to identify Florida’s water 

resources and water-related infrastructure that are vulnerable to climate change; (2) show 

demographics in the state that are vulnerable to climate change impacts with a focus on water 

resources and sea level rise; and (3) highlight some of the alternative technologies currently 

being used to solve water resource supply issues in the state that are likely to expand and be 

challenged under various scenarios of climate change.   

 Florida is highly vulnerable to climate change as a result of its expansive shoreline, low 

elevation and highly permeable aquifers, and the location of high population centers and 

economic investments close to the coastline.  Further, the state receives a high frequency of 

tropical storm landings that are accompanied by tidal surges that compound the risks of sea level 

rise.  Because the state is highly vulnerable compared to other regions globally, Florida’s 

academic, governmental and non-governmental institutions are developing adaptation strategies 

and conducting research on climate change.  In this white paper, we highlight climate change 

issues relevant to water management, but also recognize the financial challenges to implement 

adaptation measures to address climate change solutions.  Implementing adaptation measures 

will require an unprecedented level of resource leveraging and coordination among academic, 

governmental, non-governmental, and private sector entities.    
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EXECUTIVE SUMMARY 

Introduction 

 Traditional planning by water managers and utilities assumes that hydrologic conditions 

remain relatively stationary.  Under this assumption, historical hydrologic and water use patterns 

are adequate to design, regulate and manage water 

supplies, storm water runoff, and wastewater 

conveyance and treatment systems.  As climate 

change progresses, however, hydrologic systems 

will be altered due to changes in the water cycle 

and rising sea levels.  These fundamental changes 

to the water system interject uncertainty about 

how climate change will impact Florida’s 

hydrologic systems and present significant 

difficulties for water managers attempting to 

develop strategies to meet long-term water supply, 

stormwater and wastewater treatment needs for 

the state.  The uncertainty about how climate 

change will impact Florida’s water resources and 

its infrastructure creates a challenge for most 

sectors of Florida’s economy.  Uncertainty is 

exacerbated by the strong human imprint on water 

resources through consumption of fresh water, 

disposal of wastewater, alterations in land cover, 

and control of surface water flows.  Thus, in addition to climate change, shifts in the economy, 

demographics, consumer preferences, and attitudes towards the environment add to the 

uncertainty about future water demand and infrastructure needs.  

 

Florida’s Water Use 

 There remain significant uncertainties about the volume of water needed to sustain the 

state’s surface water and groundwater aquifers now and in the future.  Florida’s surface waters, 

including major wetland ecosystems, are a significant source of recharge for the aquifers that 

What will Florida’s climate be like in 

the future?

Because there are so many complex 

factors that control climate,  and scientists 

do not fully understand their interactions, 

there is uncertainty about what climate 

will be like in the future.

However, there is overwhelming scientific 

evidence that climate is changing at an 

unprecedented rate.

Florida is expected to experience warmer 

temperatures, more prolonged droughts,  

higher precipitation events and more 

intense storms.  All these factors influence 

water management.
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provide most of the fresh water for residential, industrial, and agricultural uses.  Florida’s total 

water withdrawals were approximately 18 billion gallons per day in 2005, 37% from fresh 

groundwater and surface water sources and 63% from saline water sources.  In 2005, the gross 

per capita water use in Florida was 158 gallons per day.  Florida ranks sixth in the nation for 

groundwater use, using more groundwater than any other 

state east of the Mississippi.  However, it is predicted that 

by the year 2025, Florida’s population will increase by 

57% and water consumption 30%.  Many areas of the 

state are currently struggling to find alternative sources 

of water as supplies of fresh water from relatively 

inexpensively treated groundwater sources are dwindling 

because of high usage and inadequate recharge.  In fact, 

each of the water management districts has designated 

Water Resource Caution Areas that have, or are expected 

to have, critical water supply problems within 20 years.  

One of these caution areas is central Florida, which is 

entirely dependent on groundwater.  In this area, it is 

estimated that demand will exceed the availability of groundwater by 2014 and groundwater 

flows to wetlands and springs have already been significantly diminished.  Demographic changes 

over time will put further pressure on the central part of the state requiring new water resources 

and public water supply infrastructure in this caution area.  

 

Climate Change and Water Supply 

 Long-term water management planning will continue to be severely challenged by the 

uncertainty of future demands, limited water supplies, and a changing climate.  Florida’s 

precipitation patterns are uncertain because they are dependent on large-scale global weather 

systems as well as being controlled by regional and local weather patterns.  Climate variability, 

which is predicted to become more extreme, has major influences on weather in Florida.  

Climate oscillations control long periods of extreme drought and higher than normal 

precipitation through the dry and wet seasons.  The responses of these global, regional and local 

weather patterns to climate change will dictate the amount of water recharge available to 

Where does the water we 

use at my house come 

from?

Most likely from the ground.  

More than 90% of Florida’s 

public water supplies come from 

aquifers (sand and rock layers 

that store  water).
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replenish Florida’s aquifers and surface water sources.  Higher temperatures in the state will also 

increase the loss of freshwater surface sources to the atmosphere (evapotranspiration) and those 

losses will be enhanced under prolonged droughts.  Thus, there is a need to better understand 

how climate change will affect Florida’s water supply now and in the future. 

 

 Complicating water supply issues under a changing climate is sea level rise.  Rising sea 

level increases the salinity of surface water and groundwater due to inundation of low-lying 

coastal land and saltwater intrusion into coastal aquifers.  The impact of sea level rise on 

saltwater intrusion is probably small at present compared to the impacts from pumping and land 

drainage.  However, the impact from sea level rise is likely to become much more significant in 

the near future, particularly under a rapid sea level rise scenario.  Some coastal cities in southeast 

Florida are already having salinization problems in their public supply wells.  In these areas, 

canals are currently being used to move inland waters to the coast in order to sustain 

groundwater elevations in coastal aquifers to limit salt water intrusion.  As these coastal aquifers 

are critical to water supplies it is important to understand where the saltwater intrusion front is 

and how fast it is moving in response to sea level rise and aquifer withdrawals. 

Does Florida have enough water?

Although Florida receives abundant rainfall, there are several factors that limit the availability 

of  fresh water supplies. These include, population growth, overuse of groundwater, and the 

frequency of prolonged periods with little rain (droughts).  The other issue is water storage-it 

is not possible to store large amounts of water on a flat surface like Florida, so for flood 

protection it is released to the ocean when it rains. 

Sea level rise will reduce the land areas where fresh water can be stored  and contaminate 

coastal aquifers and other freshwater reservoirs (wetlands). 

More alternative water supplies will need to be found to keep up with demand and loss of 

current sources-these can be expensive and require additional energy.
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As relatively low-cost aquifer sources become depleted, or contaminated with chlorides, 

water utilities must continue to provide uninterrupted, high-quality water to their customers, and 

many must also plan for rapidly growing populations.  Even in the absence of climate change, 

Florida’s existing fresh groundwater and surface water sources may not be able to meet projected 

future demand through 2025.  The state of Florida, together with the water management districts, 

has been actively pursuing alternative water supplies, such as reclaimed water and desalination, 

in order to ensure adequate fresh water supplies for the future.  Stormwater capture, artificial 

recharge, and aquifer storage and recovery represent other potential water sources.  Although 

water conservation does not represent an alternative water source, it is a key component of the 

state’s strategy for meeting future water demand and is being considered side-by-side with the 

more expensive engineered alternative supply options.   

 

Climate Change and Flooding 

In Florida where topographic relief is relatively low, gravity-driven movement of water is 

challenging.  Yet, much of Florida’s stormwater is managed through gravity-driven canals.  

South Florida in particular relies heavily on a gravity-driven canal system in which water 

managers prevent flooding 

by discharging stormwater to 

tide.  In low elevation areas 

of Florida where the flood 

control infrastructure was 

established several decades 

ago, water managers are 

already challenged by the sea 

level rise over the past 50 

years.  Although sea level 

changes are variable over 

geological time scales, and 

sometimes change abruptly 

on human time scales, sea level over the last 100 years (7.78 inches) has increased at a modest 

rate of 0.079 inches/yr.  If sea level rise rates accelerate significantly, as predicted, and even if 

What about

Flood Protection?

Climate change with more frequent and intense storms, and sea 

level rise will limit the functionality of flood protection 

infrastructure that was built 50 years ago under more “stable” 

weather and sea levels.

Rising sea level will also limit short-term water storage during 

high rainfall because groundwater will rise with sea levels. 
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the slower rates of rise continue, the coastal water infrastructure will be compromised in very 

low-lying areas of the state in the near future.  The problem with sea level rise is that it decreases 

the water elevation gradient along the canal system, and in so doing reduces the capacity for 

gravity-driven drainage through the canal network.  In addition to these drainage issues from sea 

level rise, flooding events may occur more frequently due to potential increases in extreme 

precipitation events. Some of these events are likely to exceed the capacity of the current flood 

control system in some areas.  Furthermore, as sea level rises, groundwater elevations will 

increase, reducing the storage capacity of the unsaturated soil zone which can temporarily hold a 

proportion of stormwater runoff.  Thus, increases in precipitation intensity and rising sea level 

will make coastal zones more prone to flooding.   

 

Climate Adaptation and Energy 

It is estimated that about 80% of all energy consumed in the United States is used to 

pump, transport, treat and heat water.  In most Florida communities, the water and wastewater 

plants are the largest power consumers on the grid.  Because the state’s water supplies are 

currently not adequate to meet future demand, the need for energy intensive advanced treatment 

of alternative water supplies will increase utility power demands.  Climate change is expected to 

further increase the energy requirements for water and wastewater utilities in Florida.  

Alternative water supplies, such as desalination and advanced treatment of wastewater for reuse, 

are more energy intensive than traditional water treatment.  Also, more pumping of water to 

provide flood protection will be required with sea level rise and greater storm intensities.  Power 

plants will also need more water for cooling as intake water temperatures rise.  Thus, water 

management adaptation to climate change will add to the energy requirements on top of the 

energy needs that will be needed for cooling as temperatures rise and the warm season expands. 

 

The Human Element of Climate Adaptation 

 As climate change results in greater weather extremes and shifting weather patterns, 

utilities and water managers may be forced to make rapid changes in water conservation policies, 

such as water restrictions.  Additionally, interruptions in water supply are conceivable due either 

to water shortages during extreme droughts or infrastructure damage during extreme storm 

events.  With 57% of Floridians reporting that they worry only a little or not at all about global 
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warming, it is likely that many Floridians may not take water policies related to climate change 

seriously.  Furthermore, in the current period 

of slow economic growth, it could prove very 

difficult to gain public support for funding 

initiatives to upgrade or develop new water 

supply and flood protection infrastructure.  

Because the success of climate change 

adaptation strategies hinges in part on public 

perceptions and responses, adaptation 

strategies should explicitly include education 

measures to inform the public about the need 

for policy and infrastructure changes. 

Florida’s coastal population growth 

will also make the undertaking of climate 

change adaptation increasingly challenging as 

more and more people reside, seek job 

opportunities and retire in coastal vulnerable 

areas.  Over the past thirty years, Florida 

exhibited the fastest rate of growth in the 

nation together with Texas, North Carolina, 

Georgia and California.  The 35 coastal 

counties bore the brunt of the most recent 

population increase as nearly 1.9 million new residents settled on Florida coasts in the past ten 

years alone.  In 2010, the population of all coastal counties in Florida was approximately 14 

million people or 75 percent of the state’s total population of approximately 19 million.  The 

inland counties are home to ~5 million and in the past 10 years the rate of growth was faster 

(24%) than coastal Florida (16%).  The majority of the population lives along the coast where the 

state’s water infrastructure is concentrated, but this area is vulnerable to coastal hazards and 

salinization of aquifers.  However, inland migration would create additional challenges, as water 

resources and infrastructure are limited in central Florida.  Changing population demographics 

are important to climate adaptation because Florida has a high ethnic and culturally diverse 

How do People fit in?

Most people in Florida live in coastal cities 

vulnerable to climate change and sea level 

rise.

Elderly, diverse and low-income populations 

need more assistance to respond to hazards 

which climate change is predicted to cause.

People are likely to move to central Florida 

under extreme climate change scenarios; 

water supply infrastructure would need to be 

established, as this area does not rely heavily 

on public water supplies.

Education and awareness of the public to the 

unique vulnerabilities of Florida to climate 

change will be needed to implement 

successful adaptation measures to make the 

state resilient for future generations. 
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population where communicating risks associated with climate change requires cultural 

competence and understanding of diverse groups’ perspectives, needs, languages, beliefs and 

norms.  Further, Florida has the highest percentage of people aged 65 years and over with 3.2 

million people greater than or 65 years old.  Elderly populations can have limited mobility and 

they are susceptible to extreme high temperatures.  Another vulnerable population is those from 

lower-income backgrounds because of their inability to relocate to areas less prone to flooding in 

the long-term or quickly evacuate during a natural disaster.   

 

Summary and Conclusions 

The direct effects of climate change on water resources include increased threats on the 

sustainability of water supplies, flooding, salt water intrusion in coastal areas and threats to water 

quality.  Most of the state currently relies on groundwater.  However, it is clear that groundwater 

resources are inadequate now to meet future water demand in many parts of the state, and 

climate change adds to the vulnerability of groundwater supplies and uncertainty of supply and 

demand.  Therefore, developing alternative water supplies is a priority.  While a few 

municipalities and counties are planning to develop new surface water sources, the difficulties of 

storing water in regions with little topographic relief, porous geology, and shallow water tables, 

and their environmental impacts limit the viability of developing significant surface water 

sources.  Because of these limitations on traditional surface and groundwater sources, alternative 

sources such as desalination and reuse will be significant components of Florida’s future water 

supplies.  Conservation measures will also become increasingly important in the state’s effort to 

maintain sustainable water supplies.   

The current economic reality and other financial challenges in meeting the water needs of 

Florida, and protecting its infrastructure, in the face of climate change will require an 

unprecedented level of resource leveraging and coordination among academic, governmental, 

non-governmental, and private sector entities.  There are multiple institutions and organizations  

that are currently working on sustainable water resource issues and the socio-economic 

implications of water security, and are capable and prepared to work together to increase the 

resilience of the state of Florida to the present and future challenges of planning and adapting to 

climate change.   
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1.0  GLOBAL WATER CYCLE AND FLORIDA 
 

 Global climate change is modifying the global water cycle by shifting the residence times 

of water in various reservoirs (oceans, ice sheets, glaciers, atmospheric vapor, etc.).  It was once 

considered that water stored in ice sheets and glaciers on earth had a very long residence time, 

operating on geological time scales, and only became part of the active water cycle over 

thousands to millions of years.  However, recent evidence is showing the potential for climate 

change to rapidly shorten the residence times of water in ice sheets and glacial ice pools, 

potentially producing abrupt changes in weather patterns (IPCC, 2007; USCCSP, 2008).  These 

shifts in the water cycle will have profound effects on low-lying coastal areas with an 

acceleration of the current relatively slow rates of sea level rise (Wanless, 2008).  While the 

melting of ice sheets may be slow, initial melting and indirect effects, such as the lower 

reflective capacity of an ice-free Arctic and thawing of the permafrost, may set into motion 

critical feedback systems that will accelerate deglaciation processes and cause more rapid sea 

level rise.  While a large part of current sea level rise is due to ocean warming and thermal 

expansion, contributions from ice melt and glaciers will be important contributors to future sea 

level rise (IPCC, 2007; Appendix A). 

The transition of ice to water in the global water cycle, as well as the increased moisture 

capacity of warmer air, puts greater moisture into the atmosphere.  Greater moisture content in 

the lower atmosphere is predicted to increase the frequency and intensity of heavy precipitation 

events and lead to more flooding in some regions of the world (IPCC, 2007).  At the same time, 

increased temperature and more moisture will increase the probability of stronger tropical 

storms.  While more intense, high-precipitation events are predicted for much of the southeastern 

US, some areas, including the subtropics in which Florida resides, are predicted to experience 

more frequent and intense droughts (Bates et. al., 2008).  Thus, the state of Florida is likely to be 

affected by both intense rainfall events and more frequent droughts, leading to the need to 

consider water management in a highly variable water cycle (Milly et al., 2008; Appendix B).  

To further add to these challenges, census data predicts future population growth, which means 

greater demand for water.   

Although these are challenges on the horizon, Florida has been on the cutting edge of 

water management in variable and extreme water availability conditions over the last few 
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decades (Trimble et al., 2006).  For example, the South Florida Water Management District has 

been applying climate and weather forecasting data to make daily decisions on the movement of 

water for water supply, flood protection and environmental concerns in a system of numerous 

canals and pumps that support 6 million people (Obeysekera et al., 2011).  Further, there exists 

an excellent relationship between academic and governmental institutions in Florida, and these 

collaborations are providing the best cutting-edge data, models and other techniques to manage 

water in the state.  Even with a high level of sophistication in water management, it is anticipated 

that the state of Florida will need an even more comprehensive understanding of the hydrological 

cycle and the factors that affect water management under climate change.  In particular, there is a 

need to understand how intra- and multi-decadal global climatic oscillations and local processes, 

such as the sea breeze and local convective water recycling (Appendix B), will respond to 

climate change and affect Florida water resources.  A more complete understanding of these 

weather drivers and their influence on tropical storm activity, along with rising sea surface 

temperatures and sea level rise (Appendix A), will be critical for developing water management 

strategies to protect Florida’s population and economy in the face of climate change well into the 

future. 

 

 

2.0  WATER MANAGEMENT UNDER CLIMATE CHANGE 
 

It is generally accepted that the water management sector will be significantly influenced 

by climate change (Jacobson and Tropp, 2010; Craig, 2009).  Traditionally, water managers and 

utilities have assumed that hydrologic conditions remain relatively stationary (Milly et al., 2008; 

Obeysekera, 2009; Teegavarapu, 2010); therefore, they have relied on historical hydrologic and 

water use data to regulate and manage water supplies, stormwater runoff, and wastewater 

conveyance and treatment systems (National Drinking Water Advisory Council, 2010).  As 

climate change progresses, hydrologic systems will be significantly altered due to changing 

patterns of precipitation and evapotranspiration and rising sea levels.  These fundamental 

changes to the water system interject uncertainty about how climate change will impact Florida’s 

hydrologic systems and present significant difficulties for water managers attempting to develop 

strategies to meet long-term water supply, stormwater, and wastewater treatment needs for the 
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state.  Due to population density, natural resources, and infrastructure across the state each 

region will have unique challenges with respect to climate change and water resources adaptation 

strategies.  Transportation infrastructure, commercial and agricultural enterprises, and natural 

resources all strongly depend on both the natural and constructed components of the state’s 

hydrologic systems.  Consequently, the uncertainty about how climate change will impact 

Florida’s water resources and water/wastewater infrastructure creates a challenge for most 

sectors of Florida’s economy.  Uncertainty is exacerbated by the strong human imprint on water 

resources through consumption of fresh water, disposal of wastewater, alterations in land cover, 

and control of surface water flows (Gordon et al., 2005 and Rost et al., 2008).  Thus, in addition 

to climate change, shifts in the economy, demographics, consumer preferences, and attitudes 

towards the environment add to the uncertainty about future water demand and infrastructure 

needs (Jacobson and Tropp, 2010).  Although challenging, it is imperative to have a long-term 

view of the potential impacts and adaptation strategies, as hydrological infrastructural changes 

will take decades to implement.   

In the following sections, we synthesize existing data and information about Florida’s 

water resources and water management in order to identify water supplies and infrastructure that 

are vulnerable to climate change and where appropriate, highlight adaptation strategies and 

critical research and monitoring needs.  

 

 

3.0  FLORIDA’S CURRENT WATER USE PATTERNS 
 

 There remain significant uncertainties about the volume of water needed to sustain the 

state’s surface water and groundwater aquifers now and in the future.  Florida’s surface waters, 

including major wetland ecosystems, are a significant source of recharge for the aquifers that 

provide most of the fresh water for residential, industrial, and agricultural uses; however, as sea 

levels rise, these will likely become threatened due to the encroachment of seawater.  Already, 

large withdrawals of groundwater for public supply in southeast Florida are causing salt water 

intrusion into freshwater aquifers. Long-term water management planning will continue to be 

severely challenged by the uncertainty of future demands, the sustainability of water supplies, a 
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changing climate, sea level rise and potentially 

major shifts in demographics to areas with 

modest potential to meet the necessary water 

demands (Section 10.0).  

 The most recent estimates of Florida’s 

water use are based on data from the joint USGS 

and FDEP Florida Water-Use Program from 

2005 (Marella, 2009).  This program surveys 

water withdrawals across Florida every five 

years to provide rough estimates of human water 

demand; however, the next state-wide water use 

inventory is not expected to be available until 2014.  Using the available data, Florida total water 

withdrawals were approximately 18 billion gallons per day (Bgal/day) in 2005 (Fig. 3.1; Marella, 

2009).  Based on these data, the withdrawals from groundwater and surface water sources 

accounted for 37% of the total, while saline water withdrawals accounted for the other 63%.  

Nearly all of the saline water withdrawals were used for cooling power plants (Marella, 2009).  

For several decades the largest withdrawals of fresh water in Florida were for agricultural 

irrigation.  However, in recent years a number of factors such as declining irrigated acres, 

improved water conservation 

techniques, and long-term watering 

restrictions led to a decrease in 

withdrawals for agricultural 

irrigation.  At the same time, 

population growth led to a steady 

increase in public water supply 

withdrawals.  Public water supply 

withdrawals are expected to eclipse 

those for agriculture within the next 

few years (Fig. 3.2; FDEP, 2010a). 

Figure 3.1.  Total 2005 state-wide fresh and saline 

water withdrawals in billions of gallons per day 

(Bgal/day) (Marella, 2009). 

Figure 3.2. Historical state-wide public supply and agricultural 

irrigation withdrawals. Data from USGS Florida Water Science 

Center, website accessed 9/25/2011. 
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 In 2005, the gross per capita water use in Florida was 158 gal/d, slightly less than the 

national average of 172 gal/d.  In terms of groundwater withdrawals, Florida ranks sixth in the 

nation and uses more groundwater than any other state east of the Mississippi.  Not surprisingly, 

water withdrawals are concentrated in areas with the highest population density, with 50% of the 

state’s freshwater withdrawals coming 

from the region operated by the South 

Florida Water Management District (Fig. 

3.3).  Since 1980, there has been a 

decline in per capita water use that has 

been primarily attributed to water 

conservation efforts (Marella, 2009).  It 

is predicted that by the year 2025, 

Florida’s population will increase by 

57%.  However, water consumption is 

expected to increase by approximately 

30% during this same time period 

(FDEP, 2010a).  Thus, population growth is expected to put significant pressure on Florida’s 

water resources while per capita water use is declining.  Therefore, future water supply planning 

is an imperative both with and without the impact of climate change. 

 

 

4.0  FLORIDA’S CURRENT WATER SUPPLIES 
 

Florida has three primary sources of water including groundwater, a few surface water 

bodies, and the ocean.  In 2005, almost 90% of Florida’s population (16.2 million people) 

obtained their drinking water from groundwater aquifers, including the surficial aquifer system 

(SAS), the intermediate aquifer system (IAS), and the Floridan aquifer system (FAS) (Copeland 

et al., 2009, Marella, 2009) (Fig. 4.1). 

 

 

 

 

Figure 3.3.  State-wide 2005 freshwater withdrawals and 

proportion of freshwater withdrawals by water 

management district.  Data are from the most recent 

USGS-FDEP water use compilation (Marella, 2009). 
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4.1  AQUIFER SYSTEMS AND GROUNDWATER SOURCES 

 The surficial aquifer system (SAS) includes the Biscayne aquifer and the sand and gravel 

aquifer (Fig. 4.1).  The sand and gravel aquifer is limited to the westernmost panhandle of 

Florida, while the Biscayne aquifer underlies approximately 4,000 square miles of southeastern 

Florida (Miller, 1990).  In most other areas of the state, the sediments of the SAS are thin and 

discontinuous.  Thus, the SAS in these areas is typically only used for domestic wells, and most 

of the fresh water withdrawals come from other aquifer systems (Copeland et al., 2009).  In 

2005, 19.5% (829 Mgal/d) and 12.5% (532 Mgal/d) of the state’s groundwater withdrawals came 

from the Biscayne and sand and gravel aquifers, respectively (Marella, 2009). The sand and 

gravel aquifer yields moderate volumes of water and is the primary source of drinking water for 

Figure 4.1.  Map showing principle aquifers as they occur at the land surface. The intermediate aquifer system (IAS) 

is beneath the other aquifers and thus does not appear on the map. The Floridan Aquifer System (FAS) is also 

beneath other aquifers except where shown the map. Modified from USGS data file aquip_oct03.shp. 
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Santa Rosa and Escambia counties (Miller, 1990).  The Biscayne aquifer (Fig. 4.1) is the 

principal source of potable water for all of Miami-Dade and Broward Counties and the 

southeastern part of Palm Beach County (Fig. 4.2).  

 

 

 

Although the sediments that comprise the IAS are present over much of the state, in many 

areas those sediments are not permeable enough to yield water to supply wells. Because the IAS 

is not extensively used, its characteristics are not well known. At present, the only significant use 

of the IAS for water supply is in southwestern Florida (Fig. 4.2) (Copeland et al., 2009). 

The FAS underlies a large region of the southeastern United States and supplies water to 

several large cities.  It is present beneath all of Florida and is the most widely used source of 

groundwater in the state (Fig. 4.2).  In 2005, nearly 60% (2,527 Mgal/d) of the state’s 

groundwater withdrawals came from the Floridan aquifer (Marella, 2009).  South of Lake 

Okeechobee, water in the FAS is brackish, and therefore it has not historically been used for 

Figure 4.2. Proportion of groundwater withdrawals from principle aquifers by county, 2000.  Data from Copeland 

et al. (2009). 
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water supply purposes in south Florida (Copeland et al., 2009); however, some of this saltwater 

is withdrawn for cooling purposes and some converted to freshwater through desalinization.  

Desalinization of the water from the Floridan is one of the water supplies to the Florida Keys, 

which have no other source of freshwater except that which is imported from their Florida City 

plant via pipeline (Miller, 1990). 

 

4.2  SURFACE WATER SOURCES 

Approximately 38% of Florida’s freshwater supplies come from surface water sources 

including, rivers, lakes, and canal systems.  The majority of fresh surface water withdrawals 

(56%) are used for agricultural irrigation and power generation accounts for another 20%.  Not 

surprisingly, fresh surface water withdrawals are greatest in the counties with significant 

agricultural land use including Glades, Hendry, Collier, Lee and Palm Beach.  Only about 10% 

of Florida’s residents obtain their drinking water from surface water sources.  The Hillsborough 

River in Hillsborough County, Deer Point Lake in Bay County, and Clear Lake in Palm Beach 

County are among the most significant surface water sources of public supply water in the State 

(Marella, 2009).  

 

4.3  ALTERNATIVE WATER SOURCES 

Although most of Florida has historically obtained fresh water from the state’s aquifers, 

reliance on a single source of water diminishes these sources and decreases the resilience of the 

state’s water supplies.  Many areas of the state are currently struggling to find alternative sources 

of water as supplies of fresh water from relatively inexpensively treated groundwater sources are 

dwindling with high usage.  In fact, each of the water management districts has designated Water 

Resource Caution Areas that have, or are expected to have, critical water supply problems within 

20 years (FDEP, 2011).  One of these caution areas is central Florida, which is entirely 

dependent on groundwater.  In this area, it is estimated that demand will exceed the availability 

of groundwater by 2014 and groundwater flows to wetlands and springs have already been 

significantly diminished (FDEP, 2010a).  The state is already addressing water supply issues 

through increasing and diversifying the state’s water supply sources.  To this end, the state 

legislature recently funded the Water Protection and Sustainability Program (FDEP, 2010b).  Of 
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the funded projects, 63% were reclaimed-water projects and 22% were brackish water 

desalinization projects.  Reclaimed and desalinized water are likely the future for Florida.  Even 

today, Florida currently uses more reclaimed water than any other state (663 Mgal/d or 43% of 

wastewater) and leads the country in desalination with more than twice the desalination capacity 

of California, a state with the second highest capacity in the country (FDEP, 2010b; NRC, 2008).  

Currently, brackish groundwater and surface water are the largest sources for desalination 

facilities in Florida, and relatively few facilities use ocean water (FDEP, 2010b).  FDEP 

estimates that by 2025, Florida will need to increase the amount of water available for 

consumptive use in the state by about 2 Bgal/d.  The water management districts estimate that 

they will only be able to supply about 38% of this additional needed supply through their 

currently planned alternative water supply projects (FDEP, 2010a).   

This review of existing information about Florida’s current water supplies and water use 

trends demonstrates that the state already has challenges meeting the water supply needs of its 

citizens.  It is anticipated that climate change will further elevate the importance of developing 

alternative sources of water and water conservation programs.   

 

5.0  CLIMATE CHANGE IMPACTS ON FLORIDA’S WATER RESOURCES 
 

5.1  INTRODUCTION 

Building on the preceding overview of Florida’s water resources, the following section 

discusses some of the most significant climate change impacts on water resources.  Climate 

change will significantly influence water demand and supply throughout the state, and sea level 

rise will also impact freshwater sources and stormwater management in coastal regions.  It is 

predicted that a changing climate in Florida will cause more frequent and potentially more severe 

droughts in response to global climate changes (Appendix B).  Also, rising temperatures will 

increase evapotranspiration rates that could simultaneously reduce supplies and enhance 

demands on water resources.  Traditionally, water management has been based on predictable 

principles because precipitation patterns, albeit variable, have been predictable within known 

historical boundaries.  Further, while growing, the state’s population centers have been relatively 

stationary.  Under stable climate conditions, historical water demand has been a robust tool for 
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predicting future demand.  However, the ability to manage water with climate change requires 

new thinking and a new approach where known location and amounts of water demands may be 

more uncertain. Although with climate change water will have to be managed with greater 

uncertainty than present,  current understanding and modeling tools enable anticipation of 

changing supply and demands, as well as identification some of the major future problems and 

evaluation of various adaptation strategies. 

 

5.2  CLIMATE CHANGE AND WATER DEMAND 

Demand for water is highly 

dependent on temperature and 

precipitation (Karl et al., 2009; 

USGCRP, 2001).  Florida has distinct 

seasonal precipitation patternsthat 

influence water use requirements. For 

example, fresh water withdrawals are 

largely related to supplemental needs of 

the agricultural sector during the dry 

season (Marella, 2009).  Florida’s 

historical water use data demonstrate 

that past droughts have caused 

significant fluctuations in water demand 

for agricultural irrigation (Fig. 5.1; 

Marella, 2004; Verdi et al., 2006; 

Marella, 2009).  Therefore, if climate change causes precipitation in Florida to decline or 

increases the frequencies of droughts, water demand for agricultural, recreational, and lawn 

irrigation will increase.  This will lead to more competition amongst sectors (e.g., energy, 

agriculture, public) for limited water resources.  Compounding this problem is the likely 

demographic shift from large coastal populations vulnerable to flooding (Section 10.0) from sea 

level rise inland to central Florida where water supplies are more limited.   

 

Figure 5.1.  Agricultural irrigation withdrawals 

(USGS Florida Water Science Center) and average 

annual precipitation from 16 stations across the 

state (Southeast Regional Climate Center). 


