
Presenter
Presentation Notes
Materials originally developed by:
Department of Family, Youth, and Community Sciences  (Kathryn Ziewitz and Wes MacLeod)
The Program for Resource Efficient Communities in cooperation with the Florida Energy Systems Consortium (Jennison Kipp and Hal Knowles)
Extension faculty in Leon, Manatee, Marion, Osceola, Pinellas, Sarasota, and Wakulla counties. 
The July 2013 version was reviewed by Holly Abeels, Florida Sea Grant, Brevard County; Tatiana Borisova, Water Economics and Policy, UF Food and Resource Economics Department; Ramona Madhosingh-Hector,  Urban Environmental Sustainability, Pinellas County; Maia McGuire, Florida Sea Grant, Flagler County; and Guillermo Salazar, Florida-Friendly Landscaping, Miami-Dade County.
Updates/changes made by Kathleen Ruppert. Links checked, graphics improved, and re-designed  by Barbara Haldeman, Program for Resource Efficient Communities.
This September 2014 version was reviewed by Holly Abeels, Florida Sea Grant, Brevard County and Lara Miller, Natural Resources, Pinellas County.
Course leader information
A listing of a number of articles, readings, references, and videos that support this module can be found in the Word document titled Some Suggested Water-Related Resources for the Sustainable FloridiansSM Program in the file titled SF-Water-Related-Resources.



Outline 
 Opener: Water homework exercises 
 Presentation:  “Water: Florida’s Lifeblood” 
 Circle question  
 Discussion 
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Water Homework Discussion 
1. Discussion about experiences filling out 

data log for historic water consumption.  
2. Thoughts about sustainability action plans 

for conserving water.  
 Goals/actions  
 Barriers 
 Solutions 
 Individual/household 
 Community 
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Illustration: Microsoft 

Presenter
Presentation Notes
Homework was  to: 
run through the activity at http://www.floridaswater.com/waterconservation/survey.html
fill in a data log for past water use looking at your water bills and thinking about times of the year when you used more water than others and why that occurred, and 
prepare a sustainability action plan for the future. 
If we engage in an activity like backpacking or going boating, we may be very conscious of how much water is needed, and we determine ahead of time how much water to take or ways to obtain it as we go, for example, by pumping water through a purifier. In normal everyday life in this country, however, most of us are only vaguely aware of how much water we use. 
Hopefully, you will become more familiar with how much water you are using in day-to-day life by starting to log each month’s usage.�So, what were your thoughts as you began your data log for water use? (This is only possible for those with meters already in place.)
What ideas would you like to discuss about putting together your personal sustainability plan for water? 
Goals and planned actions relating to water conservation and efficiency
 What barriers exist
 How to overcome them
 Solutions at individual level
 Solutions requiring community action 
Course leader information
15 minutes is scheduled for this opening discussion.
One of the course participants should record the community-scale ideas relating to water and keep record of this to report again during the last class. 




Goals          
 Learning Goals 

 Increase understanding of status and trends 
of Florida’s water quantity and quality 

 Understand your role in conserving Florida’s  
water and maintaining water quality  

 Action Goals 
 Identify strategies to reduce water 

consumption and protect water quality 
 Choose elements to add to your personal water 

sustainability plan 
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Presentation Outline 
 Florida’s freshwater 

resources 
 Status and trends 

for quantity and 
quality  

 Challenges 
 Policy directions 
 What you can do  
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Owl Creek, tributary of 
Apalachicola  River 

Photo: K. Ziewitz  

Presenter
Presentation Notes
Course leader information
General outline for the presentation. 




Florida’s Freshwater  
“The pressures of population growth, its 
accompanying development, and 70 million tourists 
a year are impacting the state’s freshwater, ground 
water, and saltwater resources … Major challenges 
include: maintaining overall water quality and 
supplies, protecting public health, satisfying 
competing and rapidly increasing demands for 
finite quantities of fresh water, minimizing damage 
to future water reserves, and ensuring healthy 
populations of fish and wildlife.”  

— Florida Department of Environmental Protection,  
Integrated Water Quality Assessment for Florida, 2014 
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Presenter
Presentation Notes
Course leader information
This quotation succinctly introduces some of the issues that will be addressed in this presentation.
The recommended beginning for this session is to watch Florida’s Water Story, a 7:30 minute video on-line at http://www.protectingourwater.org/florida_water_story/channel (To locate the video, scroll down the web page and click on “Florida’s Water Story.”)
This video was produced by the Florida Department of Environmental Protection.



Where on Earth is the Water? 
“…if all the water 
on Earth could be 
put into a gallon 
jug, the quantity 
readily available 
for human use 
would be equal to 
about one 
tablespoon.”  
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Data: U.S. Geological Survey 
Graphic: http://www.pacificwater.org 

All water on earth 
Saline 97% 

Icecaps and  
glaciers 68.7% 

Groundwater 
30.1% 

Other 0.9% 

Surface water 0.3% 

Lakes 87% 
Swamps 

11% Rivers 2% 

Freshwater 3% 
 

Presenter
Presentation Notes
This slide shows that very little water on earth is freshwater, and even less is easily accessible for human use.
97% of the Earth’s surface water is saltwater, with the remaining 3% being freshwater. 69% of the Earth’s freshwater is locked up in glaciers and icecaps, mainly in Greenland and Antarctica. Of the remaining freshwater, most of it is under our feet, as groundwater. A very small amount, only about 0.3% is what we generally see as rivers and lakes.
Course leader information 
Pie chart: http://www.pacificwater.org/pages.cfm/water-services/water-demand-management/water-distribution/
Source of quotation: United Nations Environment Programme. “The Hydrologic Cycle: How Water Moves Around the World.” http://www.unep.or.jp/ietc/publications/short_series/lakereservoirs-2/2.ASP
Note that the “other 0.9%” refers to water in places such as soil moisture and the atmosphere.

   

http://www.pacificwater.org/


Florida’s Freshwater Resources 
 1,700 streams and 

rivers (11,000 miles) 
 7,800 freshwater lakes 
 700 springs 
 11 millions acres of 

wetlands 
 Underlying aquifers 
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Wakulla River 
 Photo: K. Ziewitz 

Presenter
Presentation Notes
Water is among Florida’s most valued resources. The state has more than 1,700 streams and rivers, 7,800 freshwater lakes, 700 springs, 11 million acres of wetlands, and underlying aquifers yielding quantities of freshwater necessary for both human and environmental needs. All of this freshwater is vital for sustaining Florida’s population, economy, and agricultural production. Although renewable, these water resources are finite, and continued growth will place increased demands on these water supplies.
The permanent population of Florida in 2014 totaled 19.9 million, ranking third in the nation. In addition, nearly 80 million tourists visited the state. In 2013, Florida had 47,500 commercial farms using a total of 9.25 million acres. Florida ranks 7th in agricultural exports. None of this activity would be possible without the state’s abundant water resources. 
Course leader information 
The statistics on freshwater resources:
Fernald, E. A., & Purdum, E.D. (Eds.). (1996). Atlas of Florida. Gainesville, FL: University Press of Florida. 
Carriker, R. R. and Borisova, T. (2008). Florida’s Water Resources. http://edis.ifas.ufl.edu/fe757
Statistics on population, visitors, and farm receipts:
Florida Department of Agriculture and Consumer Services. (2013). Florida Agriculture by the Numbers. Tallahassee, FL. Retrieved from http://www.freshfromflorida.com/News-Events/Press-Releases/2013-Press-Releases/Florida-Department-of-Agriculture-and-Consumer-Services-Releases-Florida-Agriculture-By-the-Numbers  and
Florida Department of Agriculture and Consumer Services. (2013). 2013 Annual Report. Tallahassee, FL. Retrieved from http://www.freshfromflorida.com/Forms-Publications/Publications/Annual-Reports and
Florida Department of Agriculture and Consumer Services (FDACS). (2015). Office of Energy Annual Report 2014. Tallahassee, FL. Retrieved from http://www.freshfromflorida.com/News-Events/Press-Releases/2015-Press-Releases/Florida-Department-of-Agriculture-and-Consumer-Services-Releases-2014-Office-of-Energy-Annual-Report-Analysis-of-Economic-Contribution-of-2014-Renewable-Energy-Tax-Incentives (Scroll halfway down the page and click on the link Read the full Annual Report. No page will open; instead, the report will download directly to your computer.)










Florida’s Annual Rainfall, 
1981-2010 
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Presenter
Presentation Notes
Florida’s annual rainfall varies across the state, throughout the year and from year to year. The Panhandle and Southeast Florida (Palm Beach and Broward Counties) receive the most rain, on average 64 inches per year during the average rainy season. The Keys receive the least amount of rain, averaging 40 inches per year. The rest of the state is generally closer to the state’s average of 53 inches per year. 
This illustrates the extensive supply of high-quality water available to Florida annually through rainfall. The key is that we understand natural hydrologic cycles, view rainfall as an asset, and manage its use accordingly – before it becomes polluted stormwater runoff.
Course leader information
Map from http://prism.nacse.org/gallery/view.php?state=FL 
These maps and other climate data are available at the PRISM Climate Group website of Oregon State University and can be used when cited according to their terms of use policies: http://www.prism.oregonstate.edu
Carriker, R. R. and Borisova, T. (2008). Florida’s Water Resources. http://edis.ifas.ufl.edu/fe757
Rainfall figures: Office of the State Climatologist, Florida Climate Center http://climatecenter.fsu.edu/products-services/data/1981-2010-normals/tallahassee




U.S.“Inland” Waters 

Table: U.S. Geological Survey; data: U.S. Census Bureau 

State Land Area 
(sq mi) 

Water Area 
(sq mi) 

Percent area, 
water State Land Area 

(sq mi) 
Water Area 

(sq mi) 
Percent area, 

water 

Rhode Island 1,034 182 17.6% Arkansas 52,035 1,143 2.2% 
District of Columbia 61 7 11.5% Texas 261,232 5,616 2.1% 
Louisiana 43,204 4,562 10.6% Alabama 50,645 1,058 2.1% 
Florida 53,625 5,027 9.4% Oklahoma 68,595 1,304 1.9% 
North Carolina 48,618 4,052 8.3% California 155,779 2,833 1.8% 
Maryland 9,707 768 7.9% South Dakota 75,811 1,305 1.7% 
Maine 30,843 2,314 7.5% Mississippi 46,923 769 1.6% 
Massachusetts 7,800 486 6.2% Illinois 55,519 820 1.5% 
Minnesota 79,627 4,763 6.0% Missouri 68,742 965 1.4% 
New Jersey 7,354 436 5.9% Pennsylvania 44,743 563 1.3% 
Delaware 1,949 91 4.7% Ohio 40,861 474 1.2% 
Vermont 9,217 400 4.3% Idaho 82,643 926 1.1% 
New York 47,126 1,989 4.2% Oregon 95,988 1,068 1.1% 
Wisconsin 54,158 1,997 3.7% Montana 145,546 1,494 1.0% 
New Hampshire 8,953 328 3.7% Indiana 35,826 361 1.0% 
South Carolina 30,061 1,064 3.5% West Virginia 24,038 192 0.8% 
Michigan 56,539 2,001 3.5% Iowa 55,857 416 0.7% 
Connecticut 4,842 171 3.5% Wyoming 97,093 720 0.7% 
Alaska 570,641 19,304 3.4% Nevada 109,781 791 0.7% 
Utah 82,170 2,727 3.3% Nebraska 76,824 524 0.7% 
Virginia 39,490 1,282 3.2% Hawaii 6,423 42 0.7% 
Washington 66,456 1,715 2.6% Kansas 81,759 520 0.6% 
North Dakota 69,001 1,698 2.5% Colorado 103,642 452 0.4% 
Georgia 57,513 1,412 2.5% Arizona 113,594 396 0.3% 
Kentucky 39,486 921 2.3% New Mexico 121,298 292 0.2% 
Tennessee 41,235 909 2.2% 

Presenter
Presentation Notes
This table drives home the point that Florida has a lot of fresh surface water in addition to its groundwater—proportionately more water area to land area, percentage wise, than any other state in the US except Rhode Island, Washington DC, and Louisiana. These data represent only "inland" water—water that is surrounded by lands of the United States. Water bodies such as the Great Lakes are excluded. 
Additionally, if you look at just square miles of water area, Florida ranks third after Alaska and Texas.
Course leader information 
Source: Table, U.S. Geological Survey, http://ga.water.usgs.gov/edu/wetstates.html; Data: U.S. Census Bureau, Geography: State Area Measurements, 2010, http://www.census.gov/geo/reference/state-area.html




Where’s the Water in Florida? Aquifers 
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Image: http://fcit.usf.edu/florida/maps/pages/8900/f8936/f8936.htm 

Presenter
Presentation Notes
Most freshwater in Florida is not at the surface, but is located in underground aquifers that contain enormous amounts of water. Aquifers are water-bearing geologic formations of permeable rocks and unconsolidated materials including gravel and sand.
Unlike some states that draw much of their water from lakes and reservoirs, Florida is dependent upon these stores of underground water for the majority of freshwater supply. In fact, about 90% of all drinking water consumed in Florida comes from aquifers.
The aquifer shown in yellow is the Floridan (pronounced Flor-i-dan) Aquifer. It  is the deepest and most bountiful aquifer in the entire southeastern US and one of the most productive in the world. For this reason, it has been called “Florida’s rain barrel.” This water-bearing formation of ancient sea beds averages 1,000 feet thick. It extends beneath Florida, parts of southern Alabama, southeastern Georgia, and southern South Carolina.
In Florida alone it supplies the cities of Daytona, Gainesville, Jacksonville, Ocala, Orlando, Clearwater, St. Petersburg, and Tallahassee and numerous rural communities. Although it is present under the entire state, it is covered by other aquifers or layers of rock materials and does not supply potable water in those regions.
The Biscayne Aquifer, shown in blue, is the sole source of freshwater for about 4.5 million people along Florida’s Gold Coast, in densely populated Miami-Dade, Broward, Palm Beach and Monroe Counties. Westernmost Panhandle counties are supplied by the Sand and Gravel Aquifer, shown in green, which provides two percent of Florida’s potable water. Other aquifers serve the southwestern portion of the state and the eastern seaboard north of Palm Beach and still other unnamed aquifers at the surface and intermediate depths are present over much of the state, and are used when the deeper aquifers are unattainable or contain non-potable water.
For more detailed maps and discussion, see http://www.dep.state.fl.us/swapp/Aquifer.asp or Florida Water Management and Adaptation in the Face of Climate Change (November 2011) at http://floridaclimate.org/docs/water_managment.pdf
Course leader information:
Carriker, R. R. and Borisova, T. (2008). Florida’s Water Resources. http://edis.ifas.ufl.edu/fe757

http://fcit.usf.edu/florida/maps/pages/8900/f8936/f8936.htm
http://fcit.usf.edu/florida/maps/pages/8900/f8936/f8936.htm
http://fcit.usf.edu/florida/maps/pages/8900/f8936/f8936.htm


Florida’s “Karst” Topography  
 “Swiss cheese” 

limestone 
 Forms close 

connection 
between surface 
and ground water 
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Karst on Suwannee River 
Photo: A. Murray, UF 

Presenter
Presentation Notes
All of Florida is underlain by limestone, which occurs at various depths beneath the surface. Where the limestone is at or near the surface it becomes vulnerable to chemical weathering processes.
Course leader information:
See Florida’s Land Then and Now at http://fcit.usf.edu/florida/lessons/land/land.htm for a short lesson on how Florida’s land formed.



Florida’s “Karst” Topography  
 Sinkholes are a 

prominent feature 
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Photo: Randall Orndorff, U.S. Geological Survey 

Presenter
Presentation Notes
Rainwater is made slightly acidic by carbon dioxide in the atmosphere and can become more acidic as it moves through the soil. When this acidic rainwater reaches the limestone it can dissolve away some of the rock. Over millions of years this process, called dissolution, can cause numerous cavities and caves to form in the limestone. These cavities can be large enough to fit buildings in! When the material overlying one of these cavities collapses, it forms a sinkhole. The landforms created by the dissolution of limestone are called karst and include sinkholes, springs and caves.
Course leader information
See the video What is Karst (10:56) at https://www.youtube.com/watch?v=DBUZLNIlAmg for an overview of the importance of karst terrains for human and environmental health. (Note: here is the link in a different font, to make it easier to read: https://www.youtube.com/watch?v=DBUZLNIlAmg) 
For more information on karst aquifers, see the U.S. Geological Survey website, “Karst and the USGS” at http://water.usgs.gov/ogw/karst/ , which has links to a wide variety of information, including descriptions, maps, studies, and resources.






Florida’s Gems: Natural Springs 
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Photo: Swimmers at Fanning Springs. 
Tara Piasio UF/IFAS 

Photos: Ginnie Springs.  
Josh Wickham. UF/IFAS  

Presenter
Presentation Notes
Artesian springs are an enchanting feature of Florida’s landscape that are related to karst topography. The groundwater that feeds springs is recharged by seepage from the surface and through direct conduits such as sinkholes.
The majority of large springs in Florida were likely formed by sinkhole activity. Water in our aquifers rises and falls due to changes in sea level, precipitation, and water withdrawals for human uses. When water in a confined aquifer is high enough to intersect the ground surface, through a sinkhole or other karst feature, it creates a spring.
Numerous studies by Florida’s water management districts and the United States Geological Survey clearly demonstrate that land use practices in the “springshed” affect water quality. (A springshed is defined as the area that contributes groundwater to a spring.) What occurs on the land directly and indirectly affects the quality of water moving through the subsurface karst matrix. Fertilizers leaching into groundwater and leachate from septic tanks are two sources of pollution that can contaminate Florida’s springs.
The nature and magnitude of water quality threats to a spring vary according to land use practices and the geology within each springshed.
Course leader information 
Information from: 
http://www.dep.state.fl.us/springs/faq.htm
Protecting Florida’s Springs: Land Use Planning Strategies and Best Management Practices. (2002). Florida Department of Community Affairs / Florida Department of Environmental Protection. Available online at http://www.dep.state.fl.us/springs/reports/files/springsmanual_2002.pdf
You might suggest they watch Florida’s Aquifer Adventure – Florida Geological Survey Video 2 (includes information on aquifers, karst, caves, and springs) http://www.youtube.com/watch?v=b62DICn8RLg (20:43)



Florida’s Gems: Natural Springs 
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Map: Florida Department of Environmental Protection  

Presenter
Presentation Notes
This figure shows where springs are located in Florida and their respective size or “magnitude” of flow.
The majority of the springs in Florida are located where the aquifer is unconfined: that is, where it is not covered by layers of impermeable materials like clay that prevent movement of water in and out of the aquifer.
Springs form when the water table is close to the land surface, as is the case with what is called an “unconfined” or thinly confined aquifer system. These areas are very susceptible to contamination because pollutants from the land surface more easily infiltrate the groundwater below.
In other areas of the state, where the aquifer is confined, lakes and streams are more prevalent.
Map from: Florida Department of Environmental Protection. (2000). Florida’s Springs: Strategies for Protection & Restoration (p. 10). Retrieved from http://www.dep.state.fl.us/springs/reports/files/SpringsTaskForceReport.pdf
Course leader information 
Information from: http://www.dep.state.fl.us/springs/faq.htm





Snapshots of  
Historic Water Use in Florida 
 1955: 
 ~2.2 billion gallons per day of fresh 

groundwater and surface water  
 Population: 3.9 million  

 2010: 
 ~6.4 billion gallons per day of fresh 

groundwater and surface water  
 Population: 18.8 million 

Presenter
Presentation Notes
What are the historic patterns of water use in Florida?
In the 20th century, population growth and water use increased rapidly in Florida, as these figures show. From 1955 to the year 2010, Florida’s freshwater use increased rapidly (approximately 300 percent) while population increased by more than 480 percent. By 2010, Floridians were using around 6.4 billion gallons of freshwater daily. In addition to residents, the tens of millions of tourists who visit Florida annually draw upon the state’s water resources.
The most recent report on water use in Florida, Marella’s Water Withdrawals, Use, and Trends in Florida, 2010, seems to indicate a general decreasing trend of public-supply water withdrawals. (Note that in 2005 it was estimated that approximately 7 billion gallons of freshwater was being used each day.) However, the  report warns that: 
“…trends based solely on 5-year intervals could be misleading. Overall, it would be difficult to determine if the general decreasing trend between 2005 and 2010 is likely to continue because this period is more likely influenced by many factors (economic, weather, management and conservation, better methodologies and techniques used to estimate withdrawals, among others). In contrast, the notably large public-supply withdrawal that occurred in 2000 was predominantly attributable to one factor (low rainfall totals).” (p. 44) 
Course leader information 
Source:
2010 data was released by U.S.G.S. in June 2014; information is available at http://pubs.er.usgs.gov/publication/sir20145088
Marella, R. L. (2014). Water Withdrawals, Use, and Trends in Florida, 2010 (Scientific Investigations Report No. 2014-5088). (p. 38). U.S. Geological Survey. Retrieved from http://pubs.usgs.gov/sir/2014/5088/
The report shows that 6.4 billion gallons of ground and surface freshwater per day is withdrawn in Florida (plus 8.6 billion gallons of saline water) (Table 1, p. 9).



Per Capita Water Use 
Trends 
Historcal public-supply gross 
and domestic per capita 
water use in Florida, 1950-2010 

Source: Figure 9 from Marella, R. L. 
(2014). Water Withdrawals, Use, and 
Trends in Florida, 2010   
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Presenter
Presentation Notes
The good news is that per capita water use in Florida has declined since 1980 (except for 2000).
Statewide in 2010, the gross per capita average was 134 gallons per day (gpd) and the residential per capita average was 85 gpd. Note that gross per capita average includes all uses of public-supply water (domestic, commercial, industrial, public uses and losses, and other uses).
Course leader information 
“Overall, per capita water use in Florida has been decreasing since 1985, with the exception of 2000 (Marella, 2009) (fig. 9). The long-term decrease is a result of factors such as more efficient appliances and plumbing fixtures; water conservation through improved education of users, changes in rate structures, and better loss-prevention programs; the availability of reclaimed wastewater as a lawn irrigation option; water management mandates and constraints; and smaller lot sizes for new single-family homes. The singular increase in 2000 was a direct result of the extremely low rainfall for that year (Verdi and others, 2006). Another possible factor that could result in public-supply per capita decreases across Florida would be a shift by commercial and residential public-supply customers from using purchased water for lawn or landscaping irrigation to obtaining water from a canal, lake, or individual well exclusively for this purpose.” 
Information from:
Marella, R. L. (2014). Water Withdrawals, Use, and Trends in Florida, 2010 (U.S. Geological Survey Scientific Investigations Report No. 2014-5088). U.S. Geological Survey. Retrieved from http://pubs.usgs.gov/sir/2014/5088/




Where Do We Use It? 
1. Agriculture  
2. Public supply  
3. Power plants 
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Pivot irrigation on Florida farm  
Photo: Thomas Wright IFAS 

Photos: Microsoft 

Presenter
Presentation Notes
Agriculture is currently Florida’s largest user of fresh water, using around 2,551 million gallons per day in 2010 and accounting for 40 percent of ground and surface water used statewide. Improvements have been made in agriculture through use of more efficient technologies such as drip irrigation and precision scheduling. In addition, use of reclaimed wastewater for agricultural irrigation is on the rise. These improvements are expected to continue in the future as agriculture undergoes a worldwide “blue revolution” in water efficiency—triggered in response to climate change and rising demand for food production as a result of global population growth.
The second largest user in Florida at present is public supply, which includes use for residences served by public water, industries and commercial locations, and other uses such as firefighting. This use withdrew 2,250 million gallons of water per day. Public-supply withdrawals in 2010 were smallest in December and largest in April, May, and September. Seasonal differences in residential demands are caused by variations in temperature, precipitation, and tourism. Domestic use, both indoor and outdoor, makes up the largest piece of this pie, followed by commercial use. Variations from historical climatic conditions cause large demands for lawn irrigation from public-supply water systems, mostly during the drier months. April and May often exhibit the highest water withdrawals periods throughout the year. As Florida continues to urbanize in the coming years, the public supply sector is expected to overtake agriculture as the dominant water user, showing the importance to Florida’s water future of addressing residential uses.
The third largest users of freshwater are power plants, which consumed 613 million gallons of freshwater per day in 2010. (See the article “How It Works: Water for Power Plant Cooling” at http://www.ucsusa.org/clean_energy/our-energy-choices/energy-and-water-use/water-energy-electricity-cooling-power-plant.html#.VO4WEWK9KSM) for details.) Commercial and mining end uses make up the next largest category of water use, followed by recreational water uses.
Course leader information
2010 water use data from: 
Marella, R. L. (2014). Water Withdrawals, Use, and Trends in Florida, 2010 (Scientific Investigations Report No. 2014-5088). U.S. Geological Survey. Retrieved from http://pubs.usgs.gov/sir/2014/5088/



Impacts of  
Recreational Water Use 
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Photo: Thomas Wright, UF/IFAS  

Presenter
Presentation Notes
Recreational settings such as golf courses, swimming pools, irrigated playgrounds, athletic fields, parks, and cemeteries are not among the top users of the state’s water, but they do place additional demands upon water supply that become important in certain seasons and during droughts, especially in south and central Florida counties. 
These uses swallow up approximately 392 million gallons of freshwater daily, from both groundwater and surface sources. Golf course irrigation is the primary use of recreational water.
Fresh water withdrawals for recreational irrigation (primarily golf courses) increased 17% between 1990 and 2010, while golf course acreage increased 60%. Improved efficiency and increased use of reclaimed water—treated waste water—are likely reasons that the percentage of acreage increased more than that of water demand. 
Golf courses in central and south Florida irrigate year round, and deviations in normal rainfall can dramatically change water demands from this sector, right when water supply is strained from other uses. Irrigation from both ground and surface water shot up during the drought year of 2000, when annual rainfall was 20 inches short of average. Wells were used to augment irrigation ponds normally filled with rain water runoff. A helpful trend is use of “reclaimed” water for recreational watering. However, it is important to note that reclaimed water usually carries a higher nutrient load than both potable and stormwater reuse, so its use must be managed carefully to address water quality concerns. 
Course leader information
2010 data: 
Marella, R. L. (2014). Water Withdrawals, Use, and Trends in Florida, 2010 (Scientific Investigations Report No. 2014-5088). U.S. Geological Survey. Retrieved from http://pubs.usgs.gov/sir/2014/5088/




Projected Water Use in Florida 
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Graph: Florida Department of Environmental Protection, Sustaining Our Water Resources, 2010 

Presenter
Presentation Notes
Projections are for continued growth in both water use and population, although the rate of growth in both areas is at a slower pace than in the 20th century. 
The degree to which Florida successfully manages water stress in the future depends upon continued increases in water efficiency. As recent droughts have shown, even Florida’s “rain barrel” has its limits, and not all regions in the state can tap into deep aquifers.
Course leader information
Looking at past and estimated future water trends can help water managers develop strategies to ensure the sustainability of water resources throughout the state. 
Information was also obtained from: Florida Department of Environmental Protection. (2010). Sustaining Our Water Resources: Annual Report on Regional Water Supply Planning (p. 4). Retrieved from http://www.dep.state.fl.us/water/waterpolicy/docs/sustaining-our-water-resources.pdf
The Florida Department of Environmental Protection contracts with the United States Geological Survey to compile and report on water use patterns in the state. The historical data used in the report is the result of that effort and may be viewed at: http://pubs.usgs.gov/sir/2014/5088/. Estimates of projected future water use are provided by the Water Management Districts. 



Effects of Freshwater Overuse 
 What will be the 

effects of continued 
increase in use of 
freshwater? 
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Withlacoochee River dock 
during drought.  

Photo: Sally Lanigan, UF/IFAS. 

Presenter
Presentation Notes
Water demand is affected by a set of interrelated factors including population dynamics, climate patterns, economic trends, and tourism. Even though the per capita usage of water has declined, growth in population and activity in Florida has meant that absolute water use continues to rise. Projections call for a continued rise in absolute demand, amounting to usage of around 9 billion gallons per day by the year 2025. 
Will we use that much water just 11 years from now?  If we do, the adverse consequences to our state’s natural resources, economy, and communities may be substantial. State water managers are directing efforts away from continued tapping of aquifers and to other sources, including conservation. 
  



Effects of Freshwater Overuse 
 Overuse has already caused: 
 Rates of consumption exceeding  
 replenishment (net depletion) in  
 parts of South and East Florida 
 Tampa Bay area “water wars” 
 Saltwater intrusion 
 Dried up lakes and sinkholes 
 Damage to natural environments  

and aquatic wildlife 
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Presenter
Presentation Notes
We are already experiencing water shortages at present levels of usage. According to the Florida Fish and Wildlife Conservation Commission, increased rates of use will not be possible without damage to our natural environment. The state wildlife agency warns that withdrawals on the order projected could threaten fish and wildlife habitat by drawing down water in streams, wetlands, and other aquatic habitats.
Recognition is growing about the importance of keeping water within streams and rivers (in-stream flows). The state’s water managers are legally required to consider needs of wildlife as they plan for the future. In some places, current levels of water use could already be approaching the “minimum flows and levels” needed to maintain aquatic life. (Minimum water flows and/or levels (MFLs) are determined by authorities as what are necessary to prevent significant harm to the water resources of ecology of an area as a result of permitted water withdrawals.) For instance, recent research has found that the Suwannee River’s flows are decreasing as groundwater use in surrounding areas, including the greater Jacksonville area, increases.
Course leader information 
The state (DEP) projects that by the year 2025 demand for water could shoot up by an additional two billion gallons per day, to a total use of around 8.7  billion gallons per day. That’s an increase of nearly 30 percent over 2005 demand. Source: Florida Department of Environmental Protection, Sustaining Our Water Resources: Annual Report on Regional Water Supply Planning, March 2010.
Background information on the Tampa Bay area “water wars” can be found at http://news.usf.edu/article/templates/?a=2239
Information on saltwater intrusion can be found at http://water.usgs.gov/ogw/gwrp/saltwater/salt.html#fig2



Projected Impacts  
of Climate Change 
 Expected warming 

 Increase in evaporation losses 
 Likely increase in water demand  

 Increased frequency and intensity of extreme 
weather events 
 Increase in occurrence of droughts or heat waves 
 Increase in heavy rainfall events and stormwater 

runoff   
 Sea level rise  

 Increase in occurrence and rates of salt water 
intrusion 
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What is the likely effect of climate change on our water resources?
Climate change is likely to have impacts on both water supplies and demand. Although it is difficult to predict impacts of either of these factors with precision, the state’s water management districts are already recognizing that climate change is a confounding element that must be considered in planning for future water supply. 
For the next two decades a warming of about 0.2°C per decade is projected, according to the Intergovernmental Panel on Climate Change. Warmer temperatures will likely increase water demand while also increasing evaporation losses. Climate change is also expected to generate an increase in occurrence of heat waves. The effect of a period of dry, hot weather can be observed by noting the effects of the 2000 drought upon Florida’s water consumption.
The increasing occurrence of heavy rainfall events will also create potential for more stormwater runoff. In addition, sea level rise will increase the intrusion of salt water into aquifers. 
Course leader information 
To check effects of the 2000 drought, see Figure 6 in:
Marella, Richard L. (2008). Water Use in Florida, 2005 and Trends 1950-2005 (Fact Sheet No. 2008-3080). U.S. Geological Survey, Florida Department of Environmental Protection and Florida Water Managment Districts. Retrieved from http://pubs.usgs.gov/fs/2008/3080/
Warmer temperatures and sea level rise are two of the most predictable concerns related to climate change.
Additional information:
United States Global Change Research Program: Third National Climate Assessment (2014). http://www.globalchange.gov
See http://nca2014.globalchange.gov/




Florida’s Water Management Districts 

24 

Map: http://www.sjrwmd.com/history/1900-1949.html 

Presenter
Presentation Notes
In Florida, water management districts are set up to regulate quantity and quality of the state’s water. These five water management districts shown above operate under the general supervision of the Florida Department of Environmental Protection. All five of the districts’ boundaries are determined by watersheds and other natural, geographic or hydrologic features.
The water management districts are directed by the state to come up with plans for meeting future water supply.
Course leader information
The Florida Water Resource Act of 1972 established authority for management of the State’s water resources through five water management districts: the Northwest Florida (NWFWMD), the St. Johns River (SJRWMD), the South Florida (SFWMD), the Southwest Florida (SWFWMD), and the Suwannee River (SRWMD). 
The water management districts administer flood protection programs and perform technical investigations into water resources. The districts also develop water management plans for water shortages in times of drought and to acquire and manage lands for water management purposes under the Save Our Rivers program. Regulatory programs delegated to the districts include programs to manage the consumptive use of water, aquifer recharge, well construction and surface water management.
As part of their surface water management programs, the districts administer the Department's stormwater management program. This increases the districts' contacts with local governments by directing the districts to help with the development of the water elements in local government comprehensive plans. (http://www.floridadep.com/secretary/watman/). 
In 2010, the largest number of people in Florida (7.68 million people) resided in the South Florida Water Management District, which withdrew 47 percent of the State’s total freshwater withdrawn for public-supply use. The most saline water withdrawn (57 percent) was from the Southwest Florida Water Management District. The Northwest Florida Water Management District accounted for the largest amount of freshwater withdrawn for power generation use. 
A watershed is defined by the EPA as an area of land where all of the water that is under it or drains off of it goes “to a common water way, such as a stream, lake, estuary, wetland, aquifer, or even the ocean.” (http://water.epa.gov/type/)
Information taken from: 
Marella, R. L. (2014). Water Withdrawals, Use, and Trends in Florida, 2010 (Scientific Investigations Report No. 2014-5088). U.S. Geological Survey. Retrieved from http://pubs.usgs.gov/sir/2014/5088/

http://www.sjrwmd.com/history/1900-1949.html


Water Resource Caution Areas 
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Map: Florida Department of Environmental Protection 
http://www.dep.state.fl.us/water/reuse/wrca.htm 

Presenter
Presentation Notes
One management strategy that has been developed to reduce demand for freshwater is use of reclaimed water: the piping of treated wastewater to supply irrigation, industrial, and fire suppression needs. This solution arose out of water shortages in areas of the state shown in the pink color in the map. These are “Water Resource Caution Areas,” defined as areas that have critical water supply problems or are projected to have critical water supply problems within the next 20 years. 
“Critical water supply problems” are areas where water demand is or thought to exceed supply.

http://www.dep.state.fl.us/water/reuse/wrca.htm


Water Resource Caution Areas 
 Increased use of 

reclaimed water helps 
stem problems  

 Caveat: reclaimed 
water may contain 
elevated levels of 
nutrients (nitrogen 
and phosphorous) 
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Reclaimed water in Orange County.  
Photo: Milt Putnam, IFAS 

Presenter
Presentation Notes
State law requires that these areas (Water Resource Caution Areas) emphasize re-use of treated domestic wastewater as a solution to reduce demands upon groundwater and surface freshwater. As a result, use of reclaimed water has increased dramatically in recent years. In fact, about 86 percent of wastewater treatment plants produce water for reclaimed uses. This is a significant contribution to Florida’s water sustainability. 
If you see lavender-colored water pipes or manhole covers, these indicate reclaimed water infrastructure.
Course leader information 
The water management districts have identified and designated water resource caution areas as required by state law. Reuse of reclaimed water from domestic wastewater treatment facilities is required within these water resource caution areas, unless such reuse is not economically, environmentally, or technically feasible. 
Where are these areas?  As shown on the map on the previous slide, the Northwest Florida Management District designated the extreme southern portion of Okaloosa, Walton, and Santa Rosa counties and the Telogia Creek Basin in Gadsden County as a Water Resource Caution Area. The St. Johns River Water Management District designated the entire district a Water Resource Caution Area. The Southwest Florida Water Management District designated four areas (Northern Tampa Bay, Eastern Tampa Bay, Highlands Ridge, and Southern). South Florida Water Management District designated approximately 90 percent of the district. 
More and more of these purple pipes are cropping up as Florida’s water demands grow. Use of reclaimed water in Florida has increased from 266 million gallons per day (MGD) in 1990 to 719 MGD in 2013. While reclaimed water has put a dent in the amount of freshwater needed for non-potable purposes, it does have the potential to contain elevated levels of nutrients (nitrogen and phosphorous), a factor that must be considered to avoid introduction of nutrient-rich waters into ecosystems. 
For more information, see the Florida Department of Environmental Protection Water Reuse Program at www.dep.state.fl.us/water/reuse/flprog.htm. 
Reclaimed water use figures from: 
Florida Department of Environmental Protection, Water Reuse Program. (2014). 2013 Reuse Inventory. Tallahassee, FL. (Figure 3). Retrieved from http://www.dep.state.fl.us/water/reuse/docs/inventory/2013_reuse-report.pdf





Other Water Supply Alternatives 
 Drilling new well 

fields 
 Diverting surface 

water to reservoirs 
 Aquifer storage and 

recovery 
 Desalination 
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Tampa Bay Water’s  
15.5 billion gallon reservoir 

Photo: Tampa Bay Water 

Presenter
Presentation Notes
However, use of reclaimed water is not enough to meet future demand. 
As conventional water supplies are depleted, alternative approaches have emerged to augment supply. Most of these solutions shift away from use of groundwater. Here’s an overview:
Some new well fields are still being drilled in a few locations such as in northwest Florida. One drawback of drilling new wells is that draw downs in one area affect other areas served by the same aquifer. It was the drilling of well fields to address water shortages that sparked two decades of “water wars” in the Tampa Bay area. 
Other proposals involve diverting surface water from rivers and lakes and constructing reservoirs.
Then there is the use of aquifer storage and recovery, in which reclaimed or partially treated water is pumped into an aquifer for storage and subsequent use.
Another recent trend is the increase in use of brackish water, in particular as a supply for generating electric power.



What about Desalination? 

Desalination membranes  
at Tampa Bay Water’s plant.  

Photo: Tampa Bay Water 

Tampa Bay Water’s desalination plant.  
Photo: www.swfwmd.state.fl.us 

Presenter
Presentation Notes
The water-short Persian Gulf countries have led the way in desalinating sea water—removing salts from highly mineralized water—to meet demand for fresh drinking water. Increasingly, desalination is being used in Florida. Tampa Bay Water operates the largest seawater desalination facility in North America. It was built at a cost of $156 million and at full capacity can supply 25 million gallons per day of potable water. 
Desalination is far from a cure-all. It is more expensive than traditional sources and requires large amounts of energy to produce clean water relative to obtaining water from other sources. To produce one cubic meter (or about 264 gallons) of drinkable water from saltwater requires about 2 or more kWh of electricity. A recent study of the Tampa Bay water plant showed that it takes approximately 18 times as much energy to obtain freshwater as use of groundwater. This means if we were to rely completely on desalination for obtaining freshwater, our greenhouse gas emissions would increase 18-fold (with today’s technology)!
Desalination also presents the problem of disposing of concentrated brine. The primary types of desalination used in Florida are distillation, electrodialysis, and reverse osmosis. While new desalination processes including forward osmosis and new membrane designs, some even using nanotechnology, are on the horizon, it is still expected to remain expensive.
Brackish water desalination poses a less-intensive route and is being put into effect in locations across the state. Brackish water that contains lower concentrations of salt makes the process less energy-intensive than when pure seawater is used. The use of non-potable brackish water for public supply has increased steadily in Florida. In 2005, nearly 142 million gallons per day of non-potable groundwater were treated using demineralization or desalination techniques (mostly desalination) or was diluted with freshwater to meet Florida Department of Environmental Protection drinking-water standards for potable water. This process was used in 11 Florida counties: Brevard, Broward, Charlotte, Collier, Indian River, Lee, Martin, Miami-Dade, Palm Beach, St. Lucie, and Sarasota.
In addition to these three desalination processes, many public suppliers also dilute or blend non-potable or brackish water with fresh water to produce potable water.
Course leader information 
The 2 kWh figure comes from Sandra Postel, “Water, Will There be Enough?” Yes Magazine. June 2010.
A recent study conducted by UF’s Program for Resource Efficient Communities found that for the period 2007 to 2009, it took about 4kWh per cubic meter:
Kipp et. al, 2010. “Accounting for the Carbon Costs of Alternative Water Supplies in the Tampa Bay Region.” Presented at the American Water Works Association 2010 Annual Conference. Chicago, IL. June 21, 2010.
Desalination in Florida: Technology, Implementation, and Environmental Issues, available for download at http://www.dep.state.fl.us/water/docs/desalination-in-florida-report.pdf

http://www.swfwmd.state.fl.us/


The Energy-Water Nexus 
 Lots of energy is required to move water or 

to heat it. 
 Lots of water is required to produce energy.  

Therefore, saving water saves energy,  
and saving energy saves water! 

 Saving energy while saving water also cuts 
down on greenhouse gas emissions.  
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Energy and water are intricately connected. 
Example 1: Power plants are major water users. Reducing your use of electricity reduces need for cooling water by utilities. 
Example 2: Desalination plants require large amounts of energy to operate. Reducing your water use cuts back on this need for energy-intensive alternative water supplies.
Example 3: Using water-saving appliances such as efficient washing machines and dishwashers also reduces energy requirements.
Course leader information
Maybe a good place to bring up some of the energy-water nexus resources listed in the Word document Some Suggested Water-Related Resources for the Sustainable Floridians Program such as:
The Energy-Water Collision, 10 Things You Should Know at http://ucsusa.org/assets/documents/clean_energy/10-Things.pdf 
or Addressing the Energy-Water Nexus: A Blueprint for Action and Policy Agenda at http://www.aceee.org/white-paper/addressing-the-energy-water-nexus
or The Carbon Footprint of Water at�http://www.rivernetwork.org/resource-library/carbon-footprint-water 
or Burning Our Rivers: The Water Footprint of Electricity at http://www.rivernetwork.org/sites/default/files/BurningOurRivers_0.pdf 



Conservation Solutions 
 Less expensive than 

supply side projects 
 Leaves more water in 

ecosystems and for 
recreation 

 Important part of 
future water plans  
for state 
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Photos: UF/IFAS 

Presenter
Presentation Notes
Conservation is a way that every Floridian can help, both outdoors and indoors. Conservation is superior to development of new water resources. Unlike any supply-side solution, conservation minimizes effects upon fish and wildlife dependent upon minimum flows in rivers and lakes, saves money on your public water bill or your pumping costs if using well water, and contributes to the present and future water security of your community. Far and away, the largest water savings come from changes in ways of using water to maintain landscapes. 
Maintaining our yards more as the bottom photo shows can help to ensure that future surface waters are more likely to enable fishing for generations to come. The yard is a “Gold Standard” Florida-friendly Yard in Gainesville.




 Residential Use is Key 
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Graph: Florida Department of Environmental Protection, Sustaining Our Water Resources, 2010 
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Presentation Notes
As Florida continues to urbanize in the coming years, the public supply sector is expected to overtake agriculture as the dominant water user, showing the importance of residential users to Florida’s water future. Water that is publicly supplied serves residences, industries and commercial locations, and other uses such as firefighting--however, domestic use, both indoor and outdoor, makes up the largest piece of this pie.
As this graph shows, households and individual users will become part of the largest water user group in the state in the very near future.
Water managers will need to focus on ways to improve water conservation and water use efficiency in these sectors as part of their strategies to sustain fresh water supplies. Besides water restrictions, social marketing efforts are underway in several of the state’s water management districts.
Course leader information 
Variations from climatic conditions cause large demands for lawn water from public-supply water systems, mostly during the drier months. April and May often exhibit the highest water withdrawals periods throughout the year. 
Information taken from Florida Department of Environmental Protection. (2010). Sustaining Our Water Resources: Annual Report on Regional Water Supply Planning (p. 7). Retrieved from http://www.dep.state.fl.us/water/waterpolicy/docs/sustaining-our-water-resources.pdf



Promoting Water Conservation 
 What about price structure?  

Consider these relative costs: 
 Cost of tap water in Gainesville  

(July 2010):  
 $0.00256 per gallon 

 Cost of gasoline (July 2010): 
 $2.56 per gallon 

 Cost of typical carbonated beverage: 
 $8 per gallon  

 Cost of water in Myanmar (July 2010): 
 $0.0384 per gallon (15 times as much as in US) 
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Tap water 
is 1,000 times  
cheaper than 
gasoline and  
3,000 times  

less expensive  
than soda! 

Presenter
Presentation Notes
[Note to Course leader: This is an example specific to Gainesville, Florida. As the facilitator for this module you should tailor/revise this slide based on your local prices of water, gas and carbonated beverages.]
What promotes water conservation?
What about increasing the price?  Currently, municipal tap water in Gainesville is 1,000 times cheaper than gasoline, and about 3,000 times cheaper than cola. The price of water is almost certain to rise in the future based upon the economic laws of supply and demand and predictions for more widespread water shortages. 
Do you think customers should be charged different rates for water based on consumption—with tiered rates that increase after a certain threshold? Gainesville and many other utilities already do have a tiered rate structure. How different would the rate tiers have to be to effectively encourage conservation? Should utilities use revenues from high water users to fund water conservation programs?
 Course leader information 
What about increasing the cost of water? Are we paying what water is worth?  Some argue that the best way to put a damper on water use is to up the price. If you consider that the price of water is $3.33 per thousand gallons (GRU) that works out to $0.00002 per ounce (two-tenths of a cent per gallon). Compare that to the cost of gasoline at $0.02 per ounce. In developing countries, the cost is often much greater for potable water. For example in Myanmar the cost per ounce is $0.0003, that’s 15 times more expensive than water in the US. 
In theory, consumers respond to higher water prices by purchasing less water. However, national studies have shown that, so far, on average, residential customers respond to a 10 percent increase in water rates with only a 1 to 3 percent reduction in water usage. Another controversial issue related to cost is that private well users do not pay for the water they pull from the aquifer, other than in terms of their energy costs for pumping. Some critics propose that private well users should be billed for water. What do you think is the best motivation for conservation? 



Promoting Water Conservation 
 Other ways to promote conservation? 
 Regulation 
 Incentives 
 Social marketing 

 Which one(s) do you think are most 
effective? 
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Course leader information
Discussions questions. What do you think?



Where To Start? 
Reduce outdoor water use. 

Toilet, 11% 

Clothes 
washer, 9% 

Shower, 7% 

Leak, 6% 

Faucet, 6% Bath, 1% 

Dishwasher, 
1% 

Outdoor, 
59% 

Residential Average Water Use 
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Graph: American Water Works Association Research Foundation, End Uses of Water 
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Presentation Notes
The most important place to start conserving water is outside. In fact, cutting back on irrigation is the single most significant step most households can take to help preserve Florida’s water. 
Landscape irrigation represents the single largest use of water from our municipal water supplies. Quote from Frequently Asked Questions about Landscape Irrigation for Florida-Friendly Landscaping Ordinances found at http://edis.ifas.ufl.edu/wq142 ...Relative to a residential landscape irrigation study in central Florida…“Haley et al. (2007) showed that homeowners did use significantly less water in the winter than other seasons. However, overall homeowners over-watered as much as 2–3 times the amount needed by the plants, based on estimates of climate demand. Thus, there is some indication that homeowners reduce irrigation during periods when less is needed; however, it appears that over-irrigation may still occur.”  The original research publication can be found at http://ascelibrary.org/doi/pdf/10.1061/%28ASCE%290733-9437%282007%29133%3A5%28427%29
In-ground irrigation systems are not necessary in every landscape, especially if you use drought-tolerant plants and have healthy soil that is not compacted. The best way to conserve water is with a landscape that can survive on rainfall alone (with supplemental irrigation applied only during times of severe drought). Instead of choosing plants you like and installing an irrigation system to match those plants’ need for irrigation, start with the goal of not irrigating and focus on making sure the soil and other conditions on the site can support that goal. Then choose plants that will do well under those conditions. 
See the publication “Tips for Becoming a Water-Wise Floridian” at http://www.floridaenergy.ufl.edu/wp-content/uploads/FESC_Wise_Water_Use_for_Floridians_final_2011_06_24docx.pdf





Outdoor  
Water Conservation Principles 
 Reduce (best): 
 Reduce or eliminate irrigated area 
 “Hydro-zone” and plant for establishment 

irrigation only 
 Reduce irrigation window 
 Use “smart irrigation controllers” 
 Check for and repair leaks 
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In principle, the best way to conserve water is not to use it at all, so the first idea for reducing outdoor use is to eliminate irrigation. The next best idea is to concentrate plantings that do require watering  into irrigated zones instead of having to water a large expanse. Watering by hand is preferred, but if you do use an irrigation system, be sure to have “smart controllers” installed and regularly check for leaks. “Smart irrigation controllers” include rain sensors, moisture sensors and ET controllers.
Fix obvious irrigation system leaks quickly: water in puddles and broken sprinkler heads are clues to leaks. Inspect your sprinklers and drip sprayers for leaks. If you have an older irrigation system, over 50 percent and even more than 75 percent of the water can be lost to leaks. 



Outdoor  
Water Conservation Principles 
 Reuse (good):  
 Rain harvesting and stormwater reuse 
 Rain barrels or cisterns, rain gardens, etc. 

 Gray water reuse from shower/bath/sinks, 
etc. 
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The second principle to apply is to minimize the use of potable water for non-potable purposes. You can do this by capturing rain and stormwater by engineering your landscape with rain gardens. Also, you may collect water from roofs in rain barrels or cisterns for use as irrigation. Harvesting rainwater is an age-old technique that is being rediscovered. You can harvest rainwater in a range of ways, from installing a large cistern to placing a barrel at the end of your downspout. Using rainwater for watering plants spares potable water for other uses. 
Another possibility is re-using water from baths, sinks, and laundry (i.e., gray water). You’ll have to make sure that  you meet the requirements of the building code and any local ordinances – the local Department of Health would be a good starting point.
Course leader information 
See the Florida Yards & Neighborhoods document “How to Build a Rain Barrel” at http://fyn.ifas.ufl.edu/materials/FYN-HowToBuildARainBarrel.pdf
Nonpoint Source (NPS) Pollution:  http://water.epa.gov/polwaste/nps/index.cfm



Example: Madera Model Home  
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Florida-friendly Plants 

Exfiltration Tank Reinforced Turf for Parking Roof to Tank 

Smart Irrigation Controllers Rain Garden 
Photos: Program for Resource Efficient Communities / UF - IFAS 

Presenter
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Careful design can save water and keep rain on site, preventing water pollution. This home in Gainesville, previously a model home, demonstrates a variety of techniques to achieve wise water stewardship. 
These approaches  include:
Choosing drought-tolerant, native-to-the site plants;
Mulching to retain moisture, and; 
Grouping plants based on water needs.
This home is an example of “low impact development” (LID) that results in no discharge of stormwater from the property. This was achieved by capturing 1/3 of the roof stormwater (see gutter extension to ground level entry point to tank in “roof to tank” photo) to an exfiltration tank system (buried underground) and installing a rain garden in the front yard. The existing natural areas that were maintained also reduce and cleanse runoff.
Florida Yards & Neighborhoods principles were used in the landscape design that included the use of natives and “Florida Friendly” plants and incorporated a wildlife friendly design with extensive buffers and the use of snags in the rear yard buffer. Until it was sold, the model home was used to display a variety of green products to promote to the public & builders and included signage in the landscape pointing out the practices used.
Course leader information
More information on the particular exfiltration system pictured can be found at �http://www.atlantiscorp.com.au/index.php/atlantis-solutions/recycle-water-solutions/infiltration-tanks-absorption-tanks
The “reinforced turf for parking” photo is describing the area on which everyone is standing. Before the sod was installed, a wire mesh was laid directly on top of the soil. As the grass grew, the roots wrapped around the wire mesh thereby adding stability/reinforcement. This area can then be used for temporary parking with a good chance that the turf will “recover” if a vehicle is not parked there for extended periods. 



Florida-Friendly  
Landscaping Goals  
 Reduce water consumption 
 Protect water quality 
 Maintain hydrological integrity 
 Design for both humans and wildlife 
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Photos: K. Ziewitz 
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Florida-friendly landscaping goals include the reduction of water consumption, the protection of water quality, the maintenance of hydrological integrity and a design that benefits both people and wildlife. 
Florida-friendly landscaping emphasizes individual choice. If lawn areas are a personal priority, choose grass that is hardy and requires less watering (ask your local extension agent for what’s appropriate in your county and for your specific site). See “Landscape Elements for a Florida-Friendly Yard” for an overview of tips on making your yard more ecologically friendly.
Visit www.floridayards.org and http://fyn.ifas.ufl.edu/ for more information.
Got questions? See the EDIS publications: 
Checklist of Florida-Friendly Landscape Practices (http://edis.ifas.ufl.edu/ep413) and 
Homeowner Best Management Practices for the Home Lawn (http://edis.ifas.ufl.edu/ep236) 
or consult your county extension office for a wealth of information on home lawns and gardens. 



Florida-Friendly  
Landscaping Core Principles  
 Right plant, right 

place 
 Water efficiently 
 Fertilize 

appropriately 
 Mulch 
 Attract wildlife 

 Manage yard pests 
responsibly 

 Reduce stormwater 
runoff 

 Recycle 
 Protect the 

waterfront 
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See The Florida Yards & Neighborhood Handbook for details! 
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Presentation Notes
Florida-friendly landscaping is based on nine core principles shown here. These principles include choosing the right types of plants to use. The “right plants” are the hardiest plants that are best adapted for the place they are to be planted without needing added inputs. So that, ideally, means plants that will generally not need supplemental applications of water or synthetic fertilizers and pesticides once they are established. The “right place” concept considers the natural water availability without an added irrigation system and it means that soils must be healthy enough to support plant growth without continual applications of irrigation and synthetic fertilizers. 
Native soils should be preserved. If soils are to be disturbed during construction, the topsoil should be preserved and added back over any fill layer before planting. One of the biggest problems for landscape maintenance in new developments is soil compaction. 
Course leader information 
If you can obtain copies of The Florida Yards & Neighborhoods Handbook, you could give these to people who would use them. 



Water-Wise Options… 
 Homes with no turf to water  
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Some households simply go without a lawn and opt for drought-tolerant plants. This options is helpful for both water quantity and quality. 



Indoor  
Water Conservation Priorities 
 Tame the toilet:  
 Old ones: 8 gallons 

per flush (gpf);  
new ones are 1.6 
gpf or less. 

 Consider “high 
efficiency toilets.” 

 

41 

Dual flush toilet: 
Uses 0.8 to 1.6 gpf 

Composting toilet: 
Uses 0 gpf!  

Photo: Sonoma 
County Water Agency 

Photo: Environmental 
Protection Agency 
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Check your toilet. Toilets are the largest water user inside your home. Americans flush an estimated 4 billion gallons of treated, drinkable water down the toilet each day. 
Toilets made before 1994 use anywhere from 3.6 gallons per flush (gpf) up to 8 gpf, while new low flow toilets are mandated to use 1.6 gpf or less. A family of four that replaces an 1980s era with a new one could save 14,000 gallons of water per year. Going one better are high efficiency toilets (HETs), which use 20% less water. HETs come in single flush or dual flush models and are therefore rated at 1.28 gpf or less.
Note that, in some cases, you can find the date your toilet was manufactured stamped on the inside of the back of the tank. On some toilets you can find the gpf printed behind the toilet seat.



Indoor  
Water Conservation Priorities 
 Stop leaks:  
 Toilet flapper valves often leak.  

 Switch to ENERGY STAR™ qualified washers.  
 Install faucet aerators and low-flow 

showerheads. 
 Also, check for leaks while you are at it.  
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Stop Those Leaks! Check both indoors and outdoors for leaks. Many silent leaks allow water and your money to go down the drain. Studies have shown homes can waste more than 10 percent of water due to leaks, which costs both you and the environment. A leak as small as 10 drops per minute can mean 43 gallons of water lost each month. Faulty toilet flapper valves are responsible for a large amount of water loss. 
Budget for an energy and water efficient laundry machine. If your current laundry machine is inefficient, replace it with a newer, efficient model. Laundry machines are the second largest water users in homes. You can save both water and energy when you make your next washer purchase by choosing an ENERGY STAR qualified model. No matter what kind of clothes washer you have, a full load is the most efficient way to wash clothes. 
Install faucet aerators and low-flow showerheads. The most effective and inexpensive way to reduce your faucet use is by installing a faucet aerator on all your household faucets. Aerators are circular screened disks that screw on to the faucet. Another easy step is to cut shower times: a typical shower lasts about 8 minutes and uses 17 gallons. An efficient shower lasts 3 or 4 minutes and uses 7.5 gallons. Buy a shower timer if you need a reminder.
Course leader information 
The publication listed earlier in this presentation, Tips for Becoming a Water-Wise Floridian, lists 10 ways to reduce water use and 10 ways to improve water quality and provides  more details about the above tips. Also, remember the earlier homework…an online “Home Water Use…a family survey” animation and online survey available at http://www.floridaswater.com/waterconservation/survey.html
Check to see if and when the State of Florida is offering the sales tax-free weekend on both ENERGY STAR and WaterSense products…especially good information to know if planning for larger, more expensive purchases.



What About Water Quality? 
 Florida Department of Environmental 

Protection describes Florida groundwater 
quality as “predominantly in good 
condition”, however… 
 Nutrient levels are increasing in some 

areas 
 Bacteria (as total coliform) is increasing 
 Salinity is rising 
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Presentation Notes
The state monitors the quality of both groundwater and surface waters. Concerns for groundwater focus on increased nutrient levels in areas as well as the increase in salinity from saltwater intrusion. 
Course leader information 
Source: Florida Department of Environmental Protection, Division of Environmental Assessment and Restoration. (2010). Integrated Water Quality Assessment for Florida (No. 2010 305(b) Report and 303(d) List Update). Tallahassee, Florida. Retrieved from http://www.dep.state.fl.us/water/docs/2010_Integrated_Report.pdf




What About Water Quality? 
 Of 369 lakes tested 

between 1999-2008: 
 52 improving; 
 260 stable; 
 57 degrading 

 
For 966 lakes, trends 
were unknown 

44 

Photo. K. Ziewitz 

Presenter
Presentation Notes
Varied pollutants to surface water are explained more in the next slide. 
Course leader information 
Florida Department of Environmental Protection, Division of Environmental Assessment and Restoration. (2010). Integrated Water Quality Assessment for Florida (No. 2010 305(b) Report and 303(d) List Update). Tallahassee, Florida. Retrieved from http://www.dep.state.fl.us/water/docs/2010_Integrated_Report.pdf
Florida Lakewatch is a source of long-term water quality data. Click on relevant links from this website http://lakewatch.ifas.ufl.edu/index.htm





Sources of Pollution 
 Point sources 
 Industrial plant 

discharges 
 Wastewater 

treatment plant 
discharges 

 Underground 
storage sites 
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Presenter
Presentation Notes
Everyone who lives in or visits an area has some effect upon its waters. We all live, work, or play in a watershed. In order to keep our waters clean, and to clean up waters that are polluted, we need to become more aware of how our daily lives intersect with water. More information on watersheds can be found at http://www.dep.state.fl.us/water/watersheds/
Point source pollution from direct points of discharge are easy to recognize. 



Sources of Pollution 
 Non-point sources  
 Agriculture  
 Septic tanks 
 Stormwater runoff 
 Fertilizer 
 Urban development 
 Pet waste 
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Presenter
Presentation Notes
Non-point source pollution is more difficult to recognize and address because it comes from a variety of sources across a dispersed area. As runoff from rain moves, it picks up and carries away natural and human-made pollutants, finally depositing them into canals, lakes, rivers, wetlands, coastal waters and ground waters. The effects of nonpoint source pollutants on specific waters vary and may not always be fully assessed. However, we know that these pollutants have harmful effects on drinking water supplies, recreation, fisheries and wildlife.
In parts of Florida, a brew of untreated stormwater runoff from built areas, yards, and roadways runs directly into ground water or surface waters. 
Nonpoint source pollution can include:
Excess fertilizers, herbicides and insecticides from agricultural lands and residential areas
Oil, grease and toxic chemicals from urban runoff and energy production
Sediment from improperly managed construction sites, crop and forest lands, and eroding streambanks
Salt from irrigation practices
Bacteria and nutrients from livestock, pet wastes and faulty septic systems
Course leader information 
States report that nonpoint source pollution is the leading remaining cause of water quality problems. 
Nonpoint source pollution generally results from erosion, stormwater runoff, precipitation, atmospheric deposition, drainage, seepage or hydrologic modification. The term "nonpoint source" is defined to mean any source of water pollution that does not meet the legal definition of "point source" in section 502(14) of the Clean Water Act. That definition states: 
“The term "point source" means any discernible, confined and discrete conveyance, including but not limited to any pipe, ditch, channel, tunnel, conduit, well, discrete fissure, container, rolling stock, concentrated animal feeding operation, or vessel or other floating craft, from which pollutants are or may be discharged. This term does not include agricultural stormwater discharges and return flows from irrigated agriculture.”
Unlike pollution from industrial and sewage treatment plants, nonpoint source (NPS) pollution comes from many diffuse sources. In Florida, NPS pollution is caused by rainfall or excessive irrigation moving over and through the ground. As the runoff moves, it picks up and carries away natural and human-made pollutants, finally depositing them into canals, lakes, rivers, wetlands, coastal waters and groundwater.



What are “Impaired Waters”? 
 “Impaired” waters do not meet water quality 

standards for the respective “designated use:” 
 Class I: Potable water supplies (drinking 

 water) 
 Class II: Shellfish propagation or harvesting 
 Class III*: Fish consumption, recreation, 

 propagation & maintenance of a 
 healthy, well-balanced population 
 of fish & wildlife 

 Class IV: Agricultural water supplies 
 Class V: Navigation, utility, and industrial use 
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Presentation Notes
Course leader information 
The 1972 Clean Water Act (CWA) required states to develop lists of “impaired” waters. 
To protect present and future most beneficial uses of the waters, water quality criteria have been established for each classification. While some criteria are intended to protect aquatic life, others are designed to protect human health. Criteria set a “total maximum daily load” (TMDL) or the maximum quantity of a specific pollutant that can be discharged to the water body without impairing its designated use. The same water body will thus have multiple TMDLs. 
Water quality standards also include narrative criteria for pollutants and other conditions not specifically listed. The anti-degradation policy (found in Rule 62-302.300, “Findings, Intent, and Antidegradation Policy for Surface Water Quality”� https://www.flrules.org/gateway/RuleNo.asp?id=62-302.300�and Rule 62-4.242, “Antidegradation Permitting Requirements; Outstanding Florida Waters; Outstanding National Resource Waters; Equitable Abatement”�https://www.flrules.org/gateway/ruleno.asp?id=62-4.242�allows for protection of water quality above the minimum required for a classification. In the future, the state will adopt criteria that set numeric standards.
* Note that there is also a Class III-Limited – Fish Consumption; Recreation or Limited Recreation; and/or Propagation and Maintenance of a Limited Population of Fish and Wildlife designation. As stated on the DEP website, “This classification is restricted to waters with human-induced physical or habitat conditions that, because of those conditions, have limited aquatic life support and habitat that prevent attainment of Class III uses.”
For more about surface water quality classes, see: http://www.dep.state.fl.us/water/wqssp/classes.htm
It is recommended that course leaders include information here or add an additional slide related to local Basin Management Action Plans (BMAPs) or TMDLs that have already been established through state and local partners. For example, North and Central Indian River Lagoon and Banana River Lagoon already have final orders for BMAPs and TMDLs. This should be discussed along with examples of things local entities are trying to do to reduce their nutrient loads and how people can help.



Florida’s “Impaired Waters” 
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Source: Florida Department of Environmental Protection 

 Florida’s most common  
water quality problems: 
 Excess nitrogen  
 Excess phosphorous 
 Low dissolved oxygen levels  
 Fecal coliform bacteria 
 Mercury pollution 

 Other common pollutants:   
 Hydrocarbons (oil and gasoline) 
 Grass clippings 

Presenter
Presentation Notes
The most commonly found pollutants, or causes of impairment, are nutrients (nitrogen and phosphorous), low dissolved oxygen (DO), fecal coliform bacteria, and mercury.
Nutrients are elements that directly determine levels of plant productivity. The most important nutrients are nitrogen and phosphorous, both of which are essential for plant growth and development. Unavailability of a nutrient creates a “limiting factor” upon growth of plants in an ecosystem, a situation that is reversed when nutrients are introduced by human-caused processes. 
An oversupply of nutrients causes eutrophication—literally meaning “too much nutrition” that has many negative effects on aquatic ecosystems. Plants and animals that are adapted to low-nutrient levels are displaced by other organisms that thrive in nutrient-rich waters, such as algae and bacteria. Because the ecology of many Florida waters is built upon naturally low levels of nutrients, introduction of additional nutrients can dramatically affect the water body, even when nutrients are at levels that are not harmful to human health. 
Levels of dissolved oxygen (DO) indicate how much oxygen is available for invertebrates and fish in freshwater and coastal ecosystems. When excessive nutrients enter waterways, algae growth is promoted. The algae in turn are consumed by bacteria that deplete oxygen levels in the water body. Decreases in DO change the composition of aquatic systems; for instance, sport fish are intolerant of low DO. Sources of oxygen-consuming waste include stormwater runoff from farmland and urban streets, feedlots, and failing septic systems. Low levels of dissolved oxygen create “dead zones” in waters. 
Fecal coliform bacteria originate from animal waste, and enter the water column via stormwater runoff and untreated sewage. Overflows from septic tanks during the rainy season and livestock watering in streams can contribute. Elevation in fecal coliform bacteria levels is a common reason for closure of beaches. 
Unfortunately, mercury is widespread in Florida’s waters and is commonly found in fish tissue. Coal-burning power plants are the major source of mercury emissions; mercury is released as a gas and is deposited back into soil and water from the atmosphere. Florida remains heavily dependent upon coal-generated power plants for production of electricity that we use daily. Federal legislation has reduced allowable levels of mercury emissions from coal plants. However, mercury persists in the environment, so there is already a build-up from the past. Mercury that is taken up by bacteria and algae then enters the food chain and is stored in the tissue of fish; for this reason, Floridians should be aware that advisories exist for limits on eating fish from many of the state’s waters. To check the Florida Department of Health’s Fish Consumption Advisories, visit: http://www.floridahealth.gov/programs-and-services/prevention/healthy-weight/nutrition/seafood-consumption/fish-advisories-page.html
Course leader information 
Source: Florida Department of Environmental Protection, Division of Environmental Assessment and Restoration. (2010). Integrated Water Quality Assessment for Florida (No. 2010 305(b) Report and 303(d) List Update). Tallahassee, Florida. Retrieved from http://www.dep.state.fl.us/water/docs/2010_Integrated_Report.pdf



Harmful Algal Bloom 
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Photo: Chris Williams,  
courtesy of St. Johns Riverkeeper 

Presenter
Presentation Notes
These pictures show an algae bloom that occurred on the the St. John’s River in 2005. Scenes like this continue to occur and are, in part, a result of increased nutrient concentrations. Algae blooms such as this pose a threat to human health. 
Course leader information 
According to the EPA, 
“The occurrence of toxic cyanobacterial blooms in Florida waters have become more prominent following increased growth, declining groundwater supplies, and identification of impaired surface waters as future drinking water sources. Cyanobacterial toxins have been identified in source waters used for drinking water supply and in post-treated drinking water during algal bloom events. Algal toxin concentrations in post-treated drinking water have exceeded existing and proposed World Health Organization guidelines for the oral consumption of microcystin and cylindrospermopsin. Severe dermatitis has also been reported by swimmers in Florida springs where Lyngbya mats have expanded.”
Burns, John. (2005). Chapter 5: Toxic Cyanobacteria in Florida Waters. In Cyanobacterial Harmful Algal Blooms: State of the Science and Research Needs (pp. 127–137). Presented at the International Symposium on Cyanobacterial Harmful Algal Blooms (ISOC-HAB), North Carolina, USA. Retrieved from http://www.jlakes.org/book/ISOC-HAB/Ch05.pdf
Note that Harmful Algal Blooms (HABs) also pose a threat to environmental health, both because of the toxins they produce and because of the oxygen depletion that can be caused by decay of the dying algal cells overnight (particularly in partially-enclosed areas). The oxygen depletion can result in fish kills.



What Can I Do?  
 Maintain septic tanks  
 Pump out regularly (~every 3 years). 
 Avoid overwhelming the system. 
 Dispose of household cleaners or 

pharmaceuticals properly. 
 Don’t drive over the drainfield. 
 Consider installing a new, performance-

based nitrogen-reducing unit. 
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Course leader information 
A publication, “Homeowner Septic System Checklist,” can help the participants keep up with septic tank maintenance. (http://water.epa.gov/aboutow/owm/upload/2005_03_24_septics_septic_sticker.pdf)
Learn more about products under your sink, in your garage, in your bathroom and on the shelves in your laundry room at http://householdproducts.nlm.nih.gov 
Learn more about pharmaceuticals and personal care products (PPCPs) at http://www.epa.gov/ppcp/faq.html 
Learn more about disposal sites for unwanted medicines in Florida at http://www.dep.state.fl.us/waste/categories/medications/pages/disposal.htm







Graphic: Wes MacLeod UF/IFAS 

Case Study: 
Nitrogen Sources from Human Activity in Wakulla & Leon Counties 
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Relative contribution from Anthropogenic Sources 1990-1999 
Average nitrogen loading. Nitrogen from atmospheric deposition is assumed to be taken up by 
vegetation and is not included in the pie diagram. Chellette, Pratt and Katz, 2002. 

Presenter
Presentation Notes
After Wakulla Springs began to exhibit problems, researchers studied the contributing sources of nitrogen affecting the spring and determined that the nitrogen was coming from a combination of sources:
The top three contributors were, as shown above: first, nitrogen-rich water from sprayfields at the Tallahassee wastewater treatment plant, second, nitrogen from commercial fertilizer, and third, nitrogen originating from home septic tanks (On-site sewage disposal systems). Other contributing sources were nutrients excreted by livestock and sludge disposal (residual disposal).
Course leader information
Residual disposal is solid, liquid, or semi-solid waste generated from wastewater treatment plants. This waste, also called “sludge,” is rich in nutrients and may be applied to farmland as a form of fertilizer or soil amendment. Applying sludge in such a way is technically disposing of waste and is therefore regulated. The Florida Department of Environmental Protection (DEP) has established detailed regulations controlling the application of sludge to land. The regulations require all producers to classify their sludge based on the level of treatment it has received.
Source: Olexa, Michael T., & Goldfarb, Ian. (2008). The Florida Agricultural Handbook of Solid and Hazardous Waste Regulation: Residual Waste Disposal. Institute of Food and Agricultural Sciences, University of Florida, Gainesville, FL. Retrieved from http://edis.ifas.ufl.edu/fe779



Florida’s Water Management Districts 
 Basin Management Action Plans (BMAPs) – 

developed by Florida Department of 
Environmental Protection and stakeholders 
to allocate reductions necessary to meet the 
Total Maximum Daily Load (TMDL). 

 Citizens can get involved  – contact your 
water management district. 
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Course leader information
Here is a place for course leaders to discuss local BMAPs and TMDLs that have come into rule in their counties or water bodies.



So, What Can I do  
to Protect Water Quality? 
 Use fertilizer very carefully  

 Is it needed? 
 If so, what nutrients are needed? 
 If using inorganic fertilizers, choose slow-

release products. 
 Clean up any spills. 
 Don’t fertilize before predicted rains. 
 Avoid “weed and feed” products. 
 Keep at least a 10-foot low maintenance 

zone by water bodies. 
 Avoid irrigation run-off. 
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Presentation Notes
Recalling that chemicals cycle from one place to another, we can reduce the levels of added nutrients cycling into our ecosystems by making sure that fertilizers we use in our yards and gardens do not run off or leach into surface or groundwater. 
For detailed advice on how to fertilize appropriately, consult The Florida Yards & Neighborhoods Handbook. As the handbook points out, it is not always necessary to fertilize plants and lawns. “Too much fertilizer can weaken a plant, promote disease, and invite pests, as well as wasting money and harming the environment.”  
First, make sure plants actually need fertilizer. 
If so, determine what nutrients your plants need. Since there is a wide variety of choices in fertilizers, you may want to get help with fertilizer recommendations from your county extension agent.
Maintain at least a 10-ft zone of low maintenance where no mowing, fertilization or pesticide applications are carried out. The initial few feet near a water body serves to protect the water from direct spraying of fertilizer on the water during application. Maintaining a larger buffer zone can provide greater water quality protection.
For more, see The Florida Yards & Neighborhoods Handbook.
Course leader information
Prior to discussing this slide, you may want to consider showing the IFAS three minute video, Addressing the Challenge of Water Resources, from UF’s Center for Public Issues Education on the results of a recent survey of Florida residents regarding water, which is available at http://www.centerpie.com/water/ (Scroll down the page to find the link.)



What Can I do  
to Protect Water Quality? 
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Other Ways  
to Protect Water Quality 
 Limit use of hazardous 

substances, including toxic 
household cleaners and 
pesticides 

 Clean up pet wastes 
 Don’t flush medicines 

down the sink or toilet 
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Presenter
Presentation Notes
The publication referred to earlier, “Tips for Becoming a Water-Wise Floridian,” summarizes these recommendations and adds a few others. 



Photo: Microsoft 

Landscape-Greenhouse Gas Connections  
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Photo: Josh Wickham, UF/IFAS 

Presenter
Presentation Notes
Mowing directly uses energy. Producing and transporting synthetic fertilizers and pesticides also requires energy. Pumping and distributing water requires energy. 
Course leader information 
Irrigation (bottom right): “In this photo released from the University of Florida’s Institute of Food and Agricultural Sciences, extension agent Janet Bargar checks the water flow and direction of a pop-up irrigation system at a home in Vero Beach – Friday, May 25, 2007. Bargar, a water quality expert, suggests residents check with their county extension office about local watering restrictions. She says the ideal time to water is before sunrise and that residents should check irrigation systems regularly to be sure they’re working properly and not watering the sidewalk. (AP photo/University of Florida/Josh Wickham)”. 
Source: IFAS Information and Communication Services Photo Database http://ics.ifas.ufl.edu/pictures/. Picture 02101.



 



Circle Question 
What is one of your favorite Florida 
water spots? 
Have you seen this place change 
over time? 
If so, what factors are causing the 
change? 
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This is a round-robin question for this week. 



Discussion Questions 
 Do you think Floridians are prepared to face 

water shortages? How serious is your 
community about water conservation? 

 Water expert Sandra Postel writes that we 
need to be more conscious of the “water 
cost” of our daily activities and make better 
choices, from dietary choices to 
landscaping. How can “water costs” be 
made more visible? 
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Discussion Questions 
 What are some obstacles to reducing the 

amount of water used for lawn watering?  
 Considering options to promote 

conservation—regulation, pricing, incentives, 
social marketing—which ones do you think 
are most effective?  

 What are some ways you have begun to 
think about water differently? 

 What else would you like to discuss about 
water? 
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