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The time when water resources were 
abundant is over 

• Increasing demands 
• Population growth (public water supply, agricultural irrigation) 

• Changing environmental attitudes 

• Climate change 

 

• Decreasing supply  
• Climate change  

• Past unsustainable use 

 



Total water withdrawals by water-use category  
(excluding thermoelectric power), 2005,  

in million gallons per day 

Source:  
Based on Kenny, J.F., Barber, 
N.L., Hutson, S.S., Linsey, 
K.S., Lovelace, J.K., and 
Maupin, M.A., 2009, 
Estimated use of water  
in the United States in 2005: 
U.S. Geological Survey 
Circular 1344, 52 p  



Georgia: 
2,700 mil gal / day 

Public Supply: [X VALUE], 
Irrigation: [Y VALUE] 

Louisiana: 
5,171 mil gal / day 

Public Supply: [X VALUE], 
Irrigation: [Y VALUE] 

Florida: 
6,265 mil gal / day 

Public Supply: [X VALUE], 
Irrigation: [Y VALUE] 

Arkansas: 
9,426 mil gal / day 

Public Supply: [X VALUE],  
Irrigation: [Y VALUE] 

Texas:  
13940 mil gal / day 

Public Supply: [X VALUE],  
Irrigation: [Y VALUE] 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

S
h

ar
e 

o
f 

Ir
ri

g
at

io
n

 in
 T

o
ta

l F
re

sh
w

at
er

 W
it

h
d

ra
w

al
s 

(e
xc

lu
d

in
g

 T
h

er
m

o
el

ec
tr

ic
 P

o
w

e
r)

 

Share of Public Supply in Total Freshwater Withdrawals (excluding Thermoelectric 
Power) 

Total Freshwater Withdrawals (excluding thermoelectric power)  
and the %% of public supply and irrigation withdrawals 

Source:  
Based on Kenny, 
J.F., Barber, N.L., 
Hutson, S.S., 
Linsey, K.S., 
Lovelace, J.K., 
and Maupin, 
M.A., 2009, 
Estimated use of 
water  
in the United 
States in 2005: 
U.S. Geological 
Survey Circular 
1344, 52 p  



Population Growth and Irrigation Water Withdrawals 

Water data from USGS, Estimated Use of Water in the United States 
in 2005. Table 6, Page 20; population data from U.S. Census Bureau, 
State Interim Population Projections by Age and Sex: 2004-2030. 
http://www.epa.gov/watersense/our_water/tomorrow_beyond.html 

• Irrigation Water Withdrawals (USGS 2005) 

Source:  
Based on Kenny, J.F., Barber, N.L., Hutson, S.S., Linsey, K.S., Lovelace, J.K., 
and Maupin, M.A., 2009, Estimated use of water in the United States in 2005: 
U.S. Geological Survey Circular 1344, 52 p  

http://www.epa.gov/watersense/our_water/tomorrow_beyond.html


Public Supply and Irrigation 

Percentage Change in Population by Core Based Statistical Area: 2000 to 2010  

Wilson et al. 2012. Patterns of Metropolitan and Micropolitan Population Change:2000 to 2010. 2010 
Census Special Reports, C2010SR-01, US Census Bureau 

http://water.usgs.gov/watercensus/image/freshwater_withdrawals_lg.jpg 

Irrigation Freshwater Withdrawals, gal per sq mile per day, 2005 (USGS) 

http://water.usgs.gov/watercensus/image/freshwater_withdrawals_lg.jpg


Future:  
Changes in the acreage of agricultural crops? 
 

http://www.nass.usda.gov/research/2007mapgallery/album/Farms/Land_in_Farms_and_Land_Use/slides/Irrigated%20Land%20-%20Change%20in%20Acreage.html 
http://www.nass.usda.gov/research/2007mapgallery/album/Farms/Land_in_Farms_and_Land_Use/slides/Acres%20of%20Irrigated%20Land.html 

http://www.nass.usda.gov/research/2007mapgallery/album/Farms/Land_in_Farms_and_Land_Use/slides/Irrigated Land - Change in Acreage.html
http://www.nass.usda.gov/research/2007mapgallery/album/Farms/Land_in_Farms_and_Land_Use/slides/Irrigated Land - Change in Acreage.html
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http://www.nass.usda.gov/research/2007mapgallery/album/Farms/Land_in_Farms_and_Land_Use/slides/Acres of Irrigated Land.html
http://www.nass.usda.gov/research/2007mapgallery/album/Farms/Land_in_Farms_and_Land_Use/slides/Acres of Irrigated Land.html
http://www.nass.usda.gov/research/2007mapgallery/album/Farms/Land_in_Farms_and_Land_Use/slides/Acres of Irrigated Land.html


Source:Reilly, T.E., Dennehy, K.F., Alley, W.M., and Cunningham, W.L., 2008, Ground-Water Availability in the United States:  
U.S. Geological Survey Circular 1323, 70 p., also available online at http://pubs.usgs.gov/circ/1323/ 

Water Supply Side: 



with hatching 
indicating a 
significant trend.  

Water Supply Side: Climate Change 

Source:USGCRP (2009) 
Copied from: 
US EPA, 2013. Climate 
Impacts on Water 
Resources. 
http://www.epa.gov/clim
atechange/impacts-
adaptation/water.html 
 

Based on AgriLife Extension, as reported on  
http://www.statesman.com/news/news/state-regional/drought-cost-
texas-close-to-8-billion-in-agricultu/nRmNt/ 

http://downloads.globalchange.gov/usimpacts/allimages/3-Water/3-Hi res/3-Water-pg-43.jpg
http://downloads.globalchange.gov/usimpacts/allimages/3-Water/3-Hi res/3-Water-pg-43.jpg
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Source: 
Data downloaded from U.S. EPA
Watershed Assessment, Tracking & Environmental ResultS
(http://www.epa.gov/waters/data/downloads.html)
Download date: January 21, 2013

303(d) List of Impaired Waters



Competition for Water: Examples 

http://wateractionteam.org/peaceful-protest/ 

http://wateractionteam.org/peaceful-protest/
http://wateractionteam.org/peaceful-protest/
http://wateractionteam.org/peaceful-protest/


http://www.nytimes.com/2013/09/15/us/amid-drought-a-water-fight-spills-into-legal-territory.html?_r=0 
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Policy Changes 

• Statewide numeric nutrient criteria 

• Mandatory water quality BMPs 

• Monitoring agricultural water use 

• State water supply plans 
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Source: 
Data downloaded from U.S. EPA
Watershed Assessment, Tracking & Environmental ResultS
(http://www.epa.gov/waters/data/downloads.html)
Download date: January 21, 2013

303(d) List of Impaired Waters



Statewide numeric nutrient criteria 

• Narrative criterion: “In no case shall nutrient concentration of a body of 
water to be altered so as to cause an imbalance in natural populations of 
flora or fauna” (Florida) 

 

• Justification for numeric nutrient standards (EPA) 
• Easier and faster identification of impaired waters 

• Easier and faster development of TMDL / restoration 

• Facilitate protective permitting 

• Facilitate evaluation process of load reduction programs 

• Provide measurable baseline and goals 

• Avoid ad hoc evaluation of water bodies  

 
James E. Charles and Wayne E. Flowers . Numeric Nutrient Criteria for Surface Waters: “Coming to a Neighborhood Near You” 
Lewis, Longman & Walker, P.A.. http://www.llw-law.com/files/articles/NNC_for_Surface_Waters_JEC_WEF_00059893.PDF 
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Progress towards Adopting Statewide TN and TP Numeric Water Quality Standards 

State Watertype 
1. Planning for Criteria 

Development 
2. Collection of 

Information & Data 
3. Analysis of 

Information & Data 4. Proposal of Criteria 
5. Adoption of Criteria 

(EPA-Approved) 

 
Alabama 

Lakes/Reservoirs/Rivers/Streams  Dec. 2016 
Dec. 2015 Dec. 2015 

Dec. 2015 Dec. 2016 

Estuaries Dec. 2013 Dec. 2016 Dec. 2017 

 
Florida 

Lakes/Reservoirs 
Complete 

Complete 

Rivers/Streams / Estuaries Sept. 2013 

Georgia 

Lakes/Reservoirs  

Complete 

Dec. 2017 Jun. 2018 Jun. 2019 Dec. 2019 

Rivers/Streams  Jun. 2018 Dec. 2018 Dec. 2019 Jun. 2020 

Estuaries Dec. 2018 Jun. 2019 Jun. 2020 Dec. 2020 

Kentucky 

Lakes/Reservoirs 

Complete 

No Date Provided 

TBD 

Dec. 2018 Dec. 2018 

Rivers/Streams - Non-Wadeable 
Collection Underway 

TBD 

Rivers/Streams - Wadeable Dec. 2016 Dec. 2018 

Mississippi 

Lakes/Reservoirs/Rivers/Streams - Delta 

Complete 

Mar. 2014 3/31/2014 11/30/2014 6/30/2015 

Lakes/Reservoirs/Rivers/Streams -Non-Delta 
Dec. 2012 Dec. 2012 Jun. 2013 Dec. 2013 

Estuaries Dec. 2012 Dec. 2012 Dec. 2013 Dec. 2013 

South Carolina 

Lakes/Reservoirs > 40 acres  Complete 

Lakes/Reservoirs <= 40 acres No Date Provided 

Rivers/Streams No Statewide Development Intended 

Estuaries No Date Provided Dec. 2012 Dec. 2013 Dec. 2014 

Arkansas,  
Louisiana,  
New Mexico, 
North Carolina, 
Oklahoma, 
Tennessee, 
Texas: 
 
No Dates Provided 



Your state is next! 

• Nutrient pollution is a priority issue for EPA 

 

• Environmental groups can take control of the process (lawsuit)  

 

• State and local governments and regulated community should be proactive in developing / 
implementing NNC 
• Land use planning as a mean to address nutrient loading on a going forward basis 

• Establishing financial mechanisms upfront as a part of a plan for compliance 

• Develop / refine TMDL process to insure cost-effective and successful implementation of NNC 

 

16 
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State-Wide Numeric Nutrient Criteria for Surface 
Water: Cost estimates for original EPA proposal 

• What water bodies will incrementally be affected? 

• What sources will incrementally be affected? 

• What projects will be needed? At what costs? 

18 

Source: American Water 
Intelligence, Vol 3, Issue 5 (May 
2012) 
EPA data understates value of 
nutrient recovery market 
http://www.americanwaterintel.
com/archive/3/5/market-
analysis/epa-data-understates-
value-nutrient-recovery-
market.html 
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Example: 
Florida’s 

Implementation 
of NNC for 

Streams 

Source: FDEP, 2013. Implementation of 
Florida’s Numeric Nutrient Standards. 
http://www.dep.state.fl.us/water/wqssp/nutrients/
docs/NNC_Implementation.pdf 

http://www.dep.state.fl.us/water/wqssp/nutrients/docs/NNC_Implementation.pdf
http://www.dep.state.fl.us/water/wqssp/nutrients/docs/NNC_Implementation.pdf


Policy Changes 

• Statewide numeric nutrient criteria 

• Mandatory water quality BMPs 

• Monitoring agricultural water use 

• State water supply plans 
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Florida: Mandatory water quality BMP 
implementation  

 Ag BMPs are mandatory in the areas with adopted 
Basin Management Action Plans (BMAPs) 

 

– Give the presumption of compliance with state water quality 
standards 

 

 Ag BMPs are “practical, cost-effective actions … 
designed to protect or improve water quality while 
maintaining or even enhancing agricultural production”. 

 



Florida: BMP Statewide Enrollment 



http://www.growingproduce.com/article/30421/south-florida-farmers-set-
standard-for-water-quality 
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Policy Changes 

• Statewide numeric nutrient criteria 

• Mandatory water quality BMPs 

• Monitoring agricultural water use 

• State water supply plans 

 



Monitoring agricultural water use 
• Georgia: In 2004, the Georgia General Assembly passed and the governor signed House Bill 579, 

which required all permitted irrigation withdrawals in Georgia to be metered by 2009, depending 
on available funds. 

http://ga.water.usgs.gov/projects/agwater/ 

http://ga.water.usgs.gov/projects/agwater/


Monitoring agricultural water use 
• Florida: 

•  Consumptive Use Permit 
Consistency initiative (discussed) 

• To incentivize conservation of water, if 
actual water use is less than permitted 
use due to documented 
implementation of water conservation 
measures, the permitted allocation 
will not be modified by the District 

 

• Suwannee River Water Management 
District: 

• The need for agricultural irrigation is 
proposed to be determined using  
Agricultural Fields Scale Irrigation 
Requirements Simulation (AFSIRS) 
model developed by UF 

• Input: crop types, irrigation system 
type,  and efficiency, planting season(s), 
soil type(s), soil water holding capacity, 
water table depth, etc. Supplemental 
irrigation is evaluated based on the 1-in-
10 year drought conditions 



Policy Changes 

• Monitoring agricultural water use 

• Statewide numeric nutrient criteria 

• Mandatory water quality BMP implementation  

• State water plans 

 



Texas: 2012 State Water Plan 
• Meet drought of record water needs 

• 50-year planning horizon 

• 5-year planning cycle 

Sources:  
Ag Water in the 2012 State Water Plan, Carolyn Brittin, Texas Water Development 
Board. http://texasagwaterforum.blogspot.com/ 
Texas Water Development Board. 2012 State Water Plan. 
http://www.twdb.state.tx.us/waterplanning/swp/2012/ 
 

http://waterpr.com/Plan-Brittin.pdf
http://waterpr.com/Plan-Brittin.pdf
http://texasagwaterforum.blogspot.com/
http://texasagwaterforum.blogspot.com/
http://texasagwaterforum.blogspot.com/
http://www.twdb.state.tx.us/waterplanning/swp/2012/


Future: 

• Improving irrigation efficiency 
• Improved irrigation water management technologies  

• Drought tolerant crop varieties  

• Improving irrigation scheduling 

• Conservation practice adoption (e.g., conservation tillage) 

• Improving irrigation conveyance system 

DRY-BY-WIRE: Soil sensors, software and variable-rate 
technology will help cut down on unnecessary irrigation, 
saving water for rivers, streams and wildlife. Image: 
Calvin Perry / U.G.A. 
Copied from Biello, 2012   

Source: Wagner, K. 2013. Status and Trends of Irrigated Agriculture in Texas.  
http://waterpr.com/Trends-Wagner.pdf and 
http://twri.tamu.edu/docs/education/2012/em115.pdf 

http://waterpr.com/Trends-Wagner.pdf
http://waterpr.com/Trends-Wagner.pdf
http://waterpr.com/Trends-Wagner.pdf
http://waterpr.com/Trends-Wagner.pdf
http://twri.tamu.edu/docs/education/2012/em115.pdf


Future: 
• Improving irrigation efficiency 



Future: 
• Improving irrigation efficiency 



Future: 
• Improving 

irrigation 
efficiency 

Texas 

Source: 
Wagner K., 
2013. 
Status and 
Trends of 
Irrigated 
Agriculture 
in Texas. 
Texas 
Water 
Resources 
Institute 
http://wate
rpr.com/Tr
ends-
Wagner.pd
f 

Florida 

http://waterpr.com/Trends-Wagner.pdf
http://waterpr.com/Trends-Wagner.pdf
http://waterpr.com/Trends-Wagner.pdf
http://waterpr.com/Trends-Wagner.pdf
http://waterpr.com/Trends-Wagner.pdf
http://waterpr.com/Trends-Wagner.pdf


Future: 
• Biotechnologies / drought tolerant crops? 

http://www.ers.usda.gov/amber-waves/2012-june/private-industry.aspx#.Uj8kLIZwpgh 

http://www.ers.usda.gov/amber-waves/2012-june/private-industry.aspx.Uj8kLIZwpgh
http://www.ers.usda.gov/amber-waves/2012-june/private-industry.aspx.Uj8kLIZwpgh
http://www.ers.usda.gov/amber-waves/2012-june/private-industry.aspx.Uj8kLIZwpgh
http://www.ers.usda.gov/amber-waves/2012-june/private-industry.aspx.Uj8kLIZwpgh
http://www.ers.usda.gov/amber-waves/2012-june/private-industry.aspx.Uj8kLIZwpgh
http://www.ers.usda.gov/amber-waves/2012-june/private-industry.aspx.Uj8kLIZwpgh
http://www.ers.usda.gov/amber-waves/2012-june/private-industry.aspx.Uj8kLIZwpgh


Future: 
Source: 
Copied 
from  
Wagner K., 
2013. 
Status and 
Trends of 
Irrigated 
Agriculture 
in Texas. 
Texas 
Water 
Resources 
Institute 
http://wate
rpr.com/Tr
ends-
Wagner.pd
f 

http://waterpr.com/Trends-Wagner.pdf
http://waterpr.com/Trends-Wagner.pdf
http://waterpr.com/Trends-Wagner.pdf
http://waterpr.com/Trends-Wagner.pdf
http://waterpr.com/Trends-Wagner.pdf
http://waterpr.com/Trends-Wagner.pdf




Northern 
Everglades Payment 
for Environmental 

Services 
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 “…With a $7 million investment over 10 
years, the eight contracts will provide 
4,800 acre-feet of water retention in the 
Northern Everglades to assist with 
meeting the storage and water quality 
improvement goals for the watershed.  



Northern Everglades Payments for Environmental 
Services Program 

http://www.fresp.org/project_sites.php 

http://www.fresp.org/project_sites.php


Watershed Payments: A Possible Solution? 
Source: Bennett, G., N. Carroll, and K. 
Hamilton. (2013). Charting New 
Waters: State of Watershed Payments 
2012. Washington, DC: Forest Trends. 
Available online at 
http://www.ecosystemmarketplace.co
m/reports/sowp2012 

Historical 
Transactions 
by State, 
United 
States  



Thank You! 

• Questions? 



http://www.tampabay.com/news/environment/governor-sues-georgia-over-water-as-rubio-
and-nelson-blame-army-for-lost/2136319 

Competition for Water: Examples 

http://www.tampabay.com/news/environment/governor-sues-georgia-over-water-as-rubio-and-nelson-blame-army-for-lost/2136319
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The Changing Face of the Southern Region 
Summary 

 Half of US projected population growth will be in 13 
southern states; 

 Growth is expected to be primarily urban; positive and 
negative effects on rural economic development; 

 Potential conflict at the expanded rural-urban fringe with 
competition for land uses; 

 Can markets help with allocating water among competing 
uses and water quality? 

 Role of economic research / extension education in public 
debate? 



Consumptive Use Permits (SWFWMD) 

The applicant 
submits the 
application form, all 
required 
supplemental 
information forms, 
and all required 
documentation so 
that the District 
Water Use 
Regulation 
evaluation staff 
(mostly geologists) 
can determine if the 
use of water is 
reasonable and 
beneficial, does not 
impact an existing 
legal use, and is in 
the public interest.  

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

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


How state policies are changing to operate 
in “water-scarce” environment? 

 Proposed Changes to Water Resource Implementation Rule: 

 

– Allow the WMDs to consider permit extensions as a possible incentive 
to implement water conservation strategies. 

 

– Water Utilities: “… In areas where withdrawals are unable to meet 
the conditions for permit issuance due to resource limitations, an 
applicant may propose the use of a substitution credit derived from 
the use of reclaimed water as part of a permit application. “  

 

 CS/CS/HB 713: Water Quality Credit Trading 

– Authorizes DEP to implement water quality credit trading in adopted 
basin management action plans;  



Future 

• Increasing the “available” stock of 
water resources 
• Desalination 
• Water storage 

 

 

• Improving efficiency 
• Biotechnologies 
• Precision ag 
• water reuse  
• Changing habits / lifestyle 

 

 

• Reallocating water among 
competing demands? 

Sources: Schaible and Aillery,  2012; Turral, Svendsen, and Faures, 2010; Zotarelli, Fraisse, and Dourte, 2012 ; Biello 2012 
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Tampa Bay Seawater 
Desalination Plant 

- up to 25 million gallons 
per day of drinking 
water 
 

- BUT: Desalination is 19 
times more expensive 
than groundwater 
supply 

 
- Desalination is 18 times 

more carbon intense 
than groundwater 
supply (Kipp et al 2011)  



Future 

• Increasing the “available” stock of 
water resources 
• Desalination 
• Water storage 

 

 

• Improving efficiency 
• Biotechnologies 
• Precision ag 
• water reuse  
• Changing habits / lifestyle 

 

 

• Reallocating water among 
competing demands 

Sources: Schaible and Aillery,  2012; Turral, Svendsen, and Faures, 2010; Zotarelli, Fraisse, and Dourte, 2012 ; Biello 2012 
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Population Growth and Domestic Water Use 

Water data from USGS, Estimated Use of Water in the United States 
in 2005. Table 6, Page 20; population data from U.S. Census Bureau, 
State Interim Population Projections by Age and Sex: 2004-2030. 
http://www.epa.gov/watersense/our_water/tomorrow_beyond.html 

Source:  
Based on Kenny, J.F., Barber, N.L., Hutson, S.S., Linsey, K.S., 
Lovelace, J.K., and Maupin, M.A., 2009, Estimated use of 
water in the United States in 2005: U.S. Geological Survey 
Circular 1344, 52 p  

Population and Freshwater 
Withdrawals, 1950 – 2005 (USGS 2005) 

http://www.epa.gov/watersense/our_water/tomorrow_beyond.html
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