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Greetings:

As we celebrate the 40th observation of Earth Day I hope this report, The State
of Georgia’s Environment 2009, provides Georgians with an understanding of both
the progress made and challenges remaining in the protection of our natural

resources. Think of it as a report card on how we are doing in protecting human

health and sustaining healthy ecosystems and the natural resources on which our
economy relies.

As one famous Georgian, Pogo*, declared during the 1970 Earth Day, “We have met the enemy and he is us.”

In other words, what each of us does individually matters to the quality of Georgia’s environment and the
sustainability of our planet. Pogo’s message to us on that first Earth Day is still true today as Georgia’s

population has grown to more than 10 million people. In this report you will read that many of our challenges

result from the cumulative impact of the choices each of us make every day that affect, for example, the
amount of waste we throw away, the emission of air pollutants, and how we care for our land and water

resources.

In compiling the report, we drew on the best available information from state and federal agencies. In
addition to data available at the Environmental Protection Division (EPD), information was provided by the

Wildlife Resources Division and the Coastal Resources Division of the Georgia Department of Natural

Resources. We also want to thank and acknowledge the Georgia Environmental Facilities Authority, the
Public Health Division of the Georgia Department of Human Resources, the University of Georgia, the U.S.

Environmental Protection Agency and the U.S. Geological Survey for providing information. The contributions

from the individuals listed at the end of the report also are appreciated.

Please note that The State of Georgia’s Environment 2009 is also available for viewing, download and

printing from EPD’s Web site at http://www.georgiaepd.org/Documents/soe2009.html.

For more information on what you can do to help protect, preserve and restore Georgia’s environment,
please visit the Conserve Georgia Web site at http://www.conservegeorgia.org.

Sincerely,

Carol A. Couch
Director
Environmental Protection Division

* Cartoonist Walt Kelly’s creation, Pogo is a wise-cracking resident of the Okefenokee Swamp.
Mr. Kelly’s comic strip ran from 1949 until 1975.
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Georgia is rich in natural resources
and beauty. From the wilds of the

Okefenokee Swamp to the grandeur of
the Blue Ridge Mountains, many of us
have been touched by this beauty. And,
we all rely on the state’s natural
resources to support the quality of life
we enjoy.

As the state’s population approaches 10
million, however, much of Georgia’s
environment has been changed from its
native condition. The state’s 14 percent
growth between 2000 and 2006 was
more than twice the national average,
making Georgia the third fastest
growing state in the U.S. A growing
population means that decisions
regarding how growth is accommodated
become increasingly important to the
state’s environmental quality.

The state’s economic growth has kept
pace with its population growth and
both trends are expected to continue
over the coming decades. This growth
brings many opportunities — opportuni-
ties that only can be achieved if
supported by effective management of
environmental and natural resources. As
Georgia grows, environmental progress
will be necessary to sustain economic
progress.

The Environmental Protection Division’s
(EPD) job is to protect and restore the
state’s environment, by taking the lead
in ensuring clean air, water, and land to
provide a foundation for a vibrant
economy and healthy communities.
EPD envisions Georgia’s environment as
healthy and sustainable, with its natural
resources protected and managed to
meet the needs of the current genera-
tion and those to come.

This vision is consistent with the state’s
strategic goals (see sidebar. Within the
state strategic plan, two specific goals
are directly related to EPD’s mission:

• Improve overall environmental
quality and conservation practices

• Provide a safe environment where
Georgians live, work and play

Drawing on these goals, EPD has
identified three primary objectives for
environmental management:

• Protecting human health

• Sustaining healthy ecosystems

• Ensuring resources to support a
growing economy
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I n t r o d u c t i o nAbout this report

An update and expansion of 2003’s
Georgia’s Environment, this report
is a resource for the citizens of
Georgia. It highlights what we know
and don’t know about the condition
of Georgia’s environment, and
illustrates progress and challenges
that are fundamental to the state’s
strategic goals and EPD’s mission.

What are the state’s
strategic goals?

• A growing Georgia
• A safe Georgia
• A healthy Georgia
• An educated Georgia
• The best managed state in the U.S.

What is EPD’s mission?

The Environmental Protection
Division protects and restores
Georgia’s environment. We take the
lead in ensuring clean air, water and
land. With our partners, we pursue
a sustainable environment that
provides a foundation for a vibrant
economy and healthy communities.

What is EPD’s vision?

Georgia’s environment is healthy
and sustainable. Natural resources
are protected and managed to meet
the needs of current and future
generations. All Georgians under-
stand the importance of a healthy
and sustainable environment and
act to protect and restore it. EPD is
responsive, effective and efficient.
Associates are valued and empow-
ered to use their expertise and
creativity as leaders in protecting
Georgia’s environment.

On the Web:
http://www.opb.state.ga.us/strategic-
planning/strategic-planning.aspx

http://www.gaepd.org/Documents/
mission.html
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This report provides a starting point to
evaluate the state’s progress toward
meeting these objectives. It presents
indicators that track the condition of
Georgia’s environment and human
activities that can alter environmental
conditions. With this information, EPD
and its partners in the public and private
sectors can help the state plan for
growth and better manage its out-
comes.

What are environmental
indicators?

Environmental indicators are measures
of environmental conditions and the
human activities that can alter them.
They are based on readily available data
from different sources and, to the
extent possible, are numerical. Indica-
tors may show trends over time or they
may address only one point in time as a
starting point for future measurements.
They are chosen and evaluated to
answer specific questions about the
condition of Georgia’s environment.
Some indicators can provide only partial
answers because of limited data or
information.

What are the best indicators to help
evaluate progress in meeting environ-
mental objectives? In certain cases, the
answer is easy. Under federal or state
laws, standards have been established
to assess the condition of certain
natural resources. Currently, there are
standards for air quality; drinking water
quality; the quality of water in rivers,
streams, lakes and coastal waters; and
for land contaminated with hazardous
substances. These standards define
indicators that can be used to measure
progress.

For many other environmental condi-
tions, however, standards do not exist.
In these cases, other indicators of
environmental quality were selected to
compare patterns or trends. For ex-
ample, the amount of Georgia’s land in
forest and wetlands is important to the
quality of the state’s waters. However,
simply looking at the number of acres
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for the current year does not indicate
whether or not Georgia’s environment is
healthy; but comparing the numbers
from several years will show a trend —
either positive or negative — that can
be used to evaluate progress.

This report uses a variety of indicators
that track the condition of Georgia’s air,
water and land resources. Indicators
related to human activities that alter
those conditions — for better or for
worse — also were selected. Examples
include the release of pollutants,
alteration of wildlife habitat, withdrawal
of water for water supply and land
conservation efforts.

The indicators in this report were
chosen based on their relevance to the
three environmental objectives, the
time period and geographic area they
address and the quality of available
data.

Overall, indicators were chosen to
describe the status of Georgia’s major
natural resources, to highlight the
critical issues that have been evident
for some time, and to introduce
emerging issues that will require
attention in the near future.
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The changing face of Georgia

Population and economic conditions set
the context for the discussion of
environmental indicators and the
changing condition of Georgia’s envi-
ronment. Recent trends in population
and economic conditions, and the
energy use associated with these
changes, are highlighted below. These
trends highlight the opportunities and
challenges associated with Georgia’s
growth, and provide a starting point for
evaluating the state of Georgia’s
environment.

Population

• The state’s population doubled
between 1960 and 2000. Today,
more than 9 million people call
Georgia home.

• During the 1990s, Georgia grew 26
percent while the U.S. grew 13
percent. Migration from other
states and countries accounts for
more than half of Georgia’s growth.

• Population growth varies across
the state. One hundred counties
have populations less than 35,000.
Twenty-three counties are
projected to lose population until
2015.

• Almost 75 percent of Georgia’s
population is concentrated in
metropolitan areas. Most of the
state’s fastest growing counties are
in or adjacent to metro Atlanta and
along the coast.

Figure 1   Population changes in Georgia by county, 1990 - 2000. (U.S. Census
Bureau)

-56.6 -     0.0

    0.1 -   20.0

  20.1 -   50.0
  50.1 - 100.0

100.1 - 468.4

% loss

% gain

% gain

% gain

% gain

Sources of statistics

Georgia in Perspective 2007:
A Statistical Profile of the State,
Georgia Office  of Planning and
Budget; Georgia Energy Review
2005 (updated 2006), Georgia
Environmental Facilities Authority;
Georgia Statewide Comprehensive
Outdoor Recreation Plan 2008-
2013, Georgia Parks, Recreation and
Historic Sites Division.

http://www.georgiaepd.org/Images/soefig1.jpg


5

S
ta

te
 o

f G
e

o
rg

ia
’s E

n
v

iro
n

m
e

n
t 2

0
0

9
 // In

tro
d

u
c

tio
n

Figure 2  Georgia’s population, 1900 - 2015. (1900 - 2000 from the U.S. Census
Bureau; projections for 2010 and 2015 from the Georgia Office of Planning and
Budget)

0

2,000,000

4,000,000

6,000,000

8,000,000

10,000,000

12,000,000

19
00

19
10

19
20

19
30

19
40

19
50

19
60

19
70

19
80

19
90

20
00

20
10

20
15

Figure 3  Per capita gross domestic product, 1997-2007. This figure illustrates the
trend in economic output compared to population. (Bureau of Economic Analysis,
Regional Economic Accounts)
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Economy

• Georgia’s gross domestic product
(GDP) nearly quadrupled between
1984 and 2004 — from $88.6
billion to $343.1 billion. The state’s
per capita GDP has consistently
exceeded that of the southeastern
region.

• Georgia’s per capita income
increased 43.5 percent between
1995 and 2005.

• The state’s median household
income of $44,140 in 2005 was
second highest among south-
eastern states.

• Economic conditions vary across
the state. Most of the state’s
southern counties have median
household incomes less than
$30,000.
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Sustaining healthy ecosystems, the
second environmental objective

addressed in this report, is fundamental
to the environmental progress neces-
sary to support population growth and
economic development.

The term “ecosystem” refers to all the
plants and animals in an area, the
interactions between them, and the
physical environment in which they live.
This objective addresses the health of
Georgia’s ecosystems and their capacity
to provide services that support basic
human needs – a capacity that is
essential to support a growing popula-
tion and economy and to the
sustainability of life on the planet.

Ecosystems provide a variety of services
every day. Ecosystem services include
production of food and fiber, removal of
pollution and purification of air and
water. Healthy ecosystems help
regulate the climate, control flooding,
and provide habitat for fish and wildlife,
including species that are commercially
important. They support recreational
activities, like fishing, hunting, and
hiking, with the economic benefits they
bring.  Healthy ecosystems also provide
less tangible spiritual and educational
values.

Healthy ecosystems are a kind of
natural capital that helps support our
quality of life, like the financial capital
that helps support our economy.
However, human activities – particu-
larly the way we use and alter land –
can degrade this natural capital and the
services on which we rely.

Evaluating the health of Georgia’s
ecosystems starts with examination of
the land itself. The way that land is
used, and the way it has been altered as
Georgia’s population has grown, affects
the state’s ecosystems.

This report tracks those effects by
looking at two important components
of ecosystems: the habitat they provide
and the species of plants and animals
that live in that habitat. Habitat refers
to the physical features of an area and
the vegetation found there, which
determines the suitability of that area
for different species.

While there are few accepted standards
or thresholds that define the health of
an ecosystem, a number of measures
are generally accepted as indicators of
ecosystem health that can be used to
compare regions and to track changes in
ecosystems over time (Table 2.1).

Sustaining
Healthy Ecosystems

Table 2.1  Indicators of the condition of the state’s natural resources.

Georgia’s natural heritage:
Biological diversity

Georgia has an extraordinarily rich
natural heritage. Variations in
topography and geology across the
state produce a wide variety of
ecosystems. Terrestrial ecosystems
range from the live-oak seaside forests
of the coast to the rock outcrops of
north Georgia. Aquatic ecosystems
include small streams, large rivers,
lakes and estuaries where the state’s
major rivers meet the sea.

This ecosystem diversity, in turn,
supports a highly diverse mix of
plants and animals. Compared to
similar ecosystems around the world,
the hardwood forests in north
Georgia, mixed forests in the
Piedmont, and longleaf pine forests
in the Coastal Plain all have excep-
tional biological diversity, as do many
of the state’s streams and rivers.

Georgia is part of a global “hotspot”
of diversity for plants and animals.
Nationally, Georgia ranks sixth
among the states in overall species
diversity. It ranks second in the
number of amphibian species, third
in freshwater fish and crayfish
species, and seventh in reptile and
vascular plant species. More than
60 species are only found in
Georgia, a number exceeded by just
11 states.

Natural resource Indicators of condition 

Land Land cover types: 

• Hardwood forests 

• Forested wetlands 

• Urban land 

Impervious surfaces 

Habitats and species Streamside forests 

Freshwater fish community status 

Coastal habitat conditions 

Terrestrial habitat quality  

Protected species 

Habitat protection 
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This chapter first addresses two
indicators of changes in land condition:
land cover and impervious surfaces. It
then discusses six indicators of the
condition of different habitats and the
plants or animals that live in those
habitats. The habitats and species

discussed include those that are land-
based (terrestrial) as well as those that
are water-based (aquatic). For several of
the indicators, results are summarized
by ecological region or ecoregion (see
sidebar and Figure 2.1).

B a c k g r o u n d e r
Tracking Changes in Georgia’s Landscape

The introduction of this report highlights the changing face of Georgia in
terms of population, economy and energy use. These drivers are also

changing the face of Georgia in terms of its landscape and the health of the
ecosystems that landscape supports. One way to track these changes is look at
changes in land cover over time.

The term “land cover” refers to the mix of vegetation, human structures, bare
ground and water at the surface of the earth. Some types of land cover, like
forested wetlands, are simply the vegetation naturally found in an area. Other
types, like agriculture, are lands converted or altered for human use.

Changes in land cover over time can be identified by reviewing satellite images.
These images can be converted into maps showing the types of land cover
across the state — a mix of natural vegetative cover and lands altered by
human activities (Figure 2.2).

Researchers at the University of Georgia have tracked changes in Georgia’s
land cover between 1974 and 2005. This research provides some of the
indicators used to evaluate progress toward the objective of sustaining healthy
ecosystems, as well as the objective described in the next chapter, ensuring
resources to support a growing economy.

What are ecoregions?

Ecoregions are large areas, covering
tens of thousands of square miles,
that are geographically and ecologi-
cally defined. An ecoregion has a
common underlying geology and
distinctive land forms, climate, soil
types and plant and animal com-
munities.

These factors all shape the devel-
opment of ecosystems and, as a
result, ecoregions are often used
for assessments of environmental
conditions and ecosystem health.

Six major ecoregions are found in
Georgia (Figure 2.1). The Blue Ridge
ecoregion is in the northeast corner
of the state. The Ridge and Valley
and Southwestern Appalachians
ecoregions are in northwest
Georgia. Because these two
ecoregions have many features in
common, they are treated together
for the purposes of this report.

The Piedmont lies south of the Blue
Ridge and Ridge and Valley
ecoregions and covers the remain-
der of north Georgia.

Two ecoregions lie south of the Fall
Line, a geologic feature that runs
across the center of the state. The
Southeastern Plains ecoregion is
immediately south of the Fall Line
and covers much of the southeast-
ern U.S. In Georgia, this area is
often called the Upper Coastal
Plain.

Finally, the Southern Coastal Plain
lies along the much of the south-
eastern Atlantic and Gulf coasts. In
Georgia, this ecoregion is often
called the Lower Coastal Plain or
Coastal area.

Figure 2.1  Georgia’s ecoregions. (U.S. EPA)

Lower Coastal Plain
(Southern Coastal
Plain)

Blue Ridge

Ridge and Valley

Southwestern
Appalachians

Piedmont

Upper Coastal Plain
(Southeastern Plains)

http://www.georgiaepd.org/Images/soefig2.1.jpg
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Figure 2.2  Land cover in Georgia, 2005. (Natural Resources Spatial Analysis Laboratory, University of Georgia)

High- and low-intensity urban

Row crops and pastures

Clear-cut or sparse

Deciduous forest

Evergreen and mixed forest

Forested wetlands

Non-forested wetlands (freshwater/salt/
brackish), beaches and dunes

Open water

http://www.georgiaepd.org/Images/soefig2.2.jpg
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As the first indicator of ecosystem
health, this report tracks broad

changes in three types of land cover:
hardwood forests, forested wetlands
and urban land cover. Land cover
provides general information on habitat
condition, one aspect of ecosystem
health. Changes in these land cover
types indicate associated changes in
habitat – or the physical features and
vegetation likely to be found there –
and the suitability for different plant
and animal species.

Hardwood forests and forested wet-
lands are native land cover types found
across large areas of the state. Intensive
management is practiced on a very
small percentage of the total acreage of
hardwood forest and forested wetlands,
and these land covers can provide high
quality habitat for plant and animal
communities.

The significance of the two, however,
varies by ecoregion. In north Georgia,
hardwood forest is one of the most
extensive land covers. In south Georgia,
hardwood forests are less extensive and
forested wetlands are much more
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Land Cover Types

Indicator of the
condition of Georgia’s
Land Resources

significant as critical native habitat.
Because of this difference, evaluation of
land cover change by ecoregion focuses
on hardwood forest in north Georgia
and forested wetlands in south Georgia.

Urban areas, in contrast, have more
intensive land use and have been
significantly altered by human activi-
ties. The changes in habitat and in the
plants and animals often found in these
areas contribute to a decline in ecosys-
tem health.

Statewide, between 1974 and 2005,
urban land cover consistently increased,
and the land covers associated with
critical natural habitat steadily declined
(Figure 2.3). Nearly 2.4 million acres of
hardwood forests and forested wetlands
were lost during this time period (Table
2.2). More than 2.6 million acres of
urban land cover were added.

Looking at these changes by ecoregion
shows that, over much of the state, the
land covers associated with good
wildlife habitat declined (Figure 2.4).

0

1,000,000

2,000,000

3,000,000

4,000,000

5,000,000

6,000,000
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8,000,000

200520011998199119851974

A
cr
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Hardwood forest Forested wetlands

Low intensity urban High intensity urban

Figure 2.3  Amount of hardwood forest, forested wetlands and urban land cover,
1974 - 2005. (Natural Resources Spatial Analysis Laboratory, University of Georgia)

Land cover types that
indicate habitat condition

Hardwood forest. Forest composed
of at least 75 percent deciduous
trees in the canopy, deciduous
woodland. Hardwood forests
provide native habitat across much
of north Georgia.

Forested wetlands. Cypress gum,
evergreen wetlands, deciduous
wetlands, depressional wetlands
and shrub wetlands. Forested
wetlands provide critical native
habitat across much of south
Georgia.

Low-intensity urban. Single-family
dwellings, recreation, cemeteries,
playing fields, campus-like institu-
tions, parks and schools. Low-
intensity urban land cover is
associated with some loss of native
terrestrial habitat.

High-intensity urban. Multi-family
dwellings, commercial/industrial,
prisons, speedways, junk yards and
confined animal operations.
Transportation, roads, railroads,
airports and runways. Utility
swaths. High-intensity urban land
cover is highly altered, resulting in
substantial loss of native terrestrial
habitat.
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The Piedmont and Blue Ridge
ecoregions lost 1.2 million acres of
hardwood forests and the Upper and
Lower Coastal Plains lost more than 1.1
million acres of forested wetlands. The
ecoregions in northwest Georgia gained
just over 150,000 acres of hardwood
forest.

The majority of hardwood forest loss
occurred in the Piedmont. Sixteen
counties, located across the Piedmont,
had losses greater than 25,000 acres

and together accounted for more than
50 percent of the loss in the north
Georgia ecoregions.

Forested wetland losses were greatest
in the southeastern part of the state.
Taken together, the losses in seven
counties (Bulloch, Burke, Clinch, Echols,
Screven, Ware and Wayne), each losing
more than 30,000 acres, accounted for
nearly 25 percent of the total loss in the
Upper and Lower Coastal Plains.

Table 2.2  Changes in Georgia’s land cover, 1974 - 2005. (Natural Resources Spatial
Analysis Laboratory, University of Georgia)

 
Percent  
of state 

land, 1974 

Percent  
of state 

land, 2005 

Change  
in number  
of acres 

Percent 
change 

Low-intensity urban 2 8 2,348,000 385% 

High-intensity urban < 1 1 329,690 255% 

Hardwood forests 20 17 -1,188,000  -16% 

Forested wetlands 14 11 -1,207,000  -22% 

Figure 2.4  Changes in Georgia’s land cover by ecoregion, 1974 - 2005; change in acres and percent. (Natural Resources Spatial
Analysis Laboratory, University of Georgia)

S
ta

te
 o

f G
e

o
rg

ia
’s E

n
v

iro
n

m
e

n
t 2

0
0

9
 // Sustaining H

ealthy Ecosystem
s

Blue Ridge 
Change in 

acres 
Percent 
change 

Hardwood forest -60,616 -5% 
Low intensity 
urban 

91,336 619% 

High intensity 
urban 

4,398 736% 

 

Lower Coastal 
Plain 

Change in 
acres 

Percent 
change 

Forested 
wetlands 

-548,615 -23% 

Low intensity 
urban 

304,087 427% 

High intensity 
urban 

31,061 259% 

 

Upper Coastal 
Plain 

Change in 
acres 

Percent 
change 

Forested 
wetlands 

-580,695 -23% 

Low intensity 
urban 

706,397 353% 

High intensity 
urban 

68,331 187% 

 

Piedmont 
Change in 

acres 
Percent 
change 

Hardwood 
forest 

-1,147,928 -29% 

Low intensity 
urban 

1,084,650 393% 

High intensity 
urban 

203,034 281% 

 

Ridge & Valley and 
Southwestern 
Appalachians  

Change in 
acres 

Percent 
change 

Hardwood forest 153,810 22% 
Low intensity 
urban 

161,828 332% 

High intensity 
urban 

22,865 310% 
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In all ecoregions, the greatest percent
change was in the urban land cover
types. The bulk of new urban lands in
Georgia – more than 2.3 million acres –
are low-intensity urban areas.

Nearly half of the increase in low-
intensity urban lands occurred in the
Piedmont. The counties that added the
most acres of low-intensity urban area
were in the metro Atlanta area, with
Gwinnett, Fulton and Cobb counties
each gaining 80,000 to 90,000 acres.

The greatest percent increase in urban
land cover was seen in counties that, in
1974, had very little urban area.
Oglethorpe, Forsyth, Paulding and
Bacon counties all had increases of
1,000 percent or more, representing a
growth in low-intensity urban area of
10,000 to 33,000 acres in each county.

While much of the increase in low-
intensity urban lands occurred in the
metro Atlanta area, substantial in-
creases were also seen around the
state’s other major cities, near smaller
cities, and in rural areas (Figure 2.5).
The ways in which low-intensity urban
lands are commonly developed have
contributed to the decline in native
habitat provided by hardwood forests
and forested wetlands, and have had
effects seen in the other indicators
discussed in this chapter.

Looking ahead, as the state continues
to grow, the challenge will be to shift to
development approaches, such as
conservation design and low impact
development, that help maintain areas
of natural habitat and contribute to the
objective of sustaining healthy ecosys-
tems.
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Land cover change and
population growth

Across the U.S., and in Georgia,
urban or developed land cover has
increased more rapidly than the
population. The U.S. Environmental
Protection Agency reports that,
from 1982 to 2002, the amount of
developed land in the U.S. in-
creased by 48 percent — a rate of
increase nearly two times that of
the population.

The urban land cover data used
here provides information for a
similar time period that can be
compared to this national trend.
Between 1985 and 2005, Georgia’s
population increased 53 percent
while urban land cover in the state
increased 255 percent — a rate of
increase that is more than four
times greater than that of the
population.

For more information on land cover

changes across the U.S., see EPA’s

2008 Report on the Environment,
available at http://www.epa.gov/

roe.
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Figure 2.5  Urban land cover, 1974 and 2005. (Natural Resources Spatial Analysis
Laboratory, University of Georgia)
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http://www.georgiaepd.org/Images/soefig2.5.jpg
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Impervious
Surfaces

Indicator of the
condition of Georgia’s
Land Resources

The extent of
impervious cover in

Georgia’s small watersheds

Ten percent impervious cover in a
watershed is widely recognized as
the threshold where impacts on the
health of aquatic ecosystems can
be expected.

A number of studies have found
that, when impervious cover in a
watershed exceeds 10 percent, the
diversity of animals in streams
generally declines, along with other
indicators of ecosystem health.
Environmentally sensitive species
become less plentiful, leaving ones
more tolerant of poor quality water.

In 1991, 26 of Georgia’s small
watersheds had more than 10
percent impervious cover. By 2005,
that number had grown to 75.

The maximum amount of impervi-
ous surface is also increasing. In
1991, only one small watershed had
more than 30 percent impervious
cover. By 2005, seven small
watersheds had more than 30
percent impervious cover and, for
the first time, two had impervious
surfaces covering more than 40
percent of the watershed.

One significant outcome of common
approaches to converting land to

urban cover is an increase in impervious
surfaces. Impervious surfaces include
those through which water cannot
penetrate, such as paved streets, roofs
and parking lots. These constructed
surfaces prevent rain from soaking into
the ground and cause stormwater to run
off more quickly.

An increase in impervious land cover is a
striking aspect of the changing face of
Georgia’s landscape — one that signifi-
cantly impacts the health of aquatic
ecosystems. More rapid stormwater
runoff leads to increased stream flows
after rain, which increases the risk of
flooding. Stormwater from impervious
surfaces can carry a range of pollutants
that can degrade water quality.

More rapid runoff also contributes to
erosion, altering the physical structure
of streams. And, during dry periods, the
decrease in the amount of water
filtering into the soil means there is less
groundwater to sustain low flows in
streams.

In areas with 10 percent to 20 percent
impervious surface, twice as much
water flows as runoff to rivers and
streams as in forested areas. As imper-
vious surfaces increase to between 35
percent and 50 percent, the amount of
water flowing as runoff is three times
greater than it would be on a natural
landscape, greatly increasing impacts
on the water cycle, the physical

structure of streams and aquatic
species.

Researchers at the University of Georgia
have compiled data on the extent of
impervious surfaces in Georgia. State-
wide, impervious cover increased by 81
percent between 1991 and 2005, an
addition of nearly 370,000 acres. While
the greatest number of acres was added
in the Piedmont ecoregion, increases
were seen across the state (Table 2.3). A
majority of the state’s 159 counties saw
an increase in at least one small
watershed (Figure 2.6).

The impact of these changes is evident
in the condition of streams and aquatic
ecosystems across the state, as seen in
subsequent indicators, and in the
growing cost of managing the
stormwater that runs off these impervi-
ous surfaces.

As Georgia continues to grow, land
development practices that increase
pervious surfaces – surfaces that allow
rain and stormwater to soak into the
ground – will be necessary to sustain
the health of Georgia’s aquatic ecosys-
tems and to ensure sufficient water
resources to support a growing
economy, the objective described in the
next chapter.

Table 2.3  Changes in impervious surface cover, 1991 - 2005. (Natural Resources
Spatial Analysis Laboratory, University of Georgia)

 
Change in acres of 
impervious surface 

Percent 
change 

Ridge and Valley & Southwestern 
Appalachians 

27,783 89% 

Blue Ridge
 

 
7,535 121% 

Piedmont
 

 
238,532 111% 

Upper Coastal Plain (Southeastern 
Plains) 

62,344 42% 

Lower Coastal Plain (Southern Coastal 
Plains) 

32,434 63% 

Ecoregion
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Coastal Habitat
Conditions

Indicator of the
condition of Georgia’s
Habitats and Species

Measures of coastal
habitat conditions

• Dissolved oxygen is required by
all aquatic life.

• Chlorophyll, a plant pigment, is
measured to indicate the amount
of algae in the water.

• Nitrogen and phosphorous are
nutrients that can contribute to
undesirable levels of algae.

• Benthic invertebrates, animals
that live on the bottom of water
bodies, are an important source
of food for fish, shrimp and crabs.

For the interim report on the ecological
condition of Georgia’s estuaries, see:
http://crd.dnr.state.ga.us/assets/
documents/GAreport3062306final

LOWRES.pdf.

How does the Southeastern
coast compare to the U.S.?

The 2005 National Coastal Condi-
tions Report II compared assess-
ment results for regions across the
U.S. The Southeastern coast,
including sites in Georgia, was
among the healthiest in the nation.
Twenty-three percent of sites in
the Southeast were rated in poor
condition, compared to 40 percent
in the Northeast, 40 percent along
the Gulf Coast, and 23 percent on
the West Coast. Figure 2.9  Overall condition of coastal habitats, 2000 - 2001. (Coastal Resources

Division)

0 20 40 60 80 100

Data missingPoorFairGood
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Total organic carbon

Sediment toxicity

Sediment contaminants

Sediment quality index

Water clarity
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Dissolved inorganic phosphorus
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Bottom dissolved oxygen

Water quality index

Estimated percent of estuarine area

Georgia’s coastline includes 14
barrier islands, approximately

500,000 acres of salt marsh, and
extensive estuaries where the state’s
major rivers flow into the ocean. Like
freshwater ecosystems, coastal ecosys-
tems supply vital services.

They provide habitat for many species,
including economically significant
species like shrimp and crabs and other
marine animals. They act as buffers
against flooding and erosion and have
natural mechanisms for filtering
pollutants. The health of these ecosys-
tems can also be affected by land cover
change and other human activities.

The most recent assessment of
Georgia’s coastal and estuarine
habitats was conducted by DNR’s
Coastal Resources Division as part
of the National Coastal Assessment.
One hundred sites were sampled in
2000 and 2001 and an interim report,
“The conditions of Georgia’s estuarine
and coastal habitats 2000-2001,”
was published in 2005. Multiple
measures were combined into a
composite index of water quality and
a composite index of sediment quality.
The condition of the benthic commu-
nity, bottom-dwelling invertebrates
that live in the sediment, was also
evaluated.

The assessment indicates that Georgia’s
estuarine habitats are in fair to good
condition (Figure 2.9). Water quality
ratings were generally lower than other
measures. Elevated levels of phosphorus
and chlorophyll and low levels of
dissolved oxygen and water clarity were
found. These factors, however, may be
due to natural conditions, complicating
interpretation of the results.

Water quality measurements were
weighted and combined into a composite
index of water quality. Weighting the
measurements resulted in 80 percent of
sites scoring fair for water quality and 11
percent scoring poor. Sediment quality
was generally good, as was the condition
of the benthic community. For both, 93
percent of sites ranked good or fair. Of
the estuaries with poor benthic condi-
tions, 80 percent also had poor water
quality and/or poor sediment quality.

Most sites rated fair or poor were
associated with developed watersheds,
although some showed no correlation
with human activities. Nonpoint source
pollution is one of the primary threats
to coastal water quality and, as devel-
opment continues in these areas,
managing these pollution sources will
be increasingly important to protect
and/or restore coastal and estuarine
habitats.



47

S
ta

te
 o

f G
e

o
rg

ia
’s E

n
v

iro
n

m
e

n
t 2

0
0

9
 // Sustaining H

ealthy Ecosystem
s

Terrestrial Habitat
Quality

Indicator of the
condition of Georgia’s
Habitats and Species

Figure 2.10  Natural vegetation rankings, 1998. (Wildlife Resources Division)

Lower quality
habitat

Moderate
quality habitat

Higher quality
habitat

Like freshwater and coastal aquatic
systems, terrestrial habitat is altered

by changes in land cover like those
discussed at the beginning of this
chapter. Clearing forests or converting
vegetated lands to more intensive
human uses eliminates some habitat
and divides other habitat into smaller
and smaller pieces. Native vegetation
also may be replaced with nonnative
species. These changes can contribute
to the decline of wildlife species,
including sensitive species that need
interior forests.

One way to evaluate habitat quality is
to look at areas of natural vegetation
and identify those that have the size,
shape and location to provide high
quality habitat. This type of analysis
was conducted for the Wildlife Re-
source Division’s 2005 Wildlife Action
Plan. The analysis was based on land

What is high quality
habitat?

High quality habitats play a key role
in long-term maintenance of
wildlife populations. Habitat quality
is determined, in part, by the size
and shape of intact areas or
patches of natural vegetation.

High quality patches of habitat are
generally larger, provide different
types of habitat on the edges and in
the center, and are relatively
compact. In larger areas with well-
defined central cores, species are
less likely to suffer from predators,
parasites or human encroachment.

Fragmentation refers to breaking
areas of continuous habitat into
smaller, more isolated parts.
Fragmentation decreases habitat
quality. Populations of plants and
animals may become isolated or too
small to continue breeding. Travel
corridors also may be eliminated,
disrupting short and long-term
migration patterns.

cover data from 1998 (the most recent
information available at that time).

Figure 2.10 shows ranking of habitat
quality based on the size and configura-
tion of areas of natural vegetation. As of
1998, only 36 percent of the state’s
lands had some type of natural vegeta-
tive cover, such as natural forest,
wetland or marsh. As seen in the figure,
the amount of high quality habitat is
small and varies by ecoregion.

At 78 percent, the Blue Ridge ecoregion
had the greatest amount of natural
vegetation and extensive areas of high
quality habitat. The Coastal Plain, in
contrast, had 33 percent natural
vegetation and fewer areas of highly
ranked habitat. The Piedmont had 35
percent natural vegetation with smaller
patches of highly ranked habitat.

http://www.georgiaepd.org/Images/soefig2.10.jpg
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Table 2.5  Major sources of habitat loss by ecoregion. (Adapted from the State
Wildlife Action Plan, Wildlife Resources Division)
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Many high quality patches, including
large tracts of public land in the
Okefenokee Swamp and the Oconee
and Chattahoochee National Forests,
are part of a network of conservation
lands.

This information can be used to identify
lands that are important to protect in
each ecoregion. For the Wildlife Action
Plan, the habitat quality analysis was
combined with information on predicted
distribution and observed occurrence of
rare species to highlight conservation
opportunity areas (see Appendix K at
http://www1.gadnr.org/cwcs/
index.html).

While the overall habitat quality is
lower, lands on which natural vegeta-
tion has been altered can still be of
value to native wildlife. Agricultural

fields, pine plantations and forests in
developed areas, for example, can
provide nesting sites, feeding areas and
migration routes for birds and animals.
These lands can also be managed in
ways that support native wildlife and
are compatible with protection of
adjacent areas of high quality habitat.

The sources of habitat loss are similar
across the state. The rapid pace of land
conversion and habitat fragmentation
are among the most common causes in
all of Georgia’s ecoregions (Table 2.5).

Ecoregion Major sources of habitat loss 

Southwestern 
Appalachians/ 
Ridge and Valley 

- Increase in residential and commercial development along 
major highways and on outskirts of metro areas   

- Prior conversion of forested lands to agricultural uses 
- Poor water quality 
- Alteration of streamflows and groundwater levels 

Blue Ridge - Increase in residential and commercial development along 
major highways and on outskirts of metro areas   

- Poor water quality 
- Conversion of hardwood and pine-hardwood forests to 

pine plantations 
- Fire suppression 

Piedmont - Rapid pace of residential and commercial development 
- Poor water quality 
- Prior conversion of forested lands to agricultural uses 
- Conversion of hardwood and pine-hardwood forests to 

pine plantations 

Upper Coastal 
Plain 
(Southeastern 
Plains) 

- Prior conversion of forested lands to agricultural uses 
- Poor water quality 
- Conversion of hardwood and pine-hardwood forests to 

pine plantations 
- Fire suppression 

Lower Coastal 
Plain 
(Southern 
Coastal Plains) 

- Rapid pace of residential and commercial development in 
coastal counties 

- Prior conversion of native pine forests to pine plantations  
- Fire suppression 
- Alteration of streamflows, floodplains/wetlands and 

groundwater levels 
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Protected Species

Indicator of the
condition of Georgia’s
Habitats and Species

Table 2.6  Plants and animals on Georgia’s protected species lists, 2007. (Wildlife
Resources Division)

Recent changes in Georgia’s
list of protected species

Georgia’s protected species list was
updated in 2007. Since the last
update in 1992, 121 species were
added and 18 species removed.

Also, 43 species that were already
on the list had their status
changed. The status of 19 of these
improved and the status of 24
declined.

More information on Georgia’s

protected species can be found on
the conservation page at http://

www.georgiawildlife.com.
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As described in the introduction to
this chapter, Georgia’s aquatic and

terrestrial ecosystems support extraor-
dinary levels of biological diversity. This
diversity, however, is threatened, in
part, by some of the ways in which land
is used and the ways land has been
altered as the state’s population has
grown.

Biological diversity can be difficult to
measure directly. As an alternative, the
number of species whose survival is at
risk provides an indicator of changes in
biological diversity, and therefore
changes in ecosystem health.

Georgia’s Wildlife Resources Division
maintains a list of the state’s protected
species. This list includes animals and
plants that are endangered, threatened,
rare or unusual in the state. When the
list is short, it indicates progress in
protecting the health of our ecosys-
tems; when it is longer, it indicates that
human activities are negatively impact-
ing ecosystem health.

The protected species list was updated
in 2007. It now includes a total of 318
species (Table 2.6). The update added
121 species. Many of the new additions
are plants, and plant species now make
up nearly 50 percent of the protected

species in the state. A number of
crayfish and freshwater mussels were
added as well, raising the number of
invertebrate species on the list to 51.
Most of the invertebrate species are
aquatic. Aquatic animals (fish and
invertebrates) now make up more than
one-third of Georgia’s protected
species.

These changes reflect the degree of
threat to these species, based on
current habitat conditions and/or
estimated population levels. For some
species, they also reflect improvements
in the information used to evaluate
their status. That is, biologists now
know more about the status of some
species; they cannot, however, be sure
that these species have become more
imperiled in recent years.

A species can be added to the list for a
number of reasons, including changes to
the species’ habitat; over-collecting for
commercial, sporting, scientific or
educational use; disease or predation;
and inadequate regulations. The most
severe threat to Georgia species is
habitat loss. It is not, however, the only
significant threat. Turtles and crayfish,
for example, are threatened by over-
collection.

 Endangered Threatened Rare Unusual Total 

Mammals 6 2 2 0 10 
Birds 5 4 11 0 20 
Fish 32 8 17 0 57 
Amphibians 0 5 4 0 9 
Invertebrates 28 19 4 0 51 
Reptiles 5 6 3 2 16 
Plants 56 63 32 4 155 

Total 132 107 73 6 318 
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Habitat
Protection

Indicator of the
condition of Georgia’s
Habitats and Species

Figure 2.11  Georgia conservation lands by ownership, 2008. (Wildlife Resources
Division)

The final indicator of ecosystem
health looks at land stewardship —

the management of land to protect
natural habitat and maintain biological
diversity.

The Georgia Conservation Lands
database is one source of information
on habitat protection. The database
includes records of federal, state, local
government, and private lands in
Georgia that are managed for conserva-
tion of animals, plants and natural
habitats, as shown in Figure 2.11.

The federal government manages more
than 70 percent of Georgia’s conserva-
tion lands. The state manages more
than 20 percent, including lands owned
by the state and those leased from
other owners. Private conservation
groups and local governments manage
the remainder.

The degree of habitat protection
provided on individual parcels depends
on the land owner and their manage-
ment objectives. Some lands, like
wilderness areas and areas under
perpetual conservation easement,
provide permanent protection of natural

habitat. Other lands, like state parks
and wildlife management areas, are
mostly maintained in a natural state,
although some areas are altered in ways
that include removal of natural habitat.
Habitat on leased lands may currently
be protected, but year-to-year leases do
not ensure permanent protection of
habitat on these lands. Lands such as
military bases and national forests
include large areas where natural
habitat is protected, while some areas
are altered for other uses, such as
timber harvest.

Despite these different management
objectives, conservation lands all
provide protected habitat for plants and
animals and help maintain healthy
ecosystems. Conservation lands also
provide economic benefits. Visits to
Georgia’s state parks, for example, are
estimated to generate more than $769
million per year for the state and local
communities. Conservation lands are
also community assets that can
contribute to higher property values in
the areas around them.

A 2003 study by the U.S. Geological
Survey concludes that only 8 percent

Differing levels of protection

Only 8 percent of the state’s land
area currently has some degree of
natural habitat protection.

Habitat types that cover large areas
of the state (e.g., hardwood forests)
tend to have a small percentage
protected, while those that occupy
a small fraction of the state (e.g.,
coastal dunes) have a higher
percentage of their total area
protected. As a result, some
important habitats currently have
very little protection.

Bottomland hardwoods, for
example, cover more than 1.2
million acres in Georgia, but receive
little protection. Only 7 percent is
permanently protected with limited
impacts on natural habitat, despite
its significance as high quality
habitat for a variety of species.

Longleaf pine, an ecosystem known
for its high level of biological
diversity, has a higher level of
protection (13 percent is perma-
nently protected). However, much
of the native longleaf pine forest
has already been converted to other
land uses. Once found across the
Southern coastal plain, intact
longleaf pine habitat now exists on
less than 4 percent of the land
where it historically occurred.

Land trusts and other private
conservation organizations

Local government

State government: Owned

State government: Leased

Federal government
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The state’s natural resources provide
Georgians with a variety  of basic

needs. Water resources provide water to
drink; support production of goods, food
and electricity; and process wastewater.

Land serves many purposes, including
production of food, wood and mineral
products and support of our growing
cities and counties. Air is essential for
life and, in addition to harming human
health, poor quality air can impair
visibility and lessen our enjoyment of
the environment around us.

The third objective established for EPD
by state law focuses on the use of
Georgia’s natural resources as a founda-
tion for a strong economy and a rich
quality of life, both now and in the
future. This objective is closely related
to the objectives of protecting human
health and sustaining healthy ecosys-
tems. For the most part, progress on the
first two objectives will result in
progress on the third, and progress on
all three will be necessary for Georgia’s
continued growth and prosperity.

As Georgia’s population and economy
has grown, the use of resources has also
increased and these trends are expected
to continue over the coming decades.

As demands increase, the ability of
some resources to support critical
functions may be at risk.

Unfortunately, limited information
exists about the capacity of the state’s
resources or their ability to support
economic growth. More demand for
water, for example, requires more
information about capacity, and studies
under the State Water Plan, have begun
to fill some of these information gaps.

This chapter focuses on the environ-
mental services that Georgia’s natural
resources provide to support the state’s
economy. Table 3.1 lists the indicators
selected to assess the capacity of
Georgia’s resources to provide those
services. Indicators focus on the
condition of water resources, including
water for water supply and the capacity
to assimilate pollution as well as lands
used for forestry, agriculture and solid
waste disposal.

Ensuring resources to support a
Growing Economy
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Table 3.1  Indicators of the condition of the state’s natural resources.

Natural resource Indicators of condition  

Water supply Total water use 

Per capita water use 

Groundwater levels 

Assimilation             
of pollution 

Pollutants in surface waters 

Nonpoint sources of pollution  

Working lands Land used for agriculture and forestry 

Brownfield revitalization 

Land used for solid waste disposal 

Air quality Visibility 
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As Georgia’s population and
economy grows, so does its need

for water. Water withdrawn from the
state’s rivers, streams, lakes and
aquifers is used for a variety of pur-
poses, ranging from household use to
industrial, agricultural and thermoelec-
tric production. The total amount of
water used for these purposes is an
indicator of the sustainability of
Georgia’s water supply.

The U.S. Geological Survey (USGS)
conducts an extensive evaluation of
water use every five years. The most
recent USGS analysis covers water use
in the year 2005. For the purposes of
this report, water use is grouped into
five major sectors (see sidebar).

The largest single use of water in the
state is for electricity production (Figure
3.1). In 2005, half of all water with-
drawn was used in cooling processes
associated with the generation of
thermoelectric power. There are 15
plants operating on fossil fuels and two
nuclear-powered plants in Georgia. In
2005, these 17 plants used an esti-
mated 2.7 billion gallons of water a day.

Water for thermoelectric power produc-
tion, however, is used differently from
other sectors. More then 90 percent of
the total water withdrawn for thermo-
electric power production is almost

immediately returned, usually to the
source from which the water came.

The amount returned varies with the
type and age of the plant. For some
plants, almost all the water used for
cooling is returned to the source close
to where it was withdrawn. In other
plants, water is converted to steam and
is consumed in the cooling process (i.e.,
not returned to the source). For the
plants currently operating in Georgia,
the estimated amount of water lost
through evaporation ranges from less
than 1 percent to 70 percent.

The combined water use for public
supply, domestic and commercial use,
and industrial and mining use accounts
for about 37 percent of the total
withdrawals in state. For these sectors,
the amount of water returned to the
source after use varies widely, depend-
ing on the specific use.

In the agricultural sector, more than 90
percent of water is used for irrigation.
The amount of irrigation water used
each year depends on the amount and
timing of rainfall. In the past two
decades, water used for irrigation has
generally accounted for 8 percent to 17
percent of the total water withdrawn.
Irrigation water is largely consumed
through evaporation or plant use, and
little is returned to the water source.
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Total Water Use

Indicator of the
sustainability
of Georgia’s
Water Supply

Figure 3.1  Water use by sector, 2005. Due to rounding, percentages do not total
100. (U.S. Geological Survey)

Water in Georgia is used
by five major sectors

Public supply. Water withdrawn by
public and private water suppliers
and delivered for a variety of uses,
including domestic, commercial and
industrial.

Domestic and commercial. Water
from individual water systems, such
as wells, withdrawn for self-
supplied households and commer-
cial establishments.

Industrial. Self-supplied industries
that use water for fabrication,
processing, washing and cooling.
The largest industrial water users in
Georgia are pulp and paper mills,
textile industries, chemical manu-
facturers and mining and mineral
industries.

Agricultural. Water used to irrigate
crops, large nurseries and golf
courses. Also, water used for
livestock watering, feedlots, catfish
and aquaculture operations, and
other livestock farm operations.

Thermoelectric power. Water used
in the generation of electric power,
primarily for cooling purposes.
Excludes water used for hydroelec-
tric production.

Total = 5,528 million gallons per day

Agricultural 
irrigation and
livestock

Industrial
and mining

Domestic and 
commercial

Public supply

Thermoelectric

50%

23%

14%

11%

3%
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Sources of water

All of the water used in Georgia comes
from the surface water sources in the
state’s 14 major river systems and
groundwater stored in six major
aquifers. Surface waters provided 79
percent of the water withdrawn in
2005, and aquifers provided the
remaining 21 percent.

Figure 3.2 shows the major water use
sectors and the amount of surface
water and groundwater that each used
in 2005. Among the largest water users,
water for thermoelectric production and
public supply primarily came from
surface water sources. Agricultural
irrigation, in contrast, occurs largely
through withdrawals from groundwater.
Industrial users rely almost equally on
surface and groundwater sources.

Some of the state’s water sources are
more heavily used than others. In 2005,
withdrawals from the Chattahoochee
and Flint river basins accounted for
nearly one-third of all surface water

withdrawals in the state. Withdrawals
from the Oconee and Ocmulgee river
basins also accounted for approximately
one-third of the total.

Much of the water withdrawn from
these river basins, however, is for
thermoelectric use. Looking only at
public supply, domestic and commercial
uses, withdrawals from surface waters
in the Chattahoochee and Flint basins
accounted for more than half of the
total in 2005. Withdrawals from the
Coosa, Ocmulgee and Oconee basins
added up to an additional third of the
total. All of these basins serve areas of
the state that are densely populated
and have seen rapid population growth
in recent years.

Groundwater withdrawals occur
predominantly, but not exclusively, in
the southern portion of the state. The
majority of groundwater withdrawals —
55 percent in 2005 — are from the
Floridan aquifer system, primarily the
Upper Floridan aquifer.
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Figure 3.2  Amount of surface and groundwater used by major sectors in Georgia,
2005 (million gallons per day). Due to rounding, numbers in each category may not
add up exactly. (U.S. Geological Survey)

Once water is withdrawn,
is any returned to

the source?

When thinking about current and
future use of Georgia’s water
resources, it is worth noting that
the numbers in this report only
represent the water that is with-
drawn, and say nothing about the
amount of water that is returned to
the source.

Returning water after it has been
used helps support water with-
drawals by users downstream and
helps maintain the health of
aquatic ecosystems.

The loss of water through evapora-
tion or plant use, as happens with
much of the water withdrawn for
agricultural uses, or through
wastewater disposal practices that
either delay the return of water or
return it to other sources, can
affect the ability of that water
source to support other water uses.

Surface water

4,357

Groundwater

1,171

Public supply Domestic and
commercial

Industrial and 
mining

Thermoelectric Agricultural 
irrigation

Livestock and
aquaculture

983 254  9 9 140140

42,717 265 486 60 7 323 280

1,237 149

2,720 751 67 604
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Trends in water use

The U.S. Geological Survey has tracked
trends in water use every five years
between 1980 and 2005 (Figure 3.3).
Thermoelectric withdrawals were
highest in 1980 and were relatively
constant through 2000. In 2005,
withdrawals for thermoelectric power
production dropped, primarily due to
retrofits at several plants that de-
creased water use.

Industrial water use declined between
1980 and 2005, with decreases in
recent years largely due to more
efficient use of water at industrial
facilities and a shifting mix of industrial
water users.

Agricultural water use declined during
the 1980s but increased in the 1990s.
Most agricultural water is used for
irrigation, which is influenced by
rainfall. Irrigation in 2000, a drought
year, was 52 percent higher than it was
in 1995, a wet year. Increased amounts
of water used for irrigation also reflects
an increase in the number of acres

irrigated, which was 38 percent higher
in 2005 than in 1985.

Withdrawals for public water supply
steadily increased from 1980 to 2000,
with the quantity withdrawn in 2005
roughly equal to that in 2000. By 2005,
withdrawals were 62 percent higher
than in 1980. As described in the next
section, water conservation initiatives
appear to be slowing the growth in
withdrawals for public supply. But,
because increases in population can
outweigh the effects of water conserva-
tion, the trend of increasing withdraw-
als may continue as the state’s popula-
tion continues to grow.

Georgia’s population and economic
growth has raised questions about the
long-term capacity of the state’s water
resources. Assessments of the capacity
of individual water sources are currently
under development. This information
will help create a better understanding
of the current and potential impacts of
increased withdrawals from the state’s
water resources.

Managing competing
uses of water

The state’s lakes, rivers and streams
support a range of uses and provide
a variety of benefits to Georgians.
Some of these uses occur after
water is withdrawn from a water
body and transported for use. These
are called offstream uses and
include water supply for household
use, for commercial and industrial
purposes, and for agricultural
production, among others.

At the same time, Georgia’s surface
waters provide benefits through
uses that occur within the banks of
streams, rivers and lakes. These
instream uses include dilution and
processing of wastewater, naviga-
tion, recreation and hydropower
production — uses that directly
benefit people. Instream uses also
include the water needed for fish
and wildlife and ecosystem health.

Managing Georgia’s waters means
taking steps to ensure that water is
available, now and in the future, to
meet demands for offstream water
use while maintaining each water
body’s capacity to provide instream
uses as well.

Figure 3.3  Trends in water use in Georgia, 1980 - 2005. (U.S. Geological Survey)
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Per Capita
Water Use

Indicator of the
sustainability
of Georgia’s
Water Supply

Per capita water use is a measure of
the efficiency with which house-

holds, businesses and industries use
water. Greater efficiency in water use
can save money for consumers and help
meet current and future water de-
mands, while minimizing impacts on the
environment.

Per capita use can be calculated a
number of different ways. In Georgia,
municipal and industrial users who use
more than 100,000 gallons per day are
required to have a water withdrawal
permit. Taking the total amount of
water withdrawn under these permits
and dividing it by the state’s population
provides an estimate of overall water
use per person per day. This indicator
captures changes in population and
economic activity.

Table 3.2 shows a consistent decline in
overall per capita water use from 2003
to 2007. The decline is due to increased
efficiency among industrial water users,
restrictions on outdoor watering, and
implementation of water conservation
practices such as installation of low
flow plumbing fixtures and other
devices.

Overall per capita water use includes
water for residential, commercial and
industrial purposes. Measuring residen-
tial water use alone provides a more

accurate assessment of household
progress on water conservation and
efficiency. As an alternative to overall
per capita water use, EPD recently
evaluated residential per capita water
use as a measure of water conservation.

Although statewide data are not
available, information on residential per
capita water use has been collected
from representative communities across
the state. In 2005, residential water use
ranged from 60 to 88 gallons per person
per day (Table 3.3). Differences among
communities may be due to differences
in the accounting of water use, the
extent of outdoor water use, and the
type and age of the housing stock.

Seasonal differences
in per capita water use

Residential per capita water use is
generally highest during the
summer and lowest during the
winter. This difference, which is
largely due to outdoor water use,
can be substantial.

A study of water use in eight
representative Georgia communi-
ties found that the average per
capita water use was 30-67
percent higher in the summer than
in the winter. In some communi-
ties, residential per capita water
use during the summer exceeded
100 gallons per person per day.

Outdoor water use is an area where
water conservation practices can
be readily implemented to increase
the efficiency of residential water
use.
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Table 3.2  Overall water use per person
per day (municipal/industrial permits
excluding thermoelectric withdrawals).
Because methods of  calculation differ,
these numbers cannot be compared
with those for other states. (EPD)

Table 3.3  Residential water use in representative public water systems, 2005. (Per
capita use is calculated by dividing the gallons per residential account per day by
the 2000 U.S. Census household size for the water system; commercial and
industrial accounts excluded) (EPD)

Water 
system 

Daily residential water 
use per household 

(gallons) 

Daily residential water 
use per person  

(gallons) 
Douglas 200 78 
LaGrange 170 68 
Leary 170 65 
Macon 220 88 
Pickens County 152 60 
Reidsville 160 68 
Toccoa 145 63 
Savannah 211 85 

Fiscal  
year 

Total withdrawals  
under municipal and 

industrial permits  
(gallons per capita per day) 

2003 198 
2004 192 
2005 187 
2006 187 
2007 185 
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Emerging Issue
Responding to Exceptional Drought

Georgia is currently in a drought of historic severity. By December 2007,
more than 99 percent of the state was at some level of drought, with 50

percent of the state experiencing exceptional conditions that are expected to
occur only once every 100 years.

Drought conditions led to unprec-
edented responses from state and local
officials and from Georgia citizens. A
Level 4 drought, the most severe
drought defined by the Georgia Drought
Management Plan, was declared in the
fall of 2007. This declaration affected
much of the northern half of the state
and included a mandatory ban on
outdoor water use (with limited excep-
tions).

From November 2007 through March
2008, water providers in the affected
areas also were charged with decreasing
water use each month by 10 percent
compared to the same period for the
preceding year. Because there is not as
much water use during cooler months,
this extra measure was needed to reduce
water use. Local governments and utilities worked to help customers under-
stand water conservation practices as the best way to battle drought and to
enforce the ban on outdoor water use. As a result, the reduction target was
exceeded each month (see table).

The 10 percent reduction requirement expired March 31, 2008 and was not
extended. Outdoor water use restrictions, however, continued. Because
outdoor water use is a large portion of water use in spring and summer months,
restrictions helped achieve reductions much higher than 10 percent.

These reductions reflect outstanding water conservation efforts by Georgia
citizens along with savings due to outdoor watering restrictions. They demon-
strate that water providers, businesses and citizens can and will respond when
threats to water supplies become critical. And, some of the water conservation
practices, like installing low flow plumbing fixtures and other devices, will
contribute to long-term water efficiency.
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Saving water through
energy conservation

Water conservation is just one way
to contribute to the sustainability
of Georgia’s water supply — energy
conservation contributes as well.
Energy use and water use are
closely connected, and reducing
the use of one often reduces the
use of the other.

In Georgia, 60 percent of the
state’s electricity comes from coal-
fired generation. According to the
Sandia National Laboratory, coal
generation requires 25 gallons of
water for each kilowatt-hour of
generation. The Sandia researchers
conclude that consumers may use
as much water indirectly, in
electricity use, as they use directly,
by taking showers and watering
lawns.

Georgia released its State Energy
Strategy in December 2006. The
Strategy’s policy objectives include
minimizing the impacts of energy
production on water supply and
water quality. Research conducted
to support development of the
Strategy found that increasing
energy efficiency in Georgia would
save a substantial amount of water.

Using cost-effective, energy
efficiency measures in Georgia
could save 159 million gallons per
day by 2015 — almost as much as
the 2005 daily water use in all of
Fulton County, as estimated by the
U.S. Geological Survey.

To read the Georgia Energy Strategy
go to http://www.gefa.org/
Index.aspx?page=93#a4.

Reductions in water use
in Level 4 drought areas
(% change compared to the
previous year). (EPD)

Water use
reductions

Nov. 2007 15%
Dec. 2007 13%

Jan. 2008 11%
Feb. 2008 13%

Mar. 2008 14%

Apr. 2008 31%
May 2008 29%

Jun. 2008 20%

Jul. 2008 13%
Aug. 2008 24%

Sep. 2008 18%
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Figure 3.4  Georgia’s principal aquifers. (U.S. Geological Survey)
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Groundwater
Levels

Indicator of the
sustainability
of Georgia’s
Water Supply

The amount of water sustainably
available from individual water

sources is finite, and, for sources of
groundwater, water withdrawals can
contribute to declining groundwater
levels.

In some aquifers, when the water level
goes down, the amount of water
available for our use is reduced. Ground-
water levels provide an additional
indicator of the sustainability of
Georgia’s water supply.

Twenty-one percent of the water used
in Georgia in 2005 came from ground-
water. Figure 3.4 shows the primary
aquifers that supply groundwater in
Georgia.

Persistent declines in groundwater
levels have been observed in three of
Georgia’s principal aquifers: the Clayton
and portions of the Cretaceous and the
Upper Floridan. Water levels in repre-
sentative wells in each of these aquifers
are shown in Figure 3.5 on page 61.

The Cretaceous aquifer is in central
Georgia. The water level at a represen-
tative well in Washington County has

fallen about 30 feet since the mid
1980s (Figure 3.5a). This decline
represents more than 6 percent of the
height of water in the aquifer before
water levels dropped due to groundwa-
ter withdrawals in the area.

The Clayton aquifer is found in south-
west Georgia. The Clayton is a relatively
small aquifer with a small recharge area,
which limits the rate at which the
aquifer is replenished by rainfall. The
water level at a Randolph County well
in this aquifer has fallen more than 40
feet since the mid-1960s (Figure 3.5b).
This represents about 17 percent of the
height of water in the aquifer that
would have been available before
withdrawals in the area began to affect
water levels.

Falling water levels have increased the
cost of withdrawing groundwater from
the Clayton aquifer. Water levels also
have not recovered, indicating that the
withdrawals have exceeded the
aquifer’s ability to replenish itself. EPD
has not issued new withdrawal permits
for the Clayton aquifer since the mid-
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Figure 3.5  Groundwater levels in selected wells (blue lines indicate measured
levels; red indicates estimated water level). (U.S. Geological Survey)

How is groundwater
replenished?

An aquifer is a geologic formation,
such as crystalline bedrock,
limestone or sand, that can store
and release significant quantities of
groundwater. The addition of water
to an aquifer is called recharge.

Shallow aquifers receive most of
their water from rainfall. Rain sinks
downward through open pores and
fractures in soil or bedrock and
slowly moves into deeper parts of
an aquifer. Deeper, buried aquifers
– also called confined aquifers –
are recharged by leakage from
adjacent aquifers and by rainfall
where the aquifer is at or near the
surface. Aquifers that meet the
surface also may be recharged by
water from streams and rivers.

Groundwater recharge occurs all over
Georgia. The most significant areas
of recharge are found in northwest
Georgia, in areas just below the Fall
Line that runs across the central part
of the state, in southwest Georgia,
and in river valleys throughout the
Coastal Plain.

Water in an aquifer is always moving
from recharge areas to discharge
areas. Depending on aquifer charac-
teristics, groundwater may move
rapidly (hundreds of feet per day) or
slowly (an inch or less per day). Some
of the water in the Upper Floridan
aquifer has been underneath Georgia
for thousands of years.

Aquifers discharge naturally to
springs, lakes, wetlands and streams,
which helps maintain stream flow
during dry periods. Some also
discharge to the Atlantic Ocean and
the Gulf of Mexico. Groundwater
pumping removes water from an
aquifer and is a type of discharge.
When discharge exceeds recharge,
water levels will decline.

a. Cretaceous aquifer, Washington County
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b. Clayton aquifer, Randolph County
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c. Upper Floridan aquifer, Worth County
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d. Upper Floridan aquifer, Miller County
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1990s to protect this resource for those
who currently rely on it.

The third aquifer showing persistent
declines, the Upper Floridan, is the
most significant in terms of water use.
The Floridan aquifer system underlies
much of south Georgia and is a principal
source of water for people, businesses
and farms across the region.

Agricultural irrigation is the largest use
of groundwater in the southern half of
the state. With the introduction of
center-pivot irrigation systems in the
mid-1970s, the Upper Floridan aquifer
became the primary source of irrigation
water in southwest Georgia and water
level monitoring in this region show
impacts to the aquifer.

At some wells in the Upper Floridan,
water levels have fallen continuously
since the 1970s. For example, water
levels at a well in Worth County have
dropped about 20 feet (Figure 3.5c).
While the cause of the declines cannot
be determined definitively, a variety of
factors — including an increase in the
number of irrigated acres and a shift to
crops, like cotton, that require more
water — may have contributed. In some
areas, increased water use for nonagri-
cultural purposes may also have
contributed.

Declining water levels, however, have
not been observed in all wells in the

Upper Floridan aquifer. For example, at
a well in Miller County, the overall trend
in water levels has remained the same
since the 1970s, although levels have
varied seasonally by 25 feet or more
(Figure 3.5d).  And, in some areas, levels
have rebounded after withdrawals
decreased (see sidebar).

The wells in Worth and Miller counties
highlight how different areas of the
aquifer can respond differently based on
the rate at which groundwater is
replenished and the way in which it is
used for irrigation. Much is unknown
about why water levels fall or stay the
same and it is difficult to predict long-
term changes in water levels in re-
sponse to withdrawals.

Regardless of the cause, water levels in
some wells in the Floridan aquifer have
dropped steadily and sharply since the
1970s. These declines show that there
are impacts from the use of groundwa-
ter from the aquifer. If declines in water
levels accelerate or become more
extensive, future generations may not
be able to get as much water from the
Floridan aquifer system as is currently
used in southwest Georgia and other
parts of the state.

Recovery of groundwater
levels in Camden County

In Camden County in southeastern
Georgia, groundwater withdrawals
from the Upper Floridan aquifer
have supplied the Durango Paper
Company, the cities of Kingsland
and St. Marys, and the Kings Bay
Naval Submarine Base. By 2002,
Durango was withdrawing ground-
water at a rate of about 35 million
gallons per day (mgd) with the
cities and naval base withdrawing
an additional 5 mgd.

These withdrawals caused water
levels in the area to decline to
about five feet below sea level.
When the  paper company stopped
withdrawing water in late 2002,
water levels recovered within
weeks to elevations of about 30
feet above sea level.

The quick recovery of water levels
indicated that total groundwater
withdrawals of 40 mgd did not
exceed the sustainable yield of the
Upper Floridan aquifer in Camden
County.
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How do we know if there
is enough water to meet

our needs?

Understanding how water is used
provides only one piece of the
puzzle needed to determine if our
water resources can meet the
needs of the current and future
generations. EPD also must assess
how much water is available, since
there are limits on the amount of
water that individual sources can
supply.

Growth of the state’s economy and
population brings increased demand
for water and an increased need for
water to assimilate or process
pollution. Managing Georgia’s water
resources to meet these needs will
require better information on the
long-term capacities of the state’s
waters. Currently, information on
this is limited.

The provisions of Georgia’s State
Water Plan, adopted in 2008, are
intended to help address this gap.
Over the next two years, EPD will
conduct resource assessments to
determine the amount of surface
water and groundwater available to
support current and future water
use. Other assessments will
determine the capacity of surface
waters to process or assimilate
pollution.

Backg rounde r
Managing the Use of Stressed
Water Sources

In two areas of the state, water withdrawals have not just affected water
levels in the water source. They have also led to other impacts. In coastal

Georgia, groundwater withdrawals have affected water quality in parts of the
Upper Floridan aquifer. In southwest Georgia, groundwater withdrawals
contributed to decreases in the amount of water in tributaries of the Flint
River. As a result, EPD has restricted use of some water sources in these areas.

Georgia’s coastal region, along with adjoining areas in South Carolina and
Florida, rely heavily on the Upper Floridan aquifer as a major source of water for
municipal and industrial uses. In two areas, pumping of groundwater has
contaminated the aquifer with saltwater. This phenomenon, known as saltwa-
ter intrusion, occurs when seawater is drawn into the aquifer, contaminating
wells. It can also occur when brackish water is drawn into the aquifer from
other geologic formations. Saltwater intrusion affects the long-term viability of
the Upper Floridan as a water source.

Recent scientific studies have shown Glynn County is vulnerable to saltwater
intrusion due to pumping on the Brunswick peninsula. Chatham County and
parts of Effingham, Bryan and Liberty counties overlay a cone-shaped area of
lowered water levels that exceeds 100 square miles and extends into South
Carolina. This cone of depression is caused by groundwater pumping in Georgia
and South Carolina and contributes to the spread of saltwater in the aquifer
under Hilton Head Island. These areas now face limitations on use of the
Upper Floridan aquifer and water users must look to other sources to meet
increasing demands for water.

Pumping for agricultural irrigation has increased significantly in southwest
Georgia’s lower Flint river basin since the 1970s. The onset of drought in 1998
raised concerns about the impact of irrigation withdrawals on low flows in the
Flint River and some of its tributaries.

In response, EPD initiated detailed studies of groundwater-surface water
interactions in this basin. In 2006, EPD adopted a plan to manage water
withdrawals to protect stream flow. The plan limits water use in specific
watersheds within the river basin. In 13 of the small watersheds in the lower
part of the basin, irrigation withdrawals from the Upper Floridan aquifer have
been capped at current levels. Fourteen small watersheds face restrictions on
additional withdrawals from the Upper Floridan. Other sources of water will
have to be used to meet additional demands for irrigation and other water
uses.

To learn more about the Coastal Georgia Permitting Plan for Managing Saltwa-
ter Intrusion, go to: http://www1.gadnr.org/cws

To learn more about the Flint River Basin Plan, go to: http://www1.gadnr.org/

frbp/index.html
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proportion where standards are violated,
have remained relatively constant. In
2008, 39 percent of miles assessed fully
met the standards.

Water quality in the state’s lakes and
estuaries is also evaluated on a two-
year cycle. In 2008, 400,528 acres of
lakes were assessed, equaling 94
percent of the state total. Of the acres
assessed, 53 percent fully met water
quality standards, a slight decline from
the 2006 figure of 59 percent.

Violations of water quality standards
indicate that the assimilative capacity
of these waters has been reached or
exceeded. It is difficult or impossible to
issue permits for additional discharge of
treated wastewater to these waters, a
limitation that can hamper economic
development.

In the watersheds of water bodies that
have reached their assimilative capaci-
ties, demand for additional wastewater
treatment will have to be met through
other means. For wastewater treatment
plants and other point sources, this may
mean applying treated wastewater to
land, reusing the wastewater, or using a
technology that completely removes
the pollutant that causes the violation
of water quality standards. Or, it may
require actions to decrease the amount
of nonpoint source pollution that
reaches the water body.

In addition to supplying the state
with water, Georgia’s surface waters

also perform another critical function –
assimilating pollution. Water bodies
have a natural ability to process – or
assimilate – most pollutants in a way
that prevents harm to aquatic life or
humans who come in contact with the
water. This ability, called assimilative
capacity, not only protects human
health and sustains healthy ecosys-
tems, it is also critical to the long-term
support of a growing economy.

There is a limit, however, to the amount
of pollutants a water body can assimi-
late. When the total amount of pollu-
tion from point and nonpoint sources
exceeds that limit, the quality of the
water is reduced and water quality
standards may be violated (see page 11).
The extent to which standards are
violated is one indicator of a limited
capacity to assimilate increases in
treated wastewater – a capacity
necessary to support continued popula-
tion and economic growth.

Violations of water quality standards are
assessed and reported every two years.
Figure 3.6 shows the statewide trend
since 1992. The percentage of the total
miles of river and streams that have
been assessed has steadily increased,
reaching 20 percent in 2008. The
proportion of assessed miles that meet
water quality standards, and the

Figure 3.6  Violations of water quality standards in streams and rivers, 1992 -
2008. Georgia has a total of 70,150 miles of streams and rivers. (EPD)
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Pollutants in
Surface Waters

Indicator of the
capacity of Georgia’s
waters to Assimilate
Pollution

Monitoring more miles
of streams and rivers

The number of stream and river
miles evaluated for water quality
has steadily increased since 1992.

Increasing the number of river miles
evaluated has allowed EPD to
identify a larger number of stream
segments where water quality
standards are violated. However,
the percentage of assessed river
miles where one or more standard
is violated, and the percentage that
meet water quality standards, have
remained fairly constant.

Since the late 1990s, between 57
percent and 61 percent of the river
miles assessed each year violated
one or more standard. Between 39
percent and 43 percent of the river
miles assessed each year met all
water quality standards.
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health of fish communities has not yet
been evaluated in five river basins).

Mercury in fish tissue is the most
common problem in two basins and
contributes to violations in several
others. Low dissolved oxygen is a major
indicator of poor water quality in seven
river basins, all in south Georgia.

All violations of water quality standards
in harbors and sounds are due to
dissolved oxygen. In lakes, the majority
are due to organochlorines in fish tissue
and high levels of chlorophyll.

Elevated levels of chlorophyll indicate
the presence of large amounts of
nutrients, which causes growth of algae
and aquatic plants. Algae are an
important food source for aquatic life,
but excessive amounts of nutrients like
phosphorus can cause too much plant
growth, negatively affecting fishing,
recreation and drinking water supplies.

Indicators of poor water quality

Tables 3.4 and 3.5 show the major
indicators of poor water quality in the
state’s streams, rivers, harbors, sounds
and lakes. Check marks show the
indicators of poor water quality that
were most common in 2006-2007.
Together, the checked pollutants or
conditions account for 80 percent of
the stream miles or 80 percent of the
acres of harbors, sounds and lakes with
poor water quality. Factors contributing
to poor water quality in the remaining
20 percent of waters include elevated
levels of copper and other metals,
additional organochlorine compounds,
and altered temperature and pH.

Fecal coliform bacteria are a major
contaminant in streams and rivers in 13
of the state’s 14 major river basins. Poor
quality fish and invertebrate communi-
ties are major indicators of poor water
quality in eight river basins (and the

Table 3.4  Major indicators of poor water quality in Georgia’s streams and rivers,
2006-2007. (EPD)

Table 3.5  Major indictors of poor water quality in Georgia’s harbors, sounds and
lakes, 2006-2007. Sounds and harbors with poor water quality are found in the
Savannah and Satilla river basins. Lakes with poor water quality are found in eight
of the state’s major river basins. (EPD)
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When water quality
standards are not met

When water quality standards are
violated, EPD must limit the
amount of pollutants allowed in the
water body. The amount of pollut-
ant allowed is called the total
maximum daily load (TMDL), and it
is established to ensure that the
water body can support its desig-
nated uses (see sidebar on page 10
for an explanation of designated
uses).

Once the TMDL is established, EPD
develops a plan for how the TMDL,
and ultimately the water quality
standards, will be achieved. Once
the water quality standards are
met, the state may remove the
water body from its list of waters
with poor water quality.

The table below shows the amount
of water bodies partially or com-
pletely removed from this list
between 2000 and 2008. Waters
that were partially removed now
meet at least one water quality
standard that was violated in the
past. Waters that have been totally
removed now meet all water quality
standards.

River basin 
Fecal 

coliform 

Poor quality 
fish and 

invertebrate 
communities 

Dissolved 
oxygen 

Mercury 
in fish 
tissue 

Organo-
chlorines in 
fish tissue 

Altamaha �  �   

Chattahoochee � �    

Coosa � �   � 

Flint � � �   

Ochlockonee �  � �  

Ocmulgee � �    

Oconee � �    

Ogeechee �  � �  

Satilla �  � �  

Savannah � �    

Suwannee �  � �  

St. Marys   � �  

Tallapoosa � �    

Tennessee � �    

Water bodies removed from the
state’s list of waters with poor
water quality, 2000 - 2008. (EPD)

River
segments     3,092      1,739
(miles)

Lakes
(acres) 402,374 268,646

Estuarine
water bodies         281         179
(square miles)

Partially        Totally
removed       removed




