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Quantifying the Role of State and Private Forest
Lands in Providing Surface Drinking Water
Supply for the Southern United States

Ning Liu, G. Rebecca Dobbs, Peter V. Caldwell, Chelcy Ford Miniat,
Paul V. Bolstad, Stacy Nelson, and Ge Sun

ABSTRACT

Forests provide the most stable and highest quality water supplies among all land uses. The Southern United
States is heavily forested, and most of the forests are owned and managed by State and private entities, thus
it is critical to understand the role of forest lands in providing water across the region, the fastest growing
in the Nation. We quantified surface water supply originating on State and private forest (SPF) lands in the
13 Southern States at the 12-digit Hydrologic Unit Code watershed scale, using the Water Supply Stress
Index (WaSSI) hydrologic model. Water originating on seven forest ownership types was tracked through
the river network and linked to a database of surface drinking water intakes to quantify the population
served by water from SPF lands across the South. We found that the area of SPF lands was 44.2 percent

of the total land area and that SPF lands contributed 44.3 percent of the 836 billion m® yr-! total available
surface water supply in the region. Of the 7,582 surface drinking water intakes in the study area, 6,897
(91.0 percent) received some portion of their water from SPF lands, with 4,526 (65.6 percent) receiving

>20 percent of their water from SPF lands. Approximately 55.3 million people in the South and 1.8 million
people outside the 13 Southern States derived some portion of their surface water supply from SPF lands.
These results highlight the importance of southern State and private forests in providing drinking water to
downstream communities.

Keywords: Drinking water, hydrologic modeling, State and private forest lands, WaSSI, water supply,
water yield.
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EXECUTIVE SUMMARY

Forests provide the most stable and highest quality water supplies among all
land uses. Given the myriad of water-related benefits of forest lands, many water
supply authorities seek to maintain forest lands in their contributing watersheds

to protect water quality and minimize water treatment costs. The Southern

United States is heavily forested; it is therefore critical to understand the role This study highlights the
of forested lands in providing water across the South, the fastest growing connection between State
region in the Nation. State and private forest (SPF) lands—those owned and private forest lands
by State and local governments, corporations, families, and other private and the drinking water
entities (the last two also referred to together as nonindustrial private forest, supply in the South.

or NIPF)—account for about 90 percent of the 1.08 million km? (266 million

acres) of total southern forest land area. The majority of privately owned
forest lands in the South are family-owned (55 percent), followed by
corporately owned forests (26 percent).

This report is a summary of a modeling
study that quantified the contribution of SPF
lands to drinking water supply in the South.
Details regarding the modeling methods

and datasets used to link water supply from
forested lands to drinking water intakes

and the populations and communities they
serve are described, results across the

13 Southern States are summarized, and

detailed analyses, data, and map products at West Caney Creek.

the State level are provided in appendices. (photo courtesy of Ron Billings,
Texas A&M Forest Service)

This study provides a systematic assessment
of the interactions among water, forests, and
people, highlighting the connection between
SPF lands and water supply in the South and
the need for conservation and sound forest
management to ensure clean and stable
water supplies for southern communities
now and in the future. The goal of this
effort is to provide resource managers with
the information needed to demonstrate

the important role that SPF lands play in i | B
provisioning water supply for people living i ” ddo La ke.
in and downstream of forested watersheds (photo courtesy of Ron Billings,
in the South. Texas A&M Forest Service)
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Water Supply from State and Private Forest Land

Mean annual water yield ranged from <200 mm yr™ (7.9 inches per year) in
western Texas to >1000 mm yr™ (39.4 inches per year) in the high-elevation
Southern Appalachian Mountains. Water supply originating on SPF lands in the
13 Southern States made significant contributions to the total water supply across
the region in comparison with other land cover and ownership types. State and
private forest land area in the South was 44.2 percent of the total land area, and
SPF lands contributed 44.3 percent of the 836 billion m* yr™ (220.8 trillion gallons
per year) total available water supply generated in the region.

Forest land area in the South and the proportion of water supply originated on
forest lands were closely linked at the State level. For the 13 Southern States,
Alabama had the highest percentage (~66 percent) of SPF lands and the highest
percentage (~60 percent) of water supply from SPF lands (see chart). Although
Oklahoma had the lowest percentage (~23 percent) of SPF lands, >30 percent of
water supply originated from SPF.

Nonindustrial private forest was the dominant source of water supply from SPF
for 11 of the 13 Southern States. Corporate forest was the dominant source of
water supply for Florida and Louisiana and the second most dominant source of
water supply for all other States. In Kentucky, NIPF contributed >80 percent of
water supply originating on SPF, while >70 percent of water supply originating on
SPF was from State and corporate forest in Florida.

Forest ownership type

[INonforest [ Tribal MEMFederal [MState MMLocal [MCorporate [l Nonindustrial
120000 private

100000

SPF lands contributed
44.3 percent of the total
available water supply
in the region.
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Population Served by Water from State and Private Forest Lands

Approximately 55 million people in the South derived some portion of their

drinking water (> 0 percent of the total supply) from SPF lands. This represents

49 percent of the total population in the region. In addition, approximately

1.8 million people outside the 13 Southern States received some portion of their
drinking water from SPF in the South. State and private forest lands in the South
provide more than half of the available water supply for 14.0 million people in the

region and beyond.

State and private forest lands served the largest population in Texas among
all 13 Southern States; 16.7 million people in Texas (59.0 percent of the

total population) derived some portion of their water from SPF lands.

2.5 million people in Texas received the majority (>50 percent) of their water
from SPF lands, followed by North Carolina (1.54 million) and Alabama
(1.48 million) (see chart). In other States that have relatively low forest cover
(e.g., Oklahoma) and/or relatively low population served by surface water
supply (e.g., Mississippi), <0.2 million people received the majority of their

Almost half of the
total population in
the South derived
some portion of their
drinking water from
SPF lands.

drinking water supply from SPF. While these populations may be small relative
to other States, water originating on SPF lands is critical for meeting the water

supply needs of specific downstream communities.

Population served by water coming from SPF lands for each State

Il > 50% of water originates on SPF lands
I > 0% of water originates on SPF lands

Population (millions)
[e]

AL AR FL GA KY LA MS NC OK SC TN X
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INTRODUCTION

Forests are known to provide the most stable and

clean supply of water among all land uses (Brown and
others 2008, 2016; Caldwell and others 2014; Vose
2019). Twenty-six percent of the total U.S. land area

is forest land which contributes 46 percent of the total
available water supply (Brown and others 2016). For
more than a century, studies using paired watersheds
and mathematical and modeling methods (Wei and
others 2018, Zhang and others 2008, Zhao and others
2010) have demonstrated that losses in forest cover
commonly result in increased water yield, while forest
cover gains generally result in a decreased water yield
(Caldwell and others 2016, Elliott and others 2017,
Ford and others 2011) due to greater evapotranspiration
(ET) rates in forests than other vegetation types and
land covers (Sun and others 2011a). Results vary
depending on the spatial scale, climate, forest type, and
hydrological regime (Evaristo and McDonnell 2019,
Filoso and others 2017, Zhang and others 2017). In
addition to decreasing water yield (Brown and others
2005, Sun and others 2006, Zhao and others 2010),
afforestation or reforestation can increase groundwater
recharge, soil infiltration capacity, and water quality
(Filoso and others 2017, Price and others 2010, Zhang
and others 2008). Though forests transpire more water,
they may increase baseflows in the dry season due to
greater soil water storage (Krishnaswamy and others
2013, Price and others 2011). Research also shows

that watersheds with greater forest coverage produce
better water quality than watersheds with lesser forest
coverage (Sun and others 2004, Tu 2013). Forest
conversion to residential, commercial, and agricultural
lands results in greater concentrations and exports

of suspended sediments, nutrients, pesticides, and
other toxins (Jackson and others 2017, Webster and
others 2018). These water quality changes, along with
increased summer temperatures, diminish aquatic
species diversity (Frisch and others 2016). Given the
many water-related benefits of forest lands, many water
supply authorities seek to maintain forest lands in their
contributing watersheds to protect water quality and
minimize water treatment costs (Warziniack and others
2017).

Water availability influences local economies and
human well-being, but population growth and climate
change may upset the balance of water supply and
demand in the future. The U.S. population doubled

DEFINITIONS

Water yield is the amount of excess water leaving a
watershed as streamflow after accounting for losses that
include changes in water storage in the soil, evaporation,
and transpiration from vegetation. In this study, water
yield is the depth to which a watershed (HUC12) would
be covered if all of the streamflow were uniformly
distributed over it. The unit of water yield is mm yr.

Water supply is calculated by accumulating the water
volume generated from each land cover type in the entire
river system upstream of a location of interest along the
river network. The unit of water supply is m? yr.

between 1950 and 2008 (U.S. Census Bureau 2010),
leading to a significant increase in water use. Total
water withdrawal in the United States increased from
about 300 billion m* yr! in 1950 to 580 billion m? yr!
in 2010 (Dieter and Maupin 2015). If the current trend
continues, the U.S. population will reach 383 million
by 2040. South Carolina, North Carolina, Georgia,
Texas, and Florida—-5 of the top 10 fastest growing
U.S. States—are among the 13 Southern States of

the U.S. Department of Agriculture Forest Service
Region 8, which also includes Alabama, Arkansas,
Kentucky, Louisiana, Mississippi, Oklahoma,
Tennessee, and Virginia (hereafter the South). For
example, the populations in Texas and Florida are
predicted to increase by >50 percent by 2040 relative
to 2010 (University of Virginia Weldon Cooper
Center 2018). If per capita water consumption remains
constant, water demand will grow with the population,
and water withdrawals will continue to increase. Apart
from increasing water demand, population growth will
also affect the quantity and quality of water supply

by changing land use from forests to developed land
uses. Across the United States, forest cover declined
from 4.14 million km? (46 percent of total land area)
in 1630 to 3.10 million km? (33 percent of land area) in
2012 (Oswalt and others 2014). In the Southern United
States, about 10 000 km? of forest were lost to urban
development between 1992 and 1997 (Alig and others
2010), and forest land is predicted to decline by up

to 13 percent from 1997 to 2060 due to urbanization
(Wear 2013). Water stress is commonly reported in
the Western United States because of the dry climate.
However, with rapid population growth and climate
change, water stress is predicted to increase even in



the historically water-rich Southern United States
(Lockaby and others 2013, Missimer and others 2014,
Sun and others 2008).

Forest ownership patterns differ between eastern

and western regions of the United States. While the
Federal Government owns 2.59 million km? of forest
in the United States, most of it (75 percent) lies in the
11 western contiguous States. In contrast, most of the
forest land in the Eastern United States is privately
owned. Across the South, forests owned by State and
local governments, corporations, families, and other
private entities (hereafter State and private forest; SPF)
account for about 90 percent of the total forest land
area. Family-owned forests are the majority of privately
owned forest lands in the South (55 percent), followed
by corporately owned forests (26 percent). Most of
this family-owned forest is used for the aesthetics that
forests provide, as habitat for wildlife, and as part of

a family legacy, while corporations that own forest
land with wood-processing facilities traditionally have
been a major source of U.S. timber production (Oswalt
and others 2014). The ideal condition is to keep as
much existing forest land as possible in forest cover to
maintain the high-quality and stable supply of water
in the South; however, privately owned forests are
vulnerable to urban development (McNulty and others
2013), which is likely to affect both water quantity and
water quality.

For more than a century, U.S. legislation has
emphasized the importance of protecting forests and
water resources. The Organic Act of 1897, the Weeks
Act of 1911, the Sustained Yield Forest Management
Act of 1944, and the National Forest Management

Act of 1976 all sought to safeguard our Nation’s

forests and water resources. The Forest Service
upholds this legislation and is dedicated to the future
improvement of water resources through restoration
and enhancement of forested landscapes. The State and
Private Forestry branch of the Forest Service provides
technical and financial assistance to States, Tribes,
communities, nonindustrial private landowners, and
other resource managers to help sustain and manage
non-Federal forests for timber production, recreation,
wildlife, and other ecosystem services while protecting

Quantifying the Role of State and Private Forest Lands in Providing Surface Drinking Water Supply for the Southern United States

soil and water resources. The Southern Group of State
Foresters (SGSF) is a nonprofit organization consisting
of State Foresters from across the South, who provide
leadership in sustaining the economic, environmental,
and social benefits of the South's forests, and work

to identify and address existing and emerging issues
and challenges that are important to southern forests
and citizens. The SGSF and Forest Service State and
Private Forestry work in partnership to help sustain
the South's forests and the ecosystem services they
provide, including the provisioning of clean, reliable
water supplies.

Previous work has attempted to link SPF and water

at various scales in the United States but not in
sufficient detail to provide resource managers with
the information needed to demonstrate importance of
specific SPF lands for specific drinking water supplies.
Caldwell and others (2014) showed that SPF across the
South in total contributed 32.4 percent of the water
supply and provided water to 6,188 communities
serving a total population of 48.7 million but did

not provide detail at the State level, identify specific
communities and populations served by water from
SPF, or quantify the relative contribution of different
ownership types within SPF. Brown and others (2016)
quantified the water yield provided by SPF in the
United States at the State level but did not quantify
water supply by SPF ownership type or link this
water supply to specific communities and populations
served by that water. Understanding the contribution
of specific SPF lands to drinking water supply for
specific downstream communities is critical for forest
management and source water protection on SPF lands.

This study aims to quantify the contribution of

SPF lands to drinking water supply systems in the

13 Southern States. As such, the available water and
origin of that water at each public surface drinking
water intake was estimated using a water balance
model. Our objectives were to: 1) estimate how much
fresh surface water supply originated from SPF lands
across the region and by State; and 2) quantify the
contribution of SPF lands to specific drinking water
supplies.
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METHODS
Extent and Scale of Analysis

This study focused on surface water supply and surface
drinking water intakes in the 13 Southern States of
Alabama, Arkansas, Florida, Georgia, Kentucky,
Louisiana, Mississippi, North Carolina, Oklahoma,
South Carolina, Tennessee, Texas, and Virginia. The
term “water supply” used in the following text is
surface water supply. We quantified the proportion of
the available surface water to a given public surface
drinking water intake that originated on forest land
across the South and by State in the South (fig. 1). In
calculating these proportions, we accounted for the
water supply that originated in areas that are located
outside of the South but drain to the South through
the river network, including the Missouri, Upper
Mississippi, Ohio, and Rio Grande Rivers. Likewise,
we included surface drinking water intakes in our
analysis that are located outside the region or a given
State but receive water from the region/State. The
spatial resolution of our analysis was the 12-digit, or
sixth-level, Hydrologic Unit Code (HUC12) watershed
scale. The South covers approximately 23,000 HUC12
watersheds with a mean size of about 900 km?. The
relative contribution of forests to the total water supply

was calculated for any point along a stream network,
such as the location of a surface drinking water intake,
by tracking water yield from forest lands through the
river network.

The WaSSI| Model

The Water Supply Stress Index (WaSSI) hydrologic
model was developed to assess the impacts of climate
change, land use change, and population growth

on water supply stress, river flows, and ecosystem
productivity across the conterminous United States
(Caldwell and others 2011, 2012; Sun and others 2011b).
WaSSI has been tested, validated, and used in climate
change assessments across the conterminous United
States (Caldwell and others 2015; Lockaby and others
2013; Marion and others 2013; Sun and others 2015a,
2016; Tavernia and others 2013), in examining the
water-energy nexus at the national scale (Averyt and
others 2011), in quantifying surface water supplied
by national forests (Caldwell and others 2014), and in
studying the impacts of historical drought on national
forests and grasslands (Sun and others 2015b).

WaSSI is an integrated monthly model that simulates
the full hydrologic cycle. WaSSI is parameterized
using readily available national-scale soil, land

Forest Service Region 8, land areas by forest ownership, and upstream river basins

|: Nonforest
Forest ownership type
[ ribal
- Federal
- State
- Local
- Family
- Corporate
: Other private

Public

Private

_— Man rivers
States
[ Region 8

] water Resource Region

Figure 1—Nonforest land and forest lands by ownership ca. 2014 (Hewes and others 2017) in the South
(Region 8), plus upstream contributing river basins used in modeling and the amount of water supply
originating on State and private forest (SPF) lands serving surface drinking water intakes in the South.
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cover, and climate databases (table 1). To match

the scale of analysis (HUC12 watershed scale), all
input data sets were spatially rescaled using an area-
weighted averaging scheme. In WaSSI, precipitation
is partitioned into rain and snow using an air
temperature-based conceptual snow accumulation
and melt model (McCabe and Wolock 1999). The
WaSSI model calculates monthly infiltration, surface
runoff, soil moisture, and baseflow processes for each
HUCI2 watershed land cover type using algorithms
of the Sacramento Soil Moisture Accounting Model
(SAC-SMA) (Burnash 1995, Burnash and others 1973).
The soil profile is divided into a relatively thin upper
layer and a much thicker lower layer which supplies
moisture to meet ET demands (Koren and others

2003). Each layer consists of tension water storage
(i.e., between soil water tensions of field capacity and
the plant wilting point) and free water storage (i.e., soil
water tension greater than field capacity) that interact
to generate surface runoff, lateral water movement
from the upper soil layer to the stream (interflow),
percolation from the upper soil layer to the lower soil
layer, and lateral water movement from the lower

soil layer to the stream (baseflow). Monthly ET is
calculated as a function of potential ET (Hamon 1963),
precipitation, and leaf area index (LAI) using empirical
relationships derived from multisite eddy covariance
measurements (Sun and others 2011a, 2011b). Storage
and ET for impervious cover in each HUC12 are
assumed to be negligible, thus all precipitation falling

Table 1—Data inputs for the Water Supply Stress Index (WaSSI) model

Data/database Source Resolution Time period
Soil properties State Soil Geographic (STATSGO)-based Sacramento 1- x 1-km grid N/A
Soil Moisture Accounting Model Soil Parameters
NOAA-National Weather Service, Office of Hydrologic
Development, Hydrology Laboratory
Impervious cover National Land Cover Database (NLCD) 2011 30- x 30-m grid 2011
Percent Developed Imperviousness (CONUS) for the
conterminous United States (https://www.mrlc.gov/data/
nlcd-2011-percent-developed-imperviousness-conus-0)
Global Man-made Impervious Surface (GMIS) Dataset
from Landsat, v1 (2010) for HUCs outside the United
States (https://sedac.ciesin.columbia.edu/data/set/
ulandsat-gmis-v1/data-download)
Forest ownership Forest Ownership in the Conterminous United States 250- x 250-m grid 2014
circa 2014: Distribution of Seven Ownership Types -
Geospatial Dataset (https://www.fs.usda.gov/rds/archive/
Product/RDS-2017-0007)
Monthly mean leaf area index (LAI) Moderate Resolution Imaging Spectroradiometer 1- x 1-km grid 2001-2010
by land cover (MODIS) (https://modis.gsfc.nasa.gov/)
Climate (monthly precipitation and ~ PRISM Climate Group 4- x 4-km grid 2001-2010
temperature) for the conterminous  (http://www.prism.oregonstate.edu/)
United States
Climate (monthly precipitation and ~ Daymet 1- x 1-km grid 2001-2010
temperature) for the HUCs outside  (https://daac.ornl.gov/cgi-bin/dsviewer.pl?ds_id=1345)
the United States
River network National Hydrography Dataset (NHD) (https://www.usgs. 1:100,000 N/A
gov/core-science-systems/ngp/national-hydrography/
national-hydrography-dataset)
Watershed boundaries Watershed Boundary Dataset (WBD) (https://www.usgs. HUC12 N/A
gov/core-science-systems/ngp/national-hydrography/ (~90 km?)

watershed-boundary-dataset)

HUC = Hydrologic Unit Code; NOAA = National Oceanic and Atmospheric Administration; PRISM = Parameter-elevation Regression on

Independent Slopes Model.
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on the impervious portion of a watershed is assumed
to be runoff and is routed directly to the watershed
outlet. Water yield is calculated for each land cover
type in a given HUC12 as the sum of surface runoff
from pervious and impervious surfaces, interflow,
and baseflow after accounting for losses that include
changes in water storage in the soil, evaporation, and
transpiration from vegetation. Water yield for each
HUCI2 is then calculated as the sum of the area-
weighted averages of water yield of each land cover
type present and expressed in mm yr~'. Water yield
for each HUCI12 is then routed and accumulated from
upstream to downstream HUCI2s along the river
network to estimate the total water supply at the outlet
of each respective HUC12. The water supply is the sum
of the water yield generated in all HUCI2s upstream
of a given location on the river network expressed

in m? yr!. While some applications of WaSSI have
included the effects of anthropogenic water use, no
anthropogenic water use was considered in this study.

Forest Ownership

In this study, forests in seven ownership types
(Federal, Tribal, State, local, corporate, family, and
other private [the last two also referred to together as
nonindustrial private forest, or NIPF]) were derived
from a dataset of conterminous U.S. forest ownership
circa 2014 (Hewes and others 2017) (table 1). Corporate
ownership lands include forest land owned by forest
industry as well as other corporate entities such as
Timber Investment Management Organizations and
Real Estate Investment Trusts (TIMOs and REITs,
respectively). This dataset was interpolated from
forest ownership point data, collected as part of the
Forest Service Forest Inventory and Analysis (FIA)
program using the Thiessen polygon method. The
overall accuracy in correctly categorizing SPF land
was > 90 percent. However, the accuracy in identifying
each forest ownership type varied according to the
training size (Butler and others 2014). The amount

of forest land in this dataset may differ from that of
other published land cover datasets due to differences
in the definition of forest land as well as conceptual
differences between “land use” and “land cover.” For
example, the 2006 National Land Cover Database
(NLCD), which was used by Caldwell and others
(2014), describes “land cover” and defines forest land
as a canopy >5 m tall; young trees in early succession
or trees stunted by environmental conditions would be
considered shrubland cover (Homer and others 2015).

The forest ownership dataset we used describes “land
use” and defines forest as land at least 36.6 m wide
and 0.4 ha in size with at least 10-percent cover by
live trees of any size, including land that formerly had
such tree cover and that will be naturally or artificially
regenerated.

For this analysis, we overlaid the SPF ownership
raster on the HUC12 boundaries and the Moderate
Resolution Imaging Spectroradiometer (MODIS) LAI
model inputs to derive the inputs for each of the seven
forest ownership types as well as nonforest land. We
revised the WaSSI flow routing algorithm to track
water flow from each land cover type through the river
network (fig.1). In addition to the HUC12 watersheds
in the conterminous United States, we also included
the areas in Canada and Mexico that contribute water
to watersheds in Forest Service Region 8 in order to
accurately estimate the total flow (table 1). The WaSSI
model was run at the monthly time step from 2001

to 2010 over the HUC12 watersheds in and upstream
of Region 8. The years 2001 and 2010 were selected
because they roughly corresponded to the time periods
of the land cover and LAI input databases, as well

as the drinking water population-served estimates
(discussed below). The mean annual water supply and
the fraction of mean annual water supply originating
on SPF land in the South were quantified for each
HUCI12.

Linking Water Yield from Forests to Surface
Drinking Water Intakes

We employed the methods detailed in Caldwell and
others (2014) to link water yield from forests to surface
drinking water intakes and briefly summarize those
methods here.

Population served by each surface drinking water
intake is derived from the U.S. Environmental
Protection Agency’s (EPA) Safe Drinking Water
Information System (SDWIS) database (EPA 2017),
which contains information on water systems such
as location, population served, and system type
(residential or other). Self-supplied groundwater
wells, such as those serving single-family homes, are
not included in the database; thus, our estimates of
the population served by SPF lands are conservative
as these wells are likely getting a portion of their
water from forest lands. Public water systems in the
EPA database were screened for those located in the
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South, serving a population of at least 25 people, and
whose source was denoted as “surface water” and
“groundwater under the influence of surface water.”
No systems or intakes in the SDWIS whose source
was identified as strictly “groundwater” were included
in our analysis because we could not be certain of the
origin of groundwater supplies (i.e., forest land vs.
nonforest land) for any given well at such large scale.
The population served in the SDWIS is attributed

to the water system as opposed to specific intakes
within a system. Where there were multiple intakes
with different locations in a given water system,

we assumed that the total population served by the
water system was divided equally among the intakes
in that system. As a result, our representations of
population served differ spatially from local data

in some instances. The final database used in this
analysis included 7,440 surface drinking water intakes
inside the South (fig. 2) serving a total population

of 56.6 million people (49 percent of the nearly

114 million people in the South [EPA 2017]) and

142 surface drinking water intakes outside the region

serving a total population of another 1.8 million people.

Surface drinking water intakes in Region 8

States

1] Region8

We overlaid the surface drinking water intakes on the
HUCI12 watershed boundaries and assumed that the
WaSSI-estimated proportion of water from forest lands
at the outlet of the HUC12 watershed in which a given
intake was located was representative of the intake
location. This might not be accurate for any intake
located on a tributary and not on the HUC’s main stem,
but this assumption was necessary because, like other
semi-distributed hydrologic models, WaSSI estimates
water supply at the outlet of each modeling unit (in
this case, HUCI12 watersheds) in the river network

but cannot resolve the amount of water provided by
forest land for specific locations within each modeling
unit. In some cases, intakes were located in coves off
the main stem of water supply reservoirs; thus, the
proportion of water from forest lands on the reservoir
main stem was more representative than that of the
inundated tributary in which the intake was located.
We assumed that these intakes were receiving source
water with the same proportion of water from forest
land as that of the first HUC12 watershed downstream
and on the main stem of the water supply reservoir.

Population )
o <25000 o °

@ 25,001-75,000

. >75,000

Figure 2—The 7,582 surface drinking water intakes used in the study area. Intakes are sized and colored
according to the population that depends on water from these intakes.
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RESULTS

Water Supply and Water Yield from State and
Private Forest Land

Mean annual (2001-2010) water supply was spatially
variable, reflecting the influences of climate and
upstream drainage area (fig. 3). The mean annual
water supply ranged from near zero in watersheds

in arid western Texas to about 710 billion m? yr! at
the outlet of the Mississippi River. Water yield was
highest in areas with high precipitation and low ET
(e.g., mountainous areas or at high latitude, or both)
and lowest in areas with low precipitation and high
potential ET (e.g., the arid high plains of the United
States) (fig. 4). Mean annual water yield ranged from
<200 mm yr' in the western portions of the study
area to >1000 mm yr™' in the high-elevation Southern
Appalachian Mountains.

Water supply originating on SPF lands in the

13 Southern States made significant and dispropor-
tionate contributions to the total water supply across
the region in comparison with other land cover and
ownership types (figs. 5 and 6). State and private forest
land area in the 13 Southern States was 44.2 percent
of the total land area, but SPF lands contributed

44.3 percent of the 836 billion m? yr™! total available

water supply generated. Within SPF, the majority of the
land area (63.6 percent) was NIPF which contributed
61.2 percent of the water supply, followed by corporate
private forests (29.2 percent of the land area and

31.0 percent of the water supply) (fig. 5). In general,
areas with a high proportion (>75 percent) of water
supply from SPF (fig. 6) have a dominant percentage
of SPF lands, such as southwestern Texas, southern
Arkansas, northern Louisiana, southern Mississippi,
and western Alabama (fig. 1).

At the State level, the contribution of water supply
from SPF varied by local forest ownership patterns.
Unsurprisingly, Texas (the largest of the 13 Southern
States) had the greatest total water supply with about
118 billion m? yr, followed by Louisiana and Florida
(fig. 7A). However, the majority of water supply in
Texas originated on nonforest lands (~60 percent)
(fig. 7B). Most of the SPF lands in Texas are in the
western south-central part of the State. For example,
the Llano River, one of the upstream water supply
rivers of the city of Austin, had >75 percent water
supply originating on SPF (fig. 6). For the 13 Southern
States, Alabama had the greatest amount (~40 billion
m? yr!) and the highest percentage (~60 percent) of
water supply from SPF, which included ~40 percent
of the total water supply from NIPF. More than

40 percent of Alabama’s HUC12s had >75 percent of

Estimated mean annual water supply, 2001-2010

Water supply (million m® yr')
0-250

251-500
501-1000

I 10011500
I 15012000
I 2001709848
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D Water Resource Region

0 125 250 500 750 1,000
I TN I Viles

Figure 3—Estimated 2001-2010 mean annual water supply in millions of m® yr' by 12-digit (sixth-level)
Hydrologic Unit Code (HUC12) watershed for those watersheds supplying water to the South. HUCs are
colored by the magnitude of available water supply at the HUC outlet.
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Estimated mean annual water yield, 2001-2010

Water yield (mm yr™)
0-200

[ 201-400
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I 601800
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- 1001-1500 |:| Water Resource Region

Figure 4—Estimated 2001-2010 mean annual water yield in mm yr™ by 12-digit (sixth-level) Hydrologic
Unit Code (HUC) watershed for those watersheds supplying water to the South. HUCs are colored by the
magnitude of the long-term mean annual water yield of each HUC area-weighted by land cover types.

0 125 250 500 750 1,000
E N N W iles

Federal (public) Tribal (public) Water supply by forest
6.1% 0.1% ownership type

State and

Nonforest private
49.5% 44.3%

Local (public) State (public)

0,
Percent of land area 1.3% 6.4%
Forest ownership type %
Federal (pllbllC) 49 Land area of SPF = 967 053 km? (44.2%)
Tribal (public) 0.2
State (public) 26  Water supply from SPF = 370 billion m3yr" (44.3%)
Local (public) 0.6
Corporate (private) 12.9 Total water supply = 836 billion m3 yr
Nonindustrial private 28.1

Figure 5—Summary of water supply from and land area of State and private forest (SPF) lands serving
surface drinking water intakes in the South.
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Streams by proportion of water from State and private forest lands in Region 8
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Figure 6—Percentage of the total 2001-2010 mean annual water supply that originated on State and private
forest (SPF) lands by Hydrologic Unit Code (HUC) watersheds’ streamlines. Water supply is the total amount of
surface water available at the outlet of each HUC watershed, including flow accumulated from HUCs upstream.

Streamlines of 12-digit (sixth-level) HUC watersheds are colored according to the fraction of total water supply at

the watershed outlet that originated on SPF lands.
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Figure 7—Mean annual water supply in millions of m® yr'' (A) and percentage of water supply (B) originating on

each forest ownership type for each State.
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their water supply originating on SPF. Overall, NIPF
was the dominant source of water supply from SPF

for 11 of the 13 Southern States (the exceptions being
Florida and Louisiana), followed by corporate forest
(fig. 7B). In Kentucky, NIPF contributed >80 percent
of water supply originating on SPF, while >70 percent
of water supply originating on SPF was from State and
corporate forest in Florida.

Relationship between Forest Cover
and Water Supply

About half of the land area in the South is forested,
with forests occupying between 20 and 70 percent

of land area by State. Overall, forest land area in the
South and the proportion of water supply originated
on forest lands were closely linked at the State level
(fig. 8). The consistent relationship between forest
coverage and water supply suggests that different
forest ownership types had similar water yield in the
Southern United States (fig. 9A). Some exceptions
were notable, however. For example, federally owned
forests in North Carolina had much higher water yield
than did SPF in the State, likely because of the higher
precipitation in the mountainous western part of the

State where most federally owned forests are located.
In addition, nonforest land tended to have a greater
ratio of precipitation that ended up as streamflow (i.e.,
runoff coefficient) than forest land, while different
forest ownership types had very similar runoff
coefficients (fig. 9B). Only in Texas and Oklahoma
did nonforest lands have a lower runoff coefficient
than forest lands, suggesting that precipitation in these
nonforest land areas was too low to support forests
(fig. 9A).

Population and Communities Served
by Water from Forest Lands

Approximately 55 million people in the South derived
some portion of their drinking water from SPF lands.
This represents 49 percent of the total population in the
region (fig. 10). In addition, approximately 1.8 million
people outside the 13 Southern States received some
portion of their drinking water (> 0 percent of the

total supply) from SPF in the South (fig. 6). The
population in the South was served by water from
forests to different extents depending on the size of the
communities (as represented by their public drinking
water systems) and their proximity to forest lands
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Figure 8—The relationship between forest ownership types as a percentage of the land area
(percent) and their contribution to water supply (percent) for the 13 Southern States. Only forest
ownership categories >5 percent of the total area in each State are shown.
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(figs. 10 and 11). Approximately 14 million people Alabama got water from SPF lands, with 30.3 percent
in the South received > 50 percent of their drinking receiving at least half of their water supply from SPF.
water from SPF lands. Of the 7,582 surface drinking In Oklahoma, Louisiana, and Florida, <5 percent of the
water intakes in the study area, 6,897 (91.0 percent) total population received the majority of their drinking
received some portion of their source water from SPF water supply from SPF.

lands, with 4,526 receiving >20 percent of the source

water from SPF lands. For the 13 Southern States, SPF Some surface drinking water intakes serve

served the largest population in Texas: 16.7 million large populations and receive >20 percent of

people (59.0 percent of the total population) derived their water supply from SPF lands. Examples

some of their drinking water supply from SPF. Less include Birmingham, AL; Atlanta (proper), GA;

than 10 percent of the population in Texas received Natchitoches, LA; Charlotte, NC; Raleigh, NC;

the majority (>50 percent) of their water from SPF, Greenville, SC; Nashville, TN; Richmond, VA; and
however. In contrast, about 3.4 million people in Austin, TX.

Surface drlnklng water intakes receiving water from SPF lands aggregated to HUC12 in Region 8
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Figure 11—Intakes aggregated in HUC12 watersheds where some amount of source water originated on State and private forest
(SPF) lands. HUC12 watersheds are colored by the percentage of surface water from SPF in the South.
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CASE STUDY: CITY OF AUSTIN

We selected Austin as an example to demonstrate how SPF contributed to the drinking water
supply for the community, as this city has an especially high population receiving >50 percent
of its water from SPF lands. Austin lies near the outlet of the Colorado River Basin in Texas,
which has its headwaters originating in southeastern New Mexico. The Colorado River Basin is
103 599 km? in area, and forest covers 49.5 percent of the total area. Ninety-nine percent of the
forest is SPF. The dominant ownership is family forest, which accounts for about 40 percent of
the total land area and contributes to 52 percent of the surface water (fig. 12). Corporately owned
forests contribute 7 percent of surface water and account for 6.1 percent of the total land area.
There are three intakes for the city of Austin, which served almost 1 million people. Those three
intakes received an average of 62.4 percent of their surface drinking water from SPF. One of three
intakes is located at the Mansfield Dam, serving about 324,446 people in Austin. The reservoir
also provides surface water for another 23,000 people in Travis County. Another two intakes are
located northwest of Austin, in Lake Austin, serving 648,892 more people.

~ —
SPF areas Streams in Colorado R. Basin " 01 2 4 6 8
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Urban areas % Water from TX SPF ke Wl Lake
5\ ; 2Travis
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Figure 12—Case study of the City of Austin Water & Wastewater, Austin, TX.
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DISCUSSION

In this study, we quantified the water supply derived
from SPF lands in the 13 Southern States and these
lands’ contributions to surface drinking water intakes
and populations served. State and private forest lands
provided almost half of the total surface water in

the study area, and thus played an essential role in
supplying drinking water to communities. More than
10 percent of the population in the South received
>50 percent of their drinking water from SPF lands.
We found that water supply from private forest lands
dominated the water supply that came from forest
lands, while public (Federal, Tribal, State, and local)
forests supplied <10 percent of surface water. In an
earlier study, Caldwell and others (2014) reported that
National Forest System lands contributed 3.4 percent
of the total water supply in the Southern States and
that SPF lands provided 32.6 percent of total water
supply. In contrast, we found that the SPF lands
contributed about 44.3 percent of the water supply,

a difference of 11.7 percent. The differences in the
estimates are related to the different input databases
used for forest cover and ownership in the two studies.
As stated previously, Caldwell and others (2014) used
the 2006 National Land Cover Database, in which
SPF lands made up 27.1 percent of the total land area
in the 13 Southern States. In contrast, the 2014 forest
ownership dataset used in the present study (table 1)
indicates that SPF lands represent about 44.2 percent
of the total land area (967 053 km?) (fig. 5), which is
similar to some previous reports (Huggett and others
2013).

Water Yield from Forests is Closely Tied to
Forest Area and Precipitation Patterns across
the South

The considerable difference in water supply from
different forest ownerships reflected the abundance
and spatial distribution of forests in relation to the
spatial patterns of precipitation (fig. 6). Apart from
water yield, the proportion of precipitation that ends up
as streamflow (i.e., the runoff coefficient) is strongly
related to precipitation because most of the South

is not water-limited (Renner and Bernhofer 2012)

in Budyko’s framework (Budyko and others 1974).
Overall, the contribution of each forest ownership type
to water supply closely reflected forest area for each
type, at least at the State level (fig. 8). This suggests

Quantifying the Role of State and Private Forest Lands in Providing Surface Drinking Water Supply for the Southern United States

that different forest ownership types tend to have
similar water yields in most of the States (fig. 9A).

In each State, differences in water yield and runoff
coefficient between different forest ownerships were
small, because the annual precipitation was quite
similar among those forest ownership types. However,
Federal forests showed much higher water yield in
Georgia and North Carolina than other forest lands
(fig. 9A) because most of Federal forests in these two
States are located within the Appalachian Mountains
where the highest annual precipitation in the South is
found.

In contrast, nonforest lands tended to have a higher
respective percentage of water supply than their
percentage of total land. This is due to the fact that
nonforest lands generally had greater water yield

and runoff coefficients than forest lands (fig. 9). The
exceptions to this were the nonforest lands in Texas
and Oklahoma (fig. 9). In Oklahoma, the average
water yields in the forest and the nonforest lands were
350 mm yr' and 200 mm yr”', respectively (fig. 4).
Moreover, the runoff coefficient was much lower

in nonforest lands (~0.20) than forest lands (~0.30)
(fig. 9B). The large difference in water yield between
forest and nonforest in these two States was a result
of the difference in rainfall amounts in the western
areas of Texas and Oklahoma compared to the eastern
parts of those States. Across the South, moving from
east to west, the annual rainfall decreased from more
than 1300 mm yr™' in the Appalachian Mountains to
<700 mm yr™ in the western portion of the region.

Climate Change and Population Growth Might
Exacerbate Water Stress Conditions

Water stress, or the ratio of water demand to water
supply (Averyt and others 2013, Duan and others

2019, Lockaby and others 2013, Sun and others 2008),
in general is concentrated in the Western United

States due to the dry climate there. Although water
supply is generally high in the South because of the
high precipitation, high water demand due to large
populations has resulted in water stress in some urban
areas, such as Atlanta (Jeong and others 2015) and
Raleigh (Hester and Larson 2016). Water supply is also
expected to continue to decrease due to climate change,
which will increase surface temperature and increase
the frequency and severity of droughts. The South is
forecast to experience warming for the duration of
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the 21st century, while varied changes in precipitation
are predicted to occur in the same period (McNulty
and others 2013). Higher air temperatures will likely
increase water loss by ET (Lockaby and others 2013).
Moreover, under the current warming trend, drought
is expected to occur more frequently. Drought and
climate change have already resulted in a dramatic
reduction of water available to ecosystems and to the
public across the United States (Creed and others 2014,
Sun and others 2015b). For example, Sun and others
(2015b) found that droughts in the 2000s resulted in
up to a 54-percent reduction in precipitation, which
led to streamflow decreases from forest lands of up
to 90 percent. Sun and Vose (2016) predicted that
streamflow in 48 percent of HUC12 watersheds is
projected to decrease by 2031-2060 from the baseline
period of 1979-2007 across the United States.

Concurrent with reductions in water supply, water
demand may increase in the 21st century due to rising
population. Population in the 13 Southern States is
projected to increase by 36.2—67.9 million by 2060
(34-65 percent from the 2010 level), with Texas and
Florida increasing > 50 percent and Georgia and
North Carolina >30 percent by 2040 in comparison
with 2010 (University of Virginia Weldon Cooper
Center 2018). Per capita water use in U.S. cities has
been declining steadily over the past few decades as a
result of conservation policies (Rockaway and others
2011). For instance, Dieter and Maupin (2015) reported
national domestic water use per capita decreased
from an average of 122 m* yr' in 2010 to 113 m?® yr’!
in 2015. However, population growth may further
increase water demand in the South. With continued
climate change, larger deficits between water supply
and demand will likely occur in the South (Brown
and others 2019, Naumann and others 2018), and more
people may be subject to water stress (Gosling and
Arnell 2016).

Land Cover Change, Water Supply,
and Water Quality

Land cover change might also affect water stress
(Lockaby and others 2013). Forest conversion to
urban use in some areas might relieve water stress
conditions locally by increasing water yield (Suttles
and others 2018); however, transformation of forests
to cropland would exacerbate water stress due to high
water demand from irrigation (Lockaby and others

2013). Alternatively, afforestation or reforestation and
forest protection can significantly enhance terrestrial
ecosystem services, increasing ecosystem productivity
(Zhang and others 2014), reducing soil erosion and
other water pollutants (Gao and others 2016), and
enhancing biodiversity (Fuchs and others 2015,
Ouyang and others 2016). However, there is a tradeoff
between water yield and other ecosystem services
provided by afforestation in some areas (Farley and
others 2005, Jackson 2005), especially in arid regions
(Liang and others 2015, Zhang and others 2017, Zhou
and others 2015). Indeed, Wei and others (2018) found
that change in vegetation cover explained 30.7 +

22.5 percent of global average variation in annual
runoff. Therefore, effective forest management will
need to comprehensively consider tradeoffs among all
ecosystem services including those directly affecting
public water supply (Ellison and others 2012, Sun and
Vose 2016).

Although nonforest lands generally have higher water
yield than forest lands and deforestation might increase
water yield and late summer/early fall baseflow
(Evaristo and McDonnell 2019, Suttles and others
2018, Swank and Webster 2014), water quality from
forest land is much higher than other lands (Sun and
others 2004, Tu 2013). Forest land cover in water
supply areas can reduce the cost of treating water

by improving water quality at the intake (Tu 2013,
Warziniack and others 2017). Watersheds with more
forest cover tend to have lower concentrations of some
water quality indicators such as nutrients, organic
carbon, and sediment than watersheds with less forest
cover (Swank and others 2001, Tu 2013, Warziniack
and others 2017). Forest loss could lead to an increase
in sediment and nutrient yields in streams (Arthur and
others 1998, Riekerk 1985, Swank and others 2001).
Lockaby and others (2013) predicted that urbanization
by 2060 in the Appalachians, Piedmont, and Coastal
Plain would increase imperviousness and further
reduce water quality in the headwaters of several major
river basins. Further, future climate change might
amplify the impacts of forest loss on water quality by
increasing water temperature (Karl and others 2009).
The combination of urbanization and climate change
could affect both water quantity and quality; therefore,
an important next step will be understanding how
forest ownerships affect water quality in the Southern
United States.
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SUMMARY AND CONCLUSION

In this analysis, we used a hydrologic model and a
database of surface drinking water intakes to quantify
the extent to which people depend on water from

SPF lands in the South. We estimated that SPF lands,
which account for 44.2 percent of the total area in

the 13 Southern States, contribute 44.3 percent of

the approximately 836 billion m?® yr™! of total water
supply in the region. Of the public surface drinking
water intakes in the South, 6,897 (91.0 percent)
receive some surface water from SPF lands in the
region and serve 55.3 million people, and 4,526 of
these receive >20 percent of their water from SPF
lands and serve 37.8 million people. State and private
forest lands in the South provide more than half of
the water supply for 14.0 million people in the region
and beyond. Nonindustrial private forest land is the
largest contributor to water supply among all forest
ownerships (27.1 percent of total) and SPF (61.2 percent
of SPF). State and private forest lands not only benefit
people living in the local catchments but often provide
surface water and other ecosystem services for

people downstream. This study provides a systematic
assessment of the interactions among water, forests,
and people highlighting the deep connection between
SPF and water supply in the South. Conservation and
sound forest management are needed to ensure clean
and stable water supplies for southern communities
now and in the future.
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APPENDIX A—Detailed information regarding forest ownership, water yield, surface
drinking water intakes, and percent of water originating on State and private forest (SPF)
lands in the 13 Southern States

This appendix provides detailed information regarding When reviewing these materials, the assumptions
forest ownership, water yield, surface drinking water and caveats detailed in the Methods section of this
intakes, and water originating on State and private paper should be carefully considered. The intent of
forest (SPF) lands in the 13 Southern States. We this analysis was to quantify the role of SPF lands in
quantified surface water supply originating on forest providing surface water supply to the 7,582 surface
lands using the Water Supply Stress Index (WaSSI) drinking water intakes in the 13 Southern States. This
hydrologic model and linked water from seven forest was a large scale for analysis, and, as such, it was not
ownership types to surface drinking water intakes practical to review and correct locations, communities,
within and downstream of each State using the U.S. and population-served data for individual intakes. The
Environmental Protection Agency’s (EPA) Safe population and communities served by water from SPF
Drinking Water Information System (SDWIS) database lands in this analysis should be considered estimates;
of surface drinking water intakes. Results for each users are encouraged to verify results with locally
State are provided in summary text and maps. collected data where available.
Contents
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STATE OF ALABAMA
Summary

State and private forest (SPF) lands cover about
two-thirds of Alabama (figs. A.AL.1 and A.AL.2;
table A.AL.1). About 63.6 percent of all Alabama
surface water originates on SPF lands (fig. A.AL.3).
The majority of SPF land area is in, and surface water
is from, family-owned forests, accounting for about
60.4 percent of the land area of SPF and 60.5 percent
of surface water from SPF. Corporate-owned forests
contribute 34.5 percent of surface water from SPF
and account for 34.7 percent of land area of SPF.
Average annual water yield in Alabama is about

545 mm (fig. A.AL.4). Alabama has a total of 315
surface drinking water intakes where at least some
available water comes from SPF (fig. A.AL.5). About
70.3 percent of the total population of Alabama is
served by surface drinking water overall, and Alabama
SPF surface drinking water serves about 70.2 percent
of the State population, or 3.4 million people, to

some degree. About 1.5 million people in Alabama
are getting more than half of their surface drinking

water from SPF within the State (fig. A.AL.6). State
and private forest lands in Alabama also supply water
to 77 surface drinking water intakes in other States
(Florida, Georgia, Illinois, Kentucky, Louisiana,
Mississippi, and Tennessee) (fig. A.AL.7), which
collectively serve about 1.6 million people in 50
communities (fig. A.AL.8). Many public water systems
in Alabama utilize more than one surface drinking
water intake; these systems are shown (intakes
aggregated) in figure A.AL.9 by population served
(symbol size) and percentage of water from SPF lands
in Alabama (symbol color). The Birmingham detail
map (fig. A.AL.10) adds clarity on the hydrology,
surface drinking water intakes, water originating on
SPF lands, and population centers in an area where
there is complex intersection between public water
supply systems and population served. A case study
(fig. A.AL.11) of the Tuscaloosa Water & Sewer
public water supply system presents an example of
the important role SPF lands play in providing water
supply to a single community in Alabama, where
three surface drinking water intakes receive about
82.9 percent of their water from SPF and serve about
0.2 million people.

Table A.AL.1—Land area by land cover and forest ownership
type in Alabama

<

=

<

om

S Land cover Land area (km?) |Land area (acres)

< Forest 96 212 23,774,675

<| Nonforest 41 626 10,286,035

X Forest ownership type® Land area (km?) Land area (acres)

.E Federal (public) 5449 1,346,572

g Tribal (public) <1 139

% State (public) 2982 736,923
Local (public) 745 184,140
Corporate (private) 31 540 7,793,705
Family (private) 54 809 13,543,685
Other private 686 169,511

State and private forest land comprises State, local, corporate, family, and
other private (the last two also referred to together as nonindustrial private
forest, or NIPF). Corporate ownership lands include forest land owned by
forest industry as well as other corporate entities such as Timber Investment
Management Organizations and Real Estate Investment Trusts (TIMOs and
REITs, respectively).
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Alabama Forested Lands by Ownership
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Figure A.AL.1—Alabama nonforest land and forest lands by ownership, ca. 2014. Forest ownership data source: raster dataset by Hewes and
others (2017); see report for more discussion of data derivation and accuracy.
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Alabama: Land area by forest ownership type
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Figure A.AL.2—Land area percentages by forest ownership, ca. 2014. In the smaller circle, percentages
represent portion of SPF total for each ownership category. Note: Due to rounding, percentages may not total
exactly 100.

Federal ‘Alabama: Water supply by forest ownership type
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Figure A.AL.3—Percentage of Alabama’s water supply deriving from nonforest lands and forest lands of different
ownership, ca. 2014. In the smaller circle, percentages represent portion of SPF total for each ownership
category. Note: Due to rounding, percentages may not total exactly 100.
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Alabama

2001-2010 Mean Annual Water Yield by 12-Digit Hydrologic Unit
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Figure A.AL.4—Estimated mean annual water yield by 12-digit hydrologic units in Alabama, 2001-2010. Hydrologic Unit Codes (HUC) use
number of digits to represent watersheds of different scales. A 12-digit HUC (HUC12) represents a small local watershed. For explanation of
water yield and how it is derived, see report.
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(A) Streams and Intrastate Public Water System Intakes Receiving
Water from Alabama State and Private Forests
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Figure A.AL.5—(A) Alabama streams by percentage of Alabama SPF water content, surface drinking water intakes within Alabama by
percentage of Alabama SPF surface water available at intake (symbol color), and population served by each intake (symbol size). A total of
315 surface drinking water intakes within the State serve a population of 3,420,451 in 112 communities. Note: See figures A.AL.5 parts B and C
on separate pages for streams and intakes only.
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(B) Streams Receiving
Water from Alabama State and Private Forests

Streams and Rivers

Alabama State Plane East, NAD 1983 (US Feet)

% Water from AL SPF
0
& >0-25
—— 26-50 RN |
—_— 5175 LN &y
120
Miles |

Figure A.AL.5—(B) Alabama streams by percentage of Alabama SPF water content.

31

VYNVEVY1v—Y Xipuaddy



Quantifying the Role of State and Private Forest Lands in Providing Surface Drinking Water Supply for the Southern United States

(C) Intrastate Public Water System Intakes Receiving
Water from Alabama State and Private Forests
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Figure A.AL.5—(C) Surface drinking water intakes within Alabama by percentage of Alabama SPF surface water available at intake (symbol
color) and population served by each intake (symbol size). A total of 315 surface drinking water intakes within the State serve a population of
3,420,451 in 112 communities.
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Alabama

[6)]
1

- 100

N
1

- 75

| 50
I I I I 25
=B I ’

>90 >80 >70 >60 >50 >40 >30 >20 >10 >0
Percentage of surface water supply originating on State and private forest lands (%)

w
1

N
1

(%) uoneindod |ej03 jo abejuasiad

Population served by surface water
originating on State and private forest lands (millions)

o
1

Figure A.AL.6—Cumulative frequency of population served according to percentage of water coming from Alabama SPF lands.
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Quantifying the Role of State and Private Forest Lands in Providing Surface Drinking Water Supply for the Southern United States

Public Water System Intakes Outside of Alabama Receiving
Water from Alabama State and Private Forests
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Figure A.AL.7—Alabama streams by percentage of Alabama SPF water content, surface drinking water intakes downstream of Alabama by
percentage of Alabama SPF water content (symbol color), and population served by each of these external intakes (symbol size). A total of 77
surface drinking water intakes outside the State but carrying Alabama SPF water serve a population of 1,594,695 in 50 communities.
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Population served outside of AL
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Figure A.AL.8—Cumulative frequency of non-Alabama population served according to percentage of water coming from Alabama SPF lands.
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Multi-Intake Public Water Systems (Aggregated to Single Symbol)
Receiving Water from Alabama State and Private Forests
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Figure A.AL.9—Multi-intake public water systems aggregated to single data point. Symbol color and size represent values for an entire
municipal or corporate water supply system rather than values for individual surface drinking water intakes. Systems with no more than a single
surface drinking water intake are not represented on this map.
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Streams and Intrastate Public Water System Intakes in the Birmingham, AL, Area
Receiving Water from Alabama State and Private Forests
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Figure A.AL.10—Local-scale detail showing percentage of water from Alabama SPF for streams and surface drinking water intakes around
Birmingham, AL.
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Quantifying the Role of State and Private Forest Lands in Providing Surface Drinking Water Supply for the Southern United States
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Tuscaloosa, AL, Case Study
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Figure A.AL.11—Case study of the Tuscaloosa Water & Sewer public water supply system, Tuscaloosa, AL, illustrating SPF water in streams
supplying the three surface drinking water intakes. When this water reaches the intakes, 82.9 percent of it comes from SPF lands. The largest
ownership category in these specific SPF lands is corporate-owned.
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STATE OF ARKANSAS from SPF within the State (fig. A.AR.6). State and
private forest lands in Arkansas also supply water
Summary to 99 surface drinking water intakes in other States
(Louisiana, Missouri, and Oklahoma) (fig. A.AR.7),
State and private forest (SPF) lands cover almost which collectively serve about 1.7 million people in
half of Arkansas (figs. A.AR.1 and A.AR.2; table 83 communities (fig. A.AR.8). Many public water
A.AR.1). About 43.7 percent of all Arkansas surface systems in Arkansas utilize more than one surface
water originates on SPF lands (fig. A.AR.3). The drinking water intake; these systems are shown
majority of SPF land area is in, and surface water (intakes aggregated) in figure A.AR.9 by population
is from, family-owned forests, accounting for about served (symbol size) and percentage of water from
52.1 percent of the land area of SPF and 51.4 percent SPF lands in Arkansas (symbol color). The Little
of surface water from SPF. Corporate-owned forests Rock detail map (fig. A.AR.10) adds clarity on the
contribute 36.2 percent of surface water from SPF and hydrology, surface drinking water intakes, water
account for 35.4 percent of land area of SPF. Average originating on SPF lands, and population centers in
annual water yield in Arkansas is about 511 mm (fig. an area where there is complex intersection between
A.AR.4). Arkansas has a total of 189 surface drinking public water supply systems and population served.
water intakes where at least some available water A case study (fig. A.AR.11) of the Central Arkansas
comes from SPF (fig. A.AR.5). About 61.1 percent of Water public water supply system presents an example
the total population of Arkansas is served by surface of the important role SPF lands play in providing water
drinking water overall, and Arkansas SPF surface supply to a single community in Arkansas, where
drinking water also serves about 61.1 percent of three surface drinking water intakes receive about
the State population, or 1.8 million people, to some 63.5 percent of their water from SPF and serve about
degree. About 0.6 million people in Arkansas are 0.3 million people.

getting more than half of their surface drinking water

P
5
type in Arkansas r=|>
Land cover Land area (km?) Land area (acres) Q
Forest 80 126 19,799,300 ;
Nonforest 63 414 15,669,885 |
Forest ownership type® |Land area (km?) |Land area (acres) 5
Federal (public) 15235 3,764,549 S
Tribal (public) 18 4,443 E
State (public) 4240 1,047,827 >
Local (public) 291 71,795 “
Corporate (private) 22 969 5,675,763
Family (private) 33 826 8,358,492
Other private 3547 876,431

“State and private forest land comprises State, local, corporate, family, and
other private (the last two also referred to together as nonindustrial private
forest, or NIPF). Corporate ownership lands include forest land owned by
forest industry as well as other corporate entities such as Timber Investment
Management Organizations and Real Estate Investment Trusts (TIMOs and
REITs, respectively).
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Arkansas Forested Lands by Ownership
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Figure A.AR.1—Arkansas nonforest land and forest lands by ownership, ca. 2014. Forest ownership data source: raster dataset by Hewes and
others (2017); see report for more discussion of data derivation and accuracy.
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Arkansas: Land area by forest ownership type
Federal

(public)
10.6%

State and

Nonforest private
44.2% 45.2%

_______________________ Other private
g Local (public) 5.5%
0.4% State (public)
6.5%

Figure A.AR.2—Land area percentages by forest ownership, ca. 2014. In the smaller circle, percentages
represent portion of SPF total for each ownership category. Note: Due to rounding, percentages may not total
exactly 100.

Arkansas: Water supply by forest ownership type

Federal
(public)
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State and
Nonforest private
45.5% 43.7%

(public
6.3%

Local (public) Other private
0.5% 5.6%

Figure A.AR.3—Percentage of Arkansas’s water supply deriving from nonforest lands and forest lands of
different ownership, ca. 2014. In the smaller circle, percentages represent portion of SPF total for each
ownership category. Note: Due to rounding, percentages may not total exactly 100.
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Quantifying the Role of State and Private Forest Lands in Providing Surface Drinking Water Supply for the Southern United States

Arkansas

2001-2010 Mean Annual Water Yield by 12-Digit Hydrologic Unit
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Figure A.AR.4—Estimated mean annual water yield by 12-digit hydrologic units in Arkansas, 2001-2010. Hydrologic Unit Codes (HUC) use number
of digits to represent watersheds of different scales. A 12-digit HUC (HUC12) represents a small local watershed. For explanation of water yield and
how it is derived, see report.
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(A) Streams and Intrastate Public Water System Intakes Receiving
Water from Arkansas State and Private Forests
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Figure A.AR.5—(A) Arkansas streams by percentage of Arkansas SPF water content, surface drinking water intakes within Arkansas by percentage
of Arkansas SPF surface water available at intake (symbol color), and population served by each intake (symbol size). A total of 189 surface

drinking water intakes within the State serve a population of 1,833,698 in 100 communities. Note: See figures A.AR.5 parts B and C on separate
pages for streams and intakes only.
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Quantifying the Role of State and Private Forest Lands in Providing Surface Drinking Water Supply for the Southern United States

(B) Streams Receiving

Water from Arkansas State and Private Forests
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Figure A.AR.5—(B) Arkansas streams by percentage of Arkansas SPF water content.
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(C) Intrastate Public Water System Intakes Receiving

Water from Arkansas State and Private Forests
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Figure A.AR.5—(C) Surface drinking water intakes within Arkansas by percentage of Arkansas SPF surface water available at intake (symbol color)
and population served by each intake (symbol size). A total of 189 surface drinking water intakes within the State serve a population of 1,833,698 in

100 communities.
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Arkansas
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Figure A.AR.6—Cumulative frequency of population served according to percentage of water coming from Arkansas SPF lands.
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Public Water System Intakes Outside of Arkansas Receiving
Water from Arkansas State and Private Forests
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Figure A.AR.7—Arkansas streams by percentage of Arkansas SPF water content, surface drinking water intakes downstream of Arkansas by
percentage of Arkansas SPF water content (symbol color), and population served by each of these external intakes (symbol size). A total of
99 surface drinking water intakes outside the State but carrying Arkansas SPF water serve a population of 1,710,089 in 83 communities.
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Population served outside of AR
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Figure A.AR.8—Cumulative frequency of non-Arkansas population served according to percentage of water coming from Arkansas SPF lands.
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Multi-Intake Public Water Systems (Aggregated to Single Symbol)
Receiving Water from Arkansas State and Private Forests

Arkansas State Plane North, NAD 1983 (US Feet)
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Figure A.AR.9—Multi-intake public water systems aggregated to single data point. Symbol color and size represent values for an entire municipal or
corporate water supply system rather than values for individual surface drinking water intakes. Systems with no more than a single surface drinking
water intake are not represented on this map.
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Streams and Intrastate Public Water System Intakes in the Little Rock, AR, Area
Receiving Water from Arkansas State and Private Forests
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Figure A.AR.10—Local-scale detail showing percentage of water from Arkansas SPF for streams and surface drinking water intakes around Little

Rock, AR.
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Little Rock, AR, Case Study
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Figure A.AR.11—Case study of the Central Arkansas Water public water supply system, Little Rock, AR, illustrating SPF water in streams supplying
the three surface drinking water intakes. When this water reaches the intakes, 63.5 percent of it comes from SPF lands. The largest ownership

category in these specific SPF lands is State-owned.
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STATE OF FLORIDA
Summary

State and private forest (SPF) lands cover about

39.8 percent of Florida (figs. A.FL.1 and A.FL.2;

table A.FL.1). About 36.6 percent of all Florida
surface water originates on SPF lands (fig. A.FL.3).
The majority of SPF land area is in, and surface

water is from, corporate-owned forests, accounting
for about 46.0 percent of the land area of SPF and

44.9 percent of surface water from SPF. Family-
owned forests contribute 28.3 percent of surface
water from SPF and account for 26.5 percent of land
area of SPF. Average annual water yield in Florida is
about 467 mm (fig. A.FL.4). Florida has a total of 716
surface drinking water intakes where at least some
available water comes from SPF (fig. A.FL.5). About
15.6 percent of the total population of Florida is served
by surface drinking water overall, and Florida SPF
surface drinking water serves about 15.5 percent of
the State population, or 3.3 million people, to some
degree. About 0.1 million people in Florida are getting

more than half of their surface drinking water from
SPF within the State (fig. A.FL.6). State and private
forest lands in Florida also supply water to one
surface drinking water intake in Alabama, serving
about 7,000 people (figs. A.FL.5 and A.FL.7). Many
public water systems in Florida utilize more than one
surface drinking water intake; these systems are shown
(intakes aggregated) in figure A.FL.8 by population
served (symbol size) and percentage of water from
SPF lands in Florida (symbol color). The Tampa Bay
and Sarasota detail maps (figs. A.FL.9 and A.FL.10)
add clarity on the hydrology, surface drinking water
intakes, water originating on SPF lands, and population
centers in areas where there is complex intersection
between public water supply systems and population
served. A case study (fig. A.FL.11) of the City of
Tampa Water Department public water supply system
presents an example of the important role SPF lands
play in providing water supply to a single community
in Florida, where fifteen surface drinking water
intakes receive about 21.2 percent of their water from
SPF and serve about 0.6 million people.

Table A.FL.1—Land area by land cover and forest ownership

E type in Florida

e Land cover Land area (km?) Land area (acres)

9 Forest 71 656 17,706,524

0 Nonforest 80 171 19,810,625

i Forest ownership type® Land area (km?) Land area (acres)

S Federal (public) 10 934 2,701,818

5 Tribal (public) 334 82,496

& State (public) 14 458 3,572,611

< Local (public) 1930 477,012
Corporate (private) 27 796 6,868,533
Family (private) 15989 3,951,001
Other private 215 53,053

@State and private forest land comprises State, local, corporate, family, and
other private (the last two also referred to together as nonindustrial private
forest, or NIPF). Corporate ownership lands include forest land owned by
forest industry as well as other corporate entities such as Timber Investment
Management Organizations and Real Estate Investment Trusts (TIMOs and
REITs, respectively).
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Florida Forested Lands by Ownership
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Figure A.FL.1—Florida nonforest land and forest lands by ownership, ca. 2014. Forest ownership data source: raster dataset by Hewes and others
(2017); see report for more discussion of data derivation and accuracy.
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Quantifying the Role of State and Private Forest Lands in Providing Surface Drinking Water Supply for the Southern United States

Florida: Land area by forest ownership type

Federal ) _
(public) Tribal (public
7.2% 0.2%
State and
private
Nonforest o
52.8% 39.8%

Local (public) Other private
3.2% 0.4%

Figure A.FL.2—Land area percentages by forest ownership, ca. 2014. In the smaller circle, percentages
represent portion of SPF total for each ownership category. Note: due to rounding, percentages may not total

exactly 100.

< Florida: Water supply by forest ownership type
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Figure A.FL.3—Percentage of Florida’s water supply deriving from nonforest lands and forest lands of different
ownership, ca. 2014. In the smaller circle, percentages represent portion of SPF total for each ownership
category. Note: Due to rounding, percentages may not total exactly 100.
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Florida
2001-2010 Mean Annual Water Yield by 12-Digit Hydrologic Unit

3 1

Water Yield (mm/year)
1-100 (0.04-3.94in.)
101 -200 (3.98 - 7.87 in.)
[ 201-300 (7.91- 11.81in.)
I 301-400 (11.85-15.75in.)
I 401-500 (15.79-19.69in.)
I 501-600 (19.72-23.62in.)
)
)

Florida State Plane West, NAD 1983 (US Feet)

I 601- 700 (2366-27.56in
B 701-800 (27.60-31.50in
I 501-900 (31.54-3543in.)
I 01 - 1000 (35.47 - 39.37 in.)
I 1001- 1100 (39.41-4331in.)
I 1101- 1220 (43.35-48.03in.)

7 X

)
",
ol W‘
D i

Figure A.FL.4—Estimated mean annual water yield by 12-digit hydrologic units in Florida, 2001—2010. Hydrologic Unit Codes (HUC) use number of
digits to represent watersheds of different scales. A 12-digit HUC (HUC12) represents a small local watershed. For explanation of water yield and
how it is derived, see report.
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Quantifying the Role of State and Private Forest Lands in Providing Surface Drinking Water Supply for the Southern United States

(A) Streams and Public Water System Intakes Receiving

Water from Florida State and Private Forests

Kl

Public Water System
Intakes
% Water from FL SPF

O >0-25
® 26-50
@ 51-75
@ 76-100

Population Served
1-5,000

O 5,001 - 50,000

O 50,001 - 150,000
Q 150,001 and above

Streams and Rivers

% Water from FL SPF
0

->0-25
— 26-50
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— 76-100
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160
Miles

A
% 3

Figure A.FL.5—(A) Florida streams by percentage of Florida SPF water content, surface drinking water intakes within and just outside of Florida by
percentage of Florida SPF surface water available at intake (symbol color), and population served by each intake (symbol size). Within the State,
716 surface drinking water intakes serve a population of 3,273,931 in 47 communities. Outside the State, one surface water intake carries Florida
SPF water and serves a population of about 7,000 in Alabama. Note: See figures A.FL.5 parts B and C on separate pages for streams and intakes
only.
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(B) Streams Receiving
Water from Florida State and Private Forests
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Figure A.FL.5—(B) Florida streams by percentage of Florida SPF water content.
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Quantifying the Role of State and Private Forest Lands in Providing Surface Drinking Water Supply for the Southern United States

(C) Public Water System Intakes Receiving
Water from Florida State and Private Forests

Public Water System

Intakes
% Water from FL SPF
o >0-25
o 26-50
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L 76 -100
Population Served Florida State Plane West, NAD 1983 (US Feet)
o 1-5,000

(O 5001-50,000

O 50,001 - 150,000
O 150,001 and above

Figure A.FL.5—(C) Surface drinking water intakes within and just outside of Florida by percentage of Florida SPF surface water available at intake
(symbol color) and population served by each intake (symbol size). Within the State, 716 surface drinking water intakes serve a population of
3,273,931 in 47 communities. Outside the State, one surface water intake carries Florida SPF water and serves a population of about 7,000 in
Alabama.
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Figure A.FL.6—Cumulative frequency of population served according to percentage of water coming from Florida SPF lands.
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Population served outside of FL
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Figure A.FL.7—Cumulative frequency of non-Florida population served according to percentage of water coming from Florida SPF lands.
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Multi-Intake Public Water Systems (Aggregated to Single Symbol)
Receiving Water from Florida State and Private Forests

""""" L AT
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Figure A.FL.8—Multi-intake public water systems aggregated to single data point. Symbol color and size represent values for an entire municipal or
corporate water supply system rather than values for individual surface drinking water intakes. Systems with no more than a single surface drinking
water intake are not represented on this map.
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Tampa Bay Detail

Streams and Public Water System Intakes in the Tampa Bay, FL, Area
Receiving Water from Florida State and Private Forests
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Figure A.FL.9—Local-scale detail showing percentage of water from Florida SPF for streams and surface drinking water intakes around Tampa Bay.
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Sarasota Detail

Streams and Public Water System Intakes in the Sarasota, FL, Area

Receiving Water from Florida State and Private Forests
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Figure A.FL.10—Local-scale detail showing percentage of water from Florida SPF for streams and surface drinking water intakes around Sarasota,

FL.
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Quantifying the Role of State and Private Forest Lands in Providing Surface Drinking Water Supply for the Southern United States

Tampa, FL,

Case Study
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Figure A.FL.11—Case study of the City of Tampa Water Department public water supply system, Tampa, FL, illustrating SPF water in streams
supplying the 15 surface drinking water intakes. When this water reaches the intakes, 21.2 percent of it comes from SPF lands. The largest
ownership category in these specific SPF lands is corporate-owned.
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STATE OF GEORGIA
Summary

State and private forest (SPF) lands cover about

59.3 percent of Georgia (figs. A.GA.1 and A.GA .2;
table A.GA.1). About 54.6 percent of all Georgia
surface water originates on SPF lands (fig. A.GA.3).
The majority of SPF land area is in, and surface water
is from, family-owned forests, accounting for about
56.2 percent of the SPF land area and 57.4 percent

of surface water from SPF. Corporate-owned forests
contribute 36.3 percent of surface water from SPF
and account for 37.7 percent of land area of SPF.
Average annual water yield in Georgia is about

427 mm (fig. A.GA.4). Georgia has a total of 404
surface drinking water intakes where at least some
available water comes from SPF (fig. A.GA.5). About
56.8 percent of the total population of Georgia is served
by surface drinking water overall, and Georgia SPF
surface drinking water also serves about 56.8 percent
of the State population, or 5.9 million people, to some

North Carolina, South Carolina, and Tennessee)

(fig. A.GA.7), which collectively serve about

2.5 million people in 116 communities (fig. A.GA.S8).
Many public water systems in Georgia utilize more
than one surface drinking water intake; these systems
are shown (intakes aggregated) in figure A.GA.9

by population served (symbol size) and percentage

of water from SPF lands in Georgia (symbol color).
The detail maps for Athens-Watkinsville, Atlanta’s
Metropolitan North Georgia Water Planning District,
and Savannah (figs. A.GA.10, A.GA.11, and A.GA.12)
add clarity on the hydrology, surface drinking water
intakes, water originating on SPF lands, and population
centers in areas where there is complex intersection
between public water supply systems and population
served. A case study (fig. A.GA.13) focused on the
upper Chattahoochee River Basin encompasses several
public water supply systems of the Greater Atlanta
area, and presents an example of the important role
SPF lands play in providing water supply to this major
urban region. The figure demonstrates that for each of
the public water supply systems shown, there are either

one or two (at Gainesville) surface drinking water
supply intakes, with the percentage of water received
from SPF lands ranging from about 34 (downstream
at Atlanta proper) to 43 (upstream at Gainesville)
and population served varying from about 138,000 at
Forsyth County to 743,000 at DeKalb County.

degree. About 1.1 million people in Georgia are getting
more than half of their surface drinking water from
SPF within the State (fig. A.GA.6). State and private
forest lands in Georgia also supply water to 185 surface
drinking water intakes in other States (Alabama,
Florida, Illinois, Kentucky, Louisiana, Mississippi,

Table A.GA.1—Land area by land cover and forest ownership

type in Georgia
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Land cover Land area (km?) Land area (acres)
Forest 103 578 25,594,497
Nonforest 53 641 13,255,062
Forest ownership type® |Land area (km?) |Land area (acres)
Federal (public) 10 361 2,560,318
Tribal (public) 0 0
State (public) 3026 747,643
Local (public) 1493 368,860
Corporate (private) 35104 8,674,296
Family (private) 52 418 12,952,707
Other private 1176 290,673

“State and private forest land comprises State, local, corporate, family, and
other private (the last two also referred to together as nonindustrial private
forest, or NIPF). Corporate ownership lands include forest land owned by
forest industry as well as other corporate entities such as Timber Investment
Management Organizations and Real Estate Investment Trusts (TIMOs and
REITs, respectively).
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Georgia Forested Lands by Ownership
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Figure A.GA.1—Georgia nonforest land and forest lands by ownership, ca. 2014. Forest ownership data source: raster dataset by Hewes and others
(2017); see report for more discussion of data derivation and accuracy.
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Federal Georgia: Land area by forest ownership type

(public)
6.6%

State and

Nonforest private
34.1% 59.3%

———“—”———L————I—"—;);' \ Other private
ocal (PUblie) “state (public)  1-3%
' 3.2%

Figure A.GA.2—Land area percentages by forest ownership, ca. 2014. In the smaller circle, percentages
represent portion of SPF total for each ownership category. Note: Due to rounding, percentages may not total
exactly 100.

Georgia: Water supply by forest ownership type
Federal
(public)
7.4%

State and

Nonforest private
38.0% 54.6%

Other private

1.9% State (public) 1.3%
3.2%

Figure A.GA.3—Percentage of Georgia’s water supply deriving from nonforest lands and forest lands of different
ownership, ca. 2014. In the smaller circle, percentages represent portion of SPF total for each ownership
category. Note: Due to rounding, percentages may not total exactly 100.
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Quantifying the Role of State and Private Forest Lands in Providing Surface Drinking Water Supply for the Southern United States

Georgia

2001-2010 Mean Annual Water Yield by 12-Digit Hydrologic Unit
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Figure A.GA.4—Estimated mean annual water yield by 12-digit hydrologic units in Georgia, 2001-2010. Hydrologic Unit Codes (HUC) use number
of digits to represent watersheds of different scales. A 12-digit HUC (HUC12) represents a small local watershed. For explanation of water yield and
how it is derived, see report.
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(A) Streams and Intrastate Public Water System Intakes Receiving
Water from Georgia State and Private Forests

Public Water System
Intakes
% Water from GA SPF
© >0-25 4
(] 26 - 50
(O] 51-75
(0] 76 - 100

Population Served

O 50,001 - 150,000
O 150,001 and above

Streams and Rivers
% Water from GA SPF
0

>0-25

— 26-50

— 51-75

0 1 =
Miles A — 76-100
State Plane q@orgia West, NAD 1983 (US Feet)
R e a

Figure A.GA.5—(A) Georgia streams by percentage of Georgia SPF water content, surface drinking water intakes within Georgia by percentage of
Georgia SPF surface water available at intake (symbol color), and population served by each intake (symbol size). A total of 404 surface drinking
water intakes within the State serve a population of 5,910,180 in 146 communities. Note: See figures A.GA.5 parts B and C on separate pages for
streams and intakes only.
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(B) Streams Receiving
Water from Georgia State and Private Forests
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Figure A.GA.5—(B) Georgia streams by percentage of Georgia SPF water content.
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(C) Intrastate Public Water System Intakes Receiving
Water from Georgia State and Private Forests

Public Water System
Intakes
% Water from GA SPF
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Figure A.GA.5—(C) Surface drinking water intakes within Georgia by percentage of Georgia SPF surface water available at intake (symbol color)

and population served by each intake (symbol size). A total of 404 surface drinking water intakes within the State serve a population of 5,910,180 in
146 communities.
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Georgia
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Figure A.GA.6—Cumulative frequency of population served according to percentage of water coming from Georgia SPF lands.

<
O
&
O
|
7
<
X
i)
=
0}
3
)
<

72



GTR-SRS-248

Public Water System Intakes Outside of Georgia Receiving
Water from Georgia State and Private Forests
s ; z PRSI A

.5 N
State Plane Georgia West, NAD 1983 (US Feet)
T e 2
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Figure A.GA.7—Georgia streams by percentage of Georgia SPF water content, surface drinking water intakes downstream of Georgia by
percentage of Georgia SPF water content (symbol color), and population served by each of these external intakes (symbol size). A total of
185 surface drinking water intakes outside the State but carrying Georgia SPF water serve a population of 2,485,244 in 116 communities.
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Population served outside of GA
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Figure A.GA.8—Cumulative frequency of non-Georgia population served according to percentage of water coming from Georgia SPF lands.
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Multi-Intake Public Water Systems (Aggregated to Single Symbol)
Receiving Water from Georgia State and Private Forests
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Figure A.GA.9—Multi-intake public water systems aggregated to single data point. Symbol color and size represent values for an entire municipal or
corporate water supply system rather than values for individual surface drinking water intakes. Systems with no more than a single surface drinking
water intake are not represented on this map.
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Athens-Watkinsville Detail

Streams and Public Water System Intakes of Athens-Watkinsville, GA, Area
Receiving Water from Georgia State and Private Forests
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Figure A.GA.10—Local-scale detail showing percentage of water from Georgia SPF for streams and surface drinking water intakes around Athens
and Watkinsville, GA.
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Atlanta Detail

Public Water System Intakes of Metropolitan North Georgia Water Planning
District MNGWPD) Receiving Water from Georgia State and Private Forests
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Figure A.GA.11—Local-scale detail showing percentage of water from Georgia SPF for streams and surface drinking water intakes associated with

the Metropolitan North Georgia Water Planning District (MNGWPD), Atlanta, GA, metro area.
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Savannah Detail

Public Water System Intakes of Savannah, GA, Area
Receiving Water from Georgia State and Private Forests
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< Figure A.GA.12—Local-scale detail showing percentage of water from Georgia SPF for streams and surface drinking water intakes around

Savannah, GA.
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Upper Chattahoochee, GA, Case Study

Selected Systems within Greater Atlanta Area

SPF areas Upper Chattahoochee
R. basin (8-digit HUC)

Urban areas

Intakes of selected

® public water systems

Streams in Upper
Chattahoochee R. basin
% Water from GA SPF

0

>0-25
— 26 -50
— 51-75

Yoccoa

Forsyth Co. Water &
—— 76 -100 | sewer: 1 intake,

— = 138,368 served,

40.9% from SFP

Canton
Commerce
Gainesville: 2 intakes,
257,962 served, 43.0% from SFP
Woodstock A iy
JAcworth
Kennesaw Raswell,
Winder
Athens
DeKalb County: 1 intake,
Gll 743,000 served, 39.2% from SFP
Smyrna
Powder Springs Snellville
Mableton

Atlanta: 1 intake,
650,000 served, 34.4% from SFP

CoV

Union City  Riverdale

Figure A.GA.13—Case study of selected public water supply systems in the upper Chattahoochee River Basin (Atlanta metro area
and Gainesville, GA). The surface drinking water intakes for these systems receive from 43.0 percent SPF water in the Chattahoochee
headwaters for Gainesville, GA, down to 34.4 percent for the city of Atlanta proper.

79

P
o
9

o

3

Q

=

T

Q

m

o

2

@

>




>=
-
9]
-
=
2
L
1
<
X
o
c
)
Q.
Q.
<

Quantifying the Role of State and Private Forest Lands in Providing Surface Drinking Water Supply for the Southern United States

80

STATE OF KENTUCKY
Summary

State and private forest (SPF) lands cover 42.7 percent
of Kentucky (figs. A.KY.1 and A.KY.2; table A.KY.1).
About 39.8 percent of all Kentucky surface water
originates on SPF lands (fig. A.KY.3). The majority of
SPF land area is in, and surface water is from, family-
owned forests, accounting for about 78.4 percent

of the SPF land area and 79.0 percent of surface

water from SPF. Corporate-owned forests contribute
15.0 percent of surface water from SPF and account
for 15.5 percent of land area of SPF. Average annual

water yield in Kentucky is about 503 mm (fig. A.KY.4).

Kentucky has a total of 214 surface drinking water
intakes where at least some available water comes
from SPF (fig. A.KY.5). About 66.9 percent of the
total population of Kentucky is served by surface
drinking water overall, and Kentucky SPF surface
drinking water also serves about 66.9 percent of the

State population, or 3.0 million people, to some degree.

About 0.8 million people in Kentucky are getting more
than half of their surface drinking water from SPF

within the State (fig. A.KY.6). State and private forest
lands in Kentucky also supply water to 83 surface
drinking water intakes in other States (Illinois,
Indiana, Louisiana, Ohio, Tennessee, and West
Virginia) (fig. A.KY.7), which collectively serve about
2.8 million people in 64 communities (fig. A.KY.8).
Many public water systems in Kentucky utilize more
than one surface drinking water intake; these systems
are shown (intakes aggregated) in figure A.KY.9 by
population served (symbol size) and percentage of
water from SPF lands in Kentucky (symbol color).
The Louisville-Lexington detail map (fig. A.KY.10)
adds clarity on the hydrology, surface drinking water
intakes, water originating on SPF lands, and population
centers in an area where there is complex intersection
between public water supply systems and population
served. A case study (fig. A.KY.11) of the Kentucky-
American Water Company presents an example of
the important role SPF lands play in providing water
supply to a single community in Kentucky, where
four surface drinking water intakes receive about
54.8 percent of their water from SPF and serve about
0.3 million people.

Table A.KY.1—Land area by land cover and forest ownership

type in Kentucky

Land cover Land area (km?) Land area (acres)
Forest 52 816 13,051,086
Nonforest 56 698 14,010,471

Forest ownership type®

Land area (km?)

Land area (acres)

Federal (public) 6070 1,499,922
Tribal (public) 0 0
State (public) 2207 545,373
Local (public) 272 67,094
Corporate (private) 7261 1,794,330
Family (private) 36 665 9,060,203
Other private 341 84,164

State and private forest land comprises State, local, corporate, family, and
other private (the last two also referred to together as nonindustrial private
forest, or NIPF). Corporate ownership lands include forest land owned by
forest industry as well as other corporate entities such as Timber Investment
Management Organizations and Real Estate Investment Trusts (TIMOs and

REITs, respectively).
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Kentucky Forested Lands by Ownership
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Figure A.KY.1—Kentucky nonforest land and forest lands by ownership, ca. 2014. Forest ownership data source: raster dataset by Hewes and others
(2017); see report for more discussion of data derivation and accuracy.
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Kentucky: Land area by forest ownership type

Federal
(public)
55% i
State and
N05n1f<;|;5st private
0 /e 42.7%

Local (public) Other private

0.6% state (public) 0.7%
4.7%

Figure A.KY.2—Land area percentages by forest ownership, ca. 2014. In the smaller circle, percentages
represent portion of SPF total for each ownership category. Note: Due to rounding, percentages may not total
exactly 100.

; Kentucky: Water supply by forest ownership type
é Federal (public) 5.1%

2 ————————

mE 000 | W B e

v I e O e P
|

<

X

E State and

o Nonforest private

< 55.0% 39.8%

State (public)
4.7%

Figure A.KY.3—Percentage of Kentucky’s water supply deriving from nonforest lands and forest lands of different
ownership, ca. 2014. In the smaller circle, percentages represent portion of SPF total for each ownership
category. Note: Due to rounding, percentages may not total exactly 100.
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Kentucky
2001-2010 Mean Annual Water Yield by 12-Digit Hydrologic Unit
! |
M Water Yield (mm/year) 0 1530 60 90 12&”98

1-100 (0.04 - 3.94 in.)
101-200 (3.98-7.87 in.) N
[ 201-300 (7.91-11.81in) +
I 301-400 (11.85-1575in.)
B 401 -500 (15.79-19.691in.)
I 501 -600 (19.72-23621n)
I 601 - 700 (23.66-27.561n.)
I 701-800 (27.60-31.50in.)
I 301 -900 (31.54-35.431n.)
I <01 - 1000 (35.47-39.37 in.)
I 1001 - 1100 (39.41-43.31in)
I 1101 - 1220 (4335-48.03in)

S,tate Plane Kentucky, NAD 1983 (US Feet)

Figure A.KY.4—Estimated mean annual water yield by 12-digit hydrologic units in Kentucky, 2001-2010. Hydrologic Unit Codes (HUC) use number
of digits to represent watersheds of different scales. A 12-digit HUC (HUC12) represents a small local watershed. For explanation of water yield and
how it is derived, see report.
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(A) Streams and Intrastate Public Water System Intakes Receiving
Water from Kentucky State and Private Forests

Public Water System
Intakes
% Water from KY SPF
® >0-25
[ 26 - 50
@] 51-75
@ 76-100

Population Served
1-5,000

0O
O 5,001 - 50,000

O 50,001 - 150,000
O 150,001 and above

1 Streams and Rivers
% Water from KY SPF

0
——>0-25
—_— 26-50
—— 51-75 S
0 15 30 60 90 120
—— 76-100 S . Viles
Kentucky State Plane, NAD 1983 (US Feet)

o - -

Figure A.KY.5—(A) Kentucky streams by percentage of Kentucky SPF water content, surface drinking water intakes within Kentucky by percentage
of Kentucky SPF surface water available at intake (symbol color), and population served by each intake (symbol size). A total of 214 surface drinking
water intakes within the State serve a population of 2,980,618 in 140 communities. Note: See figures A.KY.5 parts B and C on separate pages for
streams and intakes only.
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(B) Streams Receiving
Water from Kentucky State and Private Forests

y

Streams and Rivers

% Water from KY SPF
0

>0-25
— 26 -50

B . Viles
.

Figure A.KY.5—(B) Kentucky streams by percentage of Kentucky SPF water content.
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(C) Intrastate Public Water System Intakes Receiving
Water from Kentucky State and Private Forests

Public Water System

Intakes
% Water from KY SPF
@ >0-25
@® 26-50 5
® 51-75 \
@ 76-100 \ 7

Population Served
1-5,000

o ; :
(O 5.001-50,000 B e

2P
50,001 - 150,000 \/‘h')*/”

Y
0150,001 and above 0 15 30 60 90 120
I N Viles

Kentucky State Plane, NAD 1983 (US Feet)

L VT

Figure A.KY.5—(C) Surface drinking water intakes within Kentucky by percentage of Kentucky SPF surface water available at intake (symbol color)
and population served by each intake (symbol size). A total of 214 surface drinking water intakes within the State serve a population of 2,980,618 in
140 communities.
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Kentucky
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Figure A.KY.6—Cumulative frequency of population served according to percentage of water coming from Kentucky SPF lands.
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Public Water System Intakes Outside of Kentucky Receiving
Water from Kentucky State and Private Forests

0 30 60 120 180 240

B N Viles

Public Water System

Intakes
% Water from KY SPF

i @]

>0-25

26 - 50 s

51-75
76 - 100

Population Served

O 1-5,000
O 5.001-50,000 # : ‘
; : !.

O 50,001 - 150,000 | sl _, \
o A j .\

% = \

{ i

150,001 and above 3

Streams and Rivers } :
1

1

1

1

.
=

% Water from KY SPF
0
>0-25

— 26-50

— 51-75

— 76-100
Figure A.KY.7—Kentucky streams by percentage of Kentucky SPF water content, surface drinking water intakes downstream of Kentucky by
percentage of Kentucky SPF water content (symbol color), and population served by each of these external intakes (symbol size). A total of
83 surface drinking water intakes outside the State but carrying Kentucky SPF water serve a population of 2,843,724 in 64 communities.
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Population served outside of KY
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Figure A.KY.8—Cumulative frequency of non-Kentucky population served according to percentage of water coming from Kentucky SPF lands.
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Multi-Intake Public Water System (Aggregated to Single Symbol)
Receiving Water from Kentucky State and Private Forests

<
State Plane Kentucky, NAD 1983 (US Feet)

Cinci

Public Water Systems ,.)/ l‘ 722;%
(intakes aggregated) Louisville =
Il % Water from KY SPF
E >0-25
E 26-50
E 51-75
E 76-100

Population Served
1 = 1-5,000

[] 5,001-50,000

|:| 50,001 - 150,000

150,001 and above

Fa < 7

Figure A.KY.9—Multi-intake public water systems aggregated to single data point. Symbol color and size represent values for an entire municipal or
corporate water supply system rather than values for individual surface drinking water intakes. Systems with no more than a single surface drinking
water intake are not represented on this map.
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Louisville-Lexington Detail

Streams and Intrastate Public Water System Intakes in Louisville-Lexington, KY, Area
Receiving Water from Kentucky State and Private Forests
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® 26-50 Ohio R.
Charlestown™
@ 51-75

1 Séllersburg 2
o 76 - 100

Population Served

O 1-5,000
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Figure A.KY.10—Local-scale detail showing percentage of water from Kentucky SPF for streams and surface drinking water intakes around
Louisville and Lexington, KY.
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Lexington, KY, Case Study

SPF areas Streams in Kentucky R. _
basin serving Lexington Cynthiang}
Urban areas % Water from KY SPF
Kentucky-American 0
@ WaterCo,
system intakes - >0-25
| N — 26-50 Y0 Atk o
——— 51-75 J/"/ , Georgetown
— 76-100
Kentucky River : s Versaill _ /
basin above bl S Lexington 1
Lexington intakes . . . /
orehead - : g S
024 8 12 16 { ?
B \Viles |
e —
4 intakes

54.8% from SPF
(most family-owned)

299,504 people served

lo 510 20 30 40
B Viles

Bl ML

Figure A.KY.11—Case study of the Kentucky-American Water Company Public water supply system, Lexington, KY, illustrating SPF water in streams
supplying the four surface drinking water intakes. When this water reaches the intakes, 54.8 percent of it comes from SPF lands. The largest
ownership category in these specific SPF lands is family-owned.
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STATE OF LOUISIANA their surface drinking water from SPF within the
State (fig. A.LA.6). State and private forest lands in
Summary Louisiana also supply water to 11 surface drinking

water intakes in other States (Arkansas and Texas)
State and private forest (SPF) lands cover 45.7 percent (fig. A.LA.7), which collectively serve about 10,000
of Louisiana (figs. A.LA.1 and A.LA.2; table A.LA.1). people in eight communities (fig. A.LA.8). Some

About 41.2 percent of all Louisiana surface water public water systems in Louisiana utilize more than
originates on SPF lands (fig. A.LA.3). The majority one surface drinking water intake; these systems

of SPF land area is in, and surface water is from, are shown (intakes aggregated) in figure A.LA.9 by
corporate-owned forests, accounting for about population served (symbol size) and percentage of
50.9 percent of the SPF land area and 50.5 percent water from SPF lands in Louisiana (symbol color). The
of surface water from SPF. Family-owned forests detail map of southeastern Louisiana (fig. A.LA.10),
contribute 39.3 percent of surface water from SPF encompassing New Orleans and Baton Rouge, adds
and account for 39.4 percent of land area of SPF. clarity on the hydrology, surface drinking water
Average annual water yield in Louisiana is about intakes, water originating on SPF lands, and population
587 mm (fig. A.LA.4). Louisiana has a total of 100 centers in an area where there is complex intersection
surface drinking water intakes where at least some between public water supply systems and population
available water comes from SPF (fig. A.LA.5). About served. A case study (fig. A.LA.11) of the Natchitoches
37.0 percent of the total population of Louisiana Water System public water supply system presents

is served by surface drinking water overall, and an example of the important role SPF lands play in
Louisiana SPF surface drinking water also serves providing water supply to a single community in

about 37.0 percent of the State population, or Louisiana, where a single surface drinking water

1.7 million people, to some degree. About 70,000 intake receives 71.9 percent of its water from SPF and
people in Louisiana are getting more than half of serves about 30,000 people.

>
Table A.LA.1—Land area by land cover and forest ownership %
type in Louisiana r_JD
Land cover Land area (km?) |Land area (acres) a
Forest 63710 15,742,997 ;
Nonforest 63 293 15,640,076 |
Forest ownership type® Land area (km?) Land area (acres) 5
Federal (public) 5605 1,385,051 g
Tribal (public) 34 8,423 S
State (public) 3987 985,113 pd
Local (public) 818 202,233 >
Corporate (private) 29 575 7,308,056
Family (private) 22 861 5,649,030
Other private 830 205,091

@State and private forest land comprises State, local, corporate, family, and
other private (the last two also referred to together as nonindustrial private
forest, or NIPF). Corporate ownership lands include forest land owned by
forest industry as well as other corporate entities such as Timber Investment
Management Organizations and Real Estate Investment Trusts (TIMOs and
REITs, respectively).
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Louisiana Forested Lands by Ownership

iy [l
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| ©
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Figure A.LA.1—Louisiana nonforest land and forest lands by ownership, ca. 2014. Forest ownership data source: raster dataset by Hewes and
others (2017); see report for more discussion of data derivation and accuracy.
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Louisiana: Land area by forest ownership type

Federal
(public)
4.4% .
State and
Nonforest private
49.8% 45.7%

_____________ Local (public) Other private

1.4% State (public) 1.4%
6.9%

Figure A.LA.2—Land area percentages by forest ownership, ca. 2014. In the smaller circle, percentages
represent portion of SPF total for each ownership category. Note: Due to rounding, percentages may not total
exactly 100.

Louisiana: Water supply by forest ownership type
Federal

(public)
3.9%

State and
Nonforest private
54.9% 41.2%

Local (public)

0,
izt State (public)
7.2%

Figure A.LA.3—Percentage of Louisiana’s water supply deriving from nonforest lands and forest lands of
different ownership, ca. 2014. In the smaller circle, percentages represent portion of SPF total for each
ownership category. Note: Due to rounding, percentages may not total exactly 100.
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Louisiana

2001-2010 Mean Annual Water Yield by 12-Digit Hydrologic Unit

I

Water Yield (mm/year)
1-100 (0.04-3.941in)
101-200 (3.98-7.871n.)

I 201-300 (7.91-11.81in)

N I 301-400 (11.85-15.75in.)

I 401-500 (15.79-19.691n.)

I 501-600 (19.72-23.62in)

I 601-700 (23.66-27.561n.)

I 701-800 (27.60-31.501in.)

I 801-900 (31.54-35431in.)

I 201- 1000 (35.47-39.37in.)

I 1001 - 1100 (39.41-4331in.)

I 1101- 1220 (43.35-48.031n.)

Figure A.LA.4—Estimated mean annual water yield by 12-digit hydrologic units in Louisiana, 2001—2010. Hydrologic Unit Codes (HUC) use number
of digits to represent watersheds of different scales. A 12-digit HUC (HUC12) represents a small local watershed. For explanation of water yield and
how it is derived, see report.
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(A) Streams and Intrastate Public Water System Intakes Receiving
Water from Louisiana State and Private Forests

-

_________ s Public Water System
j Intakes
% Water from LA SPF
. © >0-25
& ® 26-50
‘ State Plane Louisiana South, NAD 1983 (US Feet) @ 51-75
N @ 76-100

Population Served
O 1-5,000

O 5001-50,000

O 50,001 - 150,000
O 150,001 and above 5
‘!‘ x“'ﬁ“b

Streams and Rivers

9 % Water from LA SPF
# . 0

>0-25
— 26-50
— 51-75
— 76-100

e

—

Figure A.LA.5—(A) Louisiana streams by percentage of Louisiana SPF water content, surface drinking water intakes within Louisiana by percentage
of Louisiana SPF surface water available at intake (symbol color), and population served by each intake (symbol size). A total of 100 surface
drinking water intakes within the State serve a population of 1,728,676 in 61 communities. Note: See figures A.LA.5 parts B and C on separate
pages for streams and intakes only.
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(B) Streams Receiving

Water from Louisiana State and Private Forests

I
!
u

Streams and Rivers
% Water from LA SPF

fl" r
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‘ —— 26-50
‘Z —— 51-75

o
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Figure A.LA.5—(B) Louisiana streams by percentage of Louisiana SPF water content.
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(C) Intrastate Public Water System Intakes Receiving
Water from Louisiana State and Private Forests
] l

;

______________________________________________________ (. @ Public Water System
; Intakes
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Figure A.LA.5—(C) Surface drinking water intakes within Louisiana by percentage of Louisiana SPF surface water available at intake (symbol color)
and population served by each intake (symbol size). A total of 100 surface drinking water intakes within the State serve a population of 1,728,676 in
61 communities.
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Louisiana
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Figure A.LA.6—Cumulative frequency of population served according to percentage of water coming from Louisiana SPF lands.
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Public Water System Intakes Outside of Louisiana Receiving
Water from Louisiana State and Private Forests

Public Water System
Intakes
% Water from LA SPF
o >0-25
[ 26 - 50
State Plane Louisiana South, NAD 1983 (US Feet) . 51-75
@® 76-100

Population Served
1-5,000

o
O 5,001 - 50,000
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O 150,001 and above !

Streams and Rivers
% Water from LA SPF

0
>0-25
——— 26-50
—— 51-75

0 15 30 60 90 AR
Cm T — Y 76 -100

Figure A.LA.7—Louisiana streams by percentage of Louisiana SPF water content, surface drinking water intakes downstream of Louisiana by
percentage of Louisiana SPF water content (symbol color), and population served by each of these external intakes (symbol size). A total of 11
surface drinking water intakes outside the State but carrying Louisiana SPF water serve a population of 9,587 in eight communities.
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Population served outside of LA
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Figure A.LA.8—Cumulative frequency of non-Louisiana population served according to percentage of water coming from Louisiana SPF lands.
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Multi-Intake Public Water Systems (Aggregated to Single Symbol)
Receiving Water from Louisiana State and Private Forests

State Plane Louisiana South, NAD 1983 (US Feet)
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Figure A.LA.9—Multi-intake public water systems aggregated to single data point. Symbol color and size represent values for an entire municipal or
corporate water supply system rather than values for individual surface drinking water intakes. Systems with no more than a single surface drinking

water intake are not represented on this map.
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Southeastern Louisiana Detail
Streams and Public Water System Intakes in Southeastern Louisiana
Receiving Water from Louisiana State and Private Forests
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Figure A.LA.10—Local-scale detail showing percentage of water from Louisiana SPF for streams and surface drinking water intakes in southeastern
Louisiana.
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Natchitoches, LA, Case Study
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Figure A.LA.11—Case study of the Natchitoches Water System public water supply system, Natchitoches, LA, illustrating SPF water in the stream
supplying the single surface drinking water intake. When this water reaches the intake, 71.9 percent of it comes from SPF lands. The largest
ownership category in these specific SPF lands is corporate-owned.
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STATE OF MISSISSIPPI
Summary

State and private forest (SPF) lands cover 57.4 percent
of Mississippi (figs. A.MS.1 and A.MS.2; table
AMS.1). About 54.9 percent of all Mississippi surface
water originates on SPF lands (fig. A.MS.3). The
majority of SPF land area is in, and surface water

is from, family-owned forests, accounting for about
62.8 percent of the SPF land area and 63.4 percent

of surface water from SPF. Corporate-owned forests
contribute 26.1 percent of surface water from SPF and
account for 26.7 percent of land area of SPF. Average
annual water yield in Mississippi is about 575 mm
(fig. A.MS.4). Mississippi has a total of 23 surface
drinking water intakes where at least some available
water comes from SPF (fig. A.MS.5). About 7.2 percent
of the total population of Mississippi is served by
surface drinking water overall, and Mississippi SPF
surface drinking water also serves about 7.2 percent
of the State population, or 0.2 million people, to

some degree. About 0.1 million people in Mississippi
are getting more than half of their surface drinking

water from SPF within the State (fig. A.MS.6). State
and private forest lands in Mississippi also supply
water to 51 surface drinking water intakes in other
States (Alabama, Illinois, Kentucky, Louisiana,

and Tennessee) (fig. A.MS.7), which collectively
serve about 1.1 million people in 37 communities
(fig. A.MS.8). Some public water systems in
Mississippi utilize more than one surface drinking
water intake; these systems are shown (intakes
aggregated) in figure A.MS.9 by population served
(symbol size) and percentage of water from SPF lands
in Mississippi (symbol color). The Jackson detail
map (fig. A.MS.10) adds clarity on the hydrology,
surface drinking water intakes, water originating on
SPF lands, and population centers in an area where
there is complex intersection between public water
supply systems and population served. A case study
(fig. A.MS.11) of the City of Jackson public water
supply system presents an example of the important
role SPF lands play in providing water supply to a
single community in Mississippi, where eight surface
drinking water intakes receive about 67.2 percent

of their water from SPF and serve about 0.2 million
people.

Table A.MS.1—Land area by land cover and forest ownership

type in Mississippi

3

4

& Land cover Land area (km?) Land area (acres)

S Forest 81414 20,117,466

J: Nonforest 46 704 11,540,799

X Forest ownership type® |Land area (km?) |Land area (acres)

= Federal (public) 7776 1,921,417

g_ Tribal (public) 131 32,277

Q. State (public) 3812 941,943

< Local (public) 922 227,887
Corporate (private) 19 611 4,845,919
Family (private) 46 185 11,412,500
Other private 2977 735,523

“State and private forest land comprises State, local, corporate, family, and
other private (the last two also referred to together as nonindustrial private
forest, or NIPF). Corporate ownership lands include forest land owned by
forest industry as well as other corporate entities such as Timber Investment
Management Organizations and Real Estate Investment Trusts (TIMOs and
REITs, respectively).
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Mississippi Forested Lands by Ownership

State Plane Mississippi East, NAD 1983 (US Feet)
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Figure A.MS.1—Mississippi nonforest land and forest lands by ownership, ca. 2014. Forest ownership data source: raster dataset by
Hewes and others (2017); see report for more discussion of data derivation and accuracy.
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Mississippi: Land area by forest ownership type

Federal

(public)
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Tribal (public)
0.1%

State and

Nonforest private
36.5% 57.4%

Local (public)
1.3%

—————————— Other private
5.2% 4.0%

Figure A.MS.2—Land area percentages by forest ownership, ca. 2014. In the smaller circle, percentages
represent portion of SPF total for each ownership category. Note: Due to rounding, percentages may not total

exactly 100.
[ Mississippi: Water supply by forest ownership type
%’ Federal
%] (public) Tribal (public)
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EI ----------------
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©
5 State and
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< 39.2% 54.9%
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Figure A.MS.3—Percentage of Mississippi’s water supply deriving from nonforest lands and forest lands
of different ownership, ca. 2014. In the smaller circle, percentages represent portion of SPF total for each
ownership category. Note: Due to rounding, percentages may not total exactly 100.
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Mississippi

2001-2010 Mean Annual Water Yield by 12-Digit Hydrologic Unit
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Figure A.MS.4—Estimated mean annual water yield by 12-digit hydrologic units in Mississippi, 2001—2010. Hydrologic Unit Codes (HUC) use
number of digits to represent watersheds of different scales. A 12-digit HUC (HUC12) represents a small local watershed. For explanation of
water yield and how it is derived, see report.
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(A) Streams and Intrastate Public Water System Intakes Receiving
Water from Mississippi State and Private Forests

j_f State Plane Mississippi East, NAD 1983 (US Feet)

Public Water System
) - 7 Intakes
e Ry % Water from MS SPF

© >0-25
® 26-50
@ 51-75
@ 76-100

Population Served
1-5,000

@)
O 5,001 - 50,000

Q 50,001 - 150,000

150,001 and above

Streams and Rivers

% Water from MS SPF
0

>0-25
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— 51-75
— 76 -100
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Figure A.MS.5—(A) Mississippi streams by percentage of Mississippi SPF water content, surface drinking water intakes
within Mississippi by percentage of Mississippi SPF surface water available at intake (symbol color), and population served
by each intake (symbol size). A total of 23 surface drinking water intakes within the State serve a population of 214,946 in
six communities. Note: See figures A.MS.5 parts B and C on separate pages for streams and intakes only.
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(B) Streams Receiving
Water from Mississippi State and Private Forests
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Figure A.MS.5—(B) Mississippi streams by percentage of Mississippi SPF water content.
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Appendix A—MISSISSIPPI

(C) Intrastate Public Water System Intakes Receiving
Water from Mississippi State and Private Forests

State Plane Mississippi East, NAD 1983 (US Feet)
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Figure A.MS.5—(C) Surface drinking water intakes within Mississippi by percentage of Mississippi SPF surface water
available at intake (symbol color) and population served by each intake (symbol size). A total of 23 surface drinking water

intakes within the State serve a population of 214,946 in six communities.
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Mississippi
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Figure A.MS.6—Cumulative frequency of population served according to percentage of water coming from Mississippi SPF lands.
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Public Water System Intakes Outside of Mississippi Receiving
Water from Mississippi State and Private Forests
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Population Served

1-5,000

Public Water System
Intakes
% Water from MS SPF “
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Figure A.MS.7—Mississippi streams by percentage of Mississippi SPF water content, surface drinking water intakes
downstream of Mississippi by percentage of Mississippi SPF water content (symbol color), and population served by each of
these external intakes (symbol color). A total of 51 surface drinking water intakes outside the State but carrying Mississippi SPF
water serve a population of 1,057,304 in 37 communities.
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Figure A.MS.8—Cumulative frequency of non-Mississippi population served according to percentage of water coming from Mississippi SPF
lands.
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Multi-Intake Public Water Systems (Aggregated to Single Symbol)
Receiving Water from Mississippi State and Private Forests

ﬁ

State Plane Mississippi East, NAD 1983 (US Feet)
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Figure A.MS.9—Multi-intake public water systems aggregated to single data point. Symbol color and size represent values for
an entire municipal or corporate water supply system rather than values for individual surface drinking water intakes. Systems
116 with no more than a single surface drinking water intake are not represented on this map.
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Jackson Detail

Streams and Public Water System Intakes in the Jackson, MS, Area
Receiving Water from Mississippi State and Private Forests
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Figure A.MS.10—Local-scale detail showing percentage of water from Mississippi SPF for streams and surface drinking water intakes around
Jackson, MS.
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Jackson, MS, Case Study
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Figure A.MS.11—Case study of the City of Jackson public water supply system, Jackson, MS; illustrating SPF water in streams supplying the eight
surface drinking water intakes. When this water reaches the intakes, 67.2 percent of it comes from SPF lands. The largest ownership category in
these specific SPF lands is family-owned.
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STATE OF NORTH CAROLINA
Summary

State and private forest (SPF) lands cover about

49.4 percent of North Carolina (figs. A.NC.1 and
ANC.2; table A.NC.1). About 45.5 percent of all
North Carolina surface water originates on SPF

lands (fig. A.NC.3). The majority of SPF land area

is in, and surface water is from, family-owned
forests, accounting for about 62.9 percent of the land
coverage and 62.3 percent of surface water from SPF.
Corporate-owned forests contribute 27.2 percent of
surface water from SPF and account for 27.0 percent
of land coverage. Average annual water yield in North
Carolina is about 400 mm, with greater annual water
yield in the western part of the State (>800 mm)

(fig. ANC.4). North Carolina has a total of 484
surface drinking water intakes where at least some
available water comes from SPF (fig. A.NC.5). About
56.9 percent of the total population of North Carolina
is served by surface drinking water overall, and North
Carolina SPF surface drinking water also serves about
56.9 percent of the State population, or 5.8 million
people, to some degree. About 1.5 million people in
North Carolina are getting more than half of their
surface drinking water from SPF within the State

(fig. A.NC.6). State and private forest lands in North
Carolina also supply water to 296 surface drinking
water intakes in other States (Alabama, Georgia,
Illinois, Indiana, Kentucky, Louisiana, Mississippi,
Ohio, South Carolina, Tennessee, Virginia, and

West Virginia) (fig. A.NC.7), which collectively

serve about 5.2 million people in 182 communities
(fig. ANC.8). Many public water systems in North
Carolina utilize more than one surface drinking water
intake; these systems are shown (intakes aggregated)
in figure A.NC.9 by population served (symbol size)
and percentage of water from SPF lands in North
Carolina (symbol color). The detail maps of Charlotte,
the Sandhills towns, the Triad area, and the Triangle
area (figs. A.NC.10—A.NC.13) add clarity on the
hydrology, surface drinking water intakes, water
originating on SPF lands, and population centers in
areas where there is complex intersection between
public water supply systems and population served.

A case study (fig. A.NC.14) of the City of Durham
public water supply system presents an example of
the important role SPF lands play in providing water
supply to a single community in North Carolina, where
two surface drinking water intakes receive about

64.4 percent of their water from SPF and serve about
0.3 million people.

Table A.NC.1—Land area by land cover and forest ownership

type in North Carolina
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Land cover Land area (km?) Land area (acres)
Forest 77 971 19,267,272
Nonforest 55 759 13,778,301
Forest ownership type® |Land area (km?) |Land area (acres)
Federal (public) 11 662 2,881,771
Tribal (public) 206 51,002
State (public) 4355 1,076,227
Local (public) 1083 267,601
Corporate (private) 17 843 4,409,061
Family (private) 41 570 10,272,255
Other private 1252 309,355

State and private forest land comprises State, local, corporate, family, and
other private (the last two also referred to together as nonindustrial private
forest, or NIPF). Corporate ownership lands include forest land owned by
forest industry as well as other corporate entities such as Timber Investment
Management Organizations and Real Estate Investment Trusts (TIMOs and
REITs, respectively).
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North Carolina Forested Lands by Ownership
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Figure A.NC.1—North Carolina nonforest land and forest lands by ownership, ca. 2014. Forest ownership data source: raster dataset by Hewes and
others (2017); see report for more discussion of data derivation and accuracy.
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North Carolina: Land area by forest ownership type
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Figure A.NC.2—Land area percentages by forest ownership, ca. 2014. In the smaller circle, percentages
represent portion of SPF total for each ownership category. Note: Due to rounding, percentages may not total
exactly 100.
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Figure A.NC.3—Percentage of North Carolina’s water supply deriving from nonforest lands and forest lands
of different ownership, ca. 2014. In the smaller circle, percentages represent portion of SPF total for each
ownership category. Note: Due to rounding, percentages may not total exactly 100.
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North Carolina

2001-2010 Mean Annual Water Yield by 12-Digit Hydrologic Unit

7
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Figure A.NC.4—Estimated mean annual water yield by 12-digit hydrologic units in North Carolina, 2001—2010. Hydrologic Unit Codes (HUC) use
number of digits to represent watersheds of different scales. A 12-digit HUC (HUC12) represents a small local watershed. For explanation of water
yield and how it is derived, see report.

<
2
-l
@)
(o=
<
)
aC
=
(o=
@)
T
<
X
©
=
(0}
(o}
(o}
<

122



GTR-SRS-248

(A) Streams and Intrastate Public Water System Intakes Receiving
Water from North Carolina State and Private Forests
_ 7
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Figure A.NC.5—(A) North Carolina streams by percentage of North Carolina SPF water content, surface drinking water intakes within North Carolina
by percentage of North Carolina SPF surface water available at intake (symbol color), and population served by each intake (symbol size). A total of
484 surface drinking water intakes within the State serve a population of 5,833,733 in 172 communities. Note: See figures A.NC.5 parts B and C on
separate pages for streams and intakes only.
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(B) Streams Receiving

Streams and Rivers
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Figure A.NC.5—(B) North Carolina streams by percentage of North Carolina SPF water content.
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(C) Intrastate Public Water System Intakes Receiving
Water from North Carolina State and Private Forests
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Figure A.NC.5—(C) Surface drinking water intakes within North Carolina by percentage of North Carolina SPF surface water available at intake
(symbol color) and population served by each intake (symbol size). A total of 484 surface drinking water intakes within the State serve a population
of 5,833,733 in 172 communities.
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North Carolina
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Figure A.NC.6—Cumulative frequency of population served according to percentage of water coming from North Carolina SPF lands.
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Public Water System Intakes Outside of North Carolina Receiving
Water from North Carolina State and Private Forests
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Figure A.NC.7—North Carolina streams by percentage of North Carolina SPF water content, surface drinking water intakes downstream of North
Carolina by percentage of North Carolina SPF water content (symbol color), and population served by each of these external intakes (symbol
size). A total of 296 surface drinking water intakes outside the State but carrying North Carolina SPF water serve a population of 5,166,453 in 182
communities.
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Population served outside of NC
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Figure A.NC.8—Cumulative frequency of non-North Carolina population served according to percentage of water coming from North Carolina
SPF lands.
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Multi-Intake Public Water Systems (Aggregated to Single Symbol)
Receiving Water from North Carolina State and Private Forests

Public Water Systems
(intakes aggregated)
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Figure A.NC.9—Multi-intake public water systems aggregated to single data point. Symbol color and size represent values for an entire municipal or
corporate water supply system rather than values for individual surface drinking water intakes. Systems with no more than a single surface drinking
water intake are not represented on this map.
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Charlotte Detail

Streams and Public Water System Intakes of the Charlotte, NC, Area
Receiving Water from North Carolina State and Private Forests
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Figure A.NC.10—Local-scale detail showing percentage of water from North Carolina SPF for streams and surface drinking water intakes around
Charlotte, NC.
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Sandhills Detail

Streams and Public Water System Intakes of the Sandhills Area, NC,
Receiving Water from North Carolina State and Private Forests
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Figure A.NC.11—Local-scale detail showing percentage of water from North Carolina SPF for streams and surface drinking water intakes around
Pinehurst and Southern Pines, NC.
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Triad Area Detail

Streams and Public Water System Intakes of the Triad Area, NC,
Receiving Water from North Carolina State and Private Forests
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Figure A.NC.12—Local-scale detail showing percentage of water from North Carolina SPF for streams and surface drinking water intakes around
Greensboro, Winston-Salem, and High Point, NC.
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Triangle Area Detail

Streams and Public Water System Intakes of the Triangle Area, NC,
Receiving Water from North Carolina State and Private Forests
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Figure A.NC.13—Local-scale detail showing percentage of water from North Carolina SPF for streams and surface drinking water intakes around
Raleigh, Durham, and Chapel Hill, NC.
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Durham, NC, Case Study
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Figure A.NC.14—Case study of the City of Durham public water supply system, Durham, NC, illustrating SPF water in streams supplying the two
surface drinking water intakes. When this water reaches the intakes, 64.4 percent of it comes from SPF lands. The largest ownership category in
these specific SPF lands is family-owned.
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STATE OF OKLAHOMA
Summary

State and private forest (SPF) lands cover 22.8 percent
of Oklahoma (figs. A.OK.1 and A.OK.2; table A.OK.1).
About 31.1 percent of all Oklahoma surface water
originates on SPF lands (fig. A.OK.3). The majority of
SPF land area is in, and surface water is from, family-
owned forests, accounting for about 68.2 percent

of the SPF land area and 63.9 percent of surface

water from SPF. Corporate-owned forests contribute
26.8 percent of surface water from SPF and account for
22.1 percent of land area of SPF. Average annual water
yield in Oklahoma is about 223 mm, with much drier
conditions in the west than in the east (fig. A.OK.4).
Oklahoma has a total of 502 surface drinking water
intakes where at least some available water comes from
SPF (fig. A.OK.5). While about 63.8 percent of the total
population of Oklahoma is served by surface drinking
water overall, Oklahoma SPF surface drinking water
serves about 56.1 percent of the State population, or
2.2 million people, to some degree. About 0.1 million
people in Oklahoma are getting more than half of

their surface drinking water from SPF within the

State (fig. A.OK.6). State and private forest lands in
OK also supply water to 108 surface drinking water
intakes in other States (Arkansas, Kansas, Louisiana,
Missouri, and Texas) (fig. A.OK.7), which collectively
serve about 1.2 million people in 47 communities

(fig. A.OK.8). Many public water systems in Oklahoma
utilize more than one intake; these systems are shown
(intakes aggregated) in figure A.OK.9 by population
served (symbol size) and percentage of water from
SPF lands in Oklahoma (symbol color). The Oklahoma
City and Tulsa area detail maps (figs. A.OK.10 and
A.OK.11) add clarity on the hydrology, surface
drinking water intakes, water originating on SPF lands,
and population centers in areas where there is complex
intersection between public water supply systems and
population served. A case study (fig. A.OK.12) of the
Shawnee Municipal Authority public water supply
system presents an example of the important role

SPF lands play in providing water supply to a single
community in Oklahoma, where a single surface
drinking water intake receives about 57.9 percent of its
water from SPF and serves about 30,000 people.

Table A.OK.1—Land area by land cover and forest ownership

type in Oklahoma

Land cover Land area (km?) |Land area (acres)
Forest 49 552 12,244,769
Nonforest 138 082 34,120,716

Forest ownership type®

Land area (km?)

Land area (acres)

Federal (public) 4054 1,001,670
Tribal (public) 2754 680,610
State (public) 3026 747,672
Local (public) 415 102,618
Corporate (private) 9441 2,332,981
Family (private) 29 161 7,205,941
Other private 701 173,277

@State and private forest land comprises State, local, corporate, family, and
other private (the last two also referred to together as nonindustrial private
forest, or NIPF). Corporate ownership lands include forest land owned by
forest industry as well as other corporate entities such as Timber Investment
Management Organizations and Real Estate Investment Trusts (TIMOs and

REITs, respectively).
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Oklahoma Forested Lands by Ownership

State Plane Oklahoma North, NAD 1983 (US Feet)
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Figure A.OK.1—Oklahoma nonforest land and forest lands by ownership, ca. 2014. Forest ownership data source: raster dataset by Hewes and
others (2017); see report for more discussion of data derivation and accuracy.
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Oklahoma: Land area by forest ownership type
Federal (public) 2.2%

State and
Nonforest private

73.6% 22.8%

Local (public) 1.0%

State (public) 7.1%
Other private 1.6%

Figure A.OK.2—Land area percentages by forest ownership, ca. 2014. In the smaller circle, percentages
represent portion of SPF total for each ownership category. Note: Due to rounding, percentages may not total
exactly 100.

Oklahoma: Water supply by forest ownership type
Federal (public) 3.8%

State and
Nonforest private
63.2% 31.1%

Local (public) 0.9%

State (public) 6.5%
Other private 1.9%

Figure A.OK.3—Percentage of Oklahoma’s water supply deriving from nonforest lands and forest lands
of different ownership, ca. 2014. In the smaller circle, percentages represent portion of SPF total for each
ownership category. Note: Due to rounding, percentages may not total exactly 100.
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Oklahoma
2001-2010 Mean Annual Water Yield by 12-Digit Hydrologic Unit

State Plane Oklahoma North, NAD 1983 (US Feet)
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Figure A.OK.4—Estimated mean annual water yield by 12-digit hydrologic units in Oklahoma, 2001-2010. Hydrologic Unit Codes (HUC) use number
of digits to represent watersheds of different scales. A 12-digit HUC (HUC12) represents a small local watershed. For explanation of water yield and
how it is derived, see report.
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(A) Streams and Intrastate Public Water System Intakes Receiving
Water from Oklahoma State and Private Forests
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Figure A.OK.5—(A) Oklahoma streams by percentage of Oklahoma SPF water content, surface drinking water intakes within Oklahoma by
percentage of Oklahoma SPF surface water available at intake (symbol color), and population served by each intake (symbol size). A total of 502
surface drinking water intakes within the State serve a population of 2,207,748 in 204 communities. Note: See figures A.OK.5 parts B and C on
separate pages for streams and intakes only.
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(B) Streams Receiving
Water from Oklahoma State and Private Forests
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Figure A.OK.5—(B) Oklahoma streams by percentage of Oklahoma SPF water content.
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(C) Intrastate Public Water System Intakes Receiving
Water from Oklahoma State and Private Forests
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Figure A.OK.5—(C) Surface drinking water intakes within Oklahoma by percentage of Oklahoma SPF surface water available at intake (symbol
color) and population served by each intake (symbol size). A total of 502 surface drinking water intakes within the State serve a population of
2,207,748 in 204 communities.
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Oklahoma
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Figure A.OK.6—Cumulative frequency of population served according to percentage of water coming from Oklahoma SPF lands.
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Public Water System Intakes Outside of Oklahoma Receiving

Water from Oklahoma State and Private Forests
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] S
!

e
- Lmmmmg

0 30 60 120 180 240
N T . Miles

Public Water System
Intakes 2
% Water from OK SPF

O >0-25
@ 26-50
@ 51-75 i
@ 76-100

Population Served

O 1-5,000

O 5,001 - 50,000
O 50,001 - 150,000
O 150,001 and above

Streams and Rivers

% Water from OK SPF =
0

>0-25
— 26-50
— 51-75
— 76-100

N

Figure A.OK.7—Oklahoma streams by percentage of Oklahoma SPF water content, surface drinking water intakes downstream of Oklahoma
by percentage of Oklahoma SPF water content (symbol color), and population served by each of these external intakes (symbol size). A total of
108 surface drinking water intakes outside the State but carrying Oklahoma SPF water serve a population of 1,200,547 in 47 communities.
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Population served outside of OK
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Figure A.OK.8—Cumulative frequency of non-Oklahoma population served according to percentage of water coming from Oklahoma SPF
lands.
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Multi-Intake Public Water Systems (Aggregated to Single Symbol)
Receiving Water from Oklahoma State and Private Forests
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Figure A.OK.9—Multi-intake public water systems aggregated to single data point. Symbol color and size represent values for an entire municipal or
corporate water supply system rather than values for individual surface drinking water intakes. Systems with no more than a single surface drinking
water intake are not represented on this map.
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Oklahoma City Detail
Streams and Public Water System Intakes in Oklahoma City, OK, Area
Receiving Water from Oklahoma State and Private Forests

—
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Figure A.OK.10—Local-scale detail showing percentage of water from Oklahoma SPF for streams and surface drinking water intakes around
Oklahoma City, OK.
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Tulsa Detail
Streams and Public Water System Intakes in Tulsa, OK, Area
Receiving Water from Oklahoma State and Private Forests
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Figure A.OK.11—Local-scale detail showing percentage of water from Oklahoma SPF for streams and surface drinking water intakes around Tulsa,
OK.
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Shawnee, OK, Case Study
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Figure A.OK.12—Case study of the Shawnee Municipal Authority public water supply system, Shawnee, OK, illustrating SPF water in streams
supplying the single surface drinking water intake. When this water reaches the intake, 57.9 percent of it comes from SPF lands. The largest
ownership category in these specific SPF lands is family-owned.
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STATE OF SOUTH CAROLINA
Summary

State and private forest (SPF) lands cover 57.8 percent
of South Carolina (figs. A.SC.1 and A.SC.2; table
A.SC.1). About 53.8 percent of all South Carolina
surface water originates on SPF lands (fig. A.SC.3).
The majority of SPF land area is in, and surface water
is from, family-owned forests, accounting for about
58.3 percent of the SPF land area and 58.7 percent

of surface water from SPF. Corporate-owned forests
contribute 32.2 percent of surface water from SPF
and account for 33.8 percent of land area of SPF.
Average annual water yield in South Carolina is about
362 mm (fig. A.SC.4). South Carolina has a total of
205 surface drinking water intakes where at least
some available water comes from SPF (fig. A.SC.5).
About 45.1 percent of the total population of South
Carolina is served by surface drinking water overall,
and South Carolina SPF surface drinking water also
serves about 45.1 percent of the State population, or
2.3 million people, to some degree. About 0.9 million
people in South Carolina are getting more than half of

their surface drinking water from SPF within the State
(fig. A.SC.6). State and private forest lands in South
Carolina also supply water to 42 surface drinking
water intakes in other States (Georgia and North
Carolina) (fig. A.SC.7), which collectively serve about
0.3 million people in 13 communities (fig. A.SC.8).
Many public water systems in South Carolina utilize
more than one intake; these systems are shown (intakes
aggregated) in figure A.SC.9 by population served
(symbol size) and percentage of water from SPF lands
in South Carolina (symbol color). The Columbia-Lake
Wateree area detail map (fig. A.SC.10) adds clarity on
the hydrology, surface drinking water intakes, water
originating on SPF lands, and population centers in

an area where there is complex intersection between
public water supply systems and population served.

A case study (fig. A.SC.11) of the Greenville Water
public water supply system presents an example of

the important role SPF lands play in providing water
supply to a single community in South Carolina, where
three surface drinking water intakes receive about

69.3 percent of their water from SPF (in headwaters of
two different rivers) and serve about 0.3 million people.

Table A.SC.1—Land area by land cover and forest ownership

type in South Carolina

Land cover Land area (km?) Land area (acres)
Forest 54 031 13,351,632
Nonforest 29 243 7,226,136

Forest ownership type*

Land area (km?)

Land area (acres)

Federal (public) 5903 1,458,711
Tribal (public) 3 862
State (public) 2354 581,753
Local (public) 743 183,593
Corporate (private) 16 287 4,024,701
Family (private) 28 034 6,927,381
Other private 707 174,631

“State and private forest land comprises State, local, corporate, family, and
other private (the last two also referred to together as nonindustrial private
forest, or NIPF). Corporate ownership lands include forest land owned by
forest industry as well as other corporate entities such as Timber Investment
Management Organizations and Real Estate Investment Trusts (TIMOs and

REITs, respectively).
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South Carolina Forested Lands by Ownership

State Plane South Carolina, NAD 1983 (US Feet)

@ Charlott?e

i

Atlanta
(® us. cities
:I Non-forest

Forest Ownership
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[ Tribal
- Federal
- State
w
- Local &
- Family @
- Corporate E
o
|:| Other private | |

L

Public

Figure A.SC.1—South Carolina nonforest land and forest lands by ownership, ca. 2014. Forest ownership data source: raster dataset by Hewes and
others (2017); see report for more discussion of data derivation and accuracy.
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South Carolina: Land area by forest ownership type

Federal
(public)
71%

State and

Nonforest private
35.1% 57.8%

Local (public)
1.5%

State (public) Other private
4.9% 1.5%

Figure A.SC.2—Land area percentages by forest ownership, ca. 2014. In the smaller circle, percentages
represent portion of SPF total for each ownership category. Note: Due to rounding, percentages may not total
exactly 100.

South Carolina: Water supply by forest ownership type

Federal
(public)
6.6%

State and

Nonforest private
39.6%

State (public) Other private
5.5% 1.7%

Figure A.SC.3—Percentage of South Carolina’s water supply deriving from nonforest lands and forest lands
of different ownership, ca. 2014. In the smaller circle, percentages represent portion of SPF total for each
ownership category. Note: Due to rounding, percentages may not total exactly 100.
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South Carolina

2001-2010 Mean Annual Water Yield by 12-Digit Hydrologic Unit
~—3

rolina* NAD 1983 (US Feet)

State Plane South

I

Water Yield (mml/year)
1-100 (0.04-3.94in.)
101-200 (3.98-7.87 in.)

I 201-300 (7.91-1181in)

I 301 -400 (11.85-15.751in.)

I 01 -500 (15.79-19.69in.)

I 501 -600 (19.72-2362in.)

I 601 - 700 (23.66-27.56in.)

I 701 -800 (27.60-31501in.)

I 501 -900 (31.54-35431n.)

I 20 - 1000 (35.47-39.37 in.)

I 1001 - 1100 (39.41-43.311n.)

I 1701 - 1220 (43.35-48.03n) 0 12525

100
Miles

Figure A.SC.4—Estimated mean annual water yield by 12-digit hydrologic units in South Carolina, 2001-2010. Hydrologic Unit Codes (HUC) use
number of digits to represent watersheds of different scales. A 12-digit HUC (HUC12) represents a small local watershed. For explanation of water
yield and how it is derived, see report.

<
=
=
@)
o
<
9
dC
=
2
@)
i
<
X
©
=
(0}
(o}
Q.
<

152



GTR-SRS-248

(A) Streams and Intrastate Public Water System Intakes Receiving
Water from South Carolina State and Private Forests

-

Public Water System
U Intakes
|1 % Water from SC SPF ——
o >0-25
@® 26-50
@ 51-75
(@) 76 - 100

Population Served
1-5,000

o
O 5001-50000

O 50,001 - 150,000
O 150,001 and above

Streams and Rivers

% Water from SC SPF
0

>0-25
| — 26-50
m —— 51-75

e

01020 40 60 80
— 76-100 B W Viles

State P;a‘:_lﬁ South Carolina, NAD 1983 (US Feet)

TN

Figure A.SC.5—(A) South Carolina streams by percentage of South Carolina SPF water content, surface drinking water intakes within South
Carolina by percentage of South Carolina SPF surface water available at intake (symbol color), and population served by each intake (symbol size).
A total of 205 surface drinking water intakes within the State serve a population of 2,263,380 in 74 communities. Note: See figures A.SC.5 parts B
and C on separate pages for streams and intakes only.
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(B) Streams Receiving
Water from South Carolina State and Private Forests

Streams and Rivers

% Water from SC SPF
0

>0-25
— 26-50

1

— 51-75

0 10 20

— 76-100

State Plane South Carolina, NAD 1983 (US Feet)

40
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80

B W Viles

Figure A.SC.5—(B) South Carolina streams by percentage of South Carolina SPF water content.
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(C) Intrastate Public Water System Intakes Receiving
Water from South Carolina State and Private Forests

Public Water System
Intakes
% Water from SC SPF
o >0-25
(] 26 - 50
O 51-75
{ ] 76 - 100

Population Served
1-5,000

o
(O 5001-50,000

O 50,001 - 150,000

O 150,001 and above 0 10 20 40 60 80
B T \iles

S5

Figure A.SC.5—(C) Surface drinking water intakes within South Carolina by percentage of South Carolina SPF surface water available at intake

(symbol color) and population served by each intake (symbol size). A total of 205 surface drinking water intakes within the State serve a population

of 2,263,380 in 74 communities.
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South Carolina
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Figure A.SC.6—Cumulative frequency of population served according to percentage of water coming from South Carolina SPF lands.
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Public Water System Intakes Outside of South Carolina Receiving
Water from South Carolina State and Private Forests

-

Public Water System
Intakes

% Water from SC SPF [ =
@ >0-25
® 26-50
@ 51-75
@ 76-100

Population Served ; ‘
O 1-5000 > 7 AN
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O 50,001 - 150,000
O 150,001 and above
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% Water from SC SPF

0
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— 26-50
——51-75
0 1020 40 60 80
— 76-100 B . Viles i ,
State ﬂane South Carolina, NAD 1983 (US Feet)

Figure A.SC.7—South Carolina streams by percentage of South Carolina SPF water content, surface drinking water intakes downstream of South
Carolina by percentage of South Carolina SPF water content (symbol color), and population served by each of these external intakes (symbol
size). A total of 42 surface drinking water intakes outside the State but carrying South Carolina SPF water serve a population of 313,158 in

13 communities.
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Population served outside of SC

o
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Population served by surface water
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Percentage of surface water supply originating on State and private forest lands (%)

Figure A.SC.8—Cumulative frequency of non-South Carolina population served according to percentage of water coming from South Carolina
SPF lands.
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Multi-Intake Public Water Systems (Aggregated to Single Symbol)
Receiving Water from South Carolina State and Private Forests

\\ {
/ ~ :'M
| pes ————e =
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Public Water Systems - =
(intakes aggregated) \\ 2
% Water from SC SPF . Myrtle Beadh
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Figure A.SC.9—Multi-intake public water systems aggregated to single data point. Symbol color and size represent values for an entire municipal or
corporate water supply system rather than values for individual surface drinking water intakes. Systems with no more than a single surface drinking
water intake are not represented on this map.
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Columbia-Lake Wateree Detail
Streams and Public Water System Intakes in Columbia-Lake Wateree, SC, Area
Receiving Water from South Carolina State and Private Forests
W

- < T e L - y~a T " t
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Figure A.SC.10—Local-scale detail showing percentage of water from South Carolina SPF for streams and surface drinking water intakes around
Columbia, SC, and Lake Wateree.
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Greenville, SC, Case Study

3 intakes

69.3% from SPF
(most local public)

328,680 people served
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Figure A.SC.11—Case study of the Greenville Water public water supply system, Greenville, SC, illustrating SPF water in streams supplying the
three surface drinking water intakes. When this water reaches the intakes, 69.3 percent of it comes from SPF lands. The largest ownership category

in these specific SPF lands is local public.
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STATE OF TENNESSEE
Summary

State and private forest (SPF) lands cover 45.3 percent
of Tennessee (figs. A.TN.1 and A.TN.2; table A.TN.1).
About 44.2 percent of all Tennessee surface water
originates on SPF lands (fig. A.TN.3). The majority of
SPF land area is in, and surface water is from, family-
owned forests, accounting for about 71.1 percent

of the SPF land area and 70.2 percent of surface

water from SPF. Corporate-owned forests contribute
18.2 percent of surface water from SPF and account for
17.8 percent of land area of SPF. Average annual water
yield in Tennessee is about 548 mm (fig. ATN.4).
Tennessee has a total of 346 surface drinking water
intakes where at least some available water comes
from SPF (fig. A.TN.5). About 70.0 percent of the

total population of Tennessee is served by surface
drinking water overall, and Tennessee SPF surface
drinking water also serves about 70.0 percent of the
State population, or 4.7 million people, to some degree.
About 0.5 million people in Tennessee are getting more
than half of their surface drinking water from SPF

within the State (fig. A.-TN.6). State and private forest
lands in TN also supply water to 168 surface drinking
water intakes in other States (Alabama, Georgia,
Illinois, Indiana, Kentucky, Louisiana, Mississippi,
North Carolina, and Virginia) (fig. A.TN.7), which
collectively serve about 2.5 million people in

111 communities (fig. A.TN.8). Many public water
systems in Tennessee utilize more than one intake;
these systems are shown (intakes aggregated) in
figure A.TN.9 by population served (symbol size)

and percentage of water from SPF lands in Tennessee
(symbol color). The Chattanooga, Knoxville, and
Nashville detail maps (figs. A.TN.10-A.TN.12) add
clarity on the hydrology, surface drinking water
intakes, water originating on SPF lands, and population
centers in areas where there is complex intersection
between public water supply systems and population
served. A case study (fig. A.TN.13) of the Nashville
Water Department public water supply system presents
an example of the important role SPF lands play in
providing water supply to a single community in
Tennessee, where two surface drinking water intakes
receive about 50.5 percent of their water from SPF and
serve about 0.6 million people.

Table A.TN.1—Land area by land cover and forest ownership
type in Tennessee

Land cover Land area (km?) Land area (acres)
Forest 25 888 14,551,270
Nonforest 54 882 13,561,498

Forest ownership type®

Land area (km?)

Land area (acres)

Federal (public) 7303 1,804,510
Tribal (public) 0 0
State (public) 5069 1,252,497
Local (public) 404 99,937
Corporate (private) 9205 2,274,519
Family (private) 3697 9,067,993
Other private 210 51,814

@State and private forest land comprises State, local, corporate, family, and
other private (the last two also referred to together as nonindustrial private
forest, or NIPF). Corporate ownership lands include forest land owned by
forest industry as well as other corporate entities such as Timber Investment
Management Organizations and Real Estate Investment Trusts (TIMOs and

REITs, respectively).
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Tennessee Forested Lands by Ownership
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Figure A.TN.1—Tennessee nonforest land and forest lands by ownership, ca. 2014. Forest ownership data source: raster dataset by Hewes and
others (2017); see report for more discussion of data derivation and accuracy.
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Tennessee: Land area by forest ownership type
Federal

(public)
6.4%

State and

Nonforest private
48.2% 45.3%

Local (public) 0.8%
State (public) 9.8%
Other private 0.4%

Figure A.TN.2—Land area percentages by forest ownership, ca. 2014. In the smaller circle, percentages
represent portion of SPF total for each ownership category. Note: Due to rounding, percentages may not total
exactly 100.

Tennessee: Water supply by forest ownership type
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Figure A.TN.3—Percentage of Tennessee’s water supply deriving from nonforest lands and forest lands
of different ownership, ca. 2014. In the smaller circle, percentages represent portion of SPF total for each
ownership category. Note: Due to rounding, percentages may not total exactly 100.
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Tennessee

2001-2010 Mean Annual Water Yield by 12-Digit Hydrologic Unit

Water Yield (mm/year)
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Figure A.TN.4—Estimated mean annual water yield by 12-digit hydrologic units in Tennessee, 2001-2010. Hydrologic Unit Codes (HUC) use number
of digits to represent watersheds of different scales. A 12-digit HUC (HUC12) represents a small local watershed. For explanation of water yield and
how it is derived, see report.
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(A) Streams and Intrastate Public Water System Intakes Receiving
Water from Tennessee State and Private Forests

]
J

Public Water System ) " e :l 0 15 30 60 90 ' 120
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Figure A.TN.5—(A) Tennessee streams by percentage of Tennessee SPF water content, surface drinking water intakes within Tennessee by
percentage of Tennessee SPF surface water available at intake (symbol color), and population served by each intake (symbol size). A total of 346
surface drinking water intakes within the State serve a population of 4,695,088 in 219 communities. Note: See figures A.TN.5 parts B and C on
separate pages for streams and intakes only.
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(B) Streams Receiving

Water from Tennessee State and Private Forests

Streams and Rivers
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Figure A.TN.5—(B) Tennessee streams by percentage of Tennessee SPF water content.
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(C) Intrastate Public Water System Intakes Receiving

60 90

Water from Tennessee State and Private Forests
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Appendix A—TENNESSEE
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State Plane Tennessee, NAD 1983 (US Feet)

4,695,088 in 219 communities.

168

Figure A.TN.5—(C) Surface drinking water intakes within Tennessee by percentage of Tennessee SPF surface water available at intake (symbol
color) and population served by each intake (symbol size). A total of 346 surface drinking water intakes within the State serve a population of
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Tennessee
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Figure A.TN.6—Cumulative frequency of population served according to percentage of water coming from Tennessee SPF lands.
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Public Water System Intakes Outside of Tennessee Receiving
Water from Tennessee State and Private Forests

e -

0 2650 100 150 200

Public Water System

Intakes Miles
% Water from TN SPF

@ >0-25

® 26-50 e =SSNV

® 51-75 %

(] 76 - 100

Population Served
O 1-5,000 &

(O 5.001-5000 2

O 50,001 - 150,000 E : 5
\ i ! !
R ) { \ ) j”/‘
150,001 and above ) : RN

Streams and Rivers

% Water from TN SPF
0

— 50-25
—— 26-50
— 51-75
—— 76-100
==

Figure A.TN.7—Tennessee streams by percentage of Tennessee SPF water content, surface drinking water intakes downstream of Tennessee
by percentage of Tennessee SPF water content (symbol color), and population served by each of these external intakes (symbol size). A total of
168 surface drinking water intakes outside the State but carrying Tennessee SPF water serve a population of 2,491,876 in 111 communities.
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Population served outside of TN
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Figure A.TN.8—Cumulative frequency of non-Tennessee population served according to percentage of water coming from Tennessee SPF
lands.

>
e
o
¢
3
=
X
:|>
|
m
2
r4
M
(%)
(%)
m
m

171



Quantifying the Role of State and Private Forest Lands in Providing Surface Drinking Water Supply for the Southern United States

Multi-Intake Public Water Systems (Aggregated to Single Symbol)
Receiving Water from Tennessee State and Private Forests
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Figure A.TN.9—Multi-intake public water systems aggregated to single data point. Symbol color and size represent values for an entire municipal or
corporate water supply system rather than values for individual surface drinking water intakes. Systems with no more than a single surface drinking
water intake are not represented on this map.
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Chattanooga Detail
Streams and Public Water System Intakes in Chattanooga, TN, Area
Receiving Water from Tennessee State and Private Forests
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Figure A.TN.10—Local-scale detail showing percentage of water from Tennessee SPF for streams and surface drinking water intakes around
Chattanooga, TN.
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Knoxville Detail
Streams and Public Water System Intakes in Knoxville, TN, Area
Receiving Water from Tennessee State and Private Forest
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Figure A.TN.11—Local-scale detail showing percentage of water from Tennessee SPF for streams and surface drinking water intakes around
Knoxville, TN.
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Nashville Detail
Streams and Public Water System Intakes in Nashville, TN, Area

Receiving Water from Tennessee State and Private Forests
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Figure A.TN.12—Local-scale detail showing percentage of water from Tennessee SPF for streams and surface drinking water intakes around
Nashville, TN.
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Nashville, TN, Case Study
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Figure A.TN.13—Case study of the Nashville Water Department public water supply system, Nashville, TN, illustrating SPF water in streams
supplying the two surface drinking water intakes. When this water reaches the intakes, 50.5 percent of it comes from SPF lands. The largest
ownership category in these specific SPF lands is family-owned.
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STATE OF TEXAS surface drinking water from SPF within the State
(fig. A.TX.6). State and private forest lands in Texas
Summary also supply water to 149 surface drinking water intakes

in other States (Arkansas, Louisiana, and Oklahoma)
State and private forest (SPF) lands cover 34.9 percent (fig. A.TX.7), which collectively serve about 1.6 million

of Texas (figs. ATX.1 and A.TX.2; table A.TX.1). people in 61 communities (fig. A.TX.8). Many public

About 36.5 percent of all Texas surface water water systems in Texas utilize more than one surface

originates on SPF lands (fig. A.TX.3). The majority of drinking water intake; these systems are shown

SPF land area is in, and surface water is from, family- (intakes aggregated) in figure A.TX.9 by population

owned forests, accounting for about 69.8 percent served (symbol size) and percentage of water from

of the land area of SPF and 66.6 percent of surface SPF lands in Texas (symbol color). The detail maps

water from SPF. Corporate-owned forests contribute of northeastern Texas, San Antonio-Austin, Dallas-

26.0 percent of surface water from SPF and account Fort Worth, and Houston (figs. A.TX.10-A.TX.13)

for 21.3 percent of land area of SPF. Average annual add clarity on the hydrology, surface drinking water

water yield in Texas is about 166 mm, with much drier intakes, water originating on SPF lands, and population

conditions in the west than in the east (fig. A.TX.4). centers in areas where there is complex intersection

Texas has a total of 2,824 surface drinking water between public water supply systems and population

intakes where at least some available water comes from served. A case study (fig. A.TX.14) of the City of

SPF (fig. A.TX.5). While about 61.8 percent of the Austin Water & Wastewater public water supply

total population of Texas is served by surface drinking system presents an example of the important role

water overall, Texas SPF surface drinking water SPF lands play in providing water supply to a single

serves about 59.0 percent of the State population, or community in Texas, where three surface drinking

16.7 million people, to some degree. About 2.4 million water intakes receive about 62.4 percent of their water

people in Texas are getting more than half of their from SPF and serve about 1.0 million people.
g
type in Texas °

°

Land cover Land area (km?) |Land area (acres) g
Forest 254 434 62,871,825 Q
Nonforest 448 889 110,922,761 ;
Forest ownership type® Land area (km?) Land area (acres) l|
Federal (public) 8803 2,175,362 ';g
Tribal (public) 246 60,676 >
State (public) 7935 1,960,752 “
Local (public) 2187 540,436
Corporate (private) 52 148 12,885,923
Family (private) 171 246 42,315,773
Other private 11 869 2,932,903

@State and private forest land comprises State, local, corporate, family, and
other private (the last two also referred to together as nonindustrial private
forest, or NIPF). Corporate ownership lands include forest land owned by
forest industry as well as other corporate entities such as Timber Investment
Management Organizations and Real Estate Investment Trusts (TIMOs and
REITs, respectively).
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Texas Forested Lands by Ownersh/p
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Figure A.TX.1—Texas’s nonforest land and forest lands by ownership, ca. 2014. Forest ownership data source: raster dataset by Hewes and others
(2017); see report for more discussion of data derivation and accuracy.
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Texas: Land area by forest ownership type

Federal (public) 1.3%

Nonforest State and

63.8% private
34.9%

Local (public) 0.9%

State (public) 3.2%
Other private 4.8%

Figure A.TX.2—Land area percentages by forest ownership, ca. 2014. In the smaller circle, percentages

represent portion of SPF total for each ownership category. Note: Due to rounding, percentages may not total
exactly 100.

Texas: Water supply by forest ownership type

Federal (public) 2.6%

Nonforest S;t)ar:\e/aat:d
0,
60.9% 36.5%

Local (public) 1.0%
State (public) 2.7%
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Figure A.TX.3—Percentage of Texas's water supply deriving from nonforest lands and forest lands of different
ownership, ca. 2014. In the smaller circle, percentages represent portion of SPF total for each ownership
category. Note: Due to rounding, percentages may not total exactly 100.
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Texas

2001-2010 Mean Annual Water Yield by 12-Digit Hydrologic Unit

\
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Figure A.TX.4—Estimated mean annual water yield by 12-digit hydrologic units in Texas, 2001—-2010. Hydrologic Unit Codes (HUC) use number of
digits to represent watersheds of different scales. A 12-digit HUC (HUC12) represents a small local watershed. For explanation of water yield and
how it is derived, see report.
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(A) Streams and Intrastate Public Water System Intakes Receiving
Water from Texas State and Private Forests
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Figure A.TX.5—(A) Texas streams by percentage of Texas SPF water content, surface drinking water intakes within Texas by percentage of Texas
SPF surface water available at intake (symbol color), and population served by each intake (symbol size). A total of 2,824 surface drinking water
intakes within the State serve a population of 16,698,307 in 738 communities. Note: See figures A.TX.5 parts B and C on separate pages for
streams and intakes only.
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(B) Streams Receiving
Water from Texas State and Private Forests
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Quantifying the Role of State and Private Forest Lands in Providing Surface Drinking Water Supply for the Southern United States

Streams and Rivers
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Figure A.TX.5—(B) Texas streams by percentage of Texas SPF water content.
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(C) Intrastate Public Water System Intakes Receiving
Water from Texas State and Private Forests
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Figure A.TX.5—(C) Surface drinking water intakes within Texas by percentage of Texas SPF surface water available at intake (symbol color) and
population served by each intake (symbol size). A total of 2,824 surface drinking water intakes within the State serve a population of 16,698,307 in
738 communities.
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Texas
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Figure A.TX.6—Cumulative frequency of population served according to percentage of water coming from Texas SPF lands.
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Public Water System Intakes Outside of Texas Receiving
Water from Texas State and Private Forests
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Figure A.TX.7—Texas streams by percentage of Texas SPF water content, surface drinking water intakes downstream of Texas by percentage of
Texas SPF water content (symbol color), and population served by each of these external intakes (symbol size). A total of 149 surface drinking water

intakes outside the State but carrying Texas SPF water serve a population of 1,623,741 in 61 communities.
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Population served outside of TX
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Figure A.TX.8—Cumulative frequency of non-Texas population served according to percentage of water coming from Texas SPF lands.
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Multi-Intake Public Water Systems (Aggregated to Single Symbol)
Receiving Water from Texas State and Private Forests
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Figure A.TX.9—Multi-intake public water systems aggregated to single data point. Symbol color and size represent values for an entire municipal or

corporate water supply system rather than values for individual surface drinking water intakes. Systems with no more than a single surface drinking
water intake are not represented on this map.
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Streams and Intrastate Public Water System Intakes in Northeastern Texas
Receiving Water from Texas State and Private Forests
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Figure A.TX.10—Local-scale detail showing percentage of water from Texas SPF for streams and surface drinking water intakes in northeastern
Texas.
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San Antonio-Austin Detail
Streams and Intrastate Public Water System Intakes in San Antonio-Austin Area
Receiving Water from Texas State and Private Forests
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Figure A.TX.11—Local-scale detail showing percentage of water from Texas SPF for streams and surface drinking water intakes around San Antonio
and Austin, TX.
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Dallas-Ft. Worth Detail

Streams and Intrastate Public Water System Intakes in Dallas-Ft. Worth Area

Receiving Water from Texas State and Private Forests

Denton

McRinney N ]

Public Water System |02 4 8 12 16 , |
/ Intakes Miles : R SN g
) % Water from TX SPF w ol N C
o) >0-25 e “\Pla‘l’in}}l '\N@
® 26-50 ‘ AN Y N
@ 51-75 X -
Rockwall
@ 76-100 | V/
| Population Served
O 1-5000 Dallas |
M Metro |
\ 5,001 - 50,000 Area |
50,001 - 150,000 K G ¢
Huchi) ) -
50,001 and above “~._._Lancaster , -
Streams and Rivers « ’ F@s \
% Water from TX SPF y P o\ P
0 | " Midlothfap O o
4 —>0-25 v @) . O '
%30 Agf@ 6 , O %xghagﬁie -
— 76 - 100 - ", Ennis
= 1 ;O N\ O State Plgn;TTexas Ceitral, NAD 1983 (US Feet)
k="~ A Lo el O o :

Figure A.TX.12—Local-scale detail showing percentage of water from Texas SPF for streams and surface drinking water intakes around Dallas-Fort
Worth, TX.
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Houston Detail

Streams and Intrastate Public Water System Intakes in Houston Area

Receiving Water from Texas State and Private Forests
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Figure A.TX.13—Local-scale detail showing percentage of water from Texas SPF for streams and surface drinking water intakes around Houston,

TX.
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Austin, TX, Case Study
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Figure A.TX.14—Case study of the City of Austin Water & Wastewater public water supply system, Austin, TX, illustrating SPF water in streams
supplying the three surface drinking water intakes. When this water reaches the intakes, 62.4 percent of it comes from SPF lands. The largest
ownership category in these specific SPF lands is family-owned.
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STATE OF VIRGINIA
Summary

State and private forest (SPF) lands cover about

49.6 percent of Virginia (figs. A.VA.1 and A.VA.2;
table A.VA.1). About 47.4 percent of all Virginia
surface water originates on SPF lands (fig. A.VA.3).
The majority of SPF land area is in, and surface water
is from, family-owned forests, accounting for about
68.6 percent of the land area of SPF and 68.3 percent
of surface water from SPF. Corporate-owned forests
contribute 23.7 percent of surface water from SPF and
account for 23.6 percent of land area of SPF. Average
annual water yield in Virginia is about 388 mm

(fig. AVA.4). Virginia has a total of 429 surface
drinking water intakes where at least some available
water comes from SPF (fig. A.VA.5). While about
51.5 percent of the total population of Virginia is
served by surface drinking water overall, Virginia
SPF surface drinking water serves about 50.1 percent
of the State population, or 4.3 million people, to
some degree. About 1.1 million people in Virginia
are getting more than half of their surface drinking
water from SPF within the State (fig. A.-VA.6). State

and private forest lands in Virginia also supply water
to 300 surface drinking water intakes in other States
(Alabama, Illinois, Indiana, Kentucky, Louisiana,
Maryland, Mississippi, North Carolina, Ohio, South
Carolina, Tennessee, and West Virginia) (fig. AVA.7),
which collectively serve about 5.9 million people in
196 communities (fig. A.VA.8). Many public water
systems in Virginia utilize more than one surface
drinking water intake; these systems are shown
(intakes aggregated) in figure A.VA.9 by population
served (symbol size) and percentage of water from
SPF lands in Virginia (symbol color). The detail maps
of northern, southeastern, and southwestern Virginia
(figs. A.VA.10—A.VA.12) add clarity on the hydrology,
surface drinking water intakes, water originating

on SPF lands, and population centers in areas where
there is complex intersection between public water
supply systems and population served. A case study
(fig. AVA.13) of the City of Richmond public water
supply system presents an example of the important
role SPF lands play in providing water supply to a
single community in Virginia, where a single surface
drinking water intake receives about 49.2 percent of its
water from SPF and serves about 0.2 million people.

b
©
Table A.VA.1—Land area by land cover and forest ownership 'g
type in Virginia 53
Q
Land cover Land area (km?) |Land area (acres) >3
Forest 65 964 16,299,905 b
Nonforest 42 628 10,533,470 |<
Forest ownership type® Land area (km?) Land area (acres) g
Federal (public) 12 109 2,992,211 E
Tribal (public) 0 0 S
State (public) 2269 560,567
Local (public) 1028 254,005
Corporate (private) 12725 3,144,416
Family (private) 36 962 9,133,421
Other private 871 215,285

State and private forest land comprises State, local, corporate, family, and
other private (the last two also referred to together as nonindustrial private
forest, or NIPF). Corporate ownership lands include forest land owned by
forest industry as well as other corporate entities such as Timber Investment
Management Organizations and Real Estate Investment Trusts (TIMOs and
REITs, respectively).
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Virginia Forested Lands by Ownership
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Figure A.VA.1—Virginia nonforest land and forest lands by ownership, ca. 2014. Forest ownership data source: raster dataset by Hewes and others
(2017); see report for more discussion of data derivation and accuracy.
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Federal Virginia: Land area by forest ownership type

(public)
11.2%

State and

private
Nonforest

39.3%

19% _ -~ I

——————— State (public) Oth?‘r g,z vate

4.2%

Figure A.VA.2—Land area percentages by forest ownership, ca. 2014. In the smaller circle, percentages
represent portion of SPF total for each ownership category. Note: Due to rounding, percentages may not total
exactly 100.

Virginia: Water supply by forest ownership type

Federal
(public)
11.0%

State and
private

Nonforest
41.5%

20% |

Other private
1.6%

Figure A.VA.3—Percentage of Virginia’s water supply deriving from nonforest lands and forest lands of different
ownership, ca. 2014. In the smaller circle, percentages represent portion of SPF total for each ownership
category. Note: Due to rounding, percentages may not total exactly 100.
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Quantifying the Role of State and Private Forest Lands in Providing Surface Drinking Water Supply for the Southern United States

Virginia
2001-2010 Mean Annual Water Yield by 12-Digit Hydrologic Unit

l 7 | 0 15 30 60 90 120 State Plane Virginia South, NAD 1983 (‘u{ Feet)
Water Yield (mm/year) O N RS

1-100 (0.04-3.94in.)

101-200 (3.98 - 7.87 in.) G
[ 201-300 (7.91- 11.81in.)
I 301-400 (11.85-15.75in.)
I 401-500 (15.79 - 19.69in.)
I 501-600 (19.72-23621n)
I 601-700 (2366-27.561in)
|r I 701-800 (27.60-31.50in)
I s01-900 (3154-3543in)
I 901- 1000 (35.47-39.37in)
- 1001 - 1100 (39.41-43.31in.)
I 1101- 1220 (43.35-48.03in.)

Figure A.VA.4—Estimated mean annual water yield by 12-digit hydrologic units in Virginia, 2001-2010. Hydrologic Unit Codes (HUC) use number
of digits to represent watersheds of different scales. A 12-digit HUC (HUC12) represents a small local watershed. For explanation of water yield and
how it is derived, see report.
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(A) Streams and Intrastate Public Water System Intakes Receiving
Water from Virginia State and Private Forests

Pu blic Water System A E State Plane Virginia South, NAD 1983 (US Feet)
Intakes '8
% Water from VA SPF K - -
© >0-25 =
® 26-50
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N O 5,001 - 50,000

O 50,001 - 150,000
0150,001 and above
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% Water from VA SPF
0
>0-25
— 26-50
— 51-75
— 76-100

—
Figure A.VA.5—(A) Virginia streams by percentage of Virginia SPF water content, surface drinking water intakes within Virginia by percentage of
Virginia SPF surface water available at intake (symbol color), and population served by each intake (symbol size). A total of 429 surface drinking

water intakes within the State serve a population of 4,289,377 in 164 communities. Note: See figures A.VA.5 parts B and C on separate pages for
streams and intakes only.
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(B) Streams Receiving
Water from Virginia State and Private Forests

State Plane Virginia South, NAD 1983 (US Feet)
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Figure A.VA.5—(B) Virginia streams by percentage of Virginia SPF water content.
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(C) Intrastate Public Water System Intakes Receiving
Water from Virginia State and Private Forests

g iR
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i
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Figure A.VA.5—(C) Surface drinking water intakes within Virginia by percentage of Virginia SPF surface water available at intake (symbol color) and
population served by each intake (symbol size). A total of 429 surface drinking water intakes within the State serve a population of 4,289,377 in 164
communities.
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Virginia
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Figure A.VA.6—Cumulative frequency of population served according to percentage of water coming from Virginia SPF lands.
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Public Water System Intakes Outside of Virginia Receiving
Water from Virginia State and Private Forests

Public Water System
Intakes
% Water from VA SPF

o
@
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Figure A.VA.7—Virginia streams by percentage of Virginia SPF water content, surface drinking water intakes downstream of Virginia by percentage

of Virginia SPF water content (symbol color), and population served by each of these external intakes (symbol size). A total of 300 surface drinking
water intakes outside the State but carrying Virginia SPF water serve a population of 5,939,258 in 196 communities.
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