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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
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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]
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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
Tribal
Federal
State
Local
Family
Corporate

Other private

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.



