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lean water, like biodiversity, 1s most

closely linked to undisturbed natu-

ral ecosystems. When undisturbed
watersheds in roadless and protected areas
(e.g., national parks, state parks, wilderness
areas, national monuments) are fragmented
by roads, logging, and intensive recreation
development, both water quality and bio-
diversity decline as hydrological integrity
is lost (USFS 1972, 1979, 2001; Alexander
and Gorte 2008; Anderson 2008). In the
United States, inventoried roadless areas
(IR As) are lands without roads exceeding
2,000 ha (5,000 ac) that have been inven-
toried by the USDA Forest Service. IR As
collectively amount to approximately
one third of the 77 million ha (193 mil-
lion ac) of the 155 national forests but
are disproportionately concentrated in
western states (figure 1) (Trout Unlimited
2004; Anderson 2008). The roaded, inten-
sively managed landscapes of the other
national forest lands have been closely
correlated with heavily sediment-laden
streams and dramatic changes in flow
regimes (Espinosa et al. 1997; Trombulak
and Frissell 2000; CBD et al. 2001; Coffin
2007; Frissell and Carnefix 2007). While
the biodiversity benefits of IR As are well
documented (DeVelice and Martin 2001;
Strittholt and DellaSala 2001; Loucks et al.
2003; Strittholt et al. 2004; Gelbardi and
Harrison 2005), little has been made of the
importance of IRA water for downstream
users and wildlife.

In this paper, we assess the importance
of IRAs from a water quality perspec-
tive, including the likely water quality
effects of developing IRAs. We provide
conservative estimates of the economic
impact of intact unroaded watersheds on
national forests for clean water and associ-
ated water resource benefits. In particular,
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rising demand and shrinking water sup-
ply associated with changing climate will
likely make intact areas in drought-prone
regions of the West even more valuable
and crucial to protect. Thus, our findings
are especially relevant to drought-prone
states considering development of IRAs.
The state of Colorado, for example, with
approximately 1.7 million ha (4.2 million
ac) of IR As, has been secking federal per-
mission to develop its IRAs for logging,
expanding ski areas, coal-bed mining, and
producing oil and gas (figure 2) (Anderson
2008; Colorado Division of Wildlife 2010;
Colorado, State of 2010; Straub 2010,
USES 2011). Although we focus on IR As
throughout the western United States, we
also emphasize the importance of unin-
ventoried roadless areas (unroaded) <2,000
ha (Henjum et al. 1994; Greenwald 1998,
Beschta et al. 2004) that collectively cover
an area roughly 1.5 times that of the total
IR A network (USFS 2000; Strittholt et al.
2004). Those smaller unroaded areas also
play a strategic role in maintaining reliable

supplies of high-quality water and protect-
ing aquatic ecosystems.

ROADLESS AREAS PROVIDE
SUBSTANTIAL WATER RESOURCE
BENEFITS
IR As benefit society in many ways, includ-
ing providing a valuable and increasingly
rare natural supply of abundant, clean, and
naturally reliable water (Sedell et al. 2000);
affordable drinking water for municipal and
rural communities; water for agricultural
and industrial uses; flood control; in-
stream aquatic recreation; aquifer recharge;
flood protection; reliable water supply;
diverse and productive fisheries; healthy
aquatic ecosystems; resident and migratory
waterfowl] habitat; recovery of endangered
species; and, increasingly, the vitality and
sustainability of local economies (table 1).
These benefits accrue nationally and at the

local and regional levels.

National Benefits of Clean Roadless-
Area Water. At 124 million
Americans directly benefit from water

least

Figure 1
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originating from national forests (Sedell et
al. 2000). In fact, national forests provide
about 15% of the nation’s runoft with an
estimated net value of $3.7 (Sedell et al.
2000) to $27 billion (Krieger 2001). The
water treatment value alone of National
Forests ranges from $490 million (Loomis
2005) to $18 billion (Krieger 2001).
Because IR As represent roughly a third
of national forestland, by inference they
contribute significantly to the overall run-
oft volume and value (Anderson 1997,
2008) estimated in billions of dollars annu-
ally (Loomis and Richardson 2001; Sechhi
et al. 2005). For instance, using Forest
Service data (USES 2000), IR As make up
661 of the 914 national forest watersheds,
with 55% of the 914 watersheds acting
as source areas for facilities that treat and
distribute drinking water to the public.
The cost-savings to water treatment plants
and highway departments from avoiding
sedimentation caused by logging in IRA
watersheds 1s estimated at up to $18 billion
annually (Loomis 1988). IRAs provide
$490 million annually in waste treat-

Figure 2

Colorado’s 2001 inventoried roadless areas (IRAs) are shown in light gray, the 2011
proposed Colorado roadless areas (CRAs) are shown in gray, and overlap between CRAs
and IRAs is shown in black. Water quality will be most impacted by changes of allow-
able activities within existing IRAs relative to changes in designated areas (USFS 2011).

Colorado Roadless Areas

ol IRAs and CRAs

ol 2011 Proposed Colorade Roadless Areas (CRAS)
mll 2001 inventoried Roadiess Areas (IRAS)

Data Sources. Roadess Area Conservation EIS,

Colerado Resdlens Areas ¢eafl EIS, ESR1

Goos Institute, May 2011
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Table 1

General ecosystem services and benefits related to water that are provided by undisturbed IRAs and watersheds (derived from
Greenway 1996; Costanza et al. 1997; Talberth and Moskowitz 1999; GAO 2000;Heal 2000, Loomis and Richardson 2001; Sedell et
al. 2000; Krieger 2001; Dombeck 2003; Berrens et al. 2006).

Benefits

Off-stream benefits

and stability

Low treatment costs for water for all beneficiaries

Low price per unit volume costs for water for all beneficiaries

High-quality and abundant drinking water for rural communities and municipal water supplies

High-quality water for agricultural and industrial purposes

High-quality water for downstream livestock production

High-quality water for reduced health care and epidemic control

Reduced costs of flood damage and flood control; enhanced local economies and property values

Community benefits, including jobs, income, favorable trends for key economic indicators, and economic sustainability

Recharging of groundwater aquifers
Healthy terrestrial and riparian ecosystems and their component species, sustained ecological and evolutionary processes,
and resilient ecosystems

In-stream benefits

Healthy aquatic ecosystems

Recovery of endangered species and protection of refugia

Diverse and productive fisheries

High-quality habitat for wildlife, including migratory waterfowl and game and nongame species
Aquatic recreation such as swimming, rafting, and boating; enhancement of hiking and camping

The inherent value of wild rivers and wilderness (including passive use benefits such as option, bequest, and existence values)
Moderation of runoff and streamflows (e.g., lower peak flows, higher low flows, year-round water)

Soil stabilization and erosion control

Scientific value (intact watersheds are very rare today)

Maintaining sediment production to streams at normal background rates

Reducing potential for damage to downstream properties and water users during periods of high flow
Breakdown and containment of waste and toxins (e.g., atmospheric, prior use)
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ment services through recovering mobile
nutrients and cleansing the environment,
both processes that involve water flow
through intact watersheds (Loomis and
Richardson 2001).

Regional Benefits of Clean Roadless-
Area Water. In the US Rocky Mountains,
roughly one third of utilized streamflow is
derived directly from IRAs (which cover
a quarter of Colorado’s headwaters), with
cities like Denver receiving about 30% of
their water supply from IRA watersheds.
Annually, IRAs in Colorado are estimated
to provide an equivalent of nearly 2.5
times Denver’s annual water use (Doyle
and Gardner 2010; Denver Water 2010).
Similarly, IRAs in New Mexico provide
an estimated water quality benefit up to
$42 million annually (Berrens et al. 20006).

Flood Control Protection and Inventoried
Roadless Areas. The intact watersheds of
IRAs are especially important for ame-
liorating the frequency and intensity of
flooding, saving millions of dollars annu-
ally from averted floods and associated
sedimentation, a service that will only
increase in value as climate change drives
more floods (Seeds 2010). Dredging res-
ervoirs to increase capacity and channels
to enable navigation costs cities, states,
and ultimately taxpayers millions annu-
ally. Salem, Oregon, spent approximately
$100 million on new treatment facilities
after logging in upper watersheds created
conditions leading to mass sedimentation
in its watershed following storms in 1996
(Schwickert and Mauldin 1997; Talberth
and Moskowitz 1999). In addition, Seattle,
‘Washington, deferred a $150 million filtra-
tion plant expenditure through an intensive
watershed rehabilitation program that will
decommission 480 km (300 mi) of roads
over a 10-year period, fix road erosion
problems, and limit access and high-risk
activities for fire and sedimentation within
their watersheds (Seeds 2010).

Recreation Benefits and Strong Local
Economies. IRA water benefits outdoor
recreation and the people that either
engage in or earn their living from out-
IR As
generate $600 million annually from rec-
reation (Loomis and Richardson 2001).
Passive-use values (i.e., the intrinsic value

door recreation. The nation’s

of wilderness, wildlands, and benefits for
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the future) are estimated at an additional
$280 million annually. At the regional
scale, New Mexico IR A water provides an
estimated $27 million active outdoor recre-
ation benefit and a $14 million passive-use
benefit annually (Berrens et al. 2006). For
many visitors, much of the attraction to
wildlands 1s associated with the presence
of clean and abundant water—a dwin-
dling resource as logging, grazing, and
road-building continues across mountain
landscapes and droughts from a chang-
ing climate intensify in much of the West
(Saunders et al. 2008).

Freshwater Biodiversity and Healthy
Fisheries. Clean water from IRAs also
maintains healthy fisheries, such as salmon
and trout fisheries, sustains viable aquatic
ecosystems, and helps protect threatened
species and ecosystems (Abell et al. 2000;
Trout Unlimited 2004). Indeed, IR As may
act as important refugia for many salmon
and trout populations, as well as for a
diversity of endangered freshwater species
(Henjum et al. 1994; Huntington 1998;
NRC 1996; Trombulak and Frissell 2000;
CBD et al. 2001; Strittholt and DellaSala
2001; Oechsli and Frissell 2002; Strittholt
et al. 2004; Petersen 2005). Restoration of
salmon and trout fisheries in places with
high road densities will likely fail without
the pivotal role provided by IR As as fish-
ery strongholds.

ROADLESS AREAS ARE IMPORTANT
SOURCES FOR DRINKING WATER
The distribution of IRAs across prime
hydrologic real estate—headwaters and
upper them par-
ticularly valuable for providing reliable
supplies of clean water. In Colorado, IR As
occur in the headwaters of all major drain-

watersheds—makes

ages, covering roughly a third of upper
watersheds in the state. Indeed, most IR As
are located in mountainous terrain in
western states, including Oregon, Idaho,
New Mexico, Utah, Montana, California,
and Washington. This extensive cover-
age of IRAs in headwaters, and because
they are often the last minimally disturbed
watersheds within larger landscapes of
degraded lands, makes them hydrologic
hotspots—areas with relatively small spa-
tial extent that have a disproportionately
important role in producing abundant

and reliable clean water (Frissell and
Carnefix 2007).

For many major drainages (entire
watersheds of major rivers, such as the
Columbia River Basin), IRAs and other
wilderness areas represent the last few
percentages (typically 1% to 5%) of the
landscape with a minimally disturbed, or
near natural, hydrology. As in many other
ecological contexts,losing the last relatively
natural systems typically results in major
losses in water resource benefits, losses
that can only be compensated by very
expensive actions. The known relationship
between watershed degradation and water
quality decline deserves to be more rigor-
ously incorporated as a central foundation
for decisions on watershed management
and protection.

Developing Roadless Areas Degrades
Water Quality. In addition to their key-
stone location within watersheds, roadless
areas typically encompass the most frag-
ile of natural landscapes—montane forests
and meadows. Road building and other
intensive management in these otherwise
intact areas damage their ability to provide
clean water for downstream communi-
ties and biodiversity over both short and
long terms (Beschta 1978; Forman and
Alexander 1998; Lugo and Gucinski 2000;
Trombulak and Frissell 2000; Gucinski et
al. 2001; Cofhin 2007). Logging, includ-
ing post-disturbance, fire-risk reduction,
forest health, and insect control; livestock
grazing; mining; and road building are
responsible for chronic and acute sedi-
mentation of aquatic ecosystems, alter
overland flow and stream structure, and
change a range of physical and biologi-
cal features by causing more frequent and
intense floods, decreasing available water
throughout the year, increasing stream and
ambient temperatures, and elevating tur-
bidity and nutrient levels (Beschta 1978;
Fleischner 1994; Trombulak and Frissell
2000; DellaSala et al. 2006; Coffin 2007).
Logging roads have been linked to great
increases in erosion rates and sediment
delivery to streams—up to 850% over
rates in undisturbed habitat—with long-
term and often catastrophic impacts on
stream biota, aquatic ecosystems, and water
quality (Fredricksen 1970; Megahan and
Kidd 1972; Amaranthus et al. 1985; Bilby
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et al. 1989; King 1989, 1993; Haynes and
Horne 1997;Jones et al. 2000; Wemple and
Jones 2003).

Depending on severity and duration of
impacts, disturbance can elevate average
turbidity levels well above background lev-
els (Seeds [2010] provides examples from
Oregon), along with triggering more fre-
quent and intense turbidity spikes that are
a major source of excess costs to munici-
pal water supply departments. Relative
to roadless watersheds with intact natural
vegetation, intensively managed water-
sheds also produce less available water (i.e.,
average monthly usable raw water) due
to intensified high flows with very high
turbidity and exacerbated low flow condi-
tions (Seeds 2010). The monthly reliability
of water is also diminished.

Even small disturbances in upper water-
sheds can result in significant, cumulative,
and long-term impacts to downstream
water and aquatic ecosystems (Platts and
Nelson 1985; Boise National Forest 1993;
Mclntosh et al. 1994, 1995). In unstable
terrain, for instance, small areas (e.g., less
than 10% of a watershed’s area) of low-
intensity disturbance, including roads, may
greatly increase the frequency and size of
mass erosion events, with subsequent acute
and chronic reduction in downstream
water quality. Management activities that
damage natural vegetation typically result
in loads of suspended solids that exceed
background levels and more frequent and
intense spikes in suspended solids stem-
ming from an increase in mass erosion
events like landslides, debris flows, and
bank failures. These impacts are strongly
correlated with roads, as well as with log-
ging and grazing (Amaranthus et al. 1985;
Fleischner 1994; Trombulak and Frissell
20005 Coffin 2007).

Rising Demand and Climate Change
Diminish Water Supply. Population
in the West is projected to increase by
300% within just 30 years, with similar
increases in demand for water (Sedell et
al. 2000). Urban and exurban areas are
growing exponentially, including com-
munities adjacent to wilderness areas and
IR As (Theobald 2005). The demand for
water in Colorado is expected to triple
by 2050. Similarly, the number of people
relying on national forest water has dou-
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bled in Oregon in the last 30 years, and
86% of the population of Washington rely
on national forest water to some degree
(Sedell et al. 2000).

The dramatic population growth in
the West is concurrent with a warm-
ing and drying climate in many places.
Temperatures are increasing, snow pack is
declining and melting sooner, and drought
and summer water deficits are more fre-
quent and longer (Barnett et al. 2008;
Mohammed and Tarboton 2008; Saunders
et al. 2008; Miller et al. 2010). Streamflow
reductions ranging from 10% to 35% are
likely for the western states over the next
half century as a consequence of climate
change (Barnett and Pierce 2009). A 10%
drop in streamflow is considered calami-
tous by municipal water districts. More
frequent and intense flood events are also
likely in places (Raft et al. 2009), despite
drying conditions. Costs for flood control,
repair and reconstruction, and insurance
rates will also increase (GAO 2007). These
events will worsen the severe and unprec-
edented droughts already afflicting much
of the West (Drechsler et al. 2006; Saunders
et al. 2008).

SOLUTION: A LIGHT HYDROLOGICAL
FOOTPRINT IN ROADLESS AREAS
IR As should be managed in the same way
many municipalities manage their water-
sheds—sustaining a light ecological and
hydrological footprint and hydrologic
restoration through decommissioning or,
even better, obliteration of roads (Barten
et al. 1998; NRC 2000; Payne et al. 2004;
Gallo et al. 2005; Postel and Thompson
2005; Seeds 2010). The most cost-effec-
tive and prudent approach to maintain
water supplies and high-quality fresh
water in the face of population growth
and climate change is to manage upper
watersheds in a roadless condition with
undisturbed natural vegetation. The high,
long-term economic cost of degrad-
ing clean water for millions of people, by
itself, is argument strong enough to con-
tinue protection of the current roadless
areas network either at national or state
levels. Development of IR As, as proposed
in Colorado, would primarily provide
opportunities for short-term gains, but the
substantial and long-term impacts on water

quality and availability will come at a time
of increasing demand and shrinking sup-
ply. Managers should, therefore, treat IR As
as natural reservoirs of high quality water
for downstream users before approving
development projects. Cost-benefit analy-
ses should include regionally and locally
specific estimates of water quality to bet-
ter inform project management decisions
that may reduce the value of high-quality
water in the short and long run.

CONCLUSIONS

Roadless areas and the relatively intact
ecosystems they maintain provide many
important biodiversity benefits, including
acting as strongholds for threatened fresh-
water species. Beyond these important
values, their role in producing clean and
reliable water for people and economies
is more likely to compel decision-mak-
ers to leave roadless areas undeveloped.
We reviewed the importance of inven-
toried roadless areas on national forests
in the United States to determine their
importance in providing clean water for
downstream users. We concluded that (1)
many intact watersheds are in headwaters,
(2) they supply downstream users with
high-quality drinking water, and (3) devel-
oping these watersheds comes at significant
costs associated with declining water qual-
ity and availability. Several case studies from
the western United States, particularly
Colorado, demonstrated the importance
of assessing the diverse consequences of
developing roadless areas. Managers should
perform comprehensive cost-benefit anal-
yses when weighing development options.
A light-touch hydrological footprint is
recommended to sustain the many values
that derive from roadless areas, especially
clean and abundant water.
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