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Decision-Support Modeling and Research Priorities
for Establishing Baseline Conditions for Qutstandingly
Remarkable Values, Obed Wild and Scenic River,

Tennessee

By Elena R. Crowley-Ornelas,’ Rebecca Schapansky,2 Tom Blount,2 and Niki S. Nicholas?

Abstract

The Obed River is the last undammed river in Tennessee.
The Obed Wild and Scenic River is managed by the National
Park Service and covers a protected area of the Obed River
headwaters (including four contributing tributaries). The Obed
Wild and Scenic River supports a unique ecosystem with
eight federally listed species. The National Park Service is
responsible for preserving the baseline free-flowing condition
of the river and associated outstandingly remarkable values
(ORVs). Previous studies have been mostly project-based
with differing methods, thus complicating efforts to quantify
long-term changes in environmental conditions. This report
presents a science plan summarizing (1) ORV conditions,
(2) recent results of a decision-support hydrologic model
for OBRI, and (3) possible future research priorities. The
decision-support model was created to model streamflow
conditions and changes in the ORVs since park establishment
in 1976 and during three additional time periods. Established
baseline conditions could help with management of ORVs not
dependent on streamflow.

Introduction

The Obed Wild and Scenic River (OBRI) is in the upper
Tennessee River Basin and is the only federally designated
Wild and Scenic River in Tennessee. As part of an effort to
establish baseline conditions in the OBRI, the U.S. Geological
Survey (USGS) and the National Park Service (NPS) worked
together to summarize previous work done in the OBRI,
update and evaluate hydrologic model results, and identify
gaps in knowledge. NPS staff provided minimum flow
requirements for recreational activities and the report outlining
the results of a decision-support model (Hazen and Sawyer,

U.S. Geological Survey, Lower Mississippi-Gulf Water Science Center.

2National Park Service, Obed Wild and Scenic River.

2021). The USGS provided literature review of previous work
in the OBRI, evaluation of decision-support model outputs,
and the gap analysis.

The OBRI is located within the Appalachian Plateaus
Physiographic Province and encompasses 5,056 acres
(Fenneman and Johnson, 1946; Thornberry-Ehrlich, 2009).
This region is known for biological diversity, hydrologic
importance, and climate resiliency (Open Space Institute,
2018). In the Wild and Scenic Rivers Act of 1968 (16 U.S.C.
§ 1271-1287; U.S. Congress, 1968), the geographic extent
(fig. 1) of the OBRI is defined as the

[river] segment from the western edge of the Catoosa
Wildlife Management Area to the confluence with the
Emory River; Clear Creek from the Morgan County
line to the confluence with the Obed River, Daddys
Creek from the Morgan County line to the confluence
with the Obed River; and the Emory River from the
confluence with the Obed River to the Nemo bridge.

The Wild and Scenic Rivers Act (U.S. Congress, 1968)
further states,

itis [...] the policy of the United States that certain
selected rivers of the Nation which, with their
immediate environments, possess outstandingly
remarkable scenic, recreational, geologic, fish and
wildlife, historic, cultural or other similar values,
shall be preserved in free-flowing condition, and
that they and their immediate environments shall be
protected for the benefit and enjoyment of present
and future generations.

As the river-administering agency of OBRI, the NPS is tasked
with preserving the free-flowing condition and outstandingly
remarkable values (ORVs) of the OBRI.

The OBRI supports nationally significant biota, including
two federally threatened fish (spotfin chub [Erimonax
monachus]| and sickle darter [Percina williamsi]), two
federally endangered freshwater mussels (purple bean [Villosa
perpurpurea] and Alabama lampmussel [Lampsilis virescens]),
three federally endangered bats (gray bat [Myotis grisescens],
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Indiana bat [Myotis sodalis], and northern long-eared bat
[Myotis septentrionalis]), and three federally threatened
plants (Virginia spiraea [Spiraea virginiana], Cumberland
rosemary [Conradina verticillata], and white fringeless orchid
[Platanthera integrilabia]) (U.S. Fish and Wildlife Service,
2025). Within the OBRI, 1.1 river miles of the Emory River
is critical habitat for the sickle darter (U.S. Fish and Wildlife
Service, 2023), 25 miles of the Obed River is critical habitat
for the purple bean mussel (U.S. Fish and Wildlife Service,
2004), and the entire park is critical habitat for the spotfin
chub (U.S. Fish and Wildlife Service, 2005). Steep gorges
and frequent flashy floods create unique hydrologic and
geomorphic conditions with distinctly evolved ecology. The
seasonally flooded alluvial bars of the OBRI are the basis of
a unique ecosystem with a disproportionately large number
of rare, threatened, and endangered plants (Wolfe and others,
2007). Also referred to as cobble or gravel bars, these distinct
communities support rare plants such as the Cumberland
sandreed (Calamovilfa arcuata), shortleaf sneezeweed
(Helenium brevifolium), pineywoods dropseed (Sporobolus
Jjunceus), and the previously mentioned Cumberland rosemary
(Conradina verticillata). Specific hydrologic conditions, such
as short scouring floods, are needed to maintain the alluvial
bar geomorphology.

To be eligible for inclusion into the National Wild and
Scenic Rivers System, a river must be a free-flowing stream
with related adjacent land area possessing one or more
outstandingly remarkable scenic, recreational, geologic,
fish and wildlife, historic, cultural, or other similar values
(16 U.S.C. § 1271-1287; U.S. Congress, 1968). To date, the
following ORVs have been identified for the OBRI: aesthetic,
recreational, cultural, ecological/vegetation, geologic, and fish
and wildlife (NPS, 2015). Maintaining free-flowing conditions
and pristine water quality are necessary foundations for
all ORVs.

Problem

The NPS mission is to preserve the unimpaired natural
and cultural resources and values of the OBRI for the
enjoyment, education, and inspiration of this and future
generations (NPS, 2015). Consistent data collection across
space and time in the OBRI is critical to this mission. Previous
studies in the OBRI are mostly project-based and conducted
at intermittent time intervals, with project-specific objectives
and differing methods. Management of the ORV:s is difficult
without long-term data collected at regular intervals using the
same method to monitor changes over time in environmental
conditions. Defined baseline ORV conditions in the OBRI are
also critical to the mission. NPS is responsible for managing
the OBRI to maintain or improve ORV conditions from OBRI
establishment (Thornberry-Ehrlich, 2009). According to the
Interagency Guidelines from the Technical Report of the
Interagency Wild and Scenic Rivers Coordinating Council
(2002, p. 22), “to achieve a nondegradation standard, the

river-administering agency must document baseline resource
conditions and monitor changes to these conditions.” As
part of the Wild and Scenic Rivers Act, managing the OBRI
includes conducting impact analyses to ensure proposed
projects would not have a, “direct and adverse effect on the
values for which [the] river was established” or, “invade the
area or unreasonably diminish the scenic, recreational, and
fish and wildlife values present in the area on the date of
designation of river as part of the National Wild and Scenic
Rivers System.” Completion of an impact analysis, as directed
by Section 7 of the Wild and Scenic Rivers Act, must be
done in a timely fashion to address permitting requirements.
Without established ORV baselines, there is no method for
quantifying the potential effects of proposed projects.

Purpose and Scope

The purpose of this report is to present a science plan
summarizing (1) ORV conditions, (2) recent results of a
decision-support hydrologic model for OBRI, and (3) possible
future research priorities. Research priorities were identified
by evaluating historical studies, current and continuous
studies, and the most recent results of the park-specific
decision-support OASIS model (Hazen and Sawyer, 2021).
This science plan contains three parts: (1) background
summary of previous work related to the OBRI ORVs and
current conditions, (2) analysis and interpretation of recent
hydrologic modeling results estimating baseline hydrologic
conditions, and (3) presentation of potential research to
accomplish future NPS goals to protect the OBRI ORVs. The
OASIS model is a flow-accounting model; therefore, detailed
discussion is focused on ORVs that can be quantified using
streamflow thresholds. The principal focuses of this report, as
directed by the NPS, are the recreation and fish and wildlife
ORVs. The free-flowing condition and water quality, which
support the OBRI ORVs, are also examined.

Part I: Background—Summary of
Previous Conditions and ORV-Relevant

Data Collected Since OBRI
Establishment

Research in and around the OBRI started in the
1890s and continues today. The NPS Integrated Resource
Management Applications (IRMA) database (https://irma.
nps.gov/DataStore/) has more than 200 products with study
areas in the OBRI area. Baseline inventories of 12 core
areas are administered by the NPS National Inventory and
Monitoring Division: geologic resources, vegetation mapping,
natural resources bibliography, water body location and
classification, baseline water quality information, species lists,
species occurrence and distribution, climate, base cartography,
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air quality data, air quality related values, and soil resources
(NPS, 2021b). Additionally, the USGS is studying Integrated
Water Science basins to address critical challenges to the
Nation’s water supply, infrastructure, and aquatic ecosystems
(Miller and others, 2021). As part of this project, the USGS
plans to intensively study at least 10 Integrated Water Science
basins across the United States. Selected basins will be
representative of broad geographic areas as well as an array
of currently known threats to the Nation’s water supply. The
upper Tennessee River Basin has been selected by Van Metre
and others (2020) as one of the top 36 basins for inclusion
into the national Integrated Water Science basins project.
According to Van Metre and others (2020), the “data collected
in the priority basins, combined with enhancements of existing
USGS monitoring networks across the country and external
(to USGS) data, should facilitate the knowledge transfer
needed to inform modeling and decision making at multiple
scales across the USA,” based on long-term USGS objectives.
Previous and current streamflow monitoring includes four
active and six discontinued USGS streamgages (table 1). NPS
staff regularly perform vegetative, ecological, and hydrologic
monitoring. NPS staff also monitor freshwater mussels and
rare plant communities annually (i.e., cobble bar monitoring).

Table 1.

[Site information is from U.S. Geological Survey (2021). mi?, square mile]

The foundation document for the OBRI (NPS, 2015) is
an extensive resource that provides direction for subsequent
OBRI planning documents. It includes a brief description of
the OBRI and its purpose, significance, fundamental resources
and values, interpretive themes, and special mandates. The
document also has a planning-focused component: assessment
of planning and data needs to identify related issues, list of
planning products, the associated studies and data required
for OBRI planning, description of focus for OBRI planning
activities, and establishment of a baseline from which
planning documents are developed.

As part of the Natural Resource Report Series, the NPS
published an extensive 352-page Natural Resource Condition
Assessment for the OBRI in 2017, “characterizing the current
conditions of important park natural resources through a
spatially explicit, multi-disciplinary synthesis of existing
scientific data and knowledge” (Benck and others, 2017,

p. xxv) with the purpose of evaluating and reporting important
OBRI resources (not limited to ORVs), evaluating critical data
gaps, and presenting existing and future threats to the OBRI
resources.

Active and discontinued U.S. Geological Survey streamgages near or within the Obed Wild and Scenic River, Tennessee.

Station . . Drainage
. Latitude Longitude .
number Station name (decimal degrees)  (decimal degrees) area Period of record
(fig. 1) g 9 (mi?)
Active streamgages
03538830!  Obed River at Adams Bridge near 36.06166667 —84.96138889 92 2010—present
Crossville, TN
03539600! Daddys Creek near Hebbertsburg, TN 35.99766528 —84.82249460 139 1957—present
03539778  Clear Creek at Lilly Bridge near Lancing, 36.10312930 —84.71827710 170 1997—present
N
03539800!  Obed River near Lancing, TN 36.08149370 —84.67031130 518 1957—present
Discontinued streamgages
03538860  Obed River at Potter Ford near Crossville, 36.07284768 —84.90272940 107 1996-2017
™
03538880  Obed River above Daddy's Creek near 36.08035040 —84.76772320 156 1943-55
Hebbertsburg, TN
03539717  Clear Creek at Norris Ford near Jones 36.13701539 —84.87272820 81 1996-99
Knob
03539735  Clear Creek at Barnett Bridge near Deer 36.12285027 —84.79494700 146 1996-99
Lodge, TN
03539750  Clear Creek near Lancing, TN 36.12168739 —84.74572270 153 1966-68
03539810  Obed River near Wartburg, TN 36.07590790 —84.64994110 520 1939, 2015-17

IStreamgages also collecting continuous water quality data.
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ORV Background

In 1976, a study was completed to determine if the OBRI
was eligible for inclusion in the National Wild and Scenic
Rivers System. The findings of that study were presented by a
joint Federal-State task force. Specifically, “[t]he Obed River
Task Force found that 34 miles of the Obed River, 29.5 miles
of Clear Creek, and 34.5 miles of Daddys Creek—a total
of 100 miles—possess outstandingly remarkable scenic,
recreational, geological, and fish and wildlife values and
qualify for inclusion in the National Wild and Scenic Rivers
System” (Bureau of Outdoor Recreation, 1976, p. 58). NPS
(2015) references an earlier study in which the OBRI ORVs
were expanded to include aesthetic, cultural, and ecological/
vegetation values. NPS (2015, p. 36) also states,

Because free-flowing condition and water quality
support the integrity of the river’s outstandingly
remarkable values and are key components of future
planning and management, they are included as part
of [the OBRI Foundation Document].

Section 1(b) of the Wild and Scenic Rivers Act also
discusses the relations among the OBRI ORVs, free-flowing
condition, and water quality. The Interagency Wild and Scenic
Rivers Coordinating Council (2004) also refers to this section
when defining the values that enable a river to be designated
as a wild and scenic river or congressionally authorized
for study.

Free-Flowing Condition of the OBRI

Under the Wild and Scenic Rivers Act, the NPS is tasked
with protecting the free-flowing condition, the water quality
conditions, and the ORVs for the ORBI. The free-flowing
condition of the OBRI is integral for maintaining acceptable
water quality conditions, as well as four ORVs: recreation,
fish and wildlife, scenic, and geologic. The first intensive
hydrologic analyses of the Obed River were conducted by the
U.S. Army Corps of Engineers in the 1930s (U.S. Army Corps
of Engineers, 1930), followed by general waterway surveys
by the Tennessee Valley Authority 1954 and 1970 (Knight and
others, 2014b). Knight and others (2014b) assembled historical
datasets and collected hydrologic data for the Obed River
and its tributaries to support an assessment of the hydrologic
effects of human activities in the basin. The report presents
the historical and contemporary (at the time) characteristics of
streamflow and precipitation, as well as findings of hydrologic
studies conducted in the OBRI from 1999 through 2005.

The unaltered magnitude, frequency, duration, and timing of
streamflows are governing factors for the ORVs, as well as for
water quality conditions.

Water Quality Conditions of the OBRI

As established in Sections 1(b), 10(a), and 12(c) of
the Wild and Scenic Rivers Act, the NPS is tasked with
protecting and improving OBRI water quality conditions, a
core principle of the National Wild and Scenic Rivers System.
Daddys Creek, Clear Creek, and the Emory River are listed as
Exceptional Tennessee Waters by the Tennessee Department
of Environment and Conservation (TDEC), and all segments
of these streams within the OBRI boundary are classified as
such (TDEC, 2024). The Antidegradation Statement (section
6) in TDEC (2019, p. 36) designates the part of the Obed
River within NPS boundaries as an Outstanding National
Resource Water

provided however, that if the current search for a
regional water supply by the Cumberland Plateau
Regional Water Authority results in a determination
that it is necessary to utilize the Obed River as its
source of drinking water, for that purpose the Obed
shall be designated as an Exceptional Tennessee
Water and any permit issued for that project, whether
state, federal, or otherwise, shall be considered under
the requirements for Exceptional Tennessee Waters.

Threats to the OBRI water quality conditions include
effects of previous drilling and mining activities, recreational
activities, and nearby suburban development (NPS, 2015;
Hughes and others, 2018b). Abandoned coal mines continue
to severely affect surface-water and groundwater quality by
leaching heavy metals into the water (NPS, 2012b). As of
2012, seven oil and gas wells (two of which are plugged and
abandoned) were located within the OBRI boundary (NPS,
2012b). Oil and gas wells within the watershed increase the
risk for water quality contamination, exemplified by a well
blowout on July 19, 2002, that leaked hydrocarbons into
the river (NPS, 2012b). Human activity, including logging
of adjacent forests, agricultural activity, overuse of OBRI
facilities, and illegal ATV use, contributes to soil erosion,
sedimentation, and degradation of river water quality.
Population growth in the area is associated with increases
in water use, wastewater discharge, and impoundments
related to recreation and water supply; these issues are
“key management concerns” (NPS, 2012a, p. 13). Urban
development in the watershed contributes to factors potentially
detrimental to water quality: deforestation, effects of seepage
from septic tanks and drain fields, and increased runoff from
impermeable surfaces (such as roads, driveways, house roofs,
and parking lots) (Benck and others, 2017; Hughes and others,
2018b). Furthermore, additional development and increased
population could contribute to added pressure on wastewater
treatment plants, where treated effluent currently constitutes an
estimated 10 to 40 percent of observed streamflow of the Obed
River near Lancing, TN (USGS station 03539800; USGS,
2021) during periods of low flow (Knight and others, 2014b).
Most of the Obed River from near Crossville, Tenn., to the
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confluence of Daddys Creek within OBRI boundaries is listed
as 303(d) impaired waters for exceeding State standards of
total nitrogen, total phosphorus, and E. coli (TDEC, 2022).

A baseline water quality data inventory and analysis
was conducted in 1999, during which surface-water-quality
data retrievals from multiple U.S. Environmental Protection
Agency (EPA) databases collected from 1964 through 1998
were examined for data associated with the OBRI (National
Park Service, Water Resource Division [NPSWRD], 1999).
The results indicated that 13 parameter groups (NPSWRD,
1999) exceeded criteria at least once within the study area.
This included exceedances of the EPA criteria for freshwater
aquatic life for dissolved oxygen, fecal-indicator bacteria,
turbidity, pH, cadmium, copper, silver, and zinc. The EPA
drinking water criteria was exceeded at least once for sulfate,
cadmium, chromium, and lead (NPSWRD, 1999).

Beginning around 2013, the NPS Appalachian
Highlands Inventory and Monitoring Network implemented
two comprehensive water quality monitoring protocols
for continuous and discrete water quality monitoring
at key locations. Continuous water quality monitoring,
co-located with three USGS streamgages (Obed River at
Adams Bridge near Crossville, TN [03538830], Daddys
Creek near Hebbertsburg, TN [03539600], and Clear Creek
at Lilly Bridge near Lancing, TN [03539778]; table 1)
provides high-frequency data at half-hour intervals for
water temperature, pH, conductance, dissolved oxygen, and
turbidity (Hughes and others, 2018a). Discrete water quality
monitoring is conducted at more than 15 sites, where water
is sampled 3 times a year and analyzed for more than 25
parameters, including bacteria, nutrients, and metals (Hughes
and others, 2018b). The data are obtained to identify changes
and long-term trends in conditions, with the overall objective
of aiding OBRI managers in making informed decisions to
protect and improve water quality conditions. Concurrent with
free-flowing conditions, water quality has implications for
many of the OBRI ORVs.

Recreational Value of the OBRI

Composed of steep geologic formations shaped by the
free-flowing creeks and rivers, the natural landscape and water
conditions of the OBRI make it popular for recreational uses
(NPS, 2012a). Gorges up to 500 feet deep are attractive to
rock climbers, whitewater boaters, swimmers, fishers, and
hikers (Sims and Hodges, 2004). In 2003, the Emory-Obed
Forum was established to discuss resource-based recreation as
a means of economic development in Morgan County (Sims
and others, 2004). The forum consists of, “a diverse group
of residents, business owners, local politicians, and elected
officials as well as representatives from the ... NPS and the
National Parks and Conservation Association” (Sims and
others, 2004, p. 94). The Emory-Obed Forum identified four
components foundational to bringing more tourism to the area.
One of the four, “healthy natural resources” is within OBRI

purview and was identified as the most important component
(Sims and others, 2004, p. 94). In 2017, the OBRI was
designated an International Dark Sky Park allowing visitors to
experience one of a few places left in the country with little to
no nighttime light pollution (DarkSky International, 2017).

Ecological/Vegetation and Fish and Wildlife
ORVs of the OBRI

The upper Tennessee River Basin is one of the most
biodiverse watersheds in the United States. The first
descriptions of the unique fish and wildlife in the OBRI
were presented in the OBRI study report in 1976 (Bureau of
Outdoor Recreation, 1976). The midstream cobble bars and
outwash areas are unique habitats that support threatened
and endangered species. According to Thornberry-Ehrlich
(2009), only 500 acres of this habitat remains in Kentucky
and Tennessee. Cobble bar communities require regular
floods to maintain the unique ecological communities
(Wolfe and others, 2007). The scouring floods typical of
the OBRI natural flow regime remove woody plant species
which are not adapted to disturbance and could outcompete
rare plants like Cumberland rosemary and Virginia spiraca
(NPS, 2018). Schmalzer and others (1980) and Schmalzer
(1982) provided a detailed analysis of vegetation patterns
and vegetation-environmental relations of the Obed River
gorge system. In the IRMA database (https://irma.nps.gov/
DataStore/), 14 research priorities are focused on researching
and analyzing ecology of the OBRI.

Geologic, Cultural, and Scenic/Aesthetic Values
of the OBRI

The geology of the OBRI was the first ORV to be
extensively studied. The geology of the OBRI is dominated
by siliclastic strata, consisting of thick sandstone units
interbedded with shales and siltstones. The earliest reference
to the geology is in the Geology of Tennessee report (Safford,
1869). In 1894, Hayes published the Kingston Folio which
included the first map of the area south of the OBRI that
includes the headwaters of Daddys Creek (Hayes, 1894).

The Wartburg Folio (Keith, 1897) mapped the topographic,
geographic, geologic, and mineral resources of the area.

In the 1950s, Stearns (1954) described the geology of the
Cumberland Plateau and Crab Orchard Mountains. Further
geologic studies include reports and maps by Luther (1959),
Johnson and Luther (1972), Wilson (1965), and Wilson and
others (1956). The Geologic Resources Inventory Program
(GRIP) for the OBRI (NPS, GRIP, 2015) has a full accounting
of the geologic resources. As of 2024, an unpublished digital
bedrock geologic map of the OBRI and GIS layers and tables
of the vicinity are available to the public at https://catalog.
data.gov/dataset/unpublished-digital-bedrock-geologic-map-
of-obed-wild-and-scenic-river-and-vicinity-tennes.


https://irma.nps.gov/DataStore/
https://irma.nps.gov/DataStore/
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The OBRI also has significant cultural and archeological
resources. More than 10,000 years of human occupation,
including flint chips and arrowheads, have been documented
(Thornberry-Ehrlich, 2009). Rock shelters in the OBRI
were used as prehistoric big game hunting camps, and
the archeological record preserves changes in subsistence
practices. Saltpetre or “nitre” was mined during the War of
1812 and the Civil War, and artifacts of this mining remain in
the OBRI today. The area surrounding the OBRI is sparsely
populated, and extensive mining or other human alterations
have not diminished the scenic value of the OBRI. The
previously mentioned deep gorges and sandstone bluffs with
relief as much as 500 feet provide a beautiful backdrop to
other recreational activities in the OBRI. The Obed River is
unique because it is an extensive gorge system and does not
have limestone bedrock exposed on lower slopes like the
gorges on the western escarpment of the Cumberland Plateau
(Schmalzer, 1982). Although they are the most difficult ORVs
to quantify, the scenic and aesthetic values are the most
easily recognizable. The direct relation between changes in
streamflow and the geologic, cultural, and scenic/aesthetic
ORVs has not been quantified and is outside the scope of this
science plan.

Part ll: Analysis and Interpretation of
0ASIS Model Results Used to Estimate
Select ORV Baselines

Updated OASIS Decision-Support Model Inputs

The use of statistically based decision-support tools is
a quantifiable method of evaluating management decisions.
An OASIS decision-support model was created for the OBRI
in 2016 by HydroLogics (now called Hazen and Sawyer)
by using publicly available streamflow data, flow-ecology
relations, and basin characteristics (Cartwright and others,
2017). The OASIS decision-support model evaluates
streamflow alteration by using municipal water supply
withdrawals, effluent discharge, interbasin water transfers,
dams, and other basin characteristics that affect streamflow
(Cartwright and others, 2017). In 2021, Hazen and Sawyer
completed an OASIS model update, adding two new model
nodes at the edges of the OBRI, four new hypothetical
management scenarios, and performance benchmarks for
fishing, paddling, and swimming. Geospatial representation of
updated model framework from Hazen and Sawyer (2021) is
shown in figure 2.

The two new model inflow nodes are on Clear Creek
and the Emory River at the OBRI boundary (fig. 2). The flow
values modeled at the new nodes are based on streamgage
data (USGS, 2021). The updated OASIS model was run
on scenarios for four periods: 1976, 1976-94, 1995-2010,

and 2010-21. The 1976 scenario represents conditions
at OBRI establishment, 1976-94 represents early OBRI
management, 1995-2010 represents later OBRI management,
and 2010-21 represents current conditions. An additional
“unregulated” scenario was run that represents a scenario with
no withdrawals, discharges, or impoundments. The model
framework, flow-ecology relations, and input hydrology data
were unchanged from the original OASIS model completed
in 2016. Daily streamflow data came from streamgages and
were accessed through the USGS National Water Information
System (USGS, 2021). Withdrawal data used in the OASIS
model update (Hazen and Sawyer, 2021) came from the
Crab Orchard Utility Water Treatment Plant located on Otter
Creek impoundment and the Crossville Water Treatment
Plant at Meadow Park Lake. Wastewater discharge data used
in the OASIS model update (Hazen and Sawyer, 2021) came
from the City of Crossville and the Fairfield Glade sewage
treatment plants. The previous model outputs in Cartwright
and others (2017) include a hypothetical management scenario
(additional withdrawal), but the scenarios in the updated
model application are based on existing data and show how
baseline conditions in the OBRI have changed over time.

Ecological health is measured in the OASIS model
by species richness. Species richness is modeled by using
ecological-limit functions created by Knight and others
(2014a) relating species richness to departure of streamflow
characteristics from reference conditions. The streamflow
characteristics used in the ecological-limit functions are
mean annual runoff (MA41), maximum October streamflow
(MH10), log of average annual 30-day maximum (DH13),
base flow (ML20), constancy (TA1), log transform of
variability of annual minimum daily average streamflow
(DL6), and timing of annual minimum flow (TL1) (Knight and
others, 2014a). Species richness is predicted for 11 fish-related
categories: headwater intolerants, intolerants, invertivores,
lithophilic spawners, natives, omnivores, pool dwellers, riffle
dwellers, rares, specialized insectivores, top predators, and all
species combined (Knight and others, 2014a).

New performance benchmarks for fishing, paddling,
and swimming were added to the updated OASIS model. The
performance benchmarks for fishing, paddling, and swimming
are number of days the flow thresholds provided by OBRI
staff (table 2) are met or exceeded. The swimming and fishing
thresholds (maximum flows, in cubic feet per second) are
twice the minimum paddling flow threshold.

Modeled ORVs for New Scenarios

Streamflow varied between scenarios for six of the eight
streamgages modeled. Modeled streamflow values for each
scenario at each model node are listed in table 3. The 1976
scenario represents conditions at OBRI establishment and
provides the streamflow baseline for the OBRI free-flowing
condition. Streamflow statistics at Lilly Gage and Clear
Creek at Park Boundary showed no change among any of the
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Figure 2. 0ASIS decision-support model framework with reservoirs (reservoir nodes), water withdrawal locations (demand nodes),
modeled streamflow sites (junction nodes), and U.S. Geological Survey streamgage locations (streamgage nodes) for the Obed Wild
and Scenic River, Tennessee. Modified from Hazen and Sawyer (2021).
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Table 2. Stream, stream reach, associated U.S. Geological Survey streamgage, and paddling, swimming, and fishing streamflow
thresholds for the Obed Wild and Scenic River, Tennessee. Paddling, swimming, and fishing thresholds were heuristically determined by

NPS staff.

[Streamflow paddling minimums provided by Obed Wild and Scenic River staff. ft3/s, cubic foot per second]

Associated Paddling minimum  Swimming and fishing
Stream v

(fig. 1) Stream reach streamgage streamflow maximum streamflow
: (fig. 1) (ft¥/s) (ft3/s)
Clear Creek Barnett Bridge to Jett Bridge 03539778 500 1,000
Clear Creek Jett Bridge to Lilly Bridge 03539778 500 1,000
Clear Creek Lilly Bridge to Obed River 03539778 1,000 2,000
Clear Creek Highway 127 to Barnett Bridge 03539778 500 1,000
Daddys Creek Antioch Bridge to Obed Junction 03539600 400 800
Obed River Adams Bridge to Obed Junction 03538830 400 800
Obed River Obed Junction to Nemo 03538830 500 1,000

scenarios. The largest differences in streamflow were for the
simulated maximum streamflows at Alley Ford (=751 cubic
feet per second [ft3/s]), Hebbertsburg (—609 {t3/s), and Devil’s
Breakfast Table (—610 ft3/s) between the 1976 scenario and
the 2010-21 scenario. Overall, streamflow remained relatively
stable across the scenarios. Mean streamflow was modeled
at quantiles but did not indicate changes to the entire flow
regime, year-over-year changes, or trends. Causes or variable
importance of streamflow stability could not be determined
from the OASIS model.

Minimal differences in modeled flow resulted in minimal
differences in ecological response among the scenarios.
However, Hazen and Sawyer (2021) noted the following:

1. In this version of the OASIS model, changes in
withdrawals across the scenarios were offset by changes
in discharges to the system; and

2. Limit regressions developed by USGS for some fish
species are dependent on the constancy streamflow
characteristic.

Based on the lack of observed differences in flow at
the Clear Creek and Emory River nodes, Hazen and Sawyer
(2021) suggested that increasing wastewater discharges in
the upper mainstem Obed River, near Lake Holiday, may be
stabilizing flows in this area. Simulated species richness of
all 11 fish-related categories was constant across all scenarios
for Clear Creek at Lilly Gage. Species richness at the Devil’s
Breakfast Table node for headwater intolerants varied from 3.4
(2010-21) to 3.0 (1976 baseline), but all other fish categories
remained constant. At the Hebbertsburg node, species richness
varied for headwater intolerants (range of 3.2-3.6), riffle
dwellers (5.3-5.4), and specialized insectivores (9.9-10) but
was constant for all other categories. The species richness for
natives (range of 10.3—11), invertivores (3.8-3.9), lithophilic
spawners (0-2.5), pool dwellers (2.1-10.1), riffle dwellers
(1.0-1.1), specialized insectivores (0—1.0), and all species
(6.3-6.8) varied at the Lake Holiday discharge location, but

species richness of headwater intolerants, intolerants, rares,
and top predators was unchanged. Fish-related categories
at the Obed River at Adams Bridge had the most variation
in species richness and were therefore the most sensitive to
different scenarios. Species richness varied for headwater
intolerants (range of 2.5-3.1), intolerants (3.5-3.6),
invertivores (3.8-3.9), lithophilic spawners (6.2—-8.9), pool
dwellers (13.1-15.2), riffle dwellers (3.6-3.7), rare (1.3—1.7),
and specialized insectivores (4.3—6.7) but remained constant
for all species and the top predators. Species richness at
Alley Ford only varied for headwater intolerants (range
of 4.0-4.4), and all other categories maintained constant
species richness. These results do not take into consideration
ecological metrics of health beyond species richness,
possible population distributions that may have existed in the
OBRI before the work of Knight and others (2014a), or the
48-percent loss of streamflow from withdrawals by the City
of Crossville. Constancy (measure of the stability of flow
regimes) is a predictor variable in species richness modeling
and may increase the species richness value for some groups
(Knight and others, 2014a; Hazen and Sawyer, 2021). Hazen
and Sawyer (2021) conclude that the increased constancy
translates into increase in species richness, but that conclusion
has not been quantitatively determined.

Similar to changes in species richness, minimal changes
in streamflow conditions resulted in minimal changes in
the fishing, paddling, and swimming thresholds. Table 4
lists the median number of days that modeled streamflow
meets or exceeds the determined flow standards. Of all the
recreation node locations, only two had changes across
scenarios: Hebbertsburg and Alley Ford. The number of days
the flow was below the maximum flow threshold for fishing
at Hebbertsburg varied by 1 day, from 348 days during the
1976 (baseline) and 1976-94 scenarios to 349 days during
the 1995-2010, 2010-21, and unregulated scenarios. The
number of days streamflow was above the paddling minimum
flows varied by 3 days at Hebbertsburg, from 47 days
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Table 3. Simulated minimum and maximum daily streamflows and 25th, 50th, and 75th quantile streamflows for the four scenario
periods at eight 0ASIS model nodes, Obed Wild and Scenic River, Tennessee.

[ft¥/s, cubic foot per second; OBRI, Obed Wild and Scenic River]

Scenario period

Node location

(fig. 2) Streamflow statistic 1976 1976-94 1995-2010 2010-21
Simulated streamflow (ft3/s)

Adams Bridge Minimum flow! 1 2 2 2

25th Quantile! 16 16 17 17

50th Quantile 101 101 101 101

75th Quantile 315 315 315 315

Maximum flow! 21,091 21,091 21,091 21,092

Alley Ford Minimum flow! 2 2 3 3

25th Quantile! 61 62 62 62

50th Quantile! 374 375 372 371

75th Quantile! 1,114 1,114 1,104 1,103

Maximum flow! 71,128 70,518 70,495 70,377

Lilly Gage Minimum flow 0 0 0 0

25th Quantile 15 15 15 15

50th Quantile 105 105 105 105

75th Quantile 314 314 314 314

Maximum flow 22,178 22,178 22,178 22,178

Hebbertsburg Minimum flow! 0 1 1 1

25th Quantile 18 18 18 18

50th Quantile! 102 101 100 100

75th Quantile! 294 294 287 287

Maximum flow! 17,008 16,398 16,398 16,399

Clear Creek at OBRI Minimum flow 0 0 0 0

Boundary 25th Quantile 7 7 7 7

50th Quantile 46 46 46 46

75th Quantile 138 138 138 138

Maximum flow 9,726 9,726 9,726 9,726

Devil's Breakfast Table ~ Minimum flow! 0 1 1 1

25th Quantile! 21 21 21 22

50th Quantile! 123 123 121 121

75th Quantile! 355 354 347 347

Maximum flow! 20,473 19,863 19,863 19,863

Emory River at OBRI Minimum flow 0 0 0 0

Boundary 25th Quantile 12 12 12 12

50th Quantile 66 66 66 66

75th Quantile 184 184 184 184

Maximum flow 11,929 11,929 11,929 11,929

Holiday Minimum flow! 1 2 2 2

25th Quantile! 2 2 2 3

50th Quantile! 6 6 6 5

75th Quantile 19 19 19 19

Maximum flow! 1,077 1,077 1,078 1,078
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Table 4. Median number of days flow conditions meet thresholds for fishing, paddling, and swimming for five scenarios at five 0ASIS

model nodes, Obed Wild and Scenic River, Tennessee.

Recreation node Recreation Number of days the modeled streamflow meets or exceeds flow standards, by model scenario
(fig. 2) category Unregulated 1976 1976-94 1995-2010 2010-21

Hebbertsburg Fishing! 349 348 348 349 349
Paddling! 48 47 47 45 45

Swimming 124 124 124 124 124

Adams Bridge Fishing 346 346 346 346 346
Paddling 52 52 52 52 52

Swimming 124 124 124 124 124

Alley Ford Fishing 323 323 323 323 323
Paddling! 99 98 100 98 98

Swimming 122 122 122 122 122

Lilly Gage Fishing 338 338 338 338 338
(low flow) Paddling 69 69 69 69 69
Swimming 123 123 123 123 123

Lilly Gage Fishing 347 347 347 347 347
(high flow) Paddling 53 53 53 53 53
Swimming 124 124 124 124 124

"Numbers of days vary from one scenario to the other.

during the 1976 and 1976-94 scenarios, to 45 days during

the 1995-2010 and 2010-21 scenarios, to 48 days for the

unregulated scenario. Alley Ford had variation in number of

days for paddling only. The number of days streamflow was

above the minimum paddling threshold was 98 days for the

1976, 1995-2010, and 2010-21 scenarios, 99 days for the

unregulated scenario, and 100 days for the 1976-94 scenario.
Overall, the differences in the results of the OASIS model

scenarios were minimal. Possible reasons for the minimal

changes in streamflow between scenarios could be related

to the type of streamflow characteristics being analyzed.

For example, the 16 streamflow characteristics identified

by Knight and others (2008) with statistically significant

correlations to changes in fish communities were not included

in the OASIS modeling scenarios. The ecological-limit

functions used in the OASIS model to model ecological
response are from Cartwright and others (2017). The
ecological-limit functions from Cartwright and others (2017)
used the following streamflow characteristics as predictor
variables: maximum October flow, variability of annual
minimum daily average flow, date of annual minimum flow,
base flow, flow constancy, and annual runoff. Modeled values
of the above-mentioned streamflow characteristics were not
reported. Additionally, baseline conditions were established
for recreation, fish, and free-flowing condition (water quantity)
ORVs by using the 1976 modeling scenario, not available
streamflow data. Without detailed methods documentation

or uncertainty analysis, we could not fully account for the
possible limitations or error associated with the modeling.
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Part lIl: Potential Research to
Accomplish OBRI Goals

Park-Wide Concerns for the OBRI

The primary mission of NPS management of the OBRI
is to protect and maintain ORVs to prevent outside water
resource projects from unreasonably diminishing the values
present in the OBRI as of the date of its 1976 designation
under the Wild and Scenic Rivers Act (U.S. Congress, 1968).
National parks are crucial to conservation of intact ecosystems
and protection of endangered species because they form the
core of global protected areas (United Nations Environment
Programme World Conservation Monitoring Centre and
International Union for Conservation of Nature, 2016).
Climate change, increasing population, invasive plants and
animals, nearby natural resource extraction, increased pressure
on aging infrastructure, and other factors can negatively affect
national parks (NPS, 2012b, 2015, 2021a; Knight and others,
2014b; Gonzalez and others, 2018).

A particular concern for many national parks is the
potential effects of climate change. The magnitude and area
of historical temperature increase is greater for national
parks than for the United States as a whole (NPS, 2021a).

The OBRI is predicted to be particularly resilient to climate
change (Gonzalez and others, 2018) but is, nonetheless,
affected. Gonzalez and others (2018) predict that temperature
in the OBRI will rise between 1.5 and 4.7 degrees Celsius
per century and precipitation will increase 5 to 9 percent by
2100 (range is dependent on different predicted emission
scenarios). To address the potential effects of climate

change, many national parks in the western United States

are switching to Climate Smart Conservation (CSC) that

uses an adaptive-management approach. CSC includes six
steps: (1) inform the planning process, (2) assess climate
vulnerabilities and risks, (3) evaluate climate implications for
management goals, (4) identify potential adaptation strategies,
(5) evaluate and select priority adaptation strategies, and

(6) implement strategies and track effectiveness and changing
conditions (NPS, 2021a). The first step of implementing

CSC in the OBRI is to identify goals or baseline conditions
for ecologically important species. The second step is to

use long-term monitoring data to determine which species

or ecosystems within the OBRI are the most sensitive and
vulnerable to differing magnitudes and rates of environmental
changes. In addition to the already available national climate
change models, supplemental research into the more localized
temperature and precipitation forecasting could provide more
accurate predictions of future OBRI conditions. Human
activity such as paving roads can also cause local increases in
temperature (Cetin and others, 2024). Local climate research
goals include studying the potential effect of increased
impermeable surfaces lowering albedo and locally increasing

temperatures. It is important to understand the direct influence
of overall increasing temperatures and increasing frequency of
extreme air temperatures on water temperature, fish tolerance,
plant tolerance, and recreation in the OBRI.

Another potentially substantial threat to OBRI health
is increasing population in the area (Bureau of Outdoor
Recreation, 1976; Benck and others, 2017; Hughes and others,
2018a). Growth in nearby Crossville, Crab Orchard, and
Fairfield Glade could increase demand for water extraction,
wastewater discharge, logging of adjacent areas, runoff, and
use of the OBRI for recreation (Hughes and others, 2018a;
Hazen and Sawyer, 2021). All these potential stressors have
the potential to affect the free-flowing condition, water quality,
recreation, fish and wildlife, cultural, and scenic ORVs in the
OBRI. As of 2024, OBRI staff have established thresholds
(baselines) for the free-flowing condition of the streamflow,
recreational activities, and fish species richness at the time of
OBRI establishment (1976), but baseline conditions for the
scenic, geologic, cultural, and water quality ORVs have not
been established.

ORV-Specific Research Priorities

Monitoring ORVs protected under the Wild and Scenic
Rivers Act is critical to the management of the OBRI. Possible
next steps to accomplish future research goals specific to
each ORV are listed in table 5. The OASIS model by Hazen
and Sawyer (2021) is a flow-accounting model that uses
streamflow inputs and outputs but does not address ORVs
that are not directly dependent on streamflow conditions.
Streamflow minimum, maximum, 25th quantile, 50th
quantile, 75th quantile, and maximum baseline values have
been established by using the 1976 model outputs from
the OASIS model (Hazen and Sawyer, 2021), but other
streamflow characteristics could be informative as part of a
decision-support tool (Black and others, 2005). Olden and
Poff (2003) classified ecologically important streamflow
characteristics into five categories representing the natural
flow regime: (1) magnitude, (2) frequency, (3) duration,

(4) timing, and (5) rate of change of streamflow (Nature
Conservancy, 2007). As of 2025, the OASIS model only
includes magnitude, while baseline conditions for frequency,
duration, timing, and rate of change have not been established.
Also, a determination has not been made about which of the
streamflow characteristics are most influential in maintaining
baseline conditions. With the current OASIS model,
hydrologic conditions beyond the quantiles presented in the
Hazen and Sawyer (2021) report have not been considered.
Understanding characteristics of the entire flow regime is
critical to maintaining the natural balance of the ecosystem
and the fish communities and could benefit the management
of free-flowing condition, ecology and wildlife, and

scenic ORVs.
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Proposed next steps for evaluating and protecting outstandingly remarkable values for the Obed Wild and Scenic River,

[ORVs, outstandingly remarkable values; OBRI; Obed Wild and Scenic River; USGS, U.S. Geological Survey; SPARROW, SPAtially Referenced Regressions

on Watershed attributes]

ORV

Proposed next steps

Free-flowing condition

Determine streamflow characteristics most important for other ORVs.

Establish baseline conditions for previously mentioned streamflow characteristics for each ORV.

Incorporate streamflow characteristics important to all ORVs into decision-support tool.

Estimate flow duration curve from 1 to 100 percent at 1-percent intervals.

Ecological/vegetation

Establish baseline populations for vegetation, non-aquatic wildlife, and non-fish aquatic wildlife.

Determine streamflow characteristics necessary to support non-fish aquatic and terrestrial wildlife and add to

OASIS model.

Identify areas within the OBRI that are crucial for biodiversity and threatened and endangered species.

Determine streamflow characteristics most crucial to threatened and endangered species and add to OASIS

model.

Establish minimum flood flow requirements for gravel bar ecosystem.

Water quality Add water quality sensors to existing streamgages within the OBRI boundary.
Incorporate USGS SPARROW model to decision tool.
Recreational Establish baseline conditions for rock climbing.
Scenic Create baseline conditions for gravel bar distribution, forest canopy, and exposed cliff faces from remote
sensing data.
Geologic Formal comprehensive paleontological inventory.
Identify unique or fossil-bearing lithologic units.
Perform an extensive cave inventory.
Groundwater, karst, landscape evolution, and landslide area maps.
Cultural Locate, map, and protect archeological sites.

Aquatic, riparian, and wetland ecosystems are dependent
on intra-annual variation in hydrologic conditions (Richter
and others, 2003; Wolfe and others, 2007). The OBRI sustains
populations of eight threatened or endangered species and
lacks a quantitative analysis of the conditions in the OBRI
necessary to maintain or increase populations. The hydrologic
metrics and thresholds for these threatened and endangered
species are not included in the OASIS model. The effects of
changes in streamflow on fish communities is demonstrated in
the Hazen and Sawyer (2021) OASIS report, but baselines are
also needed for other ecosystems in the OBRI. For example,
gravel bar ecosystems in the OBRI are particularly sensitive
to changes in sedimentation and are reliant on regular large
flooding events with high enough energy to scour existing
gravel bars and deposit large boulders (Wolfe and others,
2007). Additionally, gravel bar plants have adapted to extreme
conditions but can be outcompeted by invasive species if the
same flow regime is not maintained (NPS, 2018). Conducting
a flood frequency analysis and connecting flood flows to
gravel bar ecosystem needs could provide a more holistic look
at the quantity and timing of streamflow needed to protect the
OBRI fish and wildlife. Including more metrics of ecological
health could also be informative. Although the OASIS model
results indicated minimal effects on species richness because

change in flow was minimal, the water quality needs of the
ecology or the possible changes in species composition were
not taken into consideration.

Water quality can be a determining factor when
considering ecosystem response. To improve water quality
characterization and management, increasing the number
of water quality sampling sites and parameters, including
sampling for fecal coliforms, nitrogen, phosphorous,
sediment, and other water quality parameters, could help
OBRI managers create water quality baselines. USGS
streamgages 03538830, 03539600, and 03539800 (USGS,
2021) monitor daily water quality constituents. Increasing the
number of water quality sites and water quality parameters
could provide additional data to OBRI managers for the
creation of baseline regulatory thresholds. In addition to the
previously mentioned expansion of water quality monitoring,
annual benthic macroinvertebrate surveys could provide the
necessary data to examine how changes in water quality are
affecting the whole food chain. Once the baselines have been
established, water quality modeling in conjunction with the
OASIS model possibly could be used to create a more robust
decision-support tool. The SPAtially Referenced Regressions
on Watershed attributes (SPARROW) surface-water-quality
model, “predicts contaminant flux, concentration, and
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yield in streams” (Schwarz and others, 2006, p. 1) and is
available for nitrogen and phosphorus modeling in Tennessee.
The SPARROW model can be incorporated into other
decision-support tools, and inclusion could improve the
OASIS model by adding dynamic water quality estimates.
Including the extensive water quality datasets available within
the OBRI in the OASIS model could expand the potential
inferences that could be made about ORVs.

In addition to paddling, swimming, and fishing, the OBRI
is also popular for rock climbing. There are approximately
350 permanently bolted routes with difficulty between 5.7
and 5.14 (NPS, 2015). Sims and Hodges (2004) published
the results of a climbing survey conducted in response to
management actions presented in the OBRI final climbing
management plan (NPS, 2002). Developing recreation
baselines for rock climbing, such as number of climbers per
day, and delineating routes that avoid sensitive or endangered
plants and animals or important cultural or geologic sites
are baselines that can be monitored to maintain the climbing
aspect of the recreation ORV while still protecting the other
ORVs of the OBRI.

An underutilized resource in the research in and around
the OBRI is remote sensing data. Although scenic ORV
is difficult to quantify, remote sensing data could be used
to monitor large-scale changes to gravel bar distribution,
sediment wasting, and forest canopy density to create baseline
scenic conditions (Benck and others, 2017). Sheer rock cliffs
in the OBRI are an aspect of the scenic, geologic, and wildlife
ORVs. Geologic mapping in and around the OBRI has been
extensive (NPS, GRIP, 2015) but the OBRI lacks a formal
field-intensive paleontological comprehensive inventory.
Identifying and preserving important fossil-bearing geologic
units could be part of the geology ORV baseline. In addition,
the 2009 Geologic Resources Inventory (Thornberry-Ehrlich,
2009) identified interest in groundwater flow maps, cave and
karst mapping, landscape evolution maps, and landslide area
maps. A formal cave inventory could improve monitoring of
threatened and endangered bat species in the OBRI. Locating,
mapping, and protecting archeological sites in the OBRI could
be the basis of the cultural ORV.

Conclusions

The Obed Wild and Scenic River (OBRI) is the only
Wild and Scenic River in the State of Tennessee and protects
the headwaters of the Obed River, one of the last undammed
rivers east of the Mississippi River. For these reasons, it has
particular importance to the area. The OBRI was preserved
for the baseline free-flowing condition of the rivers and for
its outstanding water quality, fish and wildlife, geology,
recreation, cultural, and scenic values. Throughout the history
of the OBRI, multiple research efforts have monitored and
studied aspects of these outstandingly remarkable values
(ORVs), but these studies have often occurred in isolation or
only for a discrete time interval. Natural Resource Inventories

for OBRI extensively detail current conditions but do not
necessarily indicate changes since OBRI designation. Baseline
conditions of ORVs are necessary for environmental impact
analyses and rely on long-term monitoring datasets. Baseline
conditions for the ORVs related to flow were estimated by
using the OASIS decision-support tool to model conditions

at the time of OBRI establishment (1976). OASIS model
outputs indicate minimal differences between ORV conditions
at the time of OBRI establishment and recent (2021) ORV
conditions. Future monitoring and modeling efforts could
focus on creating baselines for water quality; magnitude,
timing, and duration of high flows; metrics related to other
threatened or endangered species in the OBRI; and geology,
cultural, and scenic ORVs.
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Glossary

0ASIS Hydrologic mass-balance model
produced by Hazen and Sawyer (2021). OASIS
is a decision-support tool for water resource
managers.

OBRI Obed Wild and Scenic River. Obed
River headwaters and tributaries protected
under the Wild and Scenic Rivers Act.

Establishing Baseline Conditions for Outstandingly Remarkable Values, Obed Wild and Scenic River, Tennessee

ORV Qutstandingly remarkable values an
area must have to be considered for inclusion
in the Wild and Scenic Rivers System. The
values can be outstandingly remarkable
scenic, recreational, geologic, ecological (fish
and wildlife), historic, or cultural values.

SPARROW SPAtially Referenced
Regressions on Watershed attributes model
to estimate long-term average water quality
characteristics. Calculates contaminant flux,
concentration, and yield.
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