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BACKGROUND

The Chesapeake Bay Program (CBP), a state-federal
partnership, is an ongoing experiment in how to
restore the national treasure which is the United
States’ (U.S.) largest estuary. The Chesapeake Bay
experiment has now been running for three decades,
but in 2010 a new tool was added to the restoration
effort when the nation’s most extensive Total Maxi-
mum Daily Load (TMDL) program was established for
the Chesapeake Bay watershed.

The Chesapeake Bay TMDL marked a change in
direction for the CBP partnership from a voluntary
restoration program to one based on a regulatory form
of allocations. The reasons for this pivot are outlined in
the Executive Summary of the 2010 Chesapeake
TMDL (USEPA, 2010). The Chesapeake Bay TMDL is
based on the achievement of a suite of living resource-
based water quality standards for dissolved oxygen,
chlorophyll a, and water clarity, which support fish,
shellfish, underwater grasses, and other important
aquatic life communities.

The Chesapeake Bay TMDL incorporates several
key elements. Scientifically based, publically under-
standable, water quality standards are the most
important of these. The Chesapeake Bay water quality

standards are based on requirements for the Bay’s
living resources to thrive, including adequate dis-
solved oxygen in deep water habitats and good water
clarity in the shallow waters necessary for growth of
underwater grasses which provide habitat for juve-
nile fish and crabs.

The partnership of state and federal agencies,
which provides resource management governance
and collaborative decision making for the entire
watershed, is the second key element. This year the
CBP marks its 30th anniversary. The CBP partner-
ship was formed 30 years ago when the first Chesa-
peake Bay agreement was signed in 1983,
recognizing the “historical decline of living resources”
in the Chesapeake Bay and committing to a coopera-
tive approach to “fully address the extent, complexity,
and sources of pollutants entering the Bay.” It laid
the foundation for a cooperative program that now
includes all the Chesapeake Bay watershed jurisdic-
tions.

Finally, there is the long history of ever-increasing
scientific understanding of the Bay ecosystem and
the surrounding watershed. The underlying science
enables the state and federal partners to agree on an
equitable allocation of pollutant load reduction
responsibilities. The JAWRA Featured Collection on
the Chesapeake Bay TMDL tells the story of the
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Chesapeake Bay TMDL from developing water qual-
ity standards through to establishing allocations —
an up-to-date picture of the result of 30 years of res-
toration effort.

The Chesapeake Bay restoration experiment is
still running, and substantial activity is required to
implement the management actions needed by 2025.
A major midpoint assessment of the TMDL process
is planned in 2017 when the management practices
necessary to achieve 60% of the pollutant load
reductions required under the Bay TMDL will be in
place.

THE CHESAPEAKE BAY TMDL

The Clean Water Act sets an overarching environ-
mental goal that all waters of the U.S. be “fishable”
and “swimmable.” Specifically, it requires states and
the District of Columbia to establish appropriate uses
for their waters, adopt water quality standards that
are protective of those uses, and list waterways that
are impaired by pollutants causing them to fail to
meet water quality standards. For waterways on the
impaired list, a TMDL must be developed which
identifies the maximum amount of pollutants the
waterway can receive and still meet water quality
standards. Most of the Chesapeake Bay and its tidal
tributary and embayment waters are impaired
because of excess nitrogen, phosphorus, and sediment
(USEPA, 2010). These pollutants enter the water
from agricultural operations, urban and suburban
stormwater runoff, wastewater facilities, air pollu-
tion, septic systems, and other sources.

More than 49,000 TMDLs have been completed
across the U.S., but the Chesapeake Bay TMDL is
the most extensive and complex thus far. It is
designed to achieve significant reductions in nitro-
gen, phosphorus, and sediment pollutant loads
throughout a 64,000-square-mile watershed, with a
population of 17 million people, that includes the
District of Columbia and portions of Delaware,
Maryland, New York, Pennsylvania, Virginia, and
West Virginia (USEPA, 2010). The Chesapeake Bay
TMDL is a combination of 276 individual TMDLs —
separate nitrogen, phosphorus, and sediment TMDLs
for each of the 92 Chesapeake Bay tidal segments
are shown in Figure 1.

The 2010 Chesapeake Bay TMDL sets watershed-
wide limits of 84.3 million kilograms of nitrogen,
5.67 million kilograms of phosphorus, and 2.93 billion
kilograms of sediment per year. Implementation of
the nutrient and sediment limits is through the seven
watershed jurisdictions’ Watershed Implementation

Plans, which detail how and when the six Bay
watershed states and the District of Columbia will
meet their assigned pollution allocations.

OVERVIEW OF THE FEATURED COLLECTION

The collaborative work and decision making of hun-
dreds of state, federal, regional, and local agencies,
universities, and nongovernmental organizations were
required for the development of the Chesapeake
TMDL. Decisions were supported by decades of scien-
tific discovery as well as the application of a suite of
integrated environmental models. The science, model
development and application, and development of
water quality standards, which supported this unprec-
edented shared decision-making process across a
six-state watershed, are described here.

The Featured Collection begins with a summary by
Linker et al. (this issue (a)) of the multidecadal his-
tory of establishing pollutant load reduction targets
and allocations. Nutrient load allocations and subse-
quent reductions of total nitrogen and phosphorus
have been applied in the Chesapeake Bay watershed
since 1992 to reduce hypoxia and restore living
resources. After more than two decades of evolution
of the load reduction process, the 2010 Chesapeake
Bay TMDL follows a more quantitative allocation pro-
cess than previous versions. The process ensures
achievement of all tidal water quality standards
while assessing equitable levels-of-effort in reducing
nutrients and sediments across all seven watershed
jurisdictions. The equitable levels-of-effort are deter-
mined through application of two key watershed
scenarios; a scenario where no action is taken in
nutrient control and a scenario where maximum
nutrient control efforts are applied. Once the needed
level-of-effort is determined for each of the different
jurisdictions, the overall load reductions are set
watershed wide to achieve water quality standards.

A good TMDL is based on scientifically sound and
publically understandable water quality standards,
based on quantifiable water quality criteria (Tango
and Batiuk, this issue). In 2003, the CBP partners
worked with the U.S. Environmental Protection
Agency to develop and publish ambient water quality
criteria protective of specific Chesapeake Bay tidal
water designated uses along with assessment proce-
dures for dissolved oxygen, water clarity, and chloro-
phyll a (USEPA, 2003). The adoption of these
criteria, designated uses, and assessment procedures
into Delaware, District of Columbia, Maryland, and
Virginia water quality standards ultimately provided
the basis for developing the Chesapeake Bay TMDL.
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The Featured Collection next includes a series of
articles describing the development and application of
integrated models of the Chesapeake Bay airshed,
watershed, and estuary. The CBP partners recog-
nized the importance of atmospheric nutrient deposi-
tion in the 1980s and quantified the first estimates of
atmospheric loads delivered to the Chesapeake Bay
and its watershed in 1992. Currently, the linkage
between national NOx emission reductions, brought
about to address human health concerns, and
reduced nitrogen loads delivered to the Chesapeake
Bay ecosystem is recognized by including atmospheric
deposition reductions to the tidal waters of the Bay

as part of the Chesapeake Bay TMDL allocations
(Linker et al., this issue (b)).

The Phase 5.3 Chesapeake Bay Watershed Model
is the most recent of a series of increasingly refined
versions of a model that has been operational for
more than three decades (Shenk and Linker, this
issue). A “community model” approach was taken in
development and application of the Phase 5.3 version.
The model community encompassed a broad coalition
of practitioners including environmental engineers,
scientists, and environmental managers. The
Watershed Model incorporates comprehensive infor-
mation including meteorology, land use and surface
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FIGURE 1. The 92 Chesapeake Bay Segment Watersheds for Which Separate Nitrogen,
Phosphorus, and Sediment Total Maximum Daily Load Were Developed (USEPA, 2010).
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characteristics, fertilizer and manure application
data, and management practices. Following calibra-
tion to observed flow and water quality data, the
Phase 5.3 Chesapeake Bay Watershed Model provides
daily computations of flow, sediment load, and nutri-
ent loads delivered to Chesapeake Bay.

Reliable land use data is a key determinant of the
accuracy of the Chesapeake Bay Watershed Model.
But assessment of the extent of impervious and pervi-
ous areas using land-cover data derived from satellite
imagery is limited due to the resolution of the data
and systematic discrepancies between land-cover clas-
ses. To overcome these limitations, Claggett et al.
(this issue) introduced a new method to consistently
estimate the areas of impervious surface and turf
grass across the Chesapeake Bay watershed over a
22-year time frame.

The CH3D Hydrodynamic Model has been applied
to represent the hydrodynamics of Chesapeake Bay
tidal waters since 1992. The current version,
described by Kim (this issue), incorporates improved
grid resolution, expanded spatial coverage, and real-
istic bathymetry to enhance model performance both
in open water and shoreline regions. Hydrodynamic
computations are based on a comprehensive suite of
forcing functions including high-frequency astronomi-
cal tides, lower frequency meteorological forcing,
freshwater inflows from the upland watershed, and
distributed sources along the shoreline.

The Chesapeake Bay Water Quality and Sediment
Transport Model (WQSTM) incorporates a shallow
water component which focuses on the regions of the
estuarine system inside the 2-m depth contour (Cerco
et al., this issue). The shallow water component is an
integral part of the larger system-wide water quality
model, but emphasizes simulation of the locally sig-
nificant variables and processes, notably submerged
aquatic vegetation (SAV), sediment resuspension, and
light attenuation.

Wang et al. (this issue) analyzed the correlations
of the observed and modeled light attenuation coeffi-
cient, Kd, with total suspended solids (TSS) and chlo-
rophyll a concentrations in Chesapeake Bay tidal
waters. Although light attenuation is closely related
to TSS and chlorophyll a concentrations, the strength
and nature of the relationship differ among the Ches-
apeake Bay segments. This article expands on the
work of Gallegos (2001) and analyzes the relationship
of watershed nutrient and sediment loads to Kd, TSS,
and chlorophyll a in the estuarine water column.
TMDL development and management implementa-
tion benefit from the additional options provided by
this investigation.

Cerco and Noel (this issue) report on application of
the Chesapeake Bay WQSTM in a 21-year, 1985-
2005, simulation of Chesapeake Bay water quality.

The WQSTM computes, in three dimensions, physical
properties, algal production, and key elements of the
aquatic carbon, nitrogen, phosphorus, silica, and oxy-
gen cycles. The model incorporates multiple submod-
els including sediment diagenesis (DiToro, 2001),
SAV (Cerco and Moore, 2001), benthic invertebrates
(Cerco and Meyers, 2000), light attenuation based on
inherent optical properties (Gallegos et al., 2011), and
suspended solids (Cerco et al., 2013). The WQSTM is
the fourth generation of tidal water quality models
that have been applied by the CBP partnership over
the past three decades. The present application
emphasizes the role of physical processes, as well as
nutrient loads, in determining the volume of anoxic
water in the main stem bay.

The Featured Collection concludes with work
described by Keisman and Shenk (this issue) on water
quality criteria assessments using a combination of
monitoring data and model outputs. For complex estu-
arine systems like the Chesapeake Bay, TMDL deter-
mination has been limited by difficulty in estimating
precisely how changes in input loads will impact ambi-
ent water quality. An innovative method to deal with
this limitation combines the strengths of the Chesa-
peake Bay WQSTM, which simulates load response,
and the Chesapeake Bay Program’s robust historical
monitoring dataset. The method uses linear regression
to relate modeled responses from load reductions to
historical observations of water quality. The method
quantifies responses of dissolved oxygen and chloro-
phyll to load reductions on a monthly time basis and
at a spatial scale comparable to model cell dimensions.
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