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Nitrogen in the Chesapeake Bay Watershed

A Centuny of Change 1950-2050
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This information is being provided to meet the
need for timely best science. The information is
provided on the condition that neither the U.S.
Geological Survey nor the U.S. Government shalll
be held liable for any damages resulting from the
authorized or unauthorized use of the information.
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Courtesy National Gallery of Art

For just a
moment, imagine
yourself in the
Chesapeake Bay
Watershed in the
early 1800s
during a period of
great change
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Human population
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19300000 | EXPLANATION - As human population has increased
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These changes have
led to increases in
nitrogen inputs
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Nutrients (nitrogen and phosphorus) are major o o*8 s,
macronutrients necessary for plant growth ....

Algae l

.. but excessive nutrient  biooms ?,
amounts create ?’M)
Increased algae growth,
decay and low oxygen \ 4

Low %
for aquatic life (Hyporial I
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In 2011, this increased algal
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Median (dissolved oxygen < 2.0
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iz productivity from nutrient
B = enrichment (eutrophication)

. - resulted in the most expansive
low oxygen (hypoxia)
conditions, also known as dead

zones, in the Chesapeake Bay
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In fact, hypoxic volumes in the Chesapeake Bay have
Increased since the 1950s
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In 2010, the largest Total Maximum Daily Load (TMDL) in the Nation was developed
for the Chesapeake Bay for nitrogen, phosphorus, and sediment. These pollution
allocations were further divided by major river basins and States.
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The proportional sources of nitrogen load delivered to the Chesapeake Bay varies by state

Pennsylvania

Virginia
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The Chesapeake Bay watershed consists
of six major river drainage regions that [

watershed boundary
Major drainage regions

contribute varying streamflow to the Bay -,
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EXPLANATION

Land use in the Chesapeake Bay Land ¥se USS. Geolnglal

. . Survey, 2014)
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WATERSHED

Land area that drains
CONCENTRATION
BefOI'e we talk Mass of nitrogen in a rainfall to a waterbody
: known volume of water (i.e. stream)
about the various

drivers of change =
that affect the milligrams/liter
delivery of nitrogen mo
to the Chesapeake
Bay, let's define
some important
terms and units of
measurement

YIELD
Load of nitrogen relative to
contributing landscape (watershed)
kilograms/square kilometer
year
kg/km?/yr

Mass of nitrogen delivered VAN . FLOW-NORMALIZED LOAD
overagiven time -~ i Adjusted nitrogen loads for
kilograms/year ?3 flow and season
kg/yr
oy éﬂ kilograms/year
z ka/yr

Time



p— Atmospheric
/ | nitrogen
‘\ Let's also review, the major

e sources of nitrogen and how it's
14 cycled around the Chesapeake
Atmospheric |
Bl v oeictiaion - BAY Watershed.
fixation . S
= N T¥ Biological
ALk fixation
3
ﬁzﬁe

Waste water
treatment plant

Images courtesy Pexels




Lastly, its important to understand the magnitude of those
sources as inputs to the watershed and exports to the Bay

Nitrogen inputs Watershed Chesapeake Bay

Atmospheric deposition (225M)

Atmospheric
deposition (22M)

. Agriculture areas (80M) Nitrogen
Agriculture areas (436M) (Fertilizer and manure) exports
(Fertilizer and manure) (132M)

Wastewater (20M)

Developed areas (9M)
Wastewater (28M)
(Discharged to streams)

Developed areas === =—=—=—=—=— >




S%a
Those ~ =
responsible for
management
decisions have
varying degrees
of influence on
the changes that
control the
movement of

nitrogen

Less local control on sources of nitrogen

A

v

Climate
Population

Regional atmospheric deposition of nitrogen
Hydrology
Extent of existing urban areas

Extent of crop agriculture
Extent of animal agriculture

Management of crop agriculture

Management of animal agriculture (manure)
Management of industrial/private wastewater discharges

Extent of new and future urban areas
Management of new and future urban areas

Management of existing urban areas

Management of public wastewater discharges

More local control on sources of nitrogen




Physical Factors
(Climate and

hydrology)

We are now ready

to discuss

. Source Inputs
th e various {Atmn:l?(:llle;incdduesp;;sition
factors that

affect the delivery
of nitrogen to the
Chesapeake Bay

Management Controls
(Agriculture and
development)

Nitrogen
in the Bay

Local resource managers
have less control over the
and



So let’s talk first about and how increasing concentrations of greenhouse gases like carbon
dioxide that trap heat close to the Earth’s surface have caused increases in mean annual temperature

RCP
8.5
Released
heat Trapped heat = \\'\Q\\
Greenhouse gas emissions .g RCP
5 45 &6
CFCs Sk, CO, N,0 CH, UEJ
S— ) T
2.6
Time

Climate scientists use four major
emission scenarios (representative
it concentration pathways [RCPs] of
eniEE AN fohictes - Manncaieckeen 2.6, 4.5, 6 or 8.5 watts per square
—— meter) for how increasing amounts of
greenhouse gases could trap heat

Absorbed
heat
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EXPLANATION

Temperature change,
in degrees Celsius
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* Predictions are based of an intermediate emission scenario (RCP 4.5)

The mean annual temperature across the
entire Chesapeake Bay watershed is expected
to increase by 2.0 °C by 2050 compared to
1995, with larger differences likely in the
northernmost part of the watershed



EXPLANATION

Precipitation—Percent
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* Predictions are based of an intermediate emission scenario (RCP 4.5)

Projected precipitation changes from 1995 to
2050 for the Chesapeake Bay watershed show a
6.3 percent increase in average annual
precipitation, with the largest increases occurring
In the southern states



Overall, the Chesapeake Bay Is experiencing a warming trend with shifts to
drier summer and fall seasons followed by wetter winter and spring seasons

Heat trapped by greenhouse gases causes more evaporation and more precipitation

Increased precipitation (winter/spring) More extreme storm events
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Increased evaporation/droughts
(summer/fall)

l . I Sea level rise
Longer growing season 4
_ Dam - : Saltwater intrusion
psr e Changesin
,,ﬂ ' nitrogen load .
: Increased water
s . temperature
Earlier algal
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Images courtesy of Pexels



The components of the
. i e hydrologic cycle
il VA I (precipitation,
> / PN evapotranspiration,
runoff, recharge,
groundwater discharge,
and streamflow) store,
process, and ultimately
transport water and
nitrogen to the
Chesapeake Bay

Groundwater inflow

Groundwater outflow



Continued warming temperature trends are projected to produce less
snowpack and earlier runoff in the winter

EXPLANATION

Change in runoff, in
millimeters per year
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Continued warming temperature trends are projected to produce less
snowpack and earlier runoff in the winter versus the spring

followed by less of a change in runoff during the summer and fall

EXPLANATION

Change in runoff, in
millimeters per year
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Continued warming temperature trends are projected to produce less
snowpack and earlier runoff in the winter versus the spring

. . NY
followed by less of a change in runoff during the summer and fall
EXPLAI-!ATION _
PA - i
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Continued warming temperature trends are projected to produce less
snowpack and earlier runoff in the winter versus the spring

. . NY
followed by less of a change in runoff during the summer and fall
EXPLAI.!ATION _
PA - i
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These seasonal shifts in
runoff will affect nitrogen
export to streams

Let's not forget about the
groundwater transport of nitrogen



Hydrogeologic units

the water table

[ 1 Aquifer with
oxic groundwater

I Confining unit

l:l Unsatura‘[ed z0ne above —  Flow path with natural water

EXPLANATION
Flow path or storage location
chemistry and no anthropogenic
nitrogen or phosphorus

—— Flow path with nitrate and any
dissolved phosphorus

discharge

Groundwater flow
(years)
Submarine
groundwater

NONPOINT SOURCES
Nitrogen and phosphorus

Groundwater flow

e
(years)

Groundwater flow (decades)

Confining Unit

The time it takes for groundwater and nitrogen to reach streams (lag time) can range
from days to years. This means that, in some areas, the effect of management
actions may not be realized for decades to come.

Surficial aquifer




Physical Factors
(Climate and

hydrology)

At the regional level, local
resource managers also
have less control over
atmospheric deposition
and land use changes
(driven by population growth)

Source Inputs
(Atmospheric deposition
and land use)

Management Controls
(Agriculture and
development)

Nitrogen
in the Bay



Chemical transformation

| ) N,

NO,, NO, NH,, NH, Organic N NH,. Organic N
1111 I111
L Hil
Wet deposition ~_Dry deposition
(Rain/snow) (Particulates/gases)

urtesy Pexels
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Emissions can lead to
the atmospheric
deposition of
nitrogen (wet and
dry) downwind from
the sources after
being transformed
and transported in the
atmosphere.



urtesy Pexels

Images co

Atmospheric oxidized nitrogen deposition,

1 across the Bay watershed has shown a
— . declining trend since the 1990s largely
r due to the air quality management
actions required by the Clean Air Act
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— Whereas, chemically reduced nitrogen
deposition, across the Bay watershed
‘ has shown a slight decline or no trend
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About half of the oxidized
nitrogen emissions that
contribute to atmospheric
deposition nitrogen loads
to the Chesapeake Bay
originate from an airshed
that is much larger than
the actual
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EXPLANATION

Atmospheric nitrogen
deposition, in
kilograms of nitrogen
per hectare per year
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Atmospheric deposition
of nitrogen is widespread
across the Bay watershed.
The highest values occur
In developed areas such
as Washington, D.C., and
Baltimore, Maryland, and
areas of intensive
agriculture such as
southeastern Pennsylvania



Regarding land use, since 1950,

has increased exponentially in the Bay watershed

generating activities that have produced excessive
nutrient and sediment inputs to rivers and streams
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Since 1985,
development has
occurred mostly at the
expense of natural and
agricultural areas
(pasture and cropland)

Pasture/Hay

15
percent

20
percent

B

Cropland

50
percent

15
percent

Images courtesy of Pexels



EXPLANATION

Proportion of catchment
area covered by
future development, INNG
2013-2050, in percent
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If the trends of the 1980s
through 2010s continue,
then future growth will
be focused in suburban
and adjacent counties,
with an emphasis on
developing large-lot,
single-family homes
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Physical Factors
(Climate and

hydrology)

Source Inputs
(Atmospheric deposition
and land use)

Local resource
managers have the
most control over
agriculture and
development

Management Controls
(Agriculture and
development)

Nitrogen
in the Bay



Since 1950, acres
In farmland has
deceased,

but and
animal production
has remained
relatively constant
due in large part to
the intensification
of agriculture
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This has led to increases in nitrogen related
Impacts to water quality in agricultural areas.
For instance, nitrogen concentrations in streams
w of the Eastern Shore of the Chesapeake Bay
ST commonly exceed water-quality criterion
SR recommended to protect agquatic organisms
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50,000,000

There has also been an increase

in the variety and quantity of [
conservation practices to reduce  §

nitrogen from agricultural areas ¢ @

Tree planting :% 20,000,000

Conservation tillage §s o

Stream restoration ‘g‘
buffers B
‘3?2‘ Land retirement é

Cover crops 4\_\33)3_

)} )

Alternate crops

0

Rotational
grazing

Precision
agriculture ?!\E
Loafing lot
management

Barnyard runoff control
water control structures

Pasture management
fencing ‘|

- Stream restoration - Animal waste
management systems
- Wetland restoration

e
- Land retirement "‘i

EXPLANATION Manure transport

Rest mananemeant nractice catannry

Nutrient ":El

management
conservation plans

- Streamside grass buffers
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1985

An expected eventual

nitrogen reduction of

11% from 1985 to 2014
has been estimated for
conservation practices

and land retirement

2014

Despite these estimates, nitrogen loads to
streams in most agricultural areas did not change
substantially during this time period possibly due
to the lag time needed to see the effects of
nutrient reduction efforts. More research is
needed to better understand the water quality
response of conservation practices for planning



The expansion of developed land is a major driver of nitrogen in the Chesapeake Bay watershed

Images courtesy of Chesapeake Bay Program
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Manassas, Virginia Richmond, Virginia



Nitrogen from point sources such as wastewater has declined, controlled through regulations and
technology, and will likely continue to be important in controlling nitrogen loads in urban streams

Blue Plains Advanced Wastewater Treatment Plant, Washington DC
20
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Total nitrogen, in milligrams per liter
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Now let's look at
some examples of
how these factors
affect the delivery of
nitrogen around the
Chesapeake Bay
watershed

Physical Factors
(Climate and

hydrology)

Source Inputs
(Atmospheric deposition
and land use)

Management Controls
(Agriculture and
development)

Nitrogen
in the Bay
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watershed boundary
Major drainage regions
Susquehanna River
Potomac River

Western Shore of
Chesapeake Bay
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James River
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Flow-normalized nitrogen load compared to 1985
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Patuxent River: Demonstrates the clear
connection between improved wastewater
treatment and nitrogen loads

2020
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Pine Creek: The main source of nitrogen to this
forested watershed is from atmospheric
deposition, which has been decreasing since
the 1980s. As a result, Pine Creek has shown a
reduction in nitrogen exports
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Chesapeake Bay
watershed boundary
Major drainage regions
Susquehanna River
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Difficult Run: Urbanized watershed with
Increasing nitrogen loads, most likely as a
result of septic discharges and new
construction
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Choptank River: Nitrogen loads originating
mainly from agricultural fertilizer have
continued to increase despite conservation
efforts owing to the long groundwater transit
time of legacy nitrate contamination
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Morth American Datum of 1983
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Albers Conical Equal Area projection.
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Susguehanna River: Alarge watershed that has
shown a promising decline in nitrogen loads since the
1980s as a result of improvements in wastewater and
Implementation of management practices, but loads

have remained consistent in recent decades




Total nitrogen loads
have decreased
from the major rivers
to the Chesapeake
Bay

The

, with the
largest annual load
over time, continues
to be a major
challenge with
respect to reaching
the goal of the TMDL
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Before you go, lets
look at a long-term
perspective of the
major drivers of
nitrogen change up
to the present, and
a forecast into the
future for the
Chesapeake Bay
watershed

Physical Factors
(Climate and

hydrology)

Source Inputs
(Atmospheric deposition
and land use)

Management Controls
(Agriculture and
development)

Nitrogen
in the Bay




The sum of all the sources of nitrogen to the Bay increased
substantially from 1950 until the 1980s, but varied afterwards
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Nitrogen from atmospheric deposition and wastewater increased substantially
from 1950, but started to decrease in more recent decades owing to the effects of
the Clean Air Act and implementation of enhanced nitrogen removal technologies
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Nitrogen from developed areas have increased along with
population growth and this trend is projected to continue
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Nitrogen from agriculture has continually increased from 1950
owing to the widespread use of chemical fertilizer and manure
from the intensification of animal agriculture in some areas
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Future scenarios for agriculture, which is the largest source of nitrogen in the watershed,
Include both increasing and decreasing amounts from fertilizer and manure sources,
suggest the export of nitrogen to the Bay presents a challenge to nitrogen load targets
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In summary, the greatest opportunities for future nitrogen reductions to the
Chesapeake Bay watershed are in developed and agricultural areas
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There are numerous coastal areas around the world that have been impacted by excess nitrogen
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Base map from Natural Earth. Data source: Diaz, R., M. Selman. and C. Chique. 2011. Global Eutrophic and
Hypoxic Coastal Systems. World Resources Institute (2013). Eutrophication and Hypoxia: Nutrient Pollution in
Coastal Waters. docs.wri.org/wri_eutrophic_hypoxic_dataset_2011-03.xls Robinson projection, WGS 1984

The science, management, and regulation efforts to save the Chesapeake Bay are unprecedented
and if the Nation’s largest estuary can rebound, it will serve as a model for the world
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science for a changing world

For more information on the science provided in
this presentation please reference the following
Nitrogen in the Chesapeake Bay Watershed

U.S. Geological Survey publication: A Contury of Change 1950-2050

The Quality of Our Nation's Waters

Nitrogen in the Chesapeake Bay Watershed:
A Century of Change 1950-2050

https://pubs.er.usgs.gov/publication/cir1486
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