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Additional Ecological Impacts of
Decreases in Nitrogen Deposition

In addition to acidification, nitrogen deposition
can contribute to the eutrophication of estuaries
and nutrient enrichment of forests. For example,
based on the results of the Response Surface
Model (RSM), the Chesapeake Bay Estuary would
receive an approximate 10% to 20% reduction in
nitrogen deposition from the power generation
sector under Scenarios B and C as compared

to the 2020 Base Case scenario. Additionally,
forests in the Front Range region of Colorado
would receive approximately a 20% reduction in
nitrogen deposition from the power generation
sector in 2020, with reductions over 30% in some
areas, under Scenarios B and C as compared to
the Base Case scenario. Additionally, forests in the
Front Range region of Colorado would receive
approximately a 20% reduction in nitrogen depo-
sition in 2020, with reductions over 30% in some
areas, under Scenarios B and C as compared to
the Base Case scenario.

Regional Ecosystem Implications

of Changes in Sulfur and

Nitrogen Deposition

The projected sulfur and nitrogen deposition
displayed in Figure 4-4 and 4-6 represents the
amount of total sulfur and nitrogen deposition

a given region will receive in 2020. As described
in Chapter 3 of this report, sulfur and nitrogen
deposition has the potential to cause ecological
harm, including acidification, to sensitive
ecosystems. Not all deposition loads will cause
ecological harm, as some ecosystems have the
ability to neutralize acids that are deposited from
the atmosphere. However, some ecosystems have a
limited ability to neutralize even low levels of acidic
deposition to surface waters and soils. When these
ecosystems exceed their ability to neutralize acidic
deposition, surface waters and soils acidify to the
point where aquatic and terrestrial life is harmed.
The degree to which an ecosystem will be harmed is
controlled by the level of ecosystem sensitivity and
deposition load. Moreover, patterns of ecosystem
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sensitivity vary by region of the country. Typically,
in the eastern United States when deposition loads
of sulfur and nitrogen are greater than 12 kg/ha/

yr and 8 kg/ha/yr, respectively, widespread effects
of acidification occur in surface waters. When
deposition loads are below 5 kg/ha/yr for both
sulfur and nitrogen, the most sensitive ecosystem
elements are generally protected. While any level of
deposition below 12 kg/ha/yr of sulfur and 8 kg/
ha/yr of nitrogen provides additional protection,
the most sensitive ecosystems are likely still strongly
impacted (Aber et al., 2003; Brookshire et al.,
2007). In special cases, particularly in western
states, considerably lower levels of combined sulfur
and nitrogen deposition may acidify headwater
streams. In the Rocky Mountains, headwater
streams can become episodically acidified during
snowmelt when deposition loads are as low as

2 kg/hal/yr for combined sulfur and nitrogen.

Nitrogen deposition also contributes to nutrient
over-enrichment of ecosystems. Nitrogen is a
nutrient required by living systems, and so the
level of nitrogen in an ecosystem often limits

the system’s productivity (i.e. the growth rate

of plants and other organisms in the system).
Because nitrogen is an important nutrient,

the majority of nitrogen deposition is used or
stored by ecosystems to allow for increased
productivity. Nitrogen over-enrichment may cause
eutrophication and lead to changes in species
composition. The degree to which an ecosystem
will be over enriched, and potentially harmed, is
controlled by the ability of the ecosystem to use the
additional nitrogen deposition, but still maintain
a healthy and diverse ecological community.

* For many Rocky Mountain ecosystems,
nitrogen deposition levels as low as 1.5
kg/halyr correspond to shifts in aquatic
species composition, such as lake plankton,
and levels as low as 4 kg/ha/yr can cause
similar shifts in alpine plant communities
(Baron, 2006; Bowman et al., 20006).

* In many areas of the far western United States,
native plant communities such as coastal sage
scrub, desert scrub, and annual grasslands
are adapted to low-nitrogen environments.
When nitrogen loads to these habitats
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exceed 5-8 kg/halyr, the native plant and

soil communities can be replaced by invasive
species that are better adapted to more nitrogen-
rich environments (Fenn et al., 2003a).

* For eastern and northern forests, the amount of
nitrogen deposition generally harmful to forest
ecosystems is less clear. Studies have shown that
nitrogen deposition exceeding 8—26 kg/ha/yr led
to increased surface water nitrate leaching and
declines in growth and survivorship of sensitive
tree species (Aber et al., 2003; McNulty et al.,
2005). However, other studies based on modeling
find that negative effects could occur in eastern
and northern forests when nitrogen deposition is
as low as 3-7 kg/ha/yr (Pardo and Duarte, 2007).

Changes in the Ecological
Condition of Lakes and Streams

The magnitude of emission reductions influences
both the amount of recovery from acidification
and the rate at which recovery occurs. The rate of
recovery is also influenced by the geological and
ecological characteristics of the lakes or streams

in the area. The path of ecological recovery from
acidification in lakes and streams is displayed in
Figure 4-1. In this analysis, the ecological response
to emission reductions of lakes in the Adirondack
Mountains and the Northeast and streams in

the Southeast (central and southern Appalachian
Mountains) were modeled using MAGIC, which
estimates acidification of lakes and streams in
response to sulfur and nitrogen deposition (Wright
et al., 2006) (see the text box, Modeling Tools Used
in this Analysis, for a description of MAGIC).

The Northeast, the Adirondack Mountains, and the
Southeast were chosen for this modeling assessment
because they are among the most acid-sensitive
ecosystems and are located downwind of many of
the emission sources affected by Title IV (see Figure
4-8). The best-available environmental data were
used to calibrate MAGIC (e.g., water quality, soil,
deposition). In addition, MAGIC was calibrated
using data collected on acidification in lakes and
streams by the National Surface Water Survey
(NSWS) and other programs, such as EMAP and
the TIME and LTM programs. Both the NSWS
and EMAP used statistical methods to sample

a representative number of lakes and streams
characteristic of the water quality and condition
for all lakes or streams in each study region.

For example, the NSWS approach represents
approximately 7,100 lakes in the Northeast
(Kaufmann et al., 1988) and 73,500 stream km
in the southeast United States (U.S. EPA, 1988).
Therefore, within the limitations of these surveys
(only lakes larger than 4 hectares are included),
the MAGIC results are indicative of the level of
acidification in lakes and streams throughout these
regions. For the analysis included in this report
the MAGIC results represent approximately 1450
lakes in the Adirondack Mountains, 1200 lakes in
the Northeast, and 47,500 km of streams in the
Southeast. Although there are some uncertainties
with regard to the model, particularly concerning
watershed nitrogen dynamics, MAGIC provides a
generally accurate, well-tested, and widely accepted
tool for modeling the response of surface water
chemistry to sulfur and nitrogen deposition.

Climate conditions and emissions under the 2020
Base Case scenario and future control Scenarios A,
B, and C were assumed to be held constant after
2020. Because of time lags inherent in ecological
response to changes in pollutant emissions and
deposition, lake and stream water quality in 2020
would represent only a small portion of the recovery
expected as a result of emission reductions included
in the scenarios analyzed. Therefore, lake and
stream conditions are presented for the year 2050,

Lake Tear of the Clouds in the Adirondack
Mountains (photo courtesy of New York State
Department of Environmental Conservation).
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Notes: The area of the Northeast modeled by MAGIC includes Maine, New Hampshire,Vermont, Massachusetts, Rhode Island,
Connecticut, New York (not including the Adirondacks), and northeastern Pennsylvania. The area of the Southeast includes Virginia,
West Virginia, western North Carolina, eastern Tennessee, northern Georgia, and northwestern South Carolina.

The Base Case scenario includes emission reductions as a result of CAIR and other mobile source regulations finalized after 2005.

Figure 4-10. Projected changes in the number of lakes and streams of elevated concern (ANC = 0-50 peg/L) in
2050 with additional SO, and NOy emission reductions (prepared by U.S. EPA).

time in response to emission reductions. Sulfur
retention in the clay-rich soils of the Southeast
and the eventual release of sulfur back into the
surface water is an important reason for the delayed
ecosystem response in this region. As a result,
modeling indicates that 15% of streams would
remain of acute concern in 2050 in response to
emission levels under the Base Case scenario.
With implementation of Scenario A, water quality
conditions improve in the Southeast, with the
percentage of streams of acute concern decreasing
to 12% of modeled streams by 2050. Under
reductions of 75% and 90% in SO, emissions
from power generation sources (i.e., Scenarios B
and C) beyond the levels in the Base Case scenario,
additional recovery is expected, and streams in

the acute concern class drop to 9% of modeled
streams by 2050. Under Scenarios A, B, and C,
the percentage of streams in the elevated concern
class also would begin to decrease, showing a
move toward ecosystem recovery. However, even
under the large emission reductions included

in Scenario C, 13% of modeled streams would
remain of elevated concern in 2050 (Figure

4-10). This lag in the recovery of streams of acute

concern in the Southeast is due primarily to the
large amount of sulfur that has been adsorbed by
southeastern soils from decades of acid deposition.
This adsorbed sulfur is predicted to be slowly
released into streams over time, slowing the rate
of stream recovery. For this reason, the response of
streams in the Southeast is expected to lag emission
reductions to a greater extent than lakes in the
Northeast and the Adirondack Mountains, and
the emission reductions in Scenarios A, B, and C
will take longer to yield results in this region.

Critical Loads

Critical loads were calculated using a long-term
steady-state model for the EMAP lakes in the
Adirondack Mountains of New York under the
Base Case scenario and Scenarios A through C (see
Adirondack Mountains Critical Load Case Study in
Chapter 2 for more details on the lakes modeled
here). The analysis focuses on the combined load
of sulfur and nitrogen deposition to which a lake
could be subject and still support a moderately
healthy aquatic ecosystem (i.e., ANC greater than
50 peq/L). Some lakes have naturally low acidic
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conditions. The preacidification ANC levels of the
lakes were estimated using the MAGIC model.

Of the 117 EMAP lakes modeled, six lakes had
preacidification ANC levels below an ANC of 50
peq/L. Because of their natural acidity levels, it is
unlikely that these six lakes would reach an ANC
of 50 peq/L or greater. These lakes were removed
from this critical load analysis. Overall, this analysis
shows that the future emission reductions (i.e.,
Scenarios A through C) would result in significant
ecological recovery, as defined by reaching an ANC
level greater than 50 peq/L, and would significantly
increase ecosystem protection of lakes in the
Adirondack Mountains from acidic deposition.

Figure 4-11 shows lakes where deposition exceeds,
does not exceed, and would be within 10% of

the critical load. For Adirondack Mountain

lakes under the Base Case scenario, 13% of lakes
received levels of combined sulfur and nitrogen
deposition that exceeded the critical load and
could not be neutralized by the environment.

For Scenarios A through C, 6%, 5%, and 1%,
respectively, of the lakes would continue to receive
acid deposition levels that exceeded the critical
load. These results indicate that additional emission
reductions lead to further ecosystem protection

of lakes in the Adirondack Mountain region.

Base Case

Load

Critical Load
Exceedances

@ Does Not Exceed
Critical Load

© Within 10% of the
Critical Load

@ Exceeds Critical

[/
g
g
!
Scenario B Scenario C
Note: Critical load exceedances for sulfur and nitrogen for 111 lakes in the Adirondack Mountains under Base Case scenario and Scenarios A through C.

Figure 4-11. Critical load exceedances in the Adirondack Mountains (prepared by U.S. EPA).
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Title IV has been successful in reducing emissions of SO, and NO from power generation

to the levels set by Congress. In fact, by 2009, SO, emissions from power plants were already
3.25 million tons lower than the final 2010 cap level of 8.95 million tons, and NOy emissions
were 6.1 million tons less than the projected level in 2000 without the ARP, or more than triple
the Title IV NOy emission-reduction objective. As a result of these emission reductions, air quality
has improved, providing significant human health benefits, and acid deposition has decreased to
the extent that some acid-sensitive areas are beginning to show signs of recovery. Current emission
reductions and the passage of time, which is needed for affected ecosystems to respond to the new
environmental conditions, are expected to allow more acid-sensitive areas to recover. However,
current emission-reduction levels (rules finalized as of spring 2005) are not sufficient to allow

full recovery of acid-sensitive ecosystems. Estimates from modeling presented in this report show

that additional emission reductions are necessary in order to protect acid-sensitive ecosystems.

This report analyzes a range of SO, and NOy emission-reduction scenarios to evaluate the extent
to which further reductions could achieve additional environmental recovery and minimize

the adverse ecological effects associated with acid rain. The results of the modeling presented

in this report indicate that broader recovery is not predicted without additional emission
reductions. To fully protect acid-sensitive ecosystems in all regions affected by acid deposition
will require reductions in acid-yielding emissions from source categories beyond power plant SO,
emissions. The information presented in this report provides part of what is needed to determine
appropriate future action; other information that is needed includes the costs and other impacts
of emission reductions, the role of climate change and multiple pollutant interaction, and the

value the public places on further improvements to the environment and human health.
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