IMPROVE Composition Comparisons

Highlighting the Increasing Importance of Ammonium Nitrate to
Light Extinction on Most Impaired Days since 2009 for:

* Great Smoky Mountains National Park,
« Mammoth Cave National Park, and
 Shenandoah National Park

Prepared by the National Park Service, Air Resources Division —5/2021




Great Smoky Mountains National

2009—2013

Most Impaired Days 2009-2013

Great Smoky Mountains NP

Coarse Mass: 3%—\
Fine Sea Salt: 0%

Fine Soil: 1%
Elemental Carbon: 4%
Organic Carbon: 11%

Ammonium Nitrate: 5%

Ammonium Sulfate: 76%

The chart above illustrates particle contribution to light extinction on mostimpaired days. Light extinction is the gradual loss in light
intensity dueto scattering and absorption measured in inverse megameters (1/Mm).
IMPROVE Monitor ID: GRSM1, TN

Most Impaired Days 2015-2019

Great Smoky Mountains NP
Coarse Mass: 5%—|
Fine Sea Salt: 1%7—“
Fine Soil: 1%
Elemental Carbon: 6%

Ammonium Sulfate: 54%

The chartaboveillustrates particle contribution to light extinction on mostimpaired days. Light extinction is the gradual loss in light
intensity dueto scattering and absorption measured ininverse megameters (1/Mm).
IMPROVE Monitor ID: GRSM1, TN

Percent contributions to light extinction by particle mass type on the most impaired days during two five-year periods, 2009-2013 (left) and 2015-2019 (right). The contribution
of ammonium nitrate to light extinction increased from 5% during 2009-2013 to 17% during 2015-2019. (http://vista.cira.colostate.edu/Improve/agrv-summaries/)




Great Smoky Mountains National Park

Great Smoky Mountains NP Great Smoky Mountains NP
Month-Wise Distribution of Most Impaired Qays, 2009 - 2013 12 Month-Wise Distribution of Most Impaired Days, 2015 2019
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IMPROVE Monitor ID: GRSM1, TN IMPROVE Monitor ID: GRSM1, TN

Monthly distribution of the most impaired days during two five-year periods, 2009-2013 (left) and 2015-2019 (right). The number of most impaired days occurring in the cooler
months (January-April and October-December) was higher during 2015-2019 (46 days) than in 2009-2013 (30 days). (http://vista.cira.colostate.edu/Improve/agrv-summaries/)




Great Smoky Mountains National Park

Light Extinction, 1/Mm
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Great Smoky Mountains NP
Most Impaired Days by Year
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IMPROVE Monitor ID: GR3M1, TN

Annual contributions to light extinction by particle mass
type on the most impaired days from 2009 through
2019. The relative contribution of ammonium nitrate to
light extinction on the most impaired days generally
increased during this period. (NPS chart
20http://vista.cira.colostate.edu/Improve/aqrv-
summaries/)




Great Smoky Mountains National Park

Annual Ammonium Nitrate Extinction
Great Smoky Mountains Natienal Park

. /\ Annual mean ammonium nitrate light
extinction on most impaired days (red) and
all days (blue). Beginning around 2013, mean
light extinction due to ammonium nitrate is
higher on most impaired days than on all
days. (NPS plot 2021)

Extinction (Mm-1)

2000 2010 2020

—@— Mostimpaired days ——a— Annual mean



Most Impaired Days 2009-2009

Great Smoky Mountains NP
)

Coarse Mass: 2%
Fine Sea Salt: 0%
Fine Soil: 1%
Elemental Carbon: 4%
Organic Carbon: 107%

Ammonium Nitrate: 6%

Ammonium Sulfate: 77%

Most Impaired Days 2018-2018

Great Smoky Mountains NP
Coarse Mass: 5%
Fine Sea Salt: 1%
Fine Soil: 0%
Elemental Carbon: 6%

Y

Ammonium Sulfate: 46%

Most Impaired Days 2011-2011
Great Smoky Mountains NP

Coarse Mass: 2%
Fine Sea Salt: 0%
Fine Soil: 0%
Elemental Carbon: 4%
Organic Carbon: 12%

Ammonium Nitrate: 3%

Ammonium Sulfate: 79%

Most Impaired Days 2013-2013

Great Smoky Mountains NP
\

Coarse Mass: 3%
Fine Sea Salt: 1%
Fine Soil: 0%
Elemental Carbon: 4%
Organic Carbon: 11%

Ammonium Sulfate: 73%

Great Smoky Mountains
National Park

Percent contributions to light extinction by particle mass type on the most impaired days in 2009,
2011, 2013, and 2018. (http://vista.cira.colostate.edu/Improve/agrv-summaries/)




Mammoth Cave National Park

2009—2013

2015—2019

Most Impaired Days 2009-2013

Mammoth Cave NP

Coarse Mass: 2%—|
Fine Sea Salt: 0%

Fine Soil: 0%
Elemental Carbon: 3%
Organic Carbon: 8%

Ammonium Sulfate: 67%

The chart above illustrates particle contribution to light extinction on mostimpaired days. Light extinction is the gradual loss in light
intensity dueto scattering and absorption measured in inverse megameters (1/Mm).
IMPROVE Monitor ID: MACA1, KY

Most Impaired Days 2015-2019

Mammoth Cave NP

Coarse Mass: 3%—|
Fine Sea Salt: 0%

Fine Soil: 0%
Elemental Carbon: 4%
Qrganic Carbon: 11%

Ammonium Sulfate: 49%

Thechart above illustrates particle contribution to light extinction on mostimpaired days. Light extinction is the gradual loss in light
intensity dueto scattering and absorption measured in inverse megameters (1/Mm).

IMPROVE Monitor ID: MACA1, KY

Percent contributions to light extinction by particle mass type on the most impaired days two five-year periods, 2009-2013 (left) and 2015-2019 (right). The contribution of
ammonium nitrate to light extinction increased from 20% during 2009-2013 to 32% during 2015-2019. (http://vista.cira.colostate.edu/Improve/agrv-summaries/)




Mammoth Cave National Park

Mammoth Cave NP Mammoth Cave NP
Month-Wise Distribution of Most Impaired Days, 2009 - 2013 Month-Wise Distribution of Most Impaired Days, 2015 - 2019
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IMPROVE Monitor ID: MACAT1, KY IMPROVE Monitor ID: MACA1, KY

Monthly distribution of the most impaired days during two five-year periods, 2009-2013 (left) and 2015-2019 (right). The number of most impaired days occurring in the cooler
months (January-April and October-December) was 58 during 2015-2019 and 61 in 2009-2013. (http://vista.cira.colostate.edu/Improve/aqrv-summaries/)




Mammoth

Cave National Park

Light Extinction, 1/Mm
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IMPROVE Monitor ID: MACA1, KY
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Annual contributions to light extinction by particle mass
type on the most impaired days from 2009 through
2019. The relative contribution of ammonium nitrate to
light extinction on the most impaired days generally
increased during this period.
(http://vista.cira.colostate.edu/Improve/aqrv-
summaries/)




Mammoth Cave National Park

Extinction (Mm-1)
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Annual Ammonium Nitrate Extinction
Mammoth Cave National Park

extinction on most impaired days (red) and
all days (blue). Beginning around 2009, mean
light extinction due to ammonium nitrate is
higher on most impaired days than on all
days. (NPS plot 2021)
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Most Impaired Days 2009-2009
Mammoth Cave NP

Coarse Mass: 2%
Fine Sea Salt: 0%
Fine Soil: 1%
Elemental Carbon: 3%
Organic Carbon: 7%

Ammonium Nitrate: 9%

Ammonium Sulfate: 79%

Most Impaired Days 2018-2018
Mammoth Cave NP

Coarse Mass: 3%
Fine Sea Salt: 0%
Fine Soil: 0%
Elemental Carbon: 5%
Organic Carbon: 10%

1

Ammonium Sulfate: 37%

Most Impaired Days 2011-2011

Mammoth Cave NP
1

Coarse Mass: 2%
Fine Sea Salt: 0%
Fine Soil: 0%
Elemental Carbon: 3%
Organic Carbon: 8%

Ammonium Sulfate: 66%

Most Impaired Days 2013-2013

Mammoth Cave NP
1

Coarse Mass: 2%
Fine Sea Salt: 0%
Fine Soil: 0%
Elemental Carbon: 3%
Organic Carbon: 8%

Ammonium Sulfate: 56%

Park

Mammoth Cave National

Percent contributions to light extinction by particle mass type on the most impaired days in 2009,
2011, 2013, and 2018. (http://vista.cira.colostate.edu/Improve/agrv-summaries/)




Shenandoah National Park

2009—2013

Most Impaired Days 2009-2013

Shenandoah NP
Coarse Mass: 3%—‘

Fine Sea Salt: 0%
Fine Soil: 1%
Elemental Carbon: 4%
Organic Carbon: %%

Ammonium Sulfate: 75%

Thechartabove illustrates particle contribution to light extinction on mostimpaired days. Light extinction is the gradual loss in light
intensity dueto scattering and absorption measured in inverse megameters (1/Mm).
IMPROVE Monitor ID: SHEN1, VA

Most Impaired Days 2015-2019

Shenandoah NP

Coarse Mass: 4%—‘
Fine Sea Salt: 0%

Fine Soil: 0%
Elemental Carbon: 5%

Ammonium Sulfate: 53%

The chartaboveillustrates particle contribution to light extinction on mostimpaired days. Light extinction is the gradual loss in light
intensity dueto scattering and absorption measured ininverse megameters (1/Mm).
IMPROVE Monitor ID: SHEN1, VA

Percent contributions to light extinction by particle mass type on the most impaired days two five-year periods, 2009-2013 (left) and 2015-2019 (right). The contribution of
ammonium nitrate to light extinction increased from 8% during 2009-2013 to 23% during 2015-2019. (http://vista.cira.colostate.edu/Improve/agrv-summaries/)




Shenandoah National Park

2009—2013

2015—2019

Number of days

Shenandoah NP

Month-Wise Distribution of Most Impaired Qays, 2009 - 2013
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IMPROVE Monitor ID: SHEN1, VA

Shenandoah NP

Month-Wise Distribution of Most Impaired Days, 2015 - 2019
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IMPROVE Monitor 1D: SHEN1, VA
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Monthly distribution of the most impaired days during two five-year periods, 2009-2013 (left) and 2015-2019 (right). The number of most impaired days occurring in the cooler
months (January-April and October-December) was higher during 2015-2019 (63 days) than in 2009-2013 (37 days). (http://vista.cira.colostate.edu/Improve/agrv-summaries/)




Shenandoah National Park

Light Extinction, 1/Mm
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Sea Salt

Coarse Mass

Soil

Elemental Carbon
OrganicMass
Ammonium Mitrate

Ammonium Sulfate

Annual contributions to light extinction by
particle mass type on the most impaired days
from 2009 through 2019. The relative
contribution of ammonium nitrate to light
extinction on the most impaired days generally
increased during this period.
(http://vista.cira.colostate.edu/Improve/aqrv-
summaries/)




Shenandoah National Park

Annual Ammonium Nitrate Extinction
Shenandoah National Park

0 | Annual mean ammonium nitrate light
;'I extinction on most impaired days (red) and
. ' /
| /

all days (blue). Beginning around 2013, mean
light extinction due to ammonium nitrate is
higher on most impaired days than on all
days. (NPS plot 2021)
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Most Impaired Days 2009-2009
Shenandoah NP

Coarse Mass: 3%
Fine Sea Salt: 0%
Fine Soil: 1%
Elemental Carbon: 4%
Organic Carbon: 9%

Ammonium Nitrate: 5%

Ammonium Sulfate: 79%

Most Impaired Days 2018-2018
Shenandoah NP
Coarse Mass: 3%:

Fine Sea Salt: 1%7 !
Fine Soil: 1%
Elemental Carbon: 5%

Ammonium Sulfate: 46%

Most Impaired Days 2011-2011

Shenandoah NP
Coarse Mass: 3%
Fine Sea Salt: 0%
Fine Soil: 0%
Elemental Carbon: 3%
Organic Carbon: %%

Ammonium Nitrate: 5%

Ammonium Sulfate: 79%

Most Impaired Days 2013-2013
Shenandoah NP

arse Mass: 2%
1e Sea Salt: 0%

Fine Soil: 0%
tal Carbon: 4%
nic Carbon: 8%

Ammonium Sulfate: 67%

Shenandoah National
Park

Percent contributions to light extinction by particle mass type on the most impaired days in 2009,
2011, 2013, and 2018. (http://vista.cira.colostate.edu/Improve/agrv-summaries/)




