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Elevational Profile of
Great Smoky Mountains National Park
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Air Quality and Climate Monitoring Stations
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Photo by Brian Stansbury
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View of Cove Mountain from Wear’s Valley

Photo by Jay Fradd
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View from Clingmans Dome courtesy of pas
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View from Purchase Knob



&
Tennessee o5
3

= ET .
Ty, F e B
£ W niSatl et et

T g - ] .

/ﬁ 3

S st sy i Gatinburg — s "/
s Tl N O "2 P =
p N 2 g )
F 4 ] 2 - ‘\\
’ P /i § of ' )
¥ Fy f" s’

4
2 S g f
y L Wi i L.
& } 9
. ~ 5
L s &8
e IR e ey
WY e
- Ei
/ !
il N33 CPETOM

Low-elevation meadow e s

MNarth Caralina

Northern hardwoods
Since 1995
Year-round

NPS, NCDENR,
NOAA




Ozone Trends at Six Sites in or Near
Great Smoky Mountains National Park
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* Elevation is main factor contributing to variation in:
* Species Distributions
* Phenological Timing

Forest Structure
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Diurnal Ozone
Patterns Over the
Years in GRSM

High and Mid-Elevation
Sites

Low Elevation Sites
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W126 Index

W126 = Y[03] * w;
Where:
[O;] = hourly ozone concentration
w; is a weighting factor and,
ranges from 0.0 when [O;] = 0 to 1.0 when [O;] ~ 100 ppb
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Piecewise Regressions
show inflection points

Clingmans Dome: May - Oct - 24 hr

Look Rock: Apr - Oct - 24 hr

for ozone trends
between 1998-1999

Mann-Kendall analyses
show highly significant
increasing trends (except
for PK) up to 1999 and
decreasing trends (all
sites) after 1999

Thanks to Montana Eck for doing the Mann-
Kendall analyses
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Ozone Design Values at Great Smoky Mountains
National Park (3-Yr Avg of the 4" Highest 8-Hr Avg)
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Thanks to Jim Renfro for this graph



W126,,, . (Jun-Aug)

Exposures increase up to “850 m and then plateau
Exposures lower at NC sites (BC and PK)
Exposures ~7x lower in recent years
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Changes in Frequency Distributions for Ozone at
Low and High Elevations in GRSM

Cove Mountain
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From high years (1997-2002) to recent years (2012-2016),
[O,] > 60 ppb decrease substantially

High Years: 1997-2002 (without 2001)

Recent Years: 2012-2016




Changes in Frequency Distributions for Ozone at
Low and High Elevations in GRSM
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Changes in Frequency Distributions for Ozone at
Low and High Elevations in GRSM

Change in Frequency of Hrs
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For both high and low elevation sites, there has been a
substantial decrease in the frequency of [O5] > 60 ppb

Values are mean frequencies for (2012-2016) — (1997-2002; exclusive of 2001)




Changes in N80 Index (Jun-Aug, 24 hr)
at Low and High Elevations in GRSM
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How an Ozone Eplsode Is Characterized:
3 or more cdi 'h[O]>60ppb
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Clingmans Dome - Episodes

Midnight Noon Evening Midnight Noon Evening
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Cades Cove - Episodes

Evening Midnight Evening
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Assessing the risk of foliar injury from ozone on vegetation in parks
in the U.S. National Park Service’s Vital Signs Network

Robert Kohut

Boyce Thompson Institute for Plant Research, Cornell University, fthaca, NY 14853, USA

Received 18 April 2007; accepted 24 April 2007

An assessment of the risk of foliar ozone injury on plants was conducted for 269 parks in support of the U.S. National Park
Service's Vital Signs Monitoring Network Program.

Is there a statistically significant correlation between ozone
exposure (W126 Index) and soil water status in GRSM?

“Some of the better-known parks at which this inverse relationship [between high
ozone exposure and drought] exists for one or both of the indices of exposure include
Great Smoky Mountains,....”



Relationship Between PDSI and W126,,,, (Jun - Aug)

Statistically significant
correlations between
W126 O, exposures and
Palmer Drought Index
occur only at Clingmans
Dome

Highest W126 exposures
occur only during dry
years (red circles)
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When Do Maximum Ozone Exposures Occur?
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When Do Maximum Ozone Exposures Occur?

Year
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016

Cades Cove

AMJ M)

1212777
13.85864

16.51463

18.06745
17.14571

JJA

19.07417

JAS ASO

Cove Mountain

Year AMJ MJJ JIA JAS ASO

1993
1994

1995
1996
1997
1998
1999

2000
2001

2002
2003
2004

2005

2006 43.38507
2007 46.03942

2008

2009

pA0 k0l 30.07903

2011 30.523
2012 23.37414
2013

2014

2015
2016



Overstory Vegetation

Great Smoky Mountains
MNational Park
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Differences in Phenology Due to Elevation

Hopkins Law: Leafing delayed 3-4 days/100 m in elevation
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Differences in Phenology Due to Elevation

Hopkins Law: Leafing delayed 3-4 days/100 m in elevation
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Topographic Dispersion of Vegetation Types in
Great Smoky Mts National Park

East-Facing Slopes

OCF: Chestnut Oak-Chestnut ROC: Red Oak-Chestnut
OCH: Chestnut Oak-Chestnut Heath P: Pine
OH: Oak-Hickory SF: Spruce-Fir

Whittaker, R.H. 1956. Vegetation of the Great Smoky Mountains. Ecological Monographs 26:1-80.




Topographic Dispersion of Species in
Great Smoky Mts National Park
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Whittaker, R.H. 1956. Vegetation of the Great Smoky Mountains. Ecological Monographs 26:1-80.
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Reductions in NOx Emissions
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Open-top Chamber Facility
(Active from 1988 — 1992)
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Twin Creeks, Great Smoky Mountains
National Park, near Gatlinburg, TN



Ozone Injury on Black Cherry (Prunus serotina)

Seedlings after exposure to various ozone
treatments (percents of ambient)



Ozone Injury on Red Maple (Acer rubrum)

Leaf from CF treatment Leaf from 2X ambient treatment



Ozone Exposure Response Function for
Seedlings exposed in Open Top Chambers
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W126,,,, that causes 2% Seedling Biomass Loss

 Speies s omi

Black Cherry 1
White Pine 6
Tulip Poplar 8
Red and Sugar Maples 19

Mean W12624_hr (bpm™*hrs) in recent years (2012-2016)

Low Elevation: 2.421 High Elevation: 10.655



Overstory Vegetation

Great Smoky Mountains
MNational Park
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Annual Total Wet Mercury Deposition

Great Smoky Mountains National Park
Mercury Deposition Network - Site TN11 -
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Improvement in Haze at Great Smoky
Mountains National Park

1998 2009
9 mile Visual Range 24 mile Visual Range
33 deciviews 23 deciviews




Conclusions

1. For elevations below 600 m, ozone is low in the morning
and peaks in late afternoon

2. Above 600 m, diurnal profiles are relatively flat, with a
noticeable decrease around noon

3. The TN side of GRSM appears to have higher exposures
than the NC side at equivalent elevations

4. Since 2003, ozone concentrations above 60 ppb have
declined significantly in frequency, especially at higher
elevations in GRSM

5. Loss of high ozone concentrations, and more respite
periods between episodes, greatly reduces risk to plants

Ozone Reductions Due to Lower NOx Emissions as Mandated
by Clean Air Act and Clean Smokestacks Act
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