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OZONE EFFECTS ON FORESTS 
 
Ozone Assessment Assumptions 
 
Need to add this section if it remains in the Visibility and Acid Deposition section. 
 
What is Ozone?  Ozone is a naturally occurring compound in the atmosphere.  The air 
we breathe is composed of several gases including oxygen that has two molecules (O2), 
whereas ozone has three oxygen molecules (O3).  Nitrogen oxides (NOx) that are formed 
during the combustion of fossil fuels can increase ozone concentrations.  The increased 
NOx emissions combine with the naturally occurring volatile organic compounds on 
warm sunny days and this causes high ozone exposures.  Daily summer NOx estimates 
from 1990 data indicate utility (fossil fuel power plants) were the largest source followed 
by highway vehicles (Figure 1); while by the year 2010, highway vehicles are estimated 
to be the largest source of NOx.   
 
 

 
Figure 1.  Comparison of daily summer nitrogen oxide 
emissions for three years (in 1990, 2010, and 2040) and five 
source types (area, highway vehicles, nonroad engines, utility, 
and industrial. (Need to replace this figure -- SAMI staff) 

 
 
Ozone Exposure Patterns.  Daily patterns of ozone exposures are different at low and 
high elevations (Figure 2).  Typically, lower elevation monitoring sites (below 915 
meters) show ozone exposures increasing during the daytime, peaking in late afternoon, 
and then decreasing during the night and early morning (this is called a diurnal pattern) 
(Figure 2a).  Decreases in ozone exposures during darkness are most likely a result of 
NOx, released from highway vehicles, reacting with ozone and removing ozone from the 
atmosphere. Conversely, high elevation sites typically lack a strong diurnal pattern since 
there are few local sources of NOx to scavenge ozone from the atmosphere at night 
(Figure 2c).  Also, the total ozone exposure is greater for most high elevation sites when 
compared to low elevation sites.  Some high elevation sites exhibit maximum hourly 
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average ozone concentrations between 10:00 pm and 2:00 am due to long-range transport 
of ozone and its precursors. 
 

 
 

 
 

 

 

Figure 2.  Daily ozone exposure patterns differ depending on elevation: (a) low elevation 
site (Sipsey), (b) middle elevation site (Look Rock), and (c) high elevation site 
(Cranberry). 
 
 
Ozone exposures also vary across the SAMI region.  Lefohn et al. (1997) used a 
mathematical technique to estimate seasonal (April through October) ozone exposures 
across the southern Appalachians over a three-year period (1993-1995).  Figure 3 shows 
that the average three-year ozone exposure was greatest in south-central West Virginia 
and north-central Virginia; whereas the lowest ozone exposures were found in the 
southern portion of SAMI found in Alabama. 
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Figure 3.  Extrapolated ozone index (W126) values averaged from 
1993 to 1995 across the SAMI region. 

 
 
How Can Ozone Impact Vegetation?  Both episodic or short-term (greater than or 
equal to 0.100 ppm) and chronic (0.50 to 0.099 ppm) hourly average ozone 
concentrations can cause damage to sensitive agricultural and forest vegetation species, if 
the ozone can get inside the leaf where the damage.  Plants have specialized cells, called 
stomata, which allow gases to enter and exit the leaf.  For example, carbon dioxide enters 
a leaf, and within the leaf’s chloroplasts the carbon dioxide, along with inorganic salts 
and energy from the sun, is converted to simple sugars.  These sugars are food to the 
plant and along with other nutrients allow an individual to grow, reproduce, and survive.  
Oxygen, an essential gas for human survival, is a byproduct of photosynthesis and it exits 
the leaf through the stomata.  Stomata open and close in response to changes in 
environmental conditions.  Stomata are known to close when nutrients are lacking, or 
during periods of low soil moisture availability.  Because stomata respond to light and 
humidity conditions, stomata of most plant species close at night.  Because ozone enters a 
plant through the stomata, environmental factors favoring closure of stomata are 
associated with reduced damage from ozone.  However, these same environmental 
factors such as low nutrient availability and drought can have a severe negative impact on 
the health of vegetation. 
 
Ozone can enter a leaf through the stomata and can result in a physiological impact on the 
individual plant, including killing the chloroplasts.  The physiological impact reduces the 
amount of simple sugars that are produced and stored in the roots.  These food reserves 
are needed by the plants to produce new leaves, grow in height, and expand the root 
system in order to absorb water and nutrients.  Some sensitive species exhibit a 
physiological response by producing ozone symptoms on the upper leaf surface when the 
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ozone exposures have reached phytotoxic levels (Figure 4).  High exposures of ozone are 
known to have the following impacts to vegetation, including: 
 

1. Growth and yield reductions in one or more portions of the plant because energy 
is diverted to protect cells attacked by ozone, rather than into growth of the plant.   

2. Causes plants to be more susceptible to insect and disease attack, due to chronic 
stress. 

33..  Symptoms may be present on the foliage.  
44..  Reduction in biological diversity.    

  
 

 
Figure 4.  The dark stipple on the upper leaf surface of two of 
the yellow-poplar leaves is attributed to high ozone exposures.   

 
 

SAMI’s Ozone Assessment 
 

Ozone impacts to forest resources have been a concern prior to the SAMI analysis (U.S. 
EPA 1996).  Lefohn et al. (1997) in another regional assessment of the southern 
Appalachians identified areas of concern for growth losses after combining two ozone 
parameters with soil moisture.  However, they could not provide regional estimates on 
ozone impacts to forest growth.  The purpose of the ozone portion of SAMI’s integrated 
assessment is to understand how ozone exposures in rural areas of the SAMI region 
would change under various emission reduction strategies, and how the changes in ozone 
exposure would affect growth of trees in forests, especially in the Class I areas. 
  
Approach:  Hourly average ozone values from April through October (growing season) 
were needed for each SAMI emission strategy, in order to conduct the regional and Class 
I analyses.  It was cost prohibitive to conduct an atmospheric modeling analysis to 
estimate a growing seasons of hourly average ozone values for each of SAMI’s control 
strategies.  Therefore, SAMI modeled a series of episodes selected to represent the range 
in ozone exposures (citation??).  The SAMI Effects Subcommittee choose the W126 and 
N100 ozone metrics (Lefohn and Runeckles, 1987) to examine how the SAMI control 
strategies would influence the distribution of hourly average ozone during the growing 
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season (Lefohn, 1998).  The W126 is a statistic that places a weight on each of the hourly 
average ozone concentration where values below 0.040 ppm are treated as 0, and above 
0.040 ppm the weight used to multiply the ozone concentration increases as the ozone 
concentration increases.  The maximum weight of 1.0 is applied to ozone concentrations 
of approximately 0.100 ppm and greater.  The N100 is the number of hours the hourly 
average ozone concentration is greater than or equal to 0.100 ppm.  Only the daily W126 
values where helpful for the episode selection (citation???) and episodes (days) selected 
for the atmospheric model did not include the N100.  However, the approach used to 
adjust the 1993 through 1995 ozone monitoring data using the atmospheric modeling 
results (Imhoff and Jackson, 2002) did allow for estimates of the W126, N100, and 
frequency distributions for the 13 ozone-monitoring sites (Figure 5).  Since the SAMI 
Ozone Effects Report did not include the use of N100 numbers, I think that we need to 
cut them out since this chapter is obviously way too long.   Also, there is no link made 
between N100 and ozone effects so on retrospect I guess N100 really should not be here. 
 

 
Figure 5.  Location of SAMI ozone regions displayed on 
top of a digital elevation model. 

 
 
Chappelka et al. (1996) and Lefohn (1998) provided SAMI with a summary of the known 
biological responses that could be predicted based upon ozone exposures.  For example, 
foliar symptoms are commonly found throughout the SAMI region, but the amount of 
foliar symptoms cannot be predicted based upon the ozone exposure.  Weinstein et al. 
(2000) described an approach used at Great Smoky Mountains National Park where 
changes in response of individual trees to changes in ozone exposure were modeled 
(using the TREGRO model), and the results used as inputs to a second model (ZELIG) 
that examined the dynamics of forest tree growth over time.  The TREGRO model 
(Weinstein et al. 1991) predicts how an individual tree species’ growth in total height, 
leaf area, and amount of fine roots would respond to changes in ozone.  The results from 
TREEGRO are then used in a second model called ZELIG (Urban et al. 1991) to examine 
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how the predicted changes for an individual species would affect competition among 
different tree species in a stand.   
 
Weinstein et al. (2002) performed the forest effects analysis for SAMI using the 
TREGRO and ZELIG simulation models.  Due to the complexity and costs of the 
modeling it was necessary to stratify the SAMI region into 13 different areas (Figure 5).  
One ozone monitor represented each region, and the ozone monitors were selected to 
represent low (< 500 meters), middle (500 to 800 meters), and high (greater than 800 
meters) elevation exposures (see Figure 2), and provide data within or near the Class I 
areas.  Next, using USDA Forest Service Forest Inventory and Analysis data (Hansen et 
al. 1992), the most abundant forest types in each of the 13 areas were determined.  Once 
the most abundant forest types were established, it was necessary to identify those species 
that had been calibrated for TREEGRO and also occupied five percent or more of the 
basal area of each forest type.  A TREGRO and ZELIG simulation was performed for 37-
forest types in the SAMI region (Weinstein et al. 2002).   
 
The TREGRO model was calibrated for the following tree species:  sugar maple (Acer 
saccharum Marsh.), red maple (A. rubrum L.), white ash (Fraxinus americana L.), 
yellow-poplar (Liriodendron tulipifera L.), loblolly pine (Pinus taeda L.), black cherry 
(Prunus serotina Ehrh.), and red oak (Quercus rubra L.).  These tree species have 
varying responses to ozone and were selected because:  1) the trees species was known to 
occur in the SAMI region, and 2) the physiological parameters needed to initialize 
TREGRO were available.  However, it should be noted that there are probably an 
additional 90 plus tree species in the SAMI region without this information, and the 
models assumed that ozone had no effect on any of these species (Weinstein et al. 2002).  
Furthermore, the SAMI analysis did not include any evaluation of how changing ozone 
exposures may affect the abundance or presence of forest herbs, or shrubs.   
 
SAMI’s modeling analysis reported changes in basal area as the metric to measure 
potential forest impact from different ozone strategies.  Basal area per se is the cross-
sectional area of a single tree stem, including the bark, measured at breast height (1.37 m 
above the ground).  Basal area (reported in m2 per hectare) is a common measurement of 
forest tree density in a stand that is easily obtained in ordinary forest inventories and can 
be reported by individual species or summed for the entire forest stand.   Because tree 
growth is an intermittent process characterized by changes in stem dimension over time, 
models such as ZELIG used in the SAMI analysis, can essentially report annual 
incremental changes in individual species density year by year. 
 
The SAMI Regional Analysis examined which forest types showed a measurable change 
in basal area by the year 2010 and 2040.  A threshold of three percent change was chosen 
because it is possible to measure this amount of change in basal area between forest 
inventories conducted numerous years apart.  Changes less than three percent could be 
due to errors in measurement or the models.   It is important to note that the regional 
analysis does not focus on how the area occupied by an individual tree species (expressed 
in terms of basal area) changes in a “typical” forest stand.  In contrast, the Class I 
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analysis examines whether any of the seven modeled species exhibit measurable changes 
in the basal area they occupy.   
 
Ozone Exposures.  Ozone exposures at the 13 ozone-monitoring sites had the greatest 
W126 values for the higher elevation (above 800 meters) sites, and Look Rock (793 
meters) (Table 1).  Higher W126 values are expected for the remote high elevation sites 
because nearby sources of NOx are not emitted in sufficient enough amounts to remove 
ozone during the nighttime hours (see Figure 2), which are included in the W126 
calculations. The Look Rock monitor is in the Great Smoky Mountains National Park and 
a short distance from Joyce Kilmer/Slickrock Wilderness.  Based upon data (W126 and 
N100) used by SAMI for 1993 through 1995, these two Class I areas received the greatest 
ozone exposures (Table 1). 
 
Typically, low and middle elevation sites had the greatest frequency of high ozone 
concentrations (Table 1).  This could be because the monitors are in close proximity to 
urban areas and/or areas with large amounts of highway or Interstate vehicle traffic.   The 
SAMI atmospheric modeling sensitivity analysis indicated ground-level releases of NOx, 
such as from highway vehicles, has a greater influence on ozone formation than NOx 
sources released high into the atmosphere, such as from utilities.  The Coweeta 
monitoring site had no N100 values and the lowest W126 of any site (Table 1).  The 
Coweeta monitoring site is located in a remote section of western North Carolina, with a 
moderate amount of highway vehicle traffic nearby. 
 
Table 1.  Elevation for each of the 13 ozone monitoring sites used in the SAMI analysis, 
and the 1993 through 1995 average (Base) for the W126 and N100*. 

Site 
Elevation 
(meters) 

Elevation 
Category 

Base  
W126 

(ppm – hours) 

Base 
 N100 

(number) 
Sipsey 301 Low 27.395 1.7 
Dawsonville 372 Low 27.831 4.0 
Table Rock1/ 415 Low 30.935 0.7 
Speedwell 400 Low 34.310 7.3 
Sawmill Run1/ 445 Low 43.432 12.7 
Coweeta 686 Middle 18.287 0.0 
Longcreek 658 Middle 32.330 1.3 
Parsons 505 Middle 33.305 3.3 
Look Rock 793 Middle 73.034 18.3 
Cranberry 1219 High 50.679 0.0 
Beardenknob 1175 High 63.383 1.3 
Horton Station 972 High 67.835 1.7 
Big Meadows 1073 High 74.940 2.0 
1/

  No ozone monitoring was conducted in 1995 at Table Rock, so the Coweeta 1995 data was used to 
substitute for the missing values.  Likewise no ozone monitoring was conducted in 1995 at Sawmill Run, so 
the Parsons 1995 data was used to substitute for the missing values (Weinstein et al. 2002).   
 
SAMI Strategies.  The SAMI emissions strategies have a large percent reduction in 
summer-time NOx emissions from the 1990 emission estimates (see Figure 1).  A 
reduction in NOx emissions throughout the SAMI region results in reductions of ozone 
exposures in forested areas. W126 values decrease for the A2 strategy in 2010 between 
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29 and 48 percent from the Base (1990 emission estimates), and in 2040 the range is 34 
to 52 percent (Figure 6).  The A2 strategy includes summer-time NOx reductions in the 
eight SAMI states as well as states adjacent to the SAMI region.  The B1 strategy 
includes a small amount of additional reductions in NOx from highway vehicles (see 
Figure 1) within the eight SAMI states.  The percent reduction in ozone from the Base for 
the B1 strategies is not much larger than that seen for A2.  The B1 results for 2010 are 
between a 32 to 51 percent reduction in the W126, and for 2040 the range in reduction is 
41 to 55 percent (Figure 6).  The B3 strategy represents the most aggressive control 
strategies with large summer-time NOx reductions by 2040 for the utility and highway 
vehicle source categories (see Figure 1).  Compared to 1990 emissions levels, reductions 
in the W126 for the B3 strategy in 2010 ranges from between 43 and 57 percent, and for 
2040 the range is 51 to 67 percent (Figure 6). 
 

 
Figure 6.  Percent reduction in the W126 from the 1993 through 1995 average (Base) for 
the three SAMI strategies at each of the 13 monitoring sites.  Sites are arranged first from 
low to middle to high elevations, and the Base W126 value are in ascending order for 
each elevation strata (see Table 1). 
 
 
The SAMI analysis predicts how the N100 statistic will change with each of the SAMI 
control strategies. The highest ozone concentrations are of concern because they are 
believed to result in greater ozone damage (U.S. EPA 1996).  Coweeta and Horton 
Station stations did not have any ozone concentrations greater than or equal 0.100 ppm 
(N100) in the 1993 through 1995 monitoring record.  The six sites that started with an 
average of less than two hours of N100 had those reduced to zero with the A2 strategy.  
Interestingly the Sawmill Run average N100 started at 12.3 (Table 1) and the A2 strategy 
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reduced the number to 0.  The remaining four sites saw further reductions in the N100 
statistic as the NOx reductions were increased (Figure 7). 
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Figure 7.  Percent reduction in the N100 for the 1993 through 1995 average (Base) for the 
three SAMI strategies at each of the 13 monitoring sites.  Sites are arranged first by low 
to middle to high elevations, and the Base N100 value are in ascending order for each 
elevation strata (see Table 1). 
 
 
The W126 and N100 statistics are used as surrogates for understanding how the hourly 
average ozone concentrations (distributions) change with reductions in summer time 
NOx.  The TREGRO model uses hourly meteorological, soil moisture, and nutrient status 
information to determine if the ozone is likely to penetrate into the stomata (Weinstein et 
al. 2002).  The SAMI strategies are not only reducing the N100 concentrations (Figure 
7), but also the frequency of hours greater than or equal to 0.060 ppm and 0.080 ppm 
(Table 2).  Figures 8 (Cranberry) and Figure 9 (Sipsey) show that there is a reduction in 
hourly ozone concentrations equal to and above 0.050 ppm and an increase in the number 
of hours that are between 0.030 and 0.049 as stronger NOx strategies are implemented.  
Lefohn et al. (1998) have reported that there is a point where the mid-level (0.060 – 
0.090 ppm) concentrations will experience fewer reductions in the hourly average 
concentrations than those above 0.090 ppm, even though there are large reductions in the 
emissions of ozone precursors.  Most likely this resistance is a result of natural 
background levels impeding further reductions in ozone with increasing control 
strategies.  It should also be noted that the SAMI analysis did not have large reductions in 
the number of hours below 0.030 ppm at the low elevation sites (Figure 9).  A decrease in 
the lower concentrations might be expected because there would be less NOx present in 
the evening and nighttime and there would be less nighttime removal of ozone by NOx, 
and the diurnal patterns would be weakened at low elevation sites.THIS HAS NOTHING 
TO DO WITH EFFECTS AND SHOULD PROBABLY BE DELETED  
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Table 2.  Three year totals or averages shown by SAMI strategy for Look 
Rock and Sipsey ozone-monitoring sites.  Data presented includes: 
number of hours >=0.060 ppm, 0.080 ppm, 0.100 ppm, average W126, 
and maximum average hourly ozone values.  – Check Look Rock W126 

Monitoring 
Site Strategy 

Number 
of hours 
>= 0.060 

ppm 

Number 
of hours 
>= 0.080 

ppm 

Number 
of hours 
>= 0.100 

ppm 

Average 
W126 
(ppm-
hours) 

Maximum 
1-hour 

average 
(ppm) 

Look Rock Base 3874 501 55 73.359 0.123 
 A2 2179 209 15 48.385 0.115 
 B1 1915 135 5 43.187 0.112 
 B3 1519 72 2 35.829 0.107 
       

Sipsey Base 1490 153 5 27.395 0.112 
 A2 640 17 0 15.899 0.098 
 B1 469 6 0 13.339 0.092 
 B3 251 2 0 10.581 0.085 
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Figure 8.  Comparison of frequency distributions of 2040 SAMI strategies at the 
Cranberry monitoring site, to the base strategy (April-October hourly ozone data for 1993 
through 1995 (100 percent data capture)).  THIS FIGURE PROBABLY SHOULD BE 
DELETED….IT IS NOT ADDRESSING EFFECTS. 
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Figure 9.  Comparison of frequency distributions of 2040 SAMI strategies at the Sipsey 
monitoring site, to the base strategy (April-October, hourly ozone data for 1993 through 
1995 (100 percent data capture)). THIS FIGURE PROBABLY SHOULD BE 
DELETED….IT IS NOT ADDRESSING EFFECTS.  
 
Regional Analysis:  The purpose of the regional analysis was to examine whether 
changes in ozone exposures could have a measurable affect on total stand basal area.  The 
SAMI region covers approximately 45,499,017 acres and 46 percent of the total forested 
area (32,360,457 acres) was represented in the modeling analysis (Table 3). The only 
forest types included in the analysis were those where one or more of the seven TREGRO 
modeled species were considered to occupy a “significant” portion of the stand basal 
area.  
 
Table 3.  A summary of the area within the SAMI region modeled in the ozone analysis. 

 
Ozone 
Region 

 
Total Area 

(acres) 

% of Total 
SAMI Area 

% of Total 
Area Occupied 

By Forests 

# of Forest 
Types  Analyzed 

% of 
Forested Area 

Modeled 
Bearden Knob 1,587,865 3 88 3 51 
Big Meadows 276,752 1 98 3 59 
Coweeta 2,671,151 6 85 3 50 
Cranberry 3,388,729 7 90 2 47 
Dawsonville 2,588,867 6 81 3 58 
Horton Station 1,983,225 4 82 3 42 
Longcreek 515,451 1 85 2 21 
Look Rock 3,122,356 7 80 3 68 
Parsons 8,619,342 19 68 3 61 
Sawmill Run 4,412,218 10 43 3 64 
Sipsey 8,952,186 20 75 2 28 
Speedwell 4,629,913 10 46 1 13 
Table Rock 2,750,964 6 76 2 35 



  5/24/2002 

  12 

 
 
The results for 11 of the 13 regions predicted changes of less than three percent in total 
stand basal area for each of the forest types when ozone is reduced beyond the Base 
exposures, i.e. they are below the level that could be measured under field conditions. For 
forest types showing significant results (greater than three percent change from Base), 
there was little difference between A2 and B1 (Table 4).  This was expected since the 
range in percent reduction in the W126 values was similar (Figure 6).  By 2010, there 
could be a measurable change in basal area in the loblolly pine-hardwood forest type in 
the Sipsey region if ozone exposures were reduced to A2 or B1 level, and further increase 
in stand basal area would be obtained at the B3 levels.  By 2040, implementation of the 
A2 or B1 strategies would increase basal area in two forest types in the Sipsey region, 
and one forest type in the Cranberry region.  Implementation of the B3 strategy would 
produce even greater measurable changes in two forest types in the Sipsey region, and 
two forest types in the Cranberry region when comparing the results to the Base (Table 
4). 
 
Table 4.  Forest types with modeled measurable (positive and/or negative) percent 
changes (noted in bold type) in basal area (BA) between the Base and A2, Base and B1, 
and Base and B3 SAMI strategies.  We need to do a better job explaining how we 
calculated the numbers, and it would be more instructive to show incremental change    B 
to A1 , A1 to B1 and B1 to B3. 
 

Year Ozone 
Region 

Forest 
Type Acres 

Net % 
Change in 
BA from 
Base to 

A2 

Net % 
Change in 
BA from 
Base to 

B1 

Net % 
Change in 
BA from 
Base to 

B3 

2010 Sipsey 
Loblolly 

pine-
hardwood 

715,440 9.3 9.5 12.4 

       

2040 Sipsey 
Loblolly 

pine-
hardwood 

715,440 16.5 16.4 22.7 

2040 Sipsey 
Loblolly 

pine 
1,171,358 3.8 3.8 5.2 

2040 Cranberry 

Yellow 
poplar-

white oak-
northern 
red oak 

423,759 4.6 5.7 8.2 

2040 Cranberry 
Mixed 
Central 

Hardwood 
1,004,915 2.3 2.5 3.1 
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Class I Analysis:  Seven of the 10 Class I areas had sufficient information on forest types 
to use results from the regional simulations to analyze how basal area will change as a 
result of the three SAMI strategies.  Positive and negative responses of three percent or 
greater were found for several species/forest type combinations at all seven of the Class I 
areas (Table 5).In general, as the SAMI strategies reduce ozone levels (Table 5) there are 
fewer species with negative basal area responses as different strategies increase ozone 
control. Also, there is a greater range in basal area response for those species that had a 
positive response to the B3 SAMI strategy.   
 
Uncertainties:  Weinstein et al. (2002) used an asterisk system to describe their 
confidence about how a factor influences the assessment predictions.  Their findings are 
listed below and the more asterisks an item has means there is greater confidence in the 
factor:   I do not like how the uncertainties are presented.   I would prefer this in a 
paragraph form. 
 1.  Assemble ozone and meteorology scenarios 
**** Selection of ozone data from 1993 to 195 for base case. 
***** Use of auxiliary data and regressions to fill gaps in ozone and met data. 

*** 
Extrapolation from event-based regional scenarios to hourly inputs for 
TREGRO. 

 2.  Extrapolate from experimental data to mature tree response 
 TREGRO parameterization: 
**** Size of internal pool of available carbon. 
**** Root turnover rate. 
*** Carbon budget for some species at some sites. 
**** Assumption of linear response to cumulative ozone dose. 
*** Characterization of ozone response based on single or few studies. 
**** Non-linearity in TREGRO predicted response to ozone. 
 3.  Extrapolate from individual trees to forest stands 
**** Ability of gap models to capture important forest dynamics. 
***** Details of linkage between TREGRO and ZELIG. 
 ZELIG parameterization: 
*** Initial stand structure. 
***** Variation in dynamics among simulated plots. 
 4.  Extrapolate simulated effects on stand growth to a large region. 
*** Regional coverage of data on soil texture and nitrogen availability. 
*** Regional coverage of data on spatial patterns of ozone exposure. 
*** Use of a single stand to represent responses across a large region. 
 5.  Factor not included in Analysis. 
**** Genetic variability in response to ozone. 
***** Representation of sites that may be especially vulnerable to ozone. 
***** Effects of forest management. 
**** Interaction of drought and ozone stress (included in analysis to a limited extent. 
*** Adequacy of data on the ozone response of common tree species. 
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Table 5.  A summary of the number of modeled species predicted to show measurable increasing and decreasing c
of basal area by the year 2040, comparing SAMI strategies Base to A2, B1, and B3 in the seven SAMI region Clas
to do a better job explaining how we calculated the numbers, and it would be more instructive to show incremental 
A1 to B1 and B1 to B3. 
 

CLASS I AREA   

% of Class I 
Area  

Ozone 
Region  

# Of Forest 
Types 

Represented 

# of 
Species 
Modeled 

# of Species Changing 
between Base and A2 

# of Species Changing 
Between Base and B1 

# o
B

          

# increasing 
and range 

# decreasing 
and range 

 

# increasing 
and range 

# decreasing 
and range 

 

# in
an

Great Smoky 
Mountains National 
Park (520,977 acres) 

        

North Carolina 
48 Cranberry 2 5 3 

10.2 – 16.2 
0 3 

7.4 – 17.8 
2 

-3.1 and -3.5 6.

 Tennessee 
48 Look Rock 2 5 3 

3.9 – 8.9 
3 

-6 to -13.7 
1 

12.2 
1 

-5.7 4.4

Shinning Rock 
Wilderness (18,500 
acres) 

71 Cranberry 3 3 2 
10.2 – 21.8 0 3 

7.4 – 25.5 
2 

-3.5 and -5.0 7.

Joyce 
Kilmer/Slickrock 
Wilderness (17,013 
acres) 

76 Cranberry 3 3 
2 

10.2 and 
21.8 

0 3 
7.4 – 25.5 

2 
-3.5 and -5.0 7.

Linville Gorge 
Wilderness (10,975 
acres) 

10 Cranberry 2 3 
2 

10.2 and 
21.8 

0 3 
7.4 – 25.5 

2 
-3.5 and –5.0 7.

Shenandoah 
National Park 
(197,060 acres) 

55 Big Meadows 3 5 
2 

10.2 and 
14.3 

3 
-5.4 to -20.2 

3 
3.3 – 9.8 

3 
-3.4 to –10.7 4.

James River Face 
Wilderness (8,886 
acres) 

77 Sawmill Run 1 3 1 
3.9 

0 0 0 

Sipsey Wilderness 
(25,906 acres) 70 Sipsey 2 3 2 

5.5 and 53.8 
1 

-87 
2 

5.6 and53.2 
1 

-95.7 7.8
1/  The numbers in the last six columns represents and effect on a species in one or more forest types.
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Key Findings:   THESE KEY FINDINGS ARE VERY DIFFICULT TO FOLLOW. 
 

•  All the SAMI strategies result in large NOx reductions in the summer, especially 
for the utility source sector, in comparison to the base 1990 emission estimates. 

•  The SAMI strategies for A2 and B1 strategies had similar range in percent 
reductions in the seasonal W126. 

•  The B3 strategy had greater percent reductions in the W126 than the A2 or B1 
strategies. 

•  Each of the SAMI emission strategies reduced the frequency of hours greater than 
or equal to 0.050 ppm of ozone, and there is an increase in the number of hours in 
the 0.030 to 0.049 ppm range.  These lower concentrations are unlikely to cause 
significant impact to forest trees. 

•  B1 and B3 SAMI strategies do not result in measurable improvements in basal 
area for most SAMI areas.  However, there were measurable improvements in 
basal area for the loblolly pine-hardwood forest type with a maximum of 22.7 
percent for the B3 strategy in comparison to the Base in 2040.  Improvements 
were also predicted to occur in the Cranberry region. 

•  For the species used in the TREGRO analysis at the Class I areas there were 
fewer species with negative basal area response and a wider range in the positive 
response with the Base to B3 results in comparison to the Base to A2 or B1. 

 
CONCLUSIONS   (We need to make sure we include the bullets that we developed as a 
subcommittee and TOC for the last few months. 
 
Forests are dynamic and forest species composition changes over time 
In response to ozone changes under SAMI strategies:  
 

•  Shifts in competition between species within forest stands appears to be the major 
ozone effect  

•  Total basal area of forests in SAMI region is likely to be unchanged  
•  Forest types are unlikely to shift in abundance 
•  Tree mortality in direct response to ozone is not expected 

 
The response of forests in the class I areas is similar. 
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