
[Emissions Inventories and Reduction Strategies 
 
 
INTRODUCTION 
 
To assess the impact of ozone, fine particles and acid deposition on the forest, streams and vistas 
of the Southern Appalachians, SAMI quantified the amount of precursor pollutants being emitted 
into the atmosphere. Thus, the emission inventory is the starting point of the SAMI analysis.  
This inventory estimates the emissions of several different pollutants from all human activities. 
Those activities are divided in to five source sectors: 
 
•  Utility Sector - facilities that burn fossil fuels to generate electricity (Hydroelectric, nuclear 

or other non- fossil fuel sources of electricity were not considered in the inventory); 
•  Industrial Point Source Sector  - large industrial facilities that manufacture goods;  
•  Highway Vehicle Sector - includes gasoline powered and diesel powered vehicles designed 

to operate on the roadways; 
•  Non-Road Engine Sector - includes planes, trains, boats, recreational vehicles and 

construction equipment; 
•  Area Source Sector - includes agricultural sources, small industrial, commercial and paved 

and unpaved roads. 
 
The pollutants inventoried are the chemical precursors to acid formation, ozone and fine 
particulate: NOx, VOC, SO2 and NH3.  Also quantified were other pollutants that were 
themselves fine particles (PM2.5 and PM10) or were important to the overall atmospheric 
chemistry that had to be modeled to achieve the integrated assessment. This chapter discusses the 
methods used to create the emissions inventory and the resultant inventories for the most 
significant pollutants. 
 
This inventory had to meet several objectives.  Because SAMI's goals include predicting what 
future conditions might be like given different levels of emission controls it was essential to 
develop a base year inventory and then vary that inventory according to the year and conditions 
being projected. The base year emission inventory contained emissions for all source sectors in 
1990.  This year was chosen because EPA had already developed an inventory for most of the 
pollutants and activities of interest to SAMI for 1990. While the primary area of interest is the 8 
states that contain the 10 Class I wilderness areas of the Southern Appalachian Mountains 
(Figure 3.1), the initial inventory had to be much more extensive covering essentially the eastern 
two thirds of the country.  Once the base year data was accumulated, reference cases were 
developed based on a specific level of emission control that could be foreseen for 2010 and 
2040. The A group _____? Once this work was completed it was possible to create potential 
alternative control strategies and calculate what the emissions would be assuming the levels of 
control created for each strategy. These are collectively referred to as the B-group strategies. 
This chapter will detail the controls assumed for each of these strategies and the resultant levels 
of the most important pollutants.  Uncertainty inherent to the analysis will also be discussed 
along with the discussion of the development of each phase of the inventory. 
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[INSERT FIGURE 3.1: SAMI GEOGRAPHIC DOMAIN] 
 
OBJECTIVES 
 
 

Establish 1990 emission data from the five source sectors for a variety of pollutants 
including NOx, SO2, NH3, PM2.5, PM10, VOC, CO. From the emission estimates of 
particles (PM10 & PM2.5), estimates of elemental carbon, organic carbon, primary 
sulfates, primary nitrates and base cations (calcium, magnesium potassium and sodium) 
were derived.  The emissions were both quantified in terms of daily emissions and 
located at the county level.  This chapter will summarize these result as annual totals (in 
most cases) at the state or region level.  
 
Provide episode-specific emissions for the nine week-long time periods between 1990 
and 1995 that were selected as the episodes to use in the atmospheric model. The 
inventory was adapted to the model which then used this data to determine ozone 
concentration, fine particle concentration and acid deposition at specific locations (see 
Chapter 4 for more information on atmospheric modeling).  The adaptation included 
adjusting the emissions for the actual temperatures and activities that occurred during the 
time periods in question.  The episodes selected were from different seasons representing 
different atmospheric conditions and required inventories that were very specific in their 
temporal and spatial distribution of emissions. 
 
Project emission inventories for a reference case for the years 2010 and 2040.  A 
reference strategy of specific, anticipated regulations was selected and then the inventory 
was calculated based on those regulations and the growth in population and energy 
demand in the SAMI states.  
 
Project emission levels for the B-group strategies representing differing levels of controls 
in each of the source sectors for the years 2010 and 2040. 
 
Provide episode-specific emissions for 2010 and 2040 for each SAMI strategy for use in 

the air quality model. 
 
The emission inventory provides the foundation of the cost estimates for various levels of 
emission reduction effort in the projected cases.  It also provides the foundation for socio-
economic analysis. 

 
1990 BASE YEAR EI 
 
The 1990  emission inventory took information from several other inventories which had already 
been developed.  The inventory developed by the Ozone Transport Assessment Group (OTAG) 
was the starting point for the SAMI inventory.  The OTAG inventory quantified emissions of 
ozone precursors for the District of Columbia and the 37 states which form the eastern two-thirds 
of the United States (Figure 3.2), which ?????.  This was the same geographic area necessary for 
SAMI's modeling. The OTAG inventory was also chosen because the data for all the SAMI 
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states and most of the other states was actually provided by the states themselves. Additionally, 
the inventory was developed in 1995 and 1996 providing a good source of data regarding 1990.  
The OTAG inventory included NOx, VOC and CO emissions only, therefore SAMI obtained the 
remaining pollutant data from EPA's 1990???? NET (National Emissions Trends) inventory. 
These two inventories were melded and then enhancements were made specific to the SAMI 
inventory. 
 
[INSERT FIGURE 3.2: ATMOSPHERIC MODELING DOMAIN] 
 
Essential to the SAMI emissions inventory was a rigorous quality assurance process that 
included both internal and external review. Internally, the inventory was compared with existing 
inventories to assure that the SAMI estimates were in line with previous studies and to find and 
include any missing categories of emissions. Once this process was complete the inventory was 
made available to states, local governments, utility, industry and other stakeholders. Three 
iterations of review and correction were conducted. The resulting inventory is perhaps the best 
and most comprehensive inventory conducted at the time. However confidence still varies 
greatly from area to area in the inventory and many updates to the NET inventories have 
occurred since.  Future assessments would begin with these more recent inventories and improve 
them from that point.   
 
Uncertainty 
 
It is important to note that the process of inventorying emissions from all human activity is not 
an easy task that provides unambiguous answers. Emissions from electricity producing utilities 
and industrial facilities (these are often referred to as point source emissions because the 
pollutant is released from a smokestack at a known non-moving point) are relatively easy to 
quantify. Pollutants from a variety of other activities include trucks and automobiles, other 
combustion engines, farming activities, commercial activities etc. can be much more difficult to 
quantify. Often the task is complicated mathematically and assumes we know the level of 
emission that is generated and released by a certain activity and then how much of that activity is 
conducted over a certain period of time.   
 
For example, how much air pollution is generated by chainsaws? The answer depends on the 
emission factors of a chainsaw, how many there are in the area, how much they are operated over 
what period of time and where the are operated. Estimating that number requires making many 
assumptions. Each assumption leads to uncertainties in the analysis.  Table 3.1 provides a 
qualitative comparison of confidence between certain pollutants based on their source sector.  
 
[INSERT TABLE 3.1: 1990 BASE YEAR CONFIDENCE LEVLELS] 
 
This ranking was developed by SAMI as a qualitative aid to understand both the strength and 
limitations of the emission inventory and are consistent with the levels of confidence inherent to 
all emission inventories developed to date. The assessment of this ranking is supported by a more 
rigorous analysis that was conducted (reference the DARS report).   
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It is much easier to estimate point source emissions with a high degree of confidence than it is 
highway vehicle and non-road engine emissions. Likewise  it is extremely difficult to estimate 
area emissions with much confidence. The uncertainties of the 1990 emissions remain 
throughout the analysis. Estimates of future pollutants are by necessity more uncertain than the  
1990 emissions for that pollutant. The SAMI process has highlighted the need for an improved 
estimate of ammonia emissions that can be used with a higher degree of confidence in this type 
of analysis.  
 
From Inventory to Model 
 
A three-step process was used to integrate the  1990 inventory with the modeling. First the data 
was grown to the appropriate year in which the particular modeled episode occurred (1993, 1994 
or 1995). Second, the emissions were allocated to average daily emissions for the episode 
season.  ????? I am not sure what this Second step means ???? And third, the data was formatted 
as model input data. 
 
 
DEVELOPMENT OF REFERENCE STRATEGIES 
 
To develop the reference strategies for 2010 and 2040, SAMI projected from the baseline various 
scenarios with differing levels of future pollutant-producing activities and control programs.  
Population in the eight-state SAMI area is projected to increase in the period from 1990 to 2040.  
Electricity demand and vehicle miles traveled will increase even more rapidly.  [Need to explain 
that these are averages across the 8 SAMI states.]  It is anticipated that vehicle miles traveled 
will increase by 70% from the 1990-level by 2010 and 170% by 2040. Likewise it is anticipated 
that electricity demand will increase by 50% in 2010 and by 100% by 2040. The source of these 
projections are ***** (Figure 3.3). 
 
[INSERT FIGURE 3.3: POPULATION, ELECTRICITY, AND VEHICLE PROJECTIONS] 
 
It was assumed that the current land use and lifestyle trends continue into the future. Also, no 
technology that is not already existing or anticipated was considered. It was assumed that 
increases in electrical generation would occur at the same location as the increase in demand. 
Utility plants were generally assumed to retire after 65 years of life.  However, large coal-fired 
units that reached 65 years of age were assumed to continue operating after being retrofit with 
SO2 and year-round NOx controls (“repowered”). 
 
Two potential reference strategies were developed - A1 and A2. The A1 emission inventory 
assumed that the regulations promulgated at the time the inventory was developed would remain 
unchanged into the future.  The A2 emission inventory included regulations that had been 
proposed but not yet promulgated at the time the inventory was developed. Over time it became 
clear that the A2 strategy more close predicted the baseline conditions expected in 2010 or 2040, 
so it became the reference strategy to which other strategies were compared.  To the extent 
possible, SAMI predicted in the A2 strategy the regulations that would be in force in 2010 and 
2040 if no further actions were taken. Thus, the controls that are assumed to exist in the 
reference strategy, referred to as A2, are the acid rain controls (Title IV of the 1990 CAA),  
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[redundant with respect to the NOx SIP call?], the Tier II highway vehicle and fuel rules, the 7-
10 year MACT rules and the NOx SIP call.  A2 does not include the regional haze rules, the 8-
hour ozone standard, or the NAAQS for PM2.5.  
 
Resultant Emissions - Reference Strategies 
 
The regulations assumed by the A2 strategy have the greatest impact on SO2 and NOx 
emissions.  Despite the increases in activity, the A2 strategies predict decreases in both NOx and 
SO2.  Figure 3.4 compares the base year and the reference strategy for 2010 and 2040 for the 
five key pollutants of NOx, SO2, VOC, PM2.5 and NH3 aggregated over the entire SAMI 
region.  Each bar is segmented into the five source sectors. The utility source is the source sector 
that generates the largest quantity of SO2 and experiences the greatest reduction in SO2 
emissions.  For all the SAMI states and sectors, SO2 is reduced by 23% by 2010 and by 61% by 
2040.  The utility and highway vehicle source sectors generate most of the NOx emissions. 
Annual NOx emissions are reduced by 24% by 2010 and by 37% by 2040.  The VOC emissions 
in the SAMI states experience a reduction between 1990 and 2010, but then experience a 39% 
increase between 2010 and 2040.  The NH3 and primary fine particle levels increase over time, 
which would be expected since the controls assumed do not effect these pollutants and there is an 
increase in activity. 
 
[INSERT FIGURE 3.4: EMISSIONS PROJECTIONS] 
 
The inventory database is available at the SAMI archive [MORE INFORMATION WILL BE 
ADDED]. The inventory can be viewed at the state level for each of the seven pollutants broken 
out by source sector.  
 
If SO2 is considered at the state level (Figure 3.5), SO2 emissions are projected to rise in NC, 
SC, and VA between 1990 and 2010. Emissions in all states are projected to fall below 1990 
levels by 2040. Utility plans vary state to state in terms of increased production and controls thus 
accounting for the difference in state emission trends. Based on information from Utility 
representatives to the SAMI process, it was determined that the eight SAMI states would exceed 
the SO2 cap allowed by Title IV by 1 million tons of SO2.  Utilities in the SAMI states indicated 
that they would buy allowances under the Title IV trading program. The inventory modeled this 
behavior by assuming that scrubbers would be installed on 106 sources outside the eight SAMI 
states.  For other pollutants, the reductions within all states are consistent with the regional trend. 
 
[INSERT FIGURE 3.5: ANNUAL SO2 EMISSIONS-8 SAMI STATES] 
 
Uncertainty 
 
The following tables identify for the A2 strategy the percentage of emissions in each year that 
comes from each source sector.  This provides for an understanding of the significance of each 
source sector in the inventory of a specific pollutant. For example, the utility sector is the major 
source of SO2 emissions.  Likewise for NH3 and primary PM2.5, only the area source sector is 
significant.  The majority of PM2.5 in the atmosphere is produced through reaction of other 
primary pollutants, especially SO2, NOx and NH3.  [This paragraph makes no sense.  One 
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cannot use the fraction of an emission from a sector to address uncertainty.  This section needs to 
be rewritten and needs to decide if it wants to discuss uncertainty or what source category is 
bigger for a particular emission.] 
 
 

Table 3.2 
Emissions Contribution by Sector and Pollutant in 2010 A2 

 
 Annual Emission Contributions Percentages NOx 
Sector VOC NOx SO2 PM2.5 NH3 OSD 
Utility 0 30 70 3 0 16 
Highway 25 24 1 2 11 35 
Nonroad 9 15 3 6 0 22 
Area 45 14 11 79 85 11 
Point 21 17 14 10 4 18 
Total 100 100 100 100 100 100 

 
 

 
Table 3.3 

Emissions Contribution by Sector and Pollutant in 2040 A2 
 

 Annual Emission Contributions Percentages NOx 
Sector VOC NOx SO2 PM2.5 NH3 OSD 
Utility 0 19 43 2 0 17 
Highway 26 27 2 2 13 30 
Non-road 8 16 10 5 0 20 
Area 44 18 23 82 83 13 
Point 23 20 22 10 4 20 
Total 100 100 100 100 100 100 

 
 
DEVELOPMENT OF THE CONTROL STRATEGIES 
 
One of SAMI's tasks was the development of a series of control scenarios.  These strategies were 
not based on existing or anticipated regulations, but were based on potential course of actions 
that the SAMI states and the stakeholders could take in the future.  These strategies were 
developed to assess the effects on the environment from different emission levels.  Three 
strategies with increasingly stringent emission controls were developed for both 2010 and 2040, 
these strategies are referred to as B1, B2 and B3. [NEED A FOOTNOTE PERHAPS THAT 
LINKS THE B DESIGNATIONS WITH THE OLD BOLD NAMES?] In general, the SAMI 
participants designed these three strategies from these conceptual starting points: 
 
•  B1 - state-of-the-art controls applied to all sources.  Logistic constraints and other practical 

considerations are considered. 
•  B2 - state-of-the-art controls applied to all sources as soon as possible. 
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•  B3 - [this is not the definition of B3, which included some language to the effect of: 
“irrespective of cost and feasibility”.] 

 
Appendix A outlines all the B-group strategies by sector. Brief discussions of methods used to 
approach the strategy concepts outlined above are offered below.  In general, any given strategy 
will be more stringent in the year 2040 than in the year 2010. It is also important to note that 
these controls and the resulting inventories were calculated for the eight SAMI states only.  
Working on the assumption that greater controls would only be adopted by the participants in 
this process, the inventory of emissions for the remaining states were held the same for 
determining effects of these strategies in the southern Appalachian mountains. This is a brief 
description of the control assumptions for each sector and strategy.  For all of the details please 
reference the Pechan report (??? reference, where, title???).  
 
Utilities 
 
For SO2 removal for existing units it was assumed that more efficient scrubbers would be put on 
more units in each of the more stringent strategies. In  2010 B1, half of the unscrubbed capacity 
9startign with the largest boilers first) had to meet an emissio rate of 0.4 #/MBtu. The same 
approach was used in the B2 case, however the new  emision rate was 0.2 #/Mbtu. In the B3 case 
all unscrubbed units of greater than 25MW capacity were assumed to have 95% efficiency 
scrubbers. In 2040 for the B1 strategy, the emission rate  was 0.4 #/Mbtu for units less than 65 
years old and 0.3 #/Mbtu for units over that age.  For B2 in 2040, existing units were controlled  
to an emissio rate of 0.2 #/Mbtu; and for B3 they were all controlled to 98% efficiency.  New 
power plants added between 2010 and 2040 are assumed to be a weighted average of the 
following three generation types and fuels: 20% pulverized coal, 40% natural gas combined-
cycle, and 40% gasified coal combined-cycle. In the B2 and B3 strategy it has been assumed that 
none of these new units would be pulverized coal and that the units would be split equally among 
the other two types. This assumption lowers the composite SO2 rate from 0.025 lbs./MMBtu to 
0.0116 lbs./MMBtu.  
 
For NOx emissions the assumptions of fuel mixture for new units also applies. For existing units 
the following controls apply: In 2010 and 2040 B1 it is assumed that the controls that are in place 
for the NOx SIP call would be operated year-round instead of just during the ozone season.  All 
units that are controlled would be controlled to either the emissions achieved for the SIP call or 
0.15 lbs./MMBtu, whichever is less. Likewise the B2 strategy would be the same except the 
maximum emission rate would be 0.10 lbs./MMBtu. In the B3 scenario, the emission rate of 0.07 
lbs./MMBtu year-round was used for 2010 and 0.05 lbs./MMBtu for 2040. 
 
Industrial Sector 
 
Similar approaches were used in the strategies for the industrial sector. In general, greater and 
greater level of controls were added to more and more units as the strategies became more 
stringent. See Appendix A for greater detail of the industrial sector.  The control levels outlined 
in the B2 and B3 strategies were not deemed achievable by the utility and industrial sectors by 
the time periods indicated.    
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Highway Vehicle 
 
Additional emission reductions from highway vehicles were achieved for each strategy by 
continually more aggressive implementation of several strategies. First in developing the B 
strategies from the A2 strategy, it was assumed that fleet turnover would occur at a faster than 
natural pace and that a greater percentage of the fleet would achieve the 2004 Tier II controls in 
the year 2010.  It was also assumed that a percentage of the fleet would convert to zero emission 
vehicles - in the 2040 B3 case 100% of the light duty vehicles are assumed to be ZEV's.  The 
other control assumed is reduction in the growth rate of vehicle miles traveled.  Similarly, heavy-
duty vehicles, which would be predominately trucks and exclusively diesel-powered vehicles, 
are assumed to increase fleet turnover resulting in greater percentages of the fleet meeting the 
2007 emission guidelines in 2010. In 2040 there are significant portions of the fleet that are 
assumed to have converted to ZEV and there is the assumption that some of the vehicle miles 
traveled con be converted to rail traffic. There are also increasing stringent reductions in the 
amount of sulfur in diesel. 
 
Non-road Engine  
 
The non-road engine sector includes the variety of motors and engines used for all other 
activities besides passenger cars and trucks, such as airport service equipment, gasoline powered 
lawn and garden equipment and recreational vehicles, all diesel engines except trucks including 
boats and trains, and construction equipment and aircraft engines. The different strategies 
involved increased reliance on ZEVs in the many of these categories.  Strategies also included 
decreasing the level of sulfur in diesel 
fuel, and increased penetration rates for the 2007 diesel engine standards and the clean aircraft 
rules. 
 
In both the non-road and highway vehicle sector it is unclear whether it will be technically 
feasible to reach the levels of ZEV usage or other fleet turnover options.  Likewise the feasibility 
of VMT reductions are uncertain because SAMI has projected unprecedented levels of VMT 
reduction.   
 
Area Sources 
 
The area source sector is considered by pollutant type.  Thus there are five categories of 
pollutants for which there are area sources and then specific sources that generate each of those 
pollutants.  There is significant overlap in the sources that generate SO2 and NOx, with all of 
these sources being some type of combustion. There are also sources for PM10, PM2.5, 
ammonia and VOC. Instead of identifying specific types of controls, as was done for the other 
source sectors, for area sources it was determined what level of reduction would be assigned to 
each source in each strategy. See the appendix/table for the specific reduction percentages.  
Again, at the B3 level and in some cases at the B2 level, it is not clear that the reductions 
included in the strategy are technically achievable. This is true, for example, in the area of 
ammonia reduction. 
 
Results: Application of Emission Reduction Strategies 
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This section will emphasize the emission inventory results of the three pollutants that are most 
significant to the SAMI analysis, remembering that the goal of SAMI was to analyze the levels 
and affects of ozone, acid deposition and fine particle haze on the Southern Appalachia's Class I 
wilderness areas.  Those pollutants are NOx, SO2 and NH3.  Graphics in this section will 
compare the 1990 baseline to the A2 reference strategy and to either the B1 and B3 strategies or 
all of the B strategies.  VOCs are a significant  contributor to the chemistry of ozone formation; 
there arebiogenicVOCs  and man-made (anthropogenic) VOCs. This section only discusses man-
made VOCs.  The pattern of VOC emissions over the study years and under various strategies 
can be seen in (Figure 3.6), VOCs and primary particles will also be discussed briefly. Other 
pollutants including carbon monoxide can be examined in the annual inventory but are not 
discussed in the text. 
 
[INSERT FIGURE 3.6: ANNUAL STRATEGY EMISSIONS] 
 
SO2 
 
Total reductions from each B-group strategy compared to A2 are (Figure 3.7): 

•  In 2010,  B1 - 34%, B2 - 44%, B3 - 81% 
•  In 2040, B1 - 48%, B-2 - 60%, B3 - 79% (relative to 2040A2) 
•  Also, 2040 A2 strategy is 51% of 2010 A2 

 
[INSERT FIGURE 3.7: ANNUAL SO2 EMISSIONS] 
 
The A2 reference case, as discussed previously, would reduce SO2 levels from the 1990 baseline 
by 23% in 2010 and by 61% in 2040.  The utility sector contributes most to SO2 emissions.  This 
sector also experiences the greatest emission reductions, through increasingly tighter controls on 
more and more units and switching from pulverized coal to cleaner emitting coal technology and 
other fuel types. In the utility sector in 2010, the B1 and B2 strategies require scrubbers of 90% 
and 95%  efficiency respectively on 50% of the capacity that still did not have scrubbers. The B3 
strategy required scrubbers of 98% efficient on 100% of the unscrubbed capacity. 
 
The 2040 strategies for the existing utility facilities were similar (??? What does this mean ???). 
There was also the recognition that by 2040 there would be new plants to meet increasing 
demand and many utility plants would be retired (an active life of 65 years was assumed for 
power generating facilities). These new facilities were assumed to consist of a weighted average 
of the following generation technology and fuel types: 20% pulverized coal, 40% integrated 
gasification combined-cycle and 40% natural gas combined-cycle in the A2 reference case and 
the B1 strategy. In the B2 and B3 strategies the percentage of pulverized coal was dropped to 0% 
and the other two were each raised to 50%.   These are the approaches by which utility sector 
reductions of SO2 were assumed to be accomplished. 
 
In addition to the significant reductions in the utility sector, there are small reductions in the area 
and non-road vehicle sectors through fuel switching.  There is very little SO2 emission reduction 
from the industrial source sector because there are so many small sources that none of the 
approaches assumed the depth of controls that would significantly change this sector. It is worthy 
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of note that the B1 and B2 strategies implemented in the year 2010 would accelerate annual 
emissions reductions that would be achieved through the A2 reference strategy alone by 2040. 
The 2010 B3 strategy would create emission reductions greater than the reference strategy in the 
year 2040.  
 
Although there are significant uncertainties, confidence in the SO2 inventory is the highest of all 
the pollutant inventories developed.  
 
 
NOx 
 
The largest sources of NOx are the utility and highway vehicle sectors and the greatest 
reductions are also in these sectors (Figure 3.8). NOx reductions in the utility sector are achieved 
by placing tighter controls in each subsequent strategy. NOx control on utility boilers is achieved 
by use of  selective catalytic reduction (SCR). New units and replacement units are also assumed 
to have tighter controls. In the highway vehicle sector the strategies presume increasing 
penetration of the TIER II rules which take effect in 2007 and greater conversion to zero 
emission vehicles.  It was assumed that ZEV's did not cause an increase in electricity demand.  
 
[INSERT FIGURE 3.8: ANNUAL NOX EMISSIONS] 
 
Total reductions from each B-group strategy compared to A2 is:(Figure 3.8) 
•  In 2010, B1 - 27%, B2 - 45%, B3 - 63%.  
•  In 2040, B1 - 39%, B2 - 57%, B3 - 76%. 
•  Also, 2040 A2 is 83% of 2010 A2. 
 
 
The 2010 A2 strategy requires NOx reductions in the summer months only, since NOx is a 
precursor to ozone formation and ozone is a summertime pollution problem because both 
sunshine and warm temperature promote the chemical reactions that generate and accumulate 
ozone. All of the B-group strategies require year round control.  However state policy makers 
continue to be interested in the summer inventories, so these inventories for NOx were also 
prepared to assist in assessing what controls might be best suited to alleviating ozone issues 
(Figure 3.9) 
 
[INSERT FIGURE 3.9: SUMMER DAY NOX EMISSIONS] 
 
NH3 
 
Ammonia emissions are almost exclusively from agricultural sources such as animal waste 
products from concentrated animal feed lots, and fertilizer production and application.  In the 
reference strategy, ammonia emissions increase with activity as there are no significant controls 
assumed in the area of ammonia emission controls.  As greater controls are envisioned in the 
different strategies, reductions are accomplished, but it is not until the B3 strategy that emission 
levels are significantly less than 1990 levels (Figure 3.10).  Ammonia emissions are more 
significant in the area of fine particulate development and acid deposition than was recognized at 

Formatted: Bullets and Numbering

Deleted: Confidence of

Deleted: pollutants in the analysis. 

Deleted: Utility and Highway Vehicle

Deleted: created

Deleted: even

Deleted: Highway

Deleted: -

Deleted: <#>2040 A2 is 83% of 2010 
A2.¶

Deleted: the same

Deleted: level of control year round.

Deleted: were prepared by SAMI to 
assist in deciding

Deleted: the

Deleted: problem

Deleted: coming from

Deleted: foreseen

Deleted: strategy

Deleted: levels. (Figure 3.10)



the beginning of the SAMI assessment. The level of confidence in the baseline NH3 inventory is 
very low because it is more difficult to assess emissions from area sources. For example, 
estimating agricultural emissions from animal operations requires estimating the emission from 
each animal and then estimating the level of activity. The development of reference strategies 
required assessing the growth in the number of animals.  This inventory was developed using 
economic growth of the agricultural sector as a surrogate for the number of animals. While these 
assumptions make it clear that there is a high level of uncertainty in this inventory - it is not even 
clear if the inventory under predicts or over predicts ammonia production from these sources.  
The B strategies were designed to achieve specific percentage reductions in ammonia emissions - 
it is highly uncertain that reductions of emissions from livestock of greater than 30 to 40% could 
ever be achieved. [This statement needs to be caveated and even then goes too far.] 
 
[INSERT FIGURE 3.10: ANNUAL NH3 EMISSIONS] 
 
Ammonia is significant in the development of fine particulate, it is also a significant contributor 
to the overall nitrogen deposition.  To begin to understand this contribution, SAMI also 
calculated the total nitrogen emissions, as nitrogen from both the NOx sources and the NH3 
sources (Figure 3.11). 
 
[INSERT FIGURE 3.11: ANNUAL NITROGEN EMISSIONS] 
 
OTHER POLLUTANTS: 
 
VOC emissions come from three source sectors: area, highway vehicle and industrial. In the A2 
strategy there are reductions from the highway vehicles sector that result in VOC emissions to 
being less in 2010 than in 1990. These reductions are more than overwhelmed by the growth in 
activity in several sectors, including the industrial sector, by 2040. In the B-group strategies the 
most significant reductions are seen in the highway vehicle sector as the strategies call for lower 
emission vehicles in 2010 and more ZEV in 2040. Also the B3 strategy calls for significant 
reduction in VOC emissions from area sources. 
 
Emissions of primary PM2.5 come mostly from area sources, including combustion sources 
(e.g., uncontrolled burning like agricultural burning, residential heating, and forest fires) and 
unpaved road dust. These sources actually contribute little to the visibility problem, which is 
predominately the result of secondary fine particles that form in the atmosphere from SO2, NOx 
and ammonia emissions. The A2 reference strategy assumes no controls for primary fine 
particulate. Therefore, these emissions increase with increased activity from 1990 to 2010 and 
2040. Only the B3 strategy requires controls that would significantly reduce the levels of primary 
fine pollutants.  
 
CONCLUSION 
 
The SAMI emission inventory quantifies emissions for a 1990 base year, a 2010 and 2040 
reference case and a series of hypothetical control strategies for the years 2010 and 2040.  These 
inventories are used in the SAMI air quality and effects models to determine what the effect 
could be on the Class I wilderness areas in the eight state SAMI region.  While base year and 
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reference inventories were developed for the eastern two-thirds of the United States, the 
hypothetical, B-group strategies, were inventoried for the SAMI states only. 
 
The inventory provides the foundation for the SAMI integrated assessment.  There is higher 
confidence in the point source inventories (utility and industrial sectors). There is less confidence 
in the highway vehicle sector inventory.  Emission inventory tools are still being developed and 
there are now models for estimating all source sectors that are better than those available when 
this inventory was completed. One of the clear needs of emission inventory development in the 
future is improvements in NH3 inventories  
 
The results of the inventory in terms of emission reductions have been discussed in this chapter 
and can be found in tabular form in [REFERENCE TBD].  However, further conclusions can not 
be drawn from these emissions. It is through the process of the integrated assessment that further 
conclusions can be reached. 
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