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4. WHAT WILL IT TAKE TO CLEAN THE AIR? 
In this chapter we build on the conceptual description of fine particle formation 

and impacts in the MANE-VU region by looking at a typical fine particle pollution event 
and the meteorological and chemical conditions which contributed to its formation.  As 
an illustration of how the conceptual elements laid out in Chapter 2 and 3 contribute to a 
pollution event under real-world circumstances, we examine a pollution event from 2002. 
We examine this event from two perspectives: (1) the broad spatial patterns of the 
formation and transport of particle air pollution and (2) the chronological sequence of 
events at a few discrete points where high temporal resolution monitoring was in place. 
We then proceed to examine likely emission reduction strategies that should be 
considered in light of the conceptual understanding of fine particle formation and 
transport developed in this report.  

4.1. Meteorological and Pollution Overview of August 8-16, 2002 
Annual and seasonal statistics are useful for understanding the general patterns of 

air pollution in our region, but it is also instructive to review specific high PM2.5 episodes 
in order to shed more light on the meteorological circumstances under which high 
ambient concentrations of PM2.5 are able to form from emitted precursor pollutants.  Here 
we present an analysis of the high PM2.5 and regional haze episode of August 2002 by 
reviewing surface maps from the period to provide a synoptic overview of major weather 
systems that were influencing air quality across the Northeast U.S. during that time. 

Figure 4-1 through Figure 4-3, respectively, show eight-panel displays of 
afternoon fine particle concentrations as well as surface weather maps and back 
trajectories from 12Z (8 a.m. EDT) each day.  The following chronology of events 
combines the meteorological insights with PM2.5 concentration information to provide a 
basic storyline for analysis.   

A slow-moving high pressure system centered over the Great Lakes set up 
northerly flow over MANE-VU on August 8.  The high drifted southeast-ward and 
became extended over several days bringing high temperatures to the region.  Calm 
conditions west of MANE-VU on August 10 were pivotal in the formation of fine aerosol 
concentrations, which began building in the Ohio River Valley. Over the next four days, 
concentrations in MANE-VU climbed into the 60-90 µg/m3 range over a wide area before 
being swept out to sea by a series of frontal passages beginning on August 15. 

8/8 – A high pressure system over the Great Lakes produces NW-N prevailing 
surface winds (~4-8 mph) throughout the region.  Maximum daily temperatures approach 
or exceed 80º F. 

8/9 – Wind speeds fall off but direction remains NW-N as the high moves into the 
central portion of MANE-VU.  Temperatures rise as cloud cover declines. 

8/10 – The high reaches the East Coast and stalls.  Temperatures (except in 
northern-most areas) reach 90º F while surface-level winds turn to more southerly 
directions.  Calm conditions through the morning hours in the lower Ohio River Valley 
promote creation of haze noted in surface observations. 
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8/11 – Circulation around the high (now near Cape Hatteras) becomes well 
established.  Peak temperatures are in the low to mid-90’s.  Morning winds are light-to-
calm in the area east of the Mississippi – the area of haze now reaches from Michigan to 
northern Texas and eastward to West Virginia and eastern Tennessee.  A surface-level 
trough descends from north of the Great Lakes during the day, passes eastward through 
the Ohio River Valley and stalls over the Allegheny Mountains and southward. 

8/12 – Temperatures exceed 90º F throughout MANE-VU except in coastal ME.  
The area of concentrated haze has pushed eastward and now extends from central ME to 
central PA.  Haze builds throughout the day as circulation forces it to channel NE 
between the stalled trough and a cold front approaching from the Midwest. 

8/13 – Calm conditions prevail as the trough reaches coastal NJ by 8 a.m.  
Generally clear skies allow temperatures to reach the mid-90’s everywhere except in 
coastal ME.  Dew points, which had been rising since 8/8, reach the upper 60’s.  Peak 
hourly fine aerosol concentrations are greater than 40 µg/m3 everywhere in MANE-VU 
and exceed 90 µg/m3 in some locations.  By 8 p.m., showers associated with the 
approaching cold front have reached into Ohio. 

8/14 – By 8 a.m. the trough has dissipated and the high is moving offshore.  Dew 
points remain in the upper 60’s and peak temperatures reach into the 90’s everywhere and 
top 100 in several locations.  Increased ventilation causes aerosol concentrations to drop 
throughout the day everywhere except ME where some locations peak above 60 µg/m3 
after midnight. 

8/15 – The approaching cold front and associated showers fall apart during the 
morning hours. By 8 p.m., a new batch of moderate rain has intruded deeply into the 
region from the SW and has virtually pushed the haze out of the MANE-VU region. 

8/16 – A new high building in over the upper Midwest pushes the remains of the 
showers out of the Northeast. 
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Figure 4-1. Spatially interpolated maps of fine particle concentrations 
August 9 – 16, 2002 
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Figure 4-2. Surface weather maps for August 9-16, 2002 
August 9, 8:00AM EDT    August 10, 8:00 AM EDT  

 
August 11, 8:00 AM EDT     August 12, 8:00 AM EDT 

 
August 13, 8:00 AM EDT     August 14, 8:00 AM EDT 

 
August 15, 8:00 AM EDT     August 16, 8:00 AM EDT 
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Figure 4-3. HYSPLIT 72-hour back trajectories for August 9-16, 2002 
Aug 9, 2002 8 am EDTAug 9, 2002 8 am EDT Aug 10, 2002 8 am EDTAug 10, 2002 8 am EDT

Aug 11, 2002 8 am EDTAug 11, 2002 8 am EDT Aug 12, 2002 8 am EDTAug 12, 2002 8 am EDT

Aug 13, 2002 8 am EDTAug 13, 2002 8 am EDT Aug 14, 2002 8 am EDTAug 14, 2002 8 am EDT

Aug 15, 2002 8 am EDTAug 15, 2002 8 am EDT Aug 16, 2002 8 am EDTAug 16, 2002 8 am EDT
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4.2.  Temporally and spatially resolved PM2.5 measurements 
Higher temporal resolution data provide insight into how the events played out in 

much more detail than can be captured by eight frames on a page; however the most 
complete picture is obtained when these high temporal resolution data can be presented 
in the context of the relatively greater spatial detail provided by maps such as we have 
seen in Figure 4-1 through Figure 4-3.  In Figure 4-4 and Figure 4-5, we present 
continuous PM2.5 data (hourly average and 24-hour rolling average filtered, respectively) 
for the August 8-16, 2002 time period.   

Looking at Figure 4-4 in the context of the maps presented in the earlier figures, it 
is interesting to note the rapid increase, first, in Arendtsville, PA at noon on the 11th, 
followed by a rise in concentrations along the East Coast around noon on the 12th.   This 
is consistent with Figure 4-1, which shows high PM2.5 levels covering western 
Pennsylvania by 3 p.m. on the 11th and that high PM2.5 area has moved over to cover the 
East Coast by 3 p.m. the next day.  This also makes sense with respect to Figure 4-2 and 
Figure 4-3, which show the high pressure system established on the East Coast by the 
11th with surface level back trajectories having shifted from northerly flow to slow 
southwesterly flow in the western portion of the domain by the morning of the 11th and 
the coastal sites having switched by the morning of the 12th. 

Figure 4-4. Hourly average fine aerosol at 8 sites during the August 2002 episode 
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Figure 4-5.  24-hour rolling average fine aerosol at 
8 MANE-VU sites during the August 2002 episode 
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Also note the very high levels observed close to mid-day on the 13th at sites 
between New York City and Portland, Maine.  This is consistent with the strong gradients 
shown for 3 p.m. on the 13th in Figure 4-1.  These rapid increases in concentration are 
easily explained by the back trajectories of Figure 4-3 that show the advancing front (at 
this point over Lake Michigan) beginning to push, at upper levels of the atmosphere, an 
air mass from the upper Midwest due east across the northern half of MANE-VU.  At 
lower levels (see 200 meter trajectories), it can be seen that closer to the surface, this air 
mass had spent the previous three to four days winding around the Tennessee and Ohio 
River Valleys before it was driven into the northern reaches of MANE-VU at the peak of 
the pollution event. 

The following figures bring much of this information together in a single image. 
Figure 4-6 contains satellite photos from MODIS, a mosaic of two consecutive satellite 
passages on August 13, 2002 from NASA’s TERRA satellite.  Figure 4-7 shows the same 
image with geo-referenced activity data and inventory information layered on top to 
allow for simultaneous depiction of cities, roads, point source emissions, and back 
trajectories that play a role in the air pollution/haze that affected a large part of the 
Northeast during this episode. 
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Figure 4-6.  Composite images from NASA’s TERRA Satellite on 
August 13, 2002 showing fine particle pollution/haze. 

 
Note the milky/gray haze due to particle pollution as distinct from the puffy white clouds over broad 
regions of southern New England and the eastern Mid-Atlantic region. 

Figure 4-7.  NASA MODIS Terra Satellite Image, Back Trajectories and NOX Inventory 

 
Geo-referenced activity and inventory data (on top of the satellite images presented above) demonstrating 
the relationship between observed pollution and upper level winds (driving weather patterns from West to 
East), mid-level winds (tracking back to major point sources), and lower level winds (tracking back to major 
population centers along the East Coast). 
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4.3. Implications for control strategies 
A 2003 assessment of fine particulate matter by NARSTOo states, “[c]urrent air-

quality management approaches focusing on reductions of emissions of SO2, NOX, and 
VOCs are anticipated to be effective first steps towards reducing PM2.5 across North 
America, noting that in parts of California and some eastern urban areas VOC (volatile 
organic compounds) emissions could be important to nitrate formation.” 

This conclusion seems to be well supported by the historical record which 
documents a pronounced decline in particulate sulfate concentrations across the eastern 
United States during the 1990s.  The timing of this observed decline suggests that this is 
linked to reductions in SO2 emissions resulting from controls implemented under the 
federal Acid Rain program beginning in the early to mid-1990s. From 1989 to 1998, SO2 
emissions in the eastern half of the country — that is, including all states within a region 
defined by the western borders of Minnesota and Louisiana — declined by about 25 
percent. This decline in SO2 emissions correlated with a decline of about 40 percent in 
average SO2 and sulfate concentrations, as measured at Clean Air States and Trend 
Networks (CASTNet) monitoring sites in the same region over the same time period. In 
fact, at prevailing levels of atmospheric SO2 loading, the magnitudes of the emissions and 
concentration changes were not statistically different. This finding suggests that regional 
reductions in SO2 emissions have produced near-proportional reductions of particulate 
sulfate in the eastern United States (NARSTO, 2003).  Reductions since 1990 in 
precursor SO2 emissions are likely also responsible for a continued decline in median 
sulfate concentrations in the northeastern United States. Nevertheless, episodes of high 
ambient sulfate concentrations (with peak levels well above the regional median or 
average) continue to occur, especially during the summertime when regional transport 
from the Ohio River Valley is also at its peak. This suggests that further reductions in 
regional and local SO2 emissions would provide significant further air quality and 
visibility benefits (NARSTO, 2003). 

For urban areas of the eastern United States, an effective emissions management 
approach may be to combine regional SO2 control efforts aimed at reducing summertime 
PM2.5 concentrations with local SO2 and OC control efforts. Local SO2 reductions would 
help reduce wintertime PM2.5 concentrations, while OC reductions can help reduce 
overall PM2.5 concentrations year-round. For areas with high wintertime PM2.5 levels, 
strategies that involve NOX reductions may also be effective (NARSTO, 2003). 

Further support for this general approach may be found in a review of several 
studies by Watson (2002) which concluded that SO2 emission reductions have in most 
cases been accompanied by statistically significant reductions in ambient sulfate 
concentrations. One study (Husar and Wilson, 1993) shows that regionally averaged light 
extinction closely tracks regionally averaged SO2 emissions for the eastern United States 
from 1940 through the mid-1980s. Another study by Malm et al. (2002) shows that 
                                                 
o NARSTO was formerly an acronym for the "North American Research Strategy for Tropospheric Ozone." 
More recently, the term NARSTO became simply a wordmark signifying a tri-national, public-private 
partnership for dealing with multiple features of tropospheric pollution, including ozone and suspended 
particulate matter. For more information on NARSTO see http://www.cgenv.com/Narsto/. 

 

http://www.cgenv.com/Narsto/
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regionally averaged emissions and ambient concentrations decreased together from 1988 
through 1999 over a broad region encompassing the states of Connecticut, Delaware, 
Illinois, Indiana, Kentucky, Maine, Massachusetts, Maryland, Michigan, New 
Hampshire, New Jersey, New York, Ohio, Pennsylvania, Rhode Island, Vermont, 
Virginia, Wisconsin, and West Virginia (Watson, 2002). 

These studies and available data from the IMPROVE (Interagency Monitoring of 
Protected Visual Environment) monitoring network provide strong evidence that regional 
SO2 reductions have yielded, and will continue to yield, reductions in ambient secondary 
sulfate levels with subsequent reductions in regional haze and associated light extinction. 
They indicate that reductions in anthropogenic primary particle emissions will also result 
in visibility improvements, but that these will not have a zone of influence as large as 
those of the secondary aerosols (Watson, 2002). 

Watson (2002) notes that during the 65 years in which the regional haze program 
aims to reach its final visibility goals, several opportunities to revise this basic control 
approach will arise through the decadal SIP cycle.  This enables new scientific results to 
continue to exert a positive influence as states implement new regulatory control 
programs for SO2, NOX and VOCs, and as ambient concentrations of these pollutants 
change relative to each other and relative to ambient ammonia levels.  As these 
relationships between species change, atmospheric chemistry may dictate a revised 
control approach to those previously described.  Further research on these issues should 
be a priority for supporting 2018 SIP submissions.  They include the possibility that: 

• Reduction of sulfate in a fully neutralized atmosphere (excess ammonia) 
could encourage ammonium nitrate formation. 

• Ever-greater emissions reductions could be required to produce a given 
level of improvement in ambient pollutant concentrations because of non-
linearities in the atmospheric formation of sulfate. 

• Changes in ambient conditions favoring the aqueous oxidation of sulfate 
(this pathway largely accounts for the non-linearity noted above) may 
have implications for future emissions control programs. Causes of 
changing ambient conditions could include, for example, climate change. 

 
West et al. (1999) examine a scenario for the eastern United States where PM2.5 

mass decreases linearly with ammonium sulfate until the latter is fully neutralized by 
ammonia. Further reductions would free ammonia for combination with gaseous nitric 
acid that, in turn, would slightly increase PM2.5 until all of the nitric acid is neutralized 
and further sulfate reductions are reflected in lower PM2.5 mass. This is an extreme case 
that is more relevant to source areas (e.g., Ohio) where nitric acid (HNO3) is more 
abundant than in areas with lower emissions (e.g., Vermont) (Watson, 2002). 

In most situations with non-neutralized sulfate (typical of the eastern United 
States), ammonia is a limiting agent for the formation of nitrate but will not make any 
difference until sulfate is reduced to the point where it is completely neutralized. At that 
point, identifying large sources of ammonia emissions will be important. This point is 
likely to be many years in the future, however (Watson, 2002). 
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Based on analyses using the Community Multi-Scale Air Quality (CMAQ) model, 
the aqueous phase production of sulfate in the Northeast appears to be very oxidant 
limited and hence non-linear. Thus, conditions that are conducive to a dominance of the 
gas-phase production pathway drive the summer peaks in ambient sulfate levels. 
Nonetheless, the expected reduction in ambient sulfate levels resulting from a given 
reduction in SO2 emissions is less than proportional overall due to the non-linearity 
introduced by the aqueous pathway for sulfate formation (NARSTO, 2003). These non-
linearity effects are more pronounced for haze than for sulfate deposition, especially at 
higher sulfate air concentrations (USNPS, 2003). 

Finally, we note that because visibility in the clearest areas is sensitive to even 
minute increases in particle concentrations, strategies to preserve visibility on the clearest 
days may require stringent limits on emissions growth.  In this context, even the dilute 
emissions from distant sources can be important (NARSTO, 2003) 

4.4. Conclusion: Simplifying a complex problem 
A conceptual understanding of fine particles from a regional perspective across 

MANE-VU and throughout the eastern U.S. is well understood, yet remains complex due 
to the multiplicity of source regions (both regional and local), pollutants (SO2, NOX, 
organic carbon, and primary PM2.5), and seasons (summer and winter) that are involved 
in fine particle formation.   

Regional approaches to the control of precursor SO2 and NOX emissions have 
been started through Title IV of the Clean Air Act, the NOX SIP Call, the CAIR, and the 
establishment and support of Regional Planning Organizations to assist with Regional 
Haze Rule compliance. With the modeling foundation developed for the CAIR program, 
the USEPA has presented a compelling technical case on the need for additional regional 
SO2 and NOX reductions in the eastern U.S. to reduce particulate levels and protect public 
health.  While states in the Northeast disagree with the extent of SO2 and NOX reductions 
and the timeline for those reductions to occur, the program is an excellent next step 
toward reducing fine particles in MANE-VU.  It is tempting to suggest that the regional 
control of SO2 and NOX are the extent of the problem facing MANE-VU, but as the 
conceptual description contained in this report demonstrates, the reduction of fine 
particles in the eastern U.S. requires a careful balance of regional and local controls for 
SO2, NOX, sources of organic carbon and primary PM2.5 during both summer and winter.  

The (relatively) higher emissions of SO2 and NOX from regions upwind of 
MANE-VU as well as the long “reach” of sulfate pollution requires continued regional 
control of these fine particle precursors.  However, local accumulation of SO2-derived 
sulfate, NOX-derived nitrate, and primary PM (mostly in the form of black carbon/diesel 
exhaust) can significantly boost urban PM2.5 levels.  Residential wood combustion in 
rural river valleys can significantly raise PM levels as well and affect rural visibility in 
areas near to Class I areas.  

The balance between regional and local controls parallels the balance that needs 
to be achieved between pollutants.  The regional contribution to fine particle pollution is 
driven by sulfates and organic carbon, whereas the local contribution to PM2.5 is derived 
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from SO2, NOX, organic carbon, and primary PM2.5 (including black carbon/diesel 
exhaust). 

Finally, control strategies which focus on regional SO2 emissions reductions are 
needed throughout the summer and winter months, suggesting that a year-round approach 
to control is needed.  Urban nonattainment counties with local emissions of NOX and 
VOC will be driven to reduce these emissions during the summer for ozone benefits, but 
these same pollutants – as well as primary particulate emissions – contribute to high 
PM2.5 levels in winter, suggesting that annual controls for all of these pollutants make 
sense in a multi-pollutant context.  Finally, residential wood smoke near Class I areas is 
clearly a winter-only issue, and further controls may be desirable near specific Class I 
sites where organic carbon is a contributor on the 20 percent worst visibility days that 
occur in winter months. 

To bring attainment to the current fine particle nonattainment counties and meet 
reasonable progress goals toward national visibility goals, there continues to be a need for 
more regional SO2 and NOX reductions coupled with appropriate local SO2, NOX, VOC, 
and primary PM2.5 (including diesel exhaust) controls where local accumulation is shown 
to add to the regional burden of sulfate and nitrate PM2.5 (primarily in winter).  These 
local controls will vary by location and by season, but the regional control of SO2 and 
NOX should be maintained on an annual basis given the contribution of regional sulfate 
and nitrate to fine particle peaks during both summer and winter months. 
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APPENDIX A:  EPA GUIDANCE DOCUMENT EXERPT 
 
11.0 How Do I Get Started? - A “Conceptual Description” 
 
A State/Tribe should start developing information to support a modeled attainment 
demonstration by assembling and reviewing available air quality, emissions and 
meteorological data. Baseline design values should be calculated at each monitoring site, 
as described in Section 3. For PM applications, speciated data should be reviewed to get a 
sense of what component(s) might be contributing most significantly to nonattainment or 
light extinction. If past modeling has been performed, the emission scenarios examined 
and air quality predictions may also be useful. Readily available information should be 
used by a State/Tribe to develop an initial conceptual description of the nonattainment or 
reasonable haze problem in the area which is the focus of a modeled demonstration. A 
conceptual description is instrumental for identifying potential stakeholders and for 
developing a modeling/analysis protocol. It may also influence a State’s choice of air 
quality model, modeling domain, grid cell size, priorities for quality assuring and refining 
emissions estimates, and the choice of initial diagnostic tests to identify potentially 
effective control strategies. In general, a conceptual description is useful for helping a 
State/Tribe identify priorities and allocate resources in performing a modeled 
demonstration. 
 
In this Section, we identify key parts of a conceptual description. We then present 
examples of analyses which could be used to describe each of these parts. We note that 
initial analyses may be complemented later by additional efforts performed by those 
implementing the protocol. 
 
11.1 What Is A “Conceptual Description”? 
 
A “conceptual description” is a qualitative way of characterizing the nature of an area’s 
nonattainment or regional haze problem. It is best described by identifying key 
components of a description. Examples are listed below. There are 3 different examples. 
One each for ozone, annual PM2.5, and regional haze. The examples are not necessarily 
comprehensive. There could be other features of an area’s problem which are important 
in particular cases. For purposes of illustration later in the discussion, we have answered 
each of the questions posed below. Our responses appear in parentheses. 
 
11.1.1 8-Hour Ozone NAAQS 
1. Is the nonattainment problem primarily a local one, or are regional factors important? 
(Surface measurements suggest transport of ozone close to 84 ppb is likely. There are 
some other nonattainment areas not too far distant.) 
 
2. Are ozone and/or precursor concentrations aloft also high? 
(There are no such measurements.) 
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3. Do violations of the NAAQS occur at several monitoring sites throughout the 
nonattainment area, or are they confined to one or a small number of sites in proximity to 
one another? 
(Violations occur at a limited number of sites, located throughout the area.) 
 
4. Do observed 8-hour daily maximum ozone concentrations exceed 84 ppb frequently or 
just on a few occasions? 
(This varies among the monitors from 4 times up to 12 times per year.) 
 
5. When 8-hour daily maxima in excess of 84 ppb occur, is there an accompanying 
characteristic spatial pattern, or is there a variety of spatial patterns? 
(A variety of patterns is seen.) 
 
6. Do monitored violations occur at locations subject to mesoscale wind patterns (e.g., at 
a coastline) which may differ from the general wind flow? 
(No.) 
 
7. Have there been any recent major changes in emissions of VOC or NOX in or near the 
nonattainment area? If so, what changes have occurred? 
(Yes, several local measures [include a list] believed to result in major reductions in VOC 
[quantify in tons per summer day] have been implemented in the last five years. 
Additionally, the area has seen large regional NOX reductions from the NOX SIP call.) 
 
8. Are there discernible trends in design values or other air quality indicators which have 
accompanied a change in emissions? 
(Yes, design values have decreased by about 10% at four sites over the past [x] years. 
Smaller or no reductions are seen at three other sites.) 
 
9. Is there any apparent spatial pattern to the trends in design values? 
(No.) 
 
10. Have ambient precursor concentrations or measured VOC species profiles changed? 
(There are no measurements.) 
 
11. What past modeling has been performed and what do the results suggest? 
(A regional modeling analysis has been performed. Two emission scenarios were 
modeled: current emissions and a substantial reduction in NOX emissions throughout the 
regional domain. Reduced NOX emissions led to substantial predicted reductions in 8-
hour daily maximum ozone in most locations, but changes near the most populated area 
in the nonattainment area in question were small or nonexistent.) 
 
12. Are there any distinctive meteorological measurements at the surface or aloft which 
appear to coincide with occasions with 8-hour daily maxima greater than 84 ppb? 
(Other than routine soundings taken twice per day, there are no measurements aloft. 
There is no obvious correspondence with meteorological measurements other than daily 
maximum temperatures are always > 85 F on these days.) 
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Using responses to the preceding questions in this example, it is possible to construct an 
initial conceptual description of the nonattainment area’s ozone problem. First, responses 
to questions 1 and 11 suggest there is a significant regional component to the area’s 
nonattainment problem. Second, responses to questions 3, 4, 7, 8, and 11 indicate there is 
an important local component to the area’s nonattainment problem. The responses to 
questions 4, 5 and 12 indicate that high ozone concentrations may be observed under 
several sets of meteorological conditions.  The responses to questions 7, 8, and 11 
suggest that ozone in and near the nonattainment area may be responsive to both VOC 
and NOX controls and that the extent of this response may vary spatially. The response to 
question 6 suggests that it may be appropriate to develop a strategy using a model with 12 
km grid cells. 
 
The preceding conceptual description implies that the State/Tribe containing the 
nonattainment area in this example will need to involve stakeholders from other, nearby 
States/Tribes to develop and implement a modeling/analysis protocol. It also suggests 
that a nested regional modeling analysis will be needed to address the problem. Further, it 
may be necessary to model at least several distinctive types of episodes and additional 
analyses will be needed to select episodes. Finally, sensitivity (i.e., diagnostic) tests, or 
other modeling probing tools, will be needed to assess the effects of reducing VOC and 
NOX emissions separately and at the same time. 
 
11.1.2 Annual PM2.5 NAAQS 
1. Is the nonattainment problem primarily a local one, or are regional factors important? 
(Surface measurements suggest that only design values in or immediately downwind of 
the city violate the NAAQS. However, other nearby design values come close to the 
concentration specified in the NAAQS) 
 
2. What is the relative importance of measured primary and secondary components of 
PM2.5 measured at sites violating the NAAQS? 
(Secondary components (i.e., SO4, NO3, OC) constitute about 80% of the measured mass 
of PM2.5 . There are higher concentrations of primary PM2.5 in the core urban area 
compared to the suburbs and more rural areas.) 
 
3. What are the most prevalent components of measured PM2.5? 
(The most important components in ranked order are mass associated with SO4, OC and 
inorganic primary particulate matter (IP)). 
 
4. Does the measured mix of PM components appear to roughly agree with mix of 
emission categories surrounding the monitoring sites? 
(No. Relative importance of measured crustal material (IP) appears less than what 
might be inferred from the inventory). 
 
5. Do there appear to be any areas with large gradients of primary PM2.5 in monitored or 
unmonitored areas? 
(Cannot really tell for sources of crustal material until we resolve the preceding 
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inventory/monitoring discrepancy. There are no other obvious major sources of primary 
particulate matter). 
 
6. Is there any indication of what precursor might be limiting formation of secondary 
particulate matter? 
(No indicator species analyses have been performed. Past analyses performed for 
ozone-related SIP revisions suggest that ozone in this area may be limited by availability 
of VOC). 
 
7. Do monitored violations occur at locations subject to mesoscale wind patterns (e.g., at 
a coastline) which may differ from the general wind flow? 
(No.) 
 
8. Have there been any recent major changes in emissions of PM or its precursors in or 
near the nonattainment area? What? 
(Yes, measures believed to result in major reductions in VOC and NOX have been 
implemented in the last 5 years. Reductions in power plant NOX have resulted from the 
NOX SIP call and SO2 emissions reductions have resulted from the national program to 
reduce acid deposition.) 
 
9. Are there discernible trends in design values or other air quality indicators which have 
accompanied a change in emissions? 
(The trend appears to be downward, but the most recent air quality data has been higher. 
Overall, the period of record is insufficiently long to tell). 
 
10. Is there any apparent spatial pattern to the trends in design values? 
(No.) 
 
11. What past modeling has been performed and what do the results suggest? 
(A regional modeling analysis has been performed for ozone and PM2.5. Two emission 
scenarios were modeled: current emissions and a substantial reduction in NOX and SO2 
emissions throughout a regional domain. Reduced NOX emissions led to substantial 
predicted reductions in 8-hour daily maximum ozone in most locations. Modeled SO2 
reductions from the CAIR rule had a strong impact on sulfate concentrations) 
 
12. Are there any distinctive meteorological measurements at the surface or aloft which 
appear to coincide with occasions with PM2.5 concentrations in excess of 15.0 :g/m3? 
(Other than routine soundings taken twice per day, there are no measurements aloft. 
There is no obvious correspondence with meteorological measurements other than daily 
maximum temperatures are often > 85F on days with the highest PM2.5 observations.) 
 
13. Do periods with high measured particulate matter or components of particulate matter 
appear to track each other or any other measured pollutant? 
(There appears to be some correspondence between measured high concentrations of 
SO4 and ozone). 
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Using responses to the preceding questions in this example, it is possible to construct an 
initial conceptual description of the nonattainment area’s ozone problem. First, responses 
to questions 1, 2 and 3 suggest there is a significant regional component to the area’s 
nonattainment problem. Second, responses to questions 1 and 3 indicate there is a local 
component to the problem. The responses to questions 11,12 and 13 suggest that there 
may be a link between reducing ozone and reducing particulate matter. Thus, it may be 
appropriate to assess effects of previously committed to strategies to reduce ozone and 
national PM control measures before simulating additional control measures. The 
responses to questions 4 and 5 suggest that it is premature to determine whether a “local 
area analysis” will be needed. The response to question 7 suggests that it may not be 
necessary to model with very small grid cells, at least for the secondary components of 
PM2.5. 
 
The preceding conceptual description implies that the State containing the nonattainment 
area in this example will need to involve stakeholders from other, nearby States to 
develop and implement a modeling/analysis protocol. It also suggests that a nested 
regional modeling analysis will be needed to address the problem. 
 
11.1.3 Example reasonable progress application 
1. What components of particulate matter appear to have high concentrations on days 
with poor visibility? 
(Mass associated with SO4 and coarse particulate matter (CM) seem to have the highest 
concentrations on most such days). 
 
2. What are typical values for the humidity adjustment factor during the times of year 
when most of the days with poor visibility occur? 
(Typical values appear to be about “4.0"). 
 
3. Does visibility appear to track well among nearby Class I areas? 
(Yes, but not always). 
 
4. Does poor visibility seem to occur under any specific meteorological conditions? 
(This information is not readily available). 
 
5. Does poor visibility seem to coincide with high observed concentrations of any 
particular other pollutant? 
(There seems to be some correspondence with high regional ozone concentrations) 
 
6. What components of particulate matter appear to have relatively high concentrations 
on days with good visibility? 
(Coarse particulate matter and OC) 
 
7. What are typical values for the humidity adjustment factor during times of year when 
most of the days with good visibility occur? 
(About “2.3") 
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8. Does good visibility appear to occur under any specific meteorological conditions? 
(Don’t know.) 
 
Answers to the preceding questions suggest that strategies to reduce sulfate 
concentrations and, perhaps, regional ozone concentrations might be effective in reducing 
light extinction on days when visibility is currently poor. The responses suggest that a 
strategy which focuses on this alone should first be tried for the days with good visibility 
as well. Even though sulfate concentrations appear low on such days, the fact that sulfates 
scatter light efficiently (see Equation (6.1)) and relative humidity is still high enough to 
enhance this effect is worth considering. Responses suggest that further meteorological 
analyses would be worthwhile prior to selecting strategies to simulate with a resource 
intensive regional model.  
 
It should be clear from the preceding examples that the initial conceptual description of 
an area’s nonattainment problem draws on readily available information and need not be 
detailed. It is intended to help launch development and implementation of a 
modeling/analysis protocol in a productive direction. It will likely be supplemented by 
subsequent, more extensive modeling and ambient analyses performed by or for those 
implementing the modeling/analysis protocol discussed in Section 12.0. 
 
Questions like those posed in Section 11.1 can be addressed using a variety of analyses 
ranging in complexity from an inspection of air quality data to sophisticated 
mathematical analyses. We anticipate the simpler analyses will often be used to develop 
the initial conceptual description. These will be followed by more complex approaches or 
by approaches requiring more extensive data bases as the need later becomes apparent. 
These analyses are intended to channel resources available to support modeled attainment 
demonstrations onto the most productive paths possible. They will also provide other 
pieces of information which can be used to reinforce conclusions reached with an air 
quality model, or cause a reassessment of assumptions made previously in applying the 
model. As noted in Section 7, corroboratory analyses should be used to help assess 
whether a simulated control strategy is sufficient to meet the NAAQS. 
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Appendix B: Monitoring Data from 
Class I sites in MANE-VU 

 
Below are figures that were developed by Tom Downs of the Maine Department 

of Environmental Protection.  These figures represent baseline monitoring data for the 
Class I sites (and Washington DC) based on IMPROVE monitoring network data using 
the EPA approved “default” algorithm for calculating reconstructed extinction and 
estimating natural background conditions.  These statistics may need to be recreated 
using the alternative methodology approved by the IMPROVE steering committee and 
adopted by the MANE-VU states.  Glide path graphs were created on the VIEWS website 
(http://vista.cira.colostate.edu/views/) using the Annual Summary Trends tool.  Seasonal 
graphs were created from data downloaded from the VIEWS website using the Annual 
Summary Composition tool and should be updated to include 2004 data for a complete 
description of regional haze baseline data. 

 
 
 
 

http://vista.cira.colostate.edu/views/
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APPENDIX B:  MONITORING DATA FROM CLASS I 
SITES IN MANE-VU 

Figure B-1.  Monitoring Data from Acadia NP, ME 

April 26, 1995 - Teflon filter was 
increased from 2.2 sq. cm to 3.5 sq. cm 
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Figure B-2.  Monitoring Data from Brigantine, ME 

Extinction Trends

dv

Deciview (dv) Trends

 
 
 
 
 
 
 
 

 



PM  2.5 and Regional Haze Air Quality Problems in the MANE-VU Region: A Conceptual Description  Page B-4 

 

Figure B-3.  Monitoring Data from Great Gulf, NH 
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Figure B-4.  Monitoring Data from Lye Brook, VT 
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Figure B-5.  Monitoring Data from Moosehorn, ME 
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Figure B-6.  Monitoring Data from Washington, DC 
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Figure B-7.  20% Worst and Best 2000-2003 Visibility Days at Acadia NP, ME 

Seasonal Analysis of the 20% Worst
 2000-2003 Visibility Days at Acadia National Park
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Figure B-8.  20% Worst and Best 2000-2003 Visibility Days at Brigantine, NJ 

Seasonal Analysis of the 20% Worst
 2000-2003 Visibility Days at Brigantine, NJ
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Figure B-9.  20% Worst and Best 2000-2003 Visibility Days at Great Gulf, NH 

Seasonal Analysis of the 20% Worst
 2000-2003 Visibility Days at Great Gulf, NH
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Figure B-10.  20% Worst and Best 2000-2003 Visibility Days at Lye Brook, VT 
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Seasonal Analysis of the 20% Best
 2000-2003 Visibility Days at Lye Brook, VT
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Figure B-11.  20% Worst and Best 2000-2003 Visibility Days at Moosehorn, ME 

Seasonal Analysis of the 20% Worst
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Figure B-12.  20% Worst and Best 2000-2003 Visibility Days at Washington, D.C. 

Seasonal Analysis of the 20% Worst
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0

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

Sulfate Nitrate Org Carbon Elem Carbon Soil Coarse Mass

Ex
tin

ct
io

n 
(M

m
-1

)

Winter - 16 days

Summer - 42 days

Spring - 14 days

Fall - 20 days

Created by Tom Downs, Maine DEP-BAQ - 11/02/2006

 

Seasonal Analysis of the 20% Best
 2000-2003 Visibility Days at Washington, D.C.

0

2

4

6

8

10

12

14

16

18

20

22

24

26

28

Sulfate Nitrate Org Carbon Elem Carbon Soil Coarse Mass

Ex
tin

ct
io

n 
(M

m
-1

)

Winter - 22 days

Summer - 9 days

Spring - 26 days

Fall - 31 days

Created by Tom Downs, Maine DEP-BAQ - 11/02/2006

 
 

 



PM  2.5 and Regional Haze Air Quality Problems in the MANE-VU Region: A Conceptual Description  Page B-14 

 

 

Figure B-13.  20% Best 2000-2003 Visibility Days Speciated Contributions to Extinction 
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Figure B-14.  20% Best 2000-2003 Visibility Days Speciated Contributions to Extinction 

Washington D.C.
47.3 Mm-1

/

30.3 Mm-1

/

(70 km 17.3 dv)

Brigantine

(101 km 13.8 dv)

Lye Brook

(215 km 6.1 dv)
8.8 Mm-1

/

Great Gulf
(PresidentialRange)

(189 km 7.4 dv) Acadia

(175 km 8.1 dv)

11.3 Mm-1

/
12.8 Mm-1

/

20% Best Visibility
Speciated Contributions to 

Extinction (2000-2003 except 
for Great Gulf 2001-2003)

Site Sulfate Nitrate Org C Elem C Soil Coarse Mass
Acadia 60 9 18 7 1 6
Moosehorn 54 9 22 7 1 8
L

percent contributon to particle extinction

ye Brook 57 14 14 7 1 6
Brigantine 53 13 14 7 1 12
Washington DC 49 17 16 12 1 5
Great Gulf 56 9 18 8 1 8

Created by Tom Downs, 
Maine DEP-BAQ 12/13/2005

Moosehorn
(Roosevelt Campobello)

(169 km/8.6 dv)

Moosehorn
(Roosevelt Campobello)

(169 km/8.6 dv)
13.9 Mm-113.9 Mm-1

 



PM  2.5 and Regional Haze Air Quality Problems in the MANE-VU Region: A Conceptual Description  Page C-1 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix C: Additional Considerations for PM2.5 
Air Quality Management  

 
 
 
 
 
 
 



PM  2.5 and Regional Haze Air Quality Problems in the MANE-VU Region: A Conceptual Description  Page C-2 

 

APPENDIX C:  ADDITIONAL CONSIDERATIONS FOR 
PM2.5 AIR QUALITY MANAGEMENT  

C.1.  Averaging times and data interpretation 
In analyzing the chemical data available for interpreting the air quality event of 

August 2002, it is important to point out that the use of different averaging times can 
have a profound effect on our understanding of the progression of any specific episode.  
Many subtleties of synoptic-scale meteorology and atmospheric chemistry are “aliased 
out” of data sets with temporal resolution greater than 3-6 hours.  These effects are 
demonstrated in Figure C-1 which show fine aerosol TEOM data from New Haven for 
the “episode” period August 10-16, 2002.  In these figures, the hourly TEOM values have 
been aggregated into 3-, 6- and 24-hour mean values.  Average concentrations are 
inversely proportional to the length of the averaging period and the ratio of peak hourly 
concentration within a daily average ranges from about 1.5 to 1.75 for this episode. 

Figure C-1.  Effects of averaging times (or temporal resolution) on time series information 
  Figure 5.6(a) Unfiltered (hourly) TEOM data from New Haven, Conn.

0

10

20

30

40

50

60

70

80

90

8/10/02 0:00

8/11/02 0:00

8/12/02 0:00

8/13/02 0:00

8/14/02 0:00

8/15/02 0:00

8/16/02 0:00

Fi
ne

 A
er

os
ol

 M
as

s 
(u

g/
m

3)

Figure 5.6(b) New Haven, Conn. TEOM data with a 3-hour filter.
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Figure 5.6(c) New Haven, Conn. TEOM data with a 6-hour filter.
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Figure 5.6(d) New Haven, Conn. TEOM data with a 24-hour filter.
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C.2.  Rural versus urban PM2.5 mass 
Comparison of PM2.5 concentrations from rural areas with those from 

urban/suburban areas can add significantly to our understanding of the impact on air 
quality of both urban sources and of medium to long-range fine aerosol transport.  To 
assist with this approach, data from 10 pairs of rural and urban/suburban FRM sites 
throughout the MANE-VU region were selected and analyzed. 

Table C-1 shows basic site description information including the approximate, 
straight-line distance between the site pairs. 

Due to the difficulty in finding a significant number of urban-rural site pairs that 
operated on the same sampling schedule, sites with a mixture of schedules were used to 
insure samples representative of the entire MANE-VU region.  As a result, three of the 20 
sites employed an everyday schedule while two sites sampled every sixth day (the 
remainder sampled every third day).  Data from the three everyday sites were edited so as 
to include data from the 1-in-3 schedule only.  In all, a total of 1098 data points were 
possible from the 10 site pairs for 2002.  Of the 1098 possible point-pairs, 951 (87%) 
were valid and were used in this analysis. 

Table C-1.  MANE-VU urban-rural site pair information  

State Site No City Land use Location type Longitude Latitude

Inter-site 
Distance 

(mi)

DE 100051002 Agricultural Rural -75.55560 38.98470
DE 100010002 Seaford Residential Suburban -75.61310 38.64440 24.0

MA 250154002 Ware Forest Rural -72.33472 42.29833
MA 250130016 Springfield Commercial Urban & Center City -72.59140 42.10890 17.6

MD 240030014 Agricultural Rural -76.65310 38.90250
MD 245100049 Baltimore Residential Urban & Center City -76.63750 39.26170 25.2

ME 230052003 Cape Elizabeth Residential Rural -70.20778 43.56083
ME 230010011 Lewiston Commercial Urban & Center City -70.21500 44.08940 37.0

NJ 340218001 Agricultural Rural -74.85470 40.31500
NJ 340210008 Trenton Residential Urban & Center City -74.76360 40.22220 7.7

NY 360010012 Albany Agricultural Rural -73.75690 42.68070
NY 360930003 Schenectady Residential Suburban -73.94020 42.79960 11.7

NY 361030001 Babylon Commercial Rural -73.42030 40.74580
NY 360590013 Bethpage Residential Suburban -73.49060 40.76080 3.3

NY 360130011 Westfield Agricultural Rural -79.60250 42.29080
PA 420490003 Erie Commercial Suburban -80.03860 42.14180 22.2

PA 420030093 Residential Rural -80.02080 40.60720
PA 420030021 Pittsburgh Residential Suburban -79.94140 40.41360 14.0

PA 420290100 Commercial Rural -75.76860 39.83440
DE 100031012 Newark Residential Suburban -75.76170 39.69190 10.0
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As expected, urban/suburban areas, with their rich supply of emission sources, 
almost always reported higher concentrations than their nearby sister sites in rural areas.  
Of the 951 valid data pairs, 660 showed higher urban/suburban levels while 291 cases 
showed higher rural levels. 

One interesting aspect of the 2002 urban-rural data concerns the pattern in 
seasonal differences between such site pairs.  Figure C-2 shows the difference (urban-
rural) between the 10 site pairs as a time series. 

Although some rural-to-urban seasonal differences are to be expected, the 
variation in the magnitude of this difference is surprising.  In the warm/hot months, the 
mean rural/urban difference amounts to no more than ~0.7 µg/m3 (based on a best-fit 2nd 
order polynomial curve), which is a relatively small differential.  However, during the 
cool/cold months that difference climbs to almost 4 µg/m3, demonstrating a total annual 
seasonal variation of at least 3 µg/m3.  Because the mean annual concentration of all sites 
is 12.6 µg/m3, an annual variation of 3 µg/m3 becomes significant. 

Figure C-2.  Difference in FRM data between 10 urban-rural site pairs for 2002 
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One explanation for the observed seasonal variation concerns the temporal 
distribution of local and transported emissions.  In the summertime, MANE-VU sites 
repeatedly experience sulfate events due to transport from regions to the south and west.  
During such events, rural and urban sites throughout MANE-VU record high (i.e., 
>15 µg/m3) daily average PM2.5 concentrations.  During summer stagnation events, 
atmospheric ventilation is poor and local emissions are added to the transported burden 
with the result that concentrations throughout the region (rural and urban) are relatively 
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uniform.  There are enough of these events to drive the urban-rural difference down to 
less than 1 µg/m3 during warm/hot months. 

During the wintertime, strong local inversions frequently trap local emissions 
during the overnight and early morning periods, resulting in elevated urban 
concentrations.  Rural areas experience those same inversions but have relatively fewer 
local sources so that wintertime concentrations in rural locations tend to be lower than 
those in nearby urban areas.  Medium and long-range fine aerosol transport events do 
occur during the winter but at a much reduced rate compared to summertime.  So, it is the 
interplay between local and distant sources as well as meteorological conditions that 
drive the observed seasonal urban-rural difference in FRM concentrations. 

C.3.  Seasonal relationship between PM2.5 and NOX 
Because nitrogen oxides (NOX) can be a good indicator of regional as well as 

local emissions, NOX data for the MANE-VU region was downloaded from USEPA’s 
AQS. Ultimately, data from six widely separated MANE-VU NOX sites were selected 
(one site each in CT, DC, MA, NH, PA and VT).  Sites were selected both for high data 
capture rates and geographic location.  The NOX data were then aggregated into regional 
averages on a daily basis and compared to PM2.5 FRM data from 34 “everyday” sampling 
sites (which were also averaged on a regional basis). 

During 2002, there were virtually no periods when regional mean PM2.5 
concentrations rose above 20 µg/m3 and were not accompanied by rising (or already 
high) NOX concentrations.  However, as seen in Figure C-3, NOX concentrations vary 
widely on an annual basis and tend to occur out-of-sync with fine particle concentrations. 

Although the min/max extremes of these two pollutants are offset in time, they are 
highly correlated during some parts of the year.  For example, Figure C-4 shows the 
regional PM2.5 and NOX data for the coldest (Jan., Feb., Nov., and Dec.) and hottest 
(May, June, July and Aug.) seasons of 2002.  Wintertime NOX and PM2.5 concentrations 
are rather well correlated (r2=0.67) while summertime concentrations are not at all linked.  
This dichotomy can be explained by several coincident effects including: 1) reduced UV 
radiation during cold months (which prevents photolysis of NO2 to O3); 2) the increase in 
space heating requirements from stationary sources (which preferentially increases 
morning NOX emissions; increased NOX emissions due to “cold-start” mobile source 
engines and 3) decreased mixing height depths due to reduced solar input (which allows 
morning concentrations to build quickly).  Note that the Spring/Fall PM2.5 vs. NOX 
correlation (not shown) lies about mid-way between the winter/summer values shown in 
Figure C-4. 
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Figure C-3.  Regional PM2.5 and NOX in 2002 
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Figure C-4.  PM2.5 vs. NOX correlation by season 
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