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An overview of a case study that presents two modeling techniques to address 
areas of excessive conservatism in dispersion modeling analyses.

Annual ambient standards have historically been 
met with a high level of conservatism in dispersion 
modeling evaluations, in large part, because it is 
easier for regulatory agencies to approve model-
ing practices that are conservative in nature, since 
it ensures the protection of the National Ambient 
Air Quality Standards (NAAQS). However, the 
advent of the short-term NAAQS has prompted a 
reassessment of the assumptions commonly used 
in air dispersion modeling analyses.

One area of conservatism relates to the assump-
tion that a given emission unit is in operation at 
its maximum capacity every hour of the year. This 
assumption may be appropriate for some facili-
ties that operate at full capacity most of the time. 
However, in most cases, emission units are used 
at variable loads that produce variable emissions. 
Thus, assuming a constant maximum emission 
value is overly conservative for facilities such as 
power plants that are not in operation all the time 
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and which exhibit high concentrations during very 
short periods of time (e.g., startup, shutdown, and 
malfunction [SSM] events) due to technical limita-
tions of pollution control equipment.

Another element of conservatism in NAAQS 
demonstrations relates to combining predicted con-
centrations from the U.S. Environmental Protection 
Agency (EPA)’s AERMOD model with observed 
(monitored) background concentrations. Normally, 
some of the highest monitored observations are 
added to the AERMOD results yielding a very con-
servative combined concentration. The case study 
below evaluates modeled concentrations obtained 
by using the current modeling methods and by 
applying a Monte Carlo technique. Justification for 
the use of a reasonable background concentration 
to combine with the AERMOD predicted concen-
trations is also presented. The use of these methods 
can help demonstrate compliance through disper-
sion modeling analyses while still being protective 
of the NAAQS.

Case Study Overview
This study presents two modeling techniques to 
address areas of excessive conservatism: 

1. The Emission Variability Processor (EMVAP) 
Modeling System

2. The use of the 50th percentile monitored con-
centration as background

Emission Variability Processor (EMVAP)
The assumption of constant emissions is not 
appropriate for emission units that operate infre-
quently, at variable loads, or that have infrequent 
high emissions. For these cases, a probabilistic 
approach is more suitable to accurately character-
ize the effect from these emission profiles.

The EMVAP technique was commissioned by the 
Electric Power Research Institute (EPRI) to provide 
a tool that could incorporate the transient and vari-
able operations of emission units in a modeling 
analysis. EMVAP is based on the Monte Carlo sta-
tistical technique that is widely used and accepted 
in numerous fields of science and industry. The 
use of this method was pioneered by the Man-
hattan Project scientists who developed the first 
atomic weapon in the 1940s. In particular, this 

statistical approach was used to estimate neutron 
multiplication rates to predict the explosive behav-
ior of neutron chain reactions in fission weapons.1

The Monte Carlo technique is used in EMVAP 
to create a frequency distribution from a given 
emission source or sources by assigning emis-
sion rates from a given pool of emissions (usually 
from Continuous Emissions Monitoring System 
[CEMS] data) at random over numerous iterations. 
The resulting distribution yields a more realistic 

Figure 1. Emission distri-
bution by percentiles.

Figure 2. Histogram of 
1-hr SO2 monitoring  
observations for the 
SPPRC 436 monitor, 
2011–2013.



approximation of actual modeled impacts. EMVAP 
has been evaluated extensively2-4 for dispersion 
modeling applications.

Combining Background Concentrations in 
NAAQS Modeling Evaluations
Background concentrations are commonly 
obtained from representative ambient monitors. 
However, most of these monitors are sited to cap-
ture maximum impacts in a given area.5 Thus, 
finding ambient monitors that are truly represen-
tative of background levels of ambient air is chal-
lenging. Additionally, it is a common practice to 
pair the predicted concentration from AERMOD 
with the maximum recorded observation from 
the ambient monitor. EPA has made some con-
cessions on this practice6,7 and now allows a Tier 
2 approach where a reduced subset of monitored 
observations are grouped by seasons and com-
bined with predicted AERMOD concentrations 
on a seasonal basis. This approach assumes that 
AERMOD concentrations are sufficiently cor-
related with monitored concentrations on a tem-
poral basis (hour by hour). However, AERMOD 
results are evaluated irrespective of time and space 
(i.e., with Q-Q plots) because model performance 
significantly decreases when analyzed on a tem-
poral basis.8-12 Thus, temporal pairing of modeled 
and monitored concentrations is unjustified.

Screening of Background Concentrations.
When meteorological data are available, it may be 
possible to exclude the monitored observations 
that occur when the monitor is being impacted 
from these sources.

Nicholson13 described a screening technique to 
obtain a representative background concentra-
tion by analyzing hourly fine particulate matter 
(PM2.5) monitored data from the Santa Fe, NM, 
airport monitoring site. Nicholson screened out 
monitoring observations from unusual events and 
occurrences when the monitor was downwind 
of a major emission source. After screening out 
exceptional events, the resulting 98th percentile 
concentration was 6 µg/m3 compared to 18 µg/
m3 obtained from the unscreened data set. Nich-
olson cautioned against the use of background 
concentrations based upon extreme values, since 
these are not representative of the background in 
a dispersion modeling domain.

EPA defines exceptional events as unusual or nat-
urally occurring events that can affect air quality 
but are not reasonably controllable.14 However, the 
flagging of exceptional events is only performed 
by state agencies when there are attainment issues. 
Therefore, the data collected from these monitors 
contain observations that overpredict background 
concentrations.

The challenge in determining a representative 
background value is how to screen out the obser-
vations from times when the monitor is downwind 
from a given emission source to avoid double 
counting emissions. However, it is possible to fil-
ter out the effects from explicitly modeled sources 
and exceptional events (e.g., forest fires, sand 
storms, etc.) by analyzing the distribution of moni-
tored observations, as proposed below.

Combining Modeled Results and Back-
ground Concentrations. The 1-hr sulfur diox-
ide (SO2) NAAQS was promulgated as the 99th 
percentile of maximum daily concentrations. Thus, 
the probability of this standard is 1.00  0.99  
0.01. This is equivalent to 1 exceedance every 100 
days (1/100  0.01). When we extrapolate this 
ratio to the number of days in a year (365), we 
get 3.6 exceedances in a year which is rounded 
up to the 4th highest value in a year. Thus, the 
form of the standard is the high-fourth-high (H4H) 
value from the daily maximum 1-hr values across 
a year. However, by assuming that the 99th per-
centile modeled concentration is combined with 
the 99th percentile background concentration, 
the probability equals 0.0001 or (0.01) * (0.01). 
This is equivalent to the 99.99th percentile or 
one exceedance every 10,000 days (1/10,000 
0.0001), which is equal to one exceedance every 
27 years. The probabilistic inappropriateness of 
such an approach has been described previously.11

Furthermore, this degree of conservatism is well 
beyond the level necessary to protect the NAAQS.

A more realistic approach in NAAQS dispersion 
modeling analyses is to combine AERMOD’s con-
centrations with the 50th percentile background 
concentration.15 This approach conserves the 
use of the modeled 99th percentile value from  
AERMOD and allows for a more representative 
background level by selecting the median instead 
of the tail of the distribution. Additionally, this 
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approach will still be protective of the NAAQS 
because it results in a marginal probability of 0.005 
or (0.01) * (0 .50). This is equivalent to the 99.5th 
percentile combined concentration which is more 
conservative than the form of the standard (99th 
percentile). Therefore, this method is statistically 
sound and provides a reasonable level of conser-
vatism that ensures the protection of the NAAQS.

Experimental Methods
The current study evaluates the predicted concen-
trations based on three cases:

1. Using AERMOD by assuming a constant maxi-
mum emission rate (current modeling practice);

2. Using AERMOD by assuming a variable emis-
sion rate; and

3. Using EMVAP to account for emission variability.

The modeling evaluation is based on one year 
of emission data from a power plant. These data 
were scaled up for the following example. In other 
words, its emission profile is the same, but the 
magnitude has been adjusted. A graphical repre-
sentation of the emission profile for this hypothet-
ical power plant is shown in Figure 1.

The assumptions and the modeling parame-
ters for these cases are summarized in Table 1. 
AERMOD version 14134 was used with meteoro-
logical data processed for one year with AERMET 
version 12345. The receptor grid is comprised of 
1,080 polar receptors extending 7,500 m from 
the source.

Results and Discussion
The results for the three cases described are sum-
marized below (see Table 2). Case 1 was the high-
est of the cases and exceeded the NAAQS. This is 
not surprising given that Case 1 assumes continu-
ous emissions at the highest emission rate. Case 2 
resulted in the lowest concentration; approximately 
40% of the NAAQS. However, this is presented for 
comparison purposes only and should be viewed 
with caution because AERMOD has negligible 
correlation with monitored concentrations on a 
temporal basis. Case 3 was calculated from 500 
iterations in EMVAP and resulted in a 99th per-
centile concentration that is 92% of the NAAQS. 
These results do not include impacts from neigh-
boring sources and background concentrations. 

Background Concentrations
According to the Annual Air Monitoring Network 
Plan for Minnesota,16 the Minnesota Pollution 
Control Agency (MPCA) monitors SO2 at six sites. 
The 2011–2013 average 99th percentile 1-hr SO2
concentrations range from 5.2 µg/m3 at monitor-
ing site 443 to 89.0 µg/m3 at monitoring site 420. 
Out of these, the St. Paul Park Refinery Company 
(SPPRC) 436 monitor was selected, since it records 
the second highest three year average concen-
tration (26.2 µg/m3). The SPPRC 436 monitor is 
located about 9 miles southeast of downtown St. 
Paul, MN. The location is east of the Mississippi 
River and is surrounded by industrial land includ-
ing an oil refinery (see map on page 24).

Hourly ambient air monitoring data were obtained 
from EPA’s Airdata Web site17 for the SPPRC 436 
monitor for the years 2011 through 2013. The 
monitoring data were recorded in parts per billion 
(ppb) and contained only the maximum hourly 
observations by day. Therefore, there were 365 
maximum hourly values for 2011 and 2013, and 
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 Case 1  
(µg/m3)

Case 2  
(µg/m3)

Case 3 
(µg/m3)

Description 
of Dispersion 

Modeling

Current 
Modeling 
Practices 

AERMOD 
with hourly 
emission 

EMVAP 
(500 

iterations)

H4H 229.9 78.6 179.3

Percent of NAAQS 117% 40% 92%

Input Parameter Case 1 Case 2 Case 3

Description 
of Dispersion 

Modeling

Current 
Modeling 
Practices 

AERMOD 
with hourly 
emission 

EMVAP 
(500 iterations)

SO2 Emission rate 
(g/sec) 478.7

Actual 
emission rates 

from CEMS 
data

Bin1: 478.7 
(5.0% time) 

Bin 2: 228.7 
(95% time)

Stack height (m) 122

Exit temperature
(degrees K) 416

Diameter (m) 5.2

Exit velocity  
(m/sec) 23

Table 1. Three cases used to model the power plant example.

Table 2. Results of 1-hr SO2 concentrations for the three cases.



366 maximum values for 2012 (a leap year). These 
values were analyzed to find a representative 1-hr 
background concentration and are analyzed in a 
histogram (see Figure 2).

The histogram exhibits a long right tail due to 
few very high observations. However, the most 
frequent observation recorded was 2.6 µg/m3

(1 ppb), which occurred 40% of the time. The 
distribution of concentrations at different percen-
tiles is also shown (see Table 3). The Annual Air 
Monitoring Network Plan for Minnesota shows 
the three-year average of the annual 99th per-
centile daily maximum 1-hr SO2 concentrations to 
be 10 ppb (approximately 26.2 µg/m3), which is 
one order of magnitude higher than the most fre-
quent observation (1 ppb). Thus, from looking at 
the histogram, it is overly conservative to assume 
that a 10-ppb concentration is present every hour 
of the year.

Case 3 was further analyzed by combining it 
with three background values that include the  
following:

1. Bkg 1: Three-year average of maximum daily 
1-hr SO2 observations.

2. Bkg 2: Three-year average of the 99th percen-
tile daily maximum 1-hr SO2 observations.

3. Bkg 3: Three-year average of the 50th percen-
tile daily maximum 1-hr SO2 observations.

Bkg 1 is representative of the value initially rec-
ommended by EPA (Tier 1). In more recent guid-
ance,7 EPA allowed the use of the three year 
average 99th percentile daily maximum observa-
tions for the 1-hr SO2 concentrations. However, 
as discussed previously, assuming that two excep-
tional events occur at the same time is excessively 
conservative. Thus, the use of the 50th percentile 
is a more reasonable assumption that was evalu-
ated as Bkg 3. The results in Table 4 show that 
Bkg 1 and Bkg 2 exceed the 1-hr SO2 NAAQS. 
However, by assuming a more reasonable back-
ground concentration (i.e., Bkg 3), the 1-hr SO2
NAAQS are met in this hypothetical analysis.

Summary
The newly promulgated 1-hr NAAQS pose a 
challenge to the dispersion modeling community. 
However, a reasonable level of conservatism that 
is protective of the NAAQS can be achieved by 
implementing the modeling techniques discussed 
herein. First, the use of EMVAP to account for 
the emission variability of emission units can allow 
for more reasonable results in dispersion model-
ing analyses. This tool is especially useful in cases 
when the emission units evaluated have an infre-
quent use or variable load. The use of this mod-
eling technique can result in more reasonable 
predicted concentrations that are still protective 
of the NAAQS.

The second element of conservatism in current 
modeling techniques deals with the combining 
of predicted and monitored concentrations. As 
shown in this case study, if this element of con-
servatism is not addressed, modeling analyses 
will continue to overestimate predicted concen-
trations. As a consequence, new and expansion 
projects may be halted, or additional expense 
in mitigation techniques may be incurred with 
minimal benefits to the environment. Therefore, 
we cannot continue to assume that two excep-
tional events happen at the same time. That is 
why combining the 50th percentile monitored 

Percentile µg/m3

50th 2.6

60th 3.5

70th 5.2

80th 6.1

90th 9.6

95th 12.9

98th 20.1

99th 25.6

99.9th 69.5

99.99th 84.7

Table 3. Concentrations 
at different percentiles for 
the SPPRC 436 monitor.

 
Case 3 with 

Bkg 1
(µg/m3) 

Case 3 with 
Bkg 2

(µg/m3)

Case 3 with 
Bkg 3

(µg/m3)

H4H 179.3 179.3 179.3

Background 86.4 25.6 2.6

Total 265.7 204.9 181.9

Percent of 
NAAQS 135.6% 104.5% 92.8%

Table 4. Case 3 with three different background values.

28   em   december 2014 awma.org



concentration with the 99th percentile predicted 
concentration (1-hr SO2) should be considered 
in regulatory applications. In summary, the level 

of conservatism in current dispersion modeling 
practices needs to be addressed with modeling 
techniques like the ones presented herein. em
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Each year, the Air & Waste Management Association (A&WMA) recognizes outstanding students who are pursuing courses of study and research 
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Scholarships  
A&WMA has scholarships available for air quality research, solid and 
hazardous waste research, waste management research and study, 
and air pollution control and waste minimization research; last year 
the Association headquarters awarded $33,000 in scholarships.

Thesis and Dissertation Awards
A&WMA acknowledges up to two exceptional Masters Thesis and up 
to two exceptional Doctoral Dissertations each year. Nominations 
shall be made by the student's faculty advisors, who are members of 
A&WMA, only. 

Visit www.awma.org/resources/students for more information.

A&WMA Student Opportunities
All Applications Due Monday, January 12, 2015

Best Student Platform Paper Award
The Platform Paper Award will acknowledge up to two exceptional 
technical papers at the M.S. and Ph.D. academic levels for papers 
submitted for presentation at the 2015 A&WMA Annual Conference 
& Exhibition on June 22-25, 2015 in Raleigh, NC. 

Best Student Poster Award
The Student Poster Awards recognizes student posters to be the 
best amongst those considered in the undergraduate, masters, and 
doctoral categories. Student must present the poster during the 
2015 A&WMA Annual Conference & Exhibition on June 22-25, 2015 
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