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1.0 EXECUTIVE SUMMARY 
 

Air quality dispersion models employ mathematical formulas to characterize the 
dispersion of pollutants based on emission sources and meteorological conditions. They are 
useful tools for both estimating past exposures and predicting future exposures based on the 
positioning of emission sources. Estimating past exposures is important because it can be used to 
support epidemiological studies designed to determine associations between exposures and 
health outcomes. One specific example is characterizing the effect of burn pits at deployed 
locations on the health of exposed populations. Predicting future exposures is important for 
making decisions regarding the positioning of emission sources and their effect on exposures. 
Once specific example is supporting decisions on how to position fleets of advanced aircraft on 
the flight line at an Air Force base to mitigate the potential for exhaust re-entrainment and 
exposure to maintainers, aircrew, and other personnel. 

There are several air quality dispersion models available, each with capabilities that are 
specialized for particular air quality situations. The following four air quality dispersion models 
were reviewed: 

 
1. AERMOD: The AMS-EPA Regulatory Model – a collaborative effort by the American 

Meteorological Society and the Environmental Protection Agency, adopted as the 
Environmental Protection Agency’s preferred regulatory model in 2005.  

2. CALPUFF: The California PUFF model – developed in 1990 by Sigma Research 
Corporation for the California Air Resources Board. 

3. HYSPLIT: The Hybrid Single Particle Lagrangian Integrated Trajectory model – a 
collaborative effort developed by the National Oceanic and Atmospheric Administration 
and Australia’s Bureau of Meteorology. 

4. QUIC: The Quick Urban and Industrial Complex model – developed in the early 2000s in 
a collaborative effort between Los Alamos National Laboratory and the University of 
Utah.  

 
ArcGIS, a geographic information system developed by the Environmental Systems Research 
Institute, was also reviewed as a tool useful for analysis of observed air quality conditions using 
inverse distance weighted techniques, geographic data analysis, geostatistical calculations, image 
analysis, building and terrain dataset development, and general cartography.  

The flight line at Luke Air Force Base was used as a model site for generating 
comparative air quality dispersion models to demonstrate the usefulness for estimating the 
potential for jet exhaust re-entrainment and exposure to maintainers, aircrew, and other personnel 
on the flight line. Site profiles were constructed using each of the air quality dispersion models 
(with the exception of CALPUFF, for reasons discussed in section 2.1.2). The F-35 produces a 
greater risk than the F-16 for heat and chemical exposure to individuals on the flight line, as it 
produces about 1.6 times more thrust. However, the F-16 was chosen for these proof-of-concept 
model tests based on the availability of data for fuel consumption, which is a required model 
input.  

Comparison of each model’s unique features and capabilities indicates that QUIC is the 
most relevant for the flight line exposure application, while AERMOD is more appropriate for 
estimating long-term exposures to support epidemiological studies linking exposure profiles to 
health outcomes. HYSPLIT is appropriate for preliminary assessment of a current air quality 
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situation (e.g., smoke from a forest fire) or for research on rural locations. However, it should not 
be used for in-depth research on urban areas due to its reliance on meteorological data files to 
supply surface terrain/geometry data.  
 
2.0 SOFTWARE DESCRIPTIONS AND DATA SOURCES 
 
2.1 Air Quality Dispersion Models 
 
2.1.1 AERMOD. AERMOD (AMS-EPA Regulatory Model), adopted as the Environmental 
Protecting Agency’s (EPA) preferred regulatory model in 2005 [1], is a steady-state dispersion 
model designed for calculating concentrations of EPA criteria pollutants over regulatory time 
periods within a model domain up to 50 km × 50 km [2]. It is a Lagrangian model, meaning that 
it treats the motions of the atmosphere as wavefunctions. The timestep is fixed at 1 hour.  
AERMOD produces output in both graphical and tabular formats; the tabular format is 
specialized for use in EPA reports. AERMOD output shows the time-average and/or peak 
concentration that occurred at a specific location during a given period of time. Criteria 
pollutants include carbon monoxide, nitrogen dioxide, particulate matter (PM) less than or equal 
to 10 µm in diameter (PM10), PM less than or equal to 2.5 µm in diameter (PM2.5), ozone, lead, 
and sulfur dioxide [3]. The available time-stepping intervals are based on the regulatory time 
periods indicated in the EPA National Ambient Air Quality Standards, which are regulations 
governing outdoor air quality and the conditions under which a municipality is in violation of the 
Clean Air Act [3]. The regulatory time periods include 1 hour, 2 hours, 3 hours, 4 hours, 6 hours, 
8 hours, 12 hours, 24 hours, 1 week, 1 month, and 1 year. Longer simulation times (>1 year) are 
also possible to satisfy long-term regulatory situations such as EPA New Source Permitting, 
which is a legal regulatory process all potential major sources of criteria pollutants must go 
through prior to breaking ground on construction.  

AERMOD’s predictions have been validated by the EPA [4]. To validate AERMOD 
output, the EPA used quantile-quantile plots, in which observations and model output are ranked 
by percentile and plotted against each other to compare measured pollutant concentrations with 
modeled pollutant concentrations at the point of measurement. The findings of this study were 
that AERMOD output can be trusted to fall within a factor of 2 [between one-half and double] of 
the concentration observed in the field. A model prediction within a factor of 2 of observed 
measurements is the commonly accepted standard for acceptable performance for a regulatory air 
quality model [5]. 

The AERMOD software package purchased for this system was BREEZE AERMOD by 
Trinity Consultants (Dallas, TX). It includes the AERMAP terrain/land-use-land-cover 
processor, the AERMET meteorological data processor, and the AERMOD pollutant dispersion 
model in a single geographic information system (GIS) style graphical user interface (GUI) 
through which emission sources and buildings can be drawn in the model domain. Emission 
sources can be modeled as point sources, areas, or volumes. Measurement locations can be 
modeled as unique receptors, i.e., log-modeled pollutant concentrations at one point only, or 
gridded receptors, i.e., log concentrations for multiple points simultaneously. Emissions sources, 
receptors, and building properties can also be defined through software wizards and in situ 
spreadsheets. Detailed information on the operation of the BREEZE AERMOD software 
package can be found in the BREEZE AERMOD Practical Air Dispersion Modeling Workshop 
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textbook/workbook [6]. A detailed description of AERMOD’s development and mathematical 
formulas can be found in EPA technical report EPA-454/R-03-004 [7]. 
 
2.1.2 CALPUFF. CALPUFF (California PUFF) is a non-steady-state puff dispersion model 
designed for the simulation of pollutant dispersion over areas from tens to hundreds of 
kilometers [8]. It is typically used for regulatory modeling, as a companion to AERMOD. 
Similar to AERMOD, it is a Lagrangian model. The timestep is manually variable with a 
maximum timestep of 1 hour [9]. CALPUFF is unique from AERMOD in that output can be 
written to time series and gridded data files, making it a true plume dispersion model. Further, 
CALPUFF’s investigative scope is wider than AERMOD’s, as CALPUFF includes a library 
containing chemical parameters for a wide variety of chemical species including all EPA criteria 
pollutants in addition to specific volatile organic compounds [10] and radioactive species [11]. 
CALPUFF also has the ability to model chemical reactions that occur in the atmosphere through 
its atmospheric chemistry options [12]. It is also possible for the user to input custom pollutants 
using chemical parameters. A disadvantage of CALPUFF is that it requires meteorological input 
data to be in a unique format [13], making high-quality data extremely difficult to obtain unless 
purchased from an air quality modeling consultancy.  
 The CALPUFF software package purchased for this system was CALPUFF-View by 
Lakes Environmental Software (Waterloo, Ontario, Canada). It includes the CALMET 
meteorological processor, the CALPUFF pollutant dispersion model, and the CALPOST data 
post-processor. Like BREEZE AERMOD, this software package is operated from a GIS-style 
GUI, through which emission sources, receptors (unique or gridded), and buildings can be drawn 
in the model domain. Terrain, emission source, receptor, and building properties can also be 
defined in a like manner to BREEZE AERMOD via software wizards and in situ spreadsheets. 
Due to the poor quality of freely available data and the cost of commercially available data, no 
output will be available from CALPUFF until such a time as it is required. Detailed information 
on CALPUFF can be found in the model formulation and user’s guide for the CALPUFF 
dispersion model [13]. 
 
2.1.3 HYSPLIT. HYSPLIT (Hybrid Single Particle Lagrangian Integrated Trajectory) is a 
hybrid non-steady-state puff/particle plume dispersion model, meaning it simultaneously 
combines both puff and particle approaches to modeling an emission plume. Both approaches 
utilize a Lagrangian treatment of the atmosphere. The timestep automatically varies between 
1 minute and 1 hour during a simulation [14]. This model was originally designed to serve as a 
rapidly deployable online regional pollutant dispersion model to provide short-term air quality 
simulations of between 1 hour and a few days in length for emergency services and to be capable 
of back-calculating trajectories to determine whether observed air contaminants have a local or 
remote source [15]. The ideal geographic domain is on the order of 10 km – 50 km [8], although 
it has been used to model pollutant dispersion across the entire planet. One useful feature of 
HYSPLIT is that model output can not only be extracted to data files but can also be written to 
ArcGIS (section 2.2.1) or Google Earth formats to allow for further graphical analysis. Neither 
BREEZE AERMOD nor CALPUFF-View is capable of writing output to ArcGIS, although 
CALPUFF-View can output to Google Earth. In keeping with this model’s flexibility, all 
pollutants simulated using HYSPLIT must be user defined using chemical parameters. Chemical 
species can be either gaseous or particulate [16]. 
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HYSPLIT is a freely available model produced by the National Oceanic and Atmospheric 
Administration (NOAA). It operates from a text-based GUI and automatically downloads both 
forecast and observed meteorological data with their associated terrain/surface data from the 
NOAA Atmospheric Resources Laboratory archive. It is able to simulate both emission plume 
trajectories and pollutant concentrations for multiple sources and chemical species (up to seven 
of each when defined in GUI, unlimited when defined from an external file) simultaneously. 
Mathematical details of the HYSPLIT model can be found in NOAA Technical Memorandum 
ERL ARL-230 [17]. 
 
2.1.4 QUIC. QUIC (Quick Urban and Industrial Complex) combines a simplified computational 
fluid dynamics engine (QUIC-URB) with a Lagrangian random-walk particle dispersion model 
(QUIC-PLUME) and a GIS interface. With a geographic grid on the order of 1 meter and a 
manually variable timestep where 0 seconds < timestep < 10 seconds, QUIC is useful for the 
simulation of geographically small domains (<10 km) located in geometrically complex 
environments such as urban centers and industrial facilities. QUIC outputs gridded time series of 
particle locations and concentrations, thus making it a true plume model. Like HYSPLIT, all 
pollutants are user defined. 

QUIC is a unique model produced by the Los Alamos National Laboratory in conjunction 
with the University of Utah as a fast-response chemical, biological, radiological, and nuclear 
attack simulator [18]. As such, it is a highly flexible model with a user-friendly interface. Unique 
features of QUIC include the ability to easily input (1) observed on-site meteorological data, 
(2) GIS-shapefile-formatted building data, and (3) moving point sources that can be set up to 
follow specific paths during the simulated time period [19]. Details of the mathematical 
processes used in QUIC can be found in the QUIC PLUME Theory Guide [20].  
 The models discussed above were summarized for comparison in Table 1. 
 
2.2 Geographic Analysis 
 
 ArcGIS, which is produced by the Environmental Systems Research Institute, is the 
premier geospatial analysis tool currently available. It is useful for creating maps, visualizing 
geospatial data, analyzing geographic data statistically and spatially, analysis of imagery, as well 
as importation and extraction of air quality model input data. In relation to pollutant dispersion 
modeling, the primary application of ArcGIS is to generate the geometry containing structures 
and terrain that is imported into air dispersion models as surface data.  
 
2.3 Data Sources 
 
 Terrain and weather data are two of the key required inputs to generate air dispersion 
models. Data sources not linked to directly by the models’ user interfaces were cataloged for use, 
with the exception of CALPUFF-specific meteorological data (Table 2). Emissions source data 
are not included in Table 2, as they are typically gathered from literature or observations, as they 
were for this case. 
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Table 1. Comparison of Air Dispersion Models 

Model AERMOD CALPUFF HYSPLIT QUIC 
Typical Use Regulatory Regulatory Emergency Response Chemical, Biological, 

Radiological, & 
Nuclear Attack 

Model Domain <50 km <1000 km 10 – 50 km <10 km 
Pollutants EPA Criteria 

Pollutants 
EPA Criteria 

Pollutants, Volatile 
Organic Compounds, 
Radioactive Species, 

User Defined 

User-defined User-defined 

GIS-Style GUI Yes Yes No Yes 
Developer American 

Meteorological 
Society/EPA 

Sigma Research Corp. NOAA/Australia Bureau 
of Meteorology 

Los Alamos National 
Laboratory/University 

of Utah 
Steady-State Yes No No No 
Custom Buildings/  
Terrain 

Yes Yes No Yes 

Timestep (dt) Fixed: 
dt = 1 h 

Manually Variablea: 
dt < 1 h 

Automatically Variablea: 
1 min < dt < 1 h 

Manually Variablea: 
0 s  < dt < 10 s 

Puff/Particleb Puff Puff Both Particle 
aManually Variable: Prior to beginning the simulation, the user specifies the dt to be used for that model run; 
 Automatically Variable: The model decides what dt to use in the differential equations governing the 
 thermodynamic/fluid dynamic processes simulated. This decision is made while the model is running, without input 
 from the user 
bPuff vs. Particle: Air parcels with a Gaussian (even) volumetric distribution of pollutant that are modeled as 
 expanding with distance are called puffs. If an air parcel is not treated as expanding with distance, it is called a 
 particle. HYSPLIT is considered a hybrid between the two approaches because when its parcels reach the size of 
 the meteorological grid spacing, they split into multiple parcels, each containing a portion of the original parcel’s 
 pollutant contents. 
 

Table 2. Terrain and Weather Data Sources 

Type of Source Source 
States Providing 
AERMOD-Ready 
Meteorology Data 

AL, AK, AR, CA, CT, FL, GA, IA, IN, KY, ME, MI, MN, MS, NC, 
ND, NH, NM, OH, SC, TX, UT, VA, WI 

Unprocessed 
Meteorological Data 
for All States 

EPA Support Center for Regulatory Atmospheric Modeling [21], Iowa 
State University Meteorological Terminal Aviation Routine (METAR) 
Archive [22] 

Terrain Data Multi-Resolution Land Characteristics Consortium [23] 
Satellite Imagery and 
Aerial Photography 

ArcGIS Online 

 
 In regard to meteorological data, it is important to note that virtually all public 
meteorological data are recorded at hourly intervals. There are a few datasets of higher 
frequency, but they are virtually always associated with a small local network of weather 
stations. Therefore, these data are of an extremely limited geographic scope. The weather 
stations associated with these networks are rarely located in urban areas and thus cannot provide 
data relevant to the circulation of the atmosphere in developed areas [24]. Furthermore, for the 
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purposes of microscale atmospheric modeling, the spacing of the weather stations in these 
networks is far too wide. For instance, the Oklahoma Mesonet – the most well known of these 
networks – has an average of one weather station for every 1508 km2 [25]. For air pollution and 
pollutant dispersion studies, sensor networks with an area between 100 meters and 10 km are 
needed [25]. There are only five such networks providing data to the public in the United States: 
the Oklahoma City Micronet – Oklahoma City, OK; Quantum Weather – St. Louis, MO; 
CitySense – Cambridge, MA; Sensor Network Over Princeton – Princeton, NJ; and Woodlawn 
High School Network – Baltimore, MD [25]. This makes it necessary to observe weather 
conditions directly when creating a high-fidelity pollutant dispersion model. To best observe 
relevant weather conditions for input into such a model, it would be best to employ a mobile 
weather observation network similar in concept to that employed by the University of Oklahoma 
during the VORTEX Experiment [26], in which weather stations were mounted to automobiles 
that were then driven to locations of interest to observe small-scale meteorological phenomena 
including thunderstorms.  
 
3.0 EXAMPLE DATA OUTPUT 

 
Proof-of-concept domains were prepared in HYSPLIT, QUIC, and AERMOD for Luke 

Air Force Base (AFB) using 1200-1300 Arizona Standard Time on 10 June 2012 as the test 
period. This model duration was chosen due to the fact 1 hour is the shortest possible model 
timestep for AERMOD. The HYSPLIT model can be run for a duration anywhere from a few 
minutes to several days, and QUIC can only feasibly be run for a maximum model duration of a 
few hours at its highest quality.  

The F-35 produces a greater risk than the F-16 for heat and chemical exposure to 
individuals on the flight line, as it produces about 1.6 times more thrust [27,28]. However, the F-
16 was chosen for these proof-of-concept model tests based on the availability of data for fuel 
consumption, which is a required model input.  

For the first set of examples, similar conditions were simulated using each of the models. 
Meteorological data for the models were assigned as follows: AERMOD – single observation for 
1200 taken from AERMOD input data supplied by the Arizona Department of Environmental 
Quality (recorded at Sky Harbor International Airport); QUIC– single wind observation, 3-knot 
winds at 190° (1200 METAR); HYSPLIT – single hourly observation for 1200 taken from the 
North American Model 12-km weather forecast data – weather forecast model predictions for 
multiple grid points are included.  

For the second set of examples, each model was run using model inputs more closely 
matched to the capabilities of each specific model. For the second QUIC and HYSPLIT model 
runs, Luke AFB METAR observations for 1155 (1200 observation) and 1255 (1300 observation) 
were used with the addition of observations interpolated every 10 minutes from 1210 – 1250. 
The 1200 METAR recorded 3-knot winds at 190° and the 1300 METAR recorded 8-knot winds 
at 130°. This interpolation was necessary because even though these models can be run for sub-
1-hour timesteps, the corresponding meteorological data are rarely available in online databases. 

All simulations were for PM2.5 with two independent point sources representing two F-16 
jets operating at a fuel consumption rate comparable to that of cruising speed. One source was 
located at 33.532° N, -112.363° W, and the other was located at 33.538° N, -112.366° W. Each 
produced PM2.5 at a rate of 0.004 g/s for the entire duration of the model run. This production 
rate was calculated from information indicating aircraft turbine engines create approximately 
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0.011 g of particulates per kilogram fuel at idle [29] and from F-16 fuel consumption information 
gathered from primary sources [30] indicating a typical cruising fuel consumption of 
approximately 0.35 kg/s. For HYSPLIT, it was necessary to enter pollutant density as input data. 
A value of 1.5 g/cm3 was obtained from Molenar [31]. All model output is in g/m3. 

 
3.1 AERMOD 

 
A small and simple proof-of-concept model domain was created for Luke AFB in 

BREEZE AERMOD. Due to the large number of buildings and inefficient, AERMOD-specific, 
building creation process, only major buildings in the immediate vicinity of the sources were 
drawn. Terrain was derived from multi-resolution land characteristics data using ArcGIS and the 
AERMAP utility included with the BREEZE AERMOD package. The completed model domain 
can be visualized in the BREEZE AERMOD interface (Figure 1). Terrain is shown in green. 
Buildings are blue, and point sources are in cyan. The receptor grid is shown as a black grid 
overlaid on base imagery.  

 

Figure 1. AERMOD domain. 
  

AERMOD results show the hourly average concentration at each point on the receptor 
grid for the hour from 1200 to 1300 on 10 June 2012 (Figures 2 and 3). Results show this 
simulation resulting in very low concentrations – contours are for values between 5.08×10-5 and 
0.407 µg/m3 (Figure 3). The concentrations at points A and B in Figure 3 are both on the order of 
0.10 µg/m3. A maximum of 0.937 µg/m3, as denoted by the white x, was observed just to the 
northeast of the northern point source, just off the ramp and within the most built-up portion of 
the model domain (Figure 3). Pollutant dispersion follows from southwest to northeast, roughly 
in accordance with the 1200 METAR observation. It is of note that maxima are not located at the 
sources, but near buildings. A potential reason for this is the weak winds downwind of buildings 
allow pollutants to accumulate with time. These images were generated with the BREEZE 3D 
Analyst software, which came bundled with AERMOD as a separate program. Using 3D 
Analyst, it is possible to output AERMOD results to ArcGIS for further analysis.  
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Figure 2. AERMOD hourly average: 1200-1300, 10 June 2012 (3D visualized). 
 
 

 
Figure 3. AERMOD hourly average: 1200-1300, 10 June 2012 (2D visualized). 

 
 

A 
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As AERMOD is designed for longer simulations, a situation requiring a longer 
simulation time provides a better example of AERMOD’s capabilities. To demonstrate the 
longer model duration capabilities of AERMOD, a full 24-hour run was completed, where the 
emission sources were present for the duration of the 24-hour period. The full 24-hour run shows 
that the peak hourly average PM2.5 concentration found during the 24-hour simulation was 
3.07 µg/m3. The location of this maximum is to the southeast of the southern source, near the 
baseball diamonds, denoted by the white x in Figure 4. The locations of these maxima are 
provided in Universal Transverse Mercator coordinates under the Universal Transverse Mercator 
column of the report. Reports summarizing these data are generated automatically by the model 
and contain data for the entire model domain (Figure 5). 

Figure 4. PM2.5 concentration, 24-hour maximum. 
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Figure 5. AERMOD results summary report. 
 

 Based on the examples shown here, AERMOD works well for running longer term 
models lasting greater than 1 hour due to this being the smallest timestep available. AERMOD 
would excel in simulating constant or near-constant emissions from burn pits or smoldering 
aircraft crashes. In these cases, as the simulations would be long enough for pollutant exposure 
limits to come into effect, the display contours can be adjusted to show regulatory thresholds for 
the pollutant simulated. Health hazard exposures could then easily be calculated using ArcGIS 
based on personnel movements and a perimeter could be established at a distance where 
exposures are at a non-hazardous level. 

 
3.2 HYSPLIT 
 
 The HYSPLIT domain was prepared to match the other models discussed here. One 
unique feature of HYSPLIT is that it derives its surface terrain and building data from the 
weather data files it uses as input. Therefore, there are no features in HYSPLIT for creation of 
terrain or buildings. For the first simulation, the observed weather conditions at the beginning of 
the hour were used as input for the entire full 1-hour simulation. The dispersion pattern was 
similar to that calculated by AERMOD, with similar concentrations produced and maxima in 
similar locations. Figure 6 shows plumes extending from either source to the northeast with 
concentrations between 1.0×10-9 and 1.0×10-6 g/m3 (1.0×10-3 to 1.0 µg/m3). The concentrations 
at points A and B in Figure 6 are both on the order of 0.10 µg/m3. It should be noted that despite 
the lack of ability to create buildings in the HYSPLIT interface, the model is “building-sensitive” 
at low model heights because it reads terrain data from meteorological input files. These files 
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contain a variety of terrain parameterizations, some at a fine enough scale that significant 
buildings can resolve as “terrain” features. Figure 6 shows this, as its data are at a height above 
ground level (AGL) of 2 meters and multiple buildings over 2 meters in height appear 
surrounded by the emission plumes. 
   

Figure 6. HYSPLIT results – 2-meter height AGL: 1200-1300, 10 June 2012. 
 

 A second HYSPLIT simulation was run with user-specified meteorological data 
reflecting the METAR data recorded at Luke AFB for the simulated times. Figure 7 shows that 
this simulation resulted in a fan-like pollutant dispersion pattern, produced as the winds rotated 
from 190° at 1200 to 130° at 1300. Maxima were on the order of 1 µg/m3 and were located at the 
emission source. At point A, concentrations were on the order of 1 µg/m3 and at point B 
concentrations were null. Here it is useful to include model output with values for each model 
grid cell, as shown in Figure 8, to later compare with QUIC output. Notice the large size of each 
grid cell. 

A 

B 
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Figure 7. HYSPLIT results: 1200-1300, 10 June 2012, 1300, – 2-meter height AGL, with user-entered 
meteorological data. 

 

Figure 8. HYSPLIT model grid cell concentrations: 1200-1300, 10 June 2012, 2-meter height AGL. 
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3.3 QUIC 
 
 The QUIC domain was prepared by inputting a GIS shapefile containing building heights 
and locations, adding a surface height gradient reflecting the local terrain at Luke AFB. A model 
simulation was made with a single wind vector of 3 knots at 190°, reflecting the 1200 METAR. 
Figure 9 shows a portion of the wind velocity field calculated by QUIC for this simulation. It is 
apparent that the implementation of computational fluid dynamics methods and building height 
produce a distinct influence on local wind flow patterns. 
 

 
Figure 9. QUIC wind field for single wind vector simulation, 9-meter height. 

 
Figure 10 shows that the pollutant dispersion pattern that was calculated when QUIC was 

run with a single wind vector representing the 1200 METAR observation was similar to that 
calculated by HYSPLIT, but that pollutant concentrations were higher. Concentrations at points 
A and B were on the order of 1 µg/m3. Data extracted to ArcGIS showed local maxima of 
166 µg/m3 at the southern source and 149 µg/m3 at the northern source. 
  



14 
 
DISTRIBUTION STATEMENT A. Approved for public release. Distribution is unlimited. Cleared, 88PA, Case # 2018-3595, 10 Jul 2018. 

C
on

ce
nt

ra
tio

n 
(g

/c
m

3 )
 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. QUIC hourly average concentration – single wind vector; 1300, 10 June 2012. 
 

Data extracted to ArcGIS showed peak concentrations of 85 µg/m3 for the southern 
source and 47 µg/m3

 for the northern source. Both peaks were located at the emission source. 
QUIC is known to overpredict concentrations near the emission source and near ground level 
[32], while HYSPLIT [14] and AERMOD [4] are known to underpredict concentrations near the 
emission source. Additionally, when AERMOD performance was tested at different timescales, 
it was found that underprediction was inversely proportional to the timescale, where 
underprediction was greater for shorter model runs [33]. It was found that HYSPLIT is also 
known to underpredict concentrations during the summer months [34]. Given this information, it 
should not be surprising that QUIC produced higher concentration peaks than AERMOD and 
HYSPLIT. It should be noted that the issue of overprediction and underprediction appears to be 
confined to the area immediately surrounding the emission source. One possibility to be 
investigated further is that the finer model grid of QUIC may allow it to simulate concentrations 
near the emission source with greater fidelity. 

A second QUIC simulation was run with user-specified meteorological data reflecting the 
METAR data recorded at Luke AFB for the simulated times. Figure 11 shows wind velocities 
generated by QUIC. It can be seen that the model calculates atmospheric motions on a very fine 
scale, allowing the influence of individual buildings to be seen even in a constant wind field. In 
the center of Figure 11, it can be seen that the buildings have affected the local wind flow to the 
extent that winds can become calm or even reversed from their primary direction depending on 
the location and the shape of the buildings present. 
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Figure 11. QUIC wind vector output; 1300, 10 June 2012, 9-meter AGL. 

 
QUIC output is typically shown as particle locations at a particular point in time. This 

allows the movement of an emission plume to be shown with respect to time (Figure 12). 
Figure 12 shows emission plumes moving in a counterclockwise manner as the wind rotates from 
190° at 1200 to 130° at 1300. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 12. Emissions plumes at a) 1215, b) 1230, c) 1245, and d) 1300. 

a) 1215 b) 1230 

c) 1245 d) 1300 
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The hourly average can also be visualized (Figure 13). Note the similarity between the 
areas covered by the grid cells with the highest concentrations, as well as the similarity of 
concentration levels outside of these areas for the model generated using HYSPLIT using similar 
inputs (Figure 8).  

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 

 
Figure 13. QUIC hourly average concentration; 1300, 10 June 2012. 

 
3.4 ArcGIS 

 
One application of ArcGIS is for the production of an inverse distance weighted dataset 

based on observed data representing ambient air quality. An example was generated using 
baseline air quality data at Luke AFB (Figure 14). The plot in Figure 14 shows the estimated 
distribution of nitric oxide (NO) based on actual data collected from four observation locations 
using a gas meter equipped with an electrochemical sensor for NO (MultiRAE, RAE Systems, 
San Jose, CA). The data were averaged over 1 hour.  
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Figure 14. Example of inverse distance weighted air quality data for Luke AFB. The data collection points are 
labelled using black stars. 

 
The data output shown in Figure 14 could be used to provide visualization for the 

distribution of air pollutants across a region and estimate exposures at locations between sensors. 
It could also be used to optimize the minimum number of sensors required to accurately record 
the distribution across an area. Future work will include the addition of measurement points to 
determine whether there is additional variation between the original locations. As a follow-on, 
model predictions could be made based on a smaller subset of data to determine whether a 
similar conclusion about pollutant dispersion could be made with fewer sensors and a smaller 
quantity of data. 
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4.0 CONCLUSIONS AND FUTURE RECOMMENDATIONS 
 
 It is apparent that the three models examined here are tailored to three unique purposes. 
AERMOD is well suited as a long-term exposure prediction model, with a minimum timestep of 
1 hour, maximum run duration of up to 5 years, and time-averaged output. HYSPLIT provides a 
rough initial assessment of the local air quality situation for time periods from a few hours to a 
few days, and QUIC is a high-fidelity model for short time periods (<1 hour). Together, these 
three models provide a pollutant dispersion modeling suite suitable for most foreseeable 
situations.  
 Although not tested here, it is readily apparent from the technical specifications of 
CALPUFF that it is uniquely suited for detailed modeling of large domains and unusual 
pollutants [13]. Given its capabilities of modeling a large domain, an adjustable sub-1-hour 
timestep, and outputting data to time series and gridded data files, CALPUFF is also better suited 
to be used for research projects where the meteorological aspects of air quality are more heavily 
emphasized. Additionally, CALPUFF would be the model of choice when investigating chemical 
reactions occurring in the atmosphere due to its atmospheric chemistry parameterization options. 
However, these situations are relatively rare and the cost of CALPUFF-ready weather data is 
significant; therefore, it is recommended that CALPUFF be employed only when necessary to 
answer the unique research questions for which it is distinctly suited. 
 With regard to all models discussed here, it is recommended that full advantage be taken 
of these capabilities to pre-evaluate environmental air quality-related projects in Force Health 
Protection research and in civil engineering/infrastructure development to streamline both 
research and decision-making processes. One application of this suite of models is as a means of 
providing environmental intelligence for future changes in U.S. Air Force infrastructure due to 
changes in fleet composition (new aircraft require different infrastructure arrangements than old 
aircraft). Another application pertains to the ongoing investigation into unexplained 
physiological events and possible connections with flight line operations and exhaust re-
entrainment. Of the models compiled here, QUIC would be the most suitable for such 
investigations due to its fine geographic and temporal scales. For correlating long-term 
exposures at deployed locations to future health outcomes, AERMOD would be the model of 
choice due to its very long timescale and simple output. In the event of a sudden or unexpected 
air quality event, as HYSPLIT can back-calculate past wind trajectories in addition to future 
wind trajectories and pollutant dispersion, it can easily be used to determine both the source and 
future transport of the pollutant in question. In combination, these models provide a powerful 
tool for estimating air pollution exposures of personnel expected to work both very close to and 
further away from pollution sources.  
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LIST OF ABBREVIATIONS AND ACRONYMS 
 
AERMOD  AMS-EPA Regulatory Model 

AFB   Air Force base 

AGL   above ground level 

CALPUFF  California PUFF 

dt   timestep 

EPA   Environmental Protection Agency 

GIS   geographic information system 

GUI   graphical user interface 

HYSPLIT  Hybrid Single Particle Lagrangian Integrated Trajectory 

METAR  Meteorological Terminal Aviation Routine 

NO   nitric oxide 

NOAA   National Oceanic and Atmospheric Administration 

PM   particulate matter 

QUIC   Quick Urban and Industrial Complex 
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