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ABSTRACT 

In response to the recognized need to introduce updated boundary layer 
meteorological concepts into routinely-used dispersion models, scientists 
representing the American Meteorological Society (AMS) and the U.S. 
Environmental Protection Agency (EPA) formed a working group 
(AERMIC) to develop a new model that would both be practical to work 
with and represent advancement in the underlying science over models 
that are currently in wide use.  The new model, AERMOD, was first made 
publicly available at EPA’s Sixth Modeling Conference in August 1995.   

In this study, the Maryland Power Plant Research Program conducted a 
comparative examination of the predictive patterns of the AERMOD 
model (and some variations of the basic model) against the available 
screening models COMPLEX-I and RTDM, and the refined model CTDM.  
The focus of this study was on the complex terrain portion of AERMOD. 

The comparison revealed several things about AERMOD.  Overall, 
AERMOD is shown to be simpler to use than the refined CTDM or even 
the screening model RTDM, provides significant improvement over 
existing screening models in terms of responding to meteorological 
variables, and appears to predict concentrations that are less conservative 
than predictions made by existing complex terrain screening models. 
AERMOD does not capture some of the basic physics of plume interaction 
with terrain, but its predictions and response to changes in meteorology 
appear to provide a better basis for estimating impacts in complex terrain 
than existing screening models. 
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1.0 INTRODUCTION 

The need for introducing updated boundary layer meteorological 
concepts into routinely-used dispersion models has been recognized for 
some time.  In response to this need, scientists representing the American 
Meteorological Society (AMS) and the U.S. Environmental Protection 
Agency (EPA) formed a working group with the express goal of 
developing a new model that would both be practical to work with and 
represent advancement in the underlying science over models that are 
currently in wide use.  The group, called the AMS/EPA Regulatory Model 
Improvement Committee (AERMIC), developed a new model (AERMOD) 
that was first made publicly available at EPA’s Sixth Modeling Conference 
in August 1995.  AERMOD subsequently underwent extensive diagnostic 
evaluation and some changes (Cimorelli, et al., 1996), with the goal of 
finalizing the model and subjecting it to performance evaluations with 
independent databases prior to releasing the model for general use. 

The Maryland Department of Natural Resources, Power Plant Research 
Program (PPRP) has been involved with the development and evaluation 
of air quality dispersion models since the l970s.  Some of the advanced 
convective boundary layer concepts built into AERMOD have their roots 
in work sponsored by PPRP in the mid-1980s.  A comparison of AERMOD 
to monitored concentrations measured in the vicinity of some of 
Maryland’s largest coal-fired power plants was reported by Brower (1996); 
the work presented here represents an on-going interest on the part of 
PPRP in improving the underlying basis of the models that are used to 
regulate air pollutant emissions from power plants in Maryland. 

The present study takes an in-depth look at the performance of the 
complex terrain portion of AERMOD in comparison with several other 
existing models, including two screening models currently in use for 
predicting impacts on elevated terrain - COMPLEX-I and RTDM, - and 
EPA’s refined complex terrain model CTDM.  The intention of this study 
is not to simply characterize AERMOD as “more” or “less” conservative 
than other models currently in use, but rather to examine its performance 
in contrast to the other more familiar models to arrive at a better 
understanding of why its predictions are different.  The focus of the effort 
to understand AERMOD’s predictions is on CTDM (as opposed to 
COMPLEX-I and RTDM), because this model incorporates much of the 
advanced physics of plume interaction with terrain that is either lacking 
or is highly parameterized in the screening models.  The ISC model was 
also run in this study (in a simple terrain mode, with receptor elevations 
limited to stack top) to provide some relative comparisons with a model 
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that would be combined with screening model results in a regulatory 
application. 
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2.0 METHODOLOGY 

A single terrain feature was selected for analysis in this study. The 
intention was to utilize a feature that is relatively well-defined and with a 
shape that is not unusual, i.e. terrain slopes are not extreme and the 
ellipses and cut-off hills used by CTDM for flow calculations fit the actual 
terrain reasonably well.  The purpose of selecting such an “average” hill 
was to ensure that the comparisons to CTDM are made so that its various 
components (WRAP and LIFT) are not dominated by unusual flow 
characteristics. In a way, the study represents a “controlled” experiment 
that highlights model differences and not model responses to unusual 
conditions.  It is recognized that this approach does not test AERMOD in a 
setting where some of its unique features (most notably, the ability to 
assign a different terrain scale to each receptor) are utilized.  As discussed 
further below, however, the terrain setting used in this analysis is a fair 
representation of how AERMOD would perform on a single, isolated 
terrain feature.  The conclusions derived from this set of comparisons 
could be tested further in different terrain settings to analyze the effect of 
AERMOD’s unique approach to terrain characterization. 

Figure 1 shows the terrain feature analyzed in this study (this feature is 
referred to subsequently as “Hill A”).  It is a section of terrain located in 
the Appalachian chain in West Virginia.  For the sake of simplicity, the 
base elevation surrounding the feature was set equal to 0 ft, as were the 
base elevations of all of the sources.  Receptors were placed on the hill 
with relatively dense spacing; receptor locations are also illustrated in 
Figure 1 (figures and tables are found at the end of the report). 

The focus of this initial study was on the stable/neutral case treatment of 
terrain interaction. Meteorological data was therefore developed for all 
models based on the set of conditions specified for the CTSCREEN model.  
These conditions represent ranges of values, and different combinations of 
wind speed, potential temperature gradient, σiv, and σw.  The 
combinations of these parameters used are shown in Table 1. CTDM and 
AERMOD are both capable of utilizing profiles of wind, temperature, and 
turbulence data. RTDM and COMPLEX-I, however, are limited to the use 
of a stability category from which potential temperature gradients and 
dispersion parameters are derived.  The vertical profiles constructed from 
the basic variables for CTDM and for AERMOD were uniform with 
height, i.e. uniform wind speed, potential temperature gradient, and 
turbulence parameters. 
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Stacks modeled for these comparisons were all set at a height of 70 meters, 
and represent a range of buoyancy flux parameters that were derived 
from actual power plants in the State of Maryland.  These source 
parameters are presented in Table 2.  Model predictions were all made 
with a normalized emission rate of 1 g/s.  Table 3 illustrates plume 
heights for each source for various meteorological conditions, and 
provides a comparison of plume heights to the height of Hill A.  

Sources were placed at two locations relative to the hill, one at a distance 
less than 1 kilometer from the hill center, and the second location 
approximately 5 kilometers from the hill center.  With five sets of 
buoyancy flux parameters, the total number of sources modeled was 10.  
Figure 2 illustrates source locations relative to Hill A. 

Since the focus of this study was on stable/neutral cases, the unstable 
algorithms in EPA’s CTSCREEN and CTDMPLUS models were not used.  
The CTSCREEN model was used as the basis of the modeling, but 
modifications were made to the model to enable extraction of detailed 
information about each prediction, and to streamline the many model 
runs that were made (such as entering the wind direction to be modeled 
on the command line).  Reference is therefore made to the CTDM model 
since it is neither CTSCREEN nor CTDMPLTJS, but does reflect the 
underlying stable/neutral case algorithms in both CTSCREEN and 
CTDMPLUS. 

CTDM and RTDM both require information about the hill being modeled. 
CTDM uses a set of ellipses for WRAP, and a set of cut-off polynomial 
hills for LIFT. RTDM uses a set of source-oriented terrain proffles, 
describing the distances to terrain elevation increments every 10 degrees.  
The ellipses that were developed for use with CTDM are shown in Figure 
3; the terrain profiles developed for RTDM are shown in Figure 4 (close 
location) and Figure 5 (far location). 

The 96 combinations of basic variables were repeated for a number of 
wind directions that covered the hill from the perspective of the sources. 
Figures 4 and 5 show the wind directions modeled. 
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3.0 MODEL CONCENTRATION PREDICTION RESULTS 

Each of the models was run for each meteorological condition, wind 
direction, and source at each receptor.  AERMOD was run with four sets 
of options (referred to as β-l, β-2, β-3 and β-4). The first set (β-l) 
corresponds to the original Beta test version (dated 95199). Based on 
information presented in (Brower, 1996), the second set (β -2) corresponds 
to what was the version considered the most current by the AERMIC 
committee at the time of this study, and incorporates the option for 
excluding stable boundary layer reflections (OPTG1).  The third set (β-3) is 
the same as β-2, except that it used the alternative terrain treatment 
(minimum value of 0.5 for fopt) as embodied in the option OPTC2.  The 
final set of AERMOD options (β-4) is actually the same as β-2 but was run 
with the terrain scale assigned individually to each receptor as described 
by Perry (1994). 

Model results are organized and are presented in both tabular and graphic 
format.  Table 4 presents overall maximum hourly concentration results 
for β-l and β-2 compared to CTDM, RTDM, COMPLEXI, and ISC, and 
Table 5 presents a summary of the results of the four AERMOD option 
sets side-by-side.  The last set (β-4) produces results virtually identical to 
β-2, and therefore additional results from this option set are not discussed 
further. 

Graphical illustration of model results were developed in several different 
ways.  The complete set of graphs is quite voluminous, and only a 
representative sample is presented here.  Examples of the first set of 
results plots are shown in Figure 6 through Figure 10.  AERMOD results 
in this set of plots represent the β-2 version.  These figures display 
maximum concentrations (i.e., maximum over all 621 receptors) for five 
sources over the 96 met conditions and all wind directions modeled. The 
results from each of four models (AERMOD, CTDM, RTDM, and 
COMPLEX-I) are shown.  Five sets of plots for each set of sources (one set 
of five sources at each of the two locations) were developed, although 
only the plots for location 1 are presented.  The first in the series (Figure 6) 
is the overall maximum concentration.  The next two (Figures 7 and 8) 
represent the LIFT and WRAP components of the maximum prediction, 
and the final two (Figures 9 and 10) represent the maximum LIFT and 
WRAP prediction for the indicated meteorological condition over all 
receptors modeled (only AERMOD and CTDM results are shown in the 
LIFT and WRAP plots).  Figure 11 shows an intercomparison of the 
overall maximum concentrations predicted by three AERMOD versions 
(β-1, β-2, and β-3). 
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The final two figures (Figures 12 and 13) provide plots of concentration 
isopleths for CTDM and AERMOD predictions.  Each figure contains five 
plots.  The first represents the meteorological condition that produced the 
maximum overall concentration for the indicated source.  The next two 
show concentration isopleths for the same meteorology for the LIFT and 
WRAP components of the maximum prediction, i.e., if the concentrations 
displayed in the second two plots are added together, the result would be 
the first plot.  The last two plots on each figure show concentration 
isopleths for the meteorological conditions producing the maximum LIFT 
and WRAP predictions (in some cases, this is the same as the met 
condition that produced the overall maximum). 

 

 6 PPRP/0002635-02-24-06 



4.0 OBSERVATIONS OF MODEL CHARACTERISTICS 

The complete set of plots and detailed printouts (some of which are 
reproduced for this report) provide a great deal of information on the 
performance of AERMOD and some alternative AERMOD configurations 
both in response to varying meteorological conditions, and in comparison 
to other complex terrain models currently in use. Some observations on 
model characteristics can be made based on a detailed review of the 
results; these observations are discussed below. 

One of the most prominent features of the plots comparing AERMOD 
with other model results is AERMOD’s ability to respond to the 
continuous variation in meteorological conditions found in the 
atmosphere.  This response is also evident in CTDM, and is a sharp 
contrast to the predictions of simpler models where concentrations are a 
step function highly dependent on discrete stability classifications.  
Responses are demonstrated to changes in turbulence, temperature, and 
wind speed values and in most cases, the responses are understandable in 
terms of the known underlying physics of the model.  One of the goals of 
AERMIC was to produce a model whose results are a continuous function 
of input variables.  The results of this analysis support the conclusion that 
the goal has been met. 

AERMOD Beta version β-2 concentration predictions track CTDM 
predictions quite closely, as shown in Figure 6, over a wide range of 
meteorology and a wide range of source conditions, when overall 
maximum concentrations are examined.  These patterns are quite similar 
to those predicted by version β-1, although β-2 has more of a tendency to 
predict lower concentrations than CTDM, especially for sources with 
higher buoyancy fluxes. Quite a different picture emerges when the 
components of the prediction (LIFT vs. WRAP) are considered. CTDM 
predictions are dominated by the WRAP component only for sources with 
the lower buoyancy flux values, and the LIFT component dominates once 
plume heights are high enough to not significantly affect receptors below 
Hcrit.  The maximum values predicted by AERMOD, on the other hand, 
are dominated much more by the WRAP component and LIFT does not 
become a factor until the sources with the highest buoyancy flux values 
are considered.  Another trend that can be seen by examining the results 
plots is that the LIFT component of AERMOD becomes more important at 
higher wind speeds for the higher buoyancy flux sources, where the LIFT 
component of CTDM almost disappears at higher wind speeds. 
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The reasons for these trends are relatively simple, based on a knowledge 
of the underlying physics of the models and an examination of details of 
the hourly predictions.  Higher LIFT predictions are produced by CTDM 
under low wind speeds for two reasons: first, the effective plume height is 
calculated based on the height of the plume above Hcrit and second, the 
inner mixed layer just above Hcrit entrains more plume material than 
would be predicted to interact with the surface based on the effective 
plume height alone.  At higher wind speeds, Hcrit is reduced substantially 
and the effective plume height becomes large quicldy (for an Hcrit of zero, 
the effective plume height for the LIFT component of CTDM is set equai to 
the plume height in the absence of terrain).  The WRAP component of 
CTDM becomes less important for high buoyancy, higher wind speed 
cases partly since it is harder to “hit the bill” and partly since only a small 
portion of the material below Hcrit diffuses into the LIFT domain. 

The patterns observed for AERMOD are also explained relatively simply. 
The effective plume height for the LIFT case is calculated based on a half-
height correction factor, based on elevation above the ground and not 
above Hcrit.  For this reason, low wind speed conditions where the plume 
is not far above Hcrit will not have a substantial LIFT component (relative 
to WRAP, and relative to CTDM) since the plume is modeled with a large 
effective plume height.  Under high wind speed conditions where Hcrit is 
low or zero, the effective plume height predicted by AERMOD is smaller 
than the comparable plume height predicted by CTDM. AERMOD also 
tends to predict larger σz values than CTDM, which contributes to the 
higher LIFT module calculations under high wind speeds.  The WRAP 
module of AERMOD tends to predict that much more plume material 
from below Hcrit affects receptors above Hcrit than CTDM (through the 
function Φ and the calculation of the factor fopt). 

Figures 12 and 13 illustrate what are probably the most important 
differences between AERMOD and CTDM. These two figures illustrate 
the spatial distribution of predicted concentrations for each source 
modeled for CTDM (Figure 12) and AERMOD β-2 (Figure 13).  Five plots 
are contained in each figure. The first plot represents the overall 
maximum, the next two represent the LIFT and WRAP components of the 
maximum, and the last two represent the LIFT and WRAP maximum 
predictions. 

The most striking feature revealed by these plots is the distribution of 
material over the surface of the hill as predicted by the WRAP component 
of AERMOD β-2 and CTDM. CTDM actually spreads the plume material 
horizontally, “wrapping” around the hill in a relatively thin layer (a layer 
that increases in depth with the more distant sources, as the plume has 
more travel time to grow). AERMOD, on the other hand, produces more 
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of a “bullet-hole” pattern where the plume interacts with the feature but 
does not spread horizontally. The CTDM treatment is faithful to the 
original intention of the WRAP module, while the AERMOD WRAP 
component is more like the LIFT component but with the plume tunneling 
into the terrain below Hcrit. One other feature that stands out in the 
AERMOD plots is that its WRAP component plays a significant role at 
receptors above Hcrit, in some cases even well above Ecrit. 
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5.0 CONCLUSIONS 

An exhaustive comparative analysis was performed that examined the 
prediction patterns of the new AERMOD model (and some variations of 
the basic model) against the currently available screening models 
COMPLEX-I and RTDM, and the refined model CTDM. The comparison 
revealed several things about the predictive patterns of AERMOD: 

• AERMOD responds in a continuous fashion to meteorological input 
variables, in a similar manner to CTDM and as opposed to the step-
function predictions of the screening models. 

• Overall, AERMOD’s calculations of maximum concentrations were 
quite similar to CTDM, particularly for AERMOD β-1 (the original 
version).  Two variations, β-2 and β-3, employing different 
assumptions regarding terrain interaction and reflections in the 
boundary layer, revealed similar but generally lower patterns for β -2 
and a much different mix of WRAP- and LIFT-dominated patterns in 
β -3 than in the other two versions. 

• A close examination of the different components (WRAP and LIFT) 
for β-1 and β-2 reveals that the WRAP component is dominant for 
overall maximum concentrations and generally for lower wind speed 
cases, while the LIFT component dominates the lower concentration 
values predicted for higher wind speeds. 

• Spatial distribution plots of predicted concentrations and the WRAP 
and LIFT components of total predicted concentrations, reveal that 
AERMOD fails to capture the basic physics embodied in the CTDM 
WRAP component, namely, the horizontal spreading of plume 
material below Hcrit. 

AERMOD was designed as a replacement for models currently in 
common use, and as such, new and existing power plants in Maryland 
will be subject to evaluation by this new model.  Expectations for these 
possible future analyses can be guided in part by the results of the present 
investigation of the complex terrain portion of AERMOD.  These results 
reveal a model that is simpler to use than the refined CTDM or even the 
screening model RTDM, provides significant improvement over existing 
screening models in terms of responding to meteorological variables, and 
appears to predict concentrations that are less conservative than 
predictions made by existing complex terrain screening models. 
AERMOD does not capture some of the basic physics of plume interaction 
with terrain, but its predictions and response to changes in meteorology 
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appear to provide a better basis for estimating impacts in complex terrain 
than existing screening models. 
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