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Foreword
Predicting air pollution dispersion in a region is a paramount topic usually integrated 
in Air Pollution Control Engineering courses. As a former professor of a similar course 
at the University of Minho, I have shared this interest with the author of this book. 
Romualdo Salcedo, Professor at the University of Porto, has preceded me as an invited 
teacher of the Biological Engineering undergraduate programme at UMinho and 
enthusiastically introduced me to several aspects of Air Pollution Control Engineer-
ing (and optimization) with the emphasis on Air Pollution Modeling (APM).

The teaching of air dispersion modelling has changed significantly in recent 
years, in large part due to new regulations and the availability of dedicated software 
tools. This book intends to serve as a reference to follow-up on a better comprehension 
of air pollution modeling with the aid of hands-on user-friendly software, highlight-
ing the main advantages (but also disadvantages) of using Gaussian dispersion as 
the main drive to teach this subject. Throughout the book, author Romualdo Salcedo 
guides readers with an interactive multisource dispersion estimation tool, helping 
them understand how air dispersion models work.

IMDIS – A Teaching Tool for Air Pollution Dispersion Modeling begins with a 
background section that enables readers to quickly enter on APM subject. Next, the 
book offers sections on air dispersion model highlights and model evaluation, includ-
ing:
• Calibration of dispersion models with site observed data and the usefulness of 

the model for uncorrelated sites.
• Comparison with analytical solutions and short-term models (CEMAPS and 

PTMAX) using examples from the literature.
• Extensive comparison with experimental data (five stacks emitting SO2 from a 

petrochemical complex; one stack emitting SO2 and fine particulates from a pulp 
and paper unit) and long-term models (Texas Climatological Model).

• Estimation of maximum concentration and critical conditions through a powerful 
global non-linear optimizer. This capability derives from the author knowledge 
and more than 35 year experience on numerical optimization that resulted in 
the development of powerful search algorithms for the global optimum for con-
strained non-linear continuous (NLP) and mixed-integer (MINLP) problems. 

• The IMDIS (Interactive Multisource Dispersion) companion software, a graphi-
cal menu-driven computer program, is provided with the corresponding open 
free code. Independent modules exist for meteorological data, dispersion coef-
ficients and sources. The book includes a detailed Operating Manual containing 
the program structure, the user interface guide and the fundamentals and exam-
ples of APM calculations. Readers can work with these examples to perform 
their own calculations.
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With its comprehensive coverage, IMDIS – A Teaching Tool for Air Pollution Disper-
sion Modeling is recommended for engineers and scientist who need to perform and 
evaluate environmental impact assessments. The book’s many examples and system-
atic instructions, strengths very different from traditional books, also make it ideal 
as a textbook for educational applications in the fields of chemical, biological and 
environmental engineering and environmental sciences.

Eugénio Campos Ferreira, July 2019
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Introduction
Teaching Air Pollution Modeling (APM) is not an easy task. It involves knowledge on 
possible approaches to APM, grasping the essentials of complex atmospheric phe-
nomena, and last but not least, teaching without discouraging science or engineering 
students from pursuing further advanced studies on the subject.

As responsible of the Faculty of Engineering of the University of Porto of an air 
pollution course from 2004 to 2019, 4th year of undergraduate studies, although this 
course has naturally changed its focus from APM to Air Pollution Control (with more 
manageable contents for engineering students, at least in principle), I think I under-
stand why it is so ‘difficult’ to teach APM. This acknowledgement led me to write 
about this subject, and I firmly think this book may help teachers to transmit knowl-
edge and skills to their students, who may then gain a better understanding of such 
phenomena.

This book intends to give both course instructors and undergraduate students a 
tool to follow-up on a better comprehension of APM with the aid of hands-on user-
friendly software, highlighting the main advantages (but also disadvantages) of using 
Gaussian Dispersion as the main drive to teach this subject. The author believes that 
the disadvantages of Gaussian modeling are by far surpassed by the advantages, at 
least at an entry level to the subject.

IMDIS (Interactive Multisource Dispersion) software is provided with an open 
free code such that instructors/students are welcome to use but also to change it by 
adding more features. It is recommended that an original version of the program be 
securely kept.

The development of this software, based on a subroutines’ structure originally 
built around QuickBasic® for the Macintosh computer platform, took about a period 
of ten years to develop. To make the software available to Windows’ users, it was 
translated into Visual Basic®, being currently available either as source-code or as a 
compiled version for use under any Windows® computer, independently of the oper-
ating system under which the software was originally developed.

A distinguishing feature of IMDIS is the capability to find globally maximum con-
centrations under multisource/rose-wind conditions, either from real meteorological 
data or from potentially worst-case scenarios (critical conditions). The later seem to 
be especially relevant to the atomic energy industry [1].

This capability derives from the author knowledge and +35 year work on numeri-
cal optimization that resulted in the development of powerful search algorithms for 
the global optimization for constrained NLP and MINLP problems [2, 3]. While it may 
be argued that Gaussian dispersion models are simple representations of reality, it is 
also known, that on average, over relatively short times and distances from the emit-
ting sources, they do give enough accurate results, and thus can serve as teaching 
tools for science and engineering students, as the underlying principles are easy to 
understand. 
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Background
A dispersion model is a mathematical expression of the effects of the atmosphere upon 
air pollutants. This includes the effects of advection (transport) and dispersion (includ-
ing dilution by the wind and dispersal due to turbulence) and may also include consid-
erations of plume rise, wind shear, and chemical and physical transformations (includ-
ing removal mechanisms) [1].

Thus, air pollutant dispersion is a complex phenomenon that we try to capture by 
modeling the various physical and chemical phenomena, to extract some useful infor-
mation on pollutant concentration levels. As with every mathematical description of 
real systems, the degree of complexity is variable, where more complex descriptions 
are usually much more CPU and data demanding, albeit usually more accurate.

Inputs to a model are typically meteorological, source data, and dispersion data. 
Model outputs are estimated pollutant concentrations superimposed on some back-
ground value, averaged over different time periods. These time periods will affect the 
dispersion data, by correcting the dispersion coefficients in some accepted way [36], 
so that short-term (hours to a day) or long-term (monthly to annual) predictions can 
be made.

Dispersion models are used to predict future concentrations, but should be cali-
brated at each site by correlation with observed data. How this calibration is made 
will in some way dictate the usefulness of the model for uncorrelated sites. This will 
be discussed further down the text.

Predictions of plume rise are also important to estimate effective points of release, 
and IMDIS incorporates various modeling equations, as plumes rise gradually to final 
height depending on atmospheric stability. Recognizing that wind-speed gradients 
are also dependent on atmospheric stability, even for flat terrains, IMDIS incorporates 
this feature for its predictions of pollutant concentrations.

Through powerful optimization code developed for constrained non-linear con-
tinuous (NLP) or mixed-integer (MINLP) programming problems, IMDIS can find the 
location and value of the predicted globally maximum concentration, for a multitude 
of different input data, without recursion to trial-and-error procedures [2, 3].

IMDIS cannot treat long-range transport or pollutant transformation, neither dis-
persion over complex terrain nor pollutant decay (except for an exponential loss of 
primary pollutants) and the reader should be aware that these topics may be relevant 
for the task at hand. Simulation of particulate concentrations are made by assuming 
non-reflective plumes at the ground and complete absorption of fine particulates by 
ground-level vegetation.

The learning curve for students should be smoother with Gaussian modeling 
than with a more complex approach, such as Eulerian/Lagrangian modeling. A brief 
discussion of Gaussian models available from EPA in their UNAMAP package can be 
found in [1]. For an appraisal of more advanced Eulerian/Lagrangian models, as well 
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as how they compare with Gaussian models, the reader is referred elsewhere [28, 29, 
30, 31].

It is expected that students will benefit from using IMDIS, in parallel with acquir-
ing theoretical concepts from the course instructor.



1  Model Highlights
The validity of Gaussian models and their basics are very well explored by Turner [6] 
and by a report from the European Process Safety Center [7].

Basically, pollutants are emitted from a stack of some physical height (Hs), the 
plume may be elevated to the so-called effective height of release (He) both by momen-
tum and thermal buoyancies due to the gas velocity and temperature (usually above 
ambient). The pollutants are diluted due to wind transport in the x direction, and 
by turbulent diffusion (dispersion) in both the lateral (y) and vertical (z) directions 
(Figure 1).

This is a simplified image of what may happen, as dispersion might occur in the 
wind direction (x), and the plume may take quite different shapes depending on the 
atmosphere’s stability.

Special models called puff-models may be used to include dispersion in the wind 
direction that may be a relevant phenomenon at low wind speeds. Also, wind direc-
tion may change with height due to friction from the ground, but this is hard to predict 
and further complicates matters, introducing further uncertainties in the predicted 
concentration values.

IMDIS is a graphical menu-driven computer program that has been published 
before [4, 5], with the most relevant features as follows:

Independent modules exist for: Meteorological Data (i-name.ros files), Dispersion 
Coefficients (ii-name.disper files) and Sources (iii-name.fon files). These modules are 
case dependent and must be prepared by the teacher/student for each situation.

Figure 1 – Schematic representation of Gaussian dispersion [32].
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For sake of clarity, the number of equations that model atmospheric dispersion/
dilution is here kept to an absolute minimum, but the reader should be aware that 
IMDIS incorporates all necessary equations/relations within the limits of Gaussian 
modelling.

1.1  Meteorological Data

The meteorological module allows for up-to 6 stability classes, corresponding to A_F 
of the Pasquill-Gifford scheme, with a maximum of 16 sectors and 6 wind speeds per 
sector, with a minimum wind average speed of 1m/s allowed, as given in Table 1 [6, 8]. 
If mean speeds occur in any direction below 1m/s, their frequency of occurrence (x%) 
is simply discounted from the data, thus dictating that the model will only be appli-
cable for (100-x)% of the measurements’ time.

The effect of mixing height is considered, as well as user-defined stability-depen-
dent wind profile power-law coefficients [6, 9], as per Eq. [1], where n varies with 
atmospheric stability.

 (1)

The mixing height is an input, as this parameter is not evaluated by the model.

1.2  Dispersion Coefficients

Four different relations are built into IMDIS to estimate the horizontal and vertical 
dispersion coefficients (σy, σz), three for rural locations and small sampling times 
(3–10 min) [10–12] and one for urban locations and a larger sampling time (60 min) [33]. 

Table 1 – Atmospheric stability classes
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The UNAMAP 1-hr averaging time was adopted as default for both σy and σz, although 
the question remains if this is the correct value [36]. The user may alter the fitting 
parameters and sampling times, through a simple one-parameter equation (Eq. 2), up 
to 24h [9, 12, 36], but the functional dependence of the fitting formulas must remain 
unchanged. The parameter n in Eq. 2 may be stability dependent. 

 (2)

1.3  Sources

The source module allows for a maximum of 50 point sources, including flares [12, 36]. 
Source altitudes are considered for the determination of relative heights between 
source-receptor pairs, and terrain adjustements are made, but stack heights (source 
altitude plus physical stack height) cannot be lower than receptors’ altitudes. Thus, 
only moderate terrain corrections are allowed.

Eq. [3] gives the pollutant estimated concentration at ground level, according to 
the bi-Gaussian model, for a reflective source, viz., the pollutant upon reaching the 
ground is neither absorbed nor deposited.

                                   

(3)

In the model, fine particulates are considered to be completely absorbed upon 
reaching ground level, and reactive gases may be transformed in other chemical 
species due to chemical reactions during their transport. In this case, IMDIS incor-
porates a simple decay procedure to account for the disappearance of the primary 
pollutant.

If a lid exists at height above ground Hi that prevents pollution from dispersing 
upwards (an inversion lid), then the following applies (32):

 (4)

Auxiliary computations are needed to perform the estimation of pollutant con-
centrations. These are: Plume Rise, Wind Transport Speed and Receptor Definitions.

Plume Rise is estimated by IMDIS using one of four different formulas: Holland [6], 
Briggs (either with or without information on plume enthalpy), as employed by 
Turner in the UNAMAP files [9], Davidson-Bryant [13] and Moses-Carson [14]. These 
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formulas can be overridden, if needed, if the actual plume rise can be estimated, for 
example from photographs or aircraft measurements. For stability classes E and F, the 
user can supply information relative to the potential temperature gradient (dθ/dz), or 
else employ the defaults provided [12]. The heat release term from the stack may be 
known, in which case the required information will be prompted for both Briggs and 
Moses-Carson plume rise formulas.

The Wind Transport Speed affects both plume rise and pollutant concentrations. 
For plume rise, a wind integrated average from the physical stack height to the effec-
tive stack height is employed, obtained through an iterative process [10]. For disper-
sion estimates, two options are available: the wind velocity at the effective stack 
height [15], or an integrated average through the current plume vertical displacement 
[6, 9]. This last approach produces mean transport velocities that are both a function 
of atmospheric stability and distance downwind from the source. By specifying a flat 
wind profile, simulations can be done at stack tip, and this is usefull when comparing 
results with models that employ the wind speed at stack height as the wind transport 
velocity.

For a more detailed discussion of the meteorological variables relevant to pollut-
ant dispersion, plume types as function of atmospheric stability and how they can be 
estimated, the reader should consult at least one of the following references [1, 6, 7, 
9, 10, 14, 32, 37].

Apart from the input data, model outputs such as Receptor Concentrations, Con-
centration Isopleths and Critical/Maximum Concentrations must also be considered.

IMDIS employs bi-Gaussian dispersion with an added term to account for mul-
tiple reflections from a non-absorbing mixing height (see Eq. 3). Long-term averages 
(viz. >24h average), are estimated by assuming uniform transverse pollutant disper-
sion in each wind sector [6, 9, 12]. To avoid discontinuities between sector boundaries, 
a linear interpolation scheme is deployed between sector centerlines [9].

Up to 100 receptor coordinates can be input either through keyboard, mouse click-
ing or adjustable grid. In the last two cases, receptor coordinates are superimposed on 
the source mapping, which is totally scale-configurable with automatic re-drawing of 
the source/receptor sites. An important feature is the display of each source contribu-
tion to the computed concentration at each receptor.

Variable search areas can be chosen to draw concentration isopleths, with either 
high precision (every pixel) or lower precision (faster execution) schemes. By default, 
six isopleths are drawn from the maximum computed concentration down, but the 
user may afterwards choose any number of isopleths up to 15, for the same search 
area, without having to re-run the program. A sequential averaging scheme [9] is 
adopted for the estimation of short-term average isopleths (up to 24 hr sampling time) 
via sequential input of shorter-term estimates (1 hr) data. Running averages are not 
allowed as it is assumed that all the short-term data have the same time basis.

For the estimation of maximum concentration and critical conditions (worst-case 
scenarios), IMDIS employs a powerful global non-linear optimizer, that has been 
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shown to provide excellent results for constrained nonconvex non-linear programing 
(NLP) and for mixed-integer non-linear programming problems (MINLP) [2, 3, 16, 17, 
18]. From the point of view of running IMDIS, the estimation of maximum concen-
tration and its location should preceed the drawing of isopleths, so that the most 
relevant location of highest concentrations is readily discovered. The optimization 
framework works for any combination of source/dispersion/meteorological data. 
However, for a simple single source/wind direction, a simpler and faster univariate 
golden search algorithm may also be employed [19].

The user can choose the optimization region (search space) through graphical 
interaction with a mapping of the pollution sources, or otherwise employ the defaults 
provided. This is a region of circular area with a 20km radius centered at the origin 
(x, y) = (0, 0).

For critical conditions, the critical wind speed is searched between the limits 
imposed by the stability validation based on surface winds [6], with an upper limit of 
15m/s (Table 1). To ensure that the search for the critical wind is made in the down-
wind direction for all sources, a coordinate transformation as proposed [20] is imple-
mented. This transformation relates the terrain coordinates (x, y) to the wind direc-
tion θ, to ensure that the search is performed only downstream (relative to the wind) 
of the active source. The advantage of using a global optimizer will become apparent 
for a 10-source problem proposed in [20], where comparison of results is made with 
the use of a non-linear unimodal search algorithm [19].

For short term estimates, validation of stability classes based on surface wind 
speed is optionally available [6]. Thus, the effect of stability class with the same wind-
rose information is possible to assess, by creating a single stability (chosen at will), 
as all valid stabilities for those wind speeds will be automatically created as per the 
data from Table 1.

Simple removing processes characterized by a constant decay rate [21], and 
totally absorbed pollutants (such as fine particulates) are also treated by the model.

IMDIS is quite user-friendly, as the different file types (source, wind rose, disper-
sion) are automatically recognized by the corresponding sub-models. Also, error-trap-
ping routines and automatic data checking were extensively developed and tested.



2  Model Evaluation
There are no universally accepted criteria for assessing model performance [1, 22].

Some criteria usually accepted are [11, 22, 23, 24]:
i.) Analysis of paired predicted and observed concentrations;
ii.) Analysis of paired predicted and analytical solutions, when available;
iii.) Inter-comparison between predictions from different models;
iv.) Ability to predict peak concentrations;
v.) Kolmogorov test for comparison of the unpaired cumulative frequency distri-

butions;
vi.) Hanna’s normalized bias and mean square error.

In the testing of IMDIS, the only criteria evaluated were the first four.

2.1  Comparison with Analytical Solutions and Short-term Models

Simple examples are available in the literature [6, 9, 25]. The objective of these tests 
was to establish the soundness of the various sub-models with emphasis on estima-
tion of dispersion coefficients, plume rise, receptor concentrations and critical condi-
tions, but also to eliminate possible sources of programming errors. The agreement 
between IMDIS and the analytical solutions is very good, both for receptor concentra-
tion actual maxima or critical conditions [25]. The main causes for the observed dif-
ferences was on the dispersion estimates (σy, σz), where differences as small as 3% can 
produce much larger (≈20%) differences in the computed concentrations.

IMDIS was next compared to single-source short-term programs, such as CEMAPS 
and PTMAX [26, 27]. The results from IMDIS agree within 5% with those from these 
two models. To estimate critical conditions, PTMAX employs an analytical scheme 
dependent on the dispersion coefficients’ formulas, contrary to the numerical non-
linear solvers of IMDIS that makes it of more general applicability.

Below we examine the model response to a multisource problem, in order to find 
the critical conditions and their sensitivity to sub-modules such as plume rise and 
dispersion formulas.

Example 1
In air pollution, it may be relevant to estimate the critical conditions for pollution 
levels, i.e., meteorological conditions that under one or more stacks may produce the 
worst possible situations. These are called critical conditions, and the unknowns to 
be found are the direction and average speed of the wind, as well as the coordinates 
of the critical concentration point and its value. The usefulness of this is not much on 
the values per se, but as an estimate of where pollution monitors should be placed.
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Let us consider a 10-source test case given in [20], for the determination of the 
critical condition (wind speed and wind direction, maximum concentration location 
and value). Table I gives the source emission characteristics description and relative 
location. 

The following 10 sources are at the same altitude (for simplicity, at zero altitude) 
with the following characteristics:

The search region for the decision vector {x, y, U, Q}, slightly changed from the 
original data [20], is as follows:

-50000 ≤ x ≤ 50000 m
-50000 ≤ y ≤ 50000 m
0 ≤ U ≤ 12.5 m/s
0 ≤ Θ ≤ 2Π

For simplicity, ambient temperature at ground level and from gases released from 
stacks is as follows: 

Ta = 288 K
Tg = 413 K

Solution: 
IMDIS was run by creating the source file WangLuus.fon (Figure 2), using Holland‘s 
equation for all sources for estimating plume rise, and by creating a fictitious meteo-
rological file with a single-sector and single wind speed, arbitrarily set at 0° N. This 
is a fictitious file that is needed to find the atmospheric stabilities compatible with 

Table 2 – Emission sources characteristics for Example 1

Source no. 1 2 3 4 5 6 7 8 9 10

X (m) -3000 –2600 -1100 1000 1000 2700 3000 -2000 0 1500

Y (m) -2500 -300 -1700 -2500 2200 1000 -1600 2500 0 -1600

H (m) 183 183 160 160 152.4 152.4 121.9 121.9 91.4 91.4

D (m) 8 8 7.6 7.6 6.3 6.3 4.3 4.3 5 5

Q (g/s) 2883 2883 2391 2391 2174 2174 1174 1174 1304 1304

Ug (m/s) 19.25 19.25 17.69 17.69 23.40 23.40 27.13 27.13 22.29 22.29

X, Y – arbitrary terrain coordinates at altitude zero; H – physical stack height, D – physical stack 
diameter; Q – SO2 emission rate; Ug – gas velocity from stack.
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the possible wind speed variation from 1 to 12.5 m/s [20]. From Turner [6], this data is 
compatible with the occurrence of stabilities C and D (refer to Table 1).

Next, we choose the optimization to be done. As we are looking for the critical 
conditions for a ten source case, we bypass the 1-source/1-sector dialog boxes (see 
Figure 3), but also the (X, Y, Cmax), as we want to find the critical U. We are left with 
the (U, X, Y, Cmax) – General and with the Search by Default. This last option differs 
from the (U, X, Y, Cmax) – General, because the search region is by default defined by 
a circle with a fixed radius of 20km with center at the origin.

Figure 3 shows the type of optimization to be done. As there is only a wind direc-
tion and speed, to be determined as causing the worst-case ground-level concentra-
tion, Figure 4a shows the results from the local golden search optimizer, and Figure 
4b from the global SGA optimizer. For both optimizers, critical conditions are a func-
tion of atmospheric stability, but the global search algorithm gives higher critical 
concentrations for both stabilities. For stability D, the location of the critical point 
is heavily dependent on the algorithm. Thus, for difficult problems, only the global 
search algorithm should be employed to find the critical conditions.

The results obtained above may be refined by conducting a search over a smaller 
region than the one used (± 20 x 20 km). Also, different results might be obtained by 
using different plume rise formulas.

Figure 2 – Source data for example 1. All sources use Hollands’s equation for plume rise.
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Next we can draw the corresponding isopleths, in the isopleths submenu. For 
example, for stability C, using the information provided in Figure 4a or 4b, as they 
are very similar, we obtain Figure 5a and a critical concentration of 2135.9 µg/m3, very 
close to the result reported by the SGA optimizer (Figure 4b).

Now we repeat the process with stability D, where the optimizers gave quite dif-
ferent results. Figs. 6a - 6b show the corresponding isopleths (five concentration inter-
vals were chosen), where it is clear that this is indeed a difficult subject, that may 

Figure 3 – Choosing the type of optimization to be done (U, X, Y, C) – General or Search by Default.

Figure 4a – Critical condition estimates from the Golden Section optimizer (Holland plume rise).
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also be greatly influenced by the choice of the sub-modules, especially the dispersion 
sub-module.

With the data from the Golden Search optimizer, the critical concentration is found 
to be 1308.8 µg/m3, larger than the value reported from this optimizer (Figure 4a), and 
the selected isopleths can be seen in Figure 6a.

With the data from SGA optimizer, the critical concentration is found to be 
1433.5 µg/m3, very similar to the value reported from this optimizer (Figure 4b), and 
the selected isopleths can be seen in Figure 6b.

Figure 4b – Critical condition estimates from the SGA optimizer (Holland plume rise).

Figure 5a – Selected isopleths corresponding to stability C (data from Figs. 4a or 4b).
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Figure 6a – Selected isopleths corresponding to stability D (data from Figure 4a).

Figure 6b – Selected isopleths corresponding to stability D (data from Figure 4b).
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Clearly, the exhaustive pixel-by-pixel search for the critical conditions is no better 
than using the global SGA optimizer.

Wang and Luus [20] have only considered stability D (neutral or adiabatic con-
ditions), and have used an analytical approximation to the Pasquill-Gifford esti-
mates of plume rise, but with a multiplicative correction factor of 0.8 for the con-
centration. The Pasquill-Gifford dispersion estimates are used by IMDIS as given by 
Turner [6], or by Green [11]. With the Green formulas, the critical condition for stability 
D is 3.4m/s@140°N, with maximum concentration of 952 µg/m3, located at x ≈ −7000m 
and y ≈ 8416m. These compare reasonably with Wang and Luus’ results of 964 µg/m3 
(= 771/0.8)@(x; y)=(−8040m; 9370m).

2.2  Comparison with Experimental Data and Long-term Models 

The estimates from IMDIS should be compared with experimental data. Chuang [34] 
reports SF6 (a tracer) concentration values for 29 receptors, for an oil burning power 
plant, for two consecutive hours with 15min sampling times, with prevailing stabili-
ties being C and D with equal probability. The stack height was 70m.

IMDIS was used with both Holland and Briggs plume rise formulas, and the best 
correlation (r = 0.935) was obtained using Holland’s equation, although with some 
scatter at very low concentration levels (<0.5 µg/m3). The observed maximum con-
centration was measured at 3km from the plant, and IMDIS locates the maximum 
between 1 to 3 km from the plant, depending on atmospheric stability and plume rise 
formula.

Next, we compare IMDIS with a long-term model, the TCM (Texas Climatological 
Model) as used in [12] to predict seasonal SO2 concentrations from a Portuguese pet-
rochemical complex at Sines for a 4-year period (1979–1982). Here only the data from 
Winter of 1981 and Spring of 1982 were used, because complete data is only available 
for these periods.

The terrain surrounding the complex is relatively flat, and data is available at 
three sampling stations located at different altitudes (43, 103 and 196m). There are five 
stacks emitting SO2 with physical stack heights from 120 to 234m, located at terrain 
altitudes of 29 to 43m. The frequency distributions of atmospheric stability for the 6 
Pasquill-Gifford classes, together with the corresponding 6 wind speed classes and 
16 sectors are also known. This information was obtained from a modified meteoro-
logical STAR program, the STARCAN program [12] that combines the wind frequencies 
observed at Sines with the atmospheric stabilities observed at Lisbon, ≈ 80km north 
of Sines.

Good correlations for Spring 1982 were obtained using Moses-Carson and Briggs 
plume rise formulas (respectively r2 = 0.772 and r2 = 0.764). However, IMDIS under-
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predicts concentrations by about 3–4 µg/m3, a sign that the background may be sig-
nificant [4, 5, 12].

IMDIS was compared to TCM_STARCAN and to TCM_STAR, and curiously a much 
better correlation was obtained using the meteorological data from Lisbon (r2 = 0.877) 
than from Sines (r2 = 0.320). Both IMDIS and TCM give poor predictions for Winter, 
using either the STAR or STARCAN stability data, presumably due to the lack of knowl-
edge on vertical mixing heights [12].

Below we explore in more detail the 1982 Spring period, using IMDIS.

Example 2
Figure 7 shows the source data for Sines and Figure 8 shows the wind-rose frequency 
distributions. These can be obtained under Excel® using available software [35]. Sta-
bility frequencies are 73.4%(D), followed by 9.1%(E), 8.7%(C), 5.8%(F), 2.6%(B) and 
0.4%(A).

Two different horizontal and vertical dispersion formulas were used, as they are 
appropriate for this case (conditions are neither urban neither with stack physical 
heights below 50m). These are given in Figs 9a–9b. Also, simulations were done with 
two formulas for plume rise, Holland and Briggs [6].

Maximum concentrations and isopleths were obtained for each combination 
of plume rise/dispersion formulas, for an altitude of 43m (the lowest altitude for a 
sampling station). First, maximum values of concentration and their locations were 
obtained using the optimization capabilities of IMDIS, as then we can correctly locate 
where we should draw the isopleths, a more demanding CPU task. A background 
value of 4µg/m3 was added to the initial conditions, as suggested [12].

Figure 7 – Source data for petrochemical complex at Sines [12].
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Figure 8 – Wind-rose overall weight-averaged frequency distribution.

Figure 9a – Pasquill parameters for σy and σz [6].

 
Figure 9b – Green parameters for σy and σz [11].
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Table 3 shows the optimization results that served as guidelines for the isopleths 
location given in Figs. 10a–10d.

We can conclude that, in this case, Green dispersion coefficients predict lower 
concentrations than Pasquill’s dispersion, and that Briggs plume rise formulas also 
predict lower concentrations than Holland’s formula.

Next, we examine the situation for the 196m altitude receptor. Using the same 
reasoning as before, we first estimate the maximum concentration value and loca-
tion, using the optimization capabilities of IMDIS. The results can be seen in Table 4. 
The corresponding isopleths can be seen in Figs. 11a–11d.

Table 3 – Maximum conditions for Spring 1982, for Briggs/Holland plume rises and Green/Pasquill 
dispersion combinations, for the 43m altitude receptor

Briggs Holland

 Green Pasquill Green Pasquill

x (m) -2443 4537 264 3598

y (m) -0.095 -4537 -3024 -3536

C (µg/m3)) 7.8 9.6 10.5 13.1

Figure 10a – Isopleths for Spring 1982 with Briggs plume rise and Green dispersion – 43m 
altitude recepto.
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Figure 10b – Isopleths for Spring 1982 with Briggs plume rise and Pasquill dispersion – 43m 
altitude receptor.

Figure 10c – Isopleths for Spring 1982 with Holland plume rise and Green dispersion – 43m 
altitude receptor.
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Again, we conclude that the Pasquill/Holland combination predict the highest 
concentrations.

These graphs can be easily redrawn with different values for the isopleths, as the 
numerical values corresponding to each pixel position (x, y, altitude, concentration) 
is kept in a file. For example, choosing the following 5 isopleths as per Figure 12, we 
get Figure 13.

Figure 10d – Isopleths for Spring 1982 with Holland plume rise and Pasquill dispersion – 43m 
altitude receptor.

Table 4 – Maximum conditions for Spring 1982, for Briggs/Holland plume rises and Green/Pasquill 
dispersion combinations, for the 196m altitude receptor

Briggs Holland

Green Pasquill Green Pasquill

x (m) 2813 2436 1657 1567

y (m) -2813 -4436 -1657 -1567

C (µg/m3)) 11.7 14.9 27.0 32.5
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Figure 11a – Isopleths for Spring 1982 with Briggs plume rise and Green dispersion – 196m 
altitude receptor.

Figure 11b – Isopleths for Spring 1982 with Briggs plume rise and Pasquill dispersion – 196m 
altitude receptor.
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Figure 11c – Isopleths for Spring 1982 with Holland plume rise and Green dispersion – 196m 
altitude receptor.

Figure 11d – Isopleths for Spring 1982 with Holland plume rise and Pasquill dispersion – 196m 
altitude receptor.
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Figure 12 – Choosing isopleths for Spring 1982 with Holland plume rise and Pasquill dispersion – 
196m altitude receptor (chosen by the user).

Figure 13 – Isopleths for Spring 1982 with Holland plume rise and Pasquill dispersion – 196m alti-
tude receptor (chosen by the user as per Figure 12).
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Example 3
It is instructive to run an example that compares gaseous and fine particulate emis-
sions. We next study such an example, where wind-roses are available for every 
month of the year 1991, and both SO2 and fine particulates are emitted from one single 
93m stack, located at 30m altitude in the North of Portugal, in a pulp and paper indus-
try. Particles are controlled by an electrostatic precipitator, so they should be quite 
fine (<5 µm). Figure 14 shows the source file, and Figure 15 the wind rose frequency 
distributions for each atmospheric stability [35]. Stability frequencies are 41.9%(D), 
followed by 32.1%(E+F), 16.3%(C), and 9.8%(B).

We choose the month of July, but any demonstration month will give similar con-
clusions. IMDIS was first run with the optimizers to give an estimate of the maximum 
concentrations, and this can be seen in Figure 16a for SO2 and on Figure 17a for fine 
particles.

Figure 14 – Characteristics of the stack at a Portuguese Pulp & Paper unit.

Figure 15 – Wind-rose overall weighted-average frequency distribution.
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Figure 16b shows the corresponding isopleths for SO2 and Fig. 17b, for particu-
lates. Obviously, the location is the same but SO2 concentrations are larger (≈ 2x) 
because the ground was considered totally absorbing for particulates and totally 
reflective for SO2.

Figure 16a – Location and value of SO2 maximum concentration (Viana do Castelo).

Figure 16b –SO2 isopleths (Viana, Green dispersion coefficients, Briggs plume rise).

Figure 17a – Location and value of fine particulate maximum concentration (Viana do Castelo).



 Comparison with Experimental Data and Long-term Models    23

References
1. D. Bruce Turner, Atmospheric Dispersion Modeling, a Critical Review, in Atmospheric Dispersion 

Modeling, APCA Reprint Series, Eds. H.M. Englund and W.T. Beery, JAPCA, 2–19, March 1980.
2. R. Salcedo, M.J. Gonçalves e S. Feyo de Azevedo, An Improved Random-Search Algorithm for 

Non-Linear Optimization, Comp. Chem. Engng. Jl., 14, no.10, pg. 1111–1126 (1990).
3. R.L. Salcedo, Solving Non-Convex NLP and MINLP Problems with Adaptive Random-Search, Ind. 

Eng. Chem. Res., 31, no.1, pg. 262–273 (1992).
4. R. Salcedo, I. Sopas e R. Soares, A Flexible Multisource Gaussian Model for the Apple 

Macintosh, in Computer Techniques in Environmental Studies III, Editor P. Zannetti, 
Computational Mechanics Publications/Springer Verlag, ISBN 0387530452, pg. 105–117 (1990).

5. R.L. Salcedo, IMDIS - An Integrated Approach to Gaussian Dispersion Modeling, Environmental 
Software, 6, no.4, 202–219 (1991).

6. D. Bruce Turner, Workbook of Atmospheric Dispersion Estimates (an introduction to dispersion 
modeling), Lewis Publishers, 2nd ed., 1994.

7. Atmospheric Dispersion, EPSC, Institution of Chemical Engineers, 1999.
8. Harrison, H., Pade, G., Bowman, C. and Wilson, R., Air quality During Stagnations – 

A Comparison of RAM and WYNDvalley with PM10 measurements at Five Sites, J. Air and Waste 
Management Association, 40 (1), 47–52, 1990.

9. Schnelle, K., The Engineers Guide to Air Pollution Meteorology, School of Engineering, 
Vanderbilt Univ., 1979.

10. Fundamentals of the Application of a Gaussian Plume Model – a Report of the NATO/CCMS Pilot 
Study on Air Pollution Assessment Methodology and Modeling, NATO, 1979.

Figure 17b –Fine particle isopleths (Viana, Green dispersion coefficients, Briggs plume rise).



24   References

11. Green, A.E.S., Singhal, R.P. and Venkateswar, R., Analytical extensions of the Gaussian Plume 
Model, J. APCA, 30(7), 773–776, 1980.

12. Canelas, L.B.D., PhD Thesis, Universidade Nova de Lisboa, 1980.
13. Peavy H.S., Rowe, D.R. and Tchobanoglous, D.R., Environmental Engineering, McGraw-Hill. 507, 

1985.
14. Bach, W., Atmospheric Pollution, McGraw-Hill Problems Series in Geography, E.J. Taaffe [ed), 25, 

1972.
15. Cota, H.M., A Basic Computer Program for the Gaussian Equation from a Point Source, J. APCA, 

31(3), 253, 1984.
16. R. Lima, R.L. Salcedo and D. Barbosa, SIMOP-Efficient reactive distillation optimization using 

stochastic optimizers, Chem. Eng. Sci. 61, 1718–1739 (2006).
17. Helder G. Silva and R.L. Salcedo, A coupled strategy for the solution of NLP and MINLP 

problems: benefits and pitfalls, Ind. Eng. Chem. Res. 48(21), 9611–9621, 2009.
18. Helder G. Silva and R.L. Salcedo, SIMOP: Application to MINLP stochastic optimization, Chem. 

Eng. Sc. 66, 1306–1321, 2011.
19. Press, W.H., Flannery, B.P., Teukolsky, S.A. and Vetterling, W.T, Numerical Recipes – The Art of 

Scientific Computing, Cambridge University press, 277–282, 1988.
20. Wang, B.C. and Luus, R., Reliability of Optimization Procedures for Obtaining the Global 

Optimum, AIChE J., 24(4), 619–626, 1978.
21. Koch, R.C. and Thayer, S.D., Validity of the Multiple-source Gaussian Plume Urban Diffusion 

Model using Hourly Estimates of Input, Conference on Urban Environment and Second 
Conference on Biometeorology, 26.4,Oct.31-Nov.2, Pennsylvania, AMS, Boston, Mass., 1972.

22. Russell, A.G., Mathematical Modeling of the Effect of Emission Sources on Atmospheric 
Pollutant Concentrations, in Air Pollution – the Automobile and Public Health, National 
Academic Press, Washington DC, 161–205, 1988.

23. Turner, D.B., Zimmerman, J.R. and Busse, A.D., An Evaluation of some Climatological Dispersion 
Models, Proceedings of the 3rd Meeting of Panel on Modeling of NATO Committee on the 
Challenges of Modern Society, VIII 1-VIII 25, 1972.

24. Hanna, S.R., Air Quality Model Evaluation and Uncertainty, JAPCA, 38, 406–412, 1988.
25. Atmospheric Dispersion in Nuclear Power Plant Siting – A Safety Guide, IAEA, Vienna, 1980.
26. CEMAPS-McGill University MUSIC System source code, FORTRAN IV, McGill University, Montreal, 

Canada, 1981.
27. Étude de la Dispersion des Gaz issus d’une source ponctuelle et détermination de la concen-

tration maximale au sol à l’aide du modèle PTMAX, ARMINES, Centre de DOUAI, undated.
28. Zannetti, P., Air Pollution Modeling – Theories, Computational Methods and Available Software, 

Computational Mechanics Publications, 1990.
29. Environmental Modelling, P. Melli and P. Zannetti (Eds), Computational Mechanics Publications, 

Southampton Boston, Elsevier Applied Science, London NY.1992.
30. A. Leelõssy, F. Molnár Jr., F. Izsák. I. Lagzi and R. Mészáros, Dispersion modeling of air 

pollutants in the atmosphere: a review, Centr. Eur. J. Geosci, 6(3), 257–278, 2014.
31. Good Practice Guide for Atmospheric Dispersion Modeling, Ministry of Environment, Manata Mo 

Te Taiao, Wellington, New Zeland, 2004.
32. Perkins, Henry C., Air Pollution, McGraw-Hill, 1974.
33. Vogt, K.J., Empirical investigations of the diffusion of the diffusion of waste air plumes in the 

atmosphere, Nuclear Technol. 34, 43–49, 1977.
34. Chuang, C.Y., Dispersion Characteristics of Plumes from two major Taiwan Power Plants, JAPCA, 

vol. 37 (10), 1197–1199, 1987.
35. https://www.enviroware.com/plot-a-wind-rose-in-excel/.

https://www.enviroware.com/plot-a-wind-rose-in-excel/


 References   25

36. Beychok, M.R., Fundamentals of Stack Gas Dispersion, ISBN 0-9644588-0-2, Chapter 5, 1994.
37. Heinsohn, R.J. and Kabel, R.L., Sources and Control of Air Pollution, Chap. 9, 386–437, Prentice 

Hall, 1999.





IMDIS Operating Manual



28   Model Evaluation

Overview and Program Structure
IMDIS has been published before, but at a simplified level and on a restricted access 
basis [4, 5].

The existence of a main menu to link to all program activity is a trait that eases 
program execution even for novice users, allowing to simulate different approaches 
of the same scenario without the need to repeat data input.

The control of the information acquired in the data acquisition dialogs, in par-
ticular the numerical/alphanumeric nature of the parameters and physical limits, if 
any, of the various quantities involved; the storage of input data and results in text 
files, under different types, according to the type of information, such as wind-rose, 
dispersion, and emitting source(s); the display of the input data and the results by on-
screen listing and outwards listing, through communication with printing devices, is 
another welcome feature that has been incorporated in the IMDIS package. 

The numerical calculation subroutines are basically the original ones developed 
for the Macintosh® environment. The great change from earlier versions of the soft-
ware is related to a much easier communication with the user, through a friendly GUI. 
The inclusion of colors to the graphical interface, the increase of the dimensions of 
the main window, the acquisition of data carried out interactively, sequentially and 
with instructions to more easily provide the user with the required information, pro-
vides a more functional, interactive and simpler communication interface. I believe 
this will greatly enhance the user experience.

Image 1 presents a generic flowchart of how IMDIS operates. The colored rectan-
gular blocks represent the options in the main menu. Some of the main sub-menus 
are represented by the remaining rectangular blocks. It can also be seen how data 
storage and data output are processed.

A very usefull feature is the ability to correct wrong choices from the main menu 
by simply closing the respective window. The main menu and all files downloaded to 
memory will remain active and the correct choice of path can then be easily pursued.

To guide the user through somewhat complex menus, that may quickly become 
cumbersome, each sub-menu prompts for what data is expected to be answered, so 
that there are no ambiguities left.
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Image 1: Flowchart representing how IMDIS operates.



1   IMDIS – User Interface and Fundamentals
Once IMDIS is executed, the main interface of the program is presented. The main 
menu is on the left-hand side. All the necessary procedures for the creation and exe-
cution of the simulation are initiated in this menu.

 Initially, the user has only access to the menus for materials selection, file valida-
tion and stopping the execution of the application.

1.1  Selection of Materials

1.1.1  Gases/Particles Menu

The first step in the creation of the required simulation consists of selecting the kind of 
materials released by the emission sources. By activating the Gases/Particles button 
in the main menu, a dialog box appears (Image 3) in the central area of the window 
where you can select one between gases and particles.

Depending on the selection, the information to be provided will be different. 
In the case of gaseous emissions, Image 4 (image on the left-hand side), the inert/

Image 2: IMDIS main interface.
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reactive behavior of the gases must be defined. In the case of particles (image on the 
right-hand side), the main characterization parameter is their dominant size. Parti-
cles within [5, 100]µm suffer sedimentation, while particles below 5 µm are treated as 
gases for transport, but are considered totally absorbed upon touching the ground.

The reactive gas option implies setting the half-life of the gas, viz. time necessary 
to decay pollutant concentration by 50%.

The selection of particles between 5 and 100µm requires setting their diameter 
and specific gravity. Regardless of the choice, it is helpful to define a background 
concentration, which corresponds to the atmospheric concentration of the material 
in question, and which is not released from the stack(s) under study. Unfortunately, 
many times this information is not available.

Thus, 
• The option of dispersion simulation for particles between 5 and 100µm in diam-

eter is included, by allowing these particles to sediment along the plume path; 
particles smaller than 5 µm are treated as non-reflective gases;

• The possibility to define a background concentration in order to consider the 
existence of a specific material (particle or gas in the atmosphere) which were not 
released from the stacks under study.

Image 3: Materials type selection.

Image 4a and 4b: Characterization of the selected materials.
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To avoid execution errors and provide physical consistency to the parameters intro-
duced by the user, there are control subroutines which warn the user of inconsisten-
cies and display messages at the top of the dialog box (see Image 5, text in white). 
This icon also shows instructions which aid communication and facilitate the use of 
the program.

Image 5: Error messages.

Once the process of selecting and characterizing the materials is concluded, the 
dialog box is automatically closed, and all icons in the main menu become accessible.

1.2  Data Entry

The data needed for the creation of the simulation is organized in three separate sets.
• Meteorological Data, which provides all necessary information for the character-

ization of the meteorological conditions during the period under analysis;
• Dispersion Data, which contain the information about the dispersion coefficients;
• Pollutant Emission Data, which contain information directly related to the sources.

In order to define all data corresponding to each set, all of the three buttons in this 
section of the main menu have to be pressed in turn. The first window that appears 
when selecting any one of the three options is depicted in Image 6. As previously 
stated, data is stored in text files of different types for better organization and use of 
the information. For this reason, the possibility of loading information from existing 
files or creating new data is presented, if desired.

When opting to load the information from existing files, a predefined dialog is 
presented by the operating system, in which the user can locate and open the file for 
reading. To avoid confusions, the user can only see the type of file which can hold the 
data to be read. For instance, when loading meteorological data, only ros files are 
available, as can be seen in Image 7. If no file is selected, the dialog shown in Image 6 
remains visible to allow a new choice to be made. Once the file has been selected, the 
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visible dialog boxes will be closed, and a new one will be opened providing the option 
to view, print or do nothing with the read information.

If the user wants to create a simulation with new data, choosing the New Data 
option will lead to dialog windows in which all the necessary information can be 
inserted. A description of the information in each type of data files will be made below.

Image 6: Mode selection of acquisition of information.

Image 7: Dialog for the selection of data file.

Image 8: Dialog with the data output options.
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1.2.1  Meteorological Data

Meteorological conditions are characterized by wind roses, up to 6 per file, as there are 
6 stability classes. Each rose can be defined by up to 16 directions of wind (sectors), 
each with up to 6 wind classes.

The sum of the % of the persistence of each wind class along the various direc-
tions of a particular wind rose represents its % of global occurrence.

The previous scheme represents the file structure of meteorological data, (ros 
files), where the meaning of the parameters are as follows:
• dT/dZE and dT/dZF represent the potential temperature gradients for stabilities E 

and F, with default values of 0.02 and 0.034 K.m-1;
• Hi is inversion height (if the inversion height is not to be used, then set it to a large 

positive number);
• Fl and FD are flags respectively for inversion (0 to disregard, −1 to enforce) and 

correction for sampling time (0 if ≤24h, –1 otherwise);
• EstabR is the Pasquill-Gifford stability class, being one of the following (A, B, C, 

D, E, F);
• FreqR is its fraction frequency of occurrence of each stability (a real number 

between [0 1]), NSectR is the number of wind sectors (an integer between [1 16]), 
NCVR is the number of wind classes (an integer between [1 6]);

• DIRR is the wind direction relative to Geographic North (a number between 
[0 360[). This variable only exists for a single wind direction;

• VV1,R to VVNCVR,R is the average wind speed for each wind class (m/s);
• Pers1,1,R to PersNCV,NsectR,R are the corresponding frequencies of occurrence (persis-

tences) of wind class i in wind sector j. The sum of all wind frequencies of all 
sectors and for all stabilities must be a number ≤1. The reason why this number 
may be lower than 1 is because of the possible occurrence of very low wind speeds 
(< 1m/s) that are not accounted for in the dispersion simulation (please refer to 
Model Highlights, Meteorological Data).
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Image 9 presents an example of a ros file, containing 1 wind rose of B stability 
with an overall frequency of occurrence of 9.76%, with 16 sectors and 6 wind classes 
per sector. 

Image 9: Contents of a ros file.

1.2.2  Dispersion Data

The files with the dispersion data (disper files) present the following data:
• Equations used for the calculation of the dispersion coefficients in the horizontal 

transverse direction relative to the wind (σy) and vertical direction (σz);
• Parameters for each one of those equations according to the stability;
• Sampling time related to the parameters and equations.

The following scheme presents the file structure concerning the dispersion data, 
where Tamst represents the averaging time corresponding to the standard deviations 
of the plume concentration distributions. If different stacks are simultaneously evalu-
ated, there may be some reason to use stack-discriminating dispersion equations, 
obtained with different sampling times. In that case, the largest sampling time should 
be used for all, usually 60min for short term estimates.
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The following image presents an example of a disper file:

Image 10: Contents of a disper file.
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1.2.3  Source Data

The files regarding the source characteristics and emission data are fon files. These 
contain information on the characteristics directly related to the sources:

1. Spatial position (arbitrarily fixed at [0,0] for one of the sources)
1.1	 Abscissa (m)
1.2	 Ordinate (m)
1.3	 Height (m)
1.4	 Altitude (m)

2. Mass Flow of pollutant (g/s)

3. Plume rise equation
3.1	 Holland
3.2	 Moses-Carson
3.3	 Davidson-Bryant
3.4	 Briggs
3.5	 Briggs with thermal energy of the plume
3.6	 Actual known plume rise

4. Depending on the choice made in 3, it is also necessary to know:
4.1	 Holland, Davidson-Bryant, Briggs

4.1.1	 Temperature of the exhaust gases (K)
4.1.2	 Stack exit velocity of the gases (m/s)
4.1.3	 Stack inner diameter at release height (m)

4.2	 Moses-Carson
4.2.1	 Thermal power of the gas (MW)
4.2.2	 Escape velocity of the gases
4.2.3	 Stack inner diameter at release height (m)

4.3	 Briggs (knowing the value of thermal energy)
4.3.1	  Thermal energy of the gas (MW)

4.4	 Known plume rise
4.4.1	 Plume rise (m)

5.  Choosing Holland or Moses-Carson, the user can either provide them or else 
use a default multiplicative correction factor for these equations:

Table A1. Correction factors by default for Holland and Moses-Carson equations

Stabilities A B C D E F

Correction
Factor

Holland 1.20 1.10 1.05 1.00 0.90 0.80

Moses-Carson 2.65 2.65 1.08 1.08 0.68 0.68
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Besides information about each source, these files also contain the temperature 
and atmospheric pressure and the values of Power Law coefficients for each stability. 
Default values may be presented. Alternatively, the user may also provide them.

The diagram below represents the fon file structure, where the number of sources 
(NF) is limited to 50:

• PotX represent the power-law correction factors for the wind speed variation with 
height (see Eq. [1]) as a function of stability, in this case those from Table A2;

• NF is the number of sources, PAtm and TAtm are respectively the barometric pres-
sure (Pa) and the ambient temperature (K), both obtained at 10m height;

• cxf and cyf represent the terrain coordinates for source f;
• altf and cotaf are respectively the stack physical height (m) and altitude (m);
• caudf is the pollutant emission rate (g.s-1);
• eqsef is the equation # for plume rise estimates. If the plume rise is known, then 

[x]f is its value.

The following image presents an example of a fon file with 5 sources, in which the 
Power Law coefficients provided by default are used, and the Davidson-Bryant equa-
tion is used to calculate the actual height of the plume:

Image 11: Contents of a fon file.

Table A2. Power Law default correction factors

Stabilities A B C D E F

Power Law Coefficient 0.10 0.15 0.20 0.25 0.25 0.30
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1.3  Data Validation

1.3.1  File Validation Menu

This option in the main menu allows the user to “manually” create/modify data files, 
independently of the program. The construction of a new file implies the use of an 
application which creates files with the txt extension. Existing text files can be modi-
fied in any word processor.

Files are validated by activating the File Validation button in the main menu. 
Image 12 shows the dialog presented to the user. This dialog should select the type of 
file to validate. The next step is locating the file in the computer. In case the selected 
file is not a txt file or one of the types of data files allowed, or if there is no agree-
ment between the type of the chosen file and the type to validate, an error message is 
presented, and the dialog is closed. If the validation is successful, further files can be 
validated or the menu can be closed by selecting the Exit button. 

For example, file validation can be used to create all atmospheric stabilities that 
are coherent with wind-speed data (Table 1), using the Wind-Roses button (Image 12), 
without having to manually enter all stabilities. It can also be used if the user wants to 
input new dispersion or plume-rise equations, respectively activating the Dispersion 
and Sources buttons.

Image 12: Dialog for file validation.
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1.4  Simulation

After choosing all data needed, viz. rose, disper and fon data, it is possible to simu-
late pollutant dispersion. The program offers the user several possibilities:
• Calculation of concentrations in points specified by the user;
• Calculation of isopleth maps;
• Determination of the value of the maximum concentration and respective loca-

tion using optimization algorithms [2, 3, 19].

Next, a brief description of each one of these menus is presented.

1.4.1  Concentration Estimates Menu

When choosing this menu, a dialog window similar to the one in Image 13 is pre-
sented. 

The first decision to be made regards the mapping for which the calculation of 
the pollutants’ concentration is specified. The calculation target points can be pro-
vided in three different ways: by specifying coordinates for each point, by graphically 
choosing points on the map and by choosing some grid.

Image 13: Estimation of concentrations at user-defined points.
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Regardless of the choice, a maximum number of 100 points can be set. In addi-
tion to defining different points, it is also necessary to: define corrections for the sam-
pling time and for plume-rise equations, otherwise the default values built into IMDIS 
will be used; a method for estimating the transport wind speed should be selected, 
either at the effective stack height or as a plume vertical integration average (depend-
ing on atmospheric stability and downwind distance from the source); for multiple 
sources, the contribution from each source to pollution can also be calculated at the 
different points.

Once the necessary definitions have been made, the above dialog is automatically 
closed. If the different points have been introduced through the specification of coor-
dinates, the dialog with the different output options will be presented (see Image 8); 
if any other option has been chosen, a window of larger dimensions will be presented. 
This window will contain the map with the different sources, and you can select the 
points at the desired location or define a grid on which the calculations will be made, 
by simply using the computer mouse. The x and y point coordinates are continuously 
updated under the mouse pointer, and are displayed on the top right corner of the 
window.

Image 14 shows that there are commands which allow the boundaries of the x 
and y coordinates on the map to be changed: Zoom In, to reduce the area represented 
by the map; Zoom Out to expand the area (birds’ eye view) or Move Center to modify 
the central point in the map. These options are only available before the final selec-
tion (points or grid) on the map has been carried out. To make new definitions or 
reset the original map, the Refresh Map button should be used. After defining points, 

Image 14: Selection of points on the map.
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pressing the Calculate button will cause the program to calculate concentrations and 
present the results. If a grid has been set, its number of vertical and horizontal divi-
sions must be given before any calculations are made.

1.4.2  Concentration Isopleths Menu

Choosing this option allows the drawing of maps with the same concentration. One 
interesting versatility of IMDIS is the possibility of obtaining concentration isopleths 
regarding a given situation or average values of several situations, for example, using 
average daily measurements to compute weekly estimates.

Image 15 shows the menu made available to the user when the Concentration 
Isopleths button in the main menu is selected. The results of the computed concentra-
tions are stored in text files that can be later retrieved. To see these results in a graphic 
form, the Draw option must be selected. If the file with the results regarding the situa-
tion of interest is not yet available, the Estimate option must be chosen instead.

Image 15: Isopleths main menu.

When choosing to calculate the (new) isopleths, a new menu appears, containing 
several options:

Image 16: Menu related to the calculation of isopleths.
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Actual Isopleths, to carry out the calculation of a given situation. After choosing 
this option, the name of the file which will store the results has to be given;

Mean Isopleths, to determine average values of concentrations between two situ-
ations with different conditions, for example, on two consecutive days. In this option, 
the name of the existing file must be provided (this is a read-only file and will not 
undergo any changes). The data in this file will be averaged with the data for the 
current situation. It will also be necessary to define the name of the new file which 
will contain the average values that the new situation has contributed to;

Image 17: Dialog in which the accuracy of the calculation of concentration isopleths is set.

• Actual and Mean Isopleths, this option must be chosen when you wish to know 
the results of the new chosen situation, in addition to calculating the average 
concentrations. In addition to the information supplied in the previous situation, 
it is also necessary to define the name of the file which will store the data for the 
current situation.

After choosing one of the calculation options, a new window is presented, where the 
precision for the calculation is set. The most precise situation corresponds to every 
pixel being calculated. This situation corresponds to assigning a pair of coordinates 
(x, y) to each one of the pixels that represents the space of the map on the screen. 
Smaller resolutions can be chosen, with the benefit of a faster execution time. For 
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example, a 2 Pixels choice will run 4 times faster than a 1 Pixel one, and a 4 Pixels will 
be 16x faster, although the image will be more blurred.

Image 18: Definition of the space in the map for concentration isopleths calculation.

The next step is the definition of a grid that outlines the space in which the cal-
culations will be carried out. The dialog box shown in Image 18 is similar to that 
presented in Image 14.

To define the grid, the left mouse button in the initial point of the grid must be 
pressed. Then, the mouse pointer must be moved in the desired direction, which will 
cause a box outlined by a green line to be created. When the grid has the desired size, 
the same mouse button should be activated again, and the grid is set. To start the 
calculations, the Calculate button must be pressed.

Image 19 shows the general aspect of the program during the calculations. This 
task can be time-consuming, from short to longer periods of time, according to the 
complexity of the data and to the calculation resolution. For a better idea of the time 
needed to complete the calculations, a progress bar is placed along the bottom of 
the window. When the calculations have been completed, this window is automati-
cally closed, and the isopleths main menu appears (Image 15). By selecting the Draw 
option, the previously calculated file is uploaded and the map can be drawn.
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From the moment the drawing is completed, there are two available options: Copy 
Map or Isopleths Listing.

Image 20: Map copied to the Windows Clipboard.

Image 19: Evolution of the calculation.
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1.4.3  Optimization Menu

Choosing this option offers different possibilities of calculating the maximum con-
centration. According to the data, the downwind x coordinate, the x coordinate plus 
the critical wind speed, the (x, y) coordinates, or the (x, y) coordinates plus the critical 
wind speed.

The optimization menu is similar to the one presented in the following image:

Image 22: Main menu for optimization.

Image 21: Isopleths listing.
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There are specific options for cases in which there is only one source, and the 
roses only have one sector. There are options that seek the point of maximum con-
centration in regions chosen by the user. The Search by Default option includes two 
search options for the global maximum.

The following image presents the result of the maximum concentration search 
using the (X, Y, C) max (General) option in the sub-menu of the Search by Default 
option.

Image 23: Results of maximum concentration for a specific simulation.

With the purpose of better illustrating how to use IMDIS, a specific example con-
taining every step necessary to use the options of the program is considered below.



2   IMDIS: User Manual Example

2.1  Material Selection

• Choose the Gases/Particles options in the main menu.

By selecting the Particles option, we need to set the average particle size. Regard-
less of the option chosen in this menu, the last property to set is the background 
concentration of the pollutant.

2.2  Data Entry

2.2.1  Meteorological Data

• Choose the Meteorological Data option in the main menu and select the New Data 
option in the Get Wind-Rose Data sub-menu. If the data files already exist, select 
the Data in Disk option.
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• The new dialog allows the input of all data related to the wind rose to be created. 
Whenever there’s a visible dialog window, the buttons of the main menu remain 
inactive (dimmed). 

• Fields are to be sequentially filled in. Initially, only the field that allows the defi-
nition of the average time is available. Once set, the next field becomes available. 
The possible maximum number of wind roses to be set is 6 per file, corresponding 
to the six atmospheric stability classes of Pasquill-Gifford scheme. 
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• After the number of wind roses has been set, the fields related to their properties 
are made available. If only one wind rose is set, the field corresponding to the fre-
quency is dimmed, because its value must equal 1. By defining a number of roses 
larger than 1, all properties for each rose will be separately set.

• Along the top of the window, there is a space containing messages with instruc-
tions for the user. If data outside the allowed limits are introduced, an error 
message will appear. The program will only proceed when data are properly intro-
duced. The transition to the next field can be made in three separate ways: using 
the Enter key or the Tab key on the keyboard or through a mouse click. This will 
quickly become very intuitive.

• Once all properties of the wind rose have been set, the corresponding fields 
become inactive, and you can proceed to fill in the wind speeds (maximum and 
minimum) for the number of classes defined for the wind rose under construc-
tion. 
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• The next step is defining the persistence of each wind class in each of the defined 
wind sectors. By filling in the last field of the current sector, the fields will be 
cleared, and the persistence of the following sector must be filled in. For user 
guidance, there’s an indicator of the sector being defined.

(…)

• If the rose’s stability is E or F, the determination of the potential temperature gra-
dient in the atmosphere is needed. The default value can be used, or a new value 
can be set. The Ok button only becomes available when all information is set.

• When concluding the definition of the wind rose properties, the user will receive 
instructions to press the button which enables the definition of the next wind 
rose. All the previously completed fields will be erased, and the definition of a 
new wind rose will be started in a similar way to that previously filled in. There is 
also a Repeat Data button which enables the user at any point to return to the Get 
Wind-Rose Data sub-menu and restart the process.

• When all wind roses have been defined, the user must press the Finish button. It is 
also necessary to determine if a temperature inversion takes place. If it does, you 
have to define the height at which it occurs.

• The next step is storing the data in a file. To do so, simply activate the Save Data 
button. A window in which you can choose the location on your computer where 
you want to save the file will appear.

• If a valid file name was not introduced, the user will be informed and will have 
the option to re-select the name and location of the file.



52    IMDIS: User Manual Example

• After the meteorological data has been created, the window is closed, and a new 
sub-menu with view information or send to printer options will appear:

• Choosing the data output option for the screen:

2.2.2  Dispersion Data

• Choose the Dispersion Data option in the main menu and select the New Data 
option in the Get Dispersion Data sub-menu. If the data files already exist, select 
the Data in Disk option.
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• The new dialog allows the introduction of the correct dispersion data.

• First, you must choose the equation for the calculation of σy. By moving the mouse 
cursor over the buttons corresponding to each of the equations, the respective 
equation and its dependence on each parameter will appear to the right. 

• By selecting, for instance, Green’s equation, the fields for the parameters on 
which the equation is dependent become active. By introducing all the values of 
the parameters for the stability class A, the Stability>> button becomes active and 
must be pressed in order to proceed with the introduction of data for the other 
stability classes, otherwise the default values built into IMDIS will be enforced.
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• After defining all the required data, pressing the Finish button activates the equa-
tion for the calculation of the vertical dispersion coefficient, σz. This is performed 
in a way similar to σy, as described before.

• The last piece of data to be introduced is the sampling time for which the intro-
duced data is valid.

• The next step is storing the data in a file. To do so, activate the Save Data button 
and choose the location where you want to save the file.

• If a valid file name was not introduced, the user will be informed and will have 
the option to reselect the name and location of the file.

• After the process of creating meteorological data is finished, the window is 
closed, and the sub-menu with information view or send to the printer options 
will appear.

• By choosing the data output option for the screen, we obtain the following image:
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2.2.3  Pollutant Emission Data

• Choose the Source Data option in the main menu and select the New Data option 
in the Get Source Data sub-menu. If the data files already exist, select the Data in 
Disk option.

• The new dialog allows the introduction of all data related to the sources.

• The Power Law coefficients are provided by the program. However, new values 
can be defined by the user by activating the No selection box. 
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• After the definition of the Power Law coefficients (default or otherwise), pressing 
the Ok button activates the fields for specifying atmospheric pressure and tem-
perature, supposed to be taken at 10m height.

The next step is the definition of the number of stacks, which must be an integer 
between 1 and 50.

• Choosing the calculation model for the plume rise can be made in two different 
ways: stack by stack, by selecting the Yes box in the image below, or assigning the 
same model to all stacks (No box). 

• If the chosen model is Holland or Moses-Carson, values for the equations’ cor-
rection factors will be necessary. Such values may be provided by the program or 
provided by the user.



 Data Entry   57

• The next piece of data is related to the existence or non-existence of a Flare. In 
case the emission point is a flare, it is necessary to define the thermal energy and 
molecular weight of the gases.

• All that is left to be defined are the properties that are specific to each source, 
such as the x and y coordinates, stack physical height, stack altitude and mass 
flow released, and also gas temperature at stack tip, gas velocity at stack tip and 
inside stack diameter.
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• For example, using the following data, with Holland´s plume rise estimates for 
both of 2 different sources:

• If the plume rise is known, its value should be used instead of estimating it 
through one of the above formulas.

• If the source has been identified as a flare, there is no need to define any more 
data. The next stage is defining the next source by pressing the Next Source 
button:
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• The final step is storing the data in a file. To do so, simply activate the Save Data 
button, where the location on the computer can be selected.

• After the process of creation of source data has finished, the window is closed, 
and the sub-menu with the output options will appear. In this case, with output 
to the screen, the following appears:

2.3  Simulation

All IMDIS calculation options are accessible from this sub-set of the main menu. Cal-
culations can only be made after loading all necessary files. Otherwise, a warning 
message will appear:



60    IMDIS: User Manual Example

2.3.1  Estimation of Concentrations
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• The calculation of concentrations can be carried out in three different ways. The 
user will have to choose between specifying coordinates for the points, points 
on the map or defining a grid on the map. Regardless of the choice made, the 
user needs to determine if he intends to correct the sampling time. If that is the 
case, a value for the correction coefficient that may or may not be provided by the 
program must be defined.

• The next step is to choose a model for wind speed calculation, either at effective 
stack height or integrated as a function of distance from the source (thought to 
be more accurate):

• If Point Coordinates option has been chosen, a number of points (up to 100) is 
defined. The procedure is similar to that described in similar situations: there 
is an indicator of the point for which information is being entered; once all the 
necessary fields have been completed, an increment button becomes active and 
allows to sequentially determine all points.
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• If the grid option has been defined, a maximum of 10x10 points equally spaced on 
the chosen map can be estimated, after specifying both map altitude and height 
(meters above stack altitude):

• If the file with the source data has information about more than one source, there 
is the possibility of calculating the contribution from each source to pollution at 
a given point.

For any choices that imply the selection of points on a map (directly or through a 
grid), a new window is presented. The map allows for various actions:

 – Visualizing the x and y coordinates by hovering the mouse over the map (1)
 – Zoom In (2), which allows reducing the area represented by the map 
 – Zoom Out (3), which allows expanding the area represented by the map
 – Move Center (4), which allows selecting (by clicking) a point to be the center of 

the map
 – Refresh Map (5), to restore the initial map or eliminate possible selections that are 

eventually made.

• If the selection of points was the chosen option, the mouse cursor must hover 
over the map, and the left mouse button must be pressed in the desired places. 
The selected point will be marked in that place. At the end of the selection, the 
Calculate button must be pressed for the calculation to be carried out.
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• If the definition of a grid was the chosen option, a click must be made to define 
the first vertex of the grid. Then, moving the cursor will define a green lined-box. 
When the grid has the desired size, a second click must be made to fix the grid. 
After the grid has been defined, the Next button must be pressed to define its 
number of divisions. The definition of a grid implies inserting a number of verti-
cal and horizontal divisions to define crossing coordinates. The product of the 
two divisions must not exceed the maximum value (100 points).



64    IMDIS: User Manual Example

• By carrying out a selection operation on the map, operations 2, 3 and 4 of for map 
manipulation become unavailable. If the original map is replaced (operation 5 to 
refresh map), they will become available again.

• After the calculation finishes, the window is closed and the sub-menu with infor-
mation on output options will appear.

2.3.2  Concentration Isopleths

In this menu, the concentration isopleth maps can be obtained.
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• To build a new results file, choose the Estimate option:

In the sub-menu depicted in the following image, the choice must be made 
according to the intended purpose of the simulation:
• If the user intends to simulate a new situation, the Actual Isopleths option must 

be chosen;
• If the user wants to determine the average values between an existing situation 

and a new situation, e.g., two days in a row, the correct choice is Mean Isopleths;
• The Actual and Mean Isopleths option must be chosen if the conditions are the 

same as the previous case and if both the actual and combined data is of interest.

• By choosing the first option, the user only has to define the name and computer 
location of the file to store the results. In the second and third options, the loca-
tion of the file with the existing results and the name and location of the file to 
store the averaged results must be both provided. In the third option, the name 
and location of the files to store the results of the new situation has also to be 
provided.

• For instance, when choosing the situation above, the user is asked to name the 
results file.
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• After the definition of the file, a new dialog window appears. The first decision is 
related to the choice of resolution with which the calculations will be carried out 
and which varies between 1 and 4 pixels. The more accurate situation is option 
1 pixel. This corresponds to assigning a pair of coordinates (x, y) to each one of the 
pixels that represents the space of the map on the screen, for which the concen-
tration will be calculated. Smaller resolutions can be chosen to speed up execu-
tion, but more blurred concentration maps will result.

• Selecting the option 4 pixels:

• Next, the user needs to determine if there is intention to correct for sampling time. 
This may be necessary due to mismatching between averaging times used in the 
formulas for σy and σz, usually 10–60 min, and the averaging time corresponding 
to the calculated concentrations, viz. [1 24]h. If that’s the case, the user will have 
to define a value for the correction coefficient that may or may not be provided 
by the program.

• The next step is to choose a model for wind speed calculation.
• Finally, receptor map elevation and level must be defined.
• By activating the Next button, a new window with the map appears. The map 

allows for various actions:
 – Visualize the (x, y) coordinates by hovering the mouse over the map (1)
 – Zoom In (2), which allows reducing the area represented by the map 
 – Zoom Out (3), which allows expanding the area represented by the map
 – Move Center (4), which allows selecting (by clicking) a point to be the center 

of the map
 – Refresh Map (5), to restore the initial map or eliminate possible selections 

that are eventually made.
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• A grid is defined starting with a click to define the first vertex of the grid. Then, 
moving the cursor will define a green lined-box. Move the cursor until the grid 
reaches the desired size and click again to define the last vertex. 

• Press the Calculate button to start the calculation.
• At the end of the calculation, the window represented in the previous image is 

closed, and the isopleths sub-menu appears again.
• Activating the Draw button in this window and the following window, the 

program draws the concentration isopleths map:
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• On the bottom right corner of the window, there are two buttons which enable 
further functionality:

• The List button lists the isopleths’ values.
• The Copy Map button allows the map to be copied to the Windows Clipboard, 

enabling it to be included in other applications.

By pressing the List button, the map disappears, and a table summary appears con-
taining the average values of the various concentration isopleths. 

• New values for isopleths can easily be provided, defining further ranges and loca-
tions of interest.

• By choosing a new region to plot the isopleths, using the maximum definition (1 
pixel), we get the following pictures:
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• A subgroup of isopleths can now be chosen at will. For example:

2.3.3  Optimization

A better and faster way to produce useful isopleths is to first find out where the 
maximum concentration occurs. Choosing this option offers different possibilities of 
calculating the maximum concentration value of pollutants.
• When pressing the Optimization button in the main menu, the following dialog 

appears:
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• The three options marked in the image above are only valid for situations in 
which there is only one source, and the wind roses have only one sector. In case 
the data doesn’t respect these specifications, and one of these choices is made, an 
error message appears, and after some time the window is closed.

• By choosing a valid option, regardless of what that is, the user needs to determine 
if there is the need to correct for sampling time. If that’s the case, a value for the 
correction coefficient that may or may not be provided by the program has to 
be defined. The next step is to choose a model for wind speed calculation, and 
finally, map elevation and level must be defined:

• If the second or fourth option in the Optimization sub-menu ‘(X, Y, C)max---Gen-
eral’ and ‘(U, X, Y, C)max---General’ respectively have been chosen, by activating 
the Next button in the image above a window with the map appears. The map 
allows for various actions, as already described before.

• A grid is defined starting with a click to define the first vertex of the grid. Then, 
moving the cursor will define a green lined-box. Move the cursor until the grid 
reaches the desired size and click again to define the last vertex. 

• Press the Calculate button to initiate the calculation.
• After defining the grid, in case the selected option was (X, Y, C)max---General or 

(U, X, Y, C)max---General in the Optimization sub-menu or after clicking the Next 
button in the case of the other options, a new window appears:
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• After pressing the Calculate button:
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• The operation of the program will vary according to the optimization option. For 
example, choosing (X, Y, C)max---General: After setting the result output mode, 
the results are shown on the screen.

It should be noted that this result is very similar to the one obtained above for the 
maximum valued isopleth.

All the other options available in IMDIS have a similar operating scheme, and it 
should by now be fairly easy for the operator to run these options. It should be stated 
that all options where U occurs refer to the critical conditions, however unlikely they 
may be to occur:
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By choosing the Golden Section algorithm, one obtains the following critical con-
ditions:

while by choosing the SGA algorithm: 

Although the critical wind speed is the same from both algorithms, the wind 
angle is not, and this affects the location and maximum concentration. For confirma-
tion, the next figure shows the isopleths obtained by using the meteorological data 
from the SGA optimizer.
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2.4  File Validation

This option in the main menu allows the user to manually create/modify data 
files, while respecting the file formats for the program to work. Files that can be vali-
dated are of types *.txt, *.ros, *.fon and *.disper.

• The first step is to choose the type of file you intend to validate:

• Next, locate the file to be validated. In case the validation has been successfully 
carried out, the user will be asked of other files needed to be validated.

• In case the selected file is not valid, an error message appears, and the window is 
closed moments later.



76    IMDIS: User Manual Example

2.5  End of the Session

To close the program, press the End button in the main menu.

2.6  Operating Requirements

For the good operation of the application, there are two requirements that must be 
taken into consideration, which are related to definitions external to the program:
• The screen’s resolution should be 1024 x 768 so that the dimension of the main 

window of the program takes up all the space on the screen.
• The regional option for the numbers (control panel) must be set to English (United 

Kingdom).
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