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Abstract  In the literature there exists a variety of pollution of dispersion models and in general, Gaussian models are 
used worldwide by environmental agencies in regulatory applications. The CALPUFF model is one of them. In this study, 
the influence of decorrelation time scales in the CALPUFF modeling system under neutral conditions is evaluated. To do 
this a new parameterization of decorrelation time scales is proposed. This method is based on the Eulerian velocity spectra 
and a formulation of the evolution of the Lagrangian decorrelation timescales. To this end a spectral distribution of an 
Eulerian velocity profile and a formulation of the evolution of Lagrangian decorrelation timescales under neutral conditions 
is used as the forcing mechanisms (shear-dominated boundary layer) for the turbulent dispersion. The model performance 
was established by comparing the levels of ground-level concentrations of the tracer gas with experimental results from the 
Over-Land Alongwind Dispersion experiment. Comparing the two simulations using the CALPUFF model, the CALMET 
CALPUFF simulations had better results only for samplers located near the line source. Is it possible this behaviour is 
associated with the spatial variability of the fluid flow that is present in CALMET CALPUFF modeling mode. The new 
parameterizations was evaluated in SURFACE and PROFILE mode, without spatial variability. Therefore, it can be used as 
parameterization for regulatory modeling applications using CALPUFF. The simulation and the results suggests an increase 
inaccuracy for long range turbulent transport of pollutants in both simulations. This behaviour it was evidenced from the 
ratio between observed and predicted ground level concentration that show an increased inclination to greater distances. In 
general the CALPUFF simulations clearly moving away from the line that contains ideal ratio between experimental and 
predicted results. These findings show the necessity to correct the model. Moreover, the high correlation coefficients 
determined with the observed data indicate how to fix the model predictions by a concentration dependent scale with 
distance. 

Keywords  Planetary boundary layer, Turbulent eulerian velocity variance spectra, Shear-dominated boundary layer, 
Calpuff modelling system, Lagrangian decorrelation time scales 

 

1. Introduction 
Dispersion and transport models of contaminants are 

useful tools to evaluate anthropogenic influences in the 
environment. Actually, there are different kinds of dispersion 
models and in general, Gaussian models are used worldwide 
by environmental agencies in regulatory application. The 
CALPUFF model is one of them. This model is a 
non-stationary puff with Lagrangean algorithm. As part of a 
study to design and develop a generalized non-steady-state 
air quality modeling system for regulatory use, Sigma 
Research Corporation developed the CALPUFF dispersion 
model and related models and programs, including the 
CALMET meteorological model. The original development  
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of CALPUFF and CALMET was sponsored by the 
California Air Resources Board (CARB) [18]. The original 
design specifications for CALPUFF included the capability 
to treat time-varying sources, suitability for modeling 
domains from tens of meters to hundreds of kilometers from 
a source, predictions for averaging times ranging from 
one-hour to one year, applicability to inert pollutants and 
those subject to linear removal, chemical conversion 
mechanisms, applicability for rough or complex terrain 
situations, building downwash and plume fumigation [18]. 
The modeling system developed to meet these objectives 
consisted of three components. CALMET, a meteorological 
modeling package with both diagnostic and prognostic wind 
field generators. CALPOST a post processing programs for 
the output fields of meteorological data, concentrations and 
deposition fluxes [17, 18]. Besides the CALMET, 
CALPUFF and CALPOST, the modeling system has 
preprocessors (SMERGE, READ62, CTGPROC, TERREL, 
MAKEGEO) that accomplish the connection between inputs 
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like topography, land cover, meteorological surface and 
profile data. The main output files of a CALPUFF simulation 
contain hourly concentrations and other certain periods in 
local or grid receptors. After the simulation, the CALPOST 
module is used to process these files, producing tables and 
graphs that summarize the simulation results [17, 18].  

Several studies of modeling of the dispersion of 
contaminants have used parameterizations of eddie 
diffusivity that are employed in analytical air pollution 
models in distinct atmospheric stabilities. Ref. [1] had 
success in the use of eddie diffusivity depending on source 
distance, in a shear dominated planetary boundary layer. An 
analytical solution of advection–diffusion equation called 
3D-GILTT was used. Ref. [3] also tested parameterizations 
of vertical time dependent eddie diffusivity with a GILTT 
analytical model to solve the advection–diffusion equation. 
The authors of ref. [7] proposed a general formulation for 
pollutant dispersion in the atmosphere by using an 
arbitrary vertical profile of wind and eddy-diffusion 
coefficients considering local and non-local turbulence 
closure. It was used a general analytical formulation for 
pollutant dispersion in the atmosphere by solving the 
time-dependent three-dimensional advection–diffusion 
equation by the combination of Laplace transform technique 
and the generalized integral advection–diffusion multilayer 
technique. Differently to the Eulerian dispersion models, as 
the Gaussian and the GILTT, ref. [10] presented a turbulence 
parameterization for the planetary boundary layer (PBL) 
dispersion models in all stability conditions. The tracer 
dispersion was simulated by the Lagrangian particle model 
LAMBDA [11, 12]. 

In the CALPUFF regulatory model a key consideration is 
the specification of the horizontal and vertical Gaussian time 
dependent dispersion coefficients for a puff. The general 
forms of ytσ  and ztσ  for turbulent dispersion are 
determined as showing [14]: 

( )lyyvyt tttf /σσ =                   (1) 

( )lyzwzt tttf /σσ =                   (2) 

Where vσ  is the standard deviation of the horizontal 

crosswind component of the wind, wσ  is the standard 

deviation of the vertical component of the wind, t  is the 

travel time of puff to the receptor, and lzly tt , are the 
crosswind and vertical Lagrangian time scales. The functions 

yf and zf are parameterizaded according to Draxler [11] 
for a neutral/stable boundary layer.  
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In addition, to complete the atmospheric turbulence 

parameterizations the CALPUFF dispersion modeling 
utilizes expressions for standard deviation of the component 
of the wind following the prescriptions of ref. [4]. 

( )( ) ( )[ ]LzaLzCu nSv /1/8.1/6.1* ++=σ       (5) 

( )( ) ( )[ ]LzaLzCu nSw /1//3.1 * ++=σ          (6) 

Where ( ) 4/3/1 hzCS −= ; ( )[ ]exp 0.9 /na z h= − , with z  

the observation height; h  is the depth of the neutral PBL, L  
is the Obukhov length and *µ  is local friction velocity that 

was expressed by [16] as ( ) 4/3
0** /1 hzu −=µ  with 0*µ  

being the surface friction velocity. 
Therefore, the aim of this study is evaluate the regulatory 

model CALPUFF with a different turbulent parameterization. 
Hence, a formulation of the evolution of the Lagrangian 
decorrelation timescales under neutral conditions is used as 
the forcing mechanisms (shear-dominated boundary layer) 
for the turbulent dispersion. 

2. Derivation of Lagrangian 
Decorrelation Timescales 

The present approach basically hinges on Batchelor’s 
time-dependent equation [26] for the evolution of the 
Lagrangian decorrelation timescales iLT : 
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with i = u, v and w, where )(nF E
i  is the Eulerian energy 

spectrum normalized by the Eulerian velocity variance 2
iσ , 

iβ is defined as the ratio of the Lagrangian to the Eulerian 
integral timescales, n is the frequency, and t the travel time. 
By virtue Eq. (7) contains iβ , thus it describes iLT  from a 
Lagrangian perspective too, and Eq. (7) expresses a 
Lagrangian decorrelation timescales in terms of the ratio of 
the Eulerian energy spectrum to the Eulerian vertical 
velocity variance. 

It is well known that turbulent dispersion in the neutral 
PBL is generated by mechanical processes and is related to 
wind shear, and it is most effective close to the ground. This 
forcing mechanisms produce a wide range of scales (eddies) 
with infinite degrees of freedom. The present approach arises 
from the Eulerian velocity spectra under neutral conditions 
and can be described as a function of shear driven PBL scales 
[1]: 
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the u , v  and w  components respectively [5]; 4.0=κ is 

 



 American Journal of Environmental Engineering 2015, 5(1A): 125-132 127 
 

the von Karman constant, Unzf /= is the dimensionless 
frequency ( n  being the cyclic frequency, U  the mean 
horizontal wind speed and z  the observation height), 

imf )( i is the dimensionless frequency of the neutral spectral 

peak and [ ] 7.12
0*

2
* )/(1)( hz−= µµ  is the local friction velocity 

for a neutral PBL [10] with 0*µ being the surface friction 
velocity and h  is the depth of the neutral PBL. The 
dimensionless dissipation rate is defined as 3

0* )/(ukzεε =Φ  
where ε  is the mean turbulent kinetic energy dissipation 
per unit time per unit mass of fluid, and its magnitude 
depends only on quantities that characterize the 
energy-containing eddies. The above iα  values are derived 
from the turbulence isotropy in the inertial subrange of the 
energy spectrum. 

The analytical integration of Eq. (8) over the whole 
frequency domain leads to the Eulerian turbulent velocity 
variance [1, 9] 
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and 
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which is used to normalize the spectrum so that the 
normalized Eulerian spectrum can be written as follows:  
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Substituting Eqs. (10) and (11) into Eq. (7) and 
considering ii U σβ /55.0= , yields as ref. [9] 
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where now the following terms appearing are written as 
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where a time to space transposition is applied to the time 
dependency in Eq. (7) to yield a spatially dependent iLT , 
with UzXuX /*

' = , being a dimensionless distance defined 
by the ratio of travel time UX / to the shear turbulent 
timescale */ uz . 

Defining bnn ='  where 
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which expands to  
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The turbulent parameters ifm)(  and εΦ  must be 
inferred from field observations at a shear-dominated PBL. 
For the neutral case, the spectral peak frequency ifm)(  
describes the spatial and temporal characteristic scales of the 
energy-containing eddies, and can be expressed as Refs. [7, 
19–21]: 
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where ifm 0)(  is the spectral peak frequency at the surfa-ce, 
1410 −−= sfc  is the Coriolis parameter, and 3889=ua , 

1094=va and 500=wa [10].  
In the present study, the values of εΦ and of the spectr-al 

peak frequencies ifm)(  have been measured during a 
meteorological phenomenon known as north wind flow 
(NWF), which occurs in a regional scale at the center of Rio 
Grande do Sul state, in southern Brazil [20]. The 
a-tmospheric synoptic conditions associated to the NWF 
c-ases are characterized by intense mean wind speeds, so the 
large vertical wind shear was produced predominantl-y by 
mechanical turbulence. 

Therefore, one of the main peculiarities of the present 
turbulent parameterization (values of ifm)(  and εΦ  
obtained from the NWF cases) is that it regards the turbulent 
dispersion in neutral situations. For a more detailed 
discussion about the turbulence measurements taken during 
NWF events we suggest the paper by Arbage et al. [20]. The 
observations indicate that the mean values of ifm 0)(  are 
[20]: 04.0)( 0 =ufm , 1.0)( 0 =vfm and 33.0)( 0 =wfm , which 
are in fair agreement with those obtained at the classic 
Kansas and Minnesota micrometeorological experiments 
[21]. At neutral stability atmospheric condition it is expected 
that Φε approaches unity, due to the balance between shear 
production and viscous turbulence dissipation in the absence 
of any buoyant production and transport. Thus the value of 
Φε = 1.1 obtained from the inertial subrange of the vertical 
velocity spectra is in good agreement with Kansas results [21, 
22] and with theoretical predictions [20, 22, 23]. At this 
point it is important to note that the role of the NWF data, in 
the present analysis, is that of providing the values of ifm)(
and Φε for Eqs. (10), (14) and (15). For large winds, such as 
those occurring during NWF cases, a neutral stability state in 
the PBL can be considered. Thus, for strong winds, 
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mechanical turbulent forcing balances and dominates the 
thermal effects and consequently the real PBL can be 
assumed in a neutral condition. 

The Lagrangian decorrelation timescales for the velocity 
components u, v and w can be derived from Eq. (14) by 
assuming empirical values for the NWF data. To proceed, 
the Lagrangian decorrelation timescales can be obtained 
from Eqs. (14) and (15) as a function of both the downwind 
distance X′ and of the height z using Ci , (fm)0i and Φε = 1.1 
and [20, 24, 25]: 
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These new expressions for decorrelation timescales are 

valid in the near, the intermediate and far field of an elevated 
and near the ground continuous source. These quantities 
allows the turbulence dispersion estimation for distance and 
height dependence. Therefore, they are important in 
determining the longitudinal, lateral and vertical dispersion 
of contaminants. 

3. Experiment 
The Over-Land Alongwind Dispersion (OLAD) 

experiment was conducted from 8 to 25 September 1997 at 
the town of Dugway (US Army Dugway Proving Ground), in 
the West Desert Test Center, which is located in the 
central-western state of Utah, about 1300 m above sea level. 
The OLAD was developed by the National Oceanic and 
Atmospheric Administration. The main objective of the test 
was to acquire information from the longitudinal 
displacement of the contaminant cloud over distances of 
2-10 km. The secondary objective of this experiment was to 
determine the lateral uniformity of the dispersion cloud from 
a line source, perpendicular to the main wind direction [2]. A 
total of eleven trials over 18 days was conducted. 

The test was performed with the release of known 
amounts of tracer gas sulfur hexafluoride (SF6) along a line 
perpendicular to the prevailing wind direction. The releases 
were made by dissemination systems mounted on a truck. 
The dissemination system has produced the release of 1.5 
kg/min of tracer gas, over a distance of 10 km. Figure 1 
shown the source line (red) of 10 km length. Three tracer 

releases during OLAD Test 6 was performed. These trials 
were surface releases into strong (~10 m/s) south easterly 
winds in a near-neutral boundary layer. 

One of the tracer sampling instrumentation used during 
OLAD were whole air samplers. The whole air samplers 
measured time-averaged (15-min) concentrations with 
greater accuracy. Tracer gas concentration sampling during 
OLAD was accomplished using three lines of 
surface-mounted samplers. Each surface sampling line, 
located 2, 5 and 10 km downrange of the dissemination line, 
consisted of 15 whole-air samplers spaced at 100-m intervals. 
The whole air sampler data were subjected to strict quality 
control. Meteorological data, including near-surface winds 
and temperatures at locations across the test site and vertical 
wind and thermodynamic profiles, were collected to 
supplement the tracer concentration data. 

For the measurement of meteorological variables were 
installed eight Portable Weather Information and Display 
System measuring stations (PWIDS) and eight Surface 
Atmospheric Measurements Systems stations (SAMS). The 
PWIDS obtained meteorological data - wind speed, 
temperature, relative humidity and wind direction, with a 
resolution of 10 seconds - at two meters above the ground. 
The SAMS stations provided meteorological measurements 
at 10 meters above the ground, with time resolution of 15 
minutes. In addition to these stations, were released at certain 
times, meteorological balloons (radiosondes) to establish the 
atmospheric profile. The aerodynamic mean surface 
roughness length of 3 cm was established by the inspection 
method and the location has a dry, flat clay surface with 
sparse grass and scrub sage vegetation. 

4. Model Evaluation 
The analyzed region (model domain) comprises the area 

of West Desert Test Center presented in Figure 1. In the 
simulation site were included the location and amount of 
emissions of tracer gas, the samplers and meteorological 
surface and altitude stations.  

The topography of the region was incorporated into the 
model domain area, with satellite images. These data 
allowed to add a topography of 90 meters of spatial 
resolution in order to describe the topographic influence on 
the dispersion of contaminant. Digital terrain elevation data 
were provided by NASA (National Aeronautics and Space 
Administration).  

The model performance was established by comparing the 
levels of ground-level concentrations of the tracer gas with 
experimental results. The test was chosen to simulate the day 
September 15, 1997, with the neutral planetary boundary 
layer, due to a significant wind speed of 10 m/s. 

The sampling period used in the simulation was 3 hours. 
CALPUFF models treat line sources by approximating them 
with many volume sources along the length of the line. Two 
kinds of CALPUFF simulation was made to evaluate the 
model performances.  
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First of all, was the CALMET CALPUFF simulation, 
where the micrometeorological data was determined by the 
CALMET prediction tool, incorporating all the 
meteorological stations in Figure 1. Therefore, in the 
CALMET CALPUFF dispersion modeling the spatial 
variability of meteorological and micrometeorological data 
was contained.  

 
Figure 1.  OLAD test site at Dugway Proving Ground showing the 
locations of dissemination lines, sampling lines, and meteorological 
measurement sites 

In the other CALPUFF simulation, using eq. (10) and eq. 
(18) the distinction between them is in the parameterization 
of local friction velocity, in the turbulent velocity variance 
and for the decorrelation timescales. The solution of an 
integral equation (18) was made numerically and was 
considered asymptotic values of decorrelation times scales. 
This CALPUFF evaluation was based on surface and profile 
data to compute results for different kinds of 
parameterizations.  To incorporate these parameterizations 
in the CALPUFF model, it is necessary to give up the spatial 
variability of meteorological and micrometeorological data. 
The CALPUFF in SURFACE and PROFILE mode works 
with mean values of meteorological data. Therefore, it was 
used meteorological data that was established by [2]. 

Table 1 shows the meteorological data from CALMET 
CALPUFF simulation and from measurements establish in 
[2] that were used for the simulations of dispersion 
turbulence parameterizations.  

Table 1.  Meteorological and micrometeorological parameters for the 
simulations 

Run 
h  ( )0*u  

mU10  L  Q  

( )m  ( )1−⋅ sm  ( )1−⋅ sm  ( )m  ( )1−⋅ sg  

CALMET 
CALPUFF 

384 2,6 7 ∞  0,024 

CALPUFF Eq. 
(10) and Eq. (18) 

600 0,7 10 1000 0,024 

Table 2 presents the observed (Co) and predicted (Cp) 
atmospheric ground-level concentration. Figure 2 shows 
scatter diagram of atmospheric ground-level predicted 
concentrations plotted against observed concentrations.  

Table 2.  Observed and ratio between observed and predicted ground-level 
concentration at different distances from the source 

Sampler 
Sampler 
Distance 

(m) 

Observed 
Conc. 

(µg/m3) 

CALPUFF 
EQ.(10) and 

(18) 

CALMET 
CALPUFF 

1 2000 2,59 0,89 1,27 

2 2000 3,79 0,88 1,23 

3 2000 2,48 0,88 1,23 

4 2000 2,81 0,89 1,20 

5 2000 3,45 0,92 1,33 

6 2000 2,45 0,89 1,26 

7 2000 2,76 0,89 1,18 

8 5000 1,48 0,35 0,33 

9 5000 1,17 0,35 0,32 

10 5000 1,16 0,35 0,30 

11 5000 1,14 0,35 0,29 

12 5000 1,30 0,35 0,28 

13 5000 1,41 0,35 0,26 

14 5000 1,74 0,35 0,23 

15 5000 1,31 0,35 0,23 

16 5000 1,15 0,35 0,24 

17 5000 1,38 0,35 0,24 

18 5000 1,38 0,35 0,25 

19 5000 1,33 0,35 0,26 

20 5000 1,44 0,35 0,26 

21 5000 1,43 0,35 0,25 

22 5000 1,60 0,35 0,23 

23 10000 0,31 0,27 0,17 

24 10000 0,35 0,27 0,15 

25 10000 0,30 0,27 0,14 

26 10000 0,34 0,27 0,14 

27 10000 0,46 0,24 0,12 

28 10000 0,50 0,22 0,12 

29 10000 0,47 0,20 0,10 

30 10000 0,47 0,19 0,09 

31 10000 0,47 0,19 0,09 

32 10000 0,54 0,19 0,09 

33 10000 0,52 0,19 0,09 

34 10000 0,27 0,19 0,10 

35 10000 0,50 0,19 0,10 
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Figures 2 and 3 shows the behavior of the simulations 
evaluated in this study. In general the CALPUFF simulations 
clearly moving away from the line that contains 
experimental results and the ideal ratio between 
experimental and predicted results in Figure 3. The 
inaccuracy of the model increases for distant samplers when 
it is observed the Figure 3. The CALPUFF model has been 
adopted by the U.S. Environmental Protection Agency as the 
preferred model for assessing long range transport of 
pollutants. According to the results for simulations of 
receivers located over 5000 meters the lack of prediction is 
quite evident. So it is necessary be very careful for long 
range transport simulations, because the CALPUFF model 
show a trend of under prediction for distant samplers. Both 
simulations of CALPUFF model for samplers located near 
the line source (samplers distance below 2000 meters) have 
similar results and more accuracy in the prediction of natural 
pollutant dispersion when the behavior of Co/Cp ratio is 
analyzed. The standard CALPUFF had predicted results 
more close to ideal line of Co/Cp ratio near the source. 
Probably this characteristic is associated with the spatial 
variability of the fluid flow that is contained in CALMET 
CALPUFF modeling mode. The new parameterization was 
evaluated in SURFACE and PROFILE mode without spatial 
variability.  

 

Figure 2.  Scatter diagram of modeling results in comparison with 
observed ground-level concentration 

 

Figure 3.  Scatter diagram of modeling Co/Cp ratio results in relation with 
observed ground-level concentration 

A linear regression also was evaluated to identify the 
deviation of the ideal situation and is presented in Figure 2. 
This analysis helps to determine how the model correlates 

with the expected data (the ideal case). The quantity that 
measure the deviation is κ and is defined as [27] 

( )
2

21 







+−=

OC
baκ .               (20) 

In the ideal case κ  should be zero. The model data 
aro-und the straight line can be analyzed through the 
correla-tion coefficient close to 1.  

The behavior of the vertical Lagrangian decorrelation 
timescale LvT for five different heights, as given by Eq. (18), 
is presented in Figure 4. Figure 5 shows the behavior of 
vertical profiles of LvT  as given by Eq. (18). Particularly for 
Eq. (18) are plotted vertical profiles for three different 
distances from the source (x= 2000, 5000 and 10000 m). 
Each profile represents a well behaved Lagrangian 
decorrelation timescales with a maximum varying in height 
of the neutral boundary layer and with small values at z = 0 
and z = h. The value of the asymptotic LvT established 
numerically was introduced into CALPUFF model to 
generate results with the new parameterization of the 
timescale. 

 

Figure 4.  The behaviour of the Lagragian decorrelation timescale LvT  
for five different heights z/h = 0.015, z/h= 0.25, z/h= 0.1, z/h= 0.5 and z/h= 
0.75 as given by Eq. (18) and their asymptotic limit for far-source distances 

 

Figure 5.  The behaviour of the vertical profiles for the Lagrangian 
decorrelation timescales, depending on source distance for three different 
distances x= 2000, 5000 and 10000m (Eq. (18)) 

The performance of the CALPUFF models with the 
different kinds of parameterizations are shown in Table 3 
that exhibits the result of the linear regression analysis that 
compares observed and the predicted values of ground-level 
concentration. The correlation coefficient of linear 
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regression is a little better for CALPUFF simulation based in 
Eq. (10) and Eq. (18). 

Table 3.  Models comparison with linear regression 

Model Linear Regression COR κ  

CALMET CALPUFF y = 0.4164x-0.1455 0,91 0,59 

CALPUFF EQ.(10) & (18) y = 0.2479x+0.0836 0,93 0,75 

At first glance it seems that the CALPUFF model is not 
suitable to describe the natural phenomenon by the fact that

δ±≠= 1/ pCoCR . The value of δ  is associated with the 
stochastic behavior of the phenomenon, while the model is 
deterministic. More specifically δ  is also related in general 
with an unknown probability distribution function. 

The relationship R  of the distance as a function of the 
observed concentration showed high correlation coefficients 
greater than 0.9. This finding suggests that a correction in the 
model can be expressed by a scale correction that depends on 
the concentration. A physical explanation of this non-linear 
correction scale as a function of concentration comes from 
the fact that the CALPUFF model implements the source as 
an instantaneous release, while any realistic emission 
process is continuous. The difference arises from the fact that 
for continuous emission close to the source the gradients are 
less pronounced in comparison to instant releases. 
Consequently in the instantaneous emission the flow of 
pollutants to greater distances is higher. Especially in the 
case of CALPUFF than the minimum interval between two 
time steps is one hour. The lower gradients for the 
continuous releases result from the fact that exist dispersion 
of pollutants in all directions near the source, not only in the 
predominant wind direction. A justification for this argument 
is the Figure 6 which shows the slopes of the Co/Cp ratio as a 
function of concentration for the distances measured in the 
experiment. So it is observed an increased inclination to 
greater distances which corroborates with exposed 
reasoning. 

 

Figure 6.  The behaviour of angular coefficients as a function of the 
distance, based in a linear regressions of Co/Cp ratio presented in Figure 3 

These findings show the necessity to correct the model. 
Moreover, the high correlation coefficients determined with 
the observed data indicate how to fix the model predictions 
by a concentration distance dependent scale. Such a 

shortcoming of the original model was to be expected by 
virtue of CALPUFF being a linear model whereas the 
phenomenon is manifest non-linear. 

5. Conclusions 
The influence of decorrelation time scales in the 

CALPUFF modeling system under neutral conditions is 
evaluated. To do this a new parameterization of 
decorrelation time scales is proposed. This method is based 
on the Eulerian velocity spectra and a formulation of the 
evolution of the Lagrangian decorrelation timescales. These 
parameters was used as the forcing mechanisms 
(shear-dominated boundary layer) for the turbulent 
dispersion and can be described as a function of shear driven 
PBL scales. The simulation and the results suggests an 
increase inaccuracy for long range turbulent transport of 
pollutants. The performance of CALPUFF models was 
established based in the comparison between the natural 
phenomenon of atmospheric dispersion and the simulation. 
The OLAD experiment was used to evaluate the new 
parameterization performance. Comparing the two 
simulations using the CALPUFF model, the CALMET 
CALPUFF simulations had better results only for samplers 
located near the line source. Is it possible this behavior is 
associated with the spatial variability of the fluid flow that is 
present in CALMET CALPUFF modeling mode. The new 
parameterizations was evaluated in SURFACE and 
PROFILE mode, without spatial variability. According to 
the results, as the distance from the source increase the 
concentration modeled increase in inaccuracy for all distinct 
modes of CALPUFF simulations. Furthermore, simulation 
with eq. (10) and eq. (18) also can be used as 
parameterization for regulatory modeling applications using 
CALPUFF. 

The relationship R  of the distance as a function of the 
observed concentration showed high correlation coefficients. 
This finding suggests that a correction scale can be 
introduced into the model which depends on the 
concentration ratio. A physical explanation of this non-linear 
correction scale as a function of concentration comes from 
the fact that the CALPUFF model implements the source as 
an instantaneous release, while any realistic emission 
process is continuous. The difference arises from the fact that 
for continuous emission close to the source the gradients are 
less pronounced in comparison to instant releases. 
Consequently in the instantaneous emission the flow of 
pollutants to greater distances is higher. The lower gradients 
for the continuous releases result from the fact that exist 
dispersion of pollutants in all directions near the source, not 
only in the predominant wind direction. 

These findings show the necessity to correct the model. 
Moreover, the high correlation coefficients determined with 
the observed data indicate how to fix the model predictions 
by a concentration dependent scale with distance. Such a 
shortcoming of the original model was to be expected by 
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virtue of CALPUFF being a linear model whereas the 
phenomenon is manifest non-linear. 
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