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TURBULENT EDDY DIFFUSIVITIES FOR A PLANETARY BOUNDARY LAYER
GENERATED BY THERMAL AND MECHANICAL EFFECTS

André Becker Nunes', Gervéasio Annes Degrazia?,
Claudia Rejane Jacondino de Campos' and Davidson Martins Moreira®

ABSTRACT. To estimate the superficial concentration of contaminants an eulerian model of dispersion was used, where the main scheme is the diffusion-advection
equation that employs turbulent eddy diffusivity. The aim of this work is a comparison between different eddy diffusivity derivations for a planetary boundary layer
turbulence generated by thermal and mechanical effects. The accuracy of eddy diffusivity derivations was evaluated by comparing the data simulated in the eulerian
dispersion model and the observed concentrations of the Copenhagen and Praire Grass experiments. Three convective eddy diffusivity derivations were compared
among themselves: 1) proposed by Degrazia et al., 2) proposed Hostlag & Moeng and 3) the derivation gotten by the parameters of Hanna. Two neutral eddy diffusivity
derivations were also compared: 1) proposed by Degrazia et al. and 2) gotten by the parameters of Hanna. In order to improve the comparisons some adjustments
and increments were made in Hostlag & Moeng derivation and in that gotten by the parameters of Hanna. We can observe that despite the eddy diffusivities having
been formulated by different ways, the results were similar and sufficiently satisfactory. In the convective case, the best simulations of each derivation showed a
Normalized Mean Squared Error between 0.04 and 0.05 when compared with Copenhagen dataset.

Keywords: dispersion model, Taylor theory, lagrangean timescale.

RESUMAO. Na estimativa da concentragdo superficial de contaminantes foi usado um modelo de dispersdo euleriano, tendo como esquema principal a equagdo de
difusdo-advecgdo que emprega coeficiente de difusdo turbulento. O objetivo deste trabalho é a comparagdo entre diferentes derivagdes de coeficientes de difusdo para
uma camada limite planetéria cuja turbuléncia é gerada por fatores térmicos e mecéanicos. A precisdo das derivagdes foi calculada por meio da comparagdo entre 0s
dados simulados pelo modelo euleriano de dispersao e os dados de concentragdo observados nos experimentos de Copenhagen e Praire Grass. Trés derivagdes de
coeficientes de difusao convectivos foram comparadas: 1) a proposta por Degrazia et al., 2) a proposta por Hostlag & Moeng, e 3) a derivagdo obtida através dos
parametros de Hanna. Também foram comparadas duas derivacdes de coeficientes de difusdo neutros: 1) uma proposta por Degrazia et al. e 2) a obtida por meio dos
parametros de Hanna. Para uma melhor comparacdo, foram feitos alguns ajustes nas derivagdes de Hostlag e Moeng e na obtida através dos parametros de Hanna.
Pode-se observar que apesar das derivagdes serem obtidas por diferentes metodologias, os resultados foram similares e suficientemente satisfatérios. Para o caso
convectivo, as melhores simulagdes de cada derivacdo apresentaram Erro Quadratico Médio Normalizado entre 0,04 e 0,05 quando comparados com os dados do
experimento de Copenhagen.

Palavras-chave: modelo de dispersdo, teoria de Taylor, escala de tempo lagrangeana.
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INTRODUCTION

The superficial concentration of pollutants is an important feature
for estimating the environmental impact of punctual sources in
lower atmosphere, that is, in the planetary boundary layer (PBL).
Thereby, its study is generally a key purpose of the scientists that
work in this scope. The diffusion-advection equation, that em-
ploys turbulent eddy diffusivity, was quite applied in simulating
models of superficial mean concentration (Arya, 1999; Moreira et
al., 2000; Vilhena et al., 2012). Basically, eddy diffusivities are
coefficients that describe the kind of turbulence in the boundary
layer and thus are function of surface heat flux. Therefore, eddy
diffusivities (and other physical parameterizations) must be re-
lated to different phases diurnal cycle of PBL, as the convective
phase (Degrazia et al., 1997 & 2002; Nunes et al., 2003a), neu-
tral phase (Blackadar, 1962; Garrat & Hess, 2002; Nunes et al.,
2003b), decaying phase (Sorbjan, 1997; Goulart et al., 2003; Sil-
veira et al., 2005), stable phase (Degrazia & Moraes 1992; Car-
valho et al., 2009; Acevedo et al., 2012) and growing convection
phase (Campos Velho 2003; Nunes et al., 2007, 2009, 2010).

The greater precise eddy diffusivity (employed on models)
the better results of the simulations. Hence, in order to determin-
ing the behavior and accuracy of the coefficient to be employed in
concentration field simulation, it is useful a comparison between
the different turbulent eddy diffusivities. This fact motivated the
accomplishment of this study. Specifically, the aim of this work is
evaluate which coefficient formulation for convective conditions
— basically Hostlag & Moeng (1991), Degrazia et al. (1997) and
Hanna (1982) — and for neutral conditions — Degraziaetal. (1997)
and Hanna (1982) — is able to better simulate the pollutant con-
centration.

METHODOLOGY

The dispersion model used to simulate the pollutants concen-
tration is presented below in two ways (Vilhena et al., 1998;
Moreira et al., 1999):

cn(z,z) =
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where ¢4 (, z) is the cross-wind integrated pollutants concen-
tration, A, and P; are tabulated weights and roots of gaussian
quadrature scheme (Stroud & Secrest, 1966), A4,, and B,, are
integration constants which appear in the evaluation develop-
ment, z is the zonal distance, U,, is the mean wind in each Con-
vective Boundary Layer (CBL) sub layer, z is the height above
ground, @ is the source emission rate, H is the source height
and K, is the convective eddy diffusivity in each sub layer.
Equation (1) is valid for CBL whitout source and Eq. (2) can be
used to estimate the concentration field in CBL with pollutant
source. Thus, for simulating the ground level cross-wind inte-
grated concentration field, H and @ (given by experiment), U
vertical profile and K are required. The wind profile employed
in Egs. (1) and (2) was parameterizated following the Monin-
Obukhov Similarity Theory and the OML model (Bercowicz et al.,
1986):

(2)
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if 2 < 2 and

U=1U(z) (4)
if z > 2, Where w, is the friction velocity, » is the Von Karman
constant (= = 0.4), zo is the aerodynamic roughness length,
L is the surface layer Monin-Obukhov length and ¥,,, is the
stability function (Paulsen, 1975):
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with

A= (1-16z/L)"/* (6)
The Hostlag & Moeng (hereafter, H-M) derivation take into ac-
count the entrainment flux, namely the flux that get down from
entrainment zone (positive flux case) or that ascend into the
entrainment zone (negative flux case). The H-M vertical eddy
diffusivity Kc for any scalar is given by the follow equation
(Hostlag & Moneg, 1991):

{1 —xq ch} ok
Kc = (7)

)
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where the parameterizated profiles & and k¢, and R, can be
expressed as:
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where w, is the convective velocity scale, z; is the convective
boundary layer height and R,. is the ratio between entrainment
flux (w’c}) and surface flux (w’cg) for any scalar. Here, the
analysis is made considering physically relevant values of R..
For example, R. = 0 means that there is surface flux only;
R, =05 and 1.0 are typical values for situations involving en-
trainment fluxes; R. = oo means exclusive occurrence of en-
trainment flux, what is not probable. Acevedo (2002) (personal
communication) suggested the K. using negative R. simula-
tion, by considering a negative entrainment flux situation, that
is, a flow that enters in the entrainment zone. Thus, five values
of R, were tested: 1.0; 0.5; 0.0; -0.5 and —1.0.

The vertical eddy diffusivities for convective boundary layer
suggested by Degrazia et al. (Degrazia et al. 1997) were con-
structed from the Taylor's Statistical Diffusion Theory (Taylor,
1921) and by employment of turbulent kinetic energy spectra.
Following the formulation of vertical velocity variance from
Sorbjan (1989), the coefficient assumes the form below:

1/3 1/3
K. _ 0.22<5> <1 — 5)
Wy Zj Zi Zi
{1 — exp < - 43> — 0.003 exp <83>}
Zi Zi

and according to the velocity variance by Degrazia et al. (1997),
the coefficient assumes the following form:

(1)

K.

Wx 24

2 > 4/3
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Zi Zi

The function ¥ in Eq. (12) is evaluated from two different ways:
1st following the approach suggested by (Hojstrup, 1982):

5 2 o 2/3 1/2
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=0.1501/3
(12)

2nd following Degrazia (1998):
w3 =0.97 (14)

The derivation gotten through the parameters of Hanna
(Hanna, 1982) is based on the Taylor's Statistical Diffusion
Theory, in accordance with Batchelor (1949), and therefore is
presented in the following form:

K, :U%Tw (15)

where o2 is the variance of turbulent vertical velocity and T,
is the vertical decorrelation timescale. According Hanna (1982),
the following vertical profiles of o2 and T, for a convective
boundary layer are proposed:

o - L\ /3 2\ 0175
v — min {0.96(3— - —) , 0.763(—) } (16)
W s Zi Zi Zi

Foro < £ <04,

P P 0.207
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Z
TP = 0.59— (18)
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For z% < 0.1,and
Z; Z
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; %{ exp< Z)} (19)
For zi > 0.1.

Firstly, the eddy diffusivity was formulated for two regions of
the CBL: one comprehending the 40% lowest of the CBL and
another comprehending the 60% remaining. The velocity vari-
ances are obtained by raising Egs. (16) and (17) to the second
power. Substituting the variances and Eq. (19) in Eq. (15), the
following vertical profiles of Kz can be gotten:

0.175
K. _ 0.114<3> <1 —exp < - 2)) (20)

Foro < £ <0.4and
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In order to elaborate a more accurate model, we can also
derivate the eddy diffusivity for three CBL regions: the first region
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comprehending 10% of the CBL (surface layer, approximately),
the second comprehending the region from 10 up to 40% of the
CBL, and the third comprehending the 60% remaining. Since
eddy diffusivity is obtained by the product between the velocity
variances and the Lagrangian timescale, joining Egs. (16) and
(18), (16) and (19), and (17) and (19) we get the following eddy

diffusivities:
K > 1.175
=0.45
Wi Z; <zl>
For < 0.1,
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For a boundary layer under neutral conditions, when the
turbulence occurs only due mechanical effects, Degrazia et al.
(2000) proposed a vertical eddy diffusivity constructed from
Taylor's Theory (Taylor, 1921) and by employment of turbulent
kinetic energy spectra for a shear-dominated planetary boundary
layer. In this way, the neutral or stable vertical eddy diffusivity is
shown below:

0.4(1+3.72/A)Bux 2
w o T 4/3
14+ 15fcz/(us)o + 3.7%

KIS = (25)

where f. is the Coriolis parameter and (w..)o is the surface fric-
tion velocity. To achieve a coefficient only for neutral conditions,
it is necessary to obtain the limit for L — oo, knowing that
the local Monin-Obukhov length is (Nieuwstadt, 1984):

A=L(1—z/h)"/* (26)

where A is the shear-dominated boundary layer height. There-
fore, the neutral eddy diffusivity is given by:

n o 0.4(1—2/h)%%%(u,)oz

Y 1+ 15fz/ (us)o]/3 (27)

Similar to convective case, that is, by means of Taylor's The-
ory (Taylor, 1921; Batchelor, 1949), neutral eddy diffusivities can
be obtained from neutral parameters from Hanna (Hanna, 1982).

However, here there is just one velocity variance equation for
entire layer:

2 2
() - omn(-122),

and in the same way, one equation for the Lagrangian timescale
only:

(28)

0.5z/c
T = 1+ 15f.2/us (29)
Thus, we get the neutral eddy diffusivity:
{exp (- i)}zu
K" =0.65 30
DATASET EXPERIMENTS

The concentration data obtained by theoretical models presented
here were confronted against observed data from two datasets ex-
periments: Copenhagen and Praire Grass. The Copenhagen ex-
periment (Gryning & Lyck, 2002) was performed between 1978
and 1979 and it is considered one of the most important in the
study of pollutant dispersion. The tracer used in the experiment
was the sulfur hexafluoride (SF6), released from a 115 meters
tower. The 2 to 3 meters collectors were placed in arches distant
2 to 6 km from the source, as shown in Figure 1.
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Figure 1 — The Copenhagen Experiment. The z-axis is pointing towards East,
the y-axis towards North and the sampling unit positions are indicated by circles.
The tracer was released at 115 meters height at the position (z,y) = (0,0)
(Gryning & Lyck, 2002).
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The concentration was measured in three consecutive 20-
minutes intervals, for a total time of 1 hour sample. The place
was mainly residential, with a mean roughness length of 0.6 m.
A total of ten days of measurements were performed between
1978 and 1979.

The Praire Grass low source dispersion experiment (Barad
& Haugen, 1959) was performed in O'Neill, Nebraska (USA), in
1956. The sulfur dioxide (SO2) tracer was released at 0.5 me-
ters height and sampled in concentric arcs at distances of 50,
100, 200, 400 and 800 meters. For each distance, the distribution
concentration was measured along the arcs. The site was fairly
flat, with a roughness length of 0.6 cm.

RESULTS

The vertical profiles of Hostlag and Moeng convective eddy dif-
fusivities — Eq. (7) — are presented in Figure 2. As mentioned
before, five values of R, will be tested: 1.0; 0.5; 0.0; —0.5 and
-1.0.

optimum value is 1, as well as FA2 (fraction of data). We noted
that the only simulation that did not achieve satisfatory results
was that which used K. with R. = —1. This value of R,
represents a boundary layer with a negative entrainment flux
(ascending toward entrainment zone) with the same intensity of
the ascending surface flux. In other words, in this case we are
considering that the whole flux that ascends from the surface
enters in the entrainment zone, what is unlikely for a scalar flux.
The improbable behavior of this coefficient can be verified in its
vertical profile, when K. presents negative values (what it does
have not physical value) for = = 0.6 z;. On the other hand,
the other coefficients presented similar and satisfactory values,
where that one which employed R, = —0.5 obtained the bet-
ter results. This means we must consider the ascending en-
trainment flux and with magnitude equal the half of the sur-
face flux, that is, there is a decreasing (in approximately 50%),
and not an interruption, of the surface flux when arrives in the
entrainment zone.

Table 1 — Accuracy of simulations employing H-M convective eddy
diffusivity in accordance with Copenhagen experiment.

il - :tés
06 ——Rec=0
\ \\:;h — s

Ke (H-M) | NMSE R FA2 FB SFB
R.=-10| 032 | 0.734 | 0870 | -0.201 | —0.460
R.=-05| 004 | 0922 | 1.000 | 0.022 | 0.055
R.=00 | 005 | 0926 | 1.000 | 0.067 | 0.120
R.=05 | 005 | 0929 | 1.000 | 0.093 | 0.151
R.=10 | 0.06 | 0930 | 1.000 | 0112 | 0.170

=]

-0.2 -0.1 0 01 02
K fw.z,

Figure 2 — Vertical profiles of H-M normalized convective eddy diffusivities
for different Rc values. In purple the derivation using R. = 1, in light blue
Re. = 0.5, ingreen R, = 0, inred R. = —0.5 and in dark blue
Re=—1.

We observe that the coefficients employing R. > 0 pre-
sented an expected profile, with zero values in surface and on
CBL top and maximum values in about the middle of the layer.
On the other hand, coefficients that used a negative R, pre-
sented a decreasing values in about 0.6 z;. To find out which
of H-M coefficients obtained better performance, the results of
the simulations using these eddy diffusivities were compared
with the Copenhagen experiment dataset. Table 1 shows the re-
sults of simulations employing different values of R.., when sub-
mitted to the statistical indices (Hanna, 1989).

Where NMSE is the Normalized Mean Squared Error, which
optimum value is zero, as well as FB (fractional bias) and SFB
(standard fractional bias); R is the correlation coefficient, which

Brazilian Journal of Geophysics, Vol. 31(4), 2013

Figure 3 presents the vertical profiles of Degrazia et al. con-
vective eddy diffusivities. The comparison is made between the
Egs. (11), (12) with ¥ from (13), and (12) with ¥ from (14).

2z,

1.2

14
0.8
\ .25 19)
0.6 / ——Eq.(11)
- /
0,2

0

——Eqgs. (12 8 13)

4] 0,05 0.1 0,15
K.z

Figure 3 — Vertical profiles of normalized convective eddy diffusivities for dif-
ferent derivations from Degrazia et al. formulation. In blue, the derivation using
Egs. 12.and 14, in red using Eq. 11and in green using Eqs. 12 and 13.
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A similar behavior of the profiles is observed. The distinc-
tion between them is better observed when the simulations re-
sults are compared with the Copenhagen data and submitted to
statistical indices, as shown in Table 2.

Table 2 — Accuracy of simulations employing Degrazia et al. convective eddy
diffusivity in accordance with Copenhagen experiment.

K.—Degrazia | NUSE| R | FA2 | FB | SrB

Eq. (1) 0.04 | 0923 | 1.000 | 0.017 | 0131
Fgs. (12)& (13) | 005 | 0.923 | 1.000 | 0.039 | 0.136
Fgs. (12)&(14) | 004 | 0.922 | 1.000 | 0.023 | 0.128

Here, we verified that despite the difference between these
derivations (for example, the derivation with ¥ was determined
more analytically), the coefficients presented quite similar and
satisfactory results. The coefficient that used ¥ from Hojstrup
— Eq. (13) — presented a lightly bigger error, and the difference
between the results from others Degrazia simulations is really
negligible. Thus, we considered the coefficient from Egs. (12) and
(14) as the better results from Degrazia derivations.

In Figure 4 is presented the vertical profiles of the two
derivations obtained by employing the parameters of Hanna: 2
and 3 layers (CBL regions) convective eddy diffusivities.

Zfzi

1,2

. _“--'m“m'm
TR EwEy

N
) 7

0 0,02 0,04 0,06 0,08 01

K/ wz

Figure 4 — Vertical profiles of normalized convective eddy diffusivities based on
Hanna parameters. K2 (blue solid ling) is the 2-layers coefficient and K3 (dotted
orange line) is the 3-layers coefficient.

Due to the similarity of derivations the profiles are over-
lapped. The 3-layers coefficient differs from 2-layers because
the former has an equation for the first 10% (from 0 to 0.1 z;)
of the CBL. Thus, an enlargement of the picture in this region
(approximately the superficial layer) is shown in Figure 5. Ta-
ble 3 shows the accuracy of the models that employ the co-
efficients based on Hanna parameters, in comparison with the
Copenhagen experiment data.

zigy
012
0t /
0,08
—_—HK2Z
0,06
—_0K3
0,04
0,02
0 T T
0 0,005 0,01 0,015 002 0,025 0,03 0,035

Kziw.z,

Figure 5 — As Figure 4, but only for Superficial Layer. K2 in blue and K3 in red.

Table 3 — Accuracy of simulations employing the based on Hanna parameters
convective eddy diffusivity in accordance with Copenhagen experiment.

Kz —Hanna | NMSE R FA2 FB SFB
2-layers 0.05 | 0917 | 1.000 | -0.039 | 0.061
3-layers 0.05 | 0916 | 1.000 | -0.054 | 0.067

The results are satisfactory and without significant difference
between them, what was expected due to similarity of the equa-
tions. In the comparison with the Copenhagen experiment data,
both models have obtained quite similar results. Therefore, for
simplicity, the 2-layers coefficient was chosen as that one of
better performance.

In this work, all simulations were confronted against Copen-
hagen dataset. However, just as observation, it is interesting to
check the comparison between these simulations from param-
eters of Hanna and the data of Praire Grass experiment, since
this is a low source experiment and the major difference between
these two simulations is found in low levels of the CBL. In such
confrontation, as expected, the simulation that used the 3-layers
coefficient obtained a lightly better result than 2-layers coefficient.

zz;
12

1
0.8

/ \ —— ke HM
0.6 :'ZE —— Kz Degrazia
/ — KZ Hanna

e /
0.2

0 .

0 0,0 0.1 015

K, lw.z;

Figure 6 — Vertical profiles of the best normalized convective eddy diffusivity
of each derivation, being H-M (blue), Degrazia et al. (orange) and from Hanna
parameters (green).

Next, it is shown a comparison between the convective eddy
diffusivities that presented better performance from each author-
ship. In Figure 6, the vertical profiles of the convective eddy
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diffusivities that presented better performance are shown: from
Hostlag & Moneg, K. using R. = —0.5; from Degrazia et
al., K, from Egs. (11) and (13); and from the Hanna parame-
ters, the 2-layers K. The simulated data were collated against
the Copenhagen experiment data. The only observed difference
is found between the behavior of the Hostlag and Moeng profile
and the other derivations. However, all the coefficients differ in
magnitude.

The comparison between simulations and the observed data
is shown in Figure 7, where satisfactory results in the comparison
with the Copenhagen dataset (set of 23 experiments or samples)
were observed, and a little difference between the simulations
was also noticed. More details of the model precision using the
different coefficients are presented in Table 4, through the statis-
tical indices.

Table 4 — Comparison between the simulations and the Copenhagen dataset.
H-M is the simulation employing R. = —0.5 of H-M derivation, Degrazia
is the simulation employing Egs. (12) and (14) and Hanna is the simulation
employing the 2-layer derivation based on Hanna parameters.

Best derivations | NMSE R FA2 FB SFB
H-M 0.04 | 0922 | 1.000 | 0.022 | 0.055
Degrazia 0.04 | 0922 | 1.000 | 0023 | 0.128
Hanna 0.05 | 0917 | 1.000 | -0.039 | 0.061

Despite the models have used coefficients determined by dif-
ferent authors and methods, we can observe that the results are
quite similar and the simulations reproduce the observed super-
ficial concentrations in a sufficiently satisfactory way. Hence, this
work highlights that anyone of these derivations can be used in
models to simulate the concentration of pollutants in the Convec-
tive Boundary Layer. However, the better performance model is
one that employs the H-M eddy diffusivity considering the exis-
tence of an ascending flux in the entrainment zone with magnitude
equal the half of the magnitude of surface ascending flux.

The simulations considering almost neutral conditions were
compared with the data from the less convective (tending to neu-
trality) cases of the Copenhagen experiment. To define the less
convective cases the stability factor z; /|L| < 7 was adopted.
Such almost neutral situation was verified in 4 days of the exper-
iment, counting 9 samples. The comparison between the simu-
lations and the less convectives experiments of Copenhagen is
shown in Figure 8.

In this case, presumably, the statistical indices would in-
dicate that the best results are that of coefficient derived from
Hanna parameters. However, due to low number of experiments
(less than 10), the employment of such indices could be not

Brazilian Journal of Geophysics, Vol. 31(4), 2013

convenient. The direct comparison between the concentration
data (Fig. 8) indicates a smoothing overestimate of the results in
both simulations, what can be noticed in Table 5. Even so, the
results can be considered as satisfactory.

Table 5 — Comparison between concentration data from neutral deriva-
tions, Degrazia et al. and that from Hanna parameters, and the observed
data from the less convective samples from Copenhagen experiment.

Almost neutral Observed Degrazia Hanna
samples concentration gtal. parameters

1 5.38 5.26 517
2 2.95 4.96 4.03
3 11.66 13.17 10.45
4 6.72 8.02 8.49
5 5.84 8.53 714
6 497 7.81 5.94
7 3.96 3.35 3.34
8 2.22 3.24 2.56
9 1.83 2.88 2.09

In accordance with Table 5, with exception of experiment 3,
both simulations underestimate or overestimate in the same oc-
casions. It is verified that the results do not differ significantly
between them.

CONCLUSIONS

In the present study, the eddy diffusivities behavior (vertical pro-
files) and its skills in simulations of superficial concentration of
pollutants released by continuous punctual sources were ana-
lyzed. Different derivations of convective and neutral eddy dif-
fusivities were tested by the employment of Eulerian dispersion
model, whose results were confronted against the data of the
Copenhagen experiment. In total, 12 models were simulated.
First, the behaviors of derivations of each author were compared
between them. To evaluate the convective eddy diffusivities of
Hostlag and Moeng, five simulations are made (for five different
values of R..). We observed a good and very similar behavior for
values of R, between —0.5 and 1.0, and a unlikely behavior for
R. = —1.0. Three simulations using Degrazia derivations of
convective eddy diffusivity were made, being all of good and very
similar results, with small advantage for the model that employed
the derivation using a constant dissipation rate (0.97). Four sim-
ulations for convective eddy diffusivities based on the parameters
of Hanna were performed. These simulations have used differ-
ent equations for different regions (layers) of the CBL. Thereby,
the 3-layers and 2-layers models were evaluated. The simula-
tions have good agreement when compared with Copenhagen
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Figure 7 — Comparison between simulated concentration data (dotted lines) and observed data from
Copenhagen experiment (concentration of SF6, blue line), where the orange dots is the H-M derivation,

in green dots the Degrazia et al. derivation and in gray dots the derivation based on Hanna parameters.
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Figure 8 — Comparison between the simulations employing Degrazia et al. neutral derivation (orange
dashed line), neutral derivation from Hanna parameters (green dashed line) and the less convective

samples from Copenhagen experiment (blue line).

data but, since the difference between them was worthless, the
results were also compared with Praire Grass dataset (low source
experiment). Thus, we verified that the 3-layers model presented
better results in this case.

The simulations using the better performance convective eddy
diffusivities from each author were compared between them, and
we can point out that despite the derivations employ different
methodologies, the results were satisfactory and similar. There-
fore, it is possible to affirm that the 3 different derivations of con-
vective eddy diffusivities generated good results and can be used
to simulate the pollutants superficial concentration field.

For a boundary layer in near neutral conditions, two sim-
ulations were performed: one using a Degrazia derivation and
another based on parameters of Hanna. Most of the simulated
results for both models overestimated the observed data but,

however, both derivations reproduced the superficial concentra-
tions in an adequate way.

Finally, by the employment of statistical indices, it can be
concluded that the eddy diffusivities argued in this work can be
used in operational models that evaluate the air quality and pol-
lutants superficial concentration field.
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