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Abstract  

     This study investigates instantaneous and continuous sources as point, line, and 

area sources. Gaussian concentration in the case of the puff model with an 

instantaneous point source inhomogeneous longitudinal diffusion is investigated. The 

concentration is calculated using different dispersion parameters to get the proposed 

normalized concentration of the puff model at ground level around the centerline, 

which is compared with observed data by the Copenhagen experiment and previous 

work [1]. 

Also, the continuous point source is used to get the Gaussian plume model in three 

dimensions using dispersion parameters to compare with the observed concentration 

data measured by the Egyptian Atomic Energy Authority for Iodine-135 (I135) in an 

unstable condition. 

 

Keywords: Instantaneous sources, Continuous sources, Advection equation, 

Diffusion equation, Gaussian model, Dispersion. 
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1. Introduction 

     A suggested puff release scenario assumes that the sampling and release times are extremely 

short compared to the travel time starting from the source and ending at the receptor. Various 

versions of Gaussian models essentially differ in their techniques that are used to calculate the 

value of sigma as a function of the atmospheric stability and the downwind distance directly 

from the emission source [2]. One of the most popular Gaussian models is the AERMOD model 

[3], and among puff models, the CALPUFF model [4] has to be outlined. Among the non-

Gaussian models, we only outline the puff model proposed by Van-Ulden [5]. 

 

     The classic Gaussian-diffusion models are mostly used in affecting the impacts of finding 

and the proposed sources of air contaminants on local and urban air quality [6]. Homeliness, 

associated with the Gaussian analytical model, makes this approach particularly suitable for 

organizational usage in the mathematical modeling of air pollution. Indeed, such models are 

very useful in short-range forecasting. The horizontal and vertical dispersion parameters, 

respectively σy and σz that represent the turbulent parameterization key in this approach, once 

they contain the physical ingredients that describe the dispersion process and, consequently, 

express the spatial extent of the contaminant plume under the effect of the turbulent motion in 

the Planetary Boundary Layer (PBL) [7].  The solution was presented by Essa [8] for the 

advection-diffusion with variable vertical eddy-diffusivity and wind-speed parameters using 

the Hankel-transform to get the integrated cross-wind concentration. 

  

     This work introduced the instantaneous and continuous sources as (I) point, (II) line, and 

(III) area sources. Gaussian concentration in the case of the puff model with an instantaneous 

point source inhomogeneous longitudinal diffusion was investigated using different dispersion 

parameters to get the proposed normalized concentration of the puff model at ground level 

around the centerline, which was compared with observed data at the Copenhagen experiment 

and previous work from Lidiane [1]. 

 

     Also, the Gaussian plume model in three dimensions using dispersion parameters from a 

continuous point source was used to compare with the observed concentration data, which was 

measured by the Egyptian Atomic Energy Authority for Iodine-135 (I135) in an unstable 

condition. 

 

2. Abbreviations and Acronyms  

I135   :  Iodine-135 

AERMOD          : American Meteorological Society/Environmental Protection Agency 

Regulatory Model, used in Air Quality Dispersion Modeling 

CALPUFF   : California Puff Model 

PBL  : Planetary Boundary Layer 

FB   : Fraction-Bias 

NMSE  : Normalized Mean-Square-Error 

COR  : Correlation-Coefficient 

FAC2  : Factor of Two 

 

3. Methodology: 

3.1. Advection-Diffusion Equation: 

     Consider a passive contaminant in an infinite, homogeneous medium that moves at a 

constant uniform velocity u in the x-direction, then the advection-diffusion equation is written 

as follows: 

                                                 
𝜕𝐶

𝜕𝑡
+ 𝑢

𝜕𝐶

𝜕𝑥
= 𝐾 (

𝜕2𝐶

𝜕𝑥2
+

𝜕2𝐶

𝜕𝑦2
+

𝜕2𝐶

𝜕𝑧2
)                                     (1) 
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     Where, C is the pollutant concentration (g/m3) or (Bq/m3), u is the wind-speed (m/s), and K 

is the     eddy-diffusivity (m2/s).  

 

     This equation has solutions for different sources and boundary conditions [9]. The slighter 

condition of vanishing concentration at huge distances from the source is determined. 

 

3.1.1. Instantaneous Point Source: 

     In the case of being at rest or moving at uniform velocity u, it is more suitable to see the 

expanding puff as a function of time in a reference frame moving with uniform velocity, taking 

u=0, and the diffusion equation (1) is simplified to: 

 

                                                   
𝜕𝐶

𝜕𝑡
= 𝐾 (

𝜕2𝐶

𝜕𝑥2 +
𝜕2𝐶

𝜕𝑦2 +
𝜕2𝐶

𝜕𝑧2)                                                  (2) 

 

     The solution of the diffusion equation (2) satisfying the boundary conditions and the integral 

mass continuity is as follows: 

 

                                      𝐶(𝑥, 𝑦, 𝑧, 𝑡) =
𝑄𝑖𝑝

8(𝜋𝐾𝑡)3/2 𝑒𝑥𝑝 (−
𝑥2+𝑦2+𝑧2

4𝐾𝑡
)                                  (3) 

 

     Where Qip is an instantaneous point release rate, while x, y, and z are Cartesian coordinate 

systems.  

 

The second moment of this distribution in σ2 any direction equals: 

 

                                                               𝜎2 = 2𝐾𝑡                                                               (4) 

           

This is a three-dimensional Gaussian distribution,  

 

                        𝐶(𝑥, 𝑦, 𝑧, 𝑡) =
𝑄𝑖𝑝

(2𝜋)3/2 𝜎𝑥𝜎𝑦𝜎𝑧
𝑒𝑥𝑝 (−

𝑥2

2𝜎𝑥
2) 𝑒𝑥𝑝 (−

𝑦2

2𝜎𝑦
2) 𝑒𝑥𝑝 (−

𝑧2

2𝜎𝑧
2)       (5) 

 

Where, 𝜎 ∝ 𝑡1/2, is the diffusion parameter that is used to measure the puff size.  

 

For an instantaneous point source at (x', y', z’) at time t', one can be obtained through a coordinate 

transformation as follows:       

     𝐶(𝑥, 𝑦, 𝑧, 𝑡) =
𝑄𝑖𝑝

(2𝜋)3/2 𝜎𝑥𝜎𝑦𝜎𝑧
𝑒𝑥𝑝 (−

(𝑥−𝑥0)2

2𝜎𝑥
2 ) 𝑒𝑥𝑝 (−

(𝑦−𝑦0)2

2𝜎𝑦
2 ) 𝑒𝑥𝑝 (−

(𝑧−𝑧0)2

2𝜎𝑧
2 )          (6) 

Where, 

                                                          𝜎2 = 2𝐾(𝑡 − 𝑡′)                                                        (7) 

 

3.1.2. Instantaneous Line Source: 

     The solution of the diffusion equation for an instantaneous line source of strength Qil with 

dimension mass per unit length is obtained by integrated equation (5) concerning y from -∞ to 

∞, where we get: 

 

                                  𝐶(𝑥, 𝑧, 𝑡) =
𝑄𝑖𝑙

2𝜋𝜎2 𝑒𝑥𝑝 (−
𝑥2+𝑧2

2𝜎2 )                                                    (8) 

 

     Which is crosswind integrated concentration. Indeed, equation (8) is the solution of the 

diffusion equation in two-dimensions in the form: 
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𝜕𝐶

𝜕𝑡
= 𝐷 (

𝜕2𝐶

𝜕𝑥2 +
𝜕2𝐶

𝜕𝑧2)                                                      (9) 

 

Where the mass continuity equals: 

 

                                                      ∬ 𝐶𝑑𝑥𝑑𝑧 = 𝑄𝑖𝑙
∞

−∞
                                                      (10) 

 

3.1.3. Instantaneous Area Source: 

     We can obtain the solution of the diffusion equation for an area source of strength Qia in the 

form: 

                                                  𝐶(𝑡, 𝑧) =
𝑄𝑖𝑎

√2𝜋𝜎
𝑒𝑥𝑝 (−

𝑧2

2𝜎2)                                          (11) 

 

     It is the Gaussian equation in the z-direction. Equation (11) is in the direction normal to the 

source plane, and it is also the exact solution of the one-dimensional diffusion equation. 

 

                                                              
𝜕𝐶

𝜕𝑡
= 𝐷 (

𝜕2𝐶

𝜕𝑧2)                                                         (12) 

 

Which satisfies the mass conservation: 

 

                                                               ∫ 𝐶𝑑𝑧 = 𝑄𝑖𝑎
∞

−∞
                                                     (13) 

 

     We consider an instantaneous area source in the x-y plane, with an initial thickness "d" in 

the vertical and a uniform initial concentration "C0" at t=0 of infinitesimal thickness "dz'", 

which, has a concentrated source strength of Qia=C0dz'. Integrating the elementary area source 

solution over a finite initial source is as follows: 

 

                                             𝐶(𝑧, 𝑡) =
𝐶0

2
[𝑒𝑟𝑓 (

0.5𝑑+𝑧

√2 𝜎
) + 𝑒𝑟𝑓 (

0.5𝑑−𝑧

√2 𝜎
)]                          (14) 

 

Where the error function is defined as: 

 

                                                     erf(𝑥) = ∫ 𝑒𝑥𝑝(−𝑥′2)𝑑𝑥′𝑥

0
                                            (15) 

 

3.1.4. Continuous Point Source: 

     Considering a continuous point source has a fixed emission rate Q for a long enough time 

that has a steady-state diffusion equation for a point source in the uniform wind in the x-

direction in the form: 

                                                    𝑢
𝜕𝐶

𝜕𝑥
= 𝐾 (

𝜕2𝐶

𝜕𝑥2 +
𝜕2𝐶

𝜕𝑦2 +
𝜕2𝐶

𝜕𝑧2)                                             (16) 

 

Equation (16) is solved under the boundary condition:  

 

                                                       𝐶 → 0 𝑎𝑠 𝑥, 𝑦, 𝑧 → ±∞                                             (17) 

 

Then, the solution of the equation (16) will be in the form of: 

 

                                           𝐶(𝑥, 𝑦, 𝑧) =
𝑄

2𝜋𝑢𝜎2
𝑒𝑥𝑝 (−

𝑥−(𝑥2+𝑦2+𝑧2 )

2𝜎2
)                             (18) 



Essa et al.                                                Iraqi Journal of Science, 2024, Vol. 65, No. 2, pp: 1117- 1128 

 

1121 

After substituting equation (18) becomes: 

 

                            𝐶(𝑥, 𝑦, 𝑧) =
𝑄

2𝜋𝑢𝜎𝑦𝜎𝑧
𝑒

−𝑦2

2𝜎𝑦
2

[𝑒
−(𝑧−𝐻)2

2𝜎𝑧
2 + 𝑒

−(𝑧+𝐻)2

2𝜎𝑧
2 ]𝑒−

𝜐𝑥

𝑢                              (19) 

 

     Where; H is the effective height,  𝑟𝑒𝑒−𝜐𝑥/𝑢 is the radioactive-decay of the isotope, υ=2.9x10-

5 s-1, and the diffusion parameter equals: 

 

                                                              𝜎 = (
2𝐾𝑥

𝑢
)

1/2

                                                          (20) 

 

3.1.5. Continuous Cross-wind Line Source: 

     The approximate diffusion equation, where ignoring diffusion in the x-direction is in the 

form: 

                                                              
𝜕𝐶

𝜕𝑥
= 𝐷 (

𝜕2𝐶

𝜕𝑧2)                                                          (21)  

The solution above is in the form: 

                                                 𝐶(𝑥, 𝑧) =
𝑄𝑐𝑙

√2𝜋 𝑢𝜎   
𝑒𝑥𝑝 (−

𝑧2

2𝜎2
)                                          (22) 

 

3.1.6. Continuous Area Source: 

     The relevant diffusion equation is as follows: 

 

                                                              
𝜕𝐶

𝜕𝑡
= 𝐷 (

𝜕2𝐶

𝜕𝑧2)                                                          (23) 

 

Where; the mass conservation condition is: 

                                                                  ∫ 𝐶𝑑𝑧 = 𝑄𝑐𝑎𝑡
∞

−∞
                                                 (24) 

 

The solution of equation (23) for an area source is given by Sutton [9]: 

                                 𝐶(𝑧, 𝑡) =
𝑄𝑐𝑎

𝐷
[(

𝐷𝑡

𝑢
)

1/2

𝑒𝑥𝑝 (−
𝑧2

4𝐷𝑡
) −

𝑧

2
{1 − 𝑒𝑟𝑓 (

𝑧

√4𝐷𝑡
)}]               (25) 

4. The Experiment: 

4.1. Gaussian Instantaneous Puff Model: 

     The final concentration field of equation (6) is given as a super-position of all puffs 

concentration distributions as follows: 

 

           
𝐶(𝑥,𝑦,𝑧)

𝑄
=

∆𝑡

(2𝜋)
3
2

 ∑
1

𝜎𝑥𝑘𝜎𝑦𝑘𝜎𝑧𝑘

𝑛
𝑘=1  𝑒𝑥𝑝 (−

(𝑥𝑘−𝑥0)2

2𝜎𝑥𝑘
2 −

(𝑦𝑘−𝑦0)2

2𝜎𝑦𝑘
2 −

(𝑧𝑘−𝑧0)2

2𝜎𝑧𝑘
2

)              (26) 

 

     Where; the Q∆t is the source term, (xk, yk, zk) is the position of the kth puff, n is the number 

of puffs, and σxk, σyk, and σzk are a deviation of the Gaussian distribution inside the kth puff in 

the x, y, z directions respectively, differing from the puff models, where they represent a sum 

of many calculated components. While each puff is defined as: 

 

     Where; 𝑄∆𝑡  is the source term, n is the number of puffs, (xk, yk, zk) is the position of the kth 

puff and 𝜎𝑥𝑘, 𝜎𝑦𝑘 and 𝜎𝑧𝑘 are a deviation of the Gaussian distribution inside the kth puff in the 

x, y, and z directional respectively, with the difference that at the puff models, a sum of many 

components is calculated. While each puff is defined as: 
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𝑥0 = 𝑢̅∆𝑡;       𝑦0 = 𝑣̅∆𝑡;     𝑎𝑛𝑑      𝑧0 = 𝑤̅∆𝑡 

 

     The puffs are emitted in time intervals ∆t1= 600s, and the calculation of the concentration of 

pollutants is made with a time resolution ∆t2= 60s. 

The total concentration of a pollutant at a point in space is given by the sum of all puffs namely 

[10]: 

 

               CT(x, y, z, t) = ∑ ∆Mpuff {∫ cpuff(x, y, z, t)H(t − t0)
∞

t=0
}

total of puffs
puffs        (27) 

 

     Where, H is the Heaviside-function, that H(t-t0) =0, if (t-t0) ˂0, and H(t-t0) =1, if (t-t0) ≥0, 

and: 

                                    cpuff(x, y, z, t) = c1(x, t)c2(y, t)c3(z, t)                             (28) 

 

Where; c1, c2, and c3 presented in the Gaussian models are given as follows: 

 

                                               c1 =
1

(√2π)σx
 exp (−

1

2
(

x−x0

σx
)

2
)                                          (29) 

                                               c2 =
1

(√2π)σy
 exp (−

1

2
(

y−y0

σy
)

2

)                                           (30) 

                                               c3 =
1

(√2π)σz
 exp (−

1

2
(

z−z0

σz
)

2
)                                          (31)   

       

     The following generalized algebraic expression for the dispersion-parameters is taken from 

[1] as follows: 

𝜎𝑥 = 𝑧𝑖√
1.06𝑐𝑢𝜓2 3⁄ (𝑧

𝑧𝑖⁄ )
2 3⁄

(𝑓𝑚
∗ )𝑢

−2 3⁄
𝑋2

1 +
2√1.06𝑐𝑢

𝛾 [𝜓1 3⁄ (𝑧
𝑧𝑖⁄ )

2 3⁄
(𝑓𝑚

∗ )𝑢
2 3⁄

𝑋]

 

𝜎𝑦 = 𝑧𝑖√
1.06𝑐𝑣𝜓2 3⁄ (𝑧

𝑧𝑖⁄ )
2 3⁄

(𝑓𝑚
∗ )𝑣

−2 3⁄
𝑋2

1 +
2√1.06𝑐𝑣

𝛾 [𝜓1 3⁄ (𝑧
𝑧𝑖⁄ )

2 3⁄
(𝑓𝑚

∗ )𝑣
2 3⁄

𝑋]

 

𝜎𝑧 = 𝑧𝑖√
1.06𝑐𝑤𝜓2 3⁄ (𝑧

𝑧𝑖⁄ )
2 3⁄

(𝑓𝑚
∗ )𝑤

−2 3⁄
𝑋2

1 +
2√1.06𝑐𝑤

𝛾 [𝜓1 3⁄ (𝑧
𝑧𝑖⁄ )

2 3⁄
(𝑓𝑚

∗ )𝑤
2 3⁄

𝑋]

 

     Where; α= x, y, z are the three components in horizontal, lateral, and vertical directions, and 

i = u, v, and w are the three components of the velocity in the three directions respectively. 𝑋 =
𝑥𝑤∗

𝑈𝑧𝑖
 is a non-dimension distance, defined by the ratio of travel-time (x/U) to the convective-time 

scale (zi/𝑤∗), 𝑐𝑖 = α𝑖{0.5 ± 0.05}(2𝜋𝑘)−2 3⁄  and  α𝑖 = 1.
4

3
.

4

3
, for u, v, and w components 

respectively [11]. k=0.4 is von Karman constant. 𝜓=0.65 [12], (𝑓𝑚
∗ )𝑤= (𝑧

𝑧𝑖⁄ ) , 𝛾 =
√𝜋

4
 [1] and 

(𝑓𝑚
∗ )𝑣=𝑧

1.5𝑧𝑖
⁄  [13].  
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4.2. Gaussian Model from a Continuous Point Source: 
     The effective height has form as follows: 

                                          H = hs + ∆h = hs +
3wD

𝑢
                                                (32) 

 

     Where, w is the pollutants exit velocity, and D is the diameter of the internal stack.  

Also, the crosswind and vertical dispersion parameters for the convective condition are taken 

from Lidiane [1] in the form: 

                                         
𝜎𝑦

2

ℎ2
=

0.66

𝜋2 ∫
sin2(0.75𝜋Ψ

1
3 𝑋𝑛́)

𝑛́2(1+𝑛́)
5
3

∞

0
𝑑𝑛́                                      (33) 

                                          
𝜎𝑧

2

ℎ2 =
0.98

𝜋2 ∫
sin2(0.98𝜋Ψ

1
3 𝑋𝑛́)

𝑛́2(1+𝑛́)
5
3

∞

0
𝑑𝑛́                                     (34) 

     Where, 𝑛́ =
1.5𝑧

𝑢 (𝑓𝑚
∗ )𝑖

𝑛;  (𝑓𝑚
∗ )𝑖 is the reduced frequency of the convective spectral peak in the 

form (𝑓𝑚
∗ )𝑖 =

𝑧

ℎ
. 

 

5. Results: 

5.1. Experimental Data (Puff Model): 

     The used data were observed by Lidiane [1], and we have evaluated the performance of the 

algebraic/integral parameterization for x, y, and z dispersion parameters, by applying the 

Gaussian puff plume model to the Copenhagen-experimental tracer for hexafluoride SF6 

concentration data set. For this, a comparison is done using the observed ground-level centerline 

normalized concentration with the source emission rate [14]. The resulting data were obtained 

from Essa [15]. The predicted-normalized puff model ground-level centerline concentration, 

the observed normalized concentration, and previous work are shown in Table (1) as follows: 

 

Table 1: Shows the comparison between observed and predicted ground-level centerline 

concentration models under unstable conditions and downwind distance 

Run Distance (m) 
Concentration /Q (10-7sm-3) 

Observed Previous work    (2008) Predicted 

1 1900 10.5 5.34 6.67 

1 3700 2.14 2.17 2.03 

2 2100 9.85 7.67 6.85 

2 4200 2.83 2.93 2.24 

3 1900 16.33 13.74 15.33 

3 3700 7.95 5.95 5.14 

3 5400 3.76 3.72 6.67 

4 4000 15.71 17.51 16.59 

5 2100 12.11 20.94 14.73 

5 4200 7.24 11.49 4.23 

5 6100 4.75 7.52 3.44 

6 2000 7.44 8.02 5.22 

6 4200 3.37 3.24 4.44 

6 5900 1.74 2.07 2.62 

7 2000 9.48 5.55 5.15 
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7 4100 2.62 2.03 3.41 

7 5300 1.15 1.44 2.56 

8 1900 9.76 8.43 7.66 

8 3600 2.64 4.06 3.55 

8 5300 0.98 2.59 2.04 

9 2100 8.52 6.86 4.52 

9 4200 2.66 2.55 2.33 

9 6000 1.98 1.53 0.98 

 

 
Figure 1:  The variation of normalized observed and predicted puff model concentrations via 

downwind distance. 

 

 
Figure 2: Observed and predicted normalized ground-level centerline concentration 

 

     The puff-predicted normalized ground-level centerline concentration is in good agreement 

with the observed normalized ground-level centerline concentration than the previous work [1], 
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concentration and previous work [1], which are inside a factor of two with observed normalized 

ground-level centerline concentration, as shown in Figure (2) 

 

5.1.1. Statistical Technique: 

     σp and σo are the standard deviations of the predicted (Cp = Cpred/Q), and the observed (Co 

= Cobs/Q) concentrations, respectively. The overbar indicates the average value. The perfect 

model must have the following performances:  

NMSE = FB = 0 and COR= FAC2 = 1.0. 

 

Table 2: Statistical evaluation of the present puff model against the Copenhagen 

experiment 

Copenhagen experiment NMSE FB COR FAC2 

Puff model 0.14 0.12 0.89 1.03 

Previous work (Liadiane et al. 2008) 0.19 -0.01 0.84 1.1 

        

     The statistics reveal a better agreement between puff predicted with observed normalized 

ground-level centerline concentrations by the Copenhagen experiment in unstable conditions 

than plume previous concentrations [1], as shown in Table (2). 

 

5.2. Experimental Data (Continuous Point Source): 

     The observed data of I135 isotope concentrations were obtained from the dispersion 

calculations as experiments conducted in unstable air samples collected around the Egyptian 

Atomic Energy Authority. The vertical height is 0.7 meters above ground from a stack height 

of 43 meters, for twenty-four hours of working, where the air samples were collected for half 

an hour at a height of 0.7 meters with a roughness length of 0.6 cm. The observed concentration 

of the I135 isotope and the meteorological data during the experiments were taken from Essa 

[16] and presented in Table (3).  

 

     The concentrations predicted by equations (19, 32, 33, 34) below the plume’s centerline are 

also presented in Table (4).  A comparison between predicted and observed concentrations of 

radioactive I135 via downwind distance in unstable conditions at Inshas is shown in Figure (3). 

Also, the relationship between observed and predicted concentration data is shown in Figure 

(4). 

 

Table 3: Meteorological data of the nine convective-test runs at the Inshas site in March and 

May 2006. 
Run 

number 

Working 

hours of 

the source 

Release rate 

(Bq) 

Wind-

speed 

(m s-1) 

Wind-

direction 

(deg) 

W* 

(ms-1) 

P-G 

stability 

class 

h 

(m) 

Vertical 

distance 

(m) 

1 48 1028571 4 301.1 2.27 A 600.85 5 

2 49 1050000 4 278.7 3.05 A 801.13 10 

3 1.5 42857.14 6 190.2 1.61 B 973 5 

4 22 471428.6 4 197.9 1.23 C 888 5 

5 23 492857.1 4 181.5 0.958 A 921 2 

6 24 514285.7 4 347.3 1.3 D 443 8.0 

7 28 1007143 4 330.8 1.51 C 1271 7.5 

8 48.7 1043571 4 187.6 1.64 C 1842 7.5 

9 48.25 1033929 4 141.7 2.1 A 1642 5.0 
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Table 4: Predicted, observed, and Gaussian concentrations of the nine-runs experiments 
Test Downwind distance (m) Observed conc. 

(Bq/m3) 

Gaussian conc. Eqns(19,32,33,34) 

(Bq/m3) 

1 100 0.025 0.039975 

2 98 0.037 0.03302 

3 136 0.091 0.082803 

4 135 0.197 0.166257 

5 106 0.272 0.274148 

6 186 0.188 0.107066 

7 165 0.447 0.216606 

8 154 0.123 0.151414 

9 106 0.032 0.044721 

 
Figure 3:  The relation between Gaussian and observed concentrations (Bq/m3) via downwind 

distances. 

 

 
Figure 4:  The relation between Gaussians with observed concentration. 
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     From the two figures, we find that the Gaussian model (19, 32, 33, 34) is the best model, 

which gives a better result because of the strongest vertical dispersion. Also, the Gaussian lies 

a factor of two with the observed concentration. 

 

5.2.1. Statistical Technique: 

Comparing Gaussian predicted and observed concentrations are introduced by Hanna [17]. 

 

Table 5: The comparison between observed and Gaussian concentrations in an unstable-

condition  
FB NMSE COR FAC2 

Gaussian Equations 

(19,32,33,34) 

0.23 0.35 0.84 0.99 

 

     Where, FB is the Fraction-Bias, NMSE is the Normalized Mean-Square-Error, COR is the 

Correlation-Coefficient and FAC2 is the Factor of Two. 

One can easily see from Table (5), that the statistical-technique shows that the proposed model 

is inside a factor of two with observed concentration data. Also, the statistics show that the 

Gaussian model (19,32,33,34) is in a good agreement with the observed concentration data for 

homogeneity. The Gaussian model achieved about 99% from observed concentration data.  

 

6. Conclusions: 

     The puff predicted and previous data [1] lie inside a factor of two and the puff predicted data 

agrees with the observed concentration data, as the previous plume model [1].  The statistics’ 

values reveal a good agreement between puff predicted with observed concentrations by the 

Copenhagen experiment in unstable conditions as the plume’s previous work [1].  

 

     Also, we find that the Gaussian model (19, 32, 33, 34) gives the best result because of the 

strength of the vertical dispersion. The Gaussian model achieved about 99% from observed 

concentration data.  

 

7. Statements on compliance with ethical standards and standards of research involving 

animals 

 “This article does not contain any studies involving animals performed by any of the authors.” 

 

8. Disclosure and conflict of interest  

 “Conflict of Interest: The authors declare that they have no conflicts of interest.” 

 
References  

[1] L. Buligon, G. A. Degrazia, C. R. P. Szinvelski, and A. Goulart, "Algebraic Formulation for the 

Dispersion Parameters in an Unstable Planetary Boundary Layer: Application in the Air Pollution 

Gaussian model," The Open Atmospheric Science Journal, vol. 2, pp. 153–159, 2008. 

[2] P. Zannetti, "Air Quality Modeling III," The Environ Comp Institute and the Air & Waste 

Management Association, Fremon, p. 485, 2008. 

[3] A. J. Cimorelli et al., "Aermod: A Dispersion Model for Industrial Source Applications Part I: 

General Model Formulation and Boundary Layer Characterization," Journal of Applied 

Meteorology and Climatology, vol. 44, no. 5, pp. 682-693, 2005. 

[4] J. S. Scire, D. G. Strimaitis, and R. J. Yamartino, "A User’s Guide for the CALPUFF Dispersion 

Model," Version 5, Earth Tech Inc., Lowell, 2000. Available: 

http://www.src.com/calpuff/calpuff1.htm 

[5] A. P. Van Ulden, "A Surface-Layer Similarity Model for the Dispersion of a Skewed Passive Puff 

near the Ground," Atmospheric Environment, vol. 26, no. 4, pp. 681-692, 1992. 

http://www.src.com/calpuff/calpuff1.htm


Essa et al.                                                Iraqi Journal of Science, 2024, Vol. 65, No. 2, pp: 1117- 1128 

 

1128 

[6] S. E. Arya, Air Pollution Meteorology and Dispersion, Oxford University Press, New York, 1999. 

[7] S. A. Abdul-Wahab, "The Role of Meteorology in Predicting SO2 Concentrations around a 

Refinery: A Case Study from Oman," Ecol Modell, vol. 197, pp. 13–20, 2006. 

[8] K. S. M. Essa, A. S. Shalaby, M. A. E. Ibrahim, and A. M. Mosallem, "Analytical Solutions of the 

Advection-Diffusion Equation with Variable Vertical Eddy Diffusivity and Wind Speed Using 

Hankel Transform," Pure and Applied Geophysics, vol. 17, pp. 4545–4557, 2020. 

[9] O. G. Sutton, Micrometeorology, McGraw-Hill, New York, 1953. 

[10] J. G. da Silva, T. Tirabased, M. T. Vilbena, D. Buske, and R. S. de Quadros, "Solution of the Puff 

Model for Pollutant Dispersion in the Atmospheric Boundary Layer by the Giltt Method," in 22nd 

International Congress of Mechanical Engineering, November 2015. 

[11] F. H. Champagne, C. A. Friehe, J. C. Larve, and J. C. Wyngaard, "Flux Measurements, Flux 

Estimation Techniques, and Fine-Scale Turbulence Measurements in the Unstable Surface Layer 

over Land," J Atmos Soc, vol. 34, pp. 515–20, 1977. 

[12] S. J. Cauchey and S. G. Palmer, "Some Aspects of Turbulence Structure through the Depth of the 

Convective Boundary Layer," Q J R Meteorol Soc., vol. 105, pp. 811–27, 1979. 

[13] J. C. Kaimal and J. J. Finnigan, Atmospheric Boundary Layer Flows, Oxford University Press, New 

York, 1994. 

[14] S. E. Gryning, E. Lyck, "Atmospheric Dispersion from Elevated Sources in an Urban Area: 

Comparison between Tracer Experiments and Model Calculations," J. Clim. Appl. Meteorol., vol. 

23, pp. 651–660, 1984. 

[15] K. S. M. Essa and S. I. M. El Saied, "Evaluation Gaussian Concentration using Dispersion 

Parameters in Puff Plume Model," Under publication in Pure and Applied Geophysics, 2022. 

[16] K. S. M. Essa and M. S. El-Otaify, "Atmospheric Vertical Dispersion in Moderate Winds with 

Eddy Diffusivities as Power-Law Functions," Meteorologische Zeitschrift, vol. 17, no. 1, pp. 13–

18, February 2008. 

[17] S. R. Hanna, "Confidence Limits for Air Quality Models as Estimated by Bootstrap and Jackknife 

Resembling Methods," Atom. Environ., vol. 23, pp. 1385-1395, 1989. 

 


