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compare them.

INTRODUCTION

The study of atmospheric stability classification is required
to quantify the dispersion capability of ambient atmosphere
in the air quality models for concentration prediction. Also,
it is of prime concern for estimating the heat and momentum
fluxes in the surface boundary layer (Anto et al. 1980, Al-
Jiboori et al. 2001). This study, in terms of its degree and
intensity, has the most important role in the transport and
behavior of air pollutants (Lazaridis 2011). Furthermore, it
represents a primary parameter in the expressions describing
wind speed and temperature profiles (Al-Jiboori 2010,
Newman & Klein 2014, Rodrigo et al. 2015). It can be
defined as the atmospheric tendency to reduce or intensify the
vigor of vertical motion or to suppress or augment existing
turbulence (Seinfeld & Pandis 1998). Therefore it is related
to vertical changes in air temperature and wind speed. In
general, there are three states of atmospheric stability at low
altitudes (i.e., less than 100 m): unstable, neutral, and stable.

There were different methods to determine the stability
and instability with varying degrees of complexity. There
are more than seven classification schemes, such as Pasqill-
Gifford-Turner, the horizontal wind direction standard
deviation, temperature gradient, gradient Richardson
number, bulk Richardson number, Monin-Obukhov (M-O)
length, and wind speed ratio. Most of these methods are based

Wind and temperature measurements at an oil refinery site located southeast of Baghdad
city at two levels, 15 and 30 m, are presented. Three schemes are used to determine different
stability classifications: Monin-Obukhov length, gradient, and bulk Richardson numbers.
Meanwhile, vertical changes in air temperature and wind shear are also computed. There
were lapse rate and inversion cases during the nights and days while favorable wind shear
was dominant. The variation of stability in each scheme is large, covering the entire range of
stability for a given class. The results of stability schemes are compared to each other. The
results show that the schemes based on gradient and bulk Richardson numbers reasonably

on the relative importance of convective and mechanical
production in atmospheric motions. The difference between
such methods is due to the use of various parameters for
this production. Atmospheric stability is divided into seven
categories starting from A to G, designated as: A (highly
unstable or convective), B (moderately unstable), C (slightly
unstable), D (neutral), E moderately stable, and F (extremely
stable). Stability G is added to represent low wind night stable
conditions as in urban areas (Mohan and Siddiqui, 1998).
In this paper, these stability parameters will be determined,
and their results will be compared through the frequency
percentage.

MATERIALS AND METHODS
Atmospheric Stability Schemes

In micrometeorology, six schemes are commonly used to
determine the degree of stability or instability. These schemes
are Pasquill-Gifford-Turner based on wind speed at 10 m and
solar insolation/cloud cover, temperature gradient based on
temperature measurements at least two levels, wind speed
ratio based on the wind at also two levels, wind direction
fluctuation relating with a calculation of standard deviation
of horizontal wind direction, gradient Richardson number,
bulk Richardson number, and M-O length. For more detail,
the description for each scheme can be found in (Golder
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1972, Zoumakis 1992, Zoumakis & Kelessis 1993, Mohan
& Siddiqui 1998).

Because the wind ratio and the wind direction schemes are
directly associated with mechanically generated turbulence
as well as temperature gradient scheme is associated more
with thermally generated turbulence, their results could not
be identified with other results derived from other schemes
(Mohan & Siddiqui 1998), which may be attributed to the
fact these do not involve ratio scheme of the mechanical-
to-convective turbulence. In addition, the Pasquill-Gifford-
Turner method requires estimation for parameters such as
solar insolation during daytime and an assessment of cloud
cover during nighttime. Thus, it cannot be applied in this
research. The following subsection describes the methods
used in this work to define stability.

Gradient Richardson Number (Ri)

This parameter is the most widely used indicator of
atmospheric stability; a nondimensional parameter
representing the relative importance of buoyancy and shear
in producing turbulence (Kaimal & Finnigan 1994) is

66/02
(aa /62)2

where © and u are potential temperature and wind speed at
the height z above the ground level, respectively, T The
mean temperature for the layer and g is the acceleration due
to gravity. In this equation g (00/0z)T is an indicator
of convection and (9%/dz)? is the pointer of mechanical
turbulence due to shear force. Ri is positive for stable,
negative for unstable, and 0.25 for neutral stratification.

Ri = (D

—3lloq

Bulk Richardson number (Rb)

This inductor is a nondimensional stability ratio that uses
temperature at two levels but requires wind speed at only
one level. It is defined as (Golder 1972):

Rb = 9/9) 156235/62) 72 .2

where Z Is usually taken to be the geometric mean height
[(z)%29)"].

M-O Stability Parameter (%/ o)

The last key stability parameter is the ratio of Z to the M-O

length (L) (Kaimal and Finnigan, 1994),
(%)(W’HI)O kzg 0,
- 0= === ...(3)
Ui 0 uf
kz
where k is the von Karman constant (=0.4), 6, is the scaling

temperature and u. is the friction velocity, and (w'0"),, the

~ Ny
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mean surface heat flux. In the present paper, the parameters
u. and 8. are calculated by the following equations (Ashrafi
& Hoshyaripour 2010):

—
u, = kAu, [mi—j— me(g)] )

z, z z. 171
6. = kA8, [lnz_l_lph(f) + Wh(z)] ..(5)

The universal function y,, under unstable conditions is
given by

¥Y,=2In (%) +1In (1+sz) —2tan 1 (x) +§ ..(6)

with x = (1 — 16 * Z/L)'/* and for stable conditions
is

Z
‘Pm=—5*i (7
In Eq. (5), the function y,, for stable conditions is given by
W, =21In (%) .8

withy=(1-16* z/L)"2, and lastly, for stable conditions
Wp=Wpn=—5%7 ..(9)

For the estimation of Z/L by use of Eq. (3), u. and 0.
have to be determined from Eqgs. (4) and (5) by starting with
Z/L =0 (i.e. Y, =¥, = 0). First estimates of u, and 0.
are then computed, which used to calculate Z/L by Eq. (3).
Subsequently, the new value of Z/L is substituted in Eqs.
(4) and (5) to obtain improved estimates for u.. and 0... These
steps are repeated for five iteration times to achieve more
accuracy for Z/L. The practical advantage of using (4) and
(5) is that the large magnitudes of roughness length become
unimportant. The limits used to specify stability classes in
this study are presented in Table 1.

The Experiment Site and Dataset

Experimental slow response data, including wind speed
and air temperature, were used in the presented paper. This
experiment occurred at an oil refinery site located in Al-
Dura municipality (see Fig. 1), southeast of Baghdad city
(33.1° N, 44.2° E, and 40 m above mean sea level). This
particular site was chosen because the atmosphere in this site
is always pollutant, and it can be considered as a pollution-
producing site where in addition to the refinery, a sizable
electric power plant is located in the northeast, about 1.5
km distance (Shubbar et al. 2018, Anad et al. 2022). This
pollution has several effects on environmental sectors, human
health, and local climate behavior (Halos et al. 2017).

For the purpose of the present study, two slow-response
meteorological instruments, such as three cup anemometer
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Table 1: Z / L Ri, and Rb limits for stability classification employed in this study.

Type of stability Symbol 7 / L interval (Businger Ri interval Rb interval

1973)
Extremely unstable A 205« Z_/L oo -1.3 < Ri<- Rb <-0.91
Moderately unstable B 011 < Z_/L < 295 -0.073 < Ri<-1.3 -0.91 < Rb<-0.051
Slightly unstable C -0.00023 < Z_/L < 011 -0.00017 < Ri<-0.073 -0.051 < Rb < -0.00012
Neutral D |Z_/L| <0.00023 [Ri| < 0.00017 [Rb| < 0.00012
Slightly stable E 023> Z_/L > 0.00023 0.096 = Ri>0.00017 0.0672 = Rb > 0.00012
Moderately stable F 295> Z_/L 5022 0.19= Ri > 0.096 0.133 = Rb>0.0672
Extremely stable G o > Z_/L 5295 o = Ri>0.19 Rb>0.13

with a vane in one body (Demo-6 type of Chinese origin)
and a thermometer, were used. Before running these instru-
ments, the calibration was made with standard instruments
used in meteorological offices. The results show that all
observations do not appear to have significant differences.
The first set is mounted on a tower of 3 m which place on
the mid-point of the roof of the water tank (27 m high), so
the first height of the instrument location is 30 m, see Fig. 2,
which also shows the areas surrounding the experiment site
with different directions. About 50 m distance from the first
site, the second set was set up on a tower of 15 m.

The observational data: wind speed, its direction, and
air temperature measured at two heights were recorded at
the same time every 30 seconds for 20 min. It means that
the one run length has 40 records of each above parameter.

The recording period was 20 days starting from 10 to 20
April 2018, except for two days (18 and 28 days) when the
weather was very bad. Every day, the observing runs were
taken at different times, from midnight to evening. Briefly,
during the whole observing period for both heights, the wind
came northwest direction, mostly prevailing. Mean values
for air temperature ( T ) and wind speed (U ) at two levels
with their number runs according to the observing times are
presented in Table 2.

In general, at both heights, T It has maximum values
of 33.6 and 32.2°C, respectively, at noon, while minimum
values of 22.4 and 22.1 in the early morning. From U Values
reported in Table 2, it can be shown that wind speeds at 15
m levels generally are less than those at 30 m levels along all
daily times, with a slightly increasing at noon time.

Fig. 1: Photograph of oil Al-Dura refinery.
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Fig. 2: Photographs of areas surrounding the site in different directions. The middle photograph shows the location of the measurement instruments.

Table 2: Observing times, number of runs, and mean wind and temperature during this study.

Time Observing times II~\Iu(l)1.sof T ©C) AO T AT /AZ C/m) U (msh A ﬁ 1 Al /Az §!
15m 30m O 15@m) 30(m) (™S
1:00-1:20 am 19 25.1 254 0.3 0.02 1.3 4.1 2.8 0.19
Night 1:30-1:50 am 19 24.9 25.1 0.2 0.01 1.5 4.1 2.6 0.17
2:00-2:20 am 19 24.5 24.7 0.2 0.01 1.2 35 2.3 0.15
2:30-2:50 am 19 24.1 24.5 0.4 0.03 1.6 34 1.8 0.12
Early 6:00-6:20 am 17 224 22.1 -0.3 -0.02 1.4 3.6 22 0.15
morning 7:00-7:20 am 17 23.6 23.3 -0.3 -0.02 1.5 3.6 2.1 0.14
10:00-10:20 am 19 29.8 28.6 -1.2 -0.08 2.1 4.6 2.5 0.17
Noon 11:00-11:20 am 19 30.7 29.5 -1.2 -0.08 2.3 5.0 2.7 0.18
2:00-2:20 pm 19 33.1 32.1 -1.0 -0.07 1.8 4.0 22 0.15
3:00-3:20 pm 19 33.6 32.2 -1.4 -0.09 1.9 4.2 2.3 0.15
5:00-5:20 pm 19 32.6 31.5 -1.1 -0.07 2.2 4.1 1.9 0.13
Afternoon 5:30-5:50 pm 19 31.9 31.1 -0.8 -0.05 2.1 39 1.8 0.12
6:00-6:20 pm 19 314 30.8 -0.6 -0.04 1.7 3.6 1.9 0.13
6:30-6:50 pm 19 30.8 30.3 -0.5 -0.03 1.4 33 1.6 0.11
Evening 9:00-9:20 pm 19 27.6 28.4 0.8 0.05 1.6 3.8 22 0.15
10:00-10:20 pm 19 27.0 27.5 0.5 0.03 L5 3.8 23 0.15
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RESULTS AND DISCUSSION
Air Temperature Gradient and Wind Shear

Mean vertical temperature gradient (AT /Az) between
two heights, 15 and 30 m, was calculated for all observing
times, and their results are reported in Table 2. From these
results, atmospheric lapse rate, i.e., the temperature naturally
decreases with elevation, and temperature inversion, i.e.,
temperature increases with elevation instead of decreasing
(Al-Ghrybawi & Al-Jiboori 2020), can be calculated. These
quantities play a vital role in determining air stability types
and hence, controlling the dispersion of air pollutants
(Al-Ghrybawi & Al-Jiboori 2019). Mean lapse rates were
dominated at times of the early morning, noon and afternoon,
while temperature inversion was at night and evening. The
largest lapse rate was found at noon with an average value of
-0.08 °C/m and was weak in the early morning and afternoon.
In the same way, mean values of temperature inversion in the
evening (0.04°C/m) are higher at night (-0.02°C/m).

Wind shear changes wind speed and direction over a short
distance (Federal Aviation Administration 2008). It is most

55
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often associated with strong temperature inversions. In the
last column of Table 2, the mean vertical wind difference
(wind shear) through two heights has positive values at
all times studied in this paper, which range from 0.11 to
0.19 s and no indication is found.

Diurnal Analysis of Stability

The atmospheric stability has been assessed using gradient
Richardson number, bulk Richardson number, and M-O
length. The kinds of stability classification using these
methods have been determined using the intervals given
in Table 1. For detail analysis, the percentage frequency of
occurrence of the stability classes for all observation runs
at five different times (namely, night, early morning, noon,
afternoon, and evening) as well as at two main times of day
(i.e., nighttime and daytime) are presented in Figs. 3 and 4,
respectively. Generally, results from Ri and Rb schemes are
primarily closed, especially in classes B and C.

During the nighttime, frequencies for stability classes
from E to G are larger than others, while during the noon and
afternoon times (see Fig. 3¢ and 3d), frequencies for classes
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Fig. 3: Percentage of frequencies of occurrence of stability classes using Z_/L, Ri and RbD for times (a), (b), (¢), (d), and (e).
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B and C are the largest. Class B is the most frequent in the
early morning, and in the evening, there is a large variation
in the frequency distribution.

Now results for stability classes calculated in the
presented paper at five times above are unified into two
primary times of the whole day, i.e., nighttime (night and
evening) and daytime (early morning, noon, and afternoon),
as shown in Figs. 4a and 4b, respectively.

Hourly evaluation of results reveals that instability in-
creases from sunrise to local noon and decreases from noon
to sunset, while variation in stability is vice versa. During
the daytime, most frequencies in classes B and C obtaining
from Ri and Rb schemes, while class A derived from Z /L,
is the largest. In contrast, at nighttime, most frequencies are
of class G, derived from Z/L, scheme and of classes F and
G obtained from Ri and Rb.

Farant H. S. Lagenean et al.

Fig. 5 shows the comparison among the results ob-
tained from three classification schemes by calculating
the percentage of relative frequencies of occurrences of
the stability classes for each stability class. Generally, all
schemes show a wide variation of stability between in- and
stability. The stability classes show a good agreement for
the results obtained from schemes Ri and Rb. As shown
in this figure, instability cases are frequent, especially for
B- and C-class, while stability cases are less. As expected,
neutral class D has no results, just only a few frequencies
for z/L, because it is rare in the real atmosphere (Arya 2001,
Al-Jiboori 2010). Class B, D, F, and G frequencies are often
closed. Still, they have significant differences in classes A
and C, especially M-O length, as illustrated in Fig. 5. This
difference is expected because the application of the M-O
scheme needs exact information such as those measured by
fast-response instruments.

55 55
so4 (@) B s04 (b) B
: B Ri : I Ri

2% Ry ¥ I Ro
< 40 40
g ]
2 354 35
L 4
530— 304
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& 251 254
o ]
,E 201 201
=15 15
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54

0_

A B C A B C D E F G
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Fig. 4: Percentage of relative frequencies of occurrence of stability classes derived from Z/L, Ri and Rb for two times (a) nighttime and (b) daytime.
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e -

D F G

Classes of stability

Fig. 5: Percentage of availability of atmospheric stability classes obtained by Z/L, Ri and Rb schemes.

Vol. 22, No. 1, 2023 ® Nature Environment and Pollution Technology



STABILITY PARAMETERS IN THE ATMOSPHERE OF OIL AL-DURA REFINERY

CONCLUSIONS

Based on the observational measurements of wind speed
and air temperature at two levels, 15 and 30 m, which came
from the field experiment at the Dura refinery, southeast of
Baghdad, atmospheric stability has been estimated from three
different schemes. Stability classes and their frequency of
occurrence were obtained. Results showed that the majority
of stable to very stable atmospheric conditions and periods
of temperature inversions occur in the evening and night.
During the day, between 6 am and 7 pm, atmospheric stability
tends to be most unstable, with a few neutral conditions and
even fewer stable or inversion conditions.

The relevance of instability during the day and stability
at night was obtained from the schemes: z/L, Ri, and Rb with
relative frequencies of 85%, 83%, and 83% and 54%, 60%,
and 63%, respectively. During the day, instability increases
from sunrise to local noon and decreases from noon to sunset,
while variation in stability is vice versa.
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