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Abstract— Atmospheric stability plays the most important
role in the transport and dispersion of air pollutants. So that
it's the important input in air dispersion pollution modeling. In
this study develop computer software to determine
atmospheric stability class. This software is adopted completely
Graphical User Interface (GUI) technique and its interface has
been designed by Microsoft Visual studio 2015. Development of
the software depends on the Pasquill-Turner classification. The
software applied on Qena as a case study for five years. Results
output from the software compared to manual calculations and
proved it 100% compatible. Therefore we can use this software
to determine the atmospheric stability class at any climate
condition.
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1. Introduction

The transport and dispersion of air pollutants depend
mainly on the atmospheric stability. It can be defined as the
atmospheric tendency to reduce or intensify vertical motion
or alternatively, to suppress or augment existing turbulence
[1, 2]. To know and estimate the ability of atmosphere to
disperse pollutants must be determine the degree of stability of
the atmosphere [3]. Three main stability conditions in the
atmospheric boundary layer can be observed: neutral, stable
and unstable conditions. These stability conditions can be
explained by an example of a moving air particle [4].

There are different methods used to determine
atmospheric stability with varying degrees of complexity
[5]. Most of these methods are based on the relative
importance of convective and mechanical turbulence in
atmospheric motions. Difference between such methods is
due to use of different indicators for both convective and
mechanical turbulence. Generally, when convective
turbulence predominates, winds are weak and atmosphere is
in unstable condition. When convection decreases and
mechanical turbulence increases, atmosphere tends to
neutral conditions. Finally in absence of convective
turbulence when mechanical turbulence is dampened and
there is no vertical mixing, atmosphere is in stable condition
[6, 7].

This study provides computer software to help
researchers to determine the atmospheric stability. This
software is adopted completely Graphical User Interface
(GUI) technique to easy use. Also, the software applied on
Qena (Upper Egypt) as a case study for five years. The
results output from the software are analyzed.

n. Theory and the software

Atmospheric stability is categorized into six states, A - F,
ranging from Extremely Unstable to Moderately Stable [8,
9], as shown in Table (1). The stability is influenced by
wind speed, solar radiation and the resultant heating of the
ground. Stability classes can be estimated from the well-
known Pasquill look-up table in Table (2) [10, 11].

TABLE 1: Definitions of atmospheric stability states.

Class Designation Example conditions
A Extremely Unstable Low wind speed, clear bright day
B Moderately Unstable Low wind speed, some cloud cover
C Slightly Unstable Moderate wind speed, some cloud
cover
Moderate to strong wind, cloud cover
D Neutral

or night

Low wind speed, cloudy night
E Slightly Stable

Moderately Stable

Low wind speed, clear night
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According to table (2), Pasquill-Gifford method for
estimating atmospheric stability, incorporating
considerations of both mechanical and buoyant turbulence
was proposed by Pasquill (1961) [10]. It is a simple method
because it is easy to use and tends to give satisfactory results
[13]. In this classification, it is assumed that stability in the
layers near the ground depends on net radiation as an
indication of convective turbulence and on wind speed at 10
m height as an indication of mechanical turbulence. Net
radiation could be determined based on insolation (incoming
solar radiation) and cloud cover at day or night time
separately. The primary advantages of this classification are
its simplicity and its requirement of only routinely available
information from surface meteorological stations, such as
the near-surface (10 m) wind speed, solar radiation and
cloudiness [14].

In this study, an attempt was made to introduce computer
software to determination of atmospheric stability
conditions. The development of software is based upon the
work of Pasquill-Gifford method. The importance of this
method lies in the relation of atmospheric dispersion
coefficients and classified stability for mechanically and
thermally generated boundary-layer turbulence [13].
Therefore, the output of this software is useful to the air
pollutants dispersion models.

The software is adopted completely Graphical User
Interface (GUI) technique for operating in various windows-
based microcomputers. The software interface has been
designed using by Microsoft Visual studio 2015. It is based

on the flow chart as in Fig. (1).
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TABLE 2: Atmospheric stability classification Of Pasquill [12].

Surface Dayv Night
wind Speed solar insolation Cloudiness
@ 10 m
elevation Cloudy Clear
(m/'s) Strong Moderate Shght (3 48) (=4/8)

= 2 A A-B B E F
2-3 A-B B C E F
3-5 B B-C C D E
5-6 C C-D D D D
=6 C D D D D

Estimating Degree of Insolation:

Strong: Clear summer day: sun elev. > 60 deg.; solar radiation > 143cal/m*/sec.

Moderate: Summer day: few broken clouds or clear, sun elev. 35 to 60 deg.; solar radiation: 72 to 143 cal/m%/sec.

Slight: Fall afternoon, cloudy summer day, or clear summer day: sun elev. 15 to 35 deg.; solar radiation< 72 cal/m%/sec.

By using this software determine the hourly
atmospheric stability at day or night time. In this case user
input wind speed, solar radiation and cloud amount in the
allotted text box. In additions to that, the software can use to
the daily, monthly and yearly atmospheric stability,
respectively by select the convenient input file with MS
excel format and the output result export in the same file.
Fig. (2) show the GUI main form of the software. As shown
in this figure the form is divided into four parts to determine
the atmospheric stability class at hourly, daily, monthly and
yearly, respectively.

. Results and discussions

As a case study, the software applied at Qena (Upper
Egypt) to determine the atmospheric stability for five years
(2011-2015). The data used as input in the software was
collected at the South Valley University-Meteorological
Research Station, located at Qena, which is one of the guide
stations of the Egyptian Meteorological Authority.

The software takes into determine the hourly
atmospheric stability class about 2 seconds. Therefore, to
determine the daily repeat the hourly process 24 times. in
determine the monthly and yearly atmospheric stability class
repeat that 720 and 8640 time, respectively.

The output results from the software were analyzed
statistically. Fig. (3) show the statistically analysis for the
atmospheric stability class at Qena from 2011 to 2015. As
shown in the figure the stability class D has the higher
frequency percentage about 26% while the class C-D has the
lower frequency percentage about 1%.
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Statistical analysis for the three major state of the
atmospheric stability (unstable, neutral and stable), as shown
in Fig. (4). From this figure the unstable state of the
atmospheric at Qena has the higher frequency percentage
about 46%. This value is consistent with the climatic
condition of the city where it's lies within the subtropical
region and its terrain is semi-desert. The climate of Qena is
characterized by a hot season from March to September and
a cold season from October to February [15].
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Figure 2: Main form of the software
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Figure 1: Flow chart of the software
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Figure 3: Frequency percentage of the atmospheric

stability classes for Qena 2011-2015.

Figure 4: Frequency percentage of the atmospheric
stability State (unstable, neutral and stable) for

Qena 2011-2015.

iv. CONCLUSIONS

The present study is an attempt to development of
computer software to determine atmospheric stability class.
This software is adopted completely Graphical User
Interface (GUI) technique and its interface has been
designed by Microsoft Visual studio 2015 with relate MS
Excel. Development of the software depends on the
Pasquill-Turner classification.

We have been used the software to determine atmospheric
stability class at Qena (Upper Egypt) for five years from
2011 to 2015. Overall the output results from the software
agree quite satisfactorily with manual determination.
Therefore, this software is very suitable to determination
atmospheric stability class.
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