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Abstract: In meteorology, the planetary boundary layer (PBL), often called the atmospheric boundary layer 
(ABL), is the lowest layer of the atmosphere. Its behavior is dictated by its direct contact with a planetary 
surface. On Earth, it usually responds to variations in surface radiative forcing in less than an hour. Intense 
vertical mixing and rapid variations in physical parameters including flow velocity, temperature, and moisture 
are present in the lowest layer. The wind is affected by surface drag and spins across the isobars in the open 
atmosphere above the PBL, where it normally flows parallel to the isobars. The European Centre for Medium-
Range Weather Forecasts (ECMWF) collected data on temperature, dew point, atmospheric pressure, and 
height from satellites for height (32-26509.7) m, pressure levels (1000-20) mbar, and the selection of 
characteristic days of the month of 2018 for the Baghdad station to obtain the greatest number and variety of 
clouds and their use in the calculation of cloud cover and weather stability in terms of calculation daily change. 
To define the type of air stability, the potential temperature (ɵ) was also computed with height. Atmospheric 
stability was also estimated with the height of the cloud base and below the cloud base. The findings 
demonstrated that throughout the seasons, the atmosphere is either stable (St), unstable (UnSt), or neutral 
(Neu). 
Keywords: PBL, CPB, CP, SBL, Iraq. 
 
1. INTRODUCTION  
In a convective planetary boundary layer, thermal instability brought on by positive buoyancy flux at the 
surface leads to additional or even significant turbulence [1][2]. Tropical and mid-latitude regions frequently 
see a convective boundary layer during the day [3][4][5]. The Free convective layer may cover the full 
troposphere up to the tropopause, which is situated between 10 and 18 kilometers above sea level in the 
Intertropical convergence zone, as a result of a combination of solar thermal and the heat break free during 
H2O condensation [6][7][8]. The lower troposphere (CPBL), often referred to as the midday PBL (or simply the 
CBL), is the region most directly impacted by the sun's warmth on the earth's surface [9][10]. From the earth's 
surface to a capping inversion, this layer exists. which typically develops over land by midafternoon at a height 
of 1-2 km [11]. Inversion below the capping, also known as the entrainments zone during the daylight, which is 
10–60% of CBL depth), The CBL is separated into two sub-layers: the surface layer (5–10%) and the mixed 
layer (35–80% of the CBL depth) [12][13]. Strong buoyancy formed by convective turbulent mixing causes the 
mixed layer, which makes most CBLs appear to have a highly consistent distribution of factors, such as 
potential temperatures, speed, moisture, and pollutant concentration [14][15]. The CBL's mixed layer 
turbulence frequently exhibits recognizable patterns like thermals and plumes [16], suggesting that it is not 
wholly random in comparison to simulations of smaller eddies created by local shearing in the surface layer; 
these massive eddies are very different [17][18]. The variables should take into account the massive eddies' non-
local characteristics [19][20]. 
 
1.1. Stably stratified planetary boundary layer (SBL)  
An SBL cannot exist without open atmospheric airflow and is only propelled by wind shear turbulence 
[21][22]. The SBL becomes a PBL when a negative buoyancy flux at the surface reduces the turbulence (see 
Convective inhibition) [23][24]. Anytime the Earth's surface is cooler than the atmosphere above, an SBL 
happens often at night [25][26]. In certain places, it might also happen throughout the day. In high latitudes, 
where it is typically persistent (days to months), an SBL is very significant and causes unusually cold air 
temperatures [27][28]. Physical principles and equations of motion, which are significantly non-linear and 
heavily impacted by Earth's features and the evolution of processes in the free atmosphere, control the 

mailto:imranhanif@umt.edu.pk
mailto:osamaaltaai77@uomustansiriyah.edu.iq


International Journal of Environmental Sciences  
ISSN: 2229-7359 
Vol. 11 No. 2s, 2025 
https://www.theaspd.com/ijes.php 

162 
 

dynamics and microphysics of the PBL [29][29]. To tackle this complexity, the entire range of turbulence 
modeling has been proposed. Nevertheless, they often fail to meet practical requirements [30][31] The 
application of a large eddy simulations technique to PBL-related problems is anticipated to result in 
improvements [32][33][34]. The most important processes, the turbulent movements of contaminants (air 
pollutants) and moisture (evapotranspiration), depend critically on correct PBL modeling in atmospheric 
models [35][36]. Clouds in the boundary layer have an impact on the trade winds [37][38][39]. The three CBL 
layers' average characteristics are as follows [40][41][42]: 

• The surfaces are a very thin area close to the ground that makes up the bottom 5% to 10% of the 
CBL. Severe wind shear, a super adiabatic lapse rate, and a decrease in moisture with height are its 
defining characteristics. The surface layer contains almost all of the wind shear and possible 
temperature gradients in the CBL.  

• The Mixed layer, which makes up the middle 35% to 80% of CBL, conserves variables such as 
meteorological variables. 
The capping inversion, also known as the entrainment zone, can be rather thick, typically accounting 
for 40% of the CBL's depth. Entrainments of free atmosphere air downstream and overshooting 
thermals upwards occur in this area of static stable air towards the tops of the mixed layer [43][44]. The 
ɵ and speed increase dramatically while moisture drops across the capping inversion [45][46]. 
 

1.2. Literature review 
The effects of thunderstorm prediction based on atmospheric stability and instability and reaching a dynamic 
equilibrium state have been the subject of numerous studies [47][48]:  
and the outcome The association between CAPE and Cp and CAPE and Tp is positive at all sites; however, 
the correlation is very strong at the Mosul station and low at the Zakho station. Condensation, the airlifting 
mechanism, local geography, and weather conditions are the causes of this [14][49]. The lack of rainfall in Iraq 
is restricted to winter and the early spring and fall to a lesser extent, even though spring and autumn are less 
rainy because the Mediterranean declines are lessening their impact on the country and the area is being 
influenced by tropical continental air, which is characterized by drought. This is because medium atmospheric 
depressions are occurring more frequently. Therefore, excessive sun radiation, especially during the summer, 
leads to high evaporation and rising dryness [15][50]. The relationship between PBL and land surface and near-
surface features that aren't specifically taken into account by conservation strategies was investigated using 
statistics. The results show that atmospheric stability in the layer of PBL expansion is the most significant 
element influencing PBL development. Furthermore, this study demonstrated high correlations between PBL 
height and soil moisture, potential temperature, and specific humidity; these parameters are considered the 
most important regulators of PBL growth [16][51]. Strong capping inversion and boundary layer stability cause 
dominating gravity waves to emerge at the top of the stable boundary layer. These waves seem to be connected 
to the most unstable wave predicted by the Taylor-Goldstein equation, as was studied. The jet's time-dependent 
behavior is compared using inertial oscillation analysis [17][52][53].  
MATERIALS AND METHODS 
 
1.3. Data and study region 
The (ECMWF) collected data from satellites on temperature, dew point, atmospheric pressure, and height for 
height (32-26509.7) m, pressure levels (1000-20 mbar), and the choice of the characteristic days of the month 
of 2018 for the Baghdad station to obtain the greatest number and variety of clouds, which determined the 
atmospheric stability [54][55]. 
 
1.4. Potential temperature (ɵ) 
The potential temperature of a fluid parcel at pressure P is the temperature. that a fluid parcel might achieve if 
adiabatically raised to a common standard pressure P, commonly 1000 hPa (1000 mbar). The ɵ is defined and 
determined as follows for an almost ideal gas [56][57]: 
 

ɵ = T                                                                         (1) 
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Where Cp is the specific heat capacity, R is the air gas constant, and T is the parcel's current absolute 
temperature (measured in K). For air (meteorology), R/Cp=0.286 [18][58]. 
 
Dynamically, ɵ is more significant than actual temperatures. This is because it is unaffected by the actual rising 
or sinking brought on by passing through barriers or violent air currents [59]. A parcel of air flowing over a 
miniature mountain will expand and warm as it ascends on one side and condense and warm as it lowers on 
the other in the absence of thermal, cold, evaporations, or condensations [60]. Because parcels with the same 
can interact without the requirement for labor or heating, lines with constant potential temperature are 
natural flow channels [19][61]. While the actual temperature may climb or fall, the increases in the atmosphere 
almost invariably [62]. In the PBL, which is frequently on the verge of becoming dry adiabatic, it is essential 
since it is conserved for all dry adiabatic operations [20][63]. The static stability of the UN-St. environments is 
well represented by the. Under normal, steadily stratified situations, vertical vibrations are attenuated and 
increase with height [64]. Convection is likely if the environment is UN-St. to vertical movements and the 
potential temperatures drop with height [21][65]. Except when significant convection is taking place or during 
times of severe insolation, reports of lowering with height are uncommon since convections act to swiftly mix 
the atmosphere and restore it to a stable stratified condition [22]. When the corresponding falls with height, 
indicating instability in saturated air, it occurs more frequently [23][66]. in steady, adiabatic flow because ɵ is 
preserved under adiabatic or isentropic air eddies. The isentropic analysis, a synoptic analytic method that 
enables the portrayal of air motions, particularly the study of large-scale vertical motion, uses these data [24] 
[67]. 

                                                  Stable 

 UN stable                                                                                              (2) 

                                                 Neutral 

 

 
Figure 1. Explain Potential temperature and hydrostatic stability [26]. 

 
2. RESULTS AND DISCUSSION 
 
2.1. The behaviors of thunderstorms for the winter season in Baghdad 
Figure 2, show that 1 Dec 2018 (00:00 am) was medium clouds at a pressure level between (125 and 650 mbar) 
this type from clouds was nimbostratus whereas 1 Dec 2018 (12:00 pm) was high clouds at pressure level 
between (150 and 400 mbar) this type from clouds was not include thunderstorms. 1 Jan 2018 (00:00 am) was 
medium clouds at pressure level between (150 and 700 mbar) this type from clouds was nimbostratus whereas 
1 Jan 2018 (12:00 pm) was high clouds at pressure level between (150 and 300 mbar) this type from clouds was 
not include thunderstorms where weather was clear. 16 Feb 2018 (00:00 am) was low clouds at pressure level 
between (175 and 850 mbar) this type from clouds was cumulonimbus that represent major source for 
thunderstorms also high potential temperature whereas 1 Feb 2018 (12:00 pm) was high clouds at a pressure 
level between (200 and 400 mbar) this type from clouds was medium clouds (Altostratus) that not include 
thunderstorm. High clouds represent a stable atmosphere, medium clouds represent an unstable atmosphere, 
and low clouds represent an unstable atmosphere at that time. This is caused by astronomical and 
meteorological causes, climate variations, and surface characteristics. Heavy thunderstorms are present on the 
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days when there is the most rain. Additionally, thunderstorms are the primary source of convective energy in 
the clouds. Thunderstorm damage is primarily brought on by strong winds, hail, and flooding.  
 

 

 

 
 

Figure 2. Determine temperature, dew point temperature, and potential temperature by using (T- ϕ -gram) 
over Baghdad city at hours (mid-day and mid-night) for the days (01 Dec., 01 Jan., and 16 Feb.) of the year 

2018. 
 
2.2. The analysis of thunderstorms for the spring season in Baghdad 
Figure 3 shows that on 1 Mar 2018 (00:00 am), there were high clouds at pressure levels between 300 and 450 
mbar. whereas 1 Mar 2018 (12:00 pm) was high clouds at pressure level between (225 and 600 mbar) this type 
from clouds was not include thunderstorms. 1 April 2018 (00:00 am) was low clouds at pressure level between 
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(200 and 1000 mbar) this type from clouds was cumulonimbus that represent major source for thunderstorms 
also high potential temperature whereas 1 May 2018 (12:00 pm) was high clouds at pressure level between (175 
and 1000 mbar) this type from clouds was low clouds (Cb). 1 May 2018 (00:00 am) was high clouds at a 
pressure level between (200 and 400 mbar) whereas 1 Apr 2018 (12:00 pm) was high clouds at a pressure level 
between (200 and 400 mbar) this type of clouds was not include thunderstorms where weather was clear. High 
clouds represent a stable atmosphere, medium clouds represent an unstable atmosphere, and low clouds 
represent an unstable atmosphere at that time. This is caused by astronomical and meteorological causes, 
climate variations, and surface characteristics. Heavy thunderstorms are present on the days when there is the 
most rain. Additionally, thunderstorms are the primary source of convective energy in the clouds. 
Thunderstorm damage is primarily brought on by strong winds, hail, and flooding. 
 

 

 

 
Figure 3. Determine temperature, dew point temperature, and potential temperature by using (T- ϕ -gram) 
over Baghdad city at hours (mid-day and mid-night) for the days (01 Mar., 27 Apr., and 01 May) of the year 

2018. 
 
 
2.3. The analysis of thunderstorms for the summer season in Baghdad 
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The Fig. 4, show that 2 June 2018 (00:00 am) was low clouds at pressure level between (500 and 1000 mbar) 
this type from clouds was cumulus whereas 2 June 2018 (12:00 pm) was high clouds at pressure level between 
(775 and 1000 mbar) this type from clouds was not include thunderstorms. 1 July 2018 (00:00 am) was 
medium clouds at pressure level between (150 and 700 mbar) this type from clouds was nimbostratus whereas 
1 July 2018 (12:00 pm) was high clouds at pressure level between (150 and 300 mbar) this type from clouds was 
not include thunderstorms where weather was clear. 1 Aug 2018 (00:00 am) was low clouds at a pressure level 
between (925 and 950 mbar) this type of clouds was stratus whereas 1 Aug 2018 (12:00 pm) was high clouds at 
a pressure level between (825 and 875 mbar) this type from clouds was low clouds that not include 
thunderstorm. High clouds represent a stable atmosphere, medium clouds represent an unstable atmosphere 
also low clouds represent an unstable atmosphere at that time. this is caused by astronomical and 
meteorological causes, climate variations, and surface characteristics. Heavy thunderstorms are present on the 
days when there is the most rain. Additionally, thunderstorms are the primary source of convective energy in 
the clouds. Thunderstorm damage is primarily brought on by strong winds, hail, and flooding.  
 

 

 

 
Figure 4. Determine temperature, dew point temperature, and potential temperature by using (T- ϕ -gram) 

over Baghdad city at hours (mid-day and mid-night) for the days (Jun., 01 Jul., and 01 Aug.) of the year 2018. 
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2.4. The analysis of thunderstorms for the autumn season in Baghdad 
Fig. 5 shows that on 1 Sep 2018 (00:00 am), there were high clouds at pressure levels between 70 and 250 
mbar. This type of cloud was cirrus, whereas on 1 Sep. 2018 (12:00 pm), there were high clouds at pressure 
levels between 70 and 250 mbar. This type of clouds does not include thunderstorms. 26 Oct 2018 (00:00 am) 
was low clouds at pressure level between (100 and 1000 mbar) this type from clouds was Cb whereas 1 Oct. 
2018 (12:00 pm) was low clouds at pressure level between (100 and 1000 mbar). 1 Nov 2018 (00:00 am) was 
high clouds at pressure levels between (125 and 600 mbar), whereas 1 Nov. 2018 (12:00 pm) was high clouds at 
a pressure level between (125 and 600 mb). This type of clouds was high clouds that did not include 
thunderstorms. High clouds represent a stable atmosphere, medium clouds represent an unstable atmosphere, 
and low clouds represent an unstable atmosphere at that time. This is caused by astronomical and 
meteorological causes, climate variations, and surface characteristics. Heavy thunderstorms are present on the 
days when there is the most rain. Additionally, thunderstorms are the primary source of convective energy in 
the clouds. Thunderstorm damage is primarily brought on by strong winds, hail, and flooding. 
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Figure 5. Determine temperature, dew point temperature, and potential temperature by using (T- ϕ -gram) 
over Baghdad city at hours (mid-day and mid-night) for the days (01 Sep., 26 Oct., and 01 Nov.) of the year 

2018. 
2.5. Forecasting thunderstorms using CAPE for four seasons over Iraq 
A thunderstorm can only form if three conditions are met: moisture, ascending unstable air, and rising air. A 
lifting device that continues to raise even after being nudged is used to deliver the nudge. The sun warms the 
Earth's surface, warming the air above it as well. Thunder is the acoustic effect that a thunderstorm—also called 
an electrical storm or a lightning storm—has on the atmosphere of the Earth. "Thundershowers" are short-lived 
thunderstorms. One kind of cloud where thunderstorms form is a cumulonimbus. Often they bring torrential 
rain, snow, sleet, or hail, and they are often accompanied by strong gusts. Some thunderstorms, nevertheless, 
produce little to no precipitation. Thunderstorms are caused by hot, humid air that rises quickly. Warm, 
humid air rises, cools, condenses, and then rises again to form cumulonimbus clouds. These clouds have a 20-
kilometer altitude range. As the rising air reaches its dew point temperature, water vapor condenses into water 
droplets or ice, reducing local pressure inside the thunderstorm cell.  Before it reaches the earth, any 
precipitation must travel a considerable distance through the clouds. The droplets get bigger as they descend 
and hit with each other. A downdraft is created when raindrops fall because they bring chilly air with them. As 
it spreads in the direction of the Earth's surface, this cold air occasionally creates strong winds that are 
frequently linked to thunderstorms. Thunderstorms can form and develop anywhere in the world, but they 
seem to do so most frequently in the mid-latitudes, where warm, moist air from tropical latitudes meets chilly 
air from polar latitudes. Numerous severe weather events originate and occur as a result of thunderstorms. 
Thunderstorms and the associated phenomena provide serious risks. Large hailstones, downburst winds, and 
flash flooding brought on by intense precipitation are the main causes of damage from thunderstorms. As 
shown in Figures 6–8, stronger thunderstorm cells have the potential to produce tornadoes and waterspouts. 
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Figure 6. For the Baghdad station, the most precipitation fell on February 16, 2018, at 9:00 p.m., but the 
thunderstorm (CAPE) appeared to form on February 15, developed on February 16, and then started to 

dissipate on February 17. 
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Figure 7. for the Baghdad station the thunderstorm (CAPE) appeared to begin on day 26/04/2018, developed 

on day 27/04/2018, and then started to disperse on day 28/04/2018, the maximum amount of total 
precipitation fell on day 27/04/2018 (03:00 pm). 

  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 8. For the Baghdad station, the most precipitation fell on October 26, 2018, at 3:00 p.m., but the 

thunderstorm (CAPE) first appeared to form on October 25, developed on October 26, and then started to 
disperse on October 27. 

CONCLUSIONS  
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For the winter season, the day with the most total precipitation was February 16, 2018. On April 27, 2018, 
there was the most precipitation overall for the spring season. On October 26, 2018, there was the most 
precipitation overall during the autumn season. Heavy thunderstorms are present on the days when there is 
the most rain. Additionally, thunderstorms are the primary source of convective energy in the clouds. 
Thunderstorm damage is primarily brought on by strong winds, hail, and flooding. Due to meteorological and 
astronomical causes, climatic fluctuations, and the makeup of the surface, low clouds at that moment reflect an 
unstable atmosphere, whereas medium and high clouds represent stable atmospheres. the possible 
temperature, too. While the thunderstorm (CAPE) appeared to begin on day 26/04/2018, developed on day 
27/04/2018, and then started to disperse on day 28/04/2018, the maximum amount of total precipitation fell 
for the Baghdad station on day 27/04/2018 (03:00 pm). 
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