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Abstract

This study analyzes thunderstorm activity based on archival data from daily meteorological observations over 10 years at three
meteorological stations in Iraq. The Analysis showed that the highest frequency of thunderstorms occurs in March and April, 45.65%.
In Iraq, during the summer, no cases of thunderstorms have been recorded. The highest annual frequency of thunderstorms was recorded
at Khanagqin station in 2008 (29 days), while for Baghdad Airport station it was in 2002 (20 days), and for Basra Airport station it was
in 2003 (13 days). The particulate matter concentration of 2.5 at the Khanagqin station before, during, and after the storm was (B), while
at Basra Airport station was (D). This is a dangerous indicator: the concentration continued to rise without addressing the causes.
Burning natural gas and oil is a well-known source of the pollutants that pollute Iraq's air. It appears that the increase in PM2.5
concentrations (D, E, and F ranges) during thunderstorms at stations is due to dry thunderstorms (insufficient relative humidity with
no rain) and the downdrafts associated with the storm, causing increased PM2.5 concentrations in the atmosphere for a prolonged
period. The frequency of days of thunderstorms and rain (cases) decreases from north to south, while the highest concentration of
PM2.5 is from south to north. This suggests that an increase in rainfall leads to a decrease in PM2.5 concentrations. According to the
findings from NDDI, 90-95% of Baghdad is situated in areas with low to moderate dust levels for the period 2000-2009, while 90—
95% of Baghdad is situated in areas with moderate to high dust levels for the period 2013-2023. which are risk factors for air pollution
that affect people's health and well-being.
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1. Introduction (updrafts) dominate, with occasional lightning but little or no

. . rain. The storm then enters its mature stage, characterized by
A thunderstorm is a convective storm that produces . L
. . . L. . simultaneous updrafts and downdrafts as precipitation falls,
lightning and thunder, usually developing within cumulonimbus .
. o producing gust fronts and often severe weather such as strong
clouds. When warm, humid surface air is covered by cold, dry . . . . . .
o . winds, hail, frequent lightning, heavy rain, and occasionally,
air in the atmosphere, the atmosphere becomes conditionally ) ] L
Lo . tornadoes. Finally, in the dissipating stage, downdrafts suppress
unstable, and a thunderstorm is likely to form. The life cycle of i ) L ) )
the updrafts, leading to a rapid decline in storm intensity and
a thunderstorm progresses through three stages. In the . T .
. - . widespread precipitation [1]. Storms are of three basic types:
developing stage, cumulus clouds grow as rising air currents . .
single-cell,  multicellular, and  supercellular  storms.
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Thunderstorm formation is driven by three main conditions: (a)
atmospheric instability. (b) lifting motion. (c) The amount of
moisture in the atmosphere [1]. The National Oceanic and
Atmospheric Administration (NOAA) estimated 16 million
thunderstorms occur each year. This is equivalent to over 40,000
thunderstorms every day, or roughly 2,000 thunderstorms
worldwide at any given time. Every year, there are over 100,000
thunderstorms in the United States alone. About 10% of them
are extremely dangerous [2]. Accurate thunderstorm forecasting
was improved by satellite data. Geostationary satellite imagery
and space-borne lightning observations have enhanced
thunderstorm nowecasting (short-term, real-time forecasting),
especially in areas where traditional observation networks are
sparse. Conventional forecasting techniques were challenging
and less dependable, which contributed to a higher number of
thunderstorm-related fatalities [3].

Thunderstorm activity is a recognized meteorological
mechanism for generating localized dust storms, or haboobs.
This phenomenon is a consequence of strong downdrafts and
convective outflows that can mobilize surface sediments, a
process particularly common in arid environments. Haboobs,
which are thunderstorms that produce localized dust storms, are
known to occur in Iraq and significantly affect the region's air
quality [4, 5].

According to a study, a rise in pollution levels significantly
increases the frequency of lightning strikes during atmospheric
instability, particularly when those strikes occur from clouds to
the ground. This is because pollution enhances the processes
within clouds, increasing their strength and activity [6].

Aside from dust, Iraq’s air quality has been heavily worsened by
human-made sources such as emissions from power plants,
widespread use of household and public generators due to
electricity shortages, increased transportation activity, fossil fuel
combustion for heating, and uncontrolled waste burning, all of
which release large amounts of pollutants into the atmosphere
[7]. A key concern is fine particulate matter (PM2.5), produced
both directly through combustion and secondarily from
precursor gases (SO2, NOx, NHs, VOCs). Its small size allows it
to remain airborne for prolonged periods, respond strongly to
meteorological conditions, and penetrate deep into the
respiratory system, posing significant health risks [8, 9]. Beyond
dust storms, exposure to air pollution in Iraq contributes to

cardiopulmonary diseases, respiratory and eye irritation, and
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reduced productivity among outdoor and industrial workers,
with risks amplified by occupational exposure to mineral,
organic, and chemical dusts [10-14]. Additionally, PM10 with
an aerodynamic diameter of less than 10 microns is a major
concern in Iraq, largely driven by desertification. An ECMWF-
based analysis for 2021 showed that PM10 was the dominant
pollutant, with the highest levels observed at Rutba, linked to
strong vertical transport that enhances convection and daytime
storm activity [15]. Another study on PM2.5 (2003-2020)
reported higher summer concentrations, peaking in June—July in
central and southern Iraq, while the lowest values occurred in
November in the north and west [16].

Indices like the K-index, Lifted Index, and Convective Available
Potential Energy (CAPE) are crucial for meteorologists to assess
regional convective potential. They help pinpoint areas with an
unstable atmosphere, which is a key condition for thunderstorm
development [17]. While the identification of dust storms in
semi-arid regions has been addressed through remote sensing
techniques. The Normalized Difference Dust Index (NDDI) and
Brightness Temperature Variation (BTV) are two indices that
can be used to distinguish dust storm pixels from other features
in satellite imagery, allowing the identification of these events in
areas that are otherwise difficult to differentiate from desert
regions [18].

Numerous studies have investigated thunderstorms. An analysis
of the synoptic characteristics, causes, and mechanisms of the
Kahlaa tornado event occurred on 14 April 2016 to the north of
Kahlaa town in Maysan governorate. The analysis revealed the
presence of a low-pressure system, which was an extension of
the monsoon low, as well as a supercell thunderstorm and a jet
stream aloft. The cold trough and high relative vorticity at the
500 hPa level, along with the humid warm wind blowing from
the south and the dry cold wind from the north, contributed to
the initiation of the tornado. Three indices were calculated to
estimate the instability of the tornado. The values of convective
available potential energy (CAPE), K-index, and lifted index
were (> 2500 J/kg), (35.3 °C), and (-7), respectively [19].

A study on thunderstorm activity in Iraq (1998-2011) identified
the area between 35-36°N and 45-46°E as the area most
frequently affected by thunderstorms accompanied by lightning.
April was found to be the peak month, associated with the
Mediterranean low, while the occurrence of the Sudanese low
and Red Sea trough further enhanced thunderstorm and lightning
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activity [20].

A separate study, monitoring thunderstorm dynamics in Iraq
from 2000 to 2009, confirms the seasonal trend, noting that
March and April account for nearly half (47.42%) of all
thunderstorm activity. It also highlighted the northern
mountainous region as a hotspot, accounting for 22.3% of the
total thunderstorms. At a more localized level, studies have
examined the types of storm systems affecting the country, with
one analysis at Khanaqin Station documenting 67 baroclinic and
63 barotropic cases. In contrast, Basra Airport Station, to the
south, recorded fewer storms overall, with 21 baroclinic and 27
barotropic cases. The intensification of severe weather,
including thunderstorms and heavy rain, is often observed when
the Red Sea trough merges with the Mediterranean low, leading
to the formation of deep cumulonimbus clouds [21].

This study investigates mesoscale weather patterns associated
with thunderstorms and examines variations in PM2.5
concentrations before, during, and after storm events from 2000
to 2009. It further evaluates air quality variability for March and
April across selected Iraqi stations and identifies the most

polluted location using meteorological and remote sensing data.

2. Materials and methods

Iraq lies in southwestern Asia, northwest of the Arabian
Peninsula, between 29°5°-37°22'N and 38°45°—48°45°E. The

country comprises four main physiographic regions with distinct
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climates: the alluvial plain and desert plateau, characterized by a
hot desert climate, the mountainous range with a Mediterranean
climate, and the steppe terrain region with a semi-arid climate
[22].

Figure 1 shows the topography of Iraq and the locations of the
selected stations—Khanaqin, Baghdad Airport, and Basra
Airport—with detailed descriptions provided in Table 1.

2.1. Data sources

2.1.1. Meteorological stations observations

Hourly thunderstorm data (including rain or dry) were
obtained in real time from the Iraqi Meteorological Organization
& Seismology. As shown in Table 1, the data were collected
from weather stations distributed across Iraq, with their quality

and continuity assessed before analysis.

2.1.2. Reanalysis data (ERA-Interim)

ERAS is the fifth generation produced by the ECMWF
Integrated Forecast System. It incorporates a forecast model with
three fully coupled atmosphere, land surface, and ocean wave
components. It provides information on a wide range of
parameters at the surface (single level) or upper air [23]. The
used data have a spatial resolution of 0.25° x 0.25° for the
atmosphere at 00, 06, 12, and 18 UTC, temporal resolution for
the interval 2000-2009, and pressure levels of 850,700,500 hPa.
The model synopsis is summarized in Table 2.
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Figure 1. Map of Iraq with the selected stations.

114


https://www.sciparkpub.com/article-details/175
https://www.sciparkpub.com/article-details/175
https://doi.org/10.62184/mmc.jmmc1100202531

Research Article

Table 1. Weather Stations Information.

Multidisciplinary Materials Chronicles, 2025, Vol. X, Iss. X, 112-125

DOI: 10.62184/mme.jmmc1100202531

Station Station number | Longitude Latitude Height(m)
Khanaqin 637 45.23° N 3421°E 202
Baghdad Airport 650 44.24° N 33.18°E 31.7
Basra Airport 690 47.47° N 30.31°E 2.6
Table 2. Overview of the ERAS driving model.
Characteristics ERA- (ERAS)
Horizontal coverage Global

Vertical coverage
Output
Horizontal resolution
Vertical resolution

Data assimilation

1000 hPa to 1 hPa
each 6h for upper-air
Reanalysis: 0.25° x 0.25°
37 pressure levels

yes

2.1.3. Reanalysis data (MERRA-2)

The Modern-Era Retrospective Analysis for Research and
Applications, Version 2 (MERRA-2), is a comprehensive
atmospheric reanalysis dataset from NASA's Global Modeling
and Assimilation Office (GMAO). Released in 2017, MERRA -
2 provides a wide range of atmospheric data, including a
continuous record of aerosols from 1980 to the present. The
dataset features a high spatial resolution of 0.5° x 0.625° and
utilizes 72 vertical layers that extend beyond 80 km. This is
achieved by combining the Goddard Earth Observing System,

Table 3. Classification of PM2.5 concentrations.

version 5 (GEOS-5) model with the Goddard Chemistry Aerosol
Radiation and Transport (GOCART) model [24, 25].

This study uses bias-corrected global hourly surface PM2.5 mass
concentration data spanning the period from 2000 to 2009.
Developed for the NASA Health and Air Quality Applied
Sciences Team (HAQAST), this data was generated using a
machine learning approach that employs a convolutional neural
network (CNN) [26]. The criteria for classifying PM2.5

concentration are detailed in Table 3.

PM2.5

Concentration (ng/m?)

(0-12)

(12.1-35.4)

(35.5-55.4)

(55.5-150.4)

(15.5-250.4)

o|lmlg|a|w| >

(250.5-500.4)

Table 4. Overview of the Landsat-8 model.

Characteristics

NASA/ Landsat-8

Spatial resolution

15 m (panchromatic), 30 m (multispectral),

100 m (thermal)
Spectral bands 11 bands, covering coastal, NIR, SWIR, and
thermal
Scene size 185 x 180 km
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2.1.4. Landsat-8 data

The study utilized Landsat-8 Operational Land Imager
(OLI) imagery to analyze dust activity in Baghdad, Iraq, an area
known for its arid environment. Surface reflectance data
(Collection 2, Tier 1 Level-2) were processed via the Google
Earth Engine (GEE) platform. The 30-meter spatial resolution of
Landsat-8's visible and near-infrared bands was ideal for
analyzing dust in both urban and semi-arid areas. To quantify
and visualize the spatial distribution of dust, each pixel in the
resulting map was classified based on its Normalized Difference
Dust Index (NDDI) range [27]. Table 4 represents the data

summary.

Table 5. Atmospheric stability is based on the K-index value [29].
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2.2. The calculations of some indices

2.2.1. K-index

Temperature (T) and relative humidity (RH) were used to
calculate the dew point (Td) and the Dew Point Depression
(DD=T-Td), which was then used to calculate the K-index as in
equations (1) and (2).
Td = (243.04 * [In(RH / 100) + ((17.625 * T) / (243.04 + T))]) / (17.625
- [In(RH /100) + ((17.625 * T) / (243.04 + T))]) [28]. (1)
K=T (850 mb) + Td (850 mb) — T (500mb) — DD (700 mb) [29]. (2)

A potential thunderstorm can be determined by the value of the

K-index as shown in table 5.

Number K-Index Value Thunderstorm Probability
(°C) (Types)
1 K below 20 None
2 K between 20 to 25 Isolated thunderstorms
3 K between 26 to 30 Widely scattered thunderstorms
4 K over 31 to 35 Scattered thunderstorms
5 K =40 or Above 35 Numerous thunderstorms

2.2.2. NDDI calculation
The Normalized Difference Dust Index (NDDI) was

employed to detect and assess dust concentration. NDDI is
calculated using surface reflectance values from the red and blue
bands as in equation (3):
(Rred—RBiue)
NDDI'= (RRed+Rpiue) S)
Where: Ry,4 is the surface reflectance from Band 4 (Red: 0.640—
0.670 m), Rg;y,e is from Band 2 (Blue: 0.450-0.510 m).

All Landsat-8 scenes were filtered by cloud cover (< 20%) and
further refined using pixel-level quality assurance (QA_PIXEL)
masks to exclude cloud and shadow contamination. Surface
reflectance values were converted using scale factors provided
by USGS documentation.

Each image was masked, and NDDI was computed for each
scene. All valid NDDI values were then combined to generate a
mean annual NDDI maps for (2000-2009) and (2013-2023). To
provide a more interpretable analysis of dust severity [30]. The
continuous NDDI values were classified into six discrete dust

intensity classes as in Table 6.

Table 6. NDDI-based classification of dust severity in the study area [30].

Class NDDI Range Description
1 <0.00 No dust / Vegetation
2 0.00-0.10 Very low dust
3 0.10-0.20 Low dust
4 0.20-0.30 Moderate dust
5 0.30-0.40 High dust
6 >0.40 Severe dust / Dust storm
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3. Results and discussion

3.1. Analysis of the nature and distribution of
thunderstorms with the main observation time
Over the 10-years period, a total of 351 days with
thunderstorms were recorded across the three stations.
Khanaqin, located in mountainous terrain, experienced the
highest frequency (182 days), Baghdad Airport recorded 102
days, and Basra Airport, located near the North of the Arabian
Gulf, had the lowest frequency (67 days). The highest annual
frequency of thunderstorms was for Khanaqin station in 2008

(29 days), while for Baghdad Airport station it was in 2002 (20
days), and for Basra Airport station it was in 2003 (13 days),
Figure 2. On the other hand, thunderstorms are more frequent
throughout the country in spring (March-April) [31, 32].

An analysis of the average monthly number of days with
thunderstorms over 10 years (from 2000 to 2009) at all stations
in Iraq revealed that the maximum frequency of thunderstorm
activity occurs in spring, in March and April, accounting for
about 45.65% of all thunderstorms. However, April has the
highest value for the recurrence of storms (Figure 3) [21].
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Figure 2. Annual distribution of thunderstorms for 2000-2009.
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Table 7 shows the values of the air stability index, which is
classified into five categories. The most frequently occurring
value is (K between 26 and 30) at Baghdad Airport and
Khanaqin (widely scattered thunderstorms), while the most
and 35) at Basra
Airport (scattered thunderstorms). Throughout the study, the

common value is (K between 31

reason for the increased frequency of thunderstorms at the
station is their height above sea level (202 m) due to orographic
lifting compared to lowland sites.

By analyzing nine months of data from Khanaqin, Baghdad
Airport, and Basra Airport stations, the results indicated that the
best time for thunderstorms to recur is 18:00, except for the
Baghdad Airport station, which is 06:00 AM. The lowest times
for thunderstorms at Khanaqin station are 06:00 AM, while at
Baghdad Airport station it is 00:00, and for Basra Airport station
itis 12:00 PM

3.2. The impact of thunderstorms on (PM2.5) in

Iraq

Results of the impact of thunderstorms on PM2.5 and their
frequencies are shown in Figures 4, 5, and 6 and summarized in
Table 8. These results are based on PM2.5 concentrations
measured before, during, and after thunderstorms at Khanagqin,
Baghdad Airport, and Basra Airport stations, as well as on hourly
data of thunderstorms (both wet and dry) for March and April,
from 2000 to 2009.

The results shown in Figure 4 indicate that the (B) level accounts
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for 50% the frequency of PM2.5. This is because large areas of
agricultural land and the absence of an asphalt plant and an oil
refinery in the city. Additionally, a smaller population and fewer
cars and generators, compared to the provincial center (Diyala),
contribute to this. Therefore, the concentration of PM2.5 is low
(indicating clean or moderate air). Not all thunderstorms at
Khanagqin station are accompanied by rain (the reason is that
there is no enough moisture in the atmosphere), so the
concentration does not decrease to a (A) level due to the increase
in dust and pollutants caused by the downdrafts and updrafts of

thunderstorms.
3.2.1. Khanaqin station

e Before 1h of a thunderstorm: The majority of PM2.5
frequencies fall within the (B) (12.1-35.4 pg/m®) and (C)
(35.5-55.4 pg/m?) ranges. A significant number of frequencies
also fall into the (D) category (55.5-150.4 pg/m?), with a small
frequency of (A) quality air.

e During a thunderstorm: There is a slight decrease in the
frequency of PM2.5 in the (B) (predominant frequency) and
(C) ranges. The frequency of the (D) category appears to
increase, indicating a possible rise in PM2.5 during the storm.

o After 1h of thunderstorm: The frequencies return to a pattern
similar to the period before the thunderstorm, suggesting that
any changes during the event were temporary. The highest

frequencies are again in the (B) and (C) ranges.

Khanagqin Station

Frequencies of PM2.5 concentrations
W
S

before 1 h of thunderstorm
occurrence
(0-12)pg/m3 (A)
B (55.5-150.4)pug/m3 (D)

during of thunderstorm
occurrence

(12.1-35.4)ug/m3 (B)
(150.5-250.4)pug/m3 (E)

after 1 h of thunderstorm
occurrence

® (35.5-55.4)pg/m3 (C)
B (250.5-500.4)ug/m3 (F)

Figure 4. Temporal analysis of air quality status: Mean frequencies of PM2.5 concentration levels (April-May, 2000-2009) for

Khanaqin station.
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Table 7. Frequency of air stability index (2000-2009).
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Stati K below K between | K between | K between | K=40or | Total frequency
ations 20 20t025 | 26t030 | 31to35 | Above35 (cases)
Khanaqin 37 61 96 75 8 277
Baghdad Airport 11 30 44 34 7 126
Basra Airport 23 17 25 32 6 103

Figure 5 shows that the concentration of PM2.5 is at three levels:
groups (B), (C), and (D), each in different proportions. The
reason is the lack of high humidity in the air (according to the
Iraqi Meteorological Organization). Another reason is that this
is the result of the wind carrying dust from western Iraq (the
desert). Additionally, Baghdad has millions of cars and a large
population, along with urban development, and the destruction
of agricultural land due to drought and lack of rain. Therefore,

the concentration has not decreased.

3.2.2. Baghdad Airport station

e Before 1 h of a thunderstorm: Most of PM2.5 frequencies fall
within the (B) (12.1-35.4 pg/m?), (C) (35.5-55.4 pg/m?), and
(D) (55.5-150.4 pg/m?) ranges. A significant number also falls
into the (D) category (55.5-150.4 upg/m3), with a small
frequency of (E) air.

e During a thunderstorm: There is a slight decrease in the
frequency of PM2.5 in the (C) (prevailing frequency) and (D)
ranges. The frequency of the (B) category appears to increase,
with a small frequency of (E) (15.5-250.4 pg/m?®) and (F)
(250.5-500.4 pg/m?) air, indicating a rise in PM2.5 during the
storm.

e After 1 h of a thunderstorm, we observe an increase in the
frequency of PM2.5 in the (B) frequency, with a decrease in
frequencies in the (C) and (D) ranges. This indicates a possible
decrease in PM2.5 after the storm.

Figure 6 shows that the concentration of PM2.5 recorded (D)

levels approximately 50% of thunderstorm frequency, In recent

years, high concentrations of air pollution have been recorded as

a result of waste incineration and destruction of green spaces,

estimated at 10-15% (unlike in the nineties, there were many

green spaces here), and this city is characterized by a large

119

number of oil wells (it is considered the first oil field in Iraq), as
well as millions of vehicles, running on fuel. Since 2003, the
number of people who have cancer and other diseases has
reached an all-time high. According to previous studies, the wind
direction accompanying storms is north and northwest
prevailing.

3.2.3. Basra Airport station

e Before 1 h of a thunderstorm: Most of PM2.5 frequencies fall
within the (D) category (55.5-150.4 pg/m®). A significant
number also falls into the (B) (12.1-35.4 ug/m?®) and (C) (35.5-
55.4 ng/m?) ranges, with a very small frequency in the (F)
(250.5-500.4 pg/m?) air.

e During a thunderstorm: There is a slight decrease in the
frequency of PM2.5 in the (C) and (E) ranges. The frequency
of the (D) (prevailing frequency) and (F) ranges appears to
increase, indicating a rise in PM2.5 during the storm.

e After 1 h of a thunderstorm, we observe an increase in the
frequency of PM2.5 in the (C) and (E) ranges, with a decrease
in frequencies in the (B) category. This indicates a possible or
light rise in PM2.5 after the storm.

From table 8, we observe that the frequency of thunderstorms

and rainy days (cases) decreases from north to south, while the

highest concentration of PM2.5 is from south to north. This
indicates that an increase in rainfall leads to a decrease in
concentrations of PM2.5. Emissions from brick factories account
for 15% of air pollution in Baghdad (Ministry of Environment

Report for 2023). The first reason is caused by car exhausts,

which reach 40% (the number of cars in Baghdad for 2023 is

almost 3 million), and the second is emissions from civilian
power generators due to government power outages, which also

reached 40%.


https://www.sciparkpub.com/article-details/175
https://www.sciparkpub.com/article-details/175
https://doi.org/10.62184/mmc.jmmc1100202531

Multidisciplinary Materials Chronicles, 2025, Vol. X, Iss. X, 112-125

DOI: 10.62184/mme.jmmc1100202531
Research Article

Baghdad Airport Station

28
26
24
22
20
18
16
14
12

Frequencies of PM2.5 concentrations

oN PO

before 1 h of thunderstorm during of thunderstorm after 1 h of thunderstorm
occurrence occurrence occurrence

® (0-12)pg/m3 (A) (12.1-35.4)pg/m3 (B) ® (35.5-55.4)ug/m3 (C)
(55.5-150.4)pg/m3 (D) ® (150.5-250.4)ug/m3 (E) (250.5-500.4)pg/m3 (F)

Figure 5. Temporal analysis of air quality status: Mean frequencies of PM2.5 concentration levels (April-May, 2000-2009) at
Baghdad Airport station.

Basra Airport station

Frequencies of PM2.5 concentrations

before 1 h of thunderstorm during of thunderstorm after 1 h of thunderstorm
occurrence occurrence occurrence
B (0-12)pug/m3 (A) (12.1-35.4)pg/m3 (B) B (35.5-55.4)ug/m3 (C)
W (55.5-150.4)pg/m3 (D) ¥ (150.5-250.4)ug/m3 (E) W (250.5-500.4)pg/m3 (F)

Figure 6. Temporal analysis of air quality status: Mean frequencies of PM2.5 concentration levels (April-May, 2000-2009) for
Basra Airport station.

120


https://www.sciparkpub.com/article-details/175
https://www.sciparkpub.com/article-details/175
https://doi.org/10.62184/mmc.jmmc1100202531

Research Article

Multidisciplinary Materials Chronicles, 2025, Vol. X, Iss. X, 112-125

DOI: 10.62184/mme.jmmc1100202531

Table 8. Summarizes the results (thunderstorms and PM2.5) for three meteorological stations during the period (2000-2009).

Station

Thunderstorm
Days

Total
Thunderstorm
Events

Events
with
Rain

Events
no Rain

Highest
rate
PM2.5
before 1
h

Highest
rate
PM2.5
during 1
h

Highest
rate
PM2.5
after 1 h

Sources of Pollution

Khanaqin

78 days

110 cases

38 cases

72 cases

(B)

(B)

(B)

Power plants, brick
factory, vehicle
exhausts.

Baghdad

49 days

63 cases

20 cases

43 cases

©

©

(B)

Petrochemical Plant,

Airport

Oil Refinery, Power
plant, Brick and
Asphalt factory, Food
factory, waste
incineration,
agricultural land
removal, burning of
crude oil and gas,
vehicle exhausts,
generators.

Basra 39 days 74 cases 13 cases

Airport

61 cases (D) (D) (D)

Petrochemical plant,
Oil Refinery, Oil
Wells, Power plant,
Brick and Asphalt
factory, Food factory,
Steel and Iron
foundry, waste
incineration,
agricultural land
removal, burning of
crude oil and gas,
vehicle exhausts.

3.3. NDDI map analysis: 2000-2009 versus 2013-
2023 for Baghdad
To evaluate the severity of dust at Baghdad station, NDDI

was calculated and analyzed based on Table 6 for two periods:
2000-2009 and 2013-2023. The results are presented in Figures
7 and 8. A comparative analysis of NDDI maps for Baghdad
reveals a notable increase in the severity of dust events between
the two periods:

The map for the first period (Figure 7) shows mostly low to
moderate dust levels, represented by yellow shades (NDDI 0.10—
0.30). Areas with a high dust concentration (NDDI 0.30-0.40),

shown in orange, are present but not widespread. Importantly,
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the lack of the red category (NDDI > 0.40) indicates that severe
dust events were not a characteristic feature of the long-term
mean during this decade. The green-shaded regions (NDDI <
0.10) mark areas with minimal dust, particularly along the Tigris
River, where water likely helps reduce dust.

In contrast, the map for the second period (Figure 8) shows a
significant escalation in dust intensity. Although the main yellow
and orange patterns persist, the appearance of red pixels
indicates that dust levels have often exceeded the 0.40 threshold,
signaling severe dust events or dust storms. These intense dust
conditions are particularly evident in the northern and southern
parts of the mapped area. This indicates a significant decline in

air quality related to dust over the past decade.
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Figure 7. Annual average NDDI map, classified by five levels of dust intensity in Baghdad (2000-2009).
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Figure 8. Annual average NDDI map, classified by six levels of dust intensity in Baghdad (2013-2023).
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Thus, there is a rise in both the frequency and intensity of dust
events in Baghdad. The transition from a landscape mostly
affected by low and moderate dust to one that experiencing
severe dust events indicates a worrying trend, probably driven
by environmental factors such as desertification and land-use

changes.

4. Conclusion

Based on the analysis of the frequency of thunderstorms in
the study area, it can be concluded that:
1- A high level of thunderstorm activity was observed in the
northern and northeastern parts of Iraq (at the Khanagqin station).
2- The highest frequency of thunderstorms in Iraq occurs in the
annual cycle from March to April. At Khanaqin station, Baghdad
Airport, and Basra, the highest number of days was in April (56,
36, and 29 days), respectively.
3- The highest annual frequency of thunderstorms was recorded
at Khanaqin station in 2008 (29 days), at Baghdad Airport
Station in 2002 (20 days), and at Basra Airport station in 2003
(13 days).
4- The highest concentration of particulate matter is 2.5 (B). It
was at Khanaqin Station before, during, and after the
thunderstorm, which means that the air pollution concentration
is within the clean level. However, Basra Airport Station
recorded the worst concentration of 2.5 (D) particulates before,
during, and after the thunderstorm. The concentration of air
pollution is within the non-permissible level. Meanwhile, the
Baghdad Airport station recorded a particle concentration of 2.5
(C) before and during the storm, and after the storm, the
concentration of 2.5 was (B).
5- The NDDI for the city of Baghdad from 2000 to 2009 is not a
reliable indicator, while the period from 2013 to 2023 is
considered a reliable indicator.
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