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Geospatial Analysis of the Correlation Between Dust Phenomena
Frequency and Surface Wind Speed Using Pearson’s

Coefficient and GIS

Azhaar K. Mishaal
“ Ministry of Higher Education & Scientific Research / Scientific
Research Commission, Baghdad, Iraqg.
azhaaarkadhum83@mohesr.edu.iq
009647763648605

Abstract

Dust is considered one of the important weather phenomena due to its direct impact on
various aspects of life. Dust refers to the elevation of dust particles above the Earth's surface
and their spread, causing a decrease in visibility. The shape and size of the dust particles vary
depending on their source, physical and chemical composition, and the speed of the winds
carrying them.

This study aims to evaluate and analyse the spatial correlation between the frequency of dust
phenomena (Dust storms, rising dust, suspended dust) and surface wind speed as a physical
variable driving dust particles within the study area, which was Iraq. The research adopted a
quantitative analytical approach, and Pearson's Coefficient was used to determine the strength
and direction of the statistical relationship between the two variables. The study also
employed Geographic Information Systems (GIS) techniques to model the spatial distribution
using interpolation (Kriging) to produce digital maps illustrating the geographical areas most
affected by dust activity and their relationship to wind speed.

The importance of the research lies in providing a useful analytical tool that supports the
fields of environmental planning, natural disaster management, and reducing health and
economic risks resulting from dust pollution, through a deeper understanding of the spatial
relationship between climatic elements. It was found that the relationship between wind speed
and dust phenomena in general is direct, but there appeared to be a variation in the nature of
this relationship according to the type of dust. The strongest relationship appeared with rising
dust, and this explains the physics of dust formation. The Pearson coefficient was (0.8575),
and its value with dust storms was (0.6338). The weakest relationship was with the type that
stays suspended in the air for a long time, which is suspended dust, where the Pearson
coefficient was 0.4133. However, the spatial distribution maps yielded a good index that helps
in understanding surface wind behaviour and identifying areas with high wind speeds, which
are often characterised by dust activity. These areas were represented by the Al-Hayy, Al-
Nasiriyah, and Basra stations.

Keywords: Geospatial analysis, Pearson's factor, dust phenomena, wind speed,
Geographic Information Systems (GIS).
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1- Introduction

Dust is an impressive phenomenon on the climate in general; the repetition
of this phenomenon continuously on the Iragi climate imposed the reason for
studying and knowing the nature of its relationship with other climatic factors.

The World Meteorological Organisation's protocol
classifies dust phenomena into several categories based on their effect on
visibility: (1) Suspended: Dust suspended in the air that does not rise at or near
the station at the time of observation; visibility usually does not exceed 10 km.
(2) Raising: Dust or sand rising at the time of observation, reducing visibility to
between 1 and 10 km. (3) Storm Dust: Strong winds carrying large quantities of
dust particles, reducing visibility to between 200 and 1000 meters. (4) Severe
dust storm: Very strong winds carrying large quantities of dust particles,
reducing visibility to less than 200 meters. [1]

Soils that are most
sensitive to wind erosion and dust emission usually lack protection from
vegetation, have low soil moisture content [2], and contain readily erodible
sediments of fine particles [3], Most major sources of dust aerosols can be
considered to be deserts and dry lakebeds, although dust emissions from
vegetation landscapes and sand dune fields are also commonly observed and are
of importance to regional weather and climate [4] Dust particles that can be
transported long distances (thousands of kilometers) from their original region
are mostly smaller than 20 micrometers, significantly affecting weather, climate,
and other aspects, most importantly the health aspect [5], Particles in this size
range are known as PM20, and when exposed to strong factors such as high
wind speeds, they become loose and unconsolidated in the soil. Airborne dust is
primarily characterised by a predominance of clay and silt components, which
exhibit distinct morphological variations compared to coarser sand particles.
While clay and silt constituents typically manifest as platy (sheety) or irregular
geometries, sand particles tend towards sub-spherical or ellipsoidal forms.
Under conditions of elevated wind velocity, the intensified aerodynamic lift
induces the suspension and dispersal of these particulates, imparting a
characteristic brown hue to the atmosphere and significantly attenuating
horizontal visibility. This phenomenon is governed by gravitational settling and
vertical sorting; whereas finer particles remain sequestered in the upper
atmospheric strata, larger, high-mass particles undergo rapid sedimentation,
accumulating in the lower layers as the air's buoyancy becomes insufficient to
counteract their relative [6] [7].

12
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The effects of atmospheric dust storms and their relationship to climatic
variables have been extensively studied in recent literature, revealing a
complex interaction between wind speed, humidity, and soil properties. Early
studies by Dehghanpour et al. (2014) [8] focused on the Yazd region of Iran,
using Pearson's correlation coefficient to demonstrate that wind speed and
direction are the primary factors determining dusty days. Their results
indicated a strong inverse relationship between wind speed and horizontal
visibility, with northerly winds exceeding certain speed thresholds being most
conducive to dust storms. Simultaneously. While researcher Manji et al. (2019)
[9] analysed long-term climate data (1994-2016) from Wasit Governorate,
confirming a strong correlation between rising temperatures, wind speed, and
increased dust phenomena in Wasit Governorate, and an inverse relationship
with rainfall. Dahham et al. (2023) [10] modelled the impact of dusty particle
accumulation and wind speed on solar panel performance in Iraq, indicating
that particle size and wind speed are crucial factors in the degradation of
photovoltaic cell efficiency. Regarding transport mechanisms, Yang et al.
(2024) [11] combined wind speed experiments and numerical simulations to
demonstrate that the transport distance of dust particles is inversely
proportional to the square of their size, confirming that particle roundness
significantly affects transport patterns. Finally, Huang et al. (2025) [12] used
the regional dataset for reanalysis, highlighting the role of topography,
explaining that upslopes promote the vertical transport of coarse particles by
topographic winds, as they found that the size of dust particles increases with
wind speed and is positively correlated with slopes due to vertical transport.

1-1 Research problem

Most previous research and scientific studies indicate a strong, direct
relationship between wind speed and dust (as a phenomenon with constant
properties). However, the fact that dust is not a phenomenon with constant
properties has not yet been addressed. It is classified into three categories based
on the concentration of its particles: rising dust, storm dust, and suspended dust.
Therefore, the nature of the relationship between wind speed and this
phenomenon varies depending on the type of dust. This is the problem addressed
in this research.

13
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2- Correlation Coefficient

Correlation is a statistical technique used to assess the potential linear
relationship between two continuous variables and provides a good indicator
[13]. The correlation coefficient takes three values ranging between -1 and +1. A
correlation coefficient of +1 indicates a positive linear relationship between the
two variables, while a correlation coefficient of -1 indicates a negative linear
relationship between them, and a correlation coefficient of zero indicates the
absence of a linear relationship between the two variables under study [14].

Correlation Coefficient
Shows Strength & Direction of Correlation

l Strong «—— Weak | Weak ——> Strong |

| | [ |
-1.0 -0.5 0.0 +0.5 +1.0
Negative Zero Positive
Correlation Correlation

Fig. 1: The extent of the correlation coefficient (-1 to +1)Scatter plot[14]

For a correlation between variables x and y, the formula for calculating the sample
Pearson’'s correlation coefficient is given by [8]

o LG — DO = )
\/2?=1(xi — f)z Z;;:l(yi — ?)2 ......................

Where X is the mean of variable x values, and y is the mean of variable y values[4]
Pearson's Coefficient establishes a relationship between the two variables based on three
assumptions. [14]
a- The relationship between them is linear
b. Variables are independent of each other
c. The variables are normally distributed. [14]

The relationship becomes stronger (ie, the scatter decreases) as the absolute value of r
increases and ultimately approaches a straight line as the coefficient approaches
(1) or (+1) [15].

Several methods have been proposed to translate the correlation coefficient into
descriptions such as "weak," "medium," or "strong" [13][15].

14
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1. Materials and methods
3.1 The study area

Iraq is situated in Southwestern Asia, encompassing an approximate surface area of 435,000
km2. Geographically, the study region extends between latitudes 29°-37° N and
longitudes

39°-48° E, as illustrated in the cartographic representation in Figure 1). This Figure
delineates the specific distribution of the monitoring stations, which were spatially projected
onto satellite imagery acquired from the Terra-MODIS sensor, where the spatial resolution for
the image is 1 kmy [16]

Figure 1: Region Study and Stations Selected [16]

3-2 The Data

This study utilises long-term meteorological datasets spanning eight regions in Iraq: Kirkuk,
Mosul, Basrah, Hai, Rutba, Baghdad, Najaf, and Nasiriya. Wind speed data, recorded at a
10m height, covers a 30-year period (1981-2010) as monthly averages. Additionally, dust
phenomena data over a 50-year span are analysed using monthly and annual totals. see
Tables

(1-2-3-4) [17, 18]
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Table 1: The monthly average values of wind speed (m/s) analysed in this paper [ 17 ]

Table (2): The monthly and annual total of the frequency of Dusty storms for the study stations
for a period (1941-2011) [ 18]

station

Mosul 5 7 17 21 35 17 13 | 16 | 14 | 28 5 2 180
Kirkuk 6 12 15 24 35 17 10 14 12 33 12 3 193
Baghdad | 26 | 38 60 78 73 56 63 | 22 8 24 | 11 20 479
Rutba 10 | 21 27 21 44 17 3 9 6 12 6 9 185
Hai 10 | 17 19 33 62 34 | 36 | 17 6 6 4 3 247

Najaf 3 4 16 18 11 16 3 1 1 4 0 0 77
Nasiriya | 40 | 76 109 152 | 171 | 329 | 362 | 203 | 109 | 39 | 29 15 1634
Basrah 21 25 54 71 88 135 | 150 | 68 61 27 12 21 733

16
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Table (3): The annual total for the number of days of the occurrence of Rising Dust in the
study stations[ 18 ]

station months
duration | Jan | Feb | March | April | May | June | July | Aug | Sep | Oct | Nov | Dec | Annual

Mosul 1981- 4 14 31 52 117 75 56 47 50 | 44 8 6 -ggt‘ral
Kirkuk 1232;11 14 | 25 61 59 89 36 35 | 44 | 19 | 29 | 15 | 10 436
Baghdad 1287111- 83 | 121 182 238 | 261 | 371 | 460 | 275 | 140 | 112 | 58 69 2370
Rutba fg;j- 67 | 138 189 256 | 226 | 157 | 131 | 114 | 97 | 128 | 70 71 1644
Hai fé);.f— 73 | 153 262 337 | 394 | 537 | 626 | 475 | 310 | 171 | 124 | 59 3521
Najaf 125?7181 56 | 89 146 150 | 172 | 261 | 237 | 156 | 63 | 68 | 31 | 21 1450
Nasiriya 125?341 141 | 338 | 473 524 | 660 | 931 | 960 | 800 | 545 | 332 | 194 | 144 | 6042
Basrah 12925161- 64 | 144 248 257 | 305 | 512 | 489 | 355 | 207 | 117 | 97 42 2837

11

Table (4): The annual total for the Suspended Dust in the study stations [ 18 ]

station months

duration | Jan | Feb | March | April | May | June | July | Aug | Sep | Oct | Nov | Dec | Annual

Mosul 1981- 68 | 104 163 244 | 390 | 474 | 579 | 503 | 390 | 321 | 185 | 120 ;-SOA?I
Kirkuk fgé.f— 69 | 92 206 289 | 410 | 352 | 387 | 317 | 218 | 250 | 117 | 73 2780
Baghdad 129())7111- 209 | 276 352 487 | 618 | 616 | 660 | 624 | 505 | 453 | 273 | 239 | 5312
Rutba 129())7111— 28 | 64 109 196 | 202 | 134 | 100 | 77 | 126 | 160 | 45 | 39 1280
Hai 125())7111- 36 | 113 187 239 | 374 | 299 | 309 | 230 | 189 | 182 | 32 37 2227
Najaf 1287181— 106 | 161 251 303 | 355 | 302 | 285 | 174 | 138 | 206 | 100 | 73 2454
Nasiriya 125())5141- 205 | 353 513 622 | 870 | 1008 | 1026 | 847 | 653 | 497 | 259 | 217 7070
Basrah 12%51%— 85 | 183 299 362 | 565 | 642 | 723 | 559 | 386 | 252 | 114 | 118 | 4288

4- Results and discussion
4-1 Pearson's Coefficient Method

To facilitate the calculation of correlation coefficients, data were categorised based on annual

mean wind speed and the cumulative annual frequency of dust phenomena ( raising,

17
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suspended - storm ). As illustrated in Table 5, the data arrangement ensures compatibility with

the statistical processing requirements of Excel 2010.

Table (5): The annual average of wind speed and the annual total for the Dust

phenomena
Station Wind speed Dust Storms Rising Dust Suspended Dust
Mosul 14 180 504 3541
Kirkuk 1.7 193 436 2780
Baghdad 3.1 479 2370 5312
Rutba 2.6 185 1644 1280
Hai 4.3 247 3521 2227
Najaf 1.6 77 1450 2454
Nasiriya 4.2 1634 6042 7070
Basrah 3.9 733 2837 4288

The calculated correlation coefficients indicate varying degrees of association between wind
speed and dust activities: a robust correlation with rising dust (0.8575), a moderate to strong
relationship with dust storms (0.6338), and a relatively lower correlation with suspended dust
(0.4133), see Table 6.

Table (6): The table represents the calculated Pearson correlation coefficient values
Variables Wind speed & Wind speed & Wind speed &
Raising dust Dust Storm Suspended dust
Correlation
coefficient 0.8575 0.6338 0.4133

Based on the obtained coefficients, a strong positive linear relationship exists between wind
speed and dust activities. The empirical data confirm that increments in wind velocity are
associated with an increase in dust frequency and intensity. Specifically, the strongest
correlation pertains to the rising dust phenomenon, highlighting the critical role of wind speed
in the primary mobilisation of dust particles.

4-2 Spatial Distribution ( GIS techniques)

The spatial analysis of the generated maps reveals significant geographic variations in
meteorological and atmospheric phenomena across the study region. Regarding wind speed,
the highest recorded values were concentrated in the Hai, Nasiriya, and Basrah stations.
Simultaneously, the spatial distribution of dust phenomena indicates that the Nasiriya station
experienced the highest frequency of rising dust. Furthermore, both dust storms and
suspended dust reached their peak occurrences at the Nasiriya and Basrah stations, suggesting
a high-activity corridor for dust events in these regions.
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A comparative analysis between the visual interpretation of the spatial distribution maps and
the calculated correlation coefficients reveals a high degree of consistency. This alignment
underscores the pivotal role of wind speed as a primary and direct driver in the proliferation
of various dust phenomena across the study. Figure 2 illustrates the spatial distribution maps
of the datasets employed in this study.

Wind Speed Dust Storms

Suspended Dust

35003500
133600 - 3,600
37003600
33,700 - 3,600
237003600
37003600
3700 -3700
13,800 - 3,700
33,600 -3,700

Fig 2: The spatial distribution Maps For the wind speed and dust phenomenon

Most previous research and scientific studies indicate a strong direct relationship between
wind speed and dust (as a phenomenon with constant properties). However, what has not been
addressed is that this relationship varies depending on the type of dust ( raising, storm -
suspended). We observe that it is weaker with suspended dust, which differs from the
previous two types in that it remains for a longer period and has greater and deeper effects
than the other types. For example, it reduces the efficiency of solar panels, which are
important for generating electricity. It also affects the balance of incoming solar radiation
(shortwave radiation), as suspended dust scatters and absorbs the radiation, which may lead
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to a temporary cooling of the Earth's surface. At the same time, it absorbs terrestrial radiation
(long-wave radiation), contributing to complex thermal effects

5. Conclusions

1- Wind speed serves as a primary physical driver for dust events; it acts as the essential
kinetic mechanism required for the saltation and suspension of dust particles, as these
particles remain stagnant absent a critical wind speed threshold.

2- The correlation coefficient provides a robust quantitative metric for elucidating the
interdependencies between meteorological variables, offering a high degree of
statistical significance in interpreting their relationships.

3- Dust phenomena do not have fixed characteristics, but rather they change according to
the class of dust. This has been observed in their relationship with wind speed, which
has shown a significant difference with each class of dust phenomena.

4- The increased prevalence of dust phenomena in the southern regions of Iraq (Basra
and Nasiriyah), which are marshlands, can be considered one of the climatic effects of
the marshland drying up.
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