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This study investigates the impact of the OLR MJO Index (OMI) and the
Real-time Multivariate MJO (RMM) of the Madden-Julian Oscillation on the
frequency of dust storms in the stations of Abadan, Ahvaz, Bostan, Bandar
Mahshahr, Dezful, Ramhormoz, and Masjed Soleiman, located in Khuzestan
province, during the period from April to September 1987-2021. Pearson
correlation coefficients were computed to assess the relationship between
dust data and the indices, and the findings were depicted through zoning
maps. Subsequently, the frequency percentage of each index for both positive
and negative phases was quantified. The results indicate a direct and
significant correlation between the positive and negative phases of the indices
and dust occurrences (with the exception of Dezful station), particularly
during the positive phase of the OMI and the negative phase of the RMM.
The highest correlation coefficients, ranging from 0.77 to 0.72, were observed
for Bandar Mahshahr and Dezful stationsduring the positive phase of the
RMM index. Analysis of the relationship between the Madden-Julian
Oscillation and dust storms revealed that between 51% and 59% of dust
storms in Khuzestan province occurred in the negative phase of the OMI
index, while 40% to 49% occurred in the positive phase. In the case of the
RMM index, 56% to 63% of dust storms were associated with its negative
phase, in contrast to 37% to 50% linked to its positive phase. Notably, the
negative phase of the RMM index exhibited a higher percentage of dust
storms compared to the negative phase of the OMI index. According to the
results of the Monte Carlo test, the displacement of the positive and negative
phases of the RMM index significantly contributes to the occurrence of dust
storms at most stations in Khuzestan province. Furthermore, tracking the
pathways of dust entering Khuzestan province using the HYSPLIT model
indicates the movement of particles originating from Iraq, Arabia, and the
eastern regions of Syria toward Khuzestan province..
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Introduction

Dust is a prevalent phenomenon and constitutes one of the most significant environmental
challenges in arid and semi-arid regions. This annual occurrence has detrimental effects on
the inhabitants of these areas. The frequency of dust storms is closely associated with local
climatic conditions, including precipitation, temperature, and the surface characteristics of
the earth, such as vegetation and soil texture. In recent years, Iran, particularly the
southwestern provinces, including Khuzestan, has experienced a marked increase in the
incidence of dust storms.

Material and Methods

Khuzestan Province, encompassing an area of 64,234 square kilometers, is situated in the
southwestern region of Iran, spanning longitudinal coordinates from 47 degrees 41 minutes
to 50 degrees 31 minutes east and latitudinal coordinates from 29 degrees 58 minutes to 33
degrees 4 minutes north. The objective of this study is to examine the influence of Madden-
Julian Oscillation (MJO) fluctuations on the frequency of dust storms, both simultaneously
and with a delay of 10 days. To achieve this aim, data pertaining to horizontal visibility
measurements of less than 1,000 meters, as well as dust phenomenon codes (6, 7, 8, 9, 30,
31, 32, 33, and 35) from the 0 to 99 codes indicating current weather conditions, were
obtained for a statistical period spanning 34 years (1987-2021) from the National
Meteorological Organizatio. Subsequently, utilizing data from the Air and Climate Research
Center of the Australian government, the study investigated the impact of MJO fluctuations
on the formation of conditions conducive to the occurrence of dust storms at seven selected
stations in Khuzestan Province (Abadan, Ahvaz, Bostan, Bandar Mahshahr, Dezful,
Ramhormoz, and Masjed Soleyman). To ensure comparability between the dust data and the
MJO link period, the dust data were standardized, and Pearson correlation coefficients were
calculated between the dust levels recorded over six months at each station and the MJO link
period. The results were subsequently integrated into a geographic information system (GIS),
and the statistical outputs were transformed into a zoning map using the inverse distance
weighting (IDW) interpolation method .In the continuation of the analysis, the Monte Carlo

method was employed within the framework of the Kruskal-Wallis test to assess statistically
significant differences in the average dust levels recorded over six months across the various
stations. To trace the pathways of dust entering Khuzestan Province, a model was utilized to
identify dust storm trajectories, employing backward particle tracking of dust particles at
three altitudes (200, 1,000, and 1,500 meters) above the Earth’s surface over a six-hour
period preceding dust incursions. Furthermore, to analyze dust storms, satellite imagery
obtained from NASA's website was utilized, specifically data from the MODIS Aqua sensor
with a resolution of 1 kilometer, focusing on dusty days dated June 3, 2011, July 14, 2014,
and May 5 and June 17, 2016.

Results and Discussion
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The results of the correlation analysis indicate that, with the exception of the Dezful station
in relation to the Ozone Monitoring Instrument (OMI) index, a direct and statistically
significant relationship exists between the positive phases of these indices and the
occurrences of dust at the remaining stations over the six-month period. Conversely, there is
also a significant relationship between the negative phases of these indices and dust
occurrences. Furthermore, with the exception of the Dezful station, the RMM index exhibits
an inverse correlation, while the other stations demonstrate a positive correlation, with most
stations achieving a significance level of 99%. The findings from the Monte Carlo test reveal

that, apart from the Abadan, Masjed Soleyman, Bandar Mahshahr, and Ramhormoz stations
in relation to the OMI index, as well as the Masjed Soleyman and Dezful stations concerning
the RMM index, all remaining stations exhibit a statistically significant difference in average
dust levels over the six-month period. The analysis of the percentage of dust occurrences

during the positive and negative phases of the aforementioned indices demonstrates that the
OMI and RMM indices exert a greater influence on dust occurrences when their strength and
intensity are greater than or equal to one. In contrast, these indices are less impactful when
their intensity is low and they are inactive. Overall, the RMM index in its negative phase
accounts for a higher percentage of dust occurrences compared to the OMI index, whereas
the OMI index in its positive phase encompasses approximately 2% more dust occurrences
than the RMM index. Notably, the Bostan station records the highest percentage of dust
frequency, approximately 36%, during the negative phases of both indicators, while the
Dezful station exhibits the lowest occurrence, around 14%, also in the negative phases of
both indicators. Additionally, tracking the pathways of dust entering Khuzestan province
using the HYSPLIT model at altitudes of 200, 1000, and 1500 meters indicates the
movement of particles from the eastern regions of Syria, Irag, and Arabia towards the study
area.

Conclusion

The results of the research findings indicate a direct and significant relationship between the
positive and negative phases of both indicators and the abundance of dust, with the exception
of the Dezful station in the positive phase of the Ozone Monitoring Instrument (OMI) and
the negative phase of the Real-time Multivariate MJO (RMM). The highest correlation
coefficient, ranging from 0.72 to 0.77, is observed at the Bandar Mahshahr and Dezful
stations during the positive phase of the RMM index. Furthermore, the analysis of the
relationship between the Madden-Julian Oscillation and dust revealed that between 51% and
59% of dust storms occurred during the negative phase of the OMI index, while 40% to 49%
occurred in the positive phase. In the case of the RMM index, 56% to 63% of dust storms
occurred during its negative phase compared to 37% to 50% during the positive phase.
Notably, the negative phase of the RMM index exhibits a higher percentage of dust storms
than the negative phase of the OMI index. According to the results of the Monte Carlo test,
the displacement of the positive and negative phases of the RMM index significantly
contributes to the occurrence of dust storms for the majority of stations in Khuzestan
province.
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