Journal of Water and Soil
https://jsw.um.ac.ir i

Research Article
Vol. 38, No. 3, Jul.-Agu. 2024, p. 411-427

Investigating the Spatial Distribution and Trend of Dust Mass Density in West
Asia and Its Relationship with Climate Variables

Sh. Katorani!, M. Ahmadi "' >*, A. Dadashi-Roudbari®
1 and 2- Ph.D. Student and Associate Professor of Climatology, Faculty of Earth Sciences, Shahid Beheshti University,
Tehran, Iran, respectively.
(*- Correspounding Author Email: Ma_ahmadi@sbu.ac.ir)
3- Postdoctoral Research Associate of Climatology, Department of Geography, Ferdowsi University of Mashhad,
Mashhad, Iran

Received: 08-01-2024 How to cite this article:
Revised: 24-05-2024 Katorani, Sh., Ahmadi, M., & Dadashi-Roudbari, A. (2024). Investigating the spatial

Accepted: 28-05-2024 distribution and trend of dust mass density in West Asia and its relationship with
Available Online: 28-05-2024 climate variables. Journal of Water and Soil, 38(3), 411-427. (In Persian with English
' abstract). https://doi.org/10.22067/jsw.2024.86233.1367

Introduction

Dust emission is considered as one of the environmental hazards in arid and semi-arid regions. Understanding the
effective variables in increasing dust mass density is very important for early warning and reducing its imposing
damages. One of the main and effective variables in the occurrence of dust is the geographical and climate
characteristics of the origin areas and areas affected by this phenomenon. Feeding the great rivers of Mesopotamia, it
has reduced soil moisture. Also, the wind component is one of the reasons for the increase in dust in these areas. This
study examines the relative importance of climatic variables to investigate seasonal and monthly changes in dust
emission in West Asia and parts of South and Central Asia.

Materials and Methods

This study has examined West Asian dust from three perspectives spatial distribution, trends, and their relationship
with climate variables. For this purpose, the Dust Column Mass Density (DUCMASS) variable output of the MERRA-
2 dataset was used to investigate the spatial distribution of the dust mass density trend, and the AQERAS dataset was
used to investigate the seasonal and monthly changes of precipitation, wind speed, and temperature variables from
1981 to 2020. In this study, the modified Mann-Kendall (MMK) trend test method was used to investigate the trend
of dust occurrence in the study area, and the Sen's slope estimator (SSE) test was used to investigate the slope of the
trend and to better display the changes in dust mass density in the western region. the results of the SSE test have been
examined on a decade scale.

Results and Discussion

Investigating the possible climate drivers in the changes of dust mass density for different regions by calculating
the correlation between the time series of dust mass density and the variables of temperature, precipitation, and wind
speed has been investigated. The results showed that there is an inverse correlation between dust mass density and
precipitation and a direct relationship between dust mass density and temperature and wind speed. The highest
correlations between dust mass density and temperature have been calculated, and this value has reached 0.9 in the
warm months of the year. On the other hand, the highest negative correlations have been calculated in the cold period
of the year (winter and autumn seasons) between dust concentration and precipitation with a value of -0.7. The
correlation coefficient between dust mass density and wind speed in the months of January to May and November to
December was mostly above 0.6. This value shows a lower correlation in the summer season.

In most months of the year, dust mass density shows an increasing trend in most regions, from March to July, an
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increasing trend in active dust springs in Mesopotamia, the deserts of Iraq and Syria, the desert of Rub' Al Khali, Ad-
Dahna and Al Nufud Al Kabir were observed in Arabia and Thar desert in Pakistan. This increasing trend started
cyclically from the beginning of spring and reaches its peak in June and July, and the intensity of the trend decreases
from September and reaches its minimum value in December. The important point is that the cycle of changes in the
monthly trend of dust mass density coincides with the cycle of changes in dust mass density. The northern parts of
Iran and Turkey have the highest frequency among different months of the year with a decreasing trend of dust mass
density. The increasing trend of dust mass density in the spring and summer seasons in Mesopotamia, the deserts of
Irag, Syria, and Yemen, the Sistan Plain, and the Thar desert in Pakistan and the southeast of Iran was significant at
the level of 0.05.

Conclusion

The results revealed that the seasonal changes in dust mass density show well the active sources of dust in the
studied area. In the spring and summer seasons, the activity of the dust centers located in the west of the study area,
including the Rub' al Khali, Ad-Dahna and Al Nufud Al Kabir deserts, Mesopotamia, the deserts of Iraq and Syria,
increases and on the arrival of dust to the west and southwest Iran affects. The investigation showed that climate
variables play a key role in the variability of dust mass density in the study area so the areas corresponding to the
summer north wind and the 120-day wind of Sistan have shown the highest dust mass density in annual variability.
The correlation coefficient between dust mass density with temperature and direct wind speed and its correlation with
negative precipitation have been obtained. The results showed that dust mass density has an increasing trend in most
of the regions, so from March to August (spring and summer), the increasing trend of dust mass density is significant
at the level of 0.05. The highest intensity of the increasing trend was observed in the spring and summer seasons in
Mesopotamia, the deserts of Irag, Syria, and Yemen, the Sistan Plain, and the Thar desert in Pakistan and southeast
Iran.
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Figure 1- Location of the study; A) Képpen-Geiger climate classification and B) digital elevation model (DEM)
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Table 2- Statistical metrics used in the research for evaluation
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Table 3- Evaluation of AgGERAS dataset in estimating climate variables of precipitation, temperature and wind speed in climate zones

oAb
Precipitation
RETW ol dgg oaiyles o el Gy g SolS a8
Station Representative of the climatic Correlation Coefficient of KGE
zone agreement
Yazd 55 BWh 0.75 0.78 0.69
Mashhad e BWk 0.71 0.76 0.68
Shiraz jl,us BSh 0.91 0.93 0.82
Tabriz 5,5 BSk 0.68 0.54 0.44
Babolsar ,..L Csa 0.75 0.77 0.59
Rasht c.s, Cfa 0.75 0.84 0.65
Shahr e 5,5 ¢ Dsa 0.71 0.64 0.57
Kord
Lo>
Temperature
c . c . . LyeS-Suls” LIl
oK o8l digy oaisles (SN G8ly Gy s KGE o
Station Representative of the climatic zone  Correlation  Coefficient of agreement
Yazd >} BWh 0.97 0.81 0.85
Mashhad g BWk 0.95 0.93 0.94
Shiraz jl,.s BSh 0.92 0.87 0.81
Tabriz j,s BSk 0.93 0.93 0.76
Babolsar ,..Ll Csa 0.92 0.76 0.83
Rasht c., Cfa 0.92 0.73 0.62
Shar e 5 xes Dsa 0.87 0.69 0.65
Kord
3L s
Wind
ali’.‘.w»] u,e,..lsl AR odules M @5]5: oo KGE b;— P ‘_f\)lf
Station Representative of the climatic zone  Correlation  Coefficient of agreement b o
Yazd > BWh 0.48 0.48 0.44
Mashhad .o BWk 0.59 0.43 0.42
Shiraz jl,us Bsh 0.58 0.49 0.48
Tabriz 3,5 BSk 0.72 0.52 0.49
Babolsar ,..LL Csa 0.52 0.49 0.48
Rasht cus, Cfa 0.51 0.42 0.43
Shahr e 5,5 e Dsa 0.62 0.54 0.49

Kord
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Figure 2- Monthly spatial distribution; a) Dust column mass density (unit: g/m?), b) temperature (unit:°c), c) precipitation
(unit: mm), d) wind speed (unit: m/s), during the 1981-2020
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pr-jan

pr-feb

pr-mar
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pr-aug

pr-sep

pr-oct

pr-nov

pr-dec

Wind-jan 0.56 0.54 0.53 0.53 0.54 0.46 0.37 0.44 0.55 0.58 0.60 0.59
Wind-feb 0.58 0.56 0.55 0.56 0.56 0.48 0.41 0.46 0.57 0.60 0.61 0.60
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Wind-apr 0.56 0.54 0.54 0.57 0.58 0.49 0.41 0.47 0.57 0.61 0.60 0.58
Wind-may| 0.48 0.48 0.48 0.53 0.54 0.45 0.39 0.43 0.51 0.55 0.52 0.50
Wind-jun 0.44 0.43 0.44 0.51 0.51 0.39 0.33 0.35 0.44 0.53 0.50 0.46
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Wind-sep 0.39 0.38 0.38 0.43 0.43 0.35 0.30 0.33 0.41 0.47 0.44 0.42
Wind-oct 0.45 0.44 0.43 0.46 0.46 0.38 0.31 0.36 0.48 0.52 0.52 0.49
Wind-nov 0.55 0.53 0.51 0.52 0.53 0.44 0.35 0.42 0.55 0.58 0.61 0.59
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Tas-jun | 0.70 0.70
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Tas-aug 0.69 0.68

Tas-sep 7@;@&7 _ 5

Tas-oct 0.70 0 L i 0.65 0.68
Tas-nov 0.67 0.67 0.67 0.64 0.67 0.58 0.64
Tas-dec 0.65 0.64 0.63 0.59 0.69 0.63 0.55 0.61
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Figure 3- Correlation coefficient between monthly dust mass density with climate variables of precipitation (Pr), wind speed
(Wind) and temperature (Tas).
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Figure 4- Monthly dust mass density trends in the 1981-2020 based on the MERRA-2 dataset
Areas with hatches in the map show significant trends at the 0.05 level based on the modified Mann-Kendall test (unit:
g/m?/decade).
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