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Abstract

This research investigated the specific patterns of dust influx into the metropolis of Tehran from
2005 to 2017. The study utilized the data on dust occurrence days and synoptic station data in Tehran.
The research methodology involved employing the HYSPLIT trajectory model, as well as dust
detection indices, and determining the chemical properties of dust, including main and rare elements,
by using the X-Ray Fluorescence (XRF) method. The findings indicated that the primary source of
dust entering Tehran originated from desert regions and vast, arid areas outside the country. External
sources of dust, such as the North Arabian Sahara and the East African Sahara, have been active since
ancient times and are not solely related to modern dust occurrences. The cause of their impact on
Tehran could be attributed to the desiccation of internal lagoons and lakes. The changes in the
frequency of fine-dust trajectories could not be solely explained by their connection with external
sources. Instead, it appeared that the micro-particle movement system was striving to establish a
deeper order, which was not solely influenced by changes in the origin and destination of the particles.
Rather, the entry of fine particles into this movement system had undergone changes during their
movement within the system.
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Introduction

The shifting distribution of dust in various regions around the world has led to the presence of dust
in major cities during certain seasons. Tehran has been particularly affected by this phenomenon from
its onset. Despite the fact that numerous research efforts have aimed at understanding the origins of
this phenomenon, the spatial patterns of its changes remain a topic of ongoing investigation. This
study sought to elucidate the spatial dynamics of dust influx into Tehran by using a spatial
epistemology approach. Analysis of MODIS images and their correlation with climate models was
conducted for the period spanning 2005 to 2020. Preliminary findings indicated that the dust
phenomenon adhered to specific patterns and pathways, from its initial emergence at focal points to its
eventual arrival in the city of Tehran.

Materials & Methods

Tehran, the capital and one of the largest cities in the world, is situated on the southern slope
of the Alborz highlands near the major permanent water networks of the region, namely the rivers
of Karaj to the west and Jajrud to the east. The city grapples with various environmental
challenges, including the issue of fine dust. Investigation into the trajectory of fine dust movement
has revealed that the presence of features, such as playas, lakes, dried-up wetlands, old alluvial
terraces, and sand mines significantly influences the arrival of fine dust in the area of Tehran.
These particles are exceedingly small.

Given the frequent occurrences of dust particles between 2000 and 2015 and availability of local
data archives, the period from 2005 to 2017 was chosen for this study. Data collection was conducted
in Tehran and its synoptic stations. Analysis of long-term wind-rose data from the indicator stations
revealed that the prevailing wind direction in Tehran Province was predominantly from the west and
south in most months. To identify regional dust sources, wind speed and direction maps were utilized
and the HYSPLIT trajectory model was employed to track their paths. The HYSPLIT model in
conjunction with atmospheric maps and satellite images was used to enhance the validity of the
research findings for all dust events.

Detection indices for fine dust, including the Brightness Temperature Difference (BTD) index, dust
index method, and Miller's method, were utilized. Additionally, the X-Ray Fluorescence (XRF)
method was employed to determine the chemical compositions of dust, including major and rare
elements, in the samples collected from specific areas. The results obtained from climate modeling and
MODIS image processing facilitated the identification of key areas influencing the movement patterns
of fine dust toward Tehran. These areas predominantly corresponded to end basins (playas, lakes,
lagoons) of old alluvial terraces and desert plains.

Research Findings

Through the analysis of MODIS images and their correlation with climate models spanning the
years 2005 to 2020, it was established that the phenomenon of dust followed specific patterns and
pathways from its origin at focal points to its arrival in Tehran. This pattern predominantly occurred in
July with its initial flow originating from the northeast of Syria. Another pattern occurring in late
winter and early spring originated from the Arabian Desert. Patterns with a more west-east axis
corresponding to westerly currents originating from the deserts of northern Arabia predominantly
occurred in the warm months of the year. Additionally, dust concentration nuclei might have been
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formed in East Africa and over Saudi Arabia, subsequently moving to Iraq and Iran. The primary
source of dust entering Tehran was located in desert and arid expanses outside the country.

Many of the external sources of dust, such as the North Arabian Sahara and the East African
Sahara, are not new phenomena and have been active since ancient times, never previously extending
into Iran's interior regions like Tehran. The current spread of this dynamic phenomenon is being
investigated with its cause being attributed to drying of wetlands and internal lakes. The areas under
scrutiny in this study included sand exploitation levels and sand mines in Tehran, Alikhan Dam, Hoze
Soltan Lake, Mighan, and the desert lands around Qazvin Plain.

Geochemical tests confirmed the similarity in elemental composition between the area and the dust
collected in Tehran. The resemblance in chemical compositions of the elements sampled from mine
surfaces and those collected with the MDCO sediment trap suggested that a significant portion of
silicon dioxide (SiO2) found in the chemical compositions of dust in Tehran was likely sourced from
the sand and sand mines of Tehran. This was because all dust-carrying streams passed over these
mines, indicating the potential role of these mines in the elemental composition and deposition of dust
in Tehran. MODIS images indicated the formation of dust condensation cores on the surfaces of Hoze
Soltan and Mighan lakes, which had the potential to intensify dust flows. A comparison of the average
compositions of Hoze Soltan, Mighan, and Tehran lakes revealed the presence of potassium and
sodium compounds, as well as chlorine, similar to the samples from these lakes, suggesting that some
of the elements of sodium, chlorine, and potassium entering Tehran might have been collected while
passing through the fine-grained and separated lands around these lakes. Furthermore, the observations
related to the geochemical sediment compositions of samples collected in Tehran using sediment traps
compared to those collected in Qazvin Plain showed the significant presence of chlorine, potassium,
and silicon among the elements.

Discussion of Results & Conclusion

The research findings revealed that the sources influencing the alterations in the trajectory of
micro-storms demonstrated spatial adaptation to playas, wetlands, and end basins in general. In
essence, there were discernible changes in the frequency of dust entry patterns in Tehran and these
changes could not be solely attributed to their connection with the input sources. Instead, it appeared
that the micro-particle movement system was striving to establish a more deeply organized structure
independent of changes in its origin and destination. Rather, the entry of fine particles into this
movement system had undergone modifications during their transit within the system. Consequently,
alterations were being introduced to the initial conditions within the system governing dust entry into
Tehran from its feeding sources. Although the dimensions of these sources were relatively small
compared to the original source, they could significantly impact the trajectory of fine particles.
Laboratory studies on the samples from Tehran's sediment traps, as well as sand mines, Alikhan Dam,
Hoze Soltan and Mighan lakes, and the desert lands around Qazvin Plain, underscored their role in
contributing to fine dust in Tehran.
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Figure 5: Areas under investigation and samples collection location
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Figure 6: Comparison of the compositions of dust from Tehran and Shahryar samples
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Figure 7: Comparison of the main compositions of Hoze Soltan and Mighan dusts with Tehran
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Figure 9: The role of Shahriar sand mine on the dust pattern of Tehran

@L'.a
https://doi.org/10.22111/qgdij.2003.3639
a3 e o e 5 e lilel o (5458050500 208 (VTVY) Al ¢ S

L;L‘bu":"bjﬁ Q\J@.’; 6[.6};}.:) L;L?—‘b chj Lajf.ﬂ (\i") (> cé}.\..ﬁ 9 w}:—'\.ﬁ ‘L;U LS"}J@'S cwb Waa®)
10.48308/ESRJ.2022.101546 .\ +V-A1 (EA) 1Y it s

Ola s an )l u'<"'“f° L o .(@w gb;) b sl i oAb/ ;f.afe OV sl oLls

s 5 Dl S e IF0=IF Ol (slpm CodS 1S (VW) Ol slp kS J S 0SS

6‘5@\ C)‘M L;:rh: :ijl.hﬂ (\i'Y) 4.>u»J.>- 6)}.: L;.Gj ce}:ﬁ«a ‘-;LJ 63),@.5 cﬁﬂ‘ ¢L§)LA_...£ euﬁ&-}: c&‘i_..\p
Ave-Voo ‘(\)H“‘v_é:‘» wf[“f’ &L@u.:ﬁjj? Yoo YOV cladle 6L s ;3\}.@5 ol )L:.bpjf u;lia

https://magazine.hormozgan.ac.ir/article-1-714-fa.html
ZJ_JJQJ )‘ ealea | L: 4JL>;J}) ULi}" &L_{))‘ (\YA\) Du e&&& 9 cLSJLﬁ ‘)j)ﬁ‘db c‘_;l&.).a.}:ﬂ “-SQLJJ.; ch& ‘LSJQL;

https://sid.ir/paper/408539/fa NAV-NAVY (D)1 o0l o imy i dloes oyl



https://doi.org/10.22111/gdij.2003.3639
https://doi.org/10.48308/esrj.2022.101546
https://magazine.hormozgan.ac.ir/article-1-714-fa.html
https://sid.ir/paper/408539/fa

VEF Sle o) opled AY by X0 Jlu (Jase g4l 5 Ll \eY

bl slas 855 sl ed Aulagird Oslan 6 (V8 0) e Bl 5 campds (5558 o el ( JU (635,68
10.22067/GEOEH.2021.66965.0 N\ \V-44 (V) 1+ o oo ol boloko 5 Ll i .0\ g5

Loy 5 VB Sy e (515 | 53 o Lo 35 S0, (WWAY) 03V s g o 5 co e U (635,43
MAN G AN VE s psle dolilai (55558 LD 163550 (omis )
https://envs.sbu.ac.ir/article_97693.html
S 2305 (55055055 Gl sl e sl Lo ST SiiSUA 2 Ll 3L (YY) e o JB (535,48
https://sid.ir/paper/853217/fa .0l 5 ol&2ils oLl i o she
s ol e 0,6 53 Do S S 53 (Said T w5 (OVAT) Db s (8353 5 o3 (535,43
10.18869/acadpub.jsaeh.2.2.1 N =Y (V) F( oows o/ blso

L’)—:A—@-.’ .J/j{.’"J.) LAJJ-(JEJ &jﬁ/&bx\bﬁmnj,} U"’é"-{;:'j‘b (\i") U‘Sﬁb cw}) 9 co}’.l.ﬁ cgu LS"}J@-;
Q‘J@S 5&:—’!‘} ed) Cj—ﬁj LAC.J‘J:.G c&:ﬁ)}n‘}j} 6[.&.@;;& ‘ngjj)ﬁ)jﬁ)jj Lf‘fl‘ U’“’”‘ u:'il'“'“
https://civilica.com/doc/1687742 /
)b LSLLJJT IR L’ Qw_,w u.pj} L;ti% C)blﬂbu: L;.’Libj (W‘W) dku.«b- ‘L;)j‘. Lfl") ao}:;.a ‘5“5 L;J)JQ_;
10.22059/JHSC1.2014.53125 YOY-Y§\ (V)1 ccof blsio 2> dloms g 505 S

ol Al 80 o e SN s ol LS LOTAY) ells el 5 dja g cenly slsls O g lses JS
https://gep.ui.ac.ir/article_18685.html .YEY-YY\ (V) F0 ( Lomo (g5 ol o o L] i

A 5 S e s e o (o B slaadn U .(VYAQ) e Olidazes 5 ¢ Ao (el
<L§| .L_'J.:J r).w ‘LS‘ L;UJ..» | ‘_;bﬂ (T .5)\.3;1)) LAoKJ:vJ &j}&ﬁjffj(\"VO) V.;Ab.:\ ‘;5“'4'&‘ 9 o (dasizs
(o) La&ils Sl pste S s 5 ardllas Olojle SLas!.(V ) (03 5

References

Chorley, R. J. (1972). Spatial analysis in geomorphology (1st ed.). Routledge.
https://doi.org/10.4324/9780429273346

Ghaheri, A., Ghorbani, M. A., Del Afrooz, H., & Malekani, L. (2012). Evaluation of stream flow using
chaos theory. Iranian Water Researches Journal, 1(6), 177-186. https://sid.ir/paper/408539/fa [In
Persian].

Ghahroudi Tali, M. (2011). Playas intensifying fine dust. 1th Conference of The Iranian Association Of
Geomorphology, Faculty of geographical sciences university of Tehran.
https://sid.ir/paper/853217/fa [In Persian].

Ghahroudi Tali, M., & Alinoori, K. (2014). Hazards tracin hoz-e soltan playa through investigating chaos
in micro-landforms. Environmental Management Hazards, 1(2), 241-252.
https://doi.org/10.22059/jhsci.2014.53125 [In Persian].

Ghahroudi Tali, M., & Derafshi, K. (2015). The study of chaos in the flood risk pattern of Tehran. Journal
of Spatial Analysis Environmental Hazards, 2(2),1-16.
http://dx.doi.org/10.18869/acadpub.jsaeh.2.2.1 [In Persian].

Ghahroudi Tali, M., & Khedri Gharibvand, L. (2016). A morphological approach to strategic
management of wetlands and playas (Case study: Gavkhuni playa). Environmental Sciences, 14(2),
109-118. https://envs.sbu.ac.ir/article_97693.html [In Persian]



https://doi.org/10.22067/geoeh.2021.66965.0
https://envs.sbu.ac.ir/article_97693.html
https://sid.ir/paper/853217/fa
http://dx.doi.org/10.18869/acadpub.jsaeh.2.2.1
https://civilica.com/doc/1687742/
https://civilica.com/doc/1687742/
https://doi.org/10.22059/jhsci.2014.53125
https://gep.ui.ac.ir/article_18685.html
https://doi.org/10.4324/9780429273346
https://sid.ir/paper/408539/fa
https://sid.ir/paper/853217/fa
https://doi.org/10.22059/jhsci.2014.53125
http://dx.doi.org/10.18869/acadpub.jsaeh.2.2.1
https://envs.sbu.ac.ir/article_97693.html

\FAs o el 9 U 6398 o5 &L\éﬁwmaﬂ):w-l:.fajg.u)kb‘j@dh:;}uui&c;lmﬁw

Ghahroudi Tali, M., & Rahimi, R. (2023). Kias theory in explaining changes in the pattern of fine dust
Tehran. 9th Conference of The Iranian Association of Geomorphology, Geomorphic Environments,
Land Heritage And Diversity, University of Tehran. https://civilica.com/doc/1687742, [In Persian].

Ghahroudi Tali, M., AliNoori, K., & Ojaghlou, M. (2021). The impact of Shahriar sands mines on dust in
Tehran province. The impact of Shahriar sands mines on dust in Tehran province. Journal of Geography
and Environmental Hazards, 10(1), 99-117. 10.22067/GEOEH.2021.66965.0 [In Persian].

Goli Mokhtari, L., Dadashzadeh, Z., & Ara, H. (2014). Erosional chaos and unpredicted evolutions in
Ardabil Plain. Geography  And Environmental Planning, 25(3), 231-242.
https://gep.ui.ac.ir/article_18685.html [In Persian].

Goudie, A. S. (2009). Dust storms: Recent developments. Journal Of Environmental Management, 90(1),
89-94. http://dx.doi.org/10.1016/j.jenvman.2008.07.007

Lorenz, E. N. J. (1963). Deterministic nonperiodic flow. Journal Of the Atmospheric Sciences, 20(2),
130-141. https://doi.org/10.1175/1520-0469(1963)020<0130:DNF>2.0.CO;2.

Malanson, G. P., Butler, D. R., & Walsh, S. (1991). Chaos theory in physical geography. Physical
Geography, 11(4), 293-304. https://doi.org/10.1080/02723646.1990.10642408.

Miller, G. A. (2003). The cognitive revolution: A historical perspective. Trends In Cognitive Sciences,
7(3), 141-144. https://doi.org/10.1016/S1364-6613(03)00029-9

Motamed, A., & Moghimi, I. (1996). Geomorphology perspectives (Richard, J, Chorley Stanley, E, Shum
David, E, Soden) (Vol. 1). The organization for researching and composing university textbooks in
the islamic sciences and the humanities (SAMT). [In Persian].

Phillips, J. D. (2006). Deterministic chaos and historical geomorphology: A review and look forward.
Geomorphology, 76(1-2), 109-121.
https://ui.adsabs.harvard.edu/link_gateway/2006Geomo..76..109P/doi:10.1016/j.geomorph.2005.10.004

Phillips, J. D. (2011). Evolutionary geomorphology: Thresholds and nonlinearity in landform response to
environmental change. Hydrology And Earth System Sciences Discussions, European Geosciences
Union, 3(2), 365-394. https://doi.org/10.5194/hess-10-731-2006

Phillips, J. D. (1992). Qualitative chaos in geomorphic systems with an example from wetland response

to sea level rise. Journal Of Geology, 100(3), 365-374. http://dx.doi.org/10.1086/629638

Rahimi, R., Ghahroudi Tali, M., & Sadough, S. H. (2022). The patterns and internal sources of dust in
Tehran. Researches In Earth Sciences, 12(4), 86-107. 10.48308/ESRJ.2022.101546 [In Persian].

Rajaei, A. H. (1994). The application of geomorphology to landscape efficiency and environmental
management. Qomes. [In Persian]

Ramesht, M. H. (2003). Chaos theory in geomorphology. Geography And Development, 1(1), 13-37.
https://doi.org/10.22111/gdij.2003.3639 [In Persian].

Ramesht, M. H., & Mohammadian, A. (2019). Theoretical thoughts in geomorphology. Academic
publication center. [In Persian].

Serati, N., Saffari, A., Ghohrodi Tali, M., & Alinoori, K. (2023). A comparative study of changes in the
spatial pattern of dust in Tehran province in the 2000-2019. Environmental Erosion Research, 13(1),
155-174. https://magazine.hormozgan.ac.ir/article-1-714-fa.html [In Persian].

Shayan, S. (1997). A dictionary of physical geography. Borhan school cultural institute, Third edition.

[In Persian].
Strahler, A. N. (1950). Equilibrium theory of erosional slopes approached by frequency distribution
analysis Part . American Journal of Science, 248(11), 800-814.

https://doi.org/10.2475/ajs.248.11.800

Tehran air quality control company (2011). Tehran air quality report 1390-1395. Shahr publishing center.
[In Persian].

Thorne, C. R., & Summerfield, M. A. (1991). Global Geomorphology. Geological Magazine, 129(3),
379-380. https://doi.org/10.1017/S0016756800019415.



https://civilica.com/doc/1687742/
https://doi.org/10.22067/geoeh.2021.66965.0
https://gep.ui.ac.ir/article_18685.html
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=r2AQlTIAAAAJ&citation_for_view=r2AQlTIAAAAJ:tuHXwOkdijsC
http://dx.doi.org/10.1016/j.jenvman.2008.07.007
https://doi.org/10.1175/1520-0469(1963)020%3c0130:DNF%3e2.0.CO;2
https://doi.org/10.1080/02723646.1990.10642408
https://doi.org/10.1016/S1364-6613(03)00029-9
https://ui.adsabs.harvard.edu/link_gateway/2006Geomo..76..109P/doi:10.1016/j.geomorph.2005.10.004
https://doi.org/10.5194/hess-10-731-2006
http://dx.doi.org/10.1086/629638
https://doi.org/10.48308/esrj.2022.101546
https://doi.org/10.22111/gdij.2003.3639
https://magazine.hormozgan.ac.ir/article-1-714-fa.html
https://doi.org/10.2475/ajs.248.11.800
https://doi.org/10.1017/S0016756800019415

VEF Sle o) opled AY by X0 Jlu (Jase g4l 5 Ll

V8¢






