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Extended Abstract

Introduction

The ongoing desiccation of Lake Urmia in northwestern Iran has transformed its former lakebed into a significant
source of airborne dust and salt particles, posing escalating environmental and public health risks. These storms
pose serious environmental and health risks by elevating particulate matter concentrations (PMio and PMa.s),
degrading air quality, and impairing agricultural productivity. Wind events exceeding 5 m/s can initiate wind storm
mobilization and atmospheric dust generation in arid and semi-arid environments. Wind direction is important for
the transport of dust to cities. The eastern part of Urmia Lake is more affected by wind because of the dominant
wind direction in the Urmia Lake basin. This part is more important for risk assessment studies. Classical models,
such as the Generalized Extreme Value (GEV) distribution, often fall short of capturing the full complexity of
wind extremes under nonstationary conditions. To overcome these limitations, the Simplified Meta-Statistical
Extreme Value (SMEV) model is developed and used for the first time, in this study, as a method that integrates
both ordinary and extreme wind data into a unified distribution framework. This study aims to estimate return
period wind speeds with SMEV compared against GEV, and evaluate wind direction probabilities for storm
prediction. Results will inform regional dust storm risk management and advance extreme value modeling in the
Lake Urmia basin.

Materials and Methods

Using three-hourly wind speed and direction data from 2005 to 2024 across four synoptic stations (Tabriz,
Maragheh, Bonab, and Shabestar) in the eastern Lake Urmia Basin, SMEV was employed to estimate return period
wind speeds and assess directional probabilities. In this research, the CEEMDAN method has been used as a
technique to remove noise and trends from wind speed data. At the stations, wind events were divided into extreme
and ordinary events, based on the wind speed threshold, using the peak-over-threshold (POT) approach by applying
the 90th percentile. Return periods of 5, 10, 20, 50, 100, and 200 years were chosen. The model combines a two-
parameter Weibull distribution for ordinary winds with annual extreme wind counts to generate composite
cumulative distribution functions (CDFs) per dominant direction sector. The bootstrap method was used for SMEV
model performance evaluation. The GEV model was used as a benchmark and employed to estimate return period
wind speeds, and both models were evaluated using AIC, BIC, FSE, WFSE, and leave-one-out cross-validation
(LOO). Additionally, a random forest algorithm was trained to predict the likelihood of wind directions associated
with dust transport.

Results and Discussion

SMEYV predicted critical wind speeds exceeding 7 m/s with high confidence. In all four stations, wind speeds
exceeded 7 m/s, and wind direction analysis revealed over 70% probability of wind-driven dust transport from the
southwest and south to the east, toward residential areas. The random forest method predicted the corresponding
wind directions for selected stations east of Lake Urmia. The dominant directions for extreme storm events are
southwest and south for short to medium return periods. In longer periods, the dominance of south and west
continues at Shabestar and Maragheh stations, and for Tabriz and Maragheh stations, the dominant direction
changes to east. GEV extreme values predicted more than 12 m/s for wind speeds. It shows the GEV model
overestimates. For the Urmia Lake Basin, wind speeds of more than 12 happen rarely and are not common. The
SMEV model outperformed the GEV model, providing more stable and realistic estimates of return-level wind
speeds, particularly for long recurrence intervals. Error metrics confirmed the superiority of SMEV (FSE = 0.014;
WEFSE = 20.7) compared to GEV (FSE = 0.081; WFSE = 196), highlighting its improved performance in
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estimating environmental hazards. The advantage of this method over other classical methods is in distinguishing
between extreme and normal events, as well as distinguishing extreme events with the corresponding dominant
directions of extreme wind speeds. In addition, the use of a wind speed threshold limit, unlike other statistical
methods such as GEV, which only focus on maximum wind speeds in the analysis of extreme events, can provide
reliable accuracy for this method in estimating extreme events.

Conclusion

This study focused on the analysis of extreme wind speeds in the eastern part of the Urmia Lake watershed, and
using a simplified meta-statistical extreme value model, was able to provide reliable estimates of strong winds in
different return periods. The results showed that speeds exceeding 7 m/s occur with high probability in this area,
and this amount is sufficient to initiate the transport of suspended particles and the formation of dust storms in the
study area. In conclusion, SMEV demonstrates significant potential for use in regional wind hazard assessments,
early warning systems, and dust storm risk mitigation in the Urmia Lake Basin. This model relies solely on wind
speed and direction and does not consider other environmental drivers such as soil moisture, land cover, vegetation,
or surface roughness that can significantly affect the potential for dust emission. This approach can also help
universities, along with other tools, to identify high-risk areas susceptible to dust transport from the dry bed of
Lake Urmia. Overall, this model can be used as an effective tool in analyzing climate risks associated with wind
and dust storms in the region. In addition, the use of the 90th percentile threshold and 24-hour separation criteria
raises statistical assumptions that more extreme events may have been identified, which has increased the accuracy
of the model and, on the other hand, has made the model more sensitive to extreme phenomena. However, it is
suggested that in future studies, the integration of environmental variables such as relative humidity and
precipitation should be considered to improve the SMEV model. Also, combining this model with wind datasets
based on satellite images can improve the spatial representation of wind patterns.
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Table 1. Characteristics of the selected stations in the eastern Urmia Lake basin

Synoptic station Longitude Latitude Elevation above sea level (m) Statistical period
Tabriz 46.23 38.12 1361 2024- 2005
Maragheh 56.14 37.34 1344 2024- 2005
Shabestar 45.68 38.17 1350 2024- 2005
Bonab 46.05 37.37 1281 2024- 2005
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Figure 1. Geographical location of the study area
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Figure 2- Random forest algorithm
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Figure 3- Flowchart of the research methodology
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Figure 4. Peak-over-threshold plot at the 90th percentile
threshold, distinguishing between extreme and ordinary events
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Figure 5- (a) Ordinary and (b) extreme events during the statistical period (2005-2024) for the selected stations in the eastern Urmia Lake basin
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Figure 6- Probability density function (PDF) and cumulative
distribution function (CDF) of the Weibull distribution fitted to
wind speed data.
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Figure 7- Predicted wind speed plots corresponding to return periods at the selected stations in the eastern Urmia Lake basin using the
SMEYV method

g By Caws 4y Al g aélyo g iy olKiw) ly
Sl 5ye0 )0 (i sladly £o8g Jloin] o yd S o by
duwloee Jo > Ve 5l i adlye o] j0 (o gt dy e olieS
Gy oo g (3lro l)d HLisl ¢ Jae slaadly 5o .l ond
wlas ol cul Flee ameg)l &2l Sy Cgix g
WwolSiusl (¢4, Bayati Khatibi and Sari Sarraf (2024)
Aaly 5 S s 0leS ¢(slojlamlo yglad bawgs duog)l doly > 5,
M 9355 gl joy g arl)d (Byd g Cuow 4 O
9 ‘_g)‘«:j JJ.A (’?LJ dMJOJ U»Lwl u—")’ Ll ALY adlaio O’I 5
e Sl (o pass Como «puing i (gloylsale gl
o) SMEV o Ldolas K S5 gy 5l eolasiwl b oL

3o (Ui 1) gl

G sWlaygy e pw JBUke 3L Cpa (o —0-Y

CulS 5l 090 b
DX bS]l 5yg5 sl 3ol S by, 5 edlitd |
oy b Blizo ol glacgn < Yoo g Ver de X+ A
U535 Al 5 5l 30 SMEV i g o5 i
glodly ganail g s coll b Solas IS
3 slacgs F Jodo 0 a5 oolaiwl gy cpl o wlidlen
o &l deg)l dalyd Byb e ool gy Sl
AL placas & 8 wxi Yl @b @ g Ll
GeolisS cuiS3b slaoygd (gl o lBgb (sas sladlygy (ol
2 podke il laojl ) bl e o g 0o (She U
5 il deldl oy g g cudle dilie g gt oK

e WolKiwg! (5l SMEV U (aduivo (Cuis 5L 2,90 (glp 00w (g sl (3L Cus g b JB LG 3L S -Y Jgus
Table 2- Wind directions corresponding to SMEV-predicted wind speeds for specified return periods at the selected stations
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Wind Speed Return Periods: Comparison of SMEV and GEV Models
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Figure 8- Comparison of return-period wind speeds predicted by the SMEV and GEV models for stations in the eastern Urmia Lake
basin
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Table 3- Performance evaluation metrics for the SMEV and GEV methods

LOO-  LOO- FSE- FSE-  WFSE-  WFSE- BIC
SMEV  GEV __ SMEV __ GEV SMEV Ggey  AICSMEV - AIC GEV. BICSMEV Gpy
Tabriz -0.821 -1.45 0014 0.081 2338 196.40 10518.83 30.835 10530.18  83.823
Maragheh  -0.825 -1.28 0014  0.077 2422 185.23 13318.56 75.603 1330.95 78.59
Shabestar  -0.807 113 0017  0.071 17.13 108.87 5937.95 70.629 5948.53 72.32
Bonab -0.841 -1.89 0.014  0.082 18.09 152.07 7675.78 75.29 7685.97 78.27

5l ol HLS" olRiily &y Silgs o 2,50y oyl Cyopd S
i 1 8 i 53,5 JS) st s 3blio Sl sl
Slg o Jdo opl (Eootme 0 S SaS deegyl Al Sis
Slolish b sy odldl s Lo 5 550 o5 3 olsiees
ol 4 b bl gl a8)3 Sy adlais > 4le 95,5 5 o0b
c,‘:.)mx‘lé)w Je ol il o g 2, gy (ol 95800 Cudgizes
Cagby sile Jae saS e plus 4y g ool (S b > 4
Mgicse o8 |y o 625 b (S sy e by S
sty S b 5L 90,5 )il Juily (g B sl
sl )lxo 9 PP Sdo Gl )I odla] c&gl 2 05)49 Ll o.))i?
OSee &5 1S o ok |y (gylol s b el Y gjlolas
Cdy oS Wbl odd plols o i i sladlyg, cul
oty & Cans S ol )50 841 5l gl 03g38] oo
2 g 0 dlaguing (Jbb opl bl 03,8 S wgmine |y (si>
e sla e plesl SMEV o 290 (6lp o] e
S 5 e 55 )8 da g 0)50 ()L g (s Cugh Aiile
Slojloale yolas p oo b sleodly dcgeze b Jdo ()

i dgutg o 1y b gl SIS Lisles Wilgs e

S5 e €
Big> By 33k > lacs o Jelod 35505 b adllas ()
2lie (5)lall)d 55 03l Jho (65,54 g ctag)l dly > o]
slosl jo wad ool 5l SIS LB oo yesd Cuslys (s>
Gt gl yu oS 0l L ol e &) Calises il
535 Sl 5,5 S5 5 3hae 0 JUl JET sl oliee
3L Cae Judoo o pd ol B dalllao 350 ddlaio > Jle
Brd ) (Feume (g (g9 4 5 Ll (YL Jlas! Sl
Yok Sl by9d > (ogada @l pl .l b
ord odlw (gylol Jae 3,Sdes duvlie el 039 s b
aS ol L g polie S Jao b o> polie ()bl 3
Sy (uole 3 GF0ke )b €8 e 35,
@l 5L (sloodls (59,5 gy cnl dmgs g Cunl 1oy s8> 3L
OB 8,5 pranad aidly pl & dsgr bl 03,8 &3l Jo.8 18
L5k i plEd) Sy (I8 (g y20l 2 5 (6 S e
odlawl  Sluidy 3,59, S lgieds adgl i slagiuw



MY g g sl Olyks Lo cyas SMEV g dlie (6,000 1,8 Jaw arwes

12l

x5 oy (g (Vo) (Edame gyt 5 Ly 51 2500
Ll yi aog)l aob)d (58 (shdod (slaolSiu] ) aiudy ol
doi: IVANY (B b albbe
10.22067/geoeh.2024.86654.1464

e @jpblS g s gy i Sl e (Slob (g3la M (bl
ab ) ausls b alale s o il yuss Mgy sy (VWAA)
dor: NNV (WA o K atidS Jlo ¥ b deg)]
20.1001.1.2008790.1398.9.1.11.5

Sl alolid (VFT) josee Blro (5lo 5 mpe ebd Sl
aog)l 421> (558 Cgi b plalup s (e
(o8 oo Gplupgds @y adla)
doir  AFFWY PN esilshgests i
10.22034/hyd.2024.60434.1728

3 oo gl L ptams 6yl e 5o e s
etz > 63b spipialed G (VoV1) £55 codljl
Sl She b o] bl oy g duegyl d0by> Gpd ()
ZAY (VW ST a5 ol (S5 leand 5 Sojed
Ay

Sadg dwle Jo (5 gy (WTAR) 29 0313l g dazme (53]

VY (P woledoldl glo ying s gyl daly y> GBlLbI s
A

223k 3Pl iy oy (V¥ ) s cmlie 9 Lo phome o)l

(V)PF ol ojpl i - Jang @ojs j ool b o il
M=y

References

Abadi, A. R. S., Hamzeh, N. H., Shukurov, K., Opp,
C., & Dumka, U. C. (2022). Long-term
investigation of aerosols in the Urmia Lake
region in the Middle East by ground-based and
satellite data in 2000-2021. Remote Sensing,
14(15), 3827. doi: 10.3390/rs14153827

AghaKouchak, A., Norouzi, H., Madani, K., Mirchi,
A., Azarderakhsh, M., Nazemi, A., Nasrollahi,
N., Farahmand, A., Mehran, A., & Hasanzadeh,
E. (2015). Aral Sea syndrome desiccates Lake
Urmia: call for action. Journal of Great Lakes
Research, 41(1), 307-311. doi:
10.1016/j.jglr.2014.12.007

Ahrari, A., Panchanathan, A., & Haghighi, A. T.
(2024). Dust over water: Analyzing the impact of
lake desiccation on dust storms on the Iranian
Plateau. Journal of Hazardous Materials, 480,
136377. doi: 10.1016/j.jhazmat.2024.13637

Allahverdipour, P., & Sattari, M. T. (2024).
Investigating the Maximum Wind Speed and
Wind Direction of Synoptic Stations in the East

S )l

s (yauiS owlidlon ylojlu ¢ dad daze 1S5 Bl Lls
Sl JlS wlislgn (baodly ) pw yiuwd (gl 04l 5 4ol 31|
'M)“} ‘)

g dlie by lie Jdle Mol 4l ChatGPT i3l jl
bow 0 SMEV Juo olpl sas Sis slalls 2ol

ol 0dd odlawl 50l

Lodly dy o pwd
Gl 00 &l dlio 4o )3 ls o OleMb] don

OB My g 28l LS
2 28l oLy 4eSzun a5 Wb o pMel dlde il B i
S Gimegy cnl @l 5 llae Ll (555 jogas

OB Ny S )l
s ell )llpy sladilos plml gilupspie wiioly oy
sl (g falde adgl asens ()15l g Jlaged ) b
oygllie 1§ paiio dome fgols JpuS @lie il (loal)

o e Gl

of Lake Urmia. Journal of Geography and
Environmental Hazards, 13(4), 197-221. doi:
10.22067/geoeh.2024.86654.1464 [In Persian]

Bayati Khatibi, M., & Sari Sarraf, B. (2024).
Identifying the centers at risk of wind erosion
around Lake Urmia (Case study: Bonab and
Malekan cities). Hydrogeomorphology, 11(39),
122-43. doi.org/10.22034/hyd.2024.60434.1728
[In Persian]

Beniston, M., Stephenson, D. B., Christensen, O. B.,
Ferro, C. A. T., Frei, C., Goyette, S., Halsnaes,
K., Holt, T., Jylh4, K., & Koffi, B. (2007). Future
extreme events in European climate: an
exploration of regional climate model
projections. Climatic Change, 81, 71-95.
doi.org/10.1007/s10584-006-9226-z

Biabani, L., Nazari Samani, A. A., Khosravi, H., &
Kazemzadeh, M. (2019). An investigation of the
trends of monthly wind speed fluctuation on the
edge of Lake Urmia over the last 30 years.
Journal of Arid Biome, 9(1), 139-151. dor:
20.1001.1.2008790.1398.9.1.11.5 [In Persian]



YA U IVY Olxbo V£ £ JLM) A b)lowv 1] 5)93/515591 k.—gﬂ.\ngd)lnvd.\a QM/U‘)‘S&@gw'g VA€

Boroughani, M., Hashemi, H., Hosseini, S. H.,
Pourhashemi, S., & Berndtsson, R. (2019).
Desiccating Lake Urmia: a new dust source of
regional importance. IEEE Geoscience and
Remote Sensing Letters, 17(9), 1483—1487. doi:
10.1109/LGRS.2019.2949132

Breiman, L. (2001). Random forests. Machine
learning, 45(1), 5-32. doi:
10.1023/A:1010933404324

Burnham, K. P., & Anderson, D. R. (2004).
Multimodel inference: understanding AIC and
BIC in model selection. Sociological Methods &
Research, 33(2), 261-304.
doi.org/10.1177/0049124104268644

Chen, A., Huang, H., Wang, J., Li, Y., Chen, D., &
Liu, J. (2023). An analysis of the spatial variation
of tropical cyclone rainfall trends in Mainland
Southeast Asia. International Journal of
Climatology,  43(13), 5912-5926.  doi:
10.1002/joc.8180

Chen, Y., Zhao, M., Liu, Z.,Ma, J., & Yang, L. (2025).
Comparative analysis of offshore wind resources
and optimal wind speed distribution models in
China and Europe. Energies, 18(5), 1108. doi:
10.3390/en18051108

Chen, Z., Gao, X., & Lei, J. (2022). Dust emission and
transport in the Aral Sea region. Geoderma, 428,
116177. doi: 10.1016/j.geoderma.2022.116177

Coles, S., Bawa, J., Trenner, L., & Dorazio, P. (2001).
An introduction to statistical modeling of
extreme values (Vol. 208). Springer. doi:
10.1007/978-1-4471-3675-0

Delfi, S., Mosaferi, M., Hassanvand, M. S., & Maleki,
S. (2019). Investigation of aerosols pollution
across the eastern basin of Urmia lake using
satellite remote sensing data and HYSPLIT
model. Journal of Environmental Health Science
and Engineering, 17(2), 1107-1120. doi:
10.1007/s40201-019-00425-3

Derome, D., Razali, H., Fazlizan, A., & Jedi, A.
(2023). Distribution cycle of wind speed: A case
study in the Southern Part of Malaysia. IOP
Conference Series: Materials Science and
Engineering, 1278(1), 12010. doi:
10.1088/1757-899X/1278/1/012010

Effati, M., Bahrami, H., Gohardoust, M., Babaeian, E.,
& Tuller, M. (2019). Application of satellite
remote sensing for estimation of dust emission
probability in the Urmia Lake Basin in Iran. Soi/
Science Society of America Journal, 83(4), 993—
1002. doi: 10.2136/sss2j2019.01.0018

Esfeh, M. A., Kattan, L., Lam, W. H. K., Esfe, R. A.,
& Salari, M. (2020). Compound generalized
extreme value distribution for modeling the

effects of monthly and seasonal variation on the
extreme travel delays for vulnerability analysis
of road network. Transportation Research Part C:
Emerging Technologies, 120, 102808. doi:
10.1016/j.trc.2020.102808

Esmaeili, L., Naserpour, S., & Nadarajah, S. (2023).
Wind energy potential modeling in northern Iran.
Stochastic Environmental Research and Risk
Assessment, 37(8), 3205-3219. doi:
10.1007/s00477-023-02445-w

Firouzeh, M., & Danesh-Yazdi, M. (2024). The
environmental and health impact of salt dust
aerosols from the dried Lake Urmia. EGU
General Assembly Conference Abstracts, 15430.
doi: 10.5194/egusphere-egu24-15430

Gholampour, A., Nabizadeh, R., Hassanvand, M. S.,
Taghipour, H., Nazmara, S., & Mahvi, A. H.
(2015). Characterization of saline dust emission
resulted from Urmia Lake drying. Journal of
Environmental Health Science and Engineering,
13, 1-11. doi: 10.1186/s40201-015-0238-3

Ghomashi, F., & Khalesifard, H. R. (2020).
Investigation and characterization of
atmospheric aerosols over the Urmia Lake using
the satellite data and synoptic recordings.
Atmospheric Pollution Research, 11(11), 2076—
2086. doi: 10.1016/j.apr.2020.08.020

Habibi, S. (2025). An Explainable Machine Learning
Framework for Forecasting Lake Water
Equivalent Using Satellite Data: A 20-Year
Analysis of the Urmia Lake Basin. 1-27. doi:
10.3390/w17101431

Hadipour, M., Pourebrahim, S., Heidari, H., Nikooy,
F., Najah Ahmed, A., & Jit Em, C. (2024).
Evaluation of water resource balance in the
Urmia Lake Basin: Integrating carrying capacity
and water footprint model for sustainable
management. Ecological Indicators,
166(March), 112464. doi:
10.1016/j.ecolind.2024.112464

Hamzeh, N. H., Abadi, A. R. S., Kaskaoutis, D. G.,
Mirzaei, E., Shukurov, K. A., Sotiropoulou, R.-
E. P., & Tagaris, E. (2023). The importance of
wind simulations over dried lake beds for dust
emissions in the Middle East. Afmosphere, 15(1),
24. doi: 10.3390/atmos15010024

Hamzeh, N. H., Ranjbar Saadat Abadi, A., Ooi, M. C.
G., Habibi, M., & Schoner, W. (2022). Analyses
of a lake dust source in the Middle East through
models performance. Remote Sensing, 14(9),
2145. doi: 10.3390/rs14092145

Hamzehpour, N., Marcolli, C., Klumpp, K., Thony,
D., & Peter, T. (2022). The Urmia playa as a
source of airborne dust and ice-nucleating
particles—Part 2: Unraveling the relationship



Yde g g sl Olyks Lo cyas SMEV g dlie (6,000 1,8 Jaw arwes

between soil dust composition and ice nucleation
activity. Atmospheric Chemistry and Physics,
22(22), 14931-14956. doi: 10.5194/acp-22-
14931-2022, 2022.

Harati, H., Kiadaliri, M., Tavana, A., Rahnavard, A.,
& Amirnezhad, R. (2021). Urmia Lake dust
storms  occurrences: investigating  the
relationships with changes in water zone and
land cover in the eastern part using remote
sensing and GIS. Environmental Monitoring and
Assessment, 193, 1-16. doi: 10.1007/s10661-
021-08851-3

Hossein Hamzeh, N., Ranjbar Saadat Abadi, A.,
Abdukhakimovich Shukurov, K., Mhawish, A.,
Alam, K., & Opp, C. (2024). Simulation and
synoptic investigation of a severe dust storm
originated from the Urmia Lake in the Middle
East. Atmosfera, 38. doi: 10.20937/atm.53290

Hu, L., Nikolopoulos, E. I., Marra, F., & Anagnostou,
E. N. (2023). Toward an improved estimation of
flood frequency statistics from simulated flows.
Journal of Flood Risk Management, 16(2),
€12891. doi: 10.1111/jfr3.12891

Huang, N. E., Shen, Z., Long, S. R., Wu, M. C., Shih,
H. H., Zheng, Q., Yen, N.-C., Tung, C. C., & Liu,
H. H. (1998). The empirical mode decomposition
and the Hilbert spectrum for nonlinear and non-
stationary time series analysis. Proceedings of
the Royal Society of London. Series A:
Mathematical, Physical and Engineering
Sciences, 454(1971), 903-995. doi:
10.1098/rspa.1998.0193

Jung, C., & Schindler, D. (2019). Wind speed
distribution selection—A review of recent
development and progress. Renewable and
Sustainable Energy Reviews, 114, 109290. doi:
10.1016/j.rser.2019.109290

Kaplan, Y. A. (2022). Calculation of Weibull
distribution parameters at low wind speed and
performance analysis. Proceedings of the
Institution of Civil Engineers-Energy, 175(4),
195-204. doi: 10.1680/jener.21.00010

Marani, M., & Ignaccolo, M. (2015). A metastatistical
approach to rainfall extremes. Advances in Water
Resources, 79, 121-126. doi:
10.1016/j.advwatres.2015.03.001

Marra, F., & Morin, E. (2015). Use of radar QPE for
the derivation of Intensity—Duration—Frequency
curves in a range of climatic regimes. Journal of
Hydrology, 531, 427-440. doi:
10.1016/j.jhydrol.2015.08.064

Marra, F., Nikolopoulos, E. 1., Anagnostou, E. N., &
Morin, E. (2018). Metastatistical extreme value
analysis of hourly rainfall from short records:
Estimation of high quantiles and impact of

measurement errors. Advances in  Water
Resources, 117, 27-39. doi:
10.1016/j.advwatres.2018.05.001

Marra, F., Zoccatelli, D., Armon, M., & Morin, E.
(2019). A simplified MEV formulation to model
extremes emerging from multiple nonstationary
underlying processes. Advances in Water
Resources, 127, 280-290. doi:
10.1016/j.advwatres.2019.04.002

Middleton, N. J. (2017). Desert dust hazards: A global
review. Aeolian Research, 24, 53-63. doi:
10.1016/j.ae0lia.2016.12.001

Miller-Schulze, J. P., Shafer, M., Schauer, J. J., Heo,
J., Solomon, P. A., Lantz, J., Artamonova, M.,
Chen, B., Imashev, S., & Sverdlik, L. (2015).
Seasonal contribution of mineral dust and other
major components to particulate matter at two
remote sites in Central Asia. Atmospheric
Environment, 119, 11-20. doi:
10.1016/j.atmosenv.2015.07.011

Miniussi, A., & Marra, F. (2021). Estimation of
extreme daily precipitation return levels at-site
and in ungauged locations using the simplified
MEV approach. Journal of Hydrology, 603,
126946. doi: 10.1016/j.jhydrol.2021.126946

Miniussi, A., Villarini, G., & Marani, M. (2020).
Analyses through the metastatistical extreme
value distribution identify contributions of
tropical cyclones to rainfall extremes in the
eastern United States. Geophysical Research
Letters, 47(7), €2020GL087238. doi:
10.1029/2020GL087238

Mobarak Hassan, E., Fattahi, E., & Habibi, M. (2023).
Application of a regional climate model on
autumn dust events over the Urmia Basin.
Atmospheric  Pollution  Research, 14(11),
101904. doi: 10.1016/j.apr.2023.101904

Mobarak Hassan, E., Fattahi, E., & Habibi, M. (2023).
Temporal and Spatial Variability of Dust in the
Urmia Basin, 1990-2019. Atmosphere, 14(12),
1761. doi: 10.3390/atmos14121761

Mohammadpour, M., & Bevrani, H. (2024).
Comparative analysis of two new wind speed TX
models using Weibull and log-logistic
distributions for wind energy potential
estimation in Tabriz, Iran. ArXiv Preprint
ArXiv:2402.01897. doi:
10.48550/arXiv.2402.01897

Moradi, M., & Rezazadeh, P. (2020). Investigation the
Sand and Salt Drift Potential in Orumia Lake.
Journal of Climate Research, 1399(41), 71-89.
[In Persian]

Nazari, M. R., & Abbasi, M. (2021). investigation of
wind energy potential in Yazd province Using



YA U IVY Olxbo V£ £ JLM) A b)lowv 1] 5)93/515591 k.—gﬂ.\ngd)lnvd.\a QM/U‘)‘S&@gw'g a1

Weibull distribution. lranian Journal of Energy,
24(3), 17-31. [In Persian]

Nikulin, G., Kjellstro, M, E., Hansson, U. L. F,,
Strandberg, G., & Ullerstig, A. (2011).
Evaluation and future projections of temperature,
precipitation and wind extremes over Europe in
an ensemble of regional climate simulations.
Tellus A: Dynamic  Meteorology  and
Oceanography, 63(1), 41-55. doi:
10.1111/.1600-0870.2010.00466.x

Raei, B., Ahmadi, A., Neyshabouri, M. R., Ghorbani,
M. A., & Asadzadeh, F. (2020). Determination
of Soil Wind Erodibility in Eastern Urmia Lake
and its Relationship with Soil Physicochemical
Properties. Applied Soil Research, 8(2), 82-92.
[In Persian]

Sattari, M. T., & Allahverdipour, P. (2024).
Application of tree-based intelligence methods
for wind speed estimation at the east of Lake
Urmia. International Conference on Intelligent
and Fuzzy Systems, 157-164. doi: 10.1007/978-
3-031-67192-0 20

Sefian, H., Bahraoui, F., & Bahraoui, Z. (2022).
Weibull and Extreme Value Theory Approach to
Estimate Wind Energy in the North Region.
International ~ Conference on  Advanced
Intelligent Systems for Sustainable
Development, 515-522. doi: 10.1007/978-3-031-
35245-4 47

Sharifi, A., Esfahaninejad, M., & Kabiri, K. (2021).
Hydroclimate of the Lake Urmia catchment area:
A brief overview. Lake Urmia: A Hypersaline
Waterbody in a Drying Climate, 169—185. doi:
10.1007/698 2021 809

Song, J. Y., & Chung, E. S. (2024). Temporal and
spatial distribution of extreme rainfall from
tropical storms in the Gulf of Mexico from 1979
to 2021. Stochastic Environmental Research and
Risk Assessment, 38(8), 3239-3255. doi:
10.1007/s00477-024-02742-y

Sotoudeheian, S., Salim, R., & Arhami, M. (2016).
Impact of Middle Eastern dust sources on PM10
in Iran: Highlighting the impact of Tigris-
Euphrates basin sources and Lake Urmia
desiccation. Journal of Geophysical Research:
Atmospheres, 121(23), 14-18. doi:
10.1002/2016JD025119

Stedinger, J. R. (1993). Frequency analysis of extreme
events. Handbook of Hydrology. doi:
10024474232

Vehtari, A., Gelman, A., & Gabry, J. (2017). Practical
Bayesian model evaluation using leave-one-out
cross-validation and WAIC. Statistics and
Computing, 27, 1413-1432. doi:
10.1007/s11222-016-9696-4

Vidrio-Sahagun, C. T., & He, J. (2022). Hydrological
frequency analysis under nonstationarity using
the Metastatistical approach and its simplified
version. Advances in Water Resources, 166,
104244. doi: 10.1016/j.advwatres.2022.104244

Vieira, F. F., Oliveira, M., Sanfins, M. A., Gargao, E.,
Dasari, H., Dodla, V., Satyanarayana, G. C.,
Costa, J., & Borges, J. G. (2023). Statistical
analysis of extreme temperatures in India in the
period 1951-2020. Theoretical and Applied
Climatology, 152(1), 473-520. doi:
10.1007/s00704-023-04377-5

Vogel, R. M., & Fennessey, N. M. (1994). Flow-
duration curves. I: New interpretation and
confidence intervals. Journal of Water Resources
Planning and Management, 120(4), 485-504.
doi: 10.1061/(ASCE)0733-
9496(1994)120:4(485)

Wu, Z., & Huang, N. E. (2009). Ensemble empirical
mode decomposition: a noise-assisted data
analysis method. Advances in Adaptive Data
Analysis, 1(01), 1-41. doi:
10.1142/S1793536909000047



