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Extended Abstract

Introduction

Using wind and converting it into a source of energy has been practiced in many countries
since ancient times. On the other hand, weather is the cause of many natural disasters and
accidents, and no part of the planet is immune to atmospheric hazards. Strong and intense
winds, known as storms, cause significant damage to human living environments every
year. Approximately 90% of the world's natural disasters are related to climatic factors.
After floods, which account for approximately 35% of these disasters, storms are
responsible for about 30% of the damage caused by natural disasters. The level of risk
and damage caused by strong winds and storms depends on their direction, intensity, and
the geographical location of the region. Considering the importance of wind in terms of
its risks and potential, the study of this phenomenon has drawn the attention of researchers
worldwide. Due to its arid and semi-arid climate, Iran experiences the negative effects
and consequences of wind more than its benefits. East Azarbaijan Province, located east
of Lake Urmia, is one of the windy regions of the country. Due to its proximity to the salt
bed formed by the drying up of Lake Urmia, the province faces significant environmental
and health hazards. By studying the speed and direction of strong winds in this region,
management plans can be developed, vulnerability thresholds for structures determined,
and resistant designs implemented to reduce resulting damages. The purpose of this
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research is to investigate the speed and direction of maximum wind and its changes while
identifying vulnerable and windy areas east of Lake Urmia.

Material and Methods

This research investigated the speed, changes, and direction of maximum wind at 16
synoptic stations located east of Lake Urmia during the period of 1394-1401. The non-
parametric Mann-Kendall trend test and Sen's slope estimator were used to determine the
trend of wind speed changes. Wind Rose diagrams were used to analyze the prevailing
wind direction. All calculations related to data preparation and tests for checking the trend
of maximum wind speed were performed using XLSTAT software, and WRPLOT
software was used to generate wind diagrams.

Results and Discussion

According to the results of the non-parametric Mann-Kendall test and Sen's slope
estimator, among the 16 stations investigated in the east of Lake Urmia, significant
increasing trends in maximum wind speed changes were observed only at Shabestar and
Sahand stations, with Sen's slopes of +0.089 and +0.070, respectively. A significant
decreasing trend was observed at Tabriz, Malekan, and Maragheh stations, with Sen's
slopes of -0.058, -0.037, and -0.092, respectively. No trend in maximum wind speed
changes was observed at Kalibar, Mianeh, Jolfa, Bostanabad, Bonab, and Sarab stations.
Based on the Wind Rose diagrams, the prevailing wind direction at most stations is from
the west and southwest, which could potentially increase respiratory diseases in the future
due to salt storms originating from the dry bed of Lake Urmia affecting the eastern
provinces. This pattern is likely related to the pressure gradient influenced by topography,
the presence of Sahand mountain heights in the region, surface friction based on
geographical characteristics, land use, and urban structures.

At specific stations, the prevailing wind direction was observed as follows: Bonab and
Sarab from the west; Ahar, Charoimag, Mianeh, Tabriz, and Varzegan from the
southwest; Bostanabad, Heris, Malekan, Marand, and Shabestar from the south; Jolfa and
Kalibar from the northwest; Maragheh from the east; and Sahand from the west and
southwest. The frequency of strong winds was high across all stations, with more than
50% of maximum winds exceeding 11.11 m/s.

Conclusion

The results of this research revealed that the maximum wind speed in the east of Lake
Urmia was recorded at Varzegan and Marand stations, while the lowest values were
recorded at Kalibar and Jolfa stations. According to the Mann-Kendall trend test and Sen's
slope estimator, changes in maximum wind speed at most synoptic stations showed either
no trend or a decreasing trend, with significant increasing trends observed only at
Shabestar and Sahand stations. Significant decreasing trends were observed at Tabriz,
Malekan, and Maragheh stations. The prevailing wind direction at most stations was
found to be from the west and southwest. These findings should be considered in
structural design, including the orientation of buildings, power plants, and wind turbines.



Additionally, they are critical for agricultural planning, such as rain irrigation system
design.

The high frequency of strong winds across all synoptic stations underscores the
vulnerability of this area to strong winds and storms, highlighting the importance of
structural resilience. However, from an energy perspective, the region holds significant
potential for wind power generation. Given the necessity of reducing dependence on fossil
fuels due to their negative environmental impacts, including climate change, decreased
precipitation, rising temperatures, and reduced water resources, utilizing wind power as
a clean energy source becomes essential.

One limitation of this research was its focus on the eastern part of Lake Urmia. A broader
study encompassing the entire Lake Urmia basin in all directions would provide a more
comprehensive understanding of wind speed and direction changes under conditions of
Lake Urmia's drying and the expansion of the salt bed. This would enable more precise
land-use planning and management strategies for the coming years.
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Fig. 2. Changes trend and Sen’s slop chart of the maximum wind speed related to the synoptic
stations in the east of Lake Urmia
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Table 2- The changes trend value and Sen’s slop of the maximum wind speed related to the synoptic
stations in the east of Lake Urmia

ddes oS! Jias R p-value Loy g5
Synoptic station Z-Value of the Sen’s Slop Trend type
Mann-Kendall test
H.
) -0.035 0.000 0.620 -
Jolfa
= -0.045 0.000 0.535 -
Kaleibar
L
i -0.107 0.000 0.146 -
Bonab
| cals
s -0.083 -0.013 0.248 o
Ahar Decreasing
. . # . 3]
S 0.386 0.089 <0.0001 oy
Shabestar Increasing”
° -0.224 -0.037 0.002 o
Malekan Decreasing”
3las )l s als
M -0.098 -0.015 0.171 o
Charoimag Decreasing
. # . Y
Nl -0.364 -0.058 <0.0001 o
Tabriz Decreasing”
3 LNy
s -0.471 -0.092 <0.0001 o
Maraghe Decreasing”
) cals
s -0.083 -0.023 0.244 o

Marand Decreasing




wo gyl s B shiden SbaolSansl 53 iy sl S 5 o s (SOl 5 5 (55,0 56l

M -0.072 -0.014 0.307 e
Varzagan Decreasing
. e )
e 0216 0.070 0.002 S
Sahand Increasing
|
= 0.064 0.000 0.373 -
Sarab
NAR
i i -0.117 0.000 0.108 -
Bostanabad
<la
) -0.021 0.000 0.767 -
Mianeh
5050
o 0.127 0.038 0.073 ot
Heris Increasing

* Indicates significance at the 5% level.
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Fig. 3. The changes trend of maximum wind speed related to the synoptic stations in the east of

Lake Urmia
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Table 3- The frequency of the maximum wind speed related to the synoptic stations in the east of

Lake Urmia
oK (MI8) wien 3L s
Lo Maximum wind speed (m/s)
syonc cos OPF L s g u g
(sl ) L2 0 1 0 0 5 9 81
Ll Frequency (Monthes)
Jolfa (1) ol e 0 1.04 0 0 521 938  84.38
Frequency percentage (%)
(lasle o) 1512 0 1 0 2 9 31 53
S Frequency (Monthes)
Kaleibar (1 Sl e 0 1.04 0 208 938 3229 5521
Frequency percentage (%)
(ke ) L2 0 0 0 1 6 20 69
<l Frequency (Monthes)
Bonab (1 ol e 0 0 0 104 625 2083 7188
Frequency percentage (%)
> (e Shist) S1oL2 0 0 0 0 0 1 95

Ahar Frequency (Monthes)
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(1) S5l b do s

0 0 0 0 0 1.04  98.96
Frequency percentage (%)
(Lol slaas) Slsl 0 1 0 2 25 68
s Frequency (Monthes)
Shabestar ) Sl e 0 0 104 0 208 2604 7083
Frequency percentage (%)
(Laols slaws) Il 5 0 0 0 1 10 21 64
olse Frequency (Monthes)
Malekan () Sl oo 0 0 0 104 1042 2188 6667
Frequency percentage (%)
(Laole sluss) Slgl 3 0 0 0 0 5 21 70
Slay sl Frequency (Monthes)
Charoimag 0 Gl A2 0 0 0 0 521 2188 7292
Frequency percentage (%)
(Laols slas) Slsl 5 0 0 0 0 3 9 84
S Frequency (Monthes)
Tabriz (1) Gl e 0 0 0 0 313 938  87.50
Frequency percentage (%)
(Lasle slaxs) Slsl 3 0 0 0 0 2 12 82
P Frequency (Monthes)
Maraghe 0 Gl a2 0 0 0 0 208 125 8542
Frequency percentage (%)
(Laels slaas) sl 0 0 0 3 11 26 56
& Frequency (Monthes)
Marand (1) sl s 0 0 0 313 1146 27.08 58.33
Frequency percentage (%)
(Laols slas) Slsl 5 0 0 0 0 1 5 90
RIS3T) Frequency (Monthes)
Varzagan (1) Glslp e 0 0 0 0 104 521 9375
Frequency percentage (%)
(Laole sluxs) Sl 3 0 0 0 1 1 3 91
g Frequency (Monthes)
Sahand ) Sl o 0 0 0 104 104 313 9479
Frequency percentage (%)
(Laole sluss) Slsl 5 0 0 0 0 1 6 89
ol Frequency (Monthes)
Sarab e 0 0 0 0 104 625 9271
Frequency percentage (%)
(Laole sluxs) Sl 3 0 0 0 0 4 15 77
NARIE Freguency (Monthes)
Bostanabad ) Sl o 0 0 0 0 417 1563 8021

Frequency percentage (%)
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Fig.4. Spatial zoning of maximum wind speed means in the east of Lake Urmia
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