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Figure 1: Map of the studied stations
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4 - Modern- Era Retrrospective Analysis For Research and Applications

5- Surface Wind Stress

6- Tropical Rainfall Measuring Mission

7- National Aeronautics and Administration. https://giovanni.sci.gsfc.nasa.gov/giovanni.
8- Geographic Information System(GIS)
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9- Crrelation Coefficient
10- Mean Squared Error

11- Root Mean Squaer Error
12- Bias
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Table 1 -Evaluation of satellite data relative to station data
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Table 3- Monthly average wind stress (N / m?) at each station (1990-2018) calculated at the station level
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Figure 3:Time series diagram of satellite wind stress in each of the studied stations in the period 2018-1990
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Figure 4:Time series diagram wind stress station in each of the studied stations in the period 2018-1990
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Table 4 -Test of wind stress trend using Mann-Kendall method in each stations
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Table 5 - Correlation coefficient between station and satellite data in each station in the period 2018-1990
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Figure 5: Map of wind stress and wind speed in January 2015
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Figure 6: Map of Wind stress and wind speed in February 2015
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Figure 7: Map of wind stress and wind speed in March 2015
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Figure 9: Map of wind stress and wind speed in May 2015
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Figure 10: Map of wind stress and wind speed in June 2015
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Figure 11: Map of wind stress and wind speed in July 2015
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Figure 15: Map of wind stress and wind speed in November 2015
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Abstract

In this research, in order to investigate the general conditions of wind stress in the western and
northwestern regions of Iran, the data of stress and wind speed at a height of 10 meters above
the ground from the MERRA-2 Model database from the TRMM sensor during the statistical
period of 1990-2018 in the coordinates 30 to 37.5 degrees north latitude and 45 to 52.5
degrees east longitude were obtained. GIS software was used to extract wind stress satellite
data at the synoptic stations of Urmia, Tabriz, Zanjan, Hamadan, Sanandaj, Kermanshah,
Khorramabad, Ardabil, Ilam and Ahvaz. To calculate the wind stress, temperature, pressure
and wind data were obtained from the Meteorological Organization. Statistical criteria of
correlation coefficient (CC), mean error (ME) and root mean square error (RMSE) were used
to evaluate satellite data and station data. The maximum (RMSE) is 0.060516 and the
minimum is 0.000576. The correlation coefficient between observational and satellite data
was calculated from 0.16 to 0.87. Wind stress trend analysis was calculated using the non-
parametric Man-Kendall method. Based on the obtained results, the highest amount of wind
stress in the winter season is in February at the station Ardabil and the lowest was observed
in Kermanshah and Sanandaj stations. In the spring season, the highest wind stress at Zanjan
station was in April and the lowest stress was at Hamadan station in this month. In the
summer season, the highest amount of wind stress was observed in Ahvaz station in August
and the lowest amount was observed in Sanandaj station in July. In the autumn season, the
highest amount of tension was observed in Zanjan station in December and the lowest amount
was observed in Kermanshah station in the same month. Wind stress has a seasonal trend with
significant monthly changes. There is a significant difference in the direction of the wind
stress flow due to the change of season.

Keywords: wind stress, trend analysis, Test Man Kendal, west and north-west of Iran.
Introduction

Today, wind stress is considered as one of the influencing elements on climate systems, and a
change in the amount and direction of wind stress can change or intensify climate phenomena
on the globe through changing the path of energy and humidity in different regions. land,
especially in dry areas, so that today wind stress is considered as one of the climate
controlling factors, and various satellites monitor wind stress on the surface of the earth, and
in recent years, extensive research It has been done in the scientific circles of the world in the
field of wind stress . With the advancement of remote sensing technologies and integrated
monitoring of climate phenomena in day and night time frames and observation of their
movement path, it has been proven that wind stress affects oceanic and atmospheric
circulation patterns in most regions of the world, especially the middle and upper latitudes of
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the hemisphere. South is impressive. The strength of subtropical oceanic convective cells as
well as the magnitude of upwelling of tropical currents are highly dependent on wind stress
changes. It should be expected that changes in the size of the winds can intensify the speed of
the general circulation of the atmosphere and ocean through energy transfer. The results of
extensive research show that the fluctuation in the amount of wind stress on the surface of the
oceans and open waters can have a direct impact on atmospheric phenomena such as
precipitation, humidity, temperature and wind speed on the land surface of the earth with long
distances. So that the intensification of wind stress in the tropical region causes changes in the
atmospheric currents of the Atlantic Ocean. For example, the change in the amount of wind
stress in the equatorial region has caused a change in the Atlantic Ocean and caused a change
in the amount of precipitation in the northeastern parts of Brazil . The winds that blow over
the ocean are forced They create a relationship between air and sea, and as a response to the
wind, short surface gravity waves occur on the sea surface, which increase the surface
roughness and, as a result, wind stress and wave height. The feedback between wind pressure
and wave growth is an increase in sea surface roughness and wind stress, which continues
until the waves balance with the wind force.

Area of study:

The studied area is northwest and west of Iran, which is located in the latitudes of 30 to 37.5
degrees north and 45 to 52.5 degrees east longitude. The study area includes 10 provinces
(West and East Azerbaijan, Zanjan, Kurdistan, llam, Khuzestan, Lorestan, Hamedan, Ardabil
and Kermanshah). Wind stress is investigated in the synoptic meteorological stations of
Ardabil, Urmia, Tabriz, Zanjan, Sanandaj, Hamadan, Kermanshah, Khorramabad, Ilam and
Ahvaz.

Methodology:

Based on the definition of wind stress provided by the MERRA-2Model database, wind stress
can be expressed as follows: Wind stress is the amount of force created by the wind on the
surface, which is a function of tension, air density and speed. Wind has a unit of newtons per
square meter. Since wind stress is a function of wind speed, strong wind increases wind stress
compared to moderate speed winds. Wind blowing at the surface of the sea creates tension in
the ocean, which amplifies the movement. This drag force on the surface reduces the wind
speed. The precise details of how the atmosphere and ocean interact to transport motion are
complicated by the stratification or stability of the atmospheric boundary layer, the presence
of waves, wave breaking, and a host of other processes. For practical applications in knowing
the wind stress, it is enough to use an empirical formula to calculate the wind stress at the
level of the investigated stations.

Results and discussion:

The error estimation between the wind stress extracted from satellite data compared to the
wind stress calculated at the level of each of the desired stations has been done. It can be seen
that in the stations of Ardabil, Urmia and Tabriz, the wind stress fluctuates a lot during the
seasons. In the stations located in the southwest regions, the maximum wind stress was in the
hot months of the year. Based on the estimates, it was determined that the highest amount of
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wind stress in the winter season is in February at Ardabil station and the lowest is at
Kermanshah and Sanandaj stations, in the spring season the highest wind stress is at Zanjan
station in April and the lowest amount of stress is at Hamedan station. In the same month, in
the summer season, the highest wind stress value was calculated at Ahvaz station in August
and the lowest wind stress value was calculated at Sanandaj station in July, and in the autumn
season, the highest wind stress value was calculated at Zanjan station in December and the
lowest value was calculated at Kermanshah station in this month.

Conclusion:

Based on the obtained results, it was determined that the geographical arrangement of wind
stress during different seasons of the year has temporal and spatial changes in the intensity
and direction of wind stress flow. The highest amount of wind stress in the winter season is in
February in Ardabil station and the lowest in Kermanshah and Sanandaj stations, in the spring
season the highest wind stress is in Zanjan station in April and the lowest amount of stress is
in Hamadan station in the same month, in the summer season the highest The wind stress
value was calculated at Ahvaz station in August and the lowest stress value was calculated at
Sanandaj station in July, and the highest stress value was calculated at Zanjan station in
December and the lowest value was calculated at Kermanshah station in the same month. It
can be said that since the end of the cold season, the intensity of the wind stress gradually
increases and the rate of this increase increases towards the summer season. So that it reaches
its maximum value in June, July and August, which indicates that the intensity of wind stress
has increased in the hot season of the year. But this does not apply to the northwestern parts
of Iran. In general, this increase in the intensity of wind stress is observed more in flat areas.
The increasing and decreasing pattern of wind stress in the entire investigated area mostly
follows the change of season, which indicates that wind stress is highly influenced by changes
in temperature, air pressure and wind speed. In the studied period, the wind stress did not
fluctuate significantly and a periodic seasonal rhythm was observed in its minimum and
maximum value. In the seasons of the year, the wind stress showed the same averages and
seasonal displacements, and no changes were observed in its condition from year to year.
During the cold months of the year, the direction of wind stress in the studied areas is
southwest-northeast.
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