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ABSTRACT

Wind, like other climatic factors affect different aspects of human life. The research method is
descriptive-analytic. The purpose of the study is to study the trend of wind changes in Manjil. The
daily wind speed data of Manjil Station was obtained from the Iranian Meteorological
Organization during the statistical period of 1993-2016. Using the Beaufort scale, the frequency of
maximum wind speed was measured annually and monthly. Log-normal distribution, Weibull and
the lowest level was used to determine wind speed probability density distribution. Examine
possible changes in the wind in time series, the mean and variance in the probability density
function curves were compared. Using three-level polynomial model, for the year and all months,
three periods of forecasting were performed. The results showed that almost all of the months of
the year are experiencing stormy weather, except for December. The mean and variance in the two
time periods 2004-1993 and 2016-2005 were compared. The results showed that the average
decrease in all months reduces the probability of occurrence of gusts and increases the occurrence
of the breeze in winter and autumn. Increased variance in April, June, July and November showed
an increase in the occurrence of extreme high and low. Projections indicate that the wind speed has
a periodic fluctuation.
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Extended Abstract especially in the topic of locating and

1- Introduction

establishment of settlements, industries, green
space and other components of the land. Many

ind, like other climatic variables, countries in the world have paid special attention
affects various aspects of human to clean energy sources such as wind (Chang,
life. The characteristics of this 2015). Change in wind speed which is resulted
phenomenon can always play an from climate change can affect energy
effective role in land management, production and, consequently, other its aspects.

In his study, Barton noted a 5 to 15 percent
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known as the city of wind turbines in Iran. It has
long been known as the Seven Winds of Manjil
and is so intense that it often bends the olive
trees to one side. There are a large number of
studies in the world and in Iran on recognizing
the wind phenomenon and determining the
appropriate probability density models and
determining the trend of wind speed changes
such as Pes et al. (2017), Wang et al. (2016),
Bilir et al. (2015), Ouarda et al. (2015), Chang
(2011), Jahanbakhsh et al. (2015), Rezaei
Banafsheh et al. (2011) and Ghahraman and
Qarekhani  (2010). On the other hand,
Mostafapour et al. (2008), Alamdari et al. (2012)
and Masoudian (2011) considered the energy
generated by Manjil wind. There were also a few
number of studies on the role of wind in tourism
by De Freitas (2003), Matzarakis (2006), Becken
(2010), Westerberg (2013) and Michailidou
(2016).

The present study aims to investigate the trend of
changes in Manjil wind hypothesizing that it has
a trend in the passage of time and its trend is
downward.

2-Methods and Material

The method of the present research is
descriptive-analytical. After obtaining daily wind
speed data of Manjil station during the statistical
period of 1993-2016 from the Meteorological
Organization, using Beaufort classification scale,
the average annual and monthly maximum wind
speed in kilometers per hour was classified and
studied in Excel software.

Through analysis of probability density function,
suitable probability models for different years
and months, Weibull distributions, normal log
and the smallest extreme value were determined.
Also, in order to analyze the wind speed change,
the means and variances in the probability
density curves were compared. To obtain the
trendline equation, linear regression, logarithmic,
polynomial of degree 2, polynomial of degree 3,

combinatory, exponential and power models
were fitted to the data.

3-Results and Discussion

The frequency, probability of occurrence and
return period of different maximum wind speeds
were investigated and analyzed and the following
findings were obtained.

The maximum wind speed in different months
was in this way: January 39.5-100.5, February
43-93.5, March 54-126, April 54-122, June 61-
1185, July 64.5-100.5, August 61-126,
September 54-115, October 57.5-97, November
43-90, December 39.5-86.5 and the maximum
annual wind speed was 64.5-126 km/h.

In addition, the average maximum wind speed in
different months was in the following way
January 66.5, February 70, March 80.5, April 86,
May 86, June 88, July 82.5, September 80.5,
October 74, November 68, December 62 and 97
km per hour annually. The highest change in the
average is related to August and the lowest is
related to November, and the maximum annual
wind speed is associated with a decrease of
24.6% in the average. Comparing these data with
the average showed that wind speeds follow a
significant downward trend from January 20009,
February 2008, October 2005, August,
September and November 2006 and March,
April, May, June, July, December and annually
since 2007.

In general, the prevailing wind direction is
Manjil with 73% north frequency. The quietest to
most turbulent seasons of the year were known
as autumn, winter, spring and summer,
respectively.

Based on the probability density function
analysis, the results showed that the most
suitable models for the months of January,
February, March, May, October, November and
December was the normal log distribution; For
April, July, August, September and the annual
wind, it was Weibull distribution; And for June,
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it is the smallest extreme value. The highest
decrease in variance is related to October (-77%)
and the lowest is related to December (0.17%);
The highest increase in variance is related to
June and July and the lowest is related to
November.

The polynomial model of degree 3 showed the
best fit for the year and all months. Based on this
model, the results of forecasting the maximum
wind speed compared to the data of 2016 showed
that January had a decreasing period, a fixed
period and an increasing period; March, April,
June, August, September had a decreasing period
and two increasing periods; May, July, October
and December had three incremental periods;
November and February will have a period of no
change, two periods of increase, and annually, it
will experience two periods of decrease and then
one period of increase.

4-Conclusion

The study of the maximum wind showed that
almost all months of the year experience stormy
conditions except December. Storms are least
likely to occur in November, January and
February, and most likely in June and April.
March, April, May, June and August also
experience very severe storms. The Weibull
distribution model fits the data of April, July,
August and September, the distribution model
with the smallest extreme value on the June data
and the normal log model on the other months
have the best fit. The prevailing wind direction in
Manjil is Northward.

A decrease in the average in all months means a
tendency of the frequency curve to minimum
values, which reduces the probability of
hurricanes and increases the occurrence of breeze
in winter and autumn, and reduces the
probability of storms and increases hurricanes in
spring and summer. Along with the decrease in
the average in April, June, July and November,

the increase in variance in these months indicates
high variability, and points to an increase in the
likelihood of high and low extremes. Trend
analysis and forecast based on current and
previous wind behavior showed that among the
regression models, the 3 degree polynomial
model is the best fit for the year and all months.
According to the results, although the wind speed
has decreased in the last decade, the city of
Manjil still has a high potential for wind
exploitation in various fields and this can be one
of the important aspects of regional
development. Therefore, it is recommended to
study the solutions to increase the production of
clean energy through wind energy, to study the
possibility of developing sustainable tourism,
especially  ecotourism, and to examine
appropriate methods for taking advantage of
wind cooling properties with proper design of
settlements.

Keywords: Wind speed, Mangil, Climate change,
Normal log, Trend.
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