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The purpose of this research is to investigate the temporal changes and spatial
distribution of the total cloud cover of the sky in the Ormia Lake drainage basin. In
order to achieve the goals of this research, observational data on total cloud cover of
the sky at five selected meteorological stations and the product of total cloud cover of
the sky (CFFCM) from MODIS sensors (Tera and Aqua) were used. The observed
cloudiness values according to the ICAO standard were classified into five classes:
cloudless sky, slightly cloudy, partly cloudy, semi-cloudy, and full cloudy, and the sky
cloudiness changes were investigated. Pearson's correlation test was also used in order
to investigate the relationship between the total cloud cover of the sky and the elements
of precipitation, temperature, evaporation, and sunshine hours.The findings of the
research showed that in the study area, the sky is mostly clear (28.7%) and slightly
cloudy (23.9%), and only about 30% of the cases are semi-cloudy and full cloudy.In the
examination of the frequency of occurrence of each of the cloudy classes, it was found
that, in most cases, there was an increasing trend in the clear and slightly cloudy classes
and a decreasing trend in the semi-cloudy and full cloudy classes.The study of the
correlation coefficients between the total cloud cover of the sky and climatic parameters
showed that there is a direct and significant relationship between the cloudiness of the
sky and annual precipitation and an inverse relationship with temperature, evaporation,
and sunshine hours, which is weaker in the case of annual temperature than the rest of
the parameters, and also that the relationships established with observational data are
more logical than those established with those established with satellite data.
Investigating the spatial distribution of average seasonal cloudiness showed that
cloudiness in winter and autumn is different from spring and especially summer. The
highest amount of winter (summer) cloudiness is observed in the southern (northern)
half of the Ormia Lake drainage basin, and this arrangement is consistent with the
seasonal synoptic currents and the distribution of altitudes.
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Introduction

Clouds are one of the important moderators of the Earth's climate and play a large role in the creation of precipitation,
temperature changes, hydrological balance, and radiation balance. They also play an important role in climate and
weather forecasting, affect climate variability, and change the hydrological cycle. Therefore, creating any temporal and
spatial changes in clouds can affect all climatic elements and cause complex climatic changes (Fallahi et al., 2017). the
Ormia Lake drainage basin and the lake itself have faced various challenges; among these challenges is the reduction
of surface runoff in this basin area and the subsequent decrease in the water level of this lake, which is one of the factors
in water level reduction, climate change, and phases. There is a severe drought in this region. With the decrease in the
water level of this lake, the salt obtained from it is suspended in the atmosphere and causes damage to the people and
crops of this region (Hadadi et al., 2015). Most of the studies carried out in the Ormia Lake drainage basin in the field
of revealing the changes of climatic elements and parameters are focused on finding the trends of temperature and
precipitation changes, and the changes of total cloud cover have not been studied. This is despite the fact that clouds
provide sources of moisture and precipitation. Considering the lack of study of cloud cover changes in the Ormia Lake
drainage basin, the importance of the subject and the need to study it double. The aim of the current research is to reveal
the temporal and spatial distribution of changes in the total cloud cover of the sky in the Ormia Lake drainage basin.

Methodology

In order to achieve the goals of this research, data on the amount of total cloud cover of the sky on a daily scale and
data on precipitation, temperature, evaporation, and sunshine hours on a monthly scale for a statistical period of 70
years (1951-2020) were obtained from the Statistics Center of the Meteorological Organization. After sorting and
screening the required data, the parametric histogram chart was used to show the changes over time. For this purpose,
the cloud cover of the sky was divided into five classes (0 to 8 Okta), which are as follows :

0 (clear), 1-2 Okta (few), 3-4 Okta (scatter), 5-6-7 Okta (broken), 8 (overcast)

In meteorology, the unit of measurement of cloud cover in each region is Okta. These eight degrees range from 0 octaves
(clear) to 8 octaves (total cloud cover) (Sahraiyan, 2004). For total cloud cover of the sky, the data of the hours of the
day (06, 09, 12, 15) were analyzed. Then, based on the classification of clouds, the frequency percentage of each class
was determined, and the histogram of the parabola was drawn and analyzed annually. Also, in this research, in order to
study the total cloud cover of the sky, the MODIS cloud sensor product (Terra and Aqua satellites) was used. The data
and images of the MODIS Aqua sensor for a 20-year period (2003-2022) and the MODIS Terra sensor for a 22-year
period (2001-2022) were used from the NASA website to extract the total cloud cover of the sky (CFFCM). Also, after
taking the satellite images, the images were averaged annually and seasonally in the GIS environment. The study area
was cut and analyzed. Pearson's correlation test was used in order to investigate the relationship between observational
data on the total cloud cover of the sky and Aqua and Terra satellite data with the elements of precipitation, temperature,
evaporation, and sunshine hours.

Results and Discussion

The percentage of the total cloud cover of the sky on an annual basis showed that in 23.9% of the cases, slightly cloudy
conditions occurred, and in 22.9% of the cases, semi-cloudy conditions and partly cloudy conditions occurred in 15.3%
of the cases in the Ormia Lake drainage basin.

Changes in the average cloudiness of the sky on an annual basis through the averages taken from satellite images (Aqua
and Tera) along with the average taken from meteorological observation data in a unit of one (fraction) indicated that
the average cloudiness of the sky in the data observations is significantly higher than the cloudiness estimated from
satellite images. The difference between the highest and lowest observed values (dispersion) in satellite images is
steeper than the observed values.

Also, the average annual cloudiness changes taken from satellite and observation data indicate the similarity and
simultaneous changes in the amount of cloudiness in the study area. So, in the years 2004, 2005, 2013, and 2017, a
lower level of cloudiness occurred in the Ormia Lake drainage basin. In the years 2007, 2011, 2014, 2018, and 2020,
relatively higher cloudiness was recorded in the Ormia Lake drainage basin.

The study of the correlation coefficients between the total cloud cover of the sky and climatic parameters showed that
there is a direct and significant relationship between the cloudiness of the sky and annual precipitation and an inverse
relationship with temperature, evaporation, and sunshine hours.
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In the spatial distribution of cloudiness in the Ormia Lake drainage basin, the change in cloudiness values and its spatial
distribution in different seasons can be recognized in satellite images of seasonal averages. In general, the relative
increase of cloud cover from south to north and from east to west can be recognized in the annual average cloud cover,
which shows relative compliance with the synoptic patterns and distribution of mountains in the northwest of the
country.

Despite the occurrence of some differences in the different studied stations, relatively the same behavior can be observed
in different parts of the Ormia Lake drainage basin. There may be slight differences due to differences in the location
of the stations in relation to topography, latitude, and differences in the seasonal behavior of clouds. The main reason
that a relatively similar behavior is observed in the study area is that the geographical dimensions of the study area are
small compared to the dimensions of synoptic systems that cause cloudiness, and therefore, in the case of the passage
of precipitation systems (causing cloudiness), it dominates the entire study area.

The purpose of this research was to investigate the temporal and spatial distribution of changes in the total cloud cover
of the sky in the Ormia Lake drainage basin and its relationship with precipitation, temperature, evaporation, and
sunshine hours. Urmia Lake drainage should be paid for.

In the present study, the total cloud cover of the sky was classified into five classes (clear, slightly cloudy, partly cloudy,
semi-ccloudy, and full cloudy) for better analysis, and the temporal and spatial distribution of cloudiness in the Ormia
Lake drainage basin was based on the classes determined in a 70-year time span using observational data and satellite
data for the first time.

The findings of the research showed that in the study area, the sky is mostly clear (28.7%) and slightly cloudy (23.9%),
and only about 30% of the cases are semi- and full-cloudy.

In the examination of the frequency of occurrence of each of the cloudy classes, it was found that, in most cases, there
was an increasing trend in the clear and slightly cloudy classes and a decreasing trend in the semi-cloudy and full-
cloudy classes.

The study of the correlation coefficients between the total cloud cover of the sky and climatic parameters showed that
there is a direct and significant relationship between the cloudiness of the sky and annual precipitation and an inverse
relationship with temperature, evaporation, and sunshine hours, which is weaker in the case of annual temperature than
the rest of the parameters; and also that the relationships established with observational data are more logical than those
established with satellite data.

Investigating the spatial distribution of average seasonal cloudiness showed that cloudiness in winter and autumn is
different from spring and especially summer. The highest amount of winter (summer) cloudiness is observed in the
southern (northern) half of the Ormia Lake drainage basin, and this arrangement is consistent with the seasonal synoptic
currents and the distribution of altitudes.

Fallahi, M., Alijani, B., Hejazizadeh, Z., & Naserzadeh, M.H.(2017). The effect of climate change on the characteristics
of cloudiness in Iran. PhD Thesis, Kharazmi University, Faculty of Geography

- Hadadi, H., & Heydari, H. (2015). Detection of the effect of rainfall fluctuations on the surface runoff the Ormia Lake
drainage basin. Geography and environmental planning, 26(2): 262-248

- Sahraiyan, F., Rahimzadeh, F., & Pedram, M.(2004). trend of annual average cloud cover and annual average
maximum temperature in a number of stations in the country. Newar, 45, 7-19.
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Table 2: Classification Of Total Cloud Cover
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Table 3: The Percentage Of Total Cloud Cover Annually(1951-2020)
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Fig 2: The Percentage Histogram Of The Percentage Of Total Cloud Cover Of The Studied Stations On An Annual
Basis
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Fig 3: Linear Diagram Of The Percentage Of Total Cloud Cover Of The Studied Stations On An Annual Basis
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Fig 4: The Graph Of The Annual Average Of Total Cloud Cover Based On The Aqua And Terra Satellite Data
And The Observational Data Of The Ormia Lake Drainage Basin
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Table 4: Pearson's Correlation Coefficient Between The Observed Data Of Total Cloud Cover With Precipitation,
Temperature, Evaporation, And Sunshine Hours
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Table 5: Pearson's Correlation Coefficient Between Tera Satellite Data For Total Cloud Cover With Precipitation,
Temperature, Evaporation, And Sunshine Hours Data
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Table 6: Pearson's Correlation Coefficient Between The Aqua Satellite Data For Total Cloud Cover With
Precipitation, Temperature, Evaporation, And Sunshine Hours Data
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Fig 5: Tera Satellite Images Of Total Cloud Cover Annually (A), Spring (B), Summer (C), Autumn (T), And
Winter (C)
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Fig 6: Aqua Satellite Images Of The Overall Cloud Coverage Of Annually (A), Spring (B), Summer (C), Autumn
(T), And Winter (C)
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