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ABSTRACT

The cloud fraction data from MODIS Terra and MODIS Aqua sensors for the morning and
afternoon were used. The principal component analysis and cluster analysis methods were used to
process the data. The long-term mean cloud fraction in Iran is 27.4 percent. In the cold period,
especially in the months of January and February, morning cloudiness is higher, while in the warm
period of the year, afternoon cloudiness is higher than morning. The first component represents
the climatology of cloudiness in Iran. The coasts and backwaters of the Caspian Sea are distinct
from other parts of the country. The role of altitudes, especially Alborz through damming and
Zagros through orographic, in the formation of cloud density is obvious. The second component
represents convective activities. The summer cloud pattern is active in the Caspian region under
the influence of the lake effect and in the southeastern region of the country under the influence of
the Indian monsoon. The third component is the cloud dominance in the transitional period. This
period of cloud dominance is in the Caspian region, northern Azerbaijan, the Sahand Mountains,
Sabalan, and the border heights of Iran and Turkey. The spring pattern peaks in May and the
autumn pattern in October. The fourth component is more local in nature and represents another
form of the spring cloud pattern in the peaks located on the ridge of the central Alborz Mountains,
the Urmia Lake basin, Sahand, Sabalan, Chehel Cheshmeh of Kurdistan, and the border heights of
Iran and Turkey.
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1. Introduction

When the condensation process takes place at a higher altitude than the ground surface, clouds are formed.
Clouds are one of the most important climatic elements affecting the weather systems on the surface of the
Earth, because on the one hand, in the sets of synoptic systems, they cause the transfer of significant amounts
of moisture from the oceans to the land on the Earth's surface and on the other hand, they play a decisive role in
the distribution of this moisture in the form of precipitation on the Earth's surface. Also, due to their effect on
the amount of solar radiation and the amount of energy output from the Earth's surface, they control the energy
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balance on the Earth's surface. Therefore, any temporal and spatial changes in them can affect other climatic
elements and cause complex climate changes. One of the most important current issues in the field of climate is
the issue of temporal and spatial changes in climate parameters. Clouds are also one of the important climate
parameters that are at the top of the hydrological cycle and their changes will lead to changes in the temporal
and spatial distribution of many climate variables such as precipitation, temperature, solar radiation and
evapotranspiration.

2. Materials and Methods

Principal component analysis is a powerful tool for analyzing spatial patterns from temporal patterns that can
show where spatial patterns of cloud cover percentage form in order of priority, when they are active, and how
long they last. Therefore, the spatial output of this analysis is displayed as a map and the temporal output is
displayed as a graph. The outputs of principal component analysis can be used in cluster analysis. Using the
cluster analysis method, the spatial patterns obtained can be combined and an integrated spatial pattern can be
obtained, which is called spatial zoning. Temporal patterns can also be combined, which ultimately results in
temporal seasonality.

3. Results and Discussion

Iran's location in the world's dry belt has caused the country's average rainfall to be less than one-third of the
global average. In fact, the country's arid climate is rooted in the lack of cloud cover, because the country's
average cloud cover is about 27 percent, which is less than half of the average cloud cover on the earth's
landmasses (55 percent). Cloud cover varies throughout the day. The long-term average cloud cover in the
morning is about 26 percent and in the afternoon it reaches more than 28 percent, which is due to the activation
of convective processes in the afternoons. Cloud cover has a seasonal distribution. In the cold months of the
year from November to April, the amount of cloud cover is above 40 percent, and its peak is above 50 percent
in January and February. In May, the amount of cloud cover is greatly reduced, and from June to October it is
about 10 percent. In the cold period, especially in January and February, morning cloud cover is higher (due to
the influence of western systems). While in the warm period of the year, afternoon cloudiness is more than
morning (due to the activation of the convective mechanism). Although the cloudiness of the warm period is
small, it fluctuates slightly due to its local mechanism. While the cloudiness of the cold period fluctuates much
more due to the intermittent influence of western systems.

4. Conclusion

Like the distribution of rainfall, the distribution of cloudiness in Iran is also heterogeneous. Based on the
zoning, Iran can be divided into seven regions. The spatial structure of cloudiness zoning is formed under the
influence of the configuration of the ruggedness and the distance from the passage of the western systems. The
spatial arrangement of the cloudiness zones shows that the Caspian Sea is the main source of cloudiness in Iran,
the moisture that the migrating western systems (northwest, west, southwest) bring to Iran. Because the amount
of cloudiness decreases from northwest to southeast. The highest cloudiness (57 percent) is in the Caspian
region, which also includes the Moghan Plain, and the lowest cloudiness is in the Makran region (15 percent) in
the southeast of the country. Of course, the similarity of both regions is that they have summer cloudiness. The
summer cloudiness of the Makran region is due to the infiltration of humid summer monsoon air. While the
summer cloudiness of the Caspian region is a result of the lake effect process.

Keywords: Percentage of cloud cover, MODIS Terra and MODIS Aqua data, Principal component analysis,
Cluster analysis, Iran.
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