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Abstract

Introduction: Extreme precipitation is one of the most critical
climate hazards and one of the consequences of climate change in
arid and semi-arid countries. These hazards, if left unmanaged, could
lead to economic and social damages. The present study aimed to
identify the temporal and spatial variations of extreme precipitation
in Iran.

Methods: Precipitation network data with a spatial resolution of
15x15 were first used for a statistical period of 50 years (1961-
2011). Then, for the purpose of variations of inter-decade
precipitation in Iran, the study period was equally divided into 5
distinct periods. MATLAB software and GIS were used to perform
calculations. For every periods, spatial pattern, frequency, mean,
coefficient of variation, and trend were calculated. The threshold of
>95th percentile, and the coverage of 50% of the total area of the
country along with the continuation of at least two days of
precipitation were considered as the criterion for the extreme
precipitation.

Findings: The results of this study showed the highest frequency
and extreme precipitation in the Caspian coast, the north-western
and west, particularly the western Zagros. Investigation of the
precipitation in different periods showed that the third period
(1981-1990) had the highest frequency of extreme precipitation. It
is while the highest coefficient of variability was observed in the first
period (1961-1970) so that the maximum precipitation core was in
the central and south-eastern Iran. Also, in spite of increasing
frequency and precipitation trend in the southern half of the country
in all periods, the northern half of Iran, particularly the Caspian coast
had a decreasing trend.
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Introduction

Extreme rainfall is one of the mostimportant
weather hazards and one of the
consequences of climate change in countries
with arid to semi-arid climates. Without
proper planning and management, this type
of risk leads to great economic and social
damage. Changes in climate patterns can
lead to severe floods, extreme heat and cold,
more frequent droughts, rising sea levels,
global warming and melting permanent ice.
Rainfall is one of the most important climatic
elements that has many temporal and spatial
changes. This atmospheric phenomenon is
very important for a country like Iran. Iran is
one of the regions with abnormal rainfall
behavior. These changes in precipitation are
due to changes in the factors that produce it.
Many studies have been done on heavy and
Extreme Precipitation in the world. There is
evidence that the intensity of marginal
rainfall is increasing globally and has
increased significantly in recent years.
Extreme Precipitation as one of the
manifestations of precipitation is one of the
most vital climatic phenomena that can have
significant effects on society and the
environment. Therefore, understanding the
complexities of the occurrence of Extreme
Precipitation is the most importantissue and
recognizing the effective factors in its
occurrence is one of the objectives of this
study.

Methods
In this study, in order to study and analyze

the areas of threshold precipitation in Iran,
daily precipitation data during the period
1961 to 2004 have been extracted from
Asfzari databases. In order to increase the
temporal resolution of the mentioned
database, daily precipitation observations
from 2004 to the end of 2011 have been
interpolated and added to the mentioned
databases using the same method and the
same spatial separation. Also, in order to
complete the Asfzari database, precipitation
in 647 synoptic and climatological stations

of the country during the period 2005 to
2011 has been extracted from the
Meteorological Organization. After
preparing the database, the most important
issue is to select the appropriate threshold to
investigate the Extreme Precipitation.
Considering that in the study of climatic
phenomena, the most common method of
threshold selection is the wuse of the
percentile index, so in the present study, to
select the day of heavy rainfall during the
statistical period, the percentile threshold
index along with two other criteria.
Therefore, a day was known as heavy rain,
which firstly has a rainfall higher than the
95th percentile, secondly covers at least
50% of the area of Iran, and thirdly lasts at
least two days. After extracting heavy
rainfall, linear regression was used in this
study to investigate the temporal and spatial
changes of annual heavy rainfall in Iran.

Findings

In this study, in order to identify the temporal
and spatial changes of annual limit
precipitation in Iran, the spatial distribution
of frequency, average and coefficient of
precipitation changes in 5 periods of 10 years
were drawn and analyzed. In the first period
(1961-1970), the highest frequency of
Extreme Precipitation in Iran (200 days) is
related to the west coast of the Caspian coast
and decreases from this border to the east.
After that, the western, northwestern and
northeastern regions of Iran have the highest
amount (about 150 days). Therefore, as we
move from north to south and from west to
east, the frequency of precipitation is limited.
The average of these precipitations decreases
from high latitudes to low latitudes and east
of the country. In the second period (1971-
1980), the frequency distribution of Extreme
Precipitation has increased compared to the
previous period, especially in the highlands,
and the maximum frequency of the core has
spread to the northern coasts of the country.
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Also, average rainfall with values above 180
mm, which covers 58% of the country, is
related to the Caspian coast and the Zagros
highlands, then west, northeast and
northwest. In the third period (1aAy-144.) the

frequency of annual rainfall compared to the
first and second periods is seen with a
significantincrease. The core of the maximum

frequency of Extreme Precipitation in the
Caspian coastal strip is 270 days at Rasht
station, which can be said to be due to the

discontinuity caused by the subsidence of

cold and dry high pressure Siberian or Black
Sea and its collision with hot and humid
southern Caspian air. In the fourth period

(1990-2000), the maximum frequency of

Extreme Precipitation has been stretched
from northwest-southeast from north and
northwest to the southern regions of Iran and
parts of Kerman. In the fifth period, almost
the whole area of Iran, except Bandar Abbas
and a small part of the central regions,
including Yazd and Kerman, have
experienced abundance in the range of 80 to
200 days, and its maximum is seen in the
Caspian coastal and Zagros highlands.

Discussion
In order to analyze and study more

accurately the temporal and spatial changes
of Iranian rainfall during the statistical
period 1340 to 1389, the spatial distribution
of the trend and its significance for each
period were analyzed. In the first period, it
has a trend throughout the country, so that
about 45.72% of the total area of the country
is increasing. Distribution of marginal
rainfall trend of the second period, unlike the
first period, more than half of the country
(approximately 60.15%) has an increasing
trend that covers many parts of the central
and eastern parts of the country. In the third
period, marginal rainfall had similar trends
to the first period, so that more than half of
the country (51.97%) has a decreasing
trend. The fourth period has been declining

more than three decades ago, so that in most
parts of the country, including the north and
south coasts, west and northwest, parts of
the northeast and central regions, about
78.6% of the country's area is spread. In the
fifth period, about 94.21% of the country is
allocated to increasing trends and includes a
few parts of the southwest, including Ahvaz,
parts of Semnan, Isfahan and Zahedan.

Conclusion

In this study, with the help of statistical
analysis, the temporal and spatial changes of
annual Extreme Precipitation in Iran were
investigated and identified. The results
showed that the highest frequency and
average Extreme Precipitation of the
country is related to the Caspian coast and
then the northwest and west, especially the
western slopes of the Zagros during 50
years. The values of the coefficient of
variation are increasing in all periods from
north to south and west to east. Finally,
during this period, Iran's Extreme
Precipitation showed an increasing trend
and this increasing trend is specific to the
southern parts of the country, including the
heights of the South Zagros. Also, a
significant increase has been observed in the
average rainfall of the southeastern regions
of the country. Analysis of the relationship
between global warming and the frequency
of Extreme Precipitation indicates that
global warming has strongly affected the
frequency of Extreme Precipitation, which is
more significant in the southwestern parts of
the country.
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