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Introduction

Precipitation, as the most important climatic element, has always been studied from two
perspectives of time and place. The emphasis on the time perspective determines the temporal
changes, and the emphasis on the location perspective determines the spatial variation of
precipitation. Since Iran is located in an arid and semi-arid region, it lacks large internal and
adjacent water resources to supply moisture for its precipitation. As a result, most of its
precipitation moisture must be supplied from the surrounding water levels. One of the
methods that can be used to study the course of rainfall in the past and present is to analyze
the trend of time series on different scales. So far, some statistical methods have been
presented for the analysis of time series routines, which can be divided into two general
categories including parametric and non-parametric methods. Southeastern Iran, which
includes Sistan-Baluchestan, Kerman and South Khorasan provinces as well as the eastern
parts of Hormozgan Province, is one of the arid regions of Iran. Restriction on water
resources and annual precipitation in this part of the country has severely limited agricultural
and industrial activities. The lives and deaths of the majority of people are also related to the
low precipitation that falls throughout the year. Therefore, considering the lack of a
comprehensive study on precipitation trends in the region, the purpose of this study is to
investigate the annual and seasonal precipitation trends at stations in southeastern Iran. The
results of this study can play an important role in understanding the precipitation trend in the
southeast for planning of water resources management, management of unexpected events
such as floods, and the optimal utilization of precipitation.
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Methodology

In order to conduct this study, daily precipitation data were obtained from the synoptic
stations in the southeast of the country, including the stations selected in the provinces of
Hormozgan, Sistan and Baluchestan and Kerman during a 30-year period (1987-2016). Two
Mann-Kendall tests and Sen’s SlopeEstimate are among the most common non-parametric
methods of trend analysis when considering hydrometeorology. Various studies conducted
with these two methods indicate the importance of their widespread use in the rapid evolution
of time. Data changes are identified using the Man-Kendall method, and their type and time
are specified too. The non-parametric Kendall test was proposed by Mann and then
developed by Kendall (1975) based on ranking data in a time series. This method is widely
used for the analysis of hydrological and meteorological series.

Results and discussion

Considering the annual, seasonal and maximum 24-hour precipitation trend diagrams, there
was no intersection of the U and U’ sequences above and below the significant lines, which
means that the acceptance of HO hypothesis is random. There was no significant trend (H1)
variable either. Precipitation is in the southeast of Iran and, in fact, the condition is -1.96 (ti)
< U or 1.96 (ti) > U and has a static series.

In Sen's Slope Estimate test, the total reduction of winter precipitation slope was equal to -
0.350 mm, which, based on the 95% confidence of the upper and lower slopes was -0.123
and -0.835, respectively. This was the case for 99% of the slopes. The high and low values
per year were 1.604 and -2.318, respectively. For annual rainfall, summer, autumn, winter
and maximum 24-hour precipitation, the test estimated a negative precipitation slope. Mann
Kendall test estimate showed an annual decrease of -1.71 in precipitation in winter.

In the study of changes in the annual precipitation using Mann-Kendall test, it was observed
that the annual precipitation trend in most stations in the southeast (except Bam and
Chabahar) had a decreasing trend. Sen’s Slope Estimateshowed the highestprecipitation(at[]
any given time at Bandar-Lengeh station at -4.16 mm per year. As the time series of Man-
Kendall test in the seasons of the year indicated, in spring, summer and autumn, the
precipitation trend in most stations decreased, but this trend was not significant in any of the
stations in southeastern Iran. Only in winter, the precipitation at Bandar-Lengeh, Jask and
Kish stations hads decreasing trends at a 95% significance level. Sen’s Slope Estimate data
showed that the amount of precipitation decreased in the mentioned stations.

Conclusion

The results of using the Mann-Kendall test showed that the mean annual precipitation trends
in spring, summer and autumn seasons in southeast Iran were not significantly different, and
only winter precipitation had a decreasing trend. Sen’s estimates of the slope indicated that
the precipitation in southeastern Iran in winter was -0.350 mm per year. The annual
precipitation trends at BandarAbbas, BandarLengeh, Abumousa and Kish stations at the 95%



significance level and Jask and Iranshahr stations at 90% were significant. The statistics also
showed that the highest annual precipitation reduction was at the Bandar-e-Lange station at
-4.16 mm per year. In spring, summer and fall, precipitation was not significant in any of the
stations in the southeast of Iran, and winter precipitation in Bandar-e-Lengh, Jask, and Kish
stations had a 95% significant decrease. Based on the assessment of 24-hour rainfall
variations, the above mentioned precipitation had a decreasing trend at 99.9% at
BandarAbbas stations and 95% at Bandarlange, Jask, Abumousa and Kish stations.
According to the tests and the analyses performed in this study, what is certain is that, in all
the stations in southeastern Iran, no significant positive trend was observed in annual,
seasonal and maximum 24-hour rainfall at the levels of 99% and 95%; most precipitation
trends were decreasing. This revealed the fact of decrease in rainfall in the southeastern
climate of Iran during the years 1987 to 2016. The decrease in the annual rainfall is mostly
related to -1.71 per year.
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