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The lake Urmia has been experiencing rainfall severe fluctuations in the recent years, as water
level elevation of the lake Urmia has declined that some of the researchers rainfall reduction is one
of the main reasons that it seems to be important to investigate the changes in the monthly and
annual precipitation of lake Urmia basin. In this study, monthly, seasonal, annual rainfall and
precipitation concentration index at annual and seasonal scale in synoptic stations (Tabriz, Urmia,
Takab, Mahabad, Ahar, Sarab, Sahand, Mianeh) in lake Urmia basin from years (1988-2013) was
investigated. Then to analysis the rainfall trend and PCI index of the Mann-Kendall and Slope-Sen
test were used for identify mutation points. The results showed that among the synoptic stations
seven studied, a non-significant reduction trend and stations two (Tabriz and Sarab) had a non-
significant increasing trend. most of the synoptic stations of lake Urmia have been observed
monthly precipitation in the months (january, november, december) as well as in the months (May,
August, september) has been increased in most stations. Based on Sen - Thile test and at %95
confidence level, maximum and minimum amount of annual rainfall decrease occurred in mahabad
and Urmia station, respectively. None of the synoptic stations had a uniform temporal distribution
(PCI <10) and only the Ahar station has an average annual rainfall distribution. Seasonal
precipitation trend analysis showed that in winter the supply of large part of lake Urmia water
requirement, most of synoptic stations have reduction trend.

Copyright©2020, Geography and Development. This is an open-access article distributed under the terms of the Creative Commons Attribution-
noncommercial 4.0 International License which permits copy and redistribute the material just in noncommercial usages, provided the original
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Extended Abstract
1- Introduction

he declining trend of Lake Urmia in
recent years has led to serious
environmental, economic and social
concerns. One of the inherent features
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of the atmospheric cycle is fluctuations in the
number of meteorological variables anywhere on
Earth. Rainfall regime change, in addition to
significant environmental effects, has an
undeniable effect on the economy of society by
changing the quantity and quality of water
resources. Therefore, analysis of precipitation
and the study of possible fluctuations and the
date of its sudden change in terms of
environmental-economic is of considerable
importance. One of the most important climatic
characteristics of each region is its rainfall. This
climatic characteristic is one of the most unstable
climatic variables that seriously affects the water
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resources of an area. Considering the effects of
rainfall on water resources such as groundwater,
surface water reserves and snow, the use of
indicators to express its changes seems necessary.
These indicators include the standard precipitation
index (SPI) and the precipitation density index
(PCI). The index (SPI) is one of the practical
indicators in most applied studies, while the PCI
index has been introduced and considered in
recent years. Precipitation density index is a
suitable index of rainfall time distribution that is
commonly used in annual scales. Increasing the
value of this coefficient means that there has been
little scattered rainfall in the region. The results of
the PCI calculation can be used for hydrological,
water and environmental resource management
applications as a warning tool for flood or erosion
preparedness. Unbalanced distribution of rainfall
can reduce crop Yields by reducing soil moisture
storage and increasing the number of irrigation
cycles. In addition, unbalanced distribution of
rainfall means drought and less rainfall than the
average in the region may cause dangerous floods
because soil moisture is reduced and vegetation is
lost. Eventually, this will increase protection
measures in the basin in order to preserve water
structures. Considering the water shortage crisis of
Lake Urmia in recent years, and considering the
importance of rainfall and distribution of rainfall
in each region in making hydrological
management decisions, water resources, the
purpose of this study, rainfall calculation, rainfall
concentration index (PCI) and analysis Their trend
is at the level of Lake Urmia.

2-Methods and Materials

In this study, among the synoptic stations in the
Urmia Lake basin, 8 synoptic stations with a
statistical period of 26 years were selected to
study rainfall density. Then, the rainfall
concentration index was used to determine the
distribution of rainfall time on an annual and
monthly scale. Also, Mann-Kendall test was used
to study the rainfall trend and rainfall
concentration index and Mann-Kendall test was
used to analyze the jump points of rainfall trend
and rainfall concentration index.

3-Results and Discussion

In order to determine the amount of precipitation
changes during the statistical period in the
catchment area of Lake Urmia, the graph of
annual average precipitation changes during the
statistical period (1988-2013) was drawn. To
determine the wet and drought years, the long-
term average (273.61) was reduced from the
annual rainfall. The evaluation results of plotting
annual precipitation changes compared to the
long-term average showed that during the
statistical period of 14 years, the amount of
annual precipitation was less than the long-term
average, and according to the results and Mann-
Kendall test from the synoptic station The
studied 7 stations show the trend of annual
rainfall decrease and only 2 stations (Sarab,
Tabriz) have the trend of increasing. Based on
the results obtained from the Sen-flood method,
the maximum and minimum amount of annual
rainfall decrease in Mahabad and Urmia stations,
respectively. With the slope of changes (3-364)
and (-0.270) among the studied stations, only
Tabriz and Sarab stations show the trend of
increasing annual rainfall with the slope of
changes (0.231) and (0.691), respectively. The
results showed that the rainfall concentration
index in Ahar city was less than 15 and had
moderate rainfall concentration and also Sarab,
Tabriz, Takab and Miyaneh synoptic stations
increased their rainfall distribution, respectively.
And Sahand and Mahabad have irregular rainfall
distribution and Arv Synoptic Station May has
the most disorder among the synoptic stations of
the lake basin; And among the synoptic stations
studied, none of the stations had a uniform
rainfall distribution. According to the annual
rainfall concentration index, no uniform rainfall
was observed in any of the years of the study
period. In 44% of the studied years, the annual
rainfall concentration was moderate (11-15) and
the remaining 54% of the annual rainfall years
were distributed. It was irregular and had the
highest uniform rainfall concentration between
the years (1961-2001), and 1988 also saw the
lowest PCI index.

4-Conclusion

The aim of this study was to analyze
precipitation and PCI precipitation concentration
index and analyze their trends on an annual,
seasonal and monthly scale using Mann-Kendall
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test, slope-age and sequential Man-Kendal test in
8 synoptic stations of Urmia Lake basin in the
period. Statistics were conducted for 26 years
(1988-2013). By performing non-parametric
methods of trend analysis on seasonal and annual
precipitation time series was observed that due to
the fact that in most synoptic stations a
decreasing trend in annual precipitation was
observed, but none of these decreasing trends
was significant at 95% level and Tabriz and
Sarab stations Although there has been an
increasing trend and these two stations have
increased in spring and winter when there is
more rainfall, but on an annual scale at 95%
confidence level has not been significant, given
that this index shows changes in rainfall
distribution in the region. Therefore, the
information obtained from this index is used in
management planning.

Keywords: PCI Index Trend Analysis, Lake
Urmia Basin.
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