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QC?FE)EYC’:ZOH Temporal and spatial variations in precipitation play a key role in the
Affaﬁgmé online: balance of water resources. The catchment area of Lake Urmia, as the
October.05.2022 largest inland lake in Iran, is the destination of the most important rivers

in the northwest of the country. Accordingly, in the present study, the
temporal and spatial distribution of precipitation in the Lake Urmia basin
was investigated. The data used are the total frequency of seasonal and
annual precipitation of 59 meteorological stations and data related to 11

Keywords: teleconnection patterns during 1992-2016 and the main methods,
precipitation, statistical characteristics (first quartile, third quartile, and seasonal and
Spatiotemporal annual Coefficient of variation), principal component analysis, Ward
analysis, hierarchical cluster analysis, Kriging geostatistical method, and Pearson
teleconnection correlation. In the study of statistical features, it was found that the highest
patterns, Cluster | coefficient of variation in summer and the highest numerical value of the
analysis, Principal | first and third quartile in winter were calculated and the highest coefficient
component analysis of variation in the middle, central and southern parts, more values of the

first quartile in the northern and western parts and higher quartile values
are observed in the western and southern halves. Based on the results of
temporal and spatial analysis, it was determined that the highest amount
of precipitation occurs in the spring in the western half. Performing
principal component analysis determined that the six main factors explain
about 95% of the variance of the data and the most important influential
components are the first and third quartile of autumn, winter, and annual.
The results of cluster analysis identified three groups in central and
southern regions, western and southwestern and northern half. The study
of the relationship between winter precipitation and teleconnection
patterns showed that this relationship is significant with NAO, EAWR,
and MOI patterns.
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1.  Introduction

Precipitation is one of the vital and complex elements of the earth's atmosphere, whose temporal and
spatial variations, can control Iran's climate (Rasouli et al., 2012). The classification of precipitation
characteristics with the help of multivariate methods such as cluster analysis and principal component
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analysis and zoning of precipitation areas helps to understand the temporal and spatial system of
precipitation (Ashrafi, 1389). Temporal-spatial separation of precipitation into independent
units with the help of multivariate statistical methods with minimum error is one of the most effective
methods of investigating this phenomenon. Identification of homogeneous precipitation areas is the
most important prerequisite for environmental planning, especially planning for water resources
management and land use planning (Raziei, 2016).

The Urmia Lake basin shows significant spatial and temporal changes in peripitation. These changes
have significant effects on agriculture, hydrology, environment, and etc . Therefore, it is necessary to
be done comprehensive research to identify the effective variables in the temporal and spatial
distribution of precipitation and the zoning of precipitation areas to prevent possible damages in the
catchment area of Urmia Lake. The purpose of this research is to identify the spatial and temporal
differences in precipitation in the Urmia Lake basin and to identify the most important characteristics
of precipitation.

2.  Materials and Methods

The studied area in this research is Urmia Lake basin in northwest of Iran. The data used are the total
frequency of seasonal and annual precipitation of 59 weather stations and data related to 11
teleconnection patterns (i.e. Arctic Oscillation, North Atlantic Oscillation, Pacific Decadal Oscillation,
Mediterranean Oscillation, East Atlantic-West Russian Oscillation, Enso patterns) in the 1992-2016
years. First, the statistical characteristics of the data including the seasonal and annual coefficient
variation of precipitation, the first quartile, and the third quartile were calculated. Using the KMO test,
the adequacy of the data was checked. Then, principal component analysis method was used to reduce
the dimensions of the data that have a high correlation. To obtain relatively homogeneous precipitation
areas, Ward's hierarchical cluster analysis method with squared Euclidean distance was used. After
clustering, homogeneous stations and homogeneous areas were shown on the map. Kriging geostatistics
method was used for zoning. Finally, the relationship of teleconnection patterns with winter
precipitation anomaly was measured by Pearson correlation method.

3. Results

Spatial distribution of statistical characteristics in seasonal and annual time scale showed that the high
values of the coefficient of variation in all periods were in the middle, central and southern regions, the
highest spatial distribution of the first quartile were in the northern and semi-western parts, and the
highest values of the third quartile were in all time intervals have been calculated in the western half
and southern parts.

According to the results of the analysis of the principal components, the value of the KMO test is
calculated to be about 0.83. Also, six main components cumulatively explain about 95% of the
explanatory variance. In addition, it was determined that the variables of the first and third quartiles of
autumn, winter, and annual precipitation are influential factors in the spatial pattern of precipitation in
Urmia Lake basin. Spatial distribution of the values of the main calculation components based on the
factor loads related to the six main components determined that the amount of precipitation decreases
from west to east. The results of the cluster analysis show that there are three separate groups with
similar trends: 1) stations in the middle areas and several southern stations 2) western and southwestern
stations 3) northern half stations, which the frequency of precipitation in the second group is the highest.

Examining the statistical characteristics of the homogeneous groups resulting from the cluster analysis
showed that the maximum average seasonal precipitation in spring and winter, the highest value of the
coefficient of variation in the summer season in the first group, the highest value of the first quartile in
the season spring and the highest values of the third quartile in the second group occurred in spring.

The results of the spatial analysis showed that the maximum spatial distribution of precipitation belongs
to the western half of the study area, but the main focus of its occurrence is the southwest corner,
focusing on the Sardasht station. In the investigation of the relationship of precipitation with
teleconnection patterns, it was found that three patterns of North Atlantic, Mediterranean oscillations,
and East Atlantic-West Russian oscillations have a significant relationship with winter precipitation.
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4.  Discussion and Conclusion

The results of the statistical characteristics showed that the highest value of the coefficient of variation
belongs to summer, and the highest value of the first and third quartiles belongs to winter. It was also
found that the highest value of the coefficient of variation is in the middle, central and southern regions,
most of the first quartile is in the northern and western regions and the maximum of the third quartile
is in the western and southern half. According to the results of temporal and spatial analysis, we found
that the maximum precipitation occurs in the spring season in the western half of Urmia lake basin. The
results of principal component analysis showed that, in general, 6 main factors explain about 95% of
the data variance. In addition, it was found that the most important influencing factors include: the first
and third quartiles of autumn, winter, and annual seasons.

The implementation of the cluster analysis method showed that there are three homogeneous groups:
1) the central and southern regions, 2) the western and southwestern regions, and 3) the northern half.
Finally, the correlation analysis of teleconnection patterns with winter precipitation showed that the
strongest significant relationship is related to NAO, EAWR, and MOI patterns.
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Spatiotemporal Analysis of Precipitation and its Relationship with
(Teleconnection Patterns (Case study: Urmia Lake basin)

Hadi Sanikhanil

Abstract

Temporal and spatial variations in rainfall play a key role in the balance of water resources. The
catchment area of Lake Urmia, as the largest inland lake in Iran, is the destination of the most important
rivers in the northwest of the country. Accordingly, in the present study, the temporal and spatial
distribution of rainfall in the Lake Urmia basin was investigated. The data used are the total frequency
of seasonal and annual precipitation of 59 meteorological stations and data related to 11 teleconnection
patterns during 1992-2016 and the main methods, statistical characteristics (first quartile, third quartile,
and seasonal and annual Coefficient of variation), principal component analysis, Ward hierarchical
cluster analysis, Kriging geostatistical method, and Pearson correlation. In the study of statistical
features, it was found that the highest coefficient of variation in summer and the highest numerical value
of the first and third quartile in winter were calculated and the highest coefficient of variation in the
middle, central and southern parts, more values of the first quartile in the northern and western parts
and higher quartile values are observed in the western and southern halves. Based on the results of
temporal and spatial analysis, it was determined that the highest amount of precipitation occurs in the
spring in the western half. Performing principal component analysis determined that the six main factors
explain about 95% of the variance of the data and the most important influential components are the
first and third quartile of autumn, winter, and annual. The results of cluster analysis identified three
groups in central and southern regions, western and southwestern and northern half. The study of the
relationship between winter rainfall and teleconnection patterns showed that this relationship is
significant with NAO, EAWR, and MOI patterns.

Keywords: Rainfall, Spatiotemporal analysis, teleconnection patterns, Cluster analysis, Principal
component analysis
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