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ABSTRACT: Large-scale climatic teleconnections have noticeable effects on meteorological events in different regions of
the world. In this study, the linkages between three major climatic indices, Arctic Oscillation (AO), North Atlantic Oscillation
(NAO) and Southern Oscillation Index (SOI), and precipitation in Iran were assessed from 1960 to 2014, at 30 synoptic
stations in a time-frequency space, using wavelet coherence (WCO). The results showed that the SOI is the most effective
climatic teleconnection on precipitation in Iran, although the other studied climatic indices have noticeable effects as well.
The predominant and effective period of AO on precipitation was equal to or greater than 32 months at most of the stations,
while the major effective period of NAO was equal to or greater than 64 months. For the SOI, most parts of the country were
affected by a period of less than 64 months, while the predominant period of SOI for the northwestern part of the country
was greater than 64 months. A uniform phase difference was not observed between the three studied climatic indices and
precipitation in the country; instead the phase differences were usually random. For long-term periods of SOI, an anti-phase
situation was detected at most of the stations. The study suggested that the WCO is a very powerful and flexible method for
studying the relationship between multiple time series in a time–frequency space, and its application in hydrological and
meteorological research is expected to increase in the near future.
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1. Introduction

Precipitation has a major influence on hydrological ele-
ments, water resources, agricultural productivity, urban
infrastructural activities and many other aspects of life
and the environment (Mavi and Tupper, 2004; Loucks
and van Beek, 2005; Wilhite, 2005; Karamouz et al.,
2013; Ahrens, 2016). It is well known that precipitation
is a complex phenomenon that is affected by different
microscale and macroscale atmospheric and geographic
factors (Curry and Webster, 1999; Li and Gao, 2012).
Topography, land use, distance to large water resources
and dominant atmospheric systems are some of the factors
that affect the amount and intensity of precipitation in a
region (McCuen, 1998; Rakhecha and Singh, 2009; Shel-
ton, 2009). Large-scale atmospheric activities, known as
climatic teleconnections, can have noticeable effects on the
climate of a wide range of locations on Earth (Curry and
Webster, 1999; Bosart and Bluestein, 2008). Thermal inter-
actions and humidity exchanges that occur between oceans
surfaces and the atmosphere constitute substantial fuel for
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creating large-scale atmospheric phenomena (Saha, 2008;
Mak, 2011; Lutgens and Tarbuck, 2013). Furthermore,
it is well known that meteorological, hydrological and
even agricultural components are strongly influenced
by large-scale atmospheric and oceanic fluctuations (Gan
et al., 2007; Martinez et al., 2009; Karamouz et al., 2013).
Therefore, finding the association between meteorological
elements and the oscillatory pattern of climatic telecon-
nections can be very helpful in improving the accuracy
of hydro-meteorological predictions. In recent years,
researchers have tried to employ various methodologies
to find the relationship between precipitation parameters
and climatic teleconnections [e.g. Arctic Oscillation (AO),
North Atlantic Oscillation (NAO), El Niño-Southern
Oscillation (ENSO), Pacific Decadal Oscillation (PDO),
Southern Oscillation Index (SOI), etc.] in different regions
of the world (Yarnal and Diaz, 1986; Shabbar et al., 1997;
Cayan et al., 1998; Coulibaly, 2006; Jiang et al., 2014).

Signal analysis and remote sensing analysis have been
used to reveal relationships between precipitation and
climatic teleconnections (Chang et al., 2014; Niu et al.,
2014; Di et al., 2015). In contrast to many atmospheric
variables (e.g. temperature, vapour pressure, relative
humidity, etc.), precipitation shows a very complex and
non-uniform fluctuation pattern over time (Von Storch and
Zwiers, 1999; Duhan and Pandey, 2013). Accordingly,
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