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Abstract: Precise elucidation of the dynamic interactions between

large-scale atmospheric circulation patterns and hydro-climatic
variability in mountainous and semi-arid regions is a prerequisite for
environmental risk management. This study was conducted to
investigate the correlation of the North Atlantic Oscillation (NAO),
Arctic Oscillation (AO), and Multivariate ENSO Index (MEI) with
temperature and precipitation in western and northwestern Iran over
the period 1987-2022. Data from 20 synoptic stations were processed
using Pearson correlation, Canonical Correlation Analysis (CCA),
and Inverse Distance Weighting (IDW) spatial modeling. Pearson
results indicated that the highest positive correlation of temperature
was with MEI (0.21), while the highest negative correlation of
precipitation was with NAO (-0.19). Although linear correlations
were weak (mostly <0.20), canonical analysis revealed a significant
and non-linear climatic response. The highest canonical correlation
coefficients were recorded at Ardabil (0.266), Mahabad (0.232), and
Khoy (0.231). Precipitation, with a canonical loading of —0.78,
exhibited the highest influence from NAO (particularly at Sarab and
Maku), whereas temperature, with a canonical loading of 0.64, was
mainly controlled by MEI (notably at Sanandaj). Negative canonical
loadings at Sardasht and Jolfa indicated a distinct circulation
mechanism. The impact of teleconnections in western Iran is a
function of synergy with Zagros topography, creating a spatial
gradient from the north (dominated by NAO/AO) to the south
(dominated by MEI).
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Extended Abstract

Objective

In  mountainous and semi-arid
regions, hydroclimatic variability is
governed by complex interactions
between large-scale atmospheric
circulation patterns and local factors.
This study aims to analyze the
spatial-temporal correlation of three
major teleconnection indices — North
Atlantic Oscillation (NAO), Arctic
Oscillation (AO), and the Multivariate
ENSO Index (MEI) - with
temperature and precipitation
variables in western and northwestern
Iran over the period 1987-2022.
Methodology
Monthly temperature and
precipitation data from 20 selected
synoptic  stations across  East
Azerbaijan, West Azerbaijan,
Kurdistan, Ardabil, and Zanjan
provinces were used. Monthly NAO,
AO, and MEI indices were obtained
from the NCEP/NCAR database.
Pearson correlation coefficient was
first computed in SPSS to assess
linear relationships. Subsequently,

Canonical  Correlation  Analysis

(CCA) was applied to evaluate

multivariate associations between the
set of teleconnection indices and
climatic wvariables. Finally, spatial
distribution maps of correlation
coefficients were generated using
Inverse Distance Weighting (IDW)
interpolation in ArcGIS Pro.

Results

Pearson correlations revealed weak
(mostly <0.20) and predominantly
negative linear relationships with
monthly temperature, while
precipitation correlations were weak
but positive. Canonical correlation
analysis, however, demonstrated a
statistically significant and nonlinear
climatic response across the region.
The highest canonical correlation
coefficients were recorded at Ardabil
(0.266), Mahabad (0.232), and Khoy
(0.231). Canonical loadings revealed
a two-core spatial pattern: NAO with
very high loadings (Sarab 0.955,
Maku 0.954) dominated northern and
central areas, whereas MEI (Sanandaj
0.841, Ahar 0.812) was the primary
climate driver in southern and western
cores. At the border stations of
Sardasht and Jolfa, all canonical

loadings were negative, indicating a



distinct rotational mechanism and
heightened sensitivity to negative
phases of all indices.

Conclusion

The influence of teleconnection
patterns in western and northwestern
Iran is not uniform; rather, it depends
on dynamic synergy with the Zagros
topography, producing a spatial
gradient from a northern domain
(dominated by NAO/AO) to a
southern domain (dominated by

MEI). These findings underscore the

necessity of moving  beyond
station-based and linear analyses
toward spatial-canonical modeling
and integrated index use for seasonal
forecasting and water/agriculture

resource management in the region.

Keywords: Teleconnection patterns,
Canonical correlation analysis, North
Atlantic Oscillation, Arctic Oscillation,
Multivariate ENSO Index, Western and

Northwestern Iran.
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