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Components anaiysis.  Teleconnections organize large-scale climate variability by linking remote regions through
Indices, Cloud cover, East . . . . . .
. wave dynamics, air—sea coupling, and chains of transient weather events. Beyond stationary
Atlantic, Iran plateau. . . . .
Rossby-wave frameworks, recent studies have emphasized non-stationarity and

Received: intermittency. Cloud cover, which is central to the surface radiation budget and the

02 June 2025 hydrological cycle, is particularly sensitive to such large-scale controls over complex terrain.
Iran’s juxtaposition of the Zagros Mountains, the Iranian Plateau, and Caspian and coastal
Revised: zones demands methods that preserve phase information and nonlinear structure.
13 September 2025 Accordingly, we aim to quantify the joint effects of fifteen teleconnection indices on
cloudiness over Iran and to assess whether a phase-aware, rotation-based kernel framework
Accepted: can reveal interpretable signals for applications in seasonal outlooks and resource planning.
03 October 2025
Materials and Methods

Monthly cloud-cover data from 136 synoptic stations covering the period 1979-2023 were
quality controlled and normalized, with ERAS fields used to provide reanalysis context and
for compositing. We applied the ROCK-PCA pipeline:
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(i) Hilbert analytic embedding to encode phase and lag information in complex form; (ii) kernel PCA with
linear and Gaussian kernels to capture curved manifolds within a reproducing-kernel Hilbert space; and (iii)
Varimax and Promax rotations to achieve simple-structure loadings and enhance component interpretability.
Rotated component scores were correlated with the NAO, AO, PNA, EA/WR, SCAND, AMM, TNA, TSA,
DMI, EP-NP, and other indices using Spearman’s rho, evaluated on annual and seasonal timescales.
Statistical significance was assessed at o = 0.05 with consideration of false discoveries. To examine
dynamical consistency, we generated composites of geopotential height, winds, and humidity at 850, 700, and
500 hPa for key index phases and combinations (e.g., NAO+/EAWR+).

Result and Discussion

At the annual scale, the Tropical North Atlantic (TNA) emerges as the leading control on Iranian cloudiness,
exhibiting coherent negative correlations that peak near |r| = 0.49 across approximately sixty stations. EP-NP
ranks second (about 31 stations, |r] = 0.45), followed by EA/WR (around 20 stations, [r] = 0.46). At the
seasonal scale, the North Atlantic Oscillation (NAO) is dominant, showing broadly positive associations
(mean r = 0.33 across roughly 130 stations). The strongest spatial responses occur along the Zagros Mountains
and over the southern—central plateau, whereas southeastern Iran displays mixed signals consistent with
monsoonal influences. Composite diagnostics confirm physical plausibility: NAO+ and EA/WR+ phases
jointly restructure the subtropical jet and storm-track pathways, producing belt-like reductions in cloud cover
over Western and Central Europe and enhanced cloudiness over the Caucasus—Caspian corridor extending
into Iran. Vertically, regions of increased cloudiness coincide with 500-hPa divergence and positive vorticity
advection, 700-hPa moisture convergence, and 850-hPa surges in humidity.

Conclusion

Methodologically, ROCK-PCA integrates phase awareness, nonlinear manifold learning, and interpretable
rotation—three properties that are rarely achieved together—yielding components that are both
meteorologically coherent and operationally useful. Substantively, the analysis refines the teleconnection—
cloudiness nexus over Iran: the TNA provides a persistent annual-scale control, the NAO governs seasonal
modulation, and the EP-NP and EA/WR offer additional region-specific leverage through jet displacement
and storm-track rephasing. These findings support the targeted use of teleconnection-conditioned forecasts for
water-resource management, solar-energy planning, and climate-risk monitoring. Future efforts should
assimilate satellite-based cloud products, examine kernel and hyperparameter sensitivity, adopt causal
discovery approaches (e.g., PCMCI+), and embed ROCK-PCA outputs into S2S and machine-learning
forecasting systems.
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NAO North Atlantic Oscillation
PDO Pacific Decadal Oscillation
ENSO Elnino Southern Oscillation
AO Arctic Oscillation
SCAND Scandinavian Index
PNA Pacific North America
QBO Quasi Biennial Oscillation
SOI Southern Oscillation Index
TNA Tropical North America
TSA Tropical South America
DMI Dipole Multivariate Index
EP-NP East Pacific-North Pacific
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ONI Oscillation Nino Index
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Index Number of stations Significance level Spearman correlation
TNA 60 60 -0.49
EP-NP 31 31 0.45
EAWR 20 20 0.46
AO 6 4 0.32
AMO 4 4 -0.50
MEI 4 4 0.50
PDO 4 4 0.47
SOI 3 3 0.45
AMM 2 2 0.39
TSA 1 1 0.50
ONI 1 1 0.33
NAO 0 0 0.00
PNA 0 0 0.00
QBO 0 0 0.00
SCAND 0 0 0.00
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Fig 3. Scree-plot, varimax loading, and heatmap graph of impact of seasonal teleconnection impact on the
seasonal mean cloudiness in the studied stations
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Fig 4. Investigation of the impact of the merged teleconnections of NAO, TNA, and EAWR on mean
cloudiness in three levels of 500,700, and 850hpa
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