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Table S1. Statistics (W- and p-values) of the Shapiro-Wilk data normality test. A W-value that is close to 1 (e.g., > 0.95) indicates that

the sample distribution is close to normal distribution. A large p-value (>0.05) indicates that the deviation from normality is not statistically

significant.

Variable SST Downward Downward Latent Sensible Ocean NAO IOD ISM

Longwave Shortwave Heat Heat Nino

Radiation Radiation Flux Flux Index Index Index Index

W-value 0.99 0.99 0.99 0.98 0.98 0.97 0.99 0.98 0.97

p-value 0.51 0.82 0.77 0.1 0.06 0.01 0.25 0.19 0.01
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Q-Q plot (SST) Q-Q plot (Downward LW Rad.) Q-Q plot (Downward SW Rad.)

Q-Q plot (Latent Heat Flux) Q-Q plot (Sensible Heat Flux) Q-Q plot (Ocean Nino Index)

Q-Q plot (NAO Index) Q-Q plot (IOD Index) Q-Q plot (ISM Index)

Figure S1. Q–Q plots assessing the normality of the data distributions for the analyzed variables. In each plot, the sample quantiles are

plotted against theoretical quantiles from a normal distribution. Deviations from the reference line indicate departures from normality.
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Figure S2. Relationship between surface atmospheric conditions and the Gulf surface temperature. Composite SST anomalies corre-

sponding to the difference between high (> +1 SD above the mean) and low (< –1 SD below the mean) values of wind speed (A), air-sea

temperature gradient ∆T = Tair - SST (B), air-sea humidity gradient ∆Q = QS - Qair (C). Tair and Qair refer to air temperature and specific

humidity at 2m. QS is the saturation specific humidity at sea surface.
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Figure S3. Relationship between Downward longwave and shortwave radiation.Pearson correlation coef�cients between anomalies in

Downward longwave radiation (DLR) and shortwave radiation (SR) during summer months in the Gulf.

5



Figure S4. Contribution of anomalies in air moisture to downward longwave radiation anomalies.Comparison of anomalies in es-

timated downward longwave radiation (DLR) based on blackbody emissions using air temperature at 850 hpa (via the Stefan–Boltzmann

law) with anomalies in actual DLR values from the ERA5 reanalysis. The regression line (slope = 0.49) lies below the identity line (1:1),

indicating that air temperature alone underestimates surface DLR. This suggests that a substantial fraction of the observed DLR is associated

with atmospheric water vapor that enhances atmospheric emissivity.
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Figure S5. Composite anomalies during strong and weak ISM.Anomalies in summer surface wind speed and evaporation rates during

strong (left) and weak (right) ISM over the Arabian Peninsula and Arabian Sea region. (A-D) conditions associated with strong monsoon

circulation in the early summer (May-June). (E-H) conditions associated with strong monsoon circulation in the peak summer (July-August).
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