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Abstract | Downward longwave infrared radiation (DLR) is the largest component of the surface energy

budget and a dominant driver of Earth's greenhouse effect and climate system. Accurate sky
condition classification is essential for quantifying radiative fluxes, validating satellite
products, and improving weather and climate models, especially in arid regions where dust, low
humidity, and intermittent clouds create complex radiative environments. The aim of this study
is to present a comprehensive long-term analysis of DLR and sky brightness temperature in
Riyadh, Saudi Arabia, using continuous measurements from March 2015 to August 2019 (~4.5
years). A custom-designed single-pixel thermopile infrared cloud detector and a reference Kipp
& Zonen CGR pyrgeometer were deployed together with collocated meteorological
(temperature, relative humidity, solar radiation). After rigorous quality control and daytime
solar-heating corrections, a hybrid radiometric-temporal classification scheme reliably
distinguished clear, broken, and overcast skies. Key findings demonstrate distinct and
physically consistent radiative regimes: clear skies exhibited the lowest and most stable DLR
with minimal variability, reflecting high atmospheric transparency in the 8—13 pm window;
overcast conditions produced the highest and most consistent fluxes due to near-blackbody
cloud emission (¢ = 0.95-1.0); and broken clouds generated the largest variability (standard
deviation = 55.45 W m~2. Regression analyses revealed that relative humidity dominates DLR
under clear skies (Pearson’s r = 0.377), while air temperature exerts stronger control under
cloudy regimes (r up to 0.456). Importantly, the empirical regression models demonstrated
strong predictive skill (Pearson’s R up to 0.457; RMSE 29.6-50.9 W m~?). These models
provide a practical and reliable tool for predicting cloud presence and DLR in the absence of




visual observations, which is particularly valuable for remote sites, automated stations, and
astronomical observatories. However, model performance is influenced by several atmospheric
factors, including sky conditions (even under clear skies), the use of precipitable water vapor
(PWYV) as a superior predictor to relative humidity, aerosol loading, and cloud microphysical
properties. This research provides the first detailed long-term characterization of infrared sky
conditions in a hot arid urban environment. The findings validate the effectiveness of low-cost
ground-based infrared radiometry for reliable, all-weather cloud classification and deliver
critical new insights into cloud-radiation interactions in desert climates, establishing a robust
foundation for regional climate studies, model improvement, and operational monitoring in
similar arid regions.
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