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Irradiance and atmospheric optical properties from photovoltaic
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Photovoltaic (PV) power data are a valuable but as yet under-utilised resource that could be used

to characterise global irradiance with unprecedented spatio-temporal resolution. The resulting

knowledge of atmospheric conditions can then be fed back into weather models and will

ultimately serve to improve forecasts of PV power itself. This provides a data-driven alternative to

statistical methods that use post-processing to overcome inconsistencies between ground-based

irradiance measurements and the corresponding predictions of regional weather models (see for

instance Frank et al., 2018). This work reports first results from an algorithm developed to infer

global horizontal irradiance as well as atmospheric optical properties such as aerosol or cloud

optical depth from PV power measurements.

Building on previous work (Buchmann, 2018), an improved forward model of PV power as a

function of atmospheric conditions was developed. As part of the BMWi-funded project MetPVNet,

PV power data from twenty systems in the Allgäu region were made available, and the

corresponding irradiance, temperature and wind speed were measured during two measurement

campaigns in autumn 2018 and summer 2019. System calibration was performed using all

available clear sky days; the corresponding irradiance was simulated using libRadtran (Emde et al.,

2016). Particular attention was paid to describing the dynamic variations in PV module

temperature in order to correctly take into account the heat capacity of the solar panels.

PV power data from the calibrated systems were then used together with both the DISORT and

MYSTIC radiative transfer codes (Emde et al., 2016) to infer aerosol optical depth, cloud optical

depth and irradiance under all sky conditions. The results were compared to predictions from the

COSMO weather model, and the accuracy of the inverted quantities was compared using both a

simple and more complex forward model. The potential of the method to extract irradiance data

over a larger area as well as the increase in information from combining neighbouring PV systems

will be explored in future work.
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