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Increasing frequency and changing nature of Saharan dust storm
events in the Carpathian Basin (2019-2023) — the new normal?
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Effect of Saharan dust episodes on the accuracy of photovoltaic energy s
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Desert dust and photovoltaic energy forecasts: Lessons from 46 Saharan
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ABSTRACT

Accurate forecasts

tial for generating

tpply
an various envitonmental factors, which are uncertainly parameterised and nfluenced by climate change.

nd These forecasts rely

‘The area discussed, Hungary, is particularly exposed to such uncertainties in photovaltaic (PV) power generation due to the very rapid PV penetration in the
country's energy-mix even in & global context, and the growing impact of one of the mest uncertain factors (more frequent dust events) In the forecasting.

PV producticn, forecast and 46 identified Ssharan dust stom events (SDEs) for 2020-2023 are presented. The Indirect effects of dust on irradiance and PV
production and forecast errors were guantified. Scheduled values in both directions (deficit and surplus) deviated, typically towards overestimation. During dust

storm events, the deviation of both signs was larger than during non-dust states.

‘The effect of unforeseen cloud eover was dominant on deficit day; while on surplus days with flatter PV peoduction curves, the decreasing cloud cover and

potentially the

the excess prodution. In addition to the direct radiative

reduction effect of dust and the role of warm advection in mwsphem: ‘physics, the Indirect effect of dust in cloud formation processes was identified as the main
reason. On defielt days, more extensive cirrus cover caused the outage, while on days with higher irradiance than expected, clrrus with lower radiative forcing

replaced the predicted strarus cover.

1. Introduction

In the context of acrelerating climate change, the contemporary
energy eriss, sustainabiliy targets and decarbonisation efforts have
placed rodhuc ble energy [1-3]. In
light of the prevailing geopolitical circumstances, it s imperative to
cansider not anly the of production for
the energy sovercignty and security of supply of each nation but also to
pursue the optimal capacity utilisation in terms of the availability of
critical raw materials for production and capacity expansion [4]. The
installation of new low-carbon energy production technologies has
become a necessity to satisfy national emission targets for climate
change mitigation. In addition, the optimized use of these technologies
is also a prerequisite for maintaining the electric grid's stability and
‘minimising the deployment of fossil fuel-based backup power plants,
thereby reducing carbon dioxide emissions.

The key objective of weather-dependent rencwable energy produc-
tion is to maintain a near-perfeet balance between energy production

* Coresponding au
E-mail address: org (6. Varga).

https://doLorg/10.1016/].rser.2025.115446

and ic) energy
way at scale [5-7), accurate scheduling of short- and mid-term energy
production is needed to guarantee the stable and efficient operation of
the grid [6]. The impact of desert dust an solar energy is crucial for daily
market operations and for public or commercial entities. It influences
the amount of energy produced and its integration Into the clectricity
grid, which in tumn affec
power grid. There is a lot of recent ongoing research 1o improve the
accuracy of the scheduling of PV generation [6]. In general, both ad-
vances in
and machine learning methods have emerged in recent years [5,5-10].
Changing environmental and elimatic boundary conditions make the use
of historical data and aerosol-climatological data with poor temparal
and spatial resolution unsustainable, and these approaches cannot
improve the accuracy of farecasts.

e Earth's atmosphere is a highly non-linear complex system which
is inherently difficult to forecast, and changing climatic conditions may
further increase the uncertainty of weather forecasts [£). In the cantext

energy flow and of the

UN-REN Resestch Centre fo Asronomy and Earth Sclences, Budapest, Hungary.
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Tegnap megérkezett egy jokora adag szaharai por, amely szép cirruserny6t hozott létre az
orszag keleti, majd kozépsa felén is. A télink déinyugatra orvénylé ciklon elédoldalan tovabbra
is nedves, enyhe léghullamok érkeztek, igy a szokasos mddon a sokéves atlagnal jéval
melegebb volt. Ejszaka mindeniitt megvastagodott a felhézet, és hajnalban, reggel
csapadéktevékenység is el6fordult.

(BSC Monarch modell) (NASA Terra MODIS) (Meteosat 0 degree)
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