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Introduction 
With the recent trajectory of global warming, the frequency of extreme weather events have also 
increased causing widespread socio-economic destruction to infrastructure, livestock and humans 
[1]. Bushfires are global phenomenon that pose significant risks to air quality and infrastructure, 
including solar photovoltaics (PV). Wildfires pose threat to electricity transmission lines along with 
reductions in energy generation due to increase in concentration of atmospheric aerosols. Surface 
reaching solar radiation gets attenuated in presence of aerosols due to scattering and absorption 
[2–4]. Furthermore, aerosol particulate matter can settle on the solar panels, called soiling, that 
reduces energy generation.     
2019-2020 was one of the extreme bushfire periods in Australia that recorded up to 20% reduction 
in the rooftop solar PV generation [5,6]. In a previous study by Perry and Troccoli [7], ~27% reduction 
in energy generation was reported dure to controlled burns on a clear sky day. All these studies 
focus on the localized impacts of the fires on energy generation. However, winds can play an 
important role in transporting the aerosols, thereby can lead to non-localized reduction in PV 
generation. 
In this study, for the first time we attempt to understand the non-localised impacts of bushfires 
focusing on role of aerosol transports due to winds. The main aim of this study to understand the 
variability in solar radiation and energy generation, considering 2019-2020 bushfire period as a case 
study. The atmospheric conditions for bushfire periods are identified by calculating the fuel moisture 
and forest fire indices. Energy generation losses are directly corelated with atmospheric conditions 
represented by these indices. Hence with the help of these indices we predict energy losses in the 
future bushfire periods.  This study will provide a framework in resource assessment studies 
considering extreme weather events and will be helpful in careful planning and risk mitigation in fire-
prone regions.   

Data and Methods 

In this study, we use reanalysis data from the European Centre for Medium Range Weather 
Forecasts (ECMWF) Re-analysis (ERA5). ERA5 is a global dataset available at ~28 km spatial 
resolution. To understand the impacts of bushfire on solar PV, we use hourly radiation, temperature, 
wind speed, direction, pressure and relative humidity. To understand the dryness of the fuel based 
on their temperature and relative humidity during the bushfire period over Australia using the fuel 
moisture index (FMI). FMI is a good indicator of critically low fuel moisture conditions which are an 
important factor in the development of extreme fires. FMI is dimensionless and can be defined as:  

𝐹𝑀𝐼 = 10 − 0.25	(𝑇 − 𝑅𝐻) ……. eq [1] 

where T represents temperature (°C) and RH is relative humidity (%). The Forest Fire Danger Index 
(FFDI) is one of the most widely used fire danger indices globally. It is commonly used to represent 
the influence of surface weather conditions on bushfire risks in forests, based on temperature, wind 
speed, humidity and a drought factor. We use FFDI for operational fire danger indicator in Australia. 
The FFDI can be calculated as: 

𝐹𝐹𝐷𝐼 = 𝑒𝑥𝑝("."$$%&'"."$()*+,"."-$(.,".-($/(0) × 𝐷𝐹(".2%0)….. eq [2] 
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where v is wind speed (km/h) and DF is the drought factor based on the Keetch-Byram Drought Index 
[8]. Sudden cloud movements during the day can cause rapid drops in energy production and 
negatively impact the daily energy production and distribution rates. In this study, the main goal is to 
understand the aerosol induced PV energy losses. Hence, we differentiate the daily weather 
conditions into clear-sky and cloudy and use cloud free periods for this study. The cloudiness in the 
sky can be estimated using the daily clearness index (DCI). The DCI is calculated according to the 
following equation [9]: 

𝐷𝐶𝐼 = 	
∑ 𝐺𝐻𝐼34
35/
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………………………………… . [𝑒𝑞	3] 

where GHI and GHIcs are global horizontal irradiance under all-sky and clear-sky condition 
respectively. DCI is close to one under clear sky conditions and has a significantly lower value on an 
overcast day. We estimate PV potential for crystalline silicon solar cells as per the equation [10] : 

𝑃𝑉	𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 = (1 + 𝛾	H	𝑇89:: −	 	𝑇;9<I)	
𝐺
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………………………………… . [𝑒𝑞	4] 

Where Tcell is the cell temperature, Tref is the reference temperature (25 °C), 𝛾 is the power thermal 
coefficient (considered as −0.005) [10]. G is the all-sky GHI, GSTC is the GHI in standard conditions 
(considered as 1000 W/m2).  

In order to understand the non-localised influence of aerosol transport by the winds, we run aerosol 
trajectory model called National Oceanic Atmosphere and Administration (NOAA) HYSPLIT Model. 
HYSLIT model computes air parcel trajectories by considering complex transport, dispersion, 
chemical transformation and deposition simulations. It uses a Lagrangian approach to calculate the 
particle movement from source to destination (for complex diffusion and advection calculations) and 
Eulerian method to compute the pollutant concentration. It uses meteorological data like aerosol 
concentrations (for dust, biomass, black carbon, etc), wind speed, wind direction, pressure to 
compute ensembles of the particle trajectory.  

Results 

In this study, we use 2019-2020 mega bushfire event as a case study to understand its non-localized 
impacts on solar energy industry in Australia. The bushfire hotspots during this period (from 
December 2019 – January 2020) is shown in figure 1. Massive bushfires for extended periods were 
recorded in the eastern coast of Australia in New South Wales and Victoria.   We estimate the fuel 
moisture available prior to the recorded bushfire period to understand the moisture present in the 
fuel, essentially required for forest fire initiation. Low FMI values mean lower moisture content which 
is highly favorable for initiation and spread of fires. Central Australia has an arid climate, and we 
would always expect relatively lower amount of relative humidity in this region as result of which we 
see low FMI values in our results (figure 2a-c). Eastern part of Australia has moderate climate with 
higher relative humidity on an average. However, we find low FMI over this region for the bushfire 
months, particularly January 2020. This indicates prevalent dry conditions where suitable for the fires 
especially in south-eastern and northern Australia. 
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Figure 1. Panel a) shows the extent of the 2019-2020 bushfire season.  

 
Figure 2. Fuel Moisture Index (FMI) and PV potential loss over Australia during the 2019-2020 bushfire 

period. Panel a-c represent monthly averaged FMI for November 2019, December 2019 and January 
2020 respectively. Panel d-f represent relative difference in PV potential for November 2019, 

December 2019 and January 2020 with respect to the climatological monthly mean (1980-2022) of 
November, December and January. 

We estimate the bushfire impacts on PV energy generation by analyzing the differences in the 
climatological monthly means of PV potential over Australia. Climatology is also defined as the long-
term average of a given variable, often over time periods of 20-30 years. A monthly climatology 
produces a mean value for each month. Our results show a significant reduction in PV potential for 
November and January near the south-west and east of Australia respectively (figure 2 d-f). On 
comparing the PV potential loss and fire locations, it is evident that the influence of aerosols (released 
from fire) on the PV generation is not localized. These non-localized impacts were due to the role 
played by winds. As an example, we show the frequency trajectory for the period 1st Dec - 2nd January 
2020 (figure 3). A frequency trajectory is calculated by the ratio of number of air parcel trajectories 
travelling in that direction to the total trajectories. The source (or start point of the trajectory) is 
estimated from the Blue Mountains (shown in star). Blue Mountains was one of the hotspots with 
massive burnt areas during 2019-2020 bushfire. From the results, it is clearly evident that the 
aerosols were transported inlands despite of the fire source being close to the coast. This is ongoing 
research, and the role of wind needs to be further investigated. This analysis will form a benchmark 
while estimating probability of power loss due to bushfires in the future under different climate change 
scenarios.  
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Figure 3. Frequency trajectory of the smoke transport for the period 1st - 2nd January, 2020.  
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