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• Forecasting of solar irradiance is a key issue for the effective 
management of PV power installations 

• Reductions in solar power are caused mainly by clouds, but also by 
aerosols 

• Understanding the impact of smoke aerosols on solar irradiance 
• In order to help understanding of this impact, a well-monitored fire burn 

event was studied 

• Effect on spectral irradiance was analysed in order to assess the impact on PV 
power from different materials 

• Short-term forecasting of reductions in irradiance due to clouds 
• Addition of cloud information to short-term forecasts of solar irradiance has 

the potential to increase accuracy 

• Skycam images and lidar ceilometer are potential sources of cloud data 
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Background 
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• Data comes from 
the Solar Lab at 
Black Mountain in 
Canberra, Australia 

• Tracking solar 
irradiance (direct, 
diffuse & global) 

• Spectroradiometer 
• Vaisala CL31 

ceilometer records 
cloud base height 
and vertical profiles 

• Sky camera 
• 8 solar PV panels 
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Data 
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• Controlled burns took place  
< 1km from Solar Lab on a 
clear afternoon in March 

• Development of smoke 
plume observed using 
skycam images 

• Comparison with two other 
clear sky days used to assess 
effect on monitored 
irradiance and PV power 
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Fire burn study 
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Effect on Aerosol Optical Depth 
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• AOD monitored 
using nearby sun 
photometer 

• AOD elevated 
from background 
0.05 to 0.25  



• 9 % reduction in DNI over 
140 minute period 

• Peak reduction of 32 % or 
192 W/m2 
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Effect on DNI and GHI 
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• 6.5 % reduction in GHI 
over 140 minute period 

• Peak reduction of 26 % or 
88 W/m2 



• Greatest 
reduction due to 
smoke occurred 
in visible 
wavelength range 

• Minimum ratio of 
0.89 at 450 nm 
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Effect on Spectral Irradiance 
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• Spectral response of PV technologies applied to 
smoky/clear ratio of spectral irradiance 

• mono.Si panels least affected by the smoke 

• 7% reduction in PV power due to smoke 

• Peak reduction of 27% or 51 W 
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Effect on Photovoltaic Power 
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Technology 
Smoky/clear 

ratio 

mono.Si 0.925 

CIGS 0.921 

multi.Si 0.921 

CdTe 0.918 

GaAs 0.913 

a.Si 0.907 



• Study found reductions of up to 32% for DNI, 26% for GHI and 
27% for PV power 

• Such changes could have implications for grid integration 

• Results provide a clear illustration of the potential impact of a 
smoke event on PV production, although this relatively minor 
event may not be typical 

• Published in Solar Energy Journal (vol.114) Perry & Troccoli, 2015 
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Summary of Fire Burn Impact Study 
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• Current methods for solar forecasting at short timescales of up to 
30 minutes often use statistical techniques based on past values of 
the forecast variable 

• Recent research into the use of sky cameras has led to advances in 
forecasting the timing of cloud events 

• The lidar ceilometer is another potential source of cloud 
information 

• This work aims to assess the potential of these cloud data source 
in improving the accuracy of short term solar forecasts 
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Short-term forecasting with added cloud data 
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• Predictand is GHI converted to clear-sky index (CI) 
• 10 month period (Jan-Oct 2014) 
• One minute resolution 
• 68000 obs after missing data and SZA > 80° removed 
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Predictors 
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CODE-NAME DESCRIPTION 

CI-5, CI-10, CI-15, 
CI-20, CI-25 

Mean clear-sky index over 5 minute periods from 5 to 10 minutes prior to the forecast 
time (CI-5), etc. 

CF-5, CF-10,  
CF-15 

Skycam-forecast fraction of cloud covering the sun with lead times of 5, 10 and 15 
minutes 

B-M Backscatter intensity summed over entire height range, averaged over 1 hour period 
prior to forecast lead time 

BS-Q90, BS-Q95, 
BL-Q90, BL-Q95 

Backscatter intensity summed over the surface (S) or low (L) layers. 90th or 95th 
percentile values over 1 hour period prior to forecast lead time 

B-CC Mean ceilometer-derived cloud cover over 30 minutes prior to forecast lead time 



• Scatter plots 
of the 
predictand 
(GHI CI) vs 
predictors 

• Past 5-minute 
means of GHI 
CI 

• Skycam-
forecast 
cloud fraction 

• Backscatter 
intensity 
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Predictors 
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• 10-fold cross-validation employed to avoid over-fitting, and 
calculate error statistics which test predictive power 

• Random forest (with 200 trees) and linear models tested 

• Error statistics shown for 10 minute lead time 
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Modelling 
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METHOD PREDICTORS RMSE MAE BIAS CORRELATION 

Random Fst CF-10, CF-15 0.344 0.279 0.000 0.206 

Random Fst B-M, BS-Q90, BL-Q90, B-CC 0.296 0.224 0.005 0.513 

Random Fst CI-10, CI-15, CI-20, CI-25 0.236 0.158 0.000 0.726 

Random Fst CI-10, CI-15, CI-20, CI-25, CF-10 0.232 0.155 0.000 0.735 

Linear Model CI-10, CI-15, CI-20, CI-25,  
CF-10, B-M, BS-Q90 

0.233 0.156 -0.001 0.732 



• Histograms and scatter plot of 
actual vs predicted CI 
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Predicted vs Actuals 
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• 10 minute 
lead time 

• Intermittent 
cloud lead to 
forecasts 
between the 
extremes 

• Skycam 
cloud 
forecasts 
reduce error 
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Example: 3 September 2014 
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• Past values of the forecast quantity (clear-sky index of solar 
irradiance / solar power) are the most important predictors of 
future values at short timescales 

• Skycam-derived forecasts of cloud covering the sun can increasele 
forecast accuracy by a few percent when added to predictive 
models, at lead times of 5 to 15 minutes 

• Backscatter data from a ceilometer has a good relationship with 
future solar irradiance, but doesn’t reduce error when added to 
the other predictors 
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Conclusions 
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Thank you 
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GHI Clear Sky 
Index vs 
Backscatter Sum 
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• Clear relationship between 
backscatter sum and GHI 
clear sky index but not 
linear 

• Signatures for particular 
conditions e.g. rain, fog 

• Also split backscatter into 
height ranges 

• Surface (0-100m) 

• Low (100-2000m) 

• Medium (2000-6000m) 

• High (6000-7700m) 

 


