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Introduction Example – Calculation of Irradiance Uncertainty 

Objectives 

References 

Conclusion 

Irradiance Measurement Uncertainties 

• Pyranometers are used to monitor PV system performance in the field.

• Data from these instruments are sometimes used to calculate the decrease in PV module efficiency 
over time. 

• A wide variety of PV module degradation rates are reported.  The accuracy of these results is 
frequently limited by the uncertainty in the irradiance measurements. 

Uncertainties can be reduced by using the following steps.

1. Put the pyranometer in the plain of array (POA) of the module

2. Measure module temperature

3. Calibrate the pyranometer at the beginning and the end of the testing and at yearly intervals

4. Ensure the instrument is cleaned regularly to prevent soiling that degrades instrument performance

5. Keep a log on calibrations and maintenance

6. Understand and characterize systematic errors associated with the pyranometer

7. Make relative comparisons instead of absolute comparisons

8. Obtain comparisons under similar circumstances under near cloudless skies

• Solar incident angles, temperature, and seasons

9. Adjust responsivity of pyranometer to account for the degradation rate of the pyranometer’s 
responsivity 

10. To determine the length of time necessary to obtain a statistically valid degradation rates perform 
an initial uncertainty analysis of the measurements such as is done in the example section 

• Develop a rigorous and accurate relative comparison methodology to evaluate the annual decrease PV 
module efficiency using PV performance data and POA irradiance data 

• Identify limitations of the methodology

• Estimate the time period necessary to accurately determine the PV module performance degradation rate

There are several systemic issues associated with pyranometer-based irradiance measurements.  
Deviation from true cosine response        Change in responsivity with time 

 
 

  Thermal Offset    Effects of changing spectral distribution of irradiance 

Obtaining PV module degradation rates in the field with pyranometer measurements requires several 
years because there are inherent uncertainties in the irradiance measurements. 

The uncertainty of the irradiance measurements increases significantly if the pyranometer is not 
regularly cleaned and calibrated.  The uncertainty in the module performance also increases 
significantly if the model is not cleaned. Without cleaning, the comparison yields the degradation rate 
due to soiling as well as decrease in efficiency. 

This example above is for an idealized situation. The uncertainty of the irradiance measurements is 
dependent on the type of instrument used and the characteristics of the instrument.  Using relative 
measurements can minimize systematic errors in irradiance measurements.  
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Calibrating a pyranometer in 2 degree bins 
have an uncertainty of ±0.5% while over a 
30 to 60 degree SZA range, the uncertainty 
is more like ±2.5%.  

The responsivity of this pyranometer decreases by about 
0.8% per year. The instrument in located in the high desert of 
eastern Oregon. Side by side calibration with a similar 
reference instrument yields the best estimate of degradation. 

Thermal offset can significantly affect calibration 
results 

The responsivity of the LI-COR pyranometer 
changes over the day 

The time period required to identify a given rate of decrease for PV module 
performance increases as module degradation rate decreases.  The dashed lines 
show the uncertainty taken from the example for  relative irradiance measurements.  

Table 1: Estimated best case irradiance uncertainties 

Adding uncertainties in quadrature – Under the best conditions 

Combined uncertainty = ( (0.5)2 + (0.2)2 + (0.02)2 + (0.3)2  + (0.1)2 )½ = 0.59% 

Expanded uncertainty at 95% level = 1.96 * 0.59 = 1.16% 

Source of uncertainty % Uncertainty 
Calibration uncertainty at a given angle  ± 0.5% 
Uncertainty in changing responsivity over time  ± 0.2% 

Spectral response  ± 0.02 – 0.3%  
Thermal offset response ± 0.2 –  0.4%  
Miscellaneous ± 0.1% 
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