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Determination of Middleton SP02 Aerosol Optical Depth (AOD).
January 2020 through May 2025.

Aerosol optical depth is a measure of the extinction of a narrow band (approximately 10nm) irradiance from the sun.   
To make this measurement the extraterrestrial  irradiance, Also known as Top Of Atmosphere (TOA) or V0 value must 
first be determined.   The V0 determinization is known as Langley extrapolation.  The Middleton SP02 measures at 
the following four wavelengths ~413nm, ~500nm, ~676nm and ~860nm.

A Langley extrapolation is preformed by plotting the natural log of the narrowband irradiance, usually the raw 
voltage from the instrument, on the vertical axis versus airmass on the horizontal axis.   An airmass of 1 is defined 
as directly over head.  The airmass used here is the approximation of Kasten and Young from 1989.   Air mass is not 
a simple trigonometric function due to the curvature of the earth atmospheric system. Here air mass 
measurements are taken over a range of 2 to 5.2.  An extrapolation is then made to zero air mass irradiance value 
(TOA).

Often TOA measurements are made high on a mountain under clear skies, this is not possible for us. Additionally,  
filters degrade over time.  The degradation of filters over time necessitates periodic evaluation of the V0 values. We 
have preformed TOA extrapolations over a period of about 5 years.   Filters have been applied to the TOA 
measurements to get the most stable and useable measurements.  Data filter requirements are; A minimum 
airmass range of 1.5, A minimum of 50 points in the Langley fit, A running stability requirement, And residuals with 
respect the fit line of less than 0.006.  Examples of Langley fits are shown in Figures 1 and 2.

New filters were installed approximately 2025 May 26 the SP02 filters were changed therefor TOA data presented 
here do not apply past the end of May 2025.  There was essentially no useable after November 2024 so the effective 
end date for this analysis in the end of 2024.



Figure 1.  An example of a Langley fit 
and extrapolation to zero air mass. The 
top left most plot shows all the raw 
data. The top middle plot shows the 
data after stability requirements and 
residual requirements have been 
applied.  The top right plot shows data 
after an iterative removal of residuals 
have been applied. This is an unusually 
good day.



Figure 2.  A second example of a 
Langley fit and extrapolation to zero air 
mass. The top left most plot shows all 
the raw data. The top middle plot shows 
the data after stability requirements and 
residual requirements have been 
applied.  The top right plot shows data 
after an iterative removal of residuals 
have been applied. This plot shows data 
from a more typical day.



For each wavelength (413nm, 500nm, 
676nm, and 860nm) a fit has been made to 
the year 2025 data set. Points outside two 
standard deviations of an initial fit have been 
removed, and a new fit line has been 
determined. An example for the 676nm case 
is shown in Figure 3 through 6. 

Figure 3. An example of a five-year fit to the TOA 
values for the 413nm case. Points outside two 
standard deviations (marked an X) of an initial fit 
have been removed and a new fit line has been 
determined. The red line is a fit the the before 
noon data points, The darker line is a linear fit to all 
data points for the day (two Langley fits). The bars 
on the right display various ways of a 
representative V0 tor the entire period.  Here the 
simple mean (closer to the plot) has been 
selected.



Figure 4. An example of a five-year fit to the TOA 
values for the 500nm case. Points outside two 
standard deviations (marked an X) of an initial fit 
have been removed and a new fit line has been 
determined. The red line is a fit the the before 
noon data points, The darker line is a linear fit to all 
data points for the day (two Langley fits). The bars 
on the right display various ways of a 
representative V0 tor the entire period.  Here the 
simple mean (closer to the plot) has been 
selected.



Figure 5. An example of a five-year fit to the TOA 
values for the 676nm case. Points outside two 
standard deviations (marked an X) of an initial fit 
have been removed and a new fit line has been 
determined. The red line is a fit the the before 
noon data points, The darker line is a linear fit to all 
data points for the day (two Langley fits). The bars 
on the right display various ways of a 
representative V0 tor the entire period.  Here the 
simple mean (closer to the plot) has been 
selected.



Figure 6. An example of a five-year fit to the TOA 
values for the 860nm case. Points outside two 
standard deviations (marked an X) of an initial fit 
have been removed and a new fit line has been 
determined. The red line is a fit the the before 
noon data points, The darker line is a linear fit to all 
data points for the day (two Langley fits). The bars 
on the right display various ways of a 
representative V0 tor the entire period.  Here the 
simple mean (closer to the plot) has been 
selected.



TOA_SP02_interval_means_fit_2024 ;   minimum air mass range > 1.5,  50 points required for a langley fit,   Langley residual max 0.006
year mn   0.000  413.000  500.000   0.000  676.000  860.000   0.000  (year, month, 7-means, 7-std_devs,  7-npoints_in_mean)
2025 01  0.0000  9.0314  8.5261  0.0000  7.9823  7.7476  0.0000  0.0000  0.0255  0.0359  0.0000  0.0341  0.0243  0.0000  0  25  57  0  72  72  0
2025 02  0.0000  9.0314  8.5261  0.0000  7.9823  7.7476  0.0000  0.0000  0.0255  0.0359  0.0000  0.0341  0.0243  0.0000  0  25  57  0  72  72  0
2025 03  0.0000  9.0314  8.5261  0.0000  7.9823  7.7476  0.0000  0.0000  0.0255  0.0359  0.0000  0.0341  0.0243  0.0000  0  25  57  0  72  72  0
2025 04  0.0000  9.0314  8.5261  0.0000  7.9823  7.7476  0.0000  0.0000  0.0255  0.0359  0.0000  0.0341  0.0243  0.0000  0  25  57  0  72  72  0
2025 05  0.0000  9.0314  8.5261  0.0000  7.9823  7.7476  0.0000  0.0000  0.0255  0.0359  0.0000  0.0341  0.0243  0.0000  0  25  57  0  72  72  0
2025 06  0.0000  9.0314  8.5261  0.0000  7.9823  7.7476  0.0000  0.0000  0.0255  0.0359  0.0000  0.0341  0.0243  0.0000  0  25  57  0  72  72  0
2025 07  0.0000  9.0314  8.5261  0.0000  7.9823  7.7476  0.0000  0.0000  0.0255  0.0359  0.0000  0.0341  0.0243  0.0000  0  25  57  0  72  72  0
2025 08  0.0000  9.0314  8.5261  0.0000  7.9823  7.7476  0.0000  0.0000  0.0255  0.0359  0.0000  0.0341  0.0243  0.0000  0  25  57  0  72  72  0
2025 09  0.0000  9.0314  8.5261  0.0000  7.9823  7.7476  0.0000  0.0000  0.0255  0.0359  0.0000  0.0341  0.0243  0.0000  0  25  57  0  72  72  0
2025 10  0.0000  9.0314  8.5261  0.0000  7.9823  7.7476  0.0000  0.0000  0.0255  0.0359  0.0000  0.0341  0.0243  0.0000  0  25  57  0  72  72  0
2025 11  0.0000  9.0314  8.5261  0.0000  7.9823  7.7476  0.0000  0.0000  0.0255  0.0359  0.0000  0.0341  0.0243  0.0000  0  25  57  0  72  72  0
2025 12  0.0000  9.0314  8.5261  0.0000  7.9823  7.7476  0.0000  0.0000  0.0255  0.0359  0.0000  0.0341  0.0243  0.0000  0  25  57  0  72  72  0

mean of  am+pm points over the interval 2025-05 though 2025-11 inclusive  AM+PM data points
mean of  am+pm points over the interval 2025-05 though 2025-11 inclusive  AM+PM data points
mean of  am+pm points over the interval 2025-05 though 2025-11 inclusive  AM+PM data points

Table 1.  V0 values for year 2025.

Table 1 shows the monthly TOA values derived from the 5-year fit. 
The first row is a description of the file. 
The second row is column headings. 
The next 12 rows are the monthly TOA values.  

The first two columns are for the data year, and month.
The next 7 columns are for V0 values, 
followed by 7 columns of standard deviation with respect to the fit, 
followed by 7 columns indicating the number of data points in the fit.  
The Table was developed for a seven-channel instrument therefor three columns 1,4, and 7 of each set of 7 data columns contain no data. 

After the TOA data there is a blank line, followed by descriptive lines.



A comparison to AERONET follows.

Comparisons are shown for each of the 
wavelength channel the AERONET Cimel and the 
Middleton SP02 have in common are shown in 
figures 7, 8, 9. Coincident data is only available 
for months June, October, and November.

Figure 7.  AOD Differences (AERONET 
minus SP02) using the SP02 multi-year fit 
V0 values. This is for year 2025, for the 
500nm channel located at GIM.



Figure 8.  AOD Differences (AERONET 
minus SP02) using the SP02 multi-year fit 
V0 values. This is for year 2025, for the 
500nm channel located at GIM.



Figure 9.  AOD Differences (AERONET 
minus SP02) using the SP02 multi-year fit 
V0 values. This is for year 2025, for the 
500nm channel located at GIM.



The end
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