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                                                                                        3. HIGH RESOLUTION SPECTRAL MEASUREMENTS

                                                                                                3.4 O UTDOOR MEASUREMENTS 

                                                                3.4.3 Diurnal variations of physical and biological irradiance

                                
                    Differences in wavelength scale is also a factor, again unlikely to be the most significant 
 factor as there was good agreement in wavelength scales of Brewer and Macam, and the 
 wavelength scale of the Optronic was readjusted to fit the scale of the Macam. Nonlinearity in 
 PMT photon response for one or more instruments is another possibility, but this has not been 
 investigated. All in all, one has to conclude that more than two sets of data are required in order 
 to sorter out whether the 3 % to 6 % differences are statistically significant and reflect the real 
 agreement of spectral irradiance at selected wavelengths. In Sections 3.4.3, the analysis of 
 agreement at nominal wavelengths and agreement in CIE-irradiances will include all existing 
 measurements. 


Table 3.4.2.3 Budget of differences in spectral irradiances, relative to the Macam. Noon- (11:00) and afternoon 
 (15:00) scans.


  305nm 


[%]  313nm 


[%]  320nm 


[%]  340nm 


[%]  380nm 
 [%] 


Irradiance calibration, 
 due to  SSI-lamp 
 comparison 


Optronic 
 Brewer 


+2 
 +2  


+2 
 +2 


+1 
 +3 


-3 
 - 


-5 
 - 


Difference in 
 wavelength scale 


Optronic (11 UTC) 
 Brewer (11 UTC) 
 Optronic (15 UTC) 
 Brewer (15 UTC) 


-7.3 
 - 
 -11.4 
 - 


-1.8 
 - 
 -3.4 
 - 


-4.3 
 - 
 -5.5 
 - 


-1.6 
 - 
 -2.3 
 - 


-7.8 
 - 
 -7.3 
 - 
 Difference in 


bandwidth  Optronic (11 UTC) 
 Brewer (11 UTC) 
 Optronic (15 UTC) 
 Brewer (15 UTC) 


- 
 +9.6 
 - 
 +9.2 


- 
 +0.7 
 - 
 +1.1 


- 
 +0.5 
 - 
 -0.7 


- 
 - 
 - 
 - 


- 
 - 
 - 
 - 
 Observed differences 


(uncorrected) 


Optronic (11 UTC) 
 Brewer (11 UTC) 
 Optronic (15 UTC) 
 Brewer (15 UTC) 


-5.4 
 +7.6 
 -13.0 
 +7.7 


-3.1 
 -0.7 
 -5.5 
 +0.5 


-7.7 
 -2.4 
 -10.2 
 -2.2 


-10.6 
 - 
 -12.5 
 - 


-17.7 
 - 
 -17.6 
 - 
 Residual differences 


from Macam 
 (observed-expected) 


Optronic (11 UTC) 
 Brewer (11 UTC) 
 Optronic (15 UTC) 
 Brewer (15 UTC) 


-0.1 
 -4.0 
 -3.9 
 -3.5 


-3.3 
 -3.4 
 -4.1 
 -2.6 


-4.4 
 -5.9 
 -5.7 
 -4.5 


-6.0 
 - 
 -7.2 
 - 


-4.9 
- 
-5.3 
- 


Spectral irradiance at 305nm, day 158 (7/6-95), 
 spectroradiometers and GUV#9273
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Fig.3.4.3.1.1: Diurnal variation of spectral irradiance at 305nm on day 158 (7/6-95). Note logarithmic scale. 


Dashed line is equal to the 305nm channel of the GUV#9273, whereas circles, triangles and  diamonds 
 correspond to discrete measurements for Optronic, Macam and Brewer. 


Spectral irradiance at 305nm, day 159 (8/6-95), 
 spectroradiometers and GUV#9273
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Fig.3.4.3.1.2: Diurnal variation of spectral irradiance at 305nm on day 159 (8/6-95). Note logarithmic scale. 


Dashed line is equal to the 305nm channel of the GUV#9273, whereas circles, triangles and  diamonds 
 correspond to discrete measurements for Optronic, Macam and Brewer.


In Fig 3.4.3.1.3 the uncorrected ratios, relative to GUV#9273 have been shown for day 158. 


Arrows indicate the ratios at 11 UTC and 15 UTC, which were the basis for the results in Table 


3.4.2.3 (comparison at 11 UTC and 15 UTC). Evidently, there are few overlapping sets of 
 data, ratios being scattered and largely dependent on the SZA. This is most pronounced for the 
 Optronic, possibly due to larger perturbations from personnel traffic. Ratios for the relatively 
 flat noon period are given in Table 3.4.3.1.1. The standard deviations are large enough to make 
 the ratios overlap, and one may conclude that there is no significant differences in spectral 
 irradiance for the three spectroradiometers. 
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Fig.3.4.3.1.3: Ratio of spectral irradiance at 305nm, relative to GUV#9273, day 158 (7/6-95). Arrows  indicate 
 the ratios at 11 UTC and 15 UTC, ref. Table 3.4.2.2a.


Table 3.4.3.1.1: Average ratio in  spectral irradiance, relative to GUV#9273 
 Day no.  Instrument- 


ratio 


305nm 313nm 320nm 340nm 380nm 
 158 Optronic 0.99±0.09 1.06±0.05 1.06±0.04 1.00±0.08 0.93±0.04 
 (10:25-14:25) Macam  1.01±0.04 1.06±0.04 1.09±0.04 1.04±0.03 1.06±0.02 


 Brewer 1.07±0.03 1.04±0.03 1.08±0.02  - - 


159 Optronic - - - 


(09:00-15:00) Macam  0.94±0.05 0.95±0.04 1.00±0.12 0.96±0.06 1.01±0.09 


 Brewer 1.03±0.02 1.00±0.02 1.04±0.07  - - 


3.4.3.2  CIE-weighted effective irradiance  


In order to compare measurements of erythemally effective solar UVR, spectra have been  
 multiplied with the CIE-action spectrum and integrated from 290nm to 400nm. The limited 
 wavelength range of Brewer data, have excluded it for the comparison of totally integrated 
 CIE-irradiances. Formula and weigthing factors are given below: 


Espectroradiometer = fCIE E



∑
=

∆λ λ


λ


*


290
 400


       


Wavelength [nm]  Weighting factor, fCIE


≤298  


298< ≤λ 328
 328< ≤λ 400


1 


( )


100 094 298. −λ


( )


100 015 139. −λ


Problems of non-overlapping measurement periods and large offsets in synchronisation of 
 scans have partially been overcome by applying one-minute samples of CIE-weighted filter 
 radiometer data as a normalizer, instead of attempting to normalize spectroradiometer data 
 directly to each other. For this purpose, data from the UV-network reference instrument 
 GUV#9273 were used, applying the methods of (Dahlback 1996)  for deriving CIE-effective 
 irradiances from discrete wavelength bands.  


During periods of slowly varying cloud covers, the comparison of spectral scans with 
 one-minute filter radiometer samples proved useful. However, during more unstable weather 
 periods, ratios became noisy, which may be ascribed to the following reasons: 


1. The principal difference in data collection and the different averaging intervals for filter 
 radiometers and conventional spectroradiometers; the filter radiometer recorded 
 simultaneous measurements at discrete wavelengths, representing data as one-minute 
 averages, whereas the spectroradiometers needed a much longer period  to complete a scan 
 (13 minutes), sequentially measuring the spectral irradiance at a number of wavelength 
 settings and having only one or two seconds averaging- or integration times. 


2. The problem of optimally interrelating scans with one-minute filter radiometer data, 
 representing  the same measurement period.  


For the purpose of improving the correlation of CIE-weighted irradiances of filter radiometers 
 and spectroradiometers in periods of unstable weather conditions, a new approach was taken 
 (Johnsen 1996): Scans  had a duration of 13 minutes (scan rate 3.5 sec/0.5nm), thus there are 
 13 one-minute samples of filter radiometer data corresponding to a complete UV-scan. By 
 combining samples, one may compute an average of CIE-irradiances. However this resulting 
 irradiance should be in the form of a weighted average instead of the arithmetic mean, as given 
 by the below expression.  


Efilterradiometersamples ai Ei ai
 i


= 
∑
utes ∑


=


* /


min
 min


1
 13


1
 13


Here Efilterradiometersamples is the average CIE-irradiance from 13 one-minute samples representing 
 a scan period, ai is the weighting factor for the i’th sample of 13, and Ei is the i’th one-minute 
 sample. 


The weighting factors may be found by considering how the minute-by-minute rate of change 
in integrated CIE-effective spectral irradiance varies during the course of  each scan. By 
multiplying scans, measured at different solar zenith angles (SZA), with the CIE-action 
spectrum one may find that noon-time CIE-weighted UV-spectra peak in the 302 nm to 315 nm 
interval, whereas morning and evening CIE-weighted spectra are relatively flat over the entire 
UV-range. Consequently, noon-time fluctuations in cloud density will have greatest impact on 
the second and third minute period (302-315nm). 


For simplicity, instead of applying different sets of  weighting factors for each scan period, 
 just one set has been applied, calculated for one clear day scan at SZA of 59°, measured during 
 the NOGIC93 intercomparison in Tenerife in 1993. These factors (Table 3.4.3.2.1) have been 
 shown to be fairly representative for measurements in the fore-noon to early afternoon period. 


Table 3.4.3.2.1: Weighting factors for each one-minute period of a scan, running at a rate of 7 seconds/nm at a 
 SZA of 59 o. 


I (minute)  weighting fact. ai i (minute)  ai


1 0.9 8 2.4 
 2 22.8 9  1.8 
 3 40.7 10 1.7 
 4 14.7 11 1.1 
 5 5.8 12 0.8 
 6 3.6 13 0.6 
 7 3.1   


ai


i


=



∑
= 100 0
 1

13


.


In Fig. 3.4.3.2.1, the one-minute samples of GUV-measurements have been plotted together 
 with the running time-weighted mean, applying the factors in Table 3.4.3.2.1. As may be seen, 
 the averaging process effectively shifts the data set towards the  start of the scans, making the 
 time axis of filter radiometric and spectroradiometric measurements uniform. There is also a 
 smoothening of abrupt changes in irradiance.  


C IE -e ffe c tiv e   ir r a d ia n c e   o f  G U V # 9 2 7 3   fo r   d a y   1 5 8 ,  w ith   a n d   w ith o u t  tim e w e ig h te d  
 a v e r a g e s   o f  o n e -m in u te   s a m p le s
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 T im e   (U T C )


mW/m2


G U V 9 2 7 3 ,  tim e w e ig hte d
 G U V   9 2 7 3 ,  no n  w e ig hte d


Fig.3.4.3.2.1 CIE-weighted irradiance (290-400nm) of GUV9273 filterinstrument, with and without averaging 
 over 13 minute intervals.  


In Fig. 3.4.3.2.2 CIE-irradiances of  Macam and Optronic scans have been ratioed with filter 
radiometric measurements of the GUV#9273 instrument, without and with an averaging over 
groups of  one-minute samples (day 158). In the figure, the vertical axis has been split for 
better visualization. From the figure it is evident that the correlation has improved during 
periods of unstable cloud layer. Standard deviation of ratios for the 09:00 to 14:00 UTC period, 
were for the Optronic and Macam spectroradiometer reduced from 10 to 5 % and 14 to 4 %, 
respectively.  


R a tio   C IE -ir r a d ia n c e   o f  s c a n s   to   G U V 9 2 7 3   w itth   a n d   w ith o u t  tim e w e ig h tin g


9 . 2 9 . 5 9 . 7 1 0 . 0 1 0 . 2 1 0 . 5 1 0 . 7 1 1 . 0 1 1 . 2 1 1 . 5 1 1 . 7 1 2 . 0 1 2 . 2 1 2 . 5 1 2 . 7 1 3 . 0 1 3 . 2 1 3 . 5 1 3 . 7 1 4 . 0
 T im e   (U T C )


W itho ut tim e w e ig hting :
 O p tro nic /G U V :  1 .0 1   + -  0 .1 0
 M a c a m /G U V   :  1 .0 7   + -0 .1 4


W ith tim e w e ig hting :
 O p tro nic /G U V :  1 .0 3   + -  0 .0 5
 M a c a m /G U V :  1 .0 4   + -  0 .0 4


 Fig.3.4.3.2.2 Ratio of spectroradiometric to GUV#9273 measured CIE-weighted irradiances (290-400nm), 
 without (upper half of diagram) and with (lower part)  averaging over one-minute samples. Lower part of graph 
 is separated for better visualization. Day 158. Circle symbols: Optronic to GUV ratios, triangle symbols: Macam 
 to GUV ratios. 


In Fig. 3.4.3.2.3 CIE-irradiances from Optronic, Macam and GUV9273 have been plotted from 
 sunrise to sunset of day 158. As can be seen, the spectroradiometric measurements correspond 
 reasonably well with the envelope of averaged GUV-measurements. However, at certain scan 
 intervals there were differences of up to 10 %, which would have required time resolution of 
 GUV measurements on the order of seconds to avoid.  
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Fig.3.4.3.2.3 CIE-weighted irradiance (290-400nm), day 158, Macam, Optronic, GUV#9273 


In Table 3.4.2.2 the CIE-irradiances from Optronic and Macam have been ratioed with the 
time-weighted CIE-irradiances of the GUV. For the noon- and afternoon scans previously 
investigated in Section 3.4.2, the differences from the GUV are now -2 % and -7 % for the 
Optronic and +3 % and +1 % for the Macam. Surprisingly, when averaging over a longer 
period (10.25-14.25 UTC), the Optronic and Macam ratios deviate by less than 1 % from each 
other, both instruments on average measuring about 2 % higher CIE-irradiances than the GUV. 


However, the amount of data are sparse and scattered, and the too good results may be a 
 cancellation of errors of opposite sign. In conclusion, the CIE-irradiances apparently agree 
 within ±5 percent to the GUV, but a larger data set is required to verify these results. 


Table 3.4.3.2.2: Average ratio in  CIE-weighted irradiance, relative to GUV#9273.


Time Optronic/GUV Macam/GUV 


day 158, 11 UTC  0.98  1.03 


day 158, 15 UTC  0.93  1.01 


day 158,  


average 10.25 UTC to 14.25 UTC  1.02±0.05 1.03±0.02 
 day 159, 


average 10.25 UTC to 17.45 UTC  -  0.96±0.11 
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