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The purpose of the visit was the comparison of spectral global solar irradiance 
measurements between the 20 spectroradiometers participating at the 
12th Regional Brewer Calibration Center – Europe (RBCC-E) Campaign (see 
Figure 1 and Table 1) and the travel reference spectroradiometer QASUME. 
The measurement site is located at El Arenosillo; Latitude 37.10 N, Longitude 
6.73 W and altitude 50 m a.s.l. 
The horizon of the measurement site is free down to at least 85° solar zenith 
angle (SZA). Measurements between 6:00 UT and 19:00 UT have been 
analysed. 
 
QASUME arrived at INTA in the morning of June 17, 2019. The 
spectroradiometer was installed in line to the Brewer spectroradiometers with 
the entrance optic of QASUME between 2 m and 20 m away from the other 
instruments. The measurement campaign lasted nine days, from morning of 
June 18 to the afternoon of June 27; the core comparison days were June 25-
27. 
 
QASUME was calibrated several times during the intercomparison period using 
a portable calibration system. Two lamps (T68522, T68523) were used to 
obtain an absolute spectral irradiance calibration traceable to the primary 
reference held at PMOD/WRC, which is traceable to PTB. The daily mean 
responsivity of the instrument based on these calibrations varied by less than 
1 % during the intercomparison period. The internal temperature of QASUME 
was 28.3±0.1 °C. The diffuser head was heated to a temperature of 
29.1±0.3 °C.  
The wavelength shifts relative to an extraterrestrial spectrum as retrieved from 
the matSHIC analysis were between ±50 pm in the spectral range 290 to 
400 nm. 
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Table 1: Participating Brewer spectroradiometers; 9 single and 11 double 
monochromators. 

Nr Country Brewer Participants email 

1 Greece 5 Alkis Bais  abais@auth.gr 

2 Canada 17 Volodya Savastiouk  volodya@io3.ca 

3 Spain 185 Alberto Redondas  aredondasm@aemet.es 

4 Spain 150 J. Ml Vilaplana  vilaplanagjm@inta.es 

5 Algeria 201 Baika Sid Alamiwe  sali.assekrem@gmail.com 

6 Spain 70 Juan R. Moreta  jmoretag@aemet.es 

7 Spain 186 J.M. San Atanasio jsana@aemet.es 

8 Spain 117 Francisco Escribá fescribap@aemet.es 

9 Spain 151 Francisco García fgarciag@aemet.es 

10 Spain 166. Jose Maria San Atanasio jsana@aemet.es 

11 Spain 33 Jose Montero Cadalso jmonteroc@aemet.es 

11 UK 172 John Rimmer  john.s.rimmer@manchester.ac.uk 

12 UK 75 John Rimmer  john.s.rimmer@manchester.ac.uk 

13 UK 126 John Rimmer john.s.rimmer@manchester.ac.uk 

14 Switzerland 163(ISQ) Julian Gröbner  Luca.egli@pmodwrc.ch, 

15 Netherlands 158 Pavel Bablan Pavel.bablan@kippzonen.com 

16 Denmark 228 Paul Eriksen nje@dmi.dk 

17 Denmark 202 Paul Eriksen  nje@dmi.dk 

19 Japan 174 Hiroaki Fujiwara  H_fujiwara@met.kishou.go.jp 

20 Canada  190 Mike Rochard  Michael.brohart@canada.ca 

 
 
 
 

 

 

Figure 1: Roof setup at INTA 
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Protocol: 

The measurement protocol was to measure one solar irradiance spectrum 
every 30 minutes from 290 to 400 nm, every 0.5 nm, and 3 seconds between 
each wavelength increment. The official UV days were scheduled from 2 to 4 
June. 

 
 

DOY Date DAY Weather Comment (time in UT)

168 17-Jun Monday Clear Sky Installed at 11:00

Calibrated using  T68523 16:08

169 18-Jun Tuesday Overcast UV global:Calibrated: 7:35- 7:55 

using T68523, T68522

170 19-Jun Wednesday Clear Sky, cirrus, light CuUV global: Calibrated:10:38 

using T68523

171 20-Jun Thursday Clear Sky Direct UV from 7:00: Calibrated 

7:00 using T68523

172 21-Jun Friday Clear Sky Direct UV: Calibated 10:24 using 

T68523

173 22-Jun Saturday Clear Sky from 7:30 Direct UV: Calibrated: 10:04 

using T68523

174 23-Jun Sunday Cirrus Direct UV: Calibrated: 09:06 

using T68523

175 24-Jun Monday mostly overcast UV global:Calibrated at 9:36 

using T68523

176 25-Jun Tuesday Clear Sky UV global:Calibrated at 8:36 

using T68523

177 26-June Wednesday Clear sky from7:00 Calibrated: 8:33 using T68523

178 27-June Thursday Clear Sky Calibrated: 9:02 using T68523

14:45 end of Campaign
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Results: 

Up to 116 synchronised simultaneous spectra from QASUME and the 
Brewer spectroradiometers are available from the measurement period. 
Measurements between 6:00 and 19:00 UT have been analysed (SZA 
smaller than 90°) using the matSHIC tool developed within the EMRP 
project SolarUV. The program is open source and can be obtained on 
request. 

 
I. Summary of all Instruments: 

 
A) Submitted raw data 

 

•  The UV scans were processed individually by all operators using 
reference standards traceable to different metrological institutes.  

 

• Brewer #017, #158 did not submit any solar UV data during this 
campaign. Brewer #202 noticed a synchronization problem in the UV 
scans after post processing and Brewer #228 had modifications during 
the campaign. As a consequence, the data could not be compared with 
QASUME. Brewer #201 showed UV data with about a factor 5 lower than 
QASUME, where the reason is unknown. The results of these 
instruments are not shown in this analysis. 

• Brewer #163 (ISQ) has a custom-diffuser (Gröbner, 2003) and is 
operated by PMOD/WRC. A temperature correction is applied to the 
data. 

• Figure 2 shows the average ratios of all measurements of the whole 
period relative to QASUME using the calibrations from the instrument 
operators. The spread of the measurements is more than 15% with the 
majority of the instruments under-estimating the solar UV irradiance. 
The observed differences are not due to calibration differences 
between the instruments, since the different lamps have been 
compared during the campaign with the iz3 instrument and have been 
within 1% (specific graph not shown). However, the source of the 
under-estimation is due to additional effects, such as angular response 
errors (see Figure 2) or unaccounted temperature dependencies also 
affecting the measurements.  

• Only 4 out of 13 Brewer spectroradiometers are within ±5% of the 
QASUME reference, while 9 Brewers are outside of the 10% band. 

• Most instruments have significant diurnal variations due to uncorrected 
temperature and angular response dependencies. The individual 
measurements are shown in the following pages and the Appendix A. 
Note that the grey-shaded area in the figure represents the uncertainty 
of the QASUME spectroradiometer of 1.8% at the 95% confidence level. 
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Figure 2: Average ratios from the whole campaign to QASUME using the calibrations from 
the instrument operators. 

 

 

 

Summary of available solar irradiance measurements between each Brewer and QASUME.  
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B) Cosine corrected data 

 

• To exemplarily demonstrate the potential of improving the UV data of 
the Brewer spectroradiometer, PMOD/WRC calculated and applied a 
cosine correction based on angular response measurements 
performed during previous RBCC-E campaigns by Vilaplana and 
Serrano (personal comunication), for the Brewers #033, #070, #117, 
#151, #166 and # 186.  
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• Figure 3 shows the average ratios of all cosine corrected 
measurements relative to QASUME. The spread of the measurements is 
now less than 10% with some instrument ratios close to 1.  

• All cosine corrected Brewer spectroradiometers are within ±5% of the 
QASUME reference. 

• The diurnal variations are much reduced due to the cosine correction. 
The individual measurements are shown in the following pages and in 
the appendix B. Note that the grey-shaded area in the figure represents 
the uncertainty of the QASUME spectroradiometer at 95% confidence 
level. 

• It should be noted that the observed remaining features could be due 
to instrument maintenance performed between the original ARF 
measurements and the solar measurements of this campaign.  The 
only ascertained valid ARF is from Brewer #186. 

 

Figure 2: Average ratios from cosine corrected data to QASUME using post processing by 
PMOD/WRC based on Lakkala et al 2018. 
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Summary of solar irradiance measurements between the Spanish Brewers and QASUME. The left side shows 
the comparison of the submitted data, the right side demonstrates the significant improvement of the applied 
cosine correction. 
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Conclusion: 
 
Individual solar UV spectra from the participating Brewer spectroradiometers 
range between -15% to +5% over the whole day. The current uncertainty of 
daily average solar UV measurements of the EUBREWNET network is still at 
least ±10%, with an overall bias towards under-estimating solar UV irradiance 
by about 5% to 10%. 

A cosine correction based for example on Lakkala et al., 2018 would 
significantly improve the spectral UV data of the Brewer network. The cosine 
corrected UV measurements are very close within the uncertainty of the 
QASUME reference. 
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Recommendation: 

The analysis of five Brewers clearly shows, that clear sky cosine corrections 
substantially improve the solar UV data from the Brewer spectroradiometer. 
Due to the applied cosine correction, the spectral UV data is on average 
within 5% of QASUME, resulting in excellent data for research and 
atmospheric monitoring with these Brewer. It is therefore strongly 
recommended to consider applying a cosine correction on the Brewer 
instruments within the EUBREWNET network.  

 

Reference: 
 
 [1] Gröbner Julian, 2003: Improved entrance optic for global irradiance measurements 

with a Brewer spectroradiometer, Applied Optics, 42, 3516- 3521, 2003. 
 

 [2] Lakkala Kaisa, Antti Arola, Julian Gröbner, Sergio Fabian León-Luis, Alberto 
Redondas, Stelios Kazadzis, Tomi Karppinen, Juha Matti Karhu, Luca Egli, Anu Heikkilä, 
Tapani Koskela, Antonio Serrano and José Manuel Vilaplana, 2018: Performance of the 
FMI cosine error correction method for the Brewer spectral UV measurements, Atmos. 
Meas.Tech.,11,5167-5180,2018 

 

 
 
 
 
 
 
 

 
Appendix A 
 

Detailed results for all Brewer spectroradiometers with respect to the 
reference spectroradiometer QASUME. 
 

 

Appendix B 
 

Cosine corrected detailed results for the Spanish Brewer spectroradiometers 
with respect to the reference spectroradiometer QASUME. 
 



Global irradiance ratios 005/QASUME at El-Arenosillo-matshic:18-Jun-2019(169) to 26-Jun-2019(177)
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Global irradiance ratios 005/QASUME at El-Arenosillo-matshic:18-Jun-2019(169)
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Global irradiance ratios 005/QASUME at El-Arenosillo-matshic:19-Jun-2019(170)
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Global irradiance ratios 005/QASUME at El-Arenosillo-matshic:24-Jun-2019(175)
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Global irradiance ratios 005/QASUME at El-Arenosillo-matshic:25-Jun-2019(176)
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Global irradiance ratios 005/QASUME at El-Arenosillo-matshic:26-Jun-2019(177)

290 295 300 305 310 315 320 325 330
wl [nm]

0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2

5 10 15 20
0

2

4

6

8

10

12

U
V

In
de

x

005
QASUME

Daily variation. Wavelength bands are  2.5 nm82° 65°65°

4(102) 6(82) 8(59) 10(35) 12(15) 14(24) 16(47) 18(70) 20(92)
TIME [UT](SZA)

0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
305 nm
310 nm
315 nm
320 nm



Mean ratio 005/QASUME at El-Arenosillo-matshic:18-Jun-2019(169) to 26-Jun-2019(177)
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Global irradiance ratios 033/QASUME at El-Arenosillo-matshic:24-Jun-2019(175) to 26-Jun-2019(177)
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Global irradiance ratios 033/QASUME at El-Arenosillo-matshic:24-Jun-2019(175)
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Global irradiance ratios 033/QASUME at El-Arenosillo-matshic:25-Jun-2019(176)
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Global irradiance ratios 033/QASUME at El-Arenosillo-matshic:26-Jun-2019(177)
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Mean ratio 033/QASUME at El-Arenosillo-matshic:24-Jun-2019(175) to 26-Jun-2019(177)
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Global irradiance ratios 070/QASUME at El-Arenosillo-matshic:24-Jun-2019(175) to 26-Jun-2019(177)
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Global irradiance ratios 070/QASUME at El-Arenosillo-matshic:24-Jun-2019(175)
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Global irradiance ratios 070/QASUME at El-Arenosillo-matshic:25-Jun-2019(176)
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Global irradiance ratios 070/QASUME at El-Arenosillo-matshic:26-Jun-2019(177)
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Mean ratio 070/QASUME at El-Arenosillo-matshic:24-Jun-2019(175) to 26-Jun-2019(177)
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Global irradiance ratios 075/QASUME at El-Arenosillo-matshic:26-Jun-2019(177) to 27-Jun-2019(178)
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Global irradiance ratios 075/QASUME at El-Arenosillo-matshic:26-Jun-2019(177)
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Global irradiance ratios 075/QASUME at El-Arenosillo-matshic:27-Jun-2019(178)
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Mean ratio 075/QASUME at El-Arenosillo-matshic:26-Jun-2019(177) to 27-Jun-2019(178)
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Global irradiance ratios 117/QASUME at El-Arenosillo-matshic:18-Jun-2019(169) to 26-Jun-2019(177)
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Global irradiance ratios 117/QASUME at El-Arenosillo-matshic:18-Jun-2019(169)
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Global irradiance ratios 117/QASUME at El-Arenosillo-matshic:19-Jun-2019(170)
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Global irradiance ratios 117/QASUME at El-Arenosillo-matshic:24-Jun-2019(175)
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Global irradiance ratios 117/QASUME at El-Arenosillo-matshic:25-Jun-2019(176)
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Global irradiance ratios 117/QASUME at El-Arenosillo-matshic:26-Jun-2019(177)
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Mean ratio 117/QASUME at El-Arenosillo-matshic:18-Jun-2019(169) to 26-Jun-2019(177)

NSync-Spectra=93

N117 Spectra=111

300 310 320 330 340 350 360 370
Wavelength [nm]

0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2

R
A

T
IO

 1
17

/Q
A

S
U

M
E

Mean ratio SZA<90
Mean ratio SZA<50

5/95th percentile



Global irradiance ratios 126/QASUME at El-Arenosillo-matshic:25-Jun-2019(176) to 27-Jun-2019(178)

176 177 178

 0 12  0 12  0 12  0
TIME [UT]  ON  DAYS: [176  177  178]

0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2

R
A

T
IO

 1
26

/Q
A

S
U

M
E

305 nm
310 nm

315 nm
320 nm



Global irradiance ratios 126/QASUME at El-Arenosillo-matshic:25-Jun-2019(176)
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Global irradiance ratios 126/QASUME at El-Arenosillo-matshic:26-Jun-2019(177)
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Global irradiance ratios 126/QASUME at El-Arenosillo-matshic:27-Jun-2019(178)
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Mean ratio 126/QASUME at El-Arenosillo-matshic:25-Jun-2019(176) to 27-Jun-2019(178)

NSync-Spectra=63

N126 Spectra=75
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Wavelength shift
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Global irradiance ratios 150/QASUME at El-Arenosillo-matshic:17-Jun-2019(168) to 26-Jun-2019(177)
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Global irradiance ratios 150/QASUME at El-Arenosillo-matshic:17-Jun-2019(168)
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Global irradiance ratios 150/QASUME at El-Arenosillo-matshic:18-Jun-2019(169)
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Global irradiance ratios 150/QASUME at El-Arenosillo-matshic:19-Jun-2019(170)
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Global irradiance ratios 150/QASUME at El-Arenosillo-matshic:25-Jun-2019(176)
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Global irradiance ratios 150/QASUME at El-Arenosillo-matshic:26-Jun-2019(177)
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Mean ratio 150/QASUME at El-Arenosillo-matshic:17-Jun-2019(168) to 26-Jun-2019(177)

NSync-Spectra=68

N150 Spectra=99

300 310 320 330 340 350 360 370
Wavelength [nm]

0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2

R
A

T
IO

 1
50

/Q
A

S
U

M
E

Mean ratio SZA<90
Mean ratio SZA<50

5/95th percentile



Wavelength shift

300 310 320 330 340 350 360
Wavelength /nm

-0.5

0

0.5

W
av

el
en

gt
h 

sh
ift

 /n
m

Mean
MinMax
STD

06/17 06/18 06/19 06/20 06/21 06/22 06/23 06/24 06/25 06/26 06/27
Date & time

-0.05

0

0.05

W
av

el
en

gt
h 

sh
ift

 /n
m

WL=330.00 nm



Global irradiance ratios 151/QASUME at El-Arenosillo-matshic:24-Jun-2019(175) to 26-Jun-2019(177)
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Global irradiance ratios 151/QASUME at El-Arenosillo-matshic:24-Jun-2019(175)
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Global irradiance ratios 151/QASUME at El-Arenosillo-matshic:25-Jun-2019(176)
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Global irradiance ratios 151/QASUME at El-Arenosillo-matshic:26-Jun-2019(177)
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Mean ratio 151/QASUME at El-Arenosillo-matshic:24-Jun-2019(175) to 26-Jun-2019(177)

NSync-Spectra=60

N151 Spectra=78
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Global irradiance ratios 166/QASUME at El-Arenosillo-matshic:24-Jun-2019(175) to 26-Jun-2019(177)
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Global irradiance ratios 166/QASUME at El-Arenosillo-matshic:24-Jun-2019(175)
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Global irradiance ratios 166/QASUME at El-Arenosillo-matshic:25-Jun-2019(176)
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Global irradiance ratios 166/QASUME at El-Arenosillo-matshic:26-Jun-2019(177)
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Mean ratio 166/QASUME at El-Arenosillo-matshic:24-Jun-2019(175) to 26-Jun-2019(177)

NSync-Spectra=66

N166 Spectra=79
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Global irradiance ratios 172/QASUME at El-Arenosillo-matshic:25-Jun-2019(176) to 27-Jun-2019(178)

176 177 178

 0 12  0 12  0 12  0
TIME [UT]  ON  DAYS: [176  177  178]

0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2

R
A

T
IO

 1
72

/Q
A

S
U

M
E

305 nm
310 nm

320 nm
330 nm

345 nm
358 nm



Global irradiance ratios 172/QASUME at El-Arenosillo-matshic:25-Jun-2019(176)
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Global irradiance ratios 172/QASUME at El-Arenosillo-matshic:26-Jun-2019(177)
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Global irradiance ratios 172/QASUME at El-Arenosillo-matshic:27-Jun-2019(178)
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Mean ratio 172/QASUME at El-Arenosillo-matshic:25-Jun-2019(176) to 27-Jun-2019(178)
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Global irradiance ratios 174/QASUME at El-Arenosillo-matshic:25-Jun-2019(176) to 27-Jun-2019(178)
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Global irradiance ratios 174/QASUME at El-Arenosillo-matshic:25-Jun-2019(176)
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Global irradiance ratios 174/QASUME at El-Arenosillo-matshic:26-Jun-2019(177)
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Global irradiance ratios 174/QASUME at El-Arenosillo-matshic:27-Jun-2019(178)
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Mean ratio 174/QASUME at El-Arenosillo-matshic:25-Jun-2019(176) to 27-Jun-2019(178)
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Global irradiance ratios 186/QASUME at El-Arenosillo-matshic:25-Jun-2019(176) to 26-Jun-2019(177)
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Global irradiance ratios 186/QASUME at El-Arenosillo-matshic:25-Jun-2019(176)
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Global irradiance ratios 186/QASUME at El-Arenosillo-matshic:26-Jun-2019(177)
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Mean ratio 186/QASUME at El-Arenosillo-matshic:25-Jun-2019(176) to 26-Jun-2019(177)
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Global irradiance ratios 190/QASUME at El-Arenosillo-matshic:19-Jun-2019(170) to 25-Jun-2019(176)
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Global irradiance ratios 190/QASUME at El-Arenosillo-matshic:19-Jun-2019(170)
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Global irradiance ratios 190/QASUME at El-Arenosillo-matshic:24-Jun-2019(175)
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Global irradiance ratios 190/QASUME at El-Arenosillo-matshic:25-Jun-2019(176)
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Mean ratio 190/QASUME at El-Arenosillo-matshic:19-Jun-2019(170) to 25-Jun-2019(176)

NSync-Spectra=26

N190 Spectra=67
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Global irradiance ratios IZ3/QASUME at El-Arenosillo-matshic:17-Jun-2019(168) to 27-Jun-2019(178)
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Global irradiance ratios IZ3/QASUME at El-Arenosillo-matshic:17-Jun-2019(168)
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Global irradiance ratios IZ3/QASUME at El-Arenosillo-matshic:18-Jun-2019(169)
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Global irradiance ratios IZ3/QASUME at El-Arenosillo-matshic:19-Jun-2019(170)
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Global irradiance ratios IZ3/QASUME at El-Arenosillo-matshic:24-Jun-2019(175)
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Global irradiance ratios IZ3/QASUME at El-Arenosillo-matshic:25-Jun-2019(176)
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Global irradiance ratios IZ3/QASUME at El-Arenosillo-matshic:26-Jun-2019(177)
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Global irradiance ratios IZ3/QASUME at El-Arenosillo-matshic:27-Jun-2019(178)
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Mean ratio IZ3/QASUME at El-Arenosillo-matshic:17-Jun-2019(168) to 27-Jun-2019(178)
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Global irradiance ratios ISQ/QASUME at El-Arenosillo-matshic:18-Jun-2019(169) to 27-Jun-2019(178)
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Global irradiance ratios ISQ/QASUME at El-Arenosillo-matshic:18-Jun-2019(169)
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Global irradiance ratios ISQ/QASUME at El-Arenosillo-matshic:19-Jun-2019(170)
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Global irradiance ratios ISQ/QASUME at El-Arenosillo-matshic:25-Jun-2019(176)
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Global irradiance ratios ISQ/QASUME at El-Arenosillo-matshic:26-Jun-2019(177)

290 300 310 320 330 340 350 360 370
wl [nm]

0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2

5 10 15 20
0

2

4

6

8

10

12

U
V

In
de

x

ISQ
QASUME

Daily variation. Wavelength bands are  2.5 nm87° 14° 82°

4(102) 6(82) 8(59) 10(35) 12(15) 14(24) 16(47) 18(70) 20(92)
TIME [UT](SZA)

0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
305 nm
310 nm
320 nm
330 nm
345 nm
358 nm



Global irradiance ratios ISQ/QASUME at El-Arenosillo-matshic:27-Jun-2019(178)
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Mean ratio ISQ/QASUME at El-Arenosillo-matshic:18-Jun-2019(169) to 27-Jun-2019(178)
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Global irradiance ratios 033/QASUME at El-Arenosillo-matshic:24-Jun-2019(175) to 26-Jun-2019(177)
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Global irradiance ratios 033/QASUME at El-Arenosillo-matshic:25-Jun-2019(176)
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Global irradiance ratios 033/QASUME at El-Arenosillo-matshic:26-Jun-2019(177)
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Mean ratio 033/QASUME at El-Arenosillo-matshic:24-Jun-2019(175) to 26-Jun-2019(177)
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Global irradiance ratios 070/QASUME at El-Arenosillo-matshic:24-Jun-2019(175) to 26-Jun-2019(177)
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Global irradiance ratios 070/QASUME at El-Arenosillo-matshic:24-Jun-2019(175)
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Global irradiance ratios 070/QASUME at El-Arenosillo-matshic:25-Jun-2019(176)
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Global irradiance ratios 070/QASUME at El-Arenosillo-matshic:26-Jun-2019(177)
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Mean ratio 070/QASUME at El-Arenosillo-matshic:24-Jun-2019(175) to 26-Jun-2019(177)

NSync-Spectra=74

N070 Spectra=82
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Global irradiance ratios 117/QASUME at El-Arenosillo-matshic:18-Jun-2019(169) to 26-Jun-2019(177)
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Global irradiance ratios 117/QASUME at El-Arenosillo-matshic:19-Jun-2019(170)
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Global irradiance ratios 117/QASUME at El-Arenosillo-matshic:24-Jun-2019(175)
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Global irradiance ratios 117/QASUME at El-Arenosillo-matshic:25-Jun-2019(176)
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Global irradiance ratios 117/QASUME at El-Arenosillo-matshic:26-Jun-2019(177)
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Mean ratio 117/QASUME at El-Arenosillo-matshic:18-Jun-2019(169) to 26-Jun-2019(177)
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Global irradiance ratios 151/QASUME at El-Arenosillo-matshic:24-Jun-2019(175) to 26-Jun-2019(177)
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Global irradiance ratios 151/QASUME at El-Arenosillo-matshic:25-Jun-2019(176)
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Global irradiance ratios 151/QASUME at El-Arenosillo-matshic:26-Jun-2019(177)
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Mean ratio 151/QASUME at El-Arenosillo-matshic:24-Jun-2019(175) to 26-Jun-2019(177)
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Global irradiance ratios 166/QASUME at El-Arenosillo-matshic:24-Jun-2019(175) to 26-Jun-2019(177)
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Global irradiance ratios 166/QASUME at El-Arenosillo-matshic:25-Jun-2019(176)
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Global irradiance ratios 166/QASUME at El-Arenosillo-matshic:26-Jun-2019(177)
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Mean ratio 166/QASUME at El-Arenosillo-matshic:24-Jun-2019(175) to 26-Jun-2019(177)
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Global irradiance ratios 186/QASUME at El-Arenosillo-matshic:25-Jun-2019(176) to 26-Jun-2019(177)
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Global irradiance ratios 186/QASUME at El-Arenosillo-matshic:25-Jun-2019(176)
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Global irradiance ratios 186/QASUME at El-Arenosillo-matshic:26-Jun-2019(177)
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Mean ratio 186/QASUME at El-Arenosillo-matshic:25-Jun-2019(176) to 26-Jun-2019(177)
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Wavelength shift
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