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 Protocol of the intercomparison at LKO, Arosa, Switzerland on 
July 19 to 27, 2010 with the travelling reference 
spectroradiometer QASUME from PMOD/WRC 

 
Report prepared by Gregor Hülsen 
 
Operator: Gregor Hülsen, Jan Grünenfelder 
 

 
The purpose of the visit was the comparison of spectral global solar irradiance 
measurements between the 7 spectrophotometers participating in the 5th Regional 
Brewer Calibration Center – Europe (RBCC-E) Campaign (see Table 1) and the travel 
reference spectroradiometer QASUME. Lichtklimatische Observatorium (LKO) in 
Arosa; Latitude 46.78 N, Longitude 9.68 E and altitude 1846 m.a.s.l.. The horizon of 
the measurement site is free down to ~80° solar zenith angle (SZA), see Figure on 
Page 35. 
Measurements between 4:00 UT and 19:00 UT have been analysed. 
 
QASUME arrived at LKO in the morning of July 19, 2010. The spectroradiometer was 
installed in line to the Brewer spectrophotometers with the entrance optic of 
QASUME between 2 and 10 m away from the other instruments. The measurement 
campaign lasted seven days, from July 20 to the evening of July 27; the core 
comparison days were July 24 till 26. 
 
QASUME was calibrated several times during the intercomparison period using a 
portable calibration system. Three lamps (T68522, T68523, and T61253) 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 
23.9±0.1 °C. The diffuser head was heated to a temperature of 28.2±1.5 °C.  
The wavelength shifts relative to an extraterrestrial spectrum as retrieved from the 
SHICRivm analysis were between ±50 pm in the spectral range 290 to 400 nm. 
 
 
Table 1: Participating Brewer spectrophotometers; 4 single and 3 double monochromators. 
 

Instrument ID Institution Operator Country
#017-MKII IOS Ken Lamb Canada
#040-MKII MeteoSwiss Herbert Schill Switzerland
#072-MKII MeteoSwiss Herbert Schill Switzerland
#156-MKIII MeteoSwiss Herbert Schill Switzerland
#064-MKII Inst. of Geophysics Janusz Jaroslawski Poland
#163-MKIII (ISQ) PMOD/WRC Julian Gröbner Switzerland
#185-MKIII (IZ3) INM IZAÑA Alberto Redondas Spain  
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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.  
 

DOY Date DAY Weather Comment
200 19-Jul Monday Mostly clear sky Installed at 10:30 UT

with few cirrus clouds Calibrated: 15:54 using T68523

201 20-Jul Tuesday Mostly clear sky Calibrated: 8:51 using T68523
with few cirrus clouds

202 21-Jul Wednesday Mix of sun & clouds
Clear sky in the morning

203 22-Jul Thursday Mix of sun & clouds

204 23-Jul Friday Mix of sun & clouds Calibrated: 7:17 using T68523
Rain showers

205 24-Jul Saturday Mix of sun & clouds UV Days
Rain showers

206 25-Jul Sunday Mix of sun & clouds UV Days
Rain showers

207 26-Jul Monday Mix of sun & clouds UV Days
Rain showers

End of Campaign: 18:15 UT
208 27-Jul Tuesday Mix of sun & clouds Calibrated: 12:42 using T68523

Rain showers Calibrated: 13:00 using T61253
Calibrated: 13:15 using T68522

End of Campaign: 19:34 UT  
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Results: 
In total 17 to 53 synchronised simultaneous spectra from QASUME and the 

Brewer spectrophotometers are available from the measurement period. 
Measurements between 4:00 and 19:00 UT have been analysed (SZA smaller 
than 90°). 

 
Remarks: 
 

1. The first day of the intercomparison was dedicated to the setup and training 
phase. The official “UV-days” where 24 and 26 July (205-207). However, 
synchronized UV scans are also available from the start of the campaign.  

2. Unfortunately the weather conditions were only perfect at the very start of 
the campaign, when all instruments were still in the setup phase. From 23 
July till the end of the campaign (204-207) numerous rain showers disturb 
the measurements. 

3. Although different calibrations and measurements were performed during the 
campaign, traffic on the roof could be limited. Therefore only few scans are 
disturbed. 

4. The time synchronisation between QASUME and various Brewers could not 
always be achieved which led to several missing scans. 

5. Because of the weather condition no calibration certificates could be 
produced. For the production of the performance records all solar scans 
were excluded which are affected by rain. 

 
Additional Measurements: 
 

1. Angular Response Measurement of Brewer #163 
2. Measurement of the Slit function the Brewer spectrophotometers using the 

HeCd-Laser of PMOD/WRC. 
 
 

Table 2: Mean values of the ratio Brewer/QASUME (305 – 320 nm), the diurnal variability and 
the wavelength shifts. 

 
Instrument Brewer to Diurnal Wavelength
ID QASUME [%] variability [%] shift [pm]
#017 -5 ±2 -20 .. +20
#040 -4 ±3 -20 .. +50
#072 -3 ±3 -10 .. +50
#156 3 ±2 +20.. +100
#064 -6 ±2 -10 .. +60
#163 0 ±1 -40 .. +20
#185 -2 ±2 -30 .. +50  

 

3



20
1

20
2

20
3

20
4

20
5

20
6

20
7

20
8

20
9

012345678910
U

V
 In

de
x 

A
ro

sa
, J

ul
y 

20
10

D
ay

 o
f Y

ea
r

UV Index

 

 
Q

A
S

U
M

E
01

7
04

0
06

4
07

2
15

6
is

q
iz

3

4



201 202 203 204 205 206 207 208 209
0

1

2

3

4

5

6

7

8

9

10
UV Index Arosa, July 2010

Day of Year

U
V

 In
de

x

017
QASUME

 0 12  0 12  0 12  0 12 0
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Global irradiance ratios 017/QASUME at Arosa:21−Jul−2010(202) to 26−Jul−2010(207)

TIME [UT]  ON  DAYS: [202  203  206  207]

R
A

T
IO

 0
17

/Q
A

S
U

M
E

202 203 206 207

305 nm
310 nm
315 nm
320 nm

5



290 295 300 305 310 315 320 325 330
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Global irradiance ratios 017/QASUME at Arosa:21−Jul−2010(202)

wl [nm]
5 10 15 20

0

1

2

3

4

5

6

7

8

9

U
V

In
de

x

2(104) 4(89) 6(70) 8(49) 10(32) 12(27) 14(41) 16(60) 18(80) 20(98)
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Daily variation. Wavelength bands are ± 2.5 nm

TIME [UT](SZA)

27°27° 60°
305 nm
310 nm
315 nm
320 nm

290 295 300 305 310 315 320 325 330
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Global irradiance ratios 017/QASUME at Arosa:22−Jul−2010(203)

wl [nm]
5 10 15 20

0

2

4

6

8

10

U
V

In
de

x

2(105) 4(89) 6(70) 8(50) 10(32) 12(27) 14(41) 16(61) 18(81) 20(98)
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Daily variation. Wavelength bands are ± 2.5 nm

TIME [UT](SZA)

41°41° 55°
305 nm
310 nm
315 nm
320 nm

6



290 295 300 305 310 315 320 325 330
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Global irradiance ratios 017/QASUME at Arosa:25−Jul−2010(206)

wl [nm]
5 10 15 20

0

1

2

3

4

5

U
V

In
de

x

2(105) 4(89) 6(70) 8(50) 10(33) 12(28) 14(41) 16(61) 18(81) 20(99)
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Daily variation. Wavelength bands are ± 2.5 nm

TIME [UT](SZA)

55° 28° 71°
305 nm
310 nm
315 nm
320 nm

290 295 300 305 310 315 320 325 330
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Global irradiance ratios 017/QASUME at Arosa:26−Jul−2010(207)

wl [nm]
5 10 15 20

0

0.5

1

1.5

2

2.5

3

U
V

In
de

x

2(105) 4(89) 6(71) 8(50) 10(33) 12(28) 14(41) 16(61) 18(81) 20(99)
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Daily variation. Wavelength bands are ± 2.5 nm

TIME [UT](SZA)

45° 28°28°
305 nm
310 nm
315 nm
320 nm

7



Wavelength [nm]

R
A

T
IO

 0
17

/Q
A

S
U

M
E

Mean ratio 017/QASUME at Arosa:21−Jul−2010(202) to 26−Jul−2010(207)

NB
Spectra

=26

295 300 305 310 315 320 325 330
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Mean ratio SZA<90
Mean ratio SZA<50
5/95th percentile
Range of values

290 295 300 305 310 315 320 325 330

−0.05

−0.04

−0.03

−0.02

−0.01

0

0.01

0.02

0.03

0.04

0.05

Wavelength [nm]

SH
IC

R
iv

m
w

a
ve

le
n

g
th

sh
ift

[n
m

]

Arosa, 017, July 2010

MEAN
STD

8



201 202 203 204 205 206 207 208 209
0

1

2

3

4

5

6

7

8

9

10
UV Index Arosa, July 2010

Day of Year

U
V

 In
de

x

040
QASUME

 0 12  0 12  0 12  0 12  0 12  0 12 0
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Global irradiance ratios 040/QASUME at Arosa:21−Jul−2010(202) to 27−Jul−2010(208)

TIME [UT]  ON  DAYS: [202  203  204  206  207  208]

R
A

T
IO

 0
40

/Q
A

S
U

M
E

202 203 204 206 207 208

305 nm
310 nm
315 nm
320 nm

9



290 295 300 305 310 315 320 325 330
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Global irradiance ratios 040/QASUME at Arosa:21−Jul−2010(202)

wl [nm]
5 10 15 20

0

1

2

3

4

5

6

7

8

9

U
V

In
de

x

2(104) 4(89) 6(70) 8(49) 10(32) 12(27) 14(41) 16(60) 18(80) 20(98)
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Daily variation. Wavelength bands are ± 2.5 nm

TIME [UT](SZA)

49° 27°27°
305 nm
310 nm
315 nm
320 nm

290 295 300 305 310 315 320 325 330
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Global irradiance ratios 040/QASUME at Arosa:22−Jul−2010(203)

wl [nm]
5 10 15 20

0

2

4

6

8

10

U
V

In
de

x

2(105) 4(89) 6(70) 8(50) 10(32) 12(27) 14(41) 16(61) 18(81) 20(98)
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Daily variation. Wavelength bands are ± 2.5 nm

TIME [UT](SZA)

41°41° 61°
305 nm
310 nm
315 nm
320 nm

10



290 295 300 305 310 315 320 325 330
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Global irradiance ratios 040/QASUME at Arosa:23−Jul−2010(204)

wl [nm]
5 10 15 20

0

0.2

0.4

0.6

0.8

1

1.2

1.4

U
V

In
de

x

2(105) 4(89) 6(70) 8(50) 10(32) 12(28) 14(41) 16(61) 18(81) 20(99)
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Daily variation. Wavelength bands are ± 2.5 nm

TIME [UT](SZA)

33°33° 61°
305 nm
310 nm
315 nm
320 nm

290 295 300 305 310 315 320 325 330
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Global irradiance ratios 040/QASUME at Arosa:25−Jul−2010(206)

wl [nm]
5 10 15 20

0

1

2

3

4

5

U
V

In
de

x

2(105) 4(89) 6(70) 8(50) 10(33) 12(28) 14(41) 16(61) 18(81) 20(99)
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Daily variation. Wavelength bands are ± 2.5 nm

TIME [UT](SZA)

50° 28° 76°
305 nm
310 nm
315 nm
320 nm

11



290 295 300 305 310 315 320 325 330
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Global irradiance ratios 040/QASUME at Arosa:26−Jul−2010(207)

wl [nm]
5 10 15 20

0

0.5

1

1.5

2

2.5

3

U
V

In
de

x

2(105) 4(89) 6(71) 8(50) 10(33) 12(28) 14(41) 16(61) 18(81) 20(99)
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Daily variation. Wavelength bands are ± 2.5 nm

TIME [UT](SZA)

80° 45° 76°
305 nm
310 nm
315 nm
320 nm

290 295 300 305 310 315 320 325 330
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Global irradiance ratios 040/QASUME at Arosa:27−Jul−2010(208)

wl [nm]
5 10 15 20

0

0.5

1

1.5

2

2.5

3

U
V

In
de

x

2(106) 4(90) 6(71) 8(50) 10(33) 12(28) 14(42) 16(61) 18(81) 20(99)
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Daily variation. Wavelength bands are ± 2.5 nm

TIME [UT](SZA)

51°51° 76°
305 nm
310 nm
315 nm
320 nm

12



Wavelength [nm]

R
A

T
IO

 0
40

/Q
A

S
U

M
E

Mean ratio 040/QASUME at Arosa:21−Jul−2010(202) to 27−Jul−2010(208)

NB
Spectra

=35

295 300 305 310 315 320 325 330
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Mean ratio SZA<90
Mean ratio SZA<50
5/95th percentile
Range of values

290 295 300 305 310 315 320 325 330

−0.06

−0.04

−0.02

0

0.02

0.04

0.06

Wavelength [nm]

SH
IC

Ri
vm

w
a

ve
le

ng
th

sh
ift

[n
m

]

Arosa, 040, July 2010

MEAN
STD

13



201 202 203 204 205 206 207 208 209
0

1

2

3

4

5

6

7

8

9

10
UV Index Arosa, July 2010

Day of Year

U
V

 In
de

x

064
QASUME

 0 12  0 12  0 12 0
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Global irradiance ratios 064/QASUME at Arosa:21−Jul−2010(202) to 26−Jul−2010(207)

TIME [UT]  ON  DAYS: [202  206  207]

R
A

T
IO

 0
64

/Q
A

S
U

M
E

202 206 207

305 nm
310 nm
315 nm
320 nm

14



290 295 300 305 310 315 320 325 330
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Global irradiance ratios 064/QASUME at Arosa:21−Jul−2010(202)

wl [nm]
5 10 15 20

0

1

2

3

4

5

6

7

8

9

U
V

In
de

x

2(104) 4(89) 6(70) 8(49) 10(32) 12(27) 14(41) 16(60) 18(80) 20(98)
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Daily variation. Wavelength bands are ± 2.5 nm

TIME [UT](SZA)

45° 27° 29°
305 nm
310 nm
315 nm
320 nm

290 295 300 305 310 315 320 325 330
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Global irradiance ratios 064/QASUME at Arosa:25−Jul−2010(206)

wl [nm]
5 10 15 20

0

1

2

3

4

5

U
V

In
de

x

2(105) 4(89) 6(70) 8(50) 10(33) 12(28) 14(41) 16(61) 18(81) 20(99)
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Daily variation. Wavelength bands are ± 2.5 nm

TIME [UT](SZA)

55° 28° 66°
305 nm
310 nm
315 nm
320 nm

15



290 295 300 305 310 315 320 325 330
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Global irradiance ratios 064/QASUME at Arosa:26−Jul−2010(207)

wl [nm]
5 10 15 20

0

0.5

1

1.5

2

2.5

3

U
V

In
de

x

2(105) 4(89) 6(71) 8(50) 10(33) 12(28) 14(41) 16(61) 18(81) 20(99)
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Daily variation. Wavelength bands are ± 2.5 nm

TIME [UT](SZA)

76° 65°65°
305 nm
310 nm
315 nm
320 nm

Wavelength [nm]

R
A

T
IO

 0
64

/Q
A

S
U

M
E

Mean ratio 064/QASUME at Arosa:21−Jul−2010(202) to 26−Jul−2010(207)

NB
Spectra

=23

295 300 305 310 315 320 325 330
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Mean ratio SZA<90
Mean ratio SZA<50
5/95th percentile
Range of values

16



290 295 300 305 310 315 320 325 330

−0.02

0

0.02

0.04

0.06

0.08

0.1

Wavelength [nm]

SH
IC

R
iv

m
w

a
ve

le
n

g
th

sh
ift

[n
m

]

Arosa, 064, July 2010

MEAN
STD

17



201 202 203 204 205 206 207 208 209
0

1

2

3

4

5

6

7

8

9

10
UV Index Arosa, July 2010

Day of Year

U
V

 In
de

x

072
QASUME

 0 12  0 12  0 12  0 12 0
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Global irradiance ratios 072/QASUME at Arosa:21−Jul−2010(202) to 26−Jul−2010(207)

TIME [UT]  ON  DAYS: [202  203  206  207]

R
A

T
IO

 0
72

/Q
A

S
U

M
E

202 203 206 207

305 nm
310 nm
315 nm
320 nm

18



290 295 300 305 310 315 320 325 330
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Global irradiance ratios 040/QASUME at Arosa:21−Jul−2010(202)

wl [nm]
5 10 15 20

0

1

2

3

4

5

6

7

8

9

U
V

In
de

x

2(104) 4(89) 6(70) 8(49) 10(32) 12(27) 14(41) 16(60) 18(80) 20(98)
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Daily variation. Wavelength bands are ± 2.5 nm

TIME [UT](SZA)

49° 27°27°
305 nm
310 nm
315 nm
320 nm

290 295 300 305 310 315 320 325 330
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Global irradiance ratios 072/QASUME at Arosa:21−Jul−2010(202)

wl [nm]
5 10 15 20

0

1

2

3

4

5

6

7

8

9

U
V

In
de

x

2(104) 4(89) 6(70) 8(49) 10(32) 12(27) 14(41) 16(60) 18(80) 20(98)
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Daily variation. Wavelength bands are ± 2.5 nm

TIME [UT](SZA)

27°27° 41°
305 nm
310 nm
315 nm
320 nm

19



290 295 300 305 310 315 320 325 330
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Global irradiance ratios 040/QASUME at Arosa:23−Jul−2010(204)

wl [nm]
5 10 15 20

0

0.2

0.4

0.6

0.8

1

1.2

1.4

U
V

In
de

x

2(105) 4(89) 6(70) 8(50) 10(32) 12(28) 14(41) 16(61) 18(81) 20(99)
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Daily variation. Wavelength bands are ± 2.5 nm

TIME [UT](SZA)

33°33° 61°
305 nm
310 nm
315 nm
320 nm

290 295 300 305 310 315 320 325 330
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Global irradiance ratios 072/QASUME at Arosa:22−Jul−2010(203)

wl [nm]
5 10 15 20

0

2

4

6

8

10

U
V

In
de

x

2(105) 4(89) 6(70) 8(50) 10(32) 12(27) 14(41) 16(61) 18(81) 20(98)
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Daily variation. Wavelength bands are ± 2.5 nm

TIME [UT](SZA)

27°27° 41°
305 nm
310 nm
315 nm
320 nm

20



290 295 300 305 310 315 320 325 330
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Global irradiance ratios 072/QASUME at Arosa:25−Jul−2010(206)

wl [nm]
5 10 15 20

0

1

2

3

4

5

U
V

In
de

x

2(105) 4(89) 6(70) 8(50) 10(33) 12(28) 14(41) 16(61) 18(81) 20(99)
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Daily variation. Wavelength bands are ± 2.5 nm

TIME [UT](SZA)

55° 28° 71°
305 nm
310 nm
315 nm
320 nm

290 295 300 305 310 315 320 325 330
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Global irradiance ratios 040/QASUME at Arosa:27−Jul−2010(208)

wl [nm]
5 10 15 20

0

0.5

1

1.5

2

2.5

3

U
V

In
de

x

2(106) 4(90) 6(71) 8(50) 10(33) 12(28) 14(42) 16(61) 18(81) 20(99)
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Daily variation. Wavelength bands are ± 2.5 nm

TIME [UT](SZA)

51°51° 76°
305 nm
310 nm
315 nm
320 nm

21



290 295 300 305 310 315 320 325 330
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Global irradiance ratios 072/QASUME at Arosa:26−Jul−2010(207)

wl [nm]
5 10 15 20

0

0.5

1

1.5

2

2.5

3

U
V

In
de

x

2(105) 4(89) 6(71) 8(50) 10(33) 12(28) 14(41) 16(61) 18(81) 20(99)
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Daily variation. Wavelength bands are ± 2.5 nm

TIME [UT](SZA)

71° 45° 71°
305 nm
310 nm
315 nm
320 nm

Wavelength [nm]

R
A

T
IO

 0
72

/Q
A

S
U

M
E

Mean ratio 072/QASUME at Arosa:21−Jul−2010(202) to 26−Jul−2010(207)

NB
Spectra

=27

295 300 305 310 315 320 325 330
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Mean ratio SZA<90
Mean ratio SZA<50
5/95th percentile
Range of values

22



290 295 300 305 310 315 320 325 330

−0.1

−0.08

−0.06

−0.04

−0.02

0

0.02

0.04

0.06

Wavelength [nm]

SH
IC

Ri
vm

w
a

ve
le

ng
th

sh
ift

[n
m

]

Arosa, 072, July 2010

MEAN
STD

23



201 202 203 204 205 206 207 208 209
0

1

2

3

4

5

6

7

8

9

10
UV Index Arosa, July 2010

Day of Year

U
V

 In
de

x

156
QASUME

 0 12  0 12  0 12 0
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Global irradiance ratios 156/QASUME at Arosa:21−Jul−2010(202) to 26−Jul−2010(207)

TIME [UT]  ON  DAYS: [202  206  207]

R
A

T
IO

 1
56

/Q
A

S
U

M
E

202 206 207

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

24



290 300 310 320 330 340 350 360 370
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Global irradiance ratios 156/QASUME at Arosa:21−Jul−2010(202)

wl [nm]
5 10 15 20

0

1

2

3

4

5

6

7

8

9

U
V

In
de

x

2(104) 4(89) 6(70) 8(49) 10(32) 12(27) 14(41) 16(60) 18(80) 20(98)
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Daily variation. Wavelength bands are ± 2.5 nm

TIME [UT](SZA)

41°41° 60°
305 nm
310 nm
320 nm
330 nm
345 nm
358 nm

290 300 310 320 330 340 350 360 370
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Global irradiance ratios 156/QASUME at Arosa:25−Jul−2010(206)

wl [nm]
5 10 15 20

0

1

2

3

4

5

U
V

In
de

x

2(105) 4(89) 6(70) 8(50) 10(33) 12(28) 14(41) 16(61) 18(81) 20(99)
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Daily variation. Wavelength bands are ± 2.5 nm

TIME [UT](SZA)

30°30° 76°
305 nm
310 nm
320 nm
330 nm
345 nm
358 nm

25



290 300 310 320 330 340 350 360 370
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Global irradiance ratios 156/QASUME at Arosa:26−Jul−2010(207)

wl [nm]
5 10 15 20

0

0.5

1

1.5

2

2.5

3

U
V

In
de

x

2(105) 4(89) 6(71) 8(50) 10(33) 12(28) 14(41) 16(61) 18(81) 20(99)
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Daily variation. Wavelength bands are ± 2.5 nm

TIME [UT](SZA)

76° 36° 76°
305 nm
310 nm
320 nm
330 nm
345 nm
358 nm

Wavelength [nm]

R
A

T
IO

 1
56

/Q
A

S
U

M
E

Mean ratio 156/QASUME at Arosa:21−Jul−2010(202) to 26−Jul−2010(207)

NB
Spectra

=17

300 310 320 330 340 350 360 370
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Mean ratio SZA<90
Mean ratio SZA<50
5/95th percentile
Range of values

26



290 300 310 320 330 340 350 360

−0.02

0

0.02

0.04

0.06

0.08

0.1

0.12

Wavelength [nm]

SH
IC

R
iv

m
w

a
ve

le
n

g
th

sh
ift

[n
m

]

Arosa, 156, July 2010

MEAN
STD

27



201 202 203 204 205 206 207 208 209
0

1

2

3

4

5

6

7

8

9

10
UV Index Arosa, July 2010

Day of Year

U
V

 In
de

x

ISQ
QASUME

 0 12  0 12  0 12  0 12  0 12 0
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Global irradiance ratios ISQ/QASUME at Arosa:20−Jul−2010(201) to 26−Jul−2010(207)

TIME [UT]  ON  DAYS: [201  203  204  206  207]

R
A

T
IO

 IS
Q

/Q
A

S
U

M
E

201 203 204 206 207

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

28



290 300 310 320 330 340 350 360 370
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Global irradiance ratios ISQ/QASUME at Arosa:20−Jul−2010(201)

wl [nm]
5 10 15 20

0

1

2

3

4

5

6

7

8

9

U
V

In
de

x

2(104) 4(89) 6(70) 8(49) 10(32) 12(27) 14(40) 16(60) 18(80) 20(98)
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Daily variation. Wavelength bands are ± 2.5 nm

TIME [UT](SZA)

56° 26° 36°
305 nm
310 nm
320 nm
330 nm
345 nm
358 nm

290 300 310 320 330 340 350 360 370
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Global irradiance ratios ISQ/QASUME at Arosa:22−Jul−2010(203)

wl [nm]
5 10 15 20

0

2

4

6

8

10

U
V

In
de

x

2(105) 4(89) 6(70) 8(50) 10(32) 12(27) 14(41) 16(61) 18(81) 20(98)
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Daily variation. Wavelength bands are ± 2.5 nm

TIME [UT](SZA)

45° 27° 50°
305 nm
310 nm
320 nm
330 nm
345 nm
358 nm

29



290 300 310 320 330 340 350 360 370
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Global irradiance ratios ISQ/QASUME at Arosa:23−Jul−2010(204)

wl [nm]
5 10 15 20

0

0.2

0.4

0.6

0.8

1

1.2

1.4

U
V

In
de

x

2(105) 4(89) 6(70) 8(50) 10(32) 12(28) 14(41) 16(61) 18(81) 20(99)
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Daily variation. Wavelength bands are ± 2.5 nm

TIME [UT](SZA)

33°33° 66°
305 nm
310 nm
320 nm
330 nm
345 nm
358 nm

290 300 310 320 330 340 350 360 370
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Global irradiance ratios ISQ/QASUME at Arosa:25−Jul−2010(206)

wl [nm]
5 10 15 20

0

1

2

3

4

5

U
V

In
de

x

2(105) 4(89) 6(70) 8(50) 10(33) 12(28) 14(41) 16(61) 18(81) 20(99)
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Daily variation. Wavelength bands are ± 2.5 nm

TIME [UT](SZA)

55° 28° 76°
305 nm
310 nm
320 nm
330 nm
345 nm
358 nm

30



290 300 310 320 330 340 350 360 370
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Global irradiance ratios ISQ/QASUME at Arosa:26−Jul−2010(207)

wl [nm]
5 10 15 20

0

0.5

1

1.5

2

2.5

3

U
V

In
de

x

2(105) 4(89) 6(71) 8(50) 10(33) 12(28) 14(41) 16(61) 18(81) 20(99)
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Daily variation. Wavelength bands are ± 2.5 nm

TIME [UT](SZA)

45° 28° 76°
305 nm
310 nm
320 nm
330 nm
345 nm
358 nm

Wavelength [nm]

R
A

T
IO

 IS
Q

/Q
A

S
U

M
E

Mean ratio ISQ/QASUME at Arosa:20−Jul−2010(201) to 26−Jul−2010(207)

NB
Spectra

=53

300 310 320 330 340 350 360 370
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Mean ratio SZA<90
Mean ratio SZA<50
5/95th percentile
Range of values

31



290 300 310 320 330 340 350 360

−0.06

−0.04

−0.02

0

0.02

0.04

0.06

0.08

0.1

0.12

Wavelength [nm]

SH
IC

Ri
vm

w
a

ve
le

ng
th

sh
ift

[n
m

]

Arosa, ISQ, July 2010

MEAN
STD

32



201 202 203 204 205 206 207 208 209
0

1

2

3

4

5

6

7

8

9

10
UV Index Arosa, July 2010

Day of Year

U
V

 In
de

x

IZ3
QASUME

 0 12  0 12  0 12  0 12 0
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Global irradiance ratios IZ3/QASUME at Arosa:21−Jul−2010(202) to 27−Jul−2010(208)

TIME [UT]  ON  DAYS: [202  206  207  208]

R
A

T
IO

 IZ
3/

Q
A

S
U

M
E

202 206 207 208

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

33



290 300 310 320 330 340 350 360 370
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Global irradiance ratios IZ3/QASUME at Arosa:21−Jul−2010(202)

wl [nm]
5 10 15 20

0

1

2

3

4

5

6

7

8

9

U
V

In
de

x

2(104) 4(89) 6(70) 8(49) 10(32) 12(27) 14(41) 16(60) 18(80) 20(98)
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Daily variation. Wavelength bands are ± 2.5 nm

TIME [UT](SZA)

49° 29° 41°
305 nm
310 nm
320 nm
330 nm
345 nm
358 nm

290 300 310 320 330 340 350 360 370
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Global irradiance ratios IZ3/QASUME at Arosa:25−Jul−2010(206)

wl [nm]
5 10 15 20

0

1

2

3

4

5

U
V

In
de

x

2(105) 4(89) 6(70) 8(50) 10(33) 12(28) 14(41) 16(61) 18(81) 20(99)
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Daily variation. Wavelength bands are ± 2.5 nm

TIME [UT](SZA)

28°28° 76°
305 nm
310 nm
320 nm
330 nm
345 nm
358 nm

34



290 300 310 320 330 340 350 360 370
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Global irradiance ratios IZ3/QASUME at Arosa:26−Jul−2010(207)

wl [nm]
5 10 15 20

0

0.5

1

1.5

2

2.5

3

U
V

In
de

x

2(105) 4(89) 6(71) 8(50) 10(33) 12(28) 14(41) 16(61) 18(81) 20(99)
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Daily variation. Wavelength bands are ± 2.5 nm

TIME [UT](SZA)

76° 28° 76°
305 nm
310 nm
320 nm
330 nm
345 nm
358 nm

290 300 310 320 330 340 350 360 370
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Global irradiance ratios IZ3/QASUME at Arosa:27−Jul−2010(208)

wl [nm]
5 10 15 20

0

0.5

1

1.5

2

2.5

3

U
V

In
de

x

2(106) 4(90) 6(71) 8(50) 10(33) 12(28) 14(42) 16(61) 18(81) 20(99)
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Daily variation. Wavelength bands are ± 2.5 nm

TIME [UT](SZA)

30°30° 76°
305 nm
310 nm
320 nm
330 nm
345 nm
358 nm

35



Wavelength [nm]

R
A

T
IO

 IZ
3/

Q
A

S
U

M
E

Mean ratio IZ3/QASUME at Arosa:21−Jul−2010(202) to 27−Jul−2010(208)

NB
Spectra

=23

300 310 320 330 340 350 360 370
0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
Mean ratio SZA<90
Mean ratio SZA<50
5/95th percentile
Range of values

290 300 310 320 330 340 350 360

−0.08

−0.06

−0.04

−0.02

0

0.02

0.04

0.06

0.08

Wavelength [nm]

SH
IC

R
iv

m
w

a
ve

le
n

g
th

sh
ift

[n
m

]

Arosa, IZ3, July 2010

MEAN
STD

36



280 300 320 340 360 380 400
0.98

0.985

0.99

0.995

1

1.005

1.01

1.015

1.02

Wavelength /nm

R
at

io
 to

 m
ea

n

Arosa QASUME spectral Responsivity changes

Variability=± 0.55%

200
201
204
208

07/18 07/25 08/01
20

22

24

26

28

30

32

34

36

38

Time

T
em

pe
ra

tu
re

 [ 
ºC

]

Diffuser temperature = 28.2 ± 1.5 ºC

Qasume temperature = 23.9 ± 0.1 ºC

Qasume
Diffuser

37



38


	Protocol of the intercomparison at LKO, Arosa, Switzerland on July 19 to 27, 2010 with the travelling reference spectroradiometer Qasume from PMOD/WRC 


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




