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e 19 stations, Global radiation, professional staff
* 6 of them with Diffuse radiation
* 1 (SO0 HK) with SW reflected, LW up/dn, UV total/spectral radiation

Radiacni sit CHMU / Radiation network of CHMI
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Field pyranometer DAS :
* usually 2-sec sampling
* l-minute averages
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Primary Standard - Radiometer HF 30497

IPC-XIl series evaluation
| AHF30497: WRR factor=0.999590, 5=0.000600, n=483
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2042018 15:28:00 955( 1 60 08516 —eT32 8169 1928 579| 5783 4321 g

HF 30497 results from IPCs, PMO Davos: || 2042018 152000 955 15 9| 50 08502 8119 8131 127 5805 57.98 4206 431.1
o P [ | 2042018 15:30:00 | 955 15 10 59| 08309 7935 7963 6543 582 5813 4181 4204

stable sensitivity confirmed || 2042018 15:31:00 | 955) 15| 11 60| 08265 789.3] 7948 1804 58.35 5828 4142 4179
e Uss=0.22 % (k:2’ scale WRR) | | 2042018| 15:32:00 | 955/ 15/ 12| 60 08212 7842 7839 2116 585 5843  409.8) 4104

20.4.2018 15:33:00 955| 15| 13| 60 0.8111| 7746 7859 3.873| 5865 5858 403 4097
2042018 15:34:00 955| 15| 14 60 0.8124| 7758 7791 3727 588 5872 402 4045
20.4.2018 15:35:00 955| 15/ 15 60 0.8463| 8082 7954 11.711| 5895 5887 4169 4112
2042018 15:36:00 955, 15 16 58 0.8467 8086 8082 0.651 59.1| 59.03 4153 4159
20.4.2018 15:37:00 955/ 15 17 60 0.8466 8085 8082 0.221 5925 5917 4134 4142
E 20.4.2018 15:38:00 955/ 15 18 60 0.8443 8063 8075 0.756 59.4| 5932 4105 412 j

|
Screen of the HF 30497 control program
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Pyranometer calibration by reference to Std pyrheliometer with Auxiliary diffusion pyranometer

(modified Shade/Unshade method)

Motivation:

lack of the ,,perfect calibration” days in CZ

need of using days with clouds

solving the problem of unstable diffusion (while DNI is stable)

Sh/Unsh : transition to unshade must be long enough with respect to pyr. time constant

Solution:

creating auxiliary diffusion variable (DIFcalc)

in the Shade phase —to ,teach” DIFcalc to show the values of Pyranometer under Test shaded
-> lin. regression -> K, Q. Done in the post processing!

In fact, two Shade phases are used for regression: before and after each Unshade sequence
using K, Q during corresponding PuT unshaded sequence

treating DIFcalc as if it was PuT shaded

To the comliance with CIMO Guide 8/2006, Chapter 7 (quotation to the calibration method):

a2 BY REFERENCE TO A STA NDARD PYRHELIOMETER

This method is simiar to the method of the preceding paragraph except that the diffuse radiation is measured by the same
pyranometer. The direct component is eliminated temporarily from the pyranometer by shading the whole outer dome of
the instrument as in section 7.3.1.1. The period required for occulting depends on the steadiness of the radiation flux and
the response time of the pyranometer, including the time interval needed to bring the temperature and long-wave
emission of the glass dome to an equilibrium: three to 10 minutes should generally be sufficient.
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... to previous snap

Basic equation

So*Gi — So*Di _ Ugi — Upi
Nj=cos(Z;) ~ Njxcos (Z;)

Si:

(Eq. 1)

transformed for regression

N; xcos(Z) =(— (G; — D;) (+ Q)

K




Calibration of the Secondary standard pyranometer

The basic equation for sensitivity evaluation for "Shade/unshade" calibration method

So*Gi — So*Di + So*Dyes _ Ugi — Upi + Upyes
Ni*cos(Z;) Ni*cos (Z;)

Si:

(Eq. 1)

Transformation for graphic interpretation, where the rate can be expressed as a deviation in [%)]

Si e Gi — Dj +Dyes
o D,.c ... residuals of two parameter regression (Eq.la)l

So Ni*cos(Z;)

Dres = Di = (I() % Daux.x' ¢ Q}) Dres ~0 {(Eg.1za)

Uncertainty sensitivity coefficients calculation

= _asi 1 Eq. 1b
UG~ syci = Ni+cos(Z;) o
. _ 3si . Eg-1
LUD T aupi T Nyscos(Z;) o
asi -
. ) _ Eq. 1d
LUDres = s5ubres Ni+cos(Z;) o
asi —(Ugi — Upi)
of FiowE G mverpaer -
i.N AN NiZecos(Z;) o
asi (Ugi — Upi)*tg(Zi)
c; el Dijconst i
Lz 8zi Ni+cos(Z;) e i
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Time marks on upper snaps are not equidistant !

Daily run of the global and diffuse radiation on the corresponding days
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Uncertainty calculator
Pyranometer calibration — shade/unshade method with auxiliary diffusion pyranometer

A | B 1 (@ |D| E 1 F J H 1 | J \ K L M ‘ N l (o} J P
3 |Enter values into the yellow cells in the table
s /
5 Value U Value U [%] U Offset a=U+Offset distrib. u c c*u (e* u)2 % of Sum
6 |So [uv/w.m? 8.79 ’Z
7 |Dres [W.m?] 0.00 Upres [1V] 0.00 0.00 0.000 0.001356  0.00000 0.00E+00 0.0%
g |GLB [W-m-Z] 800 Ug; [pv] 7032.0 0.003 0.21 3.5 3.711 R 2.143 0.001356 0.00291  8.45E-06 35.3%
g DIF [W-m'Z] 60 Uy [pv] 527.4 0.003 0.02 0 0.016 R 0.009 0.001356 0.00001 1.54E-10 0.2%
10 LWy [W.m?] -3 U [1V] -26.4 -26.37
1|Z [deg] 35 o.003| |Z [radians] 0.610865 0.000052 R 0.00003) 5.733 0.00017 3.00E-08 2.1%
12 [Tilt  [deg] 0 0| |Tilt [radians] 0.000000 0.000000 R 0.00000 0.00000 0.00E+00 0.0%
13 |NIP [W.m'Z] 900 N [W.m-Z] 900 0.101% 0.91 R 0.525 0.009803 0.00514  2.65E-05 62.5%
14 |Accept WRR/SI (Y orN) _ WRR/SI 1 0.180% 0.00 (=20) 0.000 0.009803  0.00000 0.00E+00  0.0%
15 SUM 0.00824  3.49E-05

-2 ~

168 [MV/W.m™] 8.823|+ 0.006 = 10.07% SQRT=u, 0.006
17 |
18 |
19
20 |WRR/SI ratio = | 1.0034|+ 0.0018 |(20) 2010, irradiance mode
21 |See "04_05_Suter_WRR_SI_Comparison_to_DARA.pdf"
22 |
23 |NIP = ACR, AHF 30497, open window (without glas)
24 |WRR/NIP ratio (IPC-XIl) = 0.99959 *+ 0.0006 |(10) (483 points)
25 |
26 |DC accuracy of DMM Agilent, see "34370A User Guide", page 404 :
27 |Range 100 mV, 24 hod, 23#1°C
28 |#(% of reading + % of range )= * 0.003 + 0.0035 I (% of range = offset)

29
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Uncertainty calculator
Pyranometer calibration — shade/unshade method with auxiliary diffusion pyranometer

A | B | C D E [ F | G [ H [ | | J | K | E [ M | N [ (o} | P L
3 |Enter values into the yellow cells in the table
4
5 Value U Value U [%] U Offset a=U+Offset distrib. u c c*u (c*u)® % ofSum
6 'So [pV/W.m'ZI 8.79
7 Dres [W.m'zl 0.0C 1.00 Upres [1V] 0.00 8.79 N 2.017 0.001356 0.00274  7.48E-06 ( 24.9%
g |GLB [W-m-z] 800 Ug; [pv] 7032.0 0.003 0.21 3.5 3.711 R 2.143 0.001356 0.00291 8.45E-06 26.5%
g DIF [W-m'Z] 60 Uy [pv] 527.4 0.003 0.02 0 0.016 R 0.009 0.001356 0.00001  1.54E-10 0.1%
10 [LWp5 [W.m?] -3 Uy [pv] -26.4 -26.37
1|Z [deg] 35 0.003| |Z [radians] 0.610865 0.000052 R 0.00003) 5.733 0.00017 3.00E-08 1.6%
12 [Tilt  [deg] 0 0] |Tilt [radians] 0.000000 0.000000 R 0.00000 0.00000 0.00E+00 0.0%
13 |NIP [W.m'Z] 900 N [W.m'Z] 900 0.101% 0.91 R 0.525 0.009803 0.00514  2.65E-05 46.9%
14 |Accept WRR/SI (YorN) - WRR/SI 1 0.180% 0.00 (=20) 0.000 0.009803 0.00000 0.00E+00 0.0%
15 SUM 0.01097 4.24E-05

Z] ~

16 S [uV/W.m™] 8.823|+ 0.007 = £0.07% SQRT = ug 0.007
17|
18|
19
20 |WRR/SI ratio = I 1.0034Ii 0.0018 |(2 o) 2010, Irradiance mode
21 |See "04_05_Suter WRR_SI_Comparison_to_DARA.pdf"
22 |
23 |NIP = ACR, AHF 30497, open window (without glas)
24 |WRR/NIP ratio (IPC-XII) = 0.99959 * 0.0006 l(10) (483 points)
25 |
26 |DC accuracy of DMM Agilent, see "34970A User Guide", page 404 :
27 |Range 100 mV, 24 hod, 23+1°C
28 |*(% of reading + % of range )= * 0.003 + 0.0035 (% of range = offset)
29
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Uncertainty calculator
Pyranometer calibration — shade/unshade method with auxiliary diffusion pyranometer

A | B | C D E [ F | G [ H [ | | J | K | E [ M | N [ (o} | P L
3 |Enter values into the yellow cells in the table
s /
5 Value U Value U [%] U Offset a=U+Offset distrib. u c c*u (c*u)® % ofSum
6 'So [pV/W.m'ZI 8.79
7 Dres [W.m'Z] 0.0C 1.00 Upres [1V] 0.00 8.79 N 2.017 0.001356 0.00274  7.48E-06 ( 24.9%
g |GLB [W-m-z] 800 Ug; [pv] 7032.0 0.003 0.21 3.5 3.711 R 2.143 0.001356 0.00291 8.45E-06 26.5%
g DIF [W-m'Z] 60 Uy [pv] 527.4 0.003 0.02 0 0.016 R 0.009 0.001356 0.00001  1.54E-10 0.1%
10 LW [W.m7] -3 U [1v] -26.4 -26.37
1|Z [deg] 35 003| |Z [radians] 0.610865 0.000052 R 0.00003) 5.733 0.00017 3.00E-08 1.6%
12 [Tilt  [deg] 0 4 0] |Tilt [radians] 0.000000 0.000000 R 0.00000 0.00000 0.00E+00 0.0%
13 |NIP [W.m'Z] 900 N [W.m'Z] 900 0.101% 0.91 R 0.525 0.009803 0.00514  2.65E-05 46.9%
14 |Accept WRR/SI (YorN) - WRR/SI 1 0.180% 0.00 (=20) 0.000 0.009803 0.00000 0.00E+00 0.0%
15 SUM 0.01097 4.24E-05

Z] ~

16 S [uV/W.m™] 8.823|+ 0.007 = £0.07% SQRT = ug 0.007
17|
18|
19
20 |WRR/SI ratio = I 1.0034Ii 0.0018 |(2 o) 2010, Irradiance mode
21 |See "04_05_Suter WRR_SI_Comparison_to_DARA.pdf"
22 |
23 |NIP = ACR, AHF 30497, open window (without glas)
24 |WRR/NIP ratio (IPC-XII) = 0.99959 * 0.0006 l(10) (483 points)
25 |
26 |DC accuracy of DMM Agilent, see "34970A User Guide", page 404 :
27 |Range 100 mV, 24 hod, 23+1°C
28 |*(% of reading + % of range )= * 0.003 + 0.0035 (% of range = offset)
29
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Uncertainty calculator
Pyranometer calibration — shade/unshade method with auxiliary diffusion pyranometer

A | B ; @ D) E | F | G | H | | | J ; K [ L [ M N | (o} | P
3 |Enter values into the yellow cells in the table
’ /
5 Value U Value U [%] U Offset a=U+Offset distrib. u c c*u fc* u)2 % of Sum
6 |So [pv/w.m?] 8.79
7 |Dres [W.m7] 0.00 1.00 Upres [1V] 0.00 8.79 N 2.017 0.001356  0.00274 7.48E-06  19.7%
g |GLB [W.m?] 800 Uz [pv] 7032.0 0.003 0.21 3.5 3.711 R 2.143 0.001356 0.00291 8.45E-06  21.0%
g DIF [W-m-zl 60 Uy, [pv] 527.4 0.003 0.02 0 0.016 R 0.009 0.001356 0.00001  1.54E-10 0.1%
10 LWy [W.m7] -3 U [V -26.4 -26.37
1|2 [deg] 35 ).003 z [radians] 0.610865 0.000052 R 0.00003) 5.733 0.00017 3.00E-08 1.3%
12 [Tilt  [deg] 0 0.05| |Tilt [radians] 0.000000 0.000873 R 0.00050 0.00289  8.34E-06 ( 20.8%
13 |NIP [W.m'Z] 900 N [W.m'z] 900 0.101% 0.91 R 0.525 0.009803 0.00514  2.65E-05 37.1%
14 |Accept WRR/SI (YorN) - WRR/SI 1 0.180% 0.00 (=20) 0.000 0.009803 0.00000 0.00E+00 0.0%
15 SUM 0.01386  5.08E-05

2 ~

16 |S [uV/W.m™] 8.823|+ 0.007 = £0.08% SQRT =u, 0.007
17 |
18|
19
20 |WRR/S! ratio = | 1.0034|+ 0.0018 |(20) 2010, Irradiance mode
21 |See "O4_05_Suter_WRR_SI_Comparison_to_DARA.pdf"
22 |
23 |NIP = ACR, AHF 30497, open window (without glas)
24 \WRR/NIP ratio (IPC-XII) = 0.99959 + 0.0006 |(10) (483 points)
25 |
26 |DC accuracy of DMM Agilent, see "34970A User Guide", page 404 :
27 |Range 100 mV, 24 hod, 23+1°C
28 |#(% of reading + % of range )= * 0.003 + 0.0035 (% of range = offset)
29
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Uncertainty calculator
Pyranometer calibration — shade/unshade method with auxiliary diffusion pyranometer

A l B J C |D| E . F . G J H | | J J l K l E l M l N ‘ (o} l P |
3 |Enter values into the yellow cells in the table
4
5 Value U Value U [%] U Offset a=U+Offset distrib. u c c*u (c*u)® %ofSum
6 |So  [uV/W.m? 8.79
7 |Dres [W.m'z] 0.00 1.00 Upres [1V] 0.00 8.79 N 2.017 0.001356 0.00274  7.48E-06 16.3%
8 |GLB [W.m?] 800 Us  [uv] 7032.0 0.003 0.21 3.5 3.711 R 2.143 0.001356 0.00291 8.45E-06  17.4%
9 |DIF [W.m?] 60 Uy [pv] 527.4 0.003 0.02 0 0.016 R 0.009 0.001356 0.00001 1.54E-10 0.1%
10 LW [W.m?] -3 U [pV] -26.4 -26.37
11|Z [deg] 35 0.003| |Z [radians] 0.610865 0.000052 R 0.00003| 5.733] 0.00017 3.00E-08 1.0%
12 |Tilt  [deg] 0 ( o.]NTilt [radians] 0.000000 0.001745 R 0.00101 | 0.00578  3.34E-05 (~ 34.5%]
13 NIP [W.m'zl 900 N [W.m'Z] 900 0.101% 0.91 R 0.525 0.009803 0.00514  2.65E-05 1%
14 | Accept WRR/S! (Y orN) - WRR/S! 1 0.180% 0.00 (=20) 0.000 0.009803  0.00000 0.00E+00  0.0%
15 SUM 0.01675  7.58E-05

2 ~

16 (S [V/W.m™] 8.823|+ 0.009 = *0.10% SQRT =u, 0.009
17
18|
19
20 \WRR/SI ratio = | 1.0034|+ 0.0018 |(20) 2010, irradiance mode
21 |See "04_05_Suter_WRR_SI_Comparison_to_DARA.pdf"
22|
23 |NIP = ACR, AHF 30497, open window (without glas)
24 \WRR/NIP ratio (IPC-XIl) = 0.99959 *+ 0.0006 l(10) (483 points)
25 |
26 |DC accuracy of DMM Agilent, see "34370A User Guide", page 404 :
27 |Range 100 mV, 24 hod, 23#1°C
28 |#(% of reading + % of range )= * 0.003 + 0.0035 | (% of range = offset)
29
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Uncertainty calculator calculates the Type B standard uncertainty of the calibration facility, for one calibration point
Legend, Explanatory notes

WRR/SI ratio = | 1.0034 |i 0.0018 |(2 o) 2010, Irradiance mode

See "04_05_Suter_ WRR_SI_Comparison_to_DARA.pdf"

Nip= ACR, AHF 30497, open window (without glas)

WRR/NIP ratio (IPC-XII) = 0.99959 + 0.0006 l(16) (483 points)

|DC accuracy of DMM Agilent, see "34970A User Guide", page 404 :

Range 100 mV, 24 hod, 23#1°C

(% of reading + % of range)= +  0.003 * 0.0035 (% of range = offset)

D .., input U, represents the standard deviation of residuals of calibrated pyranometer to auxiliary pyranometer regression.
|The regression is built on 10 + 10 datapoints ("shaded" minute values) on both sides of the interval when pyranometer under test is unshaded.

D,...input Value, represents the systematic error of Dres, and changes the mean of resulting pyranometer sensitivity.

In principle, D ,.. Value =regression residuals mean = 0

DMM offset Ug Uy

The Ug and U, are measured in the DMM cycle with the time difference < 0.5 s, so their offsets are expected to be the same value. In the equation one eliminates the other.

: The use of just one offset value reflects the possible offset shift during the time difference between shade and unshade phase.

:Tilt +Z uncertainty
| Effectively, the tilt of sensor acts as the small change of Z. In the uncertainty sensitivity coefficient calculation, the argument cos(Z +tilt) is used insted of cos(Z).

Note the same sensitivity coefficient ¢, inthe ¢ *u calculation, both for the row of Z and Tilt.

| Value of Tilt can be entered either as the constant Value (systematic error of bubble level), or as the uncertainty U (e.g. insufficiently robust mounting, error of solar tracker vertical axis alignment...)
| While constant Value enters the ¢ *u calculation directly, for uncertainty U input, the rectangular distribution function is used.

L WRR/sI

|You can accept the WRR/SI (estimation 2010) for final evaluation.

Note that beside the final uncertainty Ug, also the pyranometer sensitivity mean is systematicaly shifted.
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Bubble level Sensitivity vs. Accuracy (Precission)

The picture shows the example of well known experience:
The pyranometer (without leveling screws) is being
installed on the surface of the ventilation unit aligned
horizontally according to the pyranometer previously

mounted.

2219009°2" 1 guiry.

Specifications CMP3 CMP 6 CMP10 & CMP 11 CMP21 CMP 22

Classification to IS0 9060:1990 Second Class First Clazz B ry Standard 5 dary Standard S y Standard

Spectral range (50 % pons) 300 to 2800em 285t0 2B00nm 285 to 2800nm 285to 2B00om 200 to 3600 sm

Sensitivity 5 to 20 pV/W/m? 5 t0 20 ¥/ W/m2 7 to 14 pV/W/m? 7 10 18 pV/W/ e 7 to 14 pV/W/mz

Impedance 2002000 20 to 2000 1001000 10 10 2000 10to 1000

Expected output range (0w 1500W)e') | O to 30niW Oto30mV 0 to 20mV 0to20mV Otoz20mV

Maximum operatiosal irradiance 2000W/m2 2000 Wmz2 2000W/m? 4000W/m2 S000W/m2

Response time [(63%) <6s <63 <17s <L7s “17s

Response time (95%) <18z <18s <53 <55 <53

Zero offsets

(3) thermal radiation (3t 200W/m') <15Wm2 < 12W/m2 <TW/m «7TWmz <3W/ms

) temperature change (5 UN) <5Wim <aWjm <2Wjm <2Wm? <1W/m2

Non-stability (changatysar) <1% <1% <035% <0.5% <0.5%

Non-linearity (100  1000W/m) «15% 1% «02% «0.2% «02%

Directional response «20Wm? <« 20W/m2 <10W/m2 <« 10W/m2 <SW/m

{3p 0 50" with 2000 W/n! bsam)

Spectral selectivity (350 m1500am) | <3% 3% <3% «3% «3%

Temperatere response «5% (-10"C o +40°C) <&% (10w +a0"0) <1% (-20°C 12 *20%) <« 1% (-20°C w +50°0) <0.5% (-20°C12 +50%0)

Tilt resporse (0% 12 90 31 1000 Wja) “1% <1% «02% «0.2% «02%

Field of view 1Bo* 180° 180° 180° 1Bo*

Acceracy of bubble level <02° «0a® «0.1° «0a* <0.1°

Temperatare sensor ostput TOK Thermetor oK

{apreeal P-300) (opuional F-100)

Detector type Thermopile Thermopile Thermeopile Thermopile Thermegile

Operaticnal temperature range -40°Cto +Bo*C -40°Cto +80°C ~40"Cto«80°C -40°C to +80°C ~40°Cto+80°C

Storage temperatere ange -40°C to +B0*C -40°C to +80°C ~40°Cto «80°C -40°C to +80°C ~40°C to +80°C

Humidity range O to 100 % acacordersing | O to 100% nor-condensing | O to 200 % noncondersirg | O to 100% ron<ondensing | O to 100% scacoadeasing

Ingress Protection (IP) ratisg 67 67 67 67 67

R ded applicats E ical solutica for Good quality measwrements | Meteocological N logical ke Scientific research
routine measurements in for hydrology netwarks, PV panel 2nd thermal f in quiring the highest level
weather stations, greenhouse cBmate control | collector testing, extreme climates, polar of measurement accuracy
field testing materials testing o arid and reliability

drocts

rar




Instalation to check the bubble level sensitivity

[/

%

- Metalic girder (profile 48 x 20) with the active length 868 mm

- S1lit gauge, thickness "s

Five pyranometers tested:
1) CH11-0858764 s= 8.7 mm

2) CHM11-976462 s= 8.7 mm
3) CHM21-978437 s= 8.7 mm
4) CHMP11-096854 s= 8.7 mm
5) CHMP11-139647 s= 8.7 mm

Tilt = arctg{0.7 /7 860) = 0.047°
Conclusion: bubble SENSITIVITY {(the bubble moving from center and touching inner circle) is 0.5°
But another thing is bubble level PRECISSION *

According to the experiences of CHMI/S00, even when the bubble is in the center, some pyranometer bottom plane tilt
reaches 08.1° (K&Z specifications).



Levelling error simulation

*  For pyranometers NOT radiometricaly leveled, depending on the vectors of the components, we can expect
in the worst case error of ,,Z“ exceeding 0.1 deg:
o 0.1deg, the inborn error (unprecission) of the bubble level itself
o uncertainty of setting (reproducibility, unstability of the holder...)

*  We hardly know, what is the azimuth of the normal of pyranometer tilt. It causes the surprising ,Z“ errors,
namely in the situation, when the pyranometer is calibrated on the solar tracker (shade/unshade) and
finally used fix mounted

* A model was created for evaluation the error of the global radiation intensities, caused by the bubble
level error, oriented to various directions. On the next snaps there is an example of the output intensity
error, calculated only for the quadrant Q4, to which the inclined vertical axis of pyranometer is projected.

* |t is obvious that for Q1 the resulting curves in the graph will be vertically symetrical, for Q3 and Q2
respectively, they will be horizontally symetrical

Legend to the azimuth origin 0°
and the quadrant description
for the next snaps

AR
K

(by convention, the orientation
To the nearest pole ¥ of the pyranometer cable)




Levelling Error Simulation Radiation conditions
Calculated for the dates: January 1st; March 1st; May 1st; July 1st
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Model input values - theoretical values of the typical clear day runs of GLB and DIF at Lat. 50° (N)
(The simulation can be done for any curves — even the real values measured could be used instead)



Levelling Error Simulation Global Radiation, Pyranometer on the Solar Tracker

Calculated for the dates: January 1st; March 1st; May 1st; July 1st
(Explanation of the Legend shortcut: horizontal tilt B-01 =-0.1° = opposite from sun

No azimuthal dependence - pyranometer rotating with 2AP)
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Levelling Error Simulation Global Radiation, Pyranometer fixed

Calculated for the dates: January 1st; March 1st; May 1st; July 1st
(Explanation of the Legend shortcut: horizontal tilt BO1 =0.1°, azimuth of the Normal A20 = 20° from south to east)

e ErrAOOBO1 e ErrA20BO1 Azimuth axis origin =0° = direction to Sun at true noon
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Intensity Error
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Levelling Error Simulation Global Radiation, Pyranometer fixed

Calculated for the dates: January 1st; March 1st; May 1st; July 1st
(Explanation of the Legend shortcut: horizontal tilt BO1=0.1°, azimuth of the Normal A20 = 20° from south to east)

e ErrA40BO1 e ErrA70BO1 e ErrA90BO1 Azimuth axis origin =0° = direction to Sun at true noon

N
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Ventilated Pyranometers Daily LW Offset Evaluation

9.srpen 2018 - 20.srpen 2018

Night values of GLB

* corellated with ,instr. IR Net”

* and ,extrapolated” to daytime
(by means of linear regresion constants)

00:00 21:10 04:30 02:30 00:40 22:50 20:40 0400 0210 0010 2210 20010 03:30 01:10 2300 20:40
Time

v [ | [Gworrse. - | I | W g
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il DEF Chart [ Agilent LWOFFSET20180809_20.5q] ] — O

If only it is so simple ®

9.srpen 2018 - 20.srpen 2018
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Correlation between the night values of

* Ventilated pyranometer and ,instrumental IR Net”“ of CGR4

(IRNet=Usens/C !l)

* Thesame for another pyranometer, unventilated, run simultaneously (just for the brief comparison)

IR Net cgr4 & GLB linear regression
GLB = CMP21-090301 ventilated
based on the night 10-minute averages taken between
26.7.2018 and 9.9.2018

-0.50
T y =0.0152x - 0.7133
= 100 R? = 0.8548
2
Q
© -1.50
L
o
Fy
3 -2.00
2
£
£ -2.50
oo
2

-3.00

-120 -100 -80 -60 -40 -20

IR Net cgr4 [W/m?]

0.00
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8

-1.50
-2.00
-2.50
-3.00
-3.50
-4.00

Night intensity of GLB W/m?]

-4.50
-5.00

IR Net cgr4 & GLB linear regression

GLB = CM21-970437 unventilated
based on the night 10-minute averages taken between
26.7.2018 and 9.9.2018

y = 0.0364x + 0.1004
R? = 0.7672
-120 -100 -80 -60 -40 -20 0

IR Net cgr4 [W/m?]



Another method to reveal ventilated CMP21 pyranometer daytime LW offset values
Preliminary results

¢ Based on simultaneous calibration of Evaluation of LW offset

Synchronous shade/unshading of CMP21 and Schenk B&W - Modified method with auxiliary diffusion pyranometer
CM P2 1 a nd B&W pyra nometer 3 acquisition days: 8.1X.2021 - 10.1X.2021

« Difference = LW OFFSET [W/m2]  « GIb SCHENK =« GIb CMP21 Glb SCHENK not corr.

* Calibration method of modified sh/ush - 9000
with auxiliary diffusion pyranometer

800.0

A”k 7000
*  Processed in series (IPC) =t :. A P
* 6shading events per day / p, \ / 500

\ 4000
* Using of the Modified Shade/Unshade 300
calibration method with aux. diffusion A BIX. / olX. 200
pyranometer gives far enough time to § s
stabilize values even of pyranometers 0
with long time constant (like B&W) T 7. v
i L o PRI N Mo
£ .

62 58 55 47 46 45 45 50 74 61 56 51 48 47 45 46 47 49 55 59 62 66 61 58 55 51 47 46
SZA [deg]




Another method to reveal ventilated CMP21 pyranometer daytime LW offset values (cont.)

_ Scmo *(Gemyi — Demi)
SCMi -
' Nj * cos (Zj)

— Demi = Kemj * Dai + Qomyi
4

one aux. diffuse pyranometér for both
<

Sew,0 * (Gew,i — Dew,i)
= <+ Dpwi = Kpw, * Dai + Qpw;

S .. . =
BW,t Nj * cos (Z;)

CM index of pyranometer CMP21
BW  index of B&W pyranometer

i index of 1 minute average

i index of shade event

K,Q coefficients of regression

Scmo, Spw,o constants, original sensitivity of CMP21, B&W resp. (data are stored in W/m?)

Simultaneous

B/W calibration (mod) sh/unsh | cmp
3 v LW offset
g X Assumptions
7
G % 1) Irrad -> Emf linearity:
G ' Gawm,i Gi Gi Gierr Dew,i/ Gew,i=Di/ Gi
BW,i / ------------------- 7
Dew,i | Di o D 0 2) B/W zero offset =0
| / even for Gi >>0
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Another method to reveal ventilated CMP21 pyranometer daytime LW offset values (discussion)

Have | made an error ?

* | do not create the calibration curve of B&W

| do not use the calibration curve of CMP

» |just compare pairs of ,on line” calibrated values of both pyranometers - modified sh/unsh method with aux. DIF

* Proper shading of untypical diameter of B&W sensor ? ... Hardly, special shading ball, D, L (keeping opening
and slope angle for B&W = CMP)

* Temperature dependence error of B&RW ?, CMP ? ... No, both just calibrated !

* Zenith angle dependence error of B&W ?, CMP ? ... No, both just calibrated !

* LW offset of B&W ? ... Negligible at nighttime.

* LW offset of B&W ? ... During daytime ??... spectral influence ->B, ->W ? How much ?
* Linearity of Irrad. -> Emf conversion ? ... YES, it can cause an error, especially on B&W pyr.  How much ?

Possible improvement:
,IPC“ series (binning) should be shortened to comply with the rapidly changing sensitivity of B&W at high SZA
e Using PSP 8-48 instead of SCHENK 8101 !!
Problem:
* No PSP on SOO

Conclusions:
= Daily LW offset seems to be significantly greater than -3 W/m?
» The offset value depends on meteorological conditions (LW, and ??)
= How to treat correctly the daily LW offset error with the operational pyranometers if no LW measurements
in situ
* on calibration process with std. pyranometer as the reference ?
* while correcting the data measured ?
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Secondary standard pyranometer Pyranometer PE_GLB CMP21-090301 [ventilated]

Sensitivity Check [used S = 9.08 uV/Wm]
Compared to AHF-30497 using modified shade/unshade method

Check of sensitivity — modified Shade/unshade method ,
» repeatedly during the whole year
* CMP21 permanently exposed to the sun

o
o

deviation [%]
o
o

Calibration results — sensitivity check

-1.0

e Uss=0.35% (k=2, scale WRR)

* keeps stable sensitivity for years A T e e e e e e 5 6 . . e o T T
- - - - —l — o — — — — o~ o~ o~ o~ o~ o~ o o~ o~ o~ o o
o O O O O O O O O O O O O o o o o o o o o o o o
o o o o o o N N o o o o o o o o o o o o o o o o
2885828858 2d885838858+9

. 1 Wind speed dependency of CM21 sensitivity
Operatlona Dyranometers CM21 unventilated compared to CMP21 ventilated

(based on 1-hour average intensities, GLB > 400 W/m?, T = <10,20 > °C, Sep 2015..May 2018)

3.0%

Calibration by comparison with the Secondary std.
* every 2 years at least

* usually 5-7 sunny days

e since 2008 ventilated

1.0%

Calibration results (pyranometer ventilated)
* Uss=0.95-1.05% (k=2, scale WRR)

Sensitivity change

Formerly, when used unventilated
* unstable (night) offset, typ. -4 .. -1 W/m? .
* apparent wind speed dependency of sensitivity ! d ” - = = v - - -

Fmax [m/s]
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Radiation data QC

17.duben 2018

- A
LA

2 Globalrad.

H[Wim2)
o

Validation monthly
Comparison with theoretical values
« ofclear day

* ofcloudy day (& sunshine duration)

Check of shading ring, CM 121, setting
Filling in the gaps, shades

Comparison among stations
Compensation of offsets

17.duben 2018
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Further comments, critics and advises will be appreciated.
Ref.: F.Vignola, J. Michalsky, T.Stoffel ,,Solar and Infrared Radiation Measurements“, CRC Press, 2017




