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

Field pyranometer  DAS :
• usually 2-sec sampling
• 1-minute averages
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Primary Standard - Radiometer HF 30497

Screen of the HF 30497 control program

HF 30497  results from IPCs, PMO Davos:
• stable sensitivity confirmed
• U95 = 0.22 %  (k=2, scale WRR)

Calibration day at the SOO HK



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):



K, Q :  here, auxiliary coefficients, evaluated by lin. regression

GLBsh @ DIFcalc = k * DIF + q

Hs * cos(SZA) = K * (GLBunsh – GLBsh) + Q
K, Q :  here, final coefficients of lin. regression



K

(+  Q )

Basic equation

transformed for regression

… to previous snap



Calibration of the Secondary standard pyranometer
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Shaded CMP11-131449 (Hung.)  modelling
Residuals of two parameter correction of

diffuse pyranometer data
(acquired during the intervals of shading on calibration day

13.8.2018)

DIF_PM - PM
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Time marks on upper snaps are not equidistant !

Daily run of the global and diffuse radiation on the corresponding days



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



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



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



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



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



Uncertainty calculator calculates the Type B standard uncertainty of the calibration facility, for one calibration point
Legend, Explanatory notes



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.



Instalation to check the bubble level sensitivity



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 0.1 deg, 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.

• It 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

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

Q4 Q1

Q3     Q2

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



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)





Azimuth axis origin = 0° º 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑡𝑜 𝑆𝑢𝑛 𝑎𝑡 𝑡𝑟𝑢𝑒 𝑛𝑜𝑜𝑛



Azimuth axis origin = 0° º 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑡𝑜 𝑆𝑢𝑛 𝑎𝑡 𝑡𝑟𝑢𝑒 𝑛𝑜𝑜𝑛



Night values of GLB

• corellated with „instr. IR Net“

• and „extrapolated“ to daytime
(by means of linear regresion constants)

Ventilated Pyranometers Daily LW Offset Evaluation

If only it is so simple L



Correlation between the night values of

• Ventilated pyranometer and „instrumental IR Net“ of CGR4          ( IR Net = Usens / C   !! )

• The same for another pyranometer, unventilated, run simultaneously  (just for the brief comparison)

y = 0.0364x + 0.1004
R² = 0.7672
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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 = 0.0152x - 0.7133
R² = 0.8548
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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



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

• Based on simultaneous calibration of
CMP21 and B&W pyranometer

• Calibration method of modified sh/ush
with auxiliary diffusion pyranometer

• Processed in series (IPC) 

• 6 shading events per day

• Using of the Modified Shade/Unshade 
calibration method with aux. diffusion 
pyranometer gives far enough time to 
stabilize values even of pyranometers
with long time constant  (like B&W)

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

DH
Ii

DBW,i DCM,i

DiDi

1 2

B/W CMP

Assumptions

1)  Irrad -> Emf linearity: 
DBW,i / GBW,i = Di / Gi 

2) B/W zero offset  » 0
even for Gi >> 0

Simultaneous 
calibration (mod) sh/unsh

Gi,err

0



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

Have I made an error ?

• I do not create the calibration curve of B&W
• I do not use the calibration curve of CMP
Ø I 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 º CMP)
• Temperature dependence error of B&W ?,  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
• 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/m2

§ 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 ?



Secondary standard pyranometer

Operational pyranometers

Calibration results – sensitivity check
• U95 = 0.35 %  (k=2, scale WRR)
• keeps stable sensitivity for years

Check of sensitivity – modified Shade/unshade method
• repeatedly during the whole year
• CMP21 permanently exposed to the sun

Calibration by comparison with the Secondary std.
• every 2 years at least 
• usually 5-7 sunny days
• since 2008 ventilated

Calibration results (pyranometer ventilated)
• U95 = 0.95 – 1.05 %  (k=2, scale WRR)

Formerly, when used unventilated
• unstable (night) offset, typ. -4 .. -1 W/m²
• apparent wind speed dependency of sensitivity ! 
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Pyranometer PE_GLB    CMP21-090301  [ventilated]
Sensitivity Check [ used S = 9.08 uV/Wm-2]

Compared to  AHF-30497  using modified shade/unshade method



Radiation data QC

Global rad.

Diffusion rad.

theoretical values based 
on clear day curves 
&  sunshine duration

• Validation monthly
• Comparison with theoretical values

• of clear day
• of cloudy day (& sunshine duration)

• Check of shading ring, CM121, setting
• Filling in the gaps, shades
• Comparison among stations
• Compensation of offsets

Archives:
• Central dtb „CLIDATA“

• 1-min averages CET
• Dtb SOO „SolRad“

• 1-min averages TST
• 10-min averages TST
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