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FOREWORD
This report presents the results from a sub-Regional Pyrheliometer
Intercomparison that was held at the Regional Radiation Centre at Norrköping, at the kind
invitation of Sweden, for Members of Baltic states of WMO Regional Association VI. The
opportunity was taken during the exercise to include a pyranometer intercomparison. The
participating countries were Austria, Finland, Lithuania, Poland, Russia, Sweden and WRC
(Switzerland).
The calibration and traceability of instruments to recognized international
standards is critical if we are to be confidence that the measurements from these
instruments are accurate and consistent with one another irrespective of when and where
they are made. In the case of solar radiation measurements, this accuracy and global
consistency of all measurements is, in turn, critical to effective determination of the global
radiation budget.
The 5-yearly International Pyrheliometer Comparisons (IPC) assure traceability of
participating reference pyrheliometers to the World Radiometric Reference, but it is critical
that these referenced instruments from each WMO region are then used to calibrate
instruments not present at IPC, to transfer WRR traceability of measurement to these
instruments in turn. The Baltic Region Pyrheliometer Comparison 2012, reported herein,
has established this traceability for the participating instruments. The simultaneously
conducted pyranometer comparison enabled similar traceability to be established for these
instruments, and also enabled the participants to make a number of other findings in regard
to radiation measurements. Hence it was a particularly successful and worthwhile
comparison exercise.
I wish to express my sincere appreciation for the efforts of the Swedish
Meteorological & Hydrological Institute, and in particular to Mr Thomas Carlund, for
organizing this comparison, and to all the participants for their contributions to its success.

Finally, I would like to thank Dr Bruce Forgan, who acted as referee for
reviewing this report.

(Prof. B. Calpini)
President
WMO Commission for Instruments and Methods
of Observation

-v-
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1

INTRODUCTION/SUMMARY

In order to transfer the WRR (World Radiometric Reference) to national radiation
centers around or close to the Baltic Sea, as well as to check the stability of reference
pyrheliometers between IPCs, a sub-regional pyrheliometer comparison was held
during 21 May – 1 June 2012 at the WMO Regional Radiation Centre at SMHI,
Norrköping, Sweden (58.58 °N, 16.15 °E). Also a small pyranometer comparison was
held in parallel with the pyrheliometer comparison.
The partly favorable weather conditions allowed a satisfying number of good
measurement points for most participating instruments to be acquired. All participating
absolute pyrheliometers were found to agree within ±1 ‰ from the average level of
8 instruments with WRR factors from IPC-XI in 2010, which were all regarded as
reference instruments for the comparison.
Pyranometers are far more affected by the actual measurement conditions than
absolute pyrheliometers and therefore they should preferably be calibrated locally
under their normal operational measurement conditions. However, it was still
considered interesting to see how well (global) pyranometers from different countries
agree when brought together to the same site. With one exception the pyranometers
deviated ≤1 % from the reference global irradiation accumulated over 6 days during
BRPC-2012. However, for higher frequency data, e.g. 1-minute means, there may be
significant differences in the measurement results, which were shown by the
pyranometer comparison results.
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PARTICIPATION

In the pyrheliometer comparison a total of 11 cavity radiometers from 7 institutions
representing 5 countries participated, see Table 1. The pyranometer comparison
included a total of 10 (unshaded) pyranometers from 8 institutions representing
7 countries, see Table 2.
Table 1. Participation in the pyrheliometer comparison, BRPC-2012.
Country

Institution

Instrument(s)

Person(s)

Finland

FMI

AHF-AWX #32453

Antti Aarva*)

Lithuania

LHMS

PMO-6 #0804

Russia

Voeikov MGO,
St Petersburg
VNIIOFI

PMO-6 #0817

Darius Mikalajunas
Aiste Vilutiene
Ilia Bogomolov

Sweden

SMHI
SP

Switzerland

PMOD/WRC

MAR-1 #02
MAR-1 #03
AHF-AWX #33393
PMO-6 #811108
HF #15744
AHF #32455
PMO-6 #0401
PMO-6 #0803

Svetlana Morozova
Maria Pavlovich
Thomas Carlund
Anne Andersson
Stefan Källberg
Wolfgang Finsterle

*) Remote participation. The FMI pyrheliometer was operated by SMHI.
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Table 2. Participation in the pyranometer comparison, BRPC-2012. (V) indicates that
the pyranometer was ventilated.
Country

Institution

Instrument(s)

Person(s)

Austria

ZAMG

Star #6000 (V)

Martin Mair*)

Finland

FMI

CM11 #955777

Antti Aarva

Lithuania

LHMS

CM21 #061670

Darius Mikalajunas
Aiste Vilutiene

Poland

IMGW

CM11 #966261

Russia

Voeikov MGO,
St Petersburg
SMHI

CMP21 #100440

Barbara Bogdanska*)
Ilia Bogomolov

Sweden

SP
Switzerland

PMOD/WRC

CM10 #800080 (V)
CM21 #051519 (V)
CMP11 #101510
LP02 #41118

Thomas Carlund

CM22 #010031 (V)

Wolfgang Finsterle

Anne Andersson
Stefan Källberg

*) Remote participation.
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PYRHELIOMETER COMPARISON

3.1

Measurements

3.1.1

Reference irradiance and final data selection criteria

Nine of the eleven absolute radiometers participated also at IPC-XI. Eight of these
instruments were regarded as potential reference instruments for each calibration point
during the BRPC2012. Due to initial measurement problems and unusual large scatter
in the readings from HF #15744 this radiometer was not used as reference, even
though it has a WRR-factor from IPC-XI.
Since the measurement setup and the availability of auxiliary measurements were not
the same as e.g. during an IPC, data selection criteria specific for the BRPC-2012 had
to be used in the evaluation of the measurements.
The reference irradiances for BRPC-2012 were calculated as the arithmetic mean of as
many as possible but at least five of the eight potential reference instruments’
irradiance readings. To determine if an instrument could be used and included in the
final reference irradiance, SRef,i, the following steps were gone through:
1. Find all potential reference instruments with direct irradiance >700 Wm-2 for
those times when the standard deviation of a CH1 field pyrheliometer
readings, from 30 seconds before until 15 seconds after the readings of the
absolute radiometers using 3 seconds sampling time, was <1 Wm-2.
2. Calculate the median of the readings of the instruments selected in step 1.
3. Find all potential reference pyrheliometers which differs less than 5 Wm-2 from
the median irradiance calculated in step 2.
4. If at least 5 instruments were found in step 3 calculate the mean and standard
deviation of the readings of the remaining instruments.
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5. Keep only the reference irradiance points where the standard deviation of the
reference instruments’ readings is less than 1.4 Wm-2.
For more than 2/3 of the cases all eight potential instruments could be used to
calculate the reference value. In less than 5 % of the cases only five instruments were
used to calculate the reference value. After visual inspection of the ratio of each
participating pyrheliometer to the reference values, it was concluded that those points
lying outside the interval 0.995<Sj,i/SRef,i<1.005 could be considered as outliers and
were not included in further analysis.
3.1.2

Timing

The measurement procedure for the pyrheliometer comparison was similar to the
routines used during International Pyrheliometer Comparisons (IPC) at PMOD/WRC in
Davos, see e.g. Finsterle (2011). Measurements were divided into 21-minutes
measurement series. Measurement readings were taken every 90 seconds. HF, AHF
and AHF-AWX radiometers started every series with a calibration routine. Alternatively,
the calibration routine could also be done just before the start of each series. Then,
irradiance readings were taken every 90 seconds. The MAR-1 and PMO-6 radiometers
took measurements at the 90 seconds interval alternating between closed and open
shutter mode. This lead to irradiance readings every 180 seconds, on multiples of three
minutes, i.e. at XX:00:00, XX:03:00, XX:06:00, etc. A maximum of only 7 irradiance
readings were therefore available simultaneously from all instruments during one
measurement series. All data acquisition clocks were running on UTC.
All participants used their own data acquisition equipment for their absolute
pyrheliometers. The participants also calculated the irradiance readings themselves,
using the instrument constants and WRR-factors given in Table 3. After each
measurement day results were handed in on USB memory stick or sent via email to
SMHI for preliminary evaluation presented to the participants the next day.
3.2

Pyrheliometer comparison results

Measurements were taken on 6 days. Useful data for the comparison were taken on
the four days 23, 24, 25 and 27 May 2012 (day numbers 144, 145, 146 and 148,
respectively). The final results of the pyrheliometer comparison are summarized in
Table 3 and graphically shown in figures 1-4.
In Table 3, the average ratio and standard deviation for each individual instrument is
shown. The Figures 1-4 show all the useful ratio data points for each instrument
together with frequency distribution of the results. Daily means and standard deviations
for the four individual measurement days with useful data are also written in each
graph.
For a majority of the participating radiometers more than 300 useful data point were
found. All instruments deviated on average less than 1 ‰ from the BRPC-2012
reference readings (SRef,i). Also, the standard deviation was less than 1 ‰ for all
instruments except one. The average of the ratios of the three PMOD/WRC
instruments to the BRPC reference was 0.999867.
The HF #15744 suffered from some unexplained measurement problems the first three
days, resulting in a loss of data points and a large scatter in the remaining data for
these days. Due to delay in customs, the PMO-6 #0817 arrived late. This is the reason
for the missing data on May 23rd (day number 144) for this instrument.
For the two AHF-AWX radiometers, both operated with the NOAA software awx.exe
(version 1.11) it was found that the way the calibration routine was scheduled the first
irradiance reading was taken too early and before the signal had stabilized after the
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calibration routine with closed shutter. Therefore, the first reading after calibration in
each series was removed for the instruments AHF-AWX #32453 and AHF-AWX
#33393.
The measurement conditions during useful minutes of the pyrheliometer comparison
are shown in Figure 5. A summary of some weather statistics is also given Table 4.
In the data selection criteria for IPCs there are limits for, among others, wind speed and
aerosol optical depth. An attempt was made to install high time resolution wind
measurements on the radiation measurement platform of SMHI. Unfortunately, these
measurements failed during the whole comparison. The regular 10-meter wind speed
observations taken at SMHI’s measurement field about 300 m away from the radiation
platform showed that for most of the times with good pyrheliometer data both 10minutes mean and hourly mean wind speed were ≤2.5 ms-1. For all hours with useful
pyrheliometer data the gust wind speed was < 6 ms-1.
Table 3. Results of the BRPC-2012 pyrheliometer comparison.

Instrument

Instrument
constant
C1

Applied
WRRfactor

Mean
ratio to
BRPC2012
reference

AHF #32455

20009.2

1.000276

0.999498

σ
0.000562

AHF-AWX #32453

2.0009

1.000000

1.000040

AHF-AWX #33393

2.0009

0.999362

HF #15744

20020.0

MAR-1 #02
MAR-1 #03

N
(used)

Institution/ Country

342

PMOD, Switzerland

0.000685

308

FMI, Finland

0.999400

0.000518

309

SMHI, Sweden

0.998085

0.999990

0.001104

119

SP, Sweden

35.9792

1.000116

1.000772

0.000890

294

VNIIOFI, Russia

35.1864

0.999991

1.000639

0.000670

300

VNIIOFI, Russia

PMO-6 #0401

50000

1.020979

1.000343

0.000388

344

PMOD, Switzerland

PMO-6 #0803

51221

1.000364

0.999760

0.000591

344

PMOD, Switzerland

PMO-6 #0804

51397.2

0.999914

0.999963

0.000509

354

LHMS, Lithuania

PMO-6 #0817

51106.3

1.000000

0.999974

0.000382

250

Voeikov MGO, Russia

PMO-6 #811108

24.1010

1.000657

0.999757

0.000329

348

SMHI, Sweden

10.53

1.000000

0.999610

0.000717

354

SMHI, Sweden

CH1 #030347

Especially on May 24th and in the afternoon of May 25th the aerosol optical depth (AOD)
at 500 nm wavelength exceeded the limit 0.12 set up for IPCs. Since there were no
significant differences in the mean ratios or in the scatter of the results between the
most turbid day (May 24th, day number 145) and the least turbid day (May 27th, day
number 148) no data were rejected due to high AOD. The maximum value of AOD at
500 m was about 0.17 and was observed on May 24th (day number 145).
Table 4. Some statistics on measurement conditions during minutes with good
pyrheliometer comparison data.
Direct
Solar
Relative
Air
Air
irradiance, S elevation pressure temperature humidity
Ångström's
AOD
‐2
(Wm )
@500 nm
alpha
(°)
(%)
(hPa)
(°C)
Mean
861
44.6
1020.7
20.9
37.3
0.101
1.46
Median
866
46.9
1023.3
21.1
46.9
0.094
1.40
Maximum
928
52.8
1025.7
26.0
52.8
0.169
1.72
Minimum
709
26.7
1010.9
15.2
26.7
0.064
1.06
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Figure 1. Graphical representation of the BRPC-2012 results for AHF #32455 (PMOD),
AHF-AWX #32453 (FMI) and AHF-AWX #33393 (SMHI).
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Figure 2. Graphical representation of the BRPC-2012 results for HF #15744 (SP),
MAR-1 #02 (VNIIOFI) and MAR-1 #03 (VNIIOFI).
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Figure 3. Graphical representation of the BRPC-2012 results for PMO-6 #0401
(PMOD), PMO-6 #0803 (PMOD) and PMO-6 #0804 (LHMS).
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Figure 4. Graphical representation of the BRPC-2012 results for PMO-6 #0817
(VMGO), PMO-6 #811108 (SMHI) and CH1 #030347 CaF2 (SMHI). The CH1 #030347
CaF2 was not officially participating in the pyrheliometer comparison, but only shown as
an example of how a good field pyrheliometer can compare with absolute
pyrheliometers for a short/specific measurement period. This instrument was also used
for the measurement of the direct component of the reference global radiation for the
pyranometer comparison.
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Figure 5. Measurement conditions during minutes with acceptable data for the
pyrheliometer comparison.
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Figure 6. The pyranometer setup during BRPC-2012. In the photo, the 10th
pyranometer is under the cylindrical cap used to occasionally totally block the
instruments from solar radiation to investigate dark signals/thermal offsets during
daytime.

4

PYRANOMETER COMPARISON

As mentioned in the introduction and participation section, ten pyranometers were
compared during BRPC-2012. The instruments, their responsivities from different
calibrations and their home institutions are listed in Table 5.
4.1

Measurements

All the participating pyranometers were measuring global horizontal irradiance, i.e. all
were operated in unshaded mode. They were mounted side by side, with the cable
facing north, on the southeastern part of the instrument “bench” surrounding the
radiation measurement platform at SMHI. (On Star #6000 the serial number label was
oriented towards north.) Some of the instruments were mounted in ventilators as
supplied by the participants (see Table 5). A photo of the pyranometers during the
comparison is shown in Figure 6.
All the pyranometers were connected to the calibration and test measurement system
of SMHI. In this system, readings are taken by an Agilent 34970A data acquisition
switch unit equipped with three 20-channel multiplexer modules (34901A). Thereby, a
maximum of 60 differential channels can be sampled.
The measurements are controlled by a LabView program running on a conventional
desktop PC. All used channels were scanned at a 3-second sampling interval. From
these instantaneous readings 1-minute means of global irradiance were calculated for
all pyranometers.

Baltic Region Pyrheliometer Intercomparison 2012, p. 11

Table 5. List of participating pyranometers and their responsivities used for different
analyses. Rused are the responsivities supplied by the participants and were used for
the main results of the comparison. RBRPC and RBRPC,netIR are results calculated with
SMHI calibration routine based on BRPC data as explained in later sections. Rmf is the
responsivity given by the manufacturer when the instruments were purchased. Unit for
responsivities Rused ,RBRPC, RBRPC,netIR and Rmf is µV/Wm-2. Instruments on grey lines
were not officially participating in the comparison.
Instrument(s)

ID nr

Rused

Std(RBRPC,netIR), %

Rmf

Institution

CM10 #800080

5

6.08

Offset correction Ventilation
Avg. nightt.

SMHI‐2

6.067

RBRPC

Std(RBRPC), % RBRPC,netIR
0.23

6.085

0.22

6.21

SMHI

Country
Sweden

CM11 #955777

6

5.02

No

None

5.085

0.39

5.147

0.35

5.08

FMI

Finland

CM11 #966261

7

5.11

Avg. nightt.

None

5.035

0.39

5.081

0.34

5.11

IMGW

Poland

CMP11 #101510

8

8.38

No

None

8.440

0.35

8.549

0.32

8.38

SP

Sweden

CM21 #051519

9

11.06

netIR

SMHI‐3

11.049

0.11

11.045

0.11

10.75

SMHI

Sweden

CM21 #061670

10

11.413

Avg. nightt.

None

11.439

0.23

11.570

0.22

11.48

Lithuania

CMP21 #100440

11

8.82

No

None

8.781

0.19

8.912

0.19

8.82

LHMS
Voeikov MGO

CM22 #010031

12

8.96

No

PMOD

8.973

0.21

9.004

0.24

8.98

PMOD/WRC

Switzerland

Russia

LP02 #41118

13

11.1

No

None

11.126

0.27

11.413

0.27

11.1

SP

Sweden

Star #6000

14

16.3

No

Schenk

16.091

0.54

16.522

0.60

15.9

ZAMG

Austria

CM21 #000716

3

11.27

netIR

SMHI‐3

11.298

0.16

11.298

0.16

11.00

SMHI

Sweden

CM21 #051513

4

11.21

netIR

SMHI‐3

11.226

0.16

11.226

0.16

11.00

SMHI

Sweden

4.1.1

Reference instruments

Among the instruments permanently connected to the calibration and test
measurement system there are two CH1 pyrheliometers and two shaded and ventilated
CM21 pyranometers on Kipp & Zonen 2AP GD trackers. These pyrheliometers and
pyranometers were regarded as “field reference” instruments and are listed in Table 6.
At SMHI global pyranometers are calibrated with the “component sum” method, i.e. the
pyranometers under calibration are compared to reference global radiation values
determined by the field reference pyrheliometers and shaded pyranometers. The final
calibration results are based on data from clear sun minutes when the solar elevation
(h) is >35°. The field reference instruments were also used as reference instruments
for the pyranometer comparison during BRPC-2012. The only difference is that in this
case the field reference instruments were calibrated against the BRPC pyrheliometer
reference. The two field reference pyrheliometers were simply compared to the BRPC2012 pyrheliometer reference and the reference diffuse pyranometers were calibrated
using the extended sun and shade method (ISO 1993, Annex C) also using the BRPC2012 pyrheliometer reference.
The results of the calibrations are shown in Table 6. To get an impression of how the
CH1 #030347 CaF2 works in good measurement conditions it was compared to the
BRPC-2012 pyrheliometer reference using its’ operational responsivity determined at
SMHI in spring 2012, before BRPC-2012. The results are shown in the bottom panel of
Figure 4 in the Pyrheliometer section above.
The solar elevation during the unshaded periods of the calibration of the reference
diffuse pyranometers during the BRPC was rather close to the recommended 45° (or
more precisely, between 43.9° – 48.0° for CM21 #031118, and between 49.3° – 51.1°
for CM21 #051527). It turned out that both for the calibration during BRPC-2012 and
from calibration events during the rest of 2012 CH1 #030347 CaF2 (denoted I2 in the
following) was the most stable pyrheliometer and CM21 #051527 (denoted D2 in the
following) was the most stable diffuse pyranometer. This combination of instruments
was therefore used to measure/calculate the reference global irradiances for the
pyranometer comparison. Best case 2σ measurement uncertainty with respect to WRR
is estimated to only about 3 Wm-2 for I2sin(h)+D2 during good BRPC pyrheliometer
measurement conditions around noon. The instruments CH1 #990233 (denoted I1 in
the following) and CM21 #031118 (denoted D1 in the following) were used to compare
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global irradiance measurements from direct and diffuse instruments in contrast to
global irradiance measured by unshaded pyranometers.
SMHI also operates two unshaded reference pyranometers, namely CM21 #000716
and CM21 #051513, both in SMHI-3 ventilators. Even though these instruments were
not formally participating in the comparison, their results are shown for some of the
analyses of the pyranometer data.
Table 6. The field reference instruments of SMHI, together with their responsivities,
calculated from calibrations against the BRPC-2012 pyrheliometer reference. CH1
#030347 CaF2 and CM21 #051527 were used to measure the reference global
irradiances for the BRPC pyranometer comparison.

RBRPC
(µV/Wm )
10.731

σ
(%)
0.16

N
354

Ventilator
‐

CH1 #030347 CaF2 (I2)

10.526

0.08

354

‐

CM21 #031118 (D1)

11.238

0.10

131

PMOD

CM21 #051527 (D2)

10.776

0.07

105

SMHI‐3

Instrument
CH1 #990233 (I1)

4.2

‐2

Pyranometer comparison results

From 08:00 UTC May 24th until 08:00 UTC on May 30th a total of six days of continuous
measurements, with all participating pyranometers, were acquired. Due to a non-ideal
local horizon the pyranometers were not exactly equally exposed (or shaded) in
mornings and evenings. Therefore, the evaluation of the results had to be restricted to
minutes when the solar elevation was >3° in the morning and to times before
18:12 UTC in the evening. (On May 26th the solar elevation at 18:12 UTC was 8.4°.) To
exclude occasions during capping experiments or other large disturbances, also
minutes when any of the participating pyranometers differed more than 100 Wm-2 from
the reference were removed.
The pyranometer data have been evaluated in several ways. The main results were
analysed using the pyranometer responsivities and offset corrections (if any) used and
supplied by the participants (Section 4.2.1).
All pyranometers were also calibrated against the field reference instruments
(CH1 #030347 CaF2 and CM21 #051527) using the standard pyranometer calibration
routine/program used at SMHI (Section 4.2.2).
An attempt was made to estimate the true daytime thermal offset in the compared
pyranometers. For this purpose, the pyranometers were “capped” twice, under different
cloud/sky conditions (Section 4.2.3). Also, nighttime thermal offsets were compared to
the estimated daytime results. Finally, the pyranometers were calibrated again, using a
daytime thermal offset correction function based on pyrgeometer net IR data, and the
resulting global irradiation and irradiance data were compared to the reference data
(Section 4.2.4).
4.2.1

Main pyranometer comparison – Using responsivities and offset
correction given by the participants

In climatological studies of solar radiation measurement data integrated or averaged
over periods of months or years are normally analysed. Therefore, the first results to be

Baltic Region Pyrheliometer Intercomparison 2012, p. 13

studied are irradiation values accumulated over the whole (unfortunately rather short)
time period of the pyranometer comparison.
Resulting 6-days accumulated global irradiation values are given in Table 7. From the
reference instruments (CH1 #030347 CaF2 and CM21 #051527) the 6-days global
irradiation was measured to 36431 Whm-2 (131.15 MJm-2). The direct horizontal and
diffuse parts of this value are 64 % and 36 %, respectively. For all but one pyranometer
the deviation from the reference was less than 1 %. The deviations are also plotted in
Figure 7. On average the participating pyranometers, instrument ID numbers 5-14,
were 0.33 % higher than the global irradiation measured by the reference direct and
diffuse instruments. Considering the fact that calibrations are made under

Figure 7. Deviation in accumulated global irradiation over 6 days during BRPC-2012.
Instrument ID numbers are given in Table 7. Instrument number 2 (I2= CH1 #030347
CaF2 and D2= CM21 #051527) is used as reference.
Table 7. 6-day global irradiation from various reference instruments os SMHI (ID
numbers 1-4) and the BRPC-2012 pyranometers (ID numbers 5-14). Also the deviation
in per cent from the main reference, I2sin(h)+D2, is given. (I2= CH1 #030347 CaF2, D2=
CM21 #051527.)
Deviation from
reference , ID=2
‐2
(Whm )
(%)
36401
‐0.08
G

Instrument

ID nr

I 1 sin(h)+D1

1

I 2 sin(h)+D2

2

36431

0.00

CM21 #000716

3

36641

CM21 #051513

4

Institution

Country

SMHI

Sweden

SMHI

Sweden

0.58

SMHI

Sweden

36685

0.70

SMHI

Sweden

CM10 #800080

5

36391

‐0.11

SMHI

Sweden

CM11 #955777

6

36946

1.41

FMI

Finland

CM11 #966261

7

36086

‐0.95

IMGW

Poland

CMP11 #101510

8

36748

0.87

SP

Sweden

CM21 #051519

9

36579

0.41

SMHI

Sweden

CM21 #061670

10

36644

0.58

Lithuania

CMP21 #100440

11

36440

0.02

LHMS
Voeikov MGO

CM22 #010031

12

36627

0.54

PMOD/WRC

Switzerland

LP02 #41118

13

36459

0.08

SP

Sweden

Star #6000

14

36591

0.44

ZAMG

Austria

Russia
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different measurement conditions and in different ways by different institutes this is
regarded as an encouraging result. On the other hand, one should keep in mind that
the comparison period was short and the conditions were mainly favorable for
pyranometer measurements (e.g. high solar elevation, high irradiance and small
temperature range).
The following analyses deal with 1-minute mean global irradiances. Differences and
ratios between compared pyranometers and the reference have been studied and the
results are presented in Figures 8-15. To start with, the uppermost graph in Figure 8 is
a plot of the radiation conditions during the days of the comparison. Direct, diffuse,
global and longwave irradiance are plotted together with pyrgeometer net IR (i.e.
thermopile) signal and solar elevation. The strange features in diffuse and global
irradiances in this graph are from unshaded periods during the calibration of the diffuse
pyranometers. The days 145, 146 and 148 had mostly stable and rather clear
measurement conditions. During the other three days the cloudiness varied more and
especially day 150 had very variable conditions due to changing and moving cumulus
clouds.
In the following of Figures 8-15 two graphs are plotted for each pair of compared
instruments, showing differences and ratios, respectively. The two graphs with red dots
in Figure 8 show direct horizontal irradiance differences and ratios between the two
field reference pyrheliometers. The two lower graphs in Figure 8 with blue dots show
results from comparison of the two diffuse pyranometers. The black dots in these and
the following graphs represent data from minutes excluded from the evaluation of the
comparison based on the criteria mentioned above.
For some cases the ranges on the y-axes may seem too wide. However, the same
ranges are used for all instrument comparisons to clearly show the large differences
among the instruments that actually do exist in the 1-minute data.
Results of calculated statistics (mean, standard deviation, 2.5-, 50-, and 97.5percentiles) are written in each graph. To facilitate the comparison of results from
different instruments and variables the statistics are also listed in Table 8.
Evidently, both pyrheliometer and diffuse pyranometer differences are very small.
Pyrheliometer ratios are very stable under clear sky conditions but the scatter
increases markedly under unstable and/or low direct irradiance conditions. The
variation in the diffuse irradiance ratios more or less remain at same level both under
clear sky and broken cloud conditions. There are systematic higher irradiances from
CM21 #031118 in early mornings and late evenings. However, the absolute differences
at these times are smaller than 1 Wm-2. These small differences may have several
causes, e.g. non-perfect leveling, small shading differences and/or non-perfect offset
correction. The direct and diffuse irradiance comparisons are shown as background
information to the following global irradiance comparisons.
Figures 9-15 all show results of global irradiance comparisons. Firstly, results of global
irradiance from the two sets of direct and diffuse measurements are shown in the upper
two graphs of Figure 9. Clearly, global irradiance from pyrheliometer and shaded
pyranometer measurements agree very well. Strange enough, the standard deviation
of the difference in global irradiances from the two direct+diffuse measurements is
even smaller than both the standard deviation of the direct horizontal differences as
well as the standard deviation of the diffuse irradiance differences. Intuitively, this
should not be the case. It turned out that this particular combination of instruments,
I1sin(h)+D1 and I2sin(h)+D2, agreed very well. If instead the combination I1sin(h)+D2 and
I2sin(h)+D1, is used the differences increases a bit, and shows a standard deviation that
is higher than for the pure direct or diffuse irradiance comparisons. These results are
not plotted but only listed in Table 8.
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As mentioned earlier, the global irradiance from pyrheliometer and shaded
pyranometer (component sum measurements) will be used as reference in the
evaluations of the participating (global) pyranometers. Just to show how two global
pyranometers of the same type, with the same type of ventilation and calibrated at the
same site, compare, SMHI’s reference global pyranometers (CM21 #000716 and
CM21 #051513) have been compared to each other, lower graphs of Figure 9. The
agreement between these two instruments is also very good. The standard deviation of
both differences and ratios are the same as for the least stable combination of
component sum measurements, i.e. I1sin(h)+D2 and I2sin(h)+D1, and the range of 95 %
coverage is actually slightly smaller.
When comparing global irradiance from unshaded pyranometers with global irradiance
from direct and diffuse measurements the scatter in the results increases by a factor of
two or more. Figure 10 shows results for SMHI’s reference global pyranometers which
were not officially taking part in the comparison. These results are only shown to get a
larger sample of at least this type of instrument (ventilated CM21s). It is clear that the
three SMHI global CM21 pyranometers all show very similar results.
In Figures 11-15 results from the official pyranometers of the comparison are shown,
again with one difference and one ratio plot for each pyranometer. Here, it is clear that
some instruments occasionally show large deviations from the reference values.
Most of the unventilated pyranometers show a strange behavior in the early mornings,
especially on day 148 (May 27th). Even at this early hour the measured global
irradiance can be as much as 50 Wm-2 too high. This was caused by (smaller or larger
amounts of) dew on the unventilated domes. All ventilated pyranometers were free
from dew. The airflow from the Schenk ventilator of the Star #6000 was very weak but,
apparently, it was still strong enough to prevent the formation of dew on the dome.
Statistics of the comparison results of 1-minute data are listed in Table 8. The resulting
mean differences and mean ratios from the 1-minute data comparison do not perfectly
match each other or the results of the 6-day accumulated results. In absolute values,
the largest mean differences are from CM11 #955777 and CM11 #966261 which also
showed the largest deviations in the 6-days global irradiation. Somewhat surprising, all
mean ratios are >1 for the (global) pyranometers. For mean ratios, the instrument
deviating the most is the Star #6000 which on average reads 2 % higher than the
reference. Clearly, it is possible to get quite different results depending on whether
mean ratios of short-time data or accumulated values are compared.
In terms of standard deviation and width of 95 % coverage range the ventilated CM21s
and CM22 instruments show the smallest values. One should of course keep in mind
that the reference diffuse irradiance is measured by the same or similar type of
instrument.
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day number

Figure 8. Uppermost graph: Radiation conditions (1-minute means) during the
pyranometer comparison. Graphs with red dots: Field pyrheliometer differences and
ratios. Differences are calculated for the direct irradiance on the horizontal plane.
Graphs with blue dots: Diffuse irradiance differences and ratios. Vertical black lines
show the time limits of the comparison. Black dots are values excluded in the
calculations of comparison statistics. See text for further details.
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Figure 9. Upper two graphs: Comparison (differences and ratios) of global irradiance
measured by the two sets of field pyrheliometers and shaded pyranometers. For
instrument identification see graphs in Figure 8. Lower two graphs: Comparison of 1minute global irradiance measured by SMHI’s reference global pyranometers, G1=
CM21 #000716 and G2= CM21 #051513. Black vertical lines and black dots are
explained in Figure 8.
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day number
Figure 10. Pyranometer comparison results for 1-minute mean global irradiance values
from CM21 #000716 (upper two graphs) and CM21 #051513 (lower two graphs).
Reference in all cases is I2sin(h)+D2, where I2= CH1 #030347 CaF2 and D2= CM21
#051527.
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day number

Figure 11. Pyranometer comparison results for 1-minute mean global irradiance values
from CM10 #800080 (upper two graphs) and CM11 #955777 (lower two graphs).
Reference in all cases is I2sin(h)+D2, where I2= CH1 #030347 CaF2 and D2= CM21
#051527.
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day number

Figure 12. Pyranometer comparison results for 1-minute mean global irradiance values
from CM11 #966261 (upper two graphs) and CMP11 #101510 (lower two graphs).
Reference in all cases is I2sin(h)+D2, where I2= CH1 #030347 CaF2 and D2= CM21
#051527.
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day number

Figure 13. Pyranometer comparison results for 1-minute mean global irradiance values
from CM21 #051519 (upper two graphs) and CM21 #061670 (lower two graphs).
Reference in all cases is I2sin(h)+D2, where I2= CH1 #030347 CaF2 and D2= CM21
#051527.
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day number
Figure 14. Pyranometer comparison results for 1-minute mean global irradiance values
from CMP21 #100440 (upper two graphs) and CM22 #010031 (lower two graphs).
Reference in all cases is I2sin(h)+D2, where I2= CH1 #030347 CaF2 and D2= CM21
#051527.
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day number

Figure 15. Pyranometer comparison results for 1-minute mean global irradiance values
from LP02 #41118 (upper two graphs) and Star #6000 (lower two graphs). Reference
in all cases is I2sin(h)+D2, where I2= CH1 #030347 CaF2 and D2= CM21 #051527.
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Table 8. Pyranometer comparison. Summary of statistics of 1-minute data. These
results were derived using pyranometer responsivities and offset corrections (if any)
given by the participants.
Differences (Wm -2)
Investigated
Instrument
CH1 #990233
CM21 #031118 (V)
CM21 #000716 (V)
I1sin(h)+D1

Reference
Instrument
CH1 #030347CaF2
CM21 #051527 (V)
CM21 #051513 (V)
I2sin(h)+D2

I1sin(h)+D2

Mean
-0.1
-0.5
-0.5
-0.3

σ
1.0
0.8
1.4
0.6

Ratios

2.5 %- 97.5 %Median tile
tile
0.0
-2.0
1.6
-0.3
-2.6
0.5
-0.3
-3.0
0.9
-0.2
-1.5
0.5

Mean
0.9989
0.9985
0.9987
0.9995

σ
0.0099
0.0170
0.0138
0.0073

Median
0.9997
0.9971
0.9988
0.9992

2.5 %tile
0.9812
0.9906
0.9898
0.9949

97.5 %tile
1.0112
1.0091
1.0057
1.0031
1.0080

I2sin(h)+D1

0.4

1.4

0.3

-1.8

3.3

1.0002

0.0132

1.0011

0.9918

CM21 #000716 (V) I2sin(h)+D2

2.3

3.3

1.9

-1.0

8.2

1.0065

0.0093

1.0055

0.9939

1.0246

CM21 #051513 (V) I2sin(h)+D2

2.8

3.9

2.4

-0.7

10.1

1.0079

0.0124

1.0075

0.9935

1.0288

CM10 #800080 (V) I2sin(h)+D2

-0.4

6.1

-0.3

-8.4

12.0

1.0034

0.0615

0.9994

0.9699

1.0608

CM11 #955777

I2sin(h)+D2

5.7

10.3

3.7

-8.2

32.6

1.0104

0.0555

1.0112

0.9427

1.0971

CM11 #966261

I2sin(h)+D2

-3.7

8.5

-4.2

-13.1

19.2

1.0020

0.0976

0.9893

0.9584

1.2063

CMP11 #101510

I2sin(h)+D2

3.5

5.6

2.6

-3.7

15.9

1.0057

0.0357

1.0076

0.9617

1.0436

CM21 #051519 (V) I2sin(h)+D2

1.6

3.3

1.3

-1.5

7.0

1.0053

0.0082

1.0045

0.9945

1.0205

CM21 #061670

I2sin(h)+D2

2.4

3.8

2.0

-2.4

9.9

1.0139

0.0826

1.0058

0.9845

1.0989

CMP21 #100440

I2sin(h)+D2

0.1

5.2

-0.8

-5.4

14.3

1.0010

0.0487

0.9974

0.9548

1.0559

CM22 #010031 (V) I2sin(h)+D2

2.2

3.1

2.0

-0.8

6.9

1.0076

0.0232

1.0058

0.9909

1.0366

LP02 #41118

I2sin(h)+D2

0.7

5.4

0.2

-7.6

13.0

1.0011

0.0456

1.0007

0.9585

1.0522

Star #6000 (V)

I2sin(h)+D2

1.9

9.1

3.3

-13.2

14.7

1.0198

0.0443

1.0178

0.9804

1.1018

I1= CH1 #990233, I2= CH1 #030347 CaF2, D1= CM21 #031118, D2= CM21 #051527,
h= solar elevation. For the pyrheliometer ratios, I1/I2, row 1, only cases when I2>10 Wm2
were considered.
One source of uncertainty in pyranometer measurements is the non-ideal directional
response. To get an estimate of this effect, “clear sun” minutes were sorted out and the
ratio of global irradiance from unshaded pyranometers over I2sin(h)+D2 have been
plotted versus solar elevation in Figure 16. A minute was classified as a clear sun
minute when the sunshine duration was 60 seconds, i.e. all 20 readings of I2 were >120
Wm-2, the standard deviation of I2 was ≤1 Wm-2 and the diffuse irradiance was <150
Wm-2.
Also in the clear sun analysis the ventilated CM21s and the CM22 show a similar
behavior with slightly increased (apparent) responsivity at low solar elevations/high
incidence angles for the direct beam solar irradiance. The CM10, the unventilated
CM11s, CMP11, CM21, CMP21 and LP02 also show a similar behavior but with
decreasing apparent responsivity at lower solar elevations, at least down to about 10°.
The largest change in response with changing solar elevation appears to be present in
the Star #6000.
Also overcast conditions have been studied specifically. A minute was, in this case,
classified as overcast when I2<1 Wm-2, sunshine duration was zero, diffuse irradiance
D2>40 Wm-2, standard deviation of D2<5 Wm-2 and pyrgeometer net IR signal was >-50
Wm-2. For the overcast cases the solar elevation dependence, if any, is noisier. What
might be worthwhile to note is that in the majority of cases the average ratios for solar
elevations >35° is higher in the cloudy case than for the clear case. For LP02 #41118
the mean ratio of the cloudy cases and h>35° is only 0.1 % less than the mean clear
sky ratio. Again, the ventilated CM21s and CM22 show a similar behavior with mean
cloudy sky ratios 0.2-0.5 % higher than the mean clear sky ratios. For CM11 #966261
and CM21 #061670 the midday cloudy sky mean ratios are more than 1 % higher and
for Star #6000 the cloudy sky ratio is almost 5 % higher than for the clear sky cases.
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Figure 16. Global irradiance ratios versus solar elevation for clear sun minutes.
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Figure 17. Global irradiance ratios versus solar elevation for overcast minutes.
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Figure 18. Deviation in accumulated global irradiation over 6 days during BRPC-2012
using pyranometer responsivities from calibration using SMHI routine and
measurement data from BRPC-2012. Instrument ID numbers are given in Table 7.
Instrument number 2 (I2= CH1 #030347 CaF2 and D2= CM21 #051527) is used as
reference.
4.2.2

Pyranometer comparison – Using responsivities determined during the
BRPC

To estimate what a best case scenario could be, all global pyranometers where
calibrated against I2sin(h)+D2 using SMHI’s operational calibration routine/program.
The resulting pyranometer responsivities are calculated as the average of the
responsivity from all available minutes classified as clear in the calibration program
(slightly different from the classification above) and with solar elevation >35°. The
resulting responsivities and standard deviations are given in the columns RBRPC and
Std(RBRPC ) of Table 5, at the beginning of section 4. For the pyranometer calibration
points the average ratio of diffuse irradiance over global irradiance was only 0.12.
As expected, the largest difference between user supplied responsivity, Rused, and the
RBRPC from calibration during BRPC are for the instruments CM11 #955777 (+1.3 %)
and CM11 #966261 (-1.5 %) which showed the largest deviations in 6-days
accumulated global irradiation in section 4.2.1. The instruments with the lowest
standard deviation of the calibration, Std(RBRPC), are the ventilated CM21s and CM22
and the unventilated CMP21, which got standard deviations less than 0.25 %. The Star
#6000 had the largest standard deviation of 0.54 %.
Taking the BRPC pyranometers, and applying RBRPC and using the type of offset
correction (if any) used at their home institutions, new 6-day accumulated global
irradiation values were calculated. The result, plotted as percentage deviation from the
reference value (36431 Whm-2), are shown in Figure 18. With the exception of Star
#6000 (Instrument ID number 14), the precision among the global irradiation values
has increased markedly compared to the case with user-supplied responsivities in
Figure 7. The mean and standard deviation of the deviations of instruments 5-14 are:
Mean= 0.42 %, standard deviation= 0.51 %. Excluding the Star#6000, the mean and
standard deviation of the deviations of instruments 5-13 are instead: Mean= 0.27 %,
standard deviation= 0.23 %. Somewhat surprisingly, there is still a positive bias of
about 0.3 % between the BRPC pyranometers and the reference. The standard
deviation among the instruments is, however, significantly reduced for the remaining 9
pyranometers.
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4.2.3

Investigation of pyranometer thermal offset

Another potential source of uncertainty in pyranometer measurements and calibrations
is the thermal offset (A) caused by stronger cooling of the domes than of the instrument
body due to net IR loss, especially under clear skies. An attempt to estimate the
thermal offset was done by performing two capping events. The used cylindrical cap
made of black insulation material with a reflecting foil on the outside is shown in the
photo in Figure 6. The cap was rapidly placed over each pyranometer and kept there
for about 2 minutes. Then it was quickly removed again. The 3-second instantaneous
readings were then studied for each instrument. Plots of the instantaneous data during
the capping experiments are shown in Figures 19 and 20. In addition to the BRPC
pyranometers also SMHI’s two diffuse pyranometers were capped. (The instruments
capped first and last during each capping event).
It is very clear, especially from the cloud-free case in Figure 19 that the measurements
ending up closest to zero a short time after the start of the capping come from the
ventilated pyranometers. The exception is the Star #6000 (blue dotted line at 10.8
UTC) which gives surprisingly large negative readings immediately after capping. This
black-and-white (BW) pyranometer should have, and probably has, close to zero
thermal offset due to dome cooling. What is causing the large negative readings during
capping in this instrument is not understood. Another peculiar feature is the sharp initial
drop in the CMP21 #100440 capping results from the cloud-free case. This instrument
seems to overreact on the rapid change from about 800 Wm-2 to zero. After BRPC2012 two of SMHIs ventilated CMP21s (one global and one diffuse) were also capped.
Neither of these instruments showed the same kind of initial overreaction. However,
capping of a new (unventilated) CHP1 pyrheliometer gave similar results as for the
unventilated CMP21 #100440 during the BRPC. There is also a tendency towards this
behavior in the CM22 #010031 placed in a PMOD ventilator with air filter. With the air
filter mounted on the PMOD ventilator, the airflow on the outer dome is significantly
reduced. The shaded CM21 #031118 (D1) is also mounted in a PMOD ventilator but
without the air filter. In this case the airflow is clearly stronger.
Neglecting the initial spike in CMP21 #100440, after about 30-40 seconds the
unventilated CM11s, CMP11, CM21 and CMP21 all end up around the same level of
about -8 to -9 Wm-2 in the cloud-free case (Figure 19) and at about -4 to -5 Wm-2 in the
cloudier case (Figure 20).
CM21, CM22 CMP11 and CMP21 pyranometers have 1/e (primary) time constants of
≤2 s, while CM10 and CM11 have 1/e time constants of 4 s, according to their
specifications. The LP02 appear to be at least as fast as the CM11s, while the Star
#6000 has a slower response. To estimate the actual offset at the start of the capping,
the points between 42 – 84 seconds after the start of each capping were fitted to a
linear function which then was used to extrapolate a value at time 0 seconds at the
start of each capping. At times ≥42 seconds after the start of each capping the
remaining part of the 800 Wm-2 before the capping should be well below 0.1 Wm-2 for
all instruments, based on their reported time constants, possibly with the exception of
the Star #6000.
Another and frequently used way to study pyranometer thermal offset is to look at
night-time signals in relation to pyrgeometer thermopile (net IR) output. This has also
been done for the BRPC pyranometers. The results are shown in Figure 21.
Again it is clear that the ventilated pyranometers are less sensitive to the net IR signal
than the unventilated instruments are. It is also clear that for the night-time data the
Star #6000 really do not show any (thermal or other) offset, which should be the case
for a BW pyranometer. Based on visual inspection only, the ventilated instruments and
the BW pyranometer also give less noisy results.
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In Figure 22, the resulting linear offset functions determined by daytime capping
experiments are shown (green lines with plus signs for the capping events) together
with the linear fits to the nighttime data (black dotted lines). For the CM21s in SMHI-3
ventilators or PMOD ventilator without filter (CM21 #031118) the nighttime offset and
the capping offset functions are very close to each other, both for shaded and
unshaded pyranometers. For CM10 #800080 in SMHI-2 ventilator and for CM22
#010031 in PMOD ventilator with filter there is a difference between the nighttime and
the daytime results but it is small. For the unventilated all-black pyranometers there is a
large difference between the nighttime offsets and the capping results. The dotted red
lines in some of the graphs in Figure 22 represent results from many (>40) capping
events made on the same or similar type of pyranometer and ventilator combinations.
These are plotted to show that the results from only two capping events are at least
fairly close to the results from a large number of capping events.
The conclusion drawn by the author is that there exist large thermal offsets in all-black
thermopile pyranometers which can be significantly reduced by ventilation, preferably
with a strong airflow.
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Figure 19. 3-second instantaneous instrument readings during the first capping event
on May 24th which was made under relatively clear skies. The uppermost and the
middle graph show the same data. The middle graph just focuses on the signals close
to zero. The lower graph is just the thermopile net IR signal from a CG4 pyrgeometer.
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Figure 20. 3-second instantaneous instrument readings during the first capping event
on May 30th which was made under near overcast skies. In this case the pyrgeometer
net IR signal was about -50 to -60 Wm-2 (not shown).
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Figure 21. Nighttime 1-minute mean readings of the BRPC pyranometers (green dots)
and the diffuse reference pyranometers (blue dots) versus pyrgeometer net IR
signal/irradiance. Resulting functions from linear fits to the data points are written to
each graph.
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Figure 22. Linear offset functions based on nighttime data (black dotted lines) and
capping results (green lines with plus signs indicating the capping results and an
assumed zero point). Offset functions from linear fits of the capping results are also
written in each graph. For some instruments there is also a red dotted line in the graph
which shows resulting offset function from multiple capping events carried out on the
same or similar type of instrument and ventilator/radiation shield combinations.
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Figure 23. Deviation in accumulated global irradiation over 6 days during BRPC-2012
using offset correction according to capping results, both during calibration using SMHI
routine and in the calculation of new measurement results for BRPC-2012. Instrument
ID numbers are given in Table 7. Instrument number 2 (I2= CH1 #030347 CaF2 and
D2= CM21 #051527) is used as reference.
4.2.4

Pyranometer comparison – Using responsivities determined during the
BRPC after correction for daytime thermal offsets

After the investigation of daytime (and nighttime) offsets, all pyranometers were
calibrated again and new measurement results were calculated. Both during calibration
and in the following data analysis the net IR offset correction functions shown in Figure
22 were used. How the new 6-days global irradiation values compare is shown in
Figure 23. Apparently, there is in this case an even larger positive bias in the global
irradiation measured by the unshaded pyranometers (Instrument ID numbers 3-14)
compared to global irradiation measured by pyrheliometer and shaded pyranometer.
For the BRPC pyranometers (5-14) the global irradiation was on average nearly 0.9 %
higher than the reference value in this case. Using this kind of offset correction clearly
makes the result of the BW pyranometer Star #6000 worse. Even though large
negative signals were measured during the capping events such a strong offset
correction most probably should not be done. If average results are calculated from
instruments 5-13 only, the mean positive bias is 0.64 % with a standard deviation of
0.25 % among the instruments.
When plotting new global irradiance ratios versus solar elevation for clear sun minutes
one reason for the increased global irradiation values from the unshaded pyranometers
appears, Figure 24. For solar elevations >20° the global irradiance ratios normally get
closer to one for the offset corrected and BRPC-calibrated data (yellow dots) than what
was the case for the “original” data (green dots), which are the same as in Figure 16.
But at lower solar elevations the offset corrected and re-calibrated BRPC pyranometers
often give higher values than the reference. For the Star #6000 the results are the most
extreme and clearly not an improvement for the offset corrected case.
For some reason, the average ratios for h>35° are also 0.001 – 0.005 higher than
1.000 even though the calibrations were performed in nearly the same
conditions/minutes. The reason for the difference, i.e. deviation from 1.000, is thought
to be that it is not exactly the same data for h>35° that has been chosen for the
analysis in Figure 24 as was used in the calibrations.
Nor in the cloudy case and there was any improvement of the agreement between
unshaded pyranometers and the shaded reference pyranometer analysed versus solar
elevation (not shown).
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Figure 24. Global irradiance ratios versus solar elevation for clear sun minutes. Green
dots are the same as in Figure 16. The yellow dots are results from offset corrected
(using capping offset functions) and re-calibrated data.
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CONCLUSIONS AND RECOMMENDATIONS

For the first sub-regional pyrheliometer comparison at the RRC Norrköping, with
participants from more than two countries, a satisfying number of good pyrheliometer
data points were acquired.
The results show that all the participating absolute pyrheliometers have been
sufficiently stable since their latest calibration or comparison. All participating absolute
pyrheliometers were found to agree within ±1 ‰ from the average level of 8
instruments with WRR factors from IPC-XI in 2010, which were regarded as reference
instruments for the comparison. Hence, there is no need to change any of the
participating pyrheliometers’ calibration or WRR-factors.
BRPC-2012 was the first sub-regional pyrheliometer comparison held in Norrköping
with participation from more than two countries. As such, BRPC-2012 can be regarded
as a test case for potential (sub-) regional pyrheliometer comparisons in the future.
Since the results of BRPC-2012 are satisfying, and in case other countries around or
close to the Baltic Sea will be interested as well as having the possibility to participate,
it is likely that a new pyrheliometer comparison will be held in 2017 or 2018 in
Norrköping.
As is well known, and also clearly shown in the BRPC-2012, measurements with
absolute pyrheliometers in clear and stable conditions are much more accurate, at
least by a factor of 10, than pyranometer measurements (in any conditions).
In the majority of cases the most accurate way to measure global radiation is to use a
pyrheliometer and a shaded and ventilated pyranometer, as recognized by e.g. the
Baseline Surface Radiation Network (BSRN), Ohmura et al. (1998). However, the
demands on accurate solar tracking and shading, as well as frequent maintenance,
especially of pyrheliometer windows, are very high and make these measurements
relatively expensive. Therefore, unshaded pyranometers will likely continue to be the
most common instruments for measuring global radiation for many years to come.
With one exception the accumulated results of the participating global pyranometers
were within ≤1 % from the reference global irradiation over 6 days during BRPC-2012.
This is regarded as an encouraging result. The range is somewhat smaller than the
results of a longer pyranometer comparison held 2007 in Split, Croatia (Premec, 2009).
For higher frequency data, e.g. 1-minute means, there exist significant differences and
errors in the pyranometer measurements. But again with one exception, 95 %
coverage ranges (Table 8) were within 30 Wm-2, the uncertainty of 10-minute mean
values from a ventilated “premium” pyranometer estimated by Wardle et al. (1996). It
must be noted though, that the 95 % difference ranges in Table 8, are not total
uncertainty ranges. Total uncertainty ranges would be wider by an unknown amount.
One way to significantly improve pyranometer measurements is to ventilate the
instruments. Properly designed ventilation systems both prevent the development of
dew and frost on the (outer) pyranometer dome as well as significantly reduce the
thermal offset in all-black thermopile pyranometers caused by radiative cooling of the
domes. It was shown that nighttime thermal offsets and daytime thermal offsets, the
latter determined by capping experiments, were very similar for properly ventilated allblack thermopile pyranometers. On the other hand, unventilated instruments showed a
much larger negative offset during daytime compared to the net IR sensitivity
determined from nighttime data. Existence of a large daytime thermal offset in all-black
thermopile pyranometers have also been reported by e.g. Reda et al. (2005).
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However, using offset correction functions determined during BRPC from capping
experiments did not improve the agreement of 6-day global irradiation values for the
unventilated pyranometers and, especially, the ventilated Star #6000. While results
were improved for clear sky cases when the solar elevation was ≥20°, the offset
functions determined here appear to over-compensate the effect at lower solar
elevations and/or lower solar exposure levels.
For all pyranometers, the relative differences and assumed errors increase with
decreasing solar elevation and decreasing global irradiance. Fortunately, such errors
have a small impact on accumulated annual values and on monthly values during the
summer half year. But there is a potential problem in winter and/or at high latitudes.
Based on the BRPC-2012 pyranometer comparison results, it is anticipated that
pyranometer measurements from several European countries between 45°-60°N agree
fairly well for annual irradiation values and for monthly irradiation values from the
summer half year. The precision should be within 2 %. Total uncertainties are higher
and may not be good enough for applications with the highest accuracy demands such
as climate trend studies and solar energy applications. It is considered worthwhile to try
to perform a longer European pyranometer comparison at a fairly low altitude site
between, or even better, 2-3 separate comparisons at different latitudes between
35-70 °N.
According to its’ specifications the CM22 #010031 should be the best instrument
among the tested pyranometers. At least for evaluations of 1-minute irradiances the
CM22 ought to be evaluated against a similar or better type of pyranometer used for
the reference diffuse measurements. Unfortunately, no such pyranometer was
available at SMHI.
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