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PREFACE

One of the physical components of the climate is solar radiation. In
meteorology, it has been described for a century or even more in terms of
gsunshine duration. Recently technical developments have made it possible to
construct electronic sunshine duration recorders. To maintain continuity with
the previous measurements, the Commission for Instruments and Methods of
Observation (CIMO) recommended at CIMO-VIII (198l) the use of 120 W m? as a
threshold, when using a pyrheliometer as a standard. ‘To what extent are the

various electronic sunshine duration recorders capable of fulfilling this
recommendation?

In meteorology, the enerqgy aspect of solar radiation is referred to as
global radiation, which has been regularly recorded for only half a century.
Since 1264 data for global radiation measured by pyrancmeters, from the whole
world have been published by the WMO Radiation Data Centre, the Main
Geophysical Observatory in Leningrad. In 1980 the World Meteorological
Organization introduced the World Radiometric Reference (WRR) which is
accepted as representing the physical unit of total irradiance with an

accuracy better than 0.3 per cent. But what accuracy could be expected in the
network data?

To obtain some answers to the above questions the WMO Regional
Comparison of Pyranometers and Electronic Sunshine Duration Recorders for
RA VI was held in Budapest, from July to December 1984.

: The present report
contains the results of this comparison.






1. INTRODUCTION

Regional Association VI (Europe), at its eighth session in Rome in
October 1982 accepted the offer of Hungary to undertake in 1984, during a
period of six months, a comparison of national reference pyranometers and
electronic sunshine recorders.

Members sent 13 instruments to the comparisons 3 sunshine recorders
and 10 pyranometers. The list of participating instruments is given in
Table 1. Since the various instruments arrived at different times the
measurements could only begin on 19 July 1984. The last measurements were
made on 16 December 1984. In January 1985, all instruments were returned to
their home countries.

2. SUNSHINE RECORDERS

2.1 Short description of instrumentation

According to instruction manuals, the sensor units of the electronic
sunshine recorders were fixed on the roof of the radiation pavillion of the
Institute of Atmospheric Physics, Budapest, latitudes 47° 26', longitude:
19°11', elevation: 130 m.

The clock of the HAENNI system functions on the main power supply.
The electromechanical counter shows the actual walue of the sunshine duration
in minutes (this unit, rather than seconds, was chosen). The cumulative

values were printed at each full hour, from midnight to midnight, when the
counter was cleared. Its threshold sensitivity was installed at the factory

for 200 W m~2.

The SONI sﬁstem functions on a quartz clock and a microprocessor.
Daily totals and each hourly values were printed with the resolution of one
second. Its threshold sensitivity had been installed for 120 W n"2,

The PRECISION MECANIQUE sunshine recorder has a double electro-
mechanical counter which automatically changes at midnight. The resolution is
0.0l hour. Its manual deces not contain the threshold wvalue, but we can assume
it to be 120 W m~2. '

A thermocompensated EPPLEY pyrheliometer, NIP-22004E6 served as
reference. It was connected to both an electronic counter with 120 W m™2

threshold and a strip chart recorder. This was necessary because the sunshine
recorders had a different threshold.

More detailed description of the sunshine recorders could be cobtained
from the respective national meteorological services.

During the comparison, all instruments functioned properly. The main
problem was the synchronization of the different clocks and readings.

(1479)



2.2 Results

Because of the synchronization difficulties, three kinds of data are
presented in this report:

= Special observed data: hourly totals when all the three sunshine
recorders and pyrheliometer operated synchronocusly. It is
possible that such hours were chosen when there was some sunshine

but not the full houry

- Epg;ly_yg;uegf when the three sunshine recorders were read

simultaneously. It is possible that such hours were chosen when
there was some sunshine but not the full hour,

- Egi}z_Epé_gpgpé}z_zg}pgﬁa daily and monthly totals produced by

the three electronic recorders and a Campbell-Stokes recorder as
well, during the whole operating period.

The special observed data are presented in Figures 1, 2, 3 and 4. The
first three figures characterize the relation between the sunshine
measurements and the pyrheliometric sunshine. Because the sensor unit of the

PRECISION MECANIQUE has a wide field of view it measures a significant amount
of diffuse as well as direct radiation. This situation leads to the high

sunshine values when the sun is shining across a fog or transparent cloud
layer. Figure 4 presents partial data to demonstrate that all three sunshine
recorders measure less than the pyrheliometer, if the solar slevation is low.

The hourly values are shown in Figure 5 as a comparison between the
sunshine duration measured by the SONI and by the other two recorders. In
each case the HAENNI measured less than the SONI, according to their
sensitivity difference. The PRECISION MECANIQUE reqularly measures more
sunshine than the SONI, but not always. The scattering of the points is
mainly due to the difference in time of the direct radiation between the
threshold values during the measuring hour.

The daily and monthly values are found in Table 2. The relation
between the electronic instruments is the same as that in the case of the
hourly values. The comparison with the CAMPBELL-STOKES endorses the choice of
the 120 W m~% threshold regarding the continuity of the yearly totals.

2.3 Conclusions

- It would be desirable to compare electronic sunshine recorders
when all of them have the same threshold sensitivity.

- At solar elevations less than 10 degrees all three types of
sunshine recorders measure less sunshine than the pyrheliometer.

- The role of the circumgolar diffuse radiation in sunshine records
should be investigated.
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3. PYRANOMETERS

3.1 Description of instrumentation

The pyranometers were fixed on the same roof as the sunshine
recorders, the cable output pointing to the North. The CM-11 pyranometer was
ventilated. Members sent sensitivity values together with the information on
the temperature and directional corrections to be applied to the readings, as
is seen in Table 3. The output electromotive force values were collected and
measured by a l6-channel data logger made in the Institute of Atmospheric
Fhysics. A measuring cycle lasts 0.6 second. Having finished the readings
the data are transferred to a Hewlett-Packard 97-S calculator, which prints
the flux densities in W m~2 units using the multiplication factors of
Table 3. Using the auxiliary information the necessary corrections are made
and the final data are punched for further evaluation. Altogether, 544 such
measurements have been collected.

3.2 Results

The results of measurements are presented in Table 4. Here all
radiation data are expressed in WRR. The auxiliary information consists ofs

- true solar time,

- solar elevation;

- solar azimuth angle,

- instrument body temperature)
= wind speed in m/sec.;

- diffuse radiation.

The diffuse radiation was read by the same data collector. The gignal
was produced by a CM-5 pyranometer shaded by a ring. During the data
processing a ring-correction was applied,

Due to the lack of time, a detailed analysis of the collected data was

not possible, therefore only seme preliminary results of evaluation can be
presented here.

In Figure 6 ratios of averages of the different pyranometer data to
the mean of their averages are shown. The order of instruments is the same as
in Table 4. The averaging was made from all measurements, from the data on
page 4 of Table 4 as Summer, page 8 as Autumn and page 17 as Winter. It is

seen that the ratios vary strongly with the physical circumstances of the
measurements.

It would be desirable if at the same time the pyranometers would
produce the same value of global radiation. The variability between the
values of different instruments can be characterized by the ratio of the
standard deviation to the mean wvalue, that is the relative standard
deviation. This deviation varies as a function of the actual physical
circumstances of the comparison. To characterize the effect of circumstances
some sub-samples have been chosen from the collected data. Sub-sample Summer
consists of data on page 4 of Table 4, page 8 of the same table serves as
Autumn and page 17 as Winter. In Table 5 the mean values of relative standard
deviations are shown for all data and for the sub-samples. For the figures in
the first column the original calibration factors were used. The second
column shows the results by using corrected calibration factors which were
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derived from comparing the pyranometers to each other, that is the average of
each instrument for the sample period made to be equal to the mean of averages
of all instruments. The comparison of the two columns clearly shows that the
unified calibration of pyranometers would decrease the deviations between
their measurements.

3.3 Conclusions

- This sample of pyranometers is not representative of the whole
territory of RA VI. It is estimated that, the numerical values of
deviations of pyranometers given here are somewhat less than they
would be on the basis of a full sample.

- Generally, the comparability of instantaneous pyranometric data is
about 5 per cent.

- To obtain better agreement between the pyranometers, a
standardized calibration procedure is necessary together with the
application of corrections due to the actual physical
circumstances of the measurement.
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PARTICIPATING INSTRUMENTS OF MEMBERS

SUNSHINE RECORDERS

PRECISION MECANIQUE France

S0NI 6.008 Germany, Federal Republic of
HAENNI Solar 112 Switzerland

PYRANOMETERS

Stern - 2223 . Rustria

Sonntag - 5173/538 German Democratic Republicg
CM-11 - 790059 Germany, Federal Republic of
CM-5 - 773876 Hungary

CM-5 - 721995 Norway

CM-5 - 773660 Poland

sonntag - 2878/882 Poland

CM-5 - 828411 Switzerland

Eppley - 2100F3 Turkey

CM-5 — 785140 United Xingdom
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Table 1

(AUS)
(GDR)
(FRG)
(HUN)
{NOR)
(PL1)
(PL2)
(CH)

(TUR)

{GB)



Date

28.
29.
30,
31.

13

l_l
OW W1

H R
W

14,
15.
16.

DAILY SUNSHINE

(in minvutes)

JULY

HARNNT . SONI PRECISION

376
309
669
633 744

DECEXEBEREK

300 331
245 305
394 428
208 251
365 391
0 0]
0 0
0 0
0 0
16 21
76 111
410 ' 446
302 359
71 84
0 0
0 0

354

127
430
347
104

Table 2

CAVMPBELL-
~3TOXES

384
348
702
762

282
186
408




Daﬁe.

3.
4-
5.

T.
8.

10.
11.
12.
13
14,
15.
16.
7.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28,
29,
30.
31.

HARNNT

685
623
505

599

726
473
323

13
438
246
343
326
167
560
283
303
432
499

572
458
669
640
606
296
198
334
717
702
622
517

43970

DAILY SUNSHINE

(in minutes)

AUGUST

SONT

725
687
623
661
760
600
390

39
522
282
354
376
190
597
327
324
480
555
123
602
474
713
679
636
304
235
357
744
T22
655
600

15336

PRECISION

Table 2, p. 2

CAMPBELL-
~JPOKES

738
774
672
684
774
678
408

36
334
306
396
450
234
654
378
324
516
576
150
702
522
720
708
654
300
264
432
732
714
666
624

16498



Table 2, p. 3
DAILY SUNSHINE
(in minutes)
SEPTEMBER
CAMPBELL~

Date HAENNT SONT PRECISION oo
i. 483 619 618
2. 544 584 546
3. 670 695 678
4. 578 617 606
5. 640 668 654
6. 423 447 480
7. - 212 - 246 270
B. 557 586 642
9, 253 290 318
10. 270 307 324
11. 317 348 432
12. 15 26 66
13, 140 164 : 204 -
14. 420 442 456
15. 279 - 315 T 264
16. 4 5 6
17. 251 279 264
18, 389 . 411 438
19. 467 512 498
20. 369 390 342
21. 0 0 0
22. 2 6 12
23. 256 ‘ 272 324
24. 267 . 237 372
25, 0 0 0
26. 146 156 : 216
27. 53 55 ' 96
28, } 402 . 411 426
29. A 228 222 270
30. 260 280 330

8895 9530 10150




Date

1.
2.
3.
4.
5.
6.
Te

9.
10.
1i.
iz.
13.
14.
i5.
16.
i7.
18.
19.
20.
21,
22.
23.
24.,
25.
26.
27,
28.
29.
30.
31.

DAILY SUNSHINE

(in minutes)

OCTOBER

HAENNT S0NI
470 529
156 177
h82 598

40 54
281 312
96 110
0] : G
367 399
268 297
496 530
228 262
26 51
572 581
473 493
119 135
565 584
553 575
546 565
467 514
469 484
1 2
T2 88
34 59
107 126
258 300
0 3
18 26
0] O
480 499
107 150
0 0
7851 8513

PRECISION

568
555
510
479
479

85
53
167
334
38

499
154

3928

Table 2, p. 4

CAMPBELL-
-3TOKES

48%
192
582

72
324
108

456
282
486
246

558
492
150
588
552
546
480
474

150

126
294

48

498
144

8394
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Table 2, p. 5
DAILY SUNSHINE
(in minutes)
NOVEMBER
) CAMPBELL-

Date HAENNT SONT PRECISTON —~STOKES
1 0 QO 0 0]
2. 0] 0 0 0
3. 277 299 311 306
4 437 462 468 438
Be 0 0O 0 O
6 4, 9, 0 0
7 302 361 438 354
g, 137 190 217 186
9. 0 0 75 18
10 30 69 110 84
11. 345 355 370 354
12 461 481 481 402
13 0 16 23 18
14. 410 439 440 384
15. 0 0O 0 0
16. QO 9 4 0
17. 0 L 0 O
18, 0 0 Q 0
19. 0 0 10 O
20. 0 O 0 ¢
21, 32 47 55 48
22. 259 293 303 294
23, 121 142 138 156
24, 36 46 53 60
25. 307 342 359 240
26. 0 O 0 0]
27. 97 116 116 . 90
28. 324 384 383 306
29. 4 18 - 68 0
30. 357 393 395 318

3936 . 4454 4817 4056
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Table 5
Sample Original ' Corrected
calibration factor calibration factor
(in per cent) (in per cent)
All data 5.1 4.9
Summer ' 2.0 0.8
Autumn 4.1 1.9

Winter 8.5 6.6

The mean values of relative standard deviation for different data samples by
using the original calibration factors and using corrected calibration factors
which were derived from comparing the pyranometers to each other.

(1472)
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Comparisgon of HAENNI sunshine data to the sunshine -

Comparigon of PRECISION MECANIQUE sunshine data
to the sunshine derived from pyrheliometer measure-

mentg._

sunshine measured by different slectronic ~ sunshine”

recorders as function of =olar elevation.

Comparison of hourly sunshine values.

Ratio of average value of global radiation to the
mean average for 3 mamples and for all data. The
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Figure 1
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Figure Z
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Figure 3
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Figure 4
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Figure 5
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Figure 6
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