






also ensures to drastically limit the generation of erroneous data as a result of any specific 

error. 

 

 

4.1.3  Keeping data fresh 

 

The application of fresh instrument calibration constants when calculating irradiance values 

is one way of adding quality to data by applying retrospective methods. 

 

The black surface of a radiometer thermopile becomes more reflective with prolonged solar 

exposure, hence less radiation is absorbed by the sensing element, and the instrument’s 

calibration factor gradually becomes smaller.  Regular calibration (the recommended 

frequency is once every six months) and subsequent updating of the radiometer’s calibration 

constant is therefore imperative if the recorded irradiance values are expected to be a true 

reflection of the irradiance values. 

 

If the irradiance values are calculated while thermopile measurements are sampled, care 

must be exercised that the latest (freshest) calibration constant is applied featured in the 

system for real–time quality control on values as close as possible to the actual values.  If 

this is not done, necessary adjustments must be made on recorded data, so that archived 

irradiance values reflect the latest thermopile sensitivity.  A simple interpolation of the 

calibration factors between calibration episodes helps keeping the values as close as 

possible to the actual sensitivity during a specific month, as applied at the De Aar BSRN 

station. 

 

 

4.1.4  Handling seemingly erroneous data 

 

It must be emphasized, that if data is flagged, it does not mean that it is invalid.  It is merely 

an indication that data lies outside the expected ranges (NREL, 1992).  The procedure of 

WRMC to flag data and to report it to the station scientist, is aimed towards enabling the 

station scientist to rectify or delete erroneous data. 

 

However, care must be taken not to simply delete data without a good reason, since data 

inherently also contains a record of instrument performance, which can contain valuable 

information to aid in any form of future remedial processes.  The key element is, that 

retrospective remedial actions on data must be based upon a good reasoning and a logical 

explanation as to why it is done. 
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Equation 4.8 and therefore the latter of the two sub-procedures, is hence exactly the same 

sub-procedure as the first in Equation 4.7.  Although 50 W.m-2 is considered to be a large 

error in any one of the individual LW quantities, the margin of 50 W.m-2 is allowed to give 

room to the addition of uncertainties in all three of the individual sensors (direct, global and 

diffuse).  This is justified by the typical occurrence of ( DSGL2 – DSDFS – DSDIR*cosZ ) 

outside a boundary of 50 W.m-2. 

 

 

 

4.3  APPLICATION OF THE WRMC PROCEDURES 

 

In this Section, each of the WRMC procedures discussed in Section 1.2 are applied to real 

De Aar data consisting of 36 monthly files for three complete years, viz., June 2000 until May 

2003 inclusive.  The data is presented here with the minimum procedures applied, but taking 

thermopile deterioration into account, as discussed in Section 4.1.3.  The term “datapoint” 

refers to the one-minute average value, as recorded in the BSRN one-minute statistics. 

 

For every sub-procedure in Section 4.2, the data is analyzed using a table, listing on a 

monthly basis how the one-minute data is distributed with respect to the upper and/or lower 

bounds of the sub-procedure.  All the Tables (Tables 4.5 to 4.13) are presented as 

frequency tables.  In two cases (Table 4.6 and Table 4.9) the table is only one column 

containing the frequency of boundary violations of the sub-procedure, plus the number of 

missing datapoints and/or the possible datapoints (the number of minutes per specific 

month).  In all the other cases, a frequency distribution using bins related to fractions of the 

distance between the boundaries, is employed.  In this way, the relative seriousness of 

boundary violations can be assessed.  Where applicable, columns containing data, which 

violate boundaries of a specific sub-procedure are shaded. 

 

 

4.3.1  Procedure 1 – “Physically possible” 

 

4.3.1.1  Sub-procedure 1.1 (The test for 0 W.m-2 <  DSDIR <  1368 W.m-2) 

 

The lower and upper boundaries for this sub-procedure are 0 W.m-2 and 1368 W.m-2, 

respectively.  The range (between lower and upper boundary) is therefore 1368 W.m-2, 

which equals 12 x 114 W.m-2.   Therefore the data in Table 4.5 was placed in 12 equally 

spaced frequency bins, each sized 114 W.m-2.  This is intended to show how the data is 
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distributed in the range between lower and upper boundary, as well as the relative 

seriousness of boundary violations. 

 

Added columns, are: the number of points equal to 0 W.m-2 , the number of missing points 

and the possible number of points.  For each frequency bin, the total number expressed as a 

percentage, is listed.  This is also expressed as the total of seasonal averages, i.e. 

December-January-February (DJF) for summer, March-April-May (MAM) for autumn, June-

July-August (JJA) for winter and September-October-November (SON) for spring. 

 

Table 4.5  Frequency distribution of DSDIR: June 2000 to May 2003, ref.to sub-procedure 1.1 

 Data bins in W.m-2

Month = 0 
1 to 

114 

115 to 

228 

229 to 

342 

343 to 

456 

457 to 

570 

571 to 

684 

685 to 

798 

799 to 

912 

913 to 

1026 

1027 to 

1140 

1141 to 

1254 

1265 to 

1368 

Mis-

sing 
Possible

 

Jun 2000 26120 1322 621 672 772 936 1416 2748 5570 2978 0 0 0 45 43200 

Jul 2000 26808 1297 605 685 819 1074 1580 3100 6158 2245 0 0 0 269 44640 

Aug 2000 24757 1356 848 875 1022 1252 1777 3193 5165 4367 0 0 0 28 44640 

Sep 2000 25298 2242 569 643 675 870 1104 1943 3693 5255 880 0 0 28 43200 

Oct 2000 22033 2926 1058 1006 1035 1080 1446 2277 3414 4710 2011 0 0 1644 44640 

Nov 2000 19852 2435 784 826 1144 1181 1416 1553 2217 6018 2880 0 0 2894 43200 

Dec 2000 19653 3381 1251 1727 3761 4201 3058 767 1306 3744 1759 0 0 32 44640 

Jan 2001 20340 2821 745 700 810 898 1169 1772 2806 6822 5725 0 0 32 44640 

Feb 2001 19747 3023 633 612 639 765 1042 1556 2802 6601 2867 0 0 33 40320 

Mar 2001 23121 3885 746 674 736 840 1189 1640 3226 6436 692 0 0 1455 44640 

Apr 2001 25965 4954 829 763 713 805 945 1431 2785 3951 0 0 0 59 43200 

May 2001 26005 2694 749 732 836 1055 1445 2310 4962 3702 0 0 0 150 44640 

Jun 2001 25255 2278 583 665 790 1018 1619 2900 5120 1889 0 0 0 1083 43200 

Jul 2001 27401 2950 749 718 811 1110 1623 2579 3902 2766 0 0 0 31 44640 

Aug 2001 24728 1639 735 798 848 1038 1310 2003 4675 6843 0 0 0 23 44640 

Sep 2001 24701 2491 718 695 809 1096 1447 2287 3233 5158 10 0 0 555 43200 

Oct 2001 23556 2183 716 774 938 1197 1640 2834 4590 5197 985 0 0 30 44640 

Nov 2001 22950 3885 821 712 761 847 1115 1544 2547 5105 2881 0 0 32 43200 

Dec 2001 20301 2153 686 697 804 969 1327 1941 3018 7546 5152 0 0 46 44640 

Jan 2002 20949 2327 726 684 775 865 1178 1693 2786 6734 5884 0 0 39 44640 

Feb 2002 19847 1904 601 615 728 905 1220 1628 2926 6488 3421 0 0 37 40320 

Mar 2002 24042 2604 785 720 813 1007 1498 2587 5310 4776 197 0 0 301 44640 

Apr 2002 25161 3661 934 861 781 809 1123 1571 3067 4719 480 0 0 33 43200 

May 2002 27717 2184 739 796 946 1189 1555 2985 5924 565 0 0 0 40 44640 

Jun 2002 26352 1635 607 713 843 1061 1606 3154 6790 115 0 0 0 324 43200 

Jul 2002 26274 1801 785 853 1039 1405 2071 4399 5940 27 0 0 0 38 44640 

Aug 2002 26795 2245 758 712 799 1019 1460 2406 4130 4285 0 0 0 31 44640 

Sep 2002 23568 2627 829 829 1010 1132 1471 1874 3891 5801 141 0 0 27 43200 

Oct 2002 22823 2498 953 928 1051 1120 1454 2196 3629 5985 1980 0 0 23 44640 

Nov 2002 20032 2024 730 723 817 903 1266 1660 2751 6482 5787 0 0 25 43200 

Dec 2002 21673 2557 685 724 841 991 1304 1892 3007 6824 4113 0 0 29 44640 

Jan 2003 22026 3395 699 675 702 915 1225 1834 3042 7726 2357 0 0 44 44640 

Feb 2003 22524 3190 729 829 670 755 948 1505 2638 6135 366 0 0 31 40320 

Mar 2003 25579 2760 523 543 629 746 1026 1647 3099 7780 285 0 0 23 44640 

Apr 2003 24950 2412 866 829 1026 1126 1694 2802 4100 3367 0 0 0 28 43200 

May 2003 26599 2143 726 716 816 1036 1537 2796 5523 2725 0 0 0 25 44640 

 

Total % 54.26 5.83 1.72 1.76 2.09 2.49 3.26 5.02 8.88 10.90 3.23 0.00 0.00 0.58 100 

 

DJF % 48.13 6.37 1.74 1.87 2.50 2.90 3.22 3.76 6.28 15.09 8.14 0.00 0.00 0.03 100 

MAM % 57.94 6.90 1.74 1.68 1.84 2.18 3.05 5.00 9.62 9.62 0.42 0.00 0.00 0.50 100 

JJA % 59.27 4.18 1.59 1.69 1.96 2.51 3.66 6.70 12.01 6.45 0.00 0.00 0.00 0.45 100 

SON % 52.79 6.01 1.85 1.84 2.12 2.44 3.19 4.69 7.73 12.81 4.53 0.00 0.00 1.33 100 
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Table 4.6  Frequencies of DSDFS>TOA + 10 W.m-2: June 2000 to 

May 2003, ref. to sub-procedure 1.2 

Month 
Number of 

violations 

Possible data 

points 

Percentage 

violations 
 

Jun 2000 0 43200 0.0000 

Jul 2000 0 44640 0.0000 

Aug 2000 0 44640 0.0000 

Sep 2000 0 43200 0.0000 

Oct 2000 4 44640 0.0090 

Nov 2000 4 43200 0.0093 

Dec 2000 17 44640 0.0381 

Jan 2001 0 44640 0.0000 

Feb 2001 2 40320 0.0050 

Mar 2001 12 44640 0.0269 

Apr 2001 9 43200 0.0208 

May 2001 53 44640 0.1187 

Jun 2001 2 43200 0.0046 

Jul 2001 4 44640 0.0090 

Aug 2001 26 44640 0.0582 

Sep 2001 202 43200 0.4676 

Oct 2001 0 44640 0.0000 

Nov 2001 21 43200 0.0486 

Dec 2001 8 44640 0.0179 

Jan 2002 0 44640 0.0000 

Feb 2002 2 40320 0.0050 

Mar 2002 0 44640 0.0000 

Apr 2002 9 43200 0.0208 

May 2002 0 44640 0.0000 

Jun 2002 8 43200 0.0185 

Jul 2002 19 44640 0.0426 

Aug 2002 33 44640 0.0739 

Sep 2002 8 43200 0.0185 

Oct 2002 35 44640 0.0784 

Nov 2002 5 43200 0.0116 

Dec 2002 0 44640 0.0000 

Jan 2003 6 44640 0.0134 

Feb 2003 28 40320 0.0694 

Mar 2003 0 44640 0.0000 

Apr 2003 0 43200 0.0000 

May 2003 1 44640 0.0022 

 

Average 14.39 43800 0.0329 

 

DJF % 0.0162 MAM  % 0.0211 

JJA % 0.0231 SON % 0.0710 
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Figure 4.1   From Table 4.6: Violations of sub-procedure 1.2, 
expressed as a percentage for all datapoints 
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The last column of Table 4.6, viz., the violations of sub-procedure 1.2, are illustrated in 

Figure 4.1 as a percentage of all datapoints.  The anomalous occurrence of violations of 

sub-procedure 1.2 during the month of September 2001 within a 36 month-period of 

observations, prompts the investigation in Section 4.3.1.2.1.  

 

4.3.1.2.1 Closer inspection of violations of sub-procedure 1.2 

 

As a result of diffuse radiation being present in the atmosphere a few minutes before sunrise 

and a few minutes after sunset, while TOA radiation equals zero, DSDFS and TOA radiation 

are bound to have a difference at the start and end of every day.  This, however, is less than 

10 W.m-2 as a general rule, and does not explain the violations of sub-procedure 1.2. 

 

Closer inspection reveals, that a difference of more than 10 W.m-2 between DSDFS and 

TOA radiation does, however, appear near the end or the beginning of a specific day.  The 

quantities DSDFS and TOA radiation are small at the beginning and end of a day, and a 

difference of 10 W.m-2 between them is significant.  If the time of observation is slightly offset 

between DSDFS and TOA, the difference can easily become larger than 10 W.m-2. 

 

A closer look at September 2001 reveals that there were small discrepancies between 

DSDFS and TOA radiation for only the first three days of the month, and the system 

recovered during the night of 3-4 September 2001.  No anomalous system behaviour was 

reported or observed for these specific days.  To illustrate this phenomenon, consider Figure 

4.2 - a graph of TOA + 10 W.m-2 and DSDFS for 2 September 2001. 
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Figure 4.2   TOA radiation + 10 W.m-2 (thick grey line) and diffuse radiation
(thin black line) for 2 September 2001 
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Table 4.7  Frequency distribution of DSGL2: June 2000 to May 2003 ref.to sub-procedure 1.3.  

Shaded area represents violations. 
Data bins in W.m-2

Month 
<= 0  

0 to 

114  

115 to 

228 

229 to 

342 

343 to 

456 

457 to 

570 

571 to 

684 

685 to 

798 

799 to 

912 

913 to 

1026 

1027 to 

1140 

1141 to 

1254 

1255 to 

1368 

> 1368 

W.m-2

Missing Possible

 

Jun 2000 24487 4187 2632 2391 2470 3785 3126 74 3 0 0 0 0 0 45 43200 

Jul 2000 24989 4173 2713 2410 2562 3679 3560 160 44 1 0 0 0 0 349 44640 

Aug 2000 23829 3925 2727 2603 2821 3679 4445 579 4 0 0 0 0 0 28 44640 

Sep 2000 21625 5412 2687 2254 2055 2082 2686 3230 932 49 0 0 0 0 188 43200 

Oct 2000 20490 3697 2427 2204 2220 1994 1888 1894 2390 3729 1031 0 0 0 676 44640 

Nov 2000 18377 4407 2422 2088 1784 1614 1595 1645 1905 2155 3721 232 28 0 1227 43200 

Dec 2000 18139 4352 2403 2130 1800 1758 1768 1849 2109 2600 4571 975 141 13 32 44640 

Jan 2001 18720 3967 2388 2104 1949 1814 1717 1772 2060 2332 4143 1464 164 26 20 44640 

Feb 2001 18114 3762 2267 2031 1658 1589 1549 1540 1864 2481 2938 441 61 2 23 40320 

Mar 2001 21693 4354 2484 2378 1945 1848 1710 1819 2529 3014 654 61 11 0 140 44640 

Apr 2001 22612 5525 3497 2426 1784 1718 1686 2312 1163 378 39 1 0 0 59 43200 

May 2001 24515 4121 2940 2599 2494 2817 4105 865 90 7 1 0 0 0 86 44640 

Jun 2001 24571 4406 2818 2531 2460 3700 2637 44 0 0 0 0 0 0 33 43200 

Jul 2001 25293 5097 2885 2409 2373 2929 3288 250 78 6 0 0 0 0 32 44640 

Aug 2001 23851 3622 2199 2088 2451 2680 3651 3614 427 32 2 0 0 0 23 44640 

Sep 2001 21456 4880 2602 2122 1924 1758 2032 2826 2585 387 25 0 0 0 603 43200 

Oct 2001 20905 4233 2771 2231 2054 1904 2209 2848 2200 2497 589 139 11 1 48 44640 

Nov 2001 18379 5229 2705 2683 2239 1773 1545 1473 1660 1780 2911 552 223 16 32 43200 

Dec 2001 18032 4522 2474 2261 1833 1708 1707 1760 2044 2459 4591 994 219 10 26 44640 

Jan 2002 18630 4260 2441 2109 1903 1672 1709 1852 2036 2404 4404 1029 150 12 29 44640 

Feb 2002 18023 3481 2085 1896 1863 1717 1633 1733 2037 2985 2678 147 14 1 27 40320 

Mar 2002 21661 3989 2734 2228 2066 1954 1861 2164 3127 2013 680 80 10 0 73 44640 

Apr 2002 22527 4404 2860 2400 2049 2078 2144 3105 1514 68 18 0 0 0 33 43200 

May 2002 24836 4779 2963 2312 2312 2719 3837 813 38 1 0 0 0 0 30 44640 

Jun 2002 24506 4030 2876 2436 2494 3555 3222 41 0 0 0 0 0 0 40 43200 

Jul 2002 24941 4083 2583 2532 2665 3457 4093 210 41 7 0 0 0 0 28 44640 

Aug 2002 23841 4834 2504 2552 2247 2147 2936 2953 524 68 8 1 0 0 25 44640 

Sep 2002 21586 3829 2450 2297 2051 1916 1986 2591 3559 835 60 9 1 0 30 43200 

Oct 2002 20516 4412 2115 1878 1854 2000 1954 2117 2471 4026 1145 105 17 0 30 44640 

Nov 2002 18334 3821 2204 1986 1736 1856 1757 1919 2217 2593 4223 484 34 1 35 43200 

Dec 2002 18571 4662 2835 2291 1952 1784 1634 1655 1991 2292 4060 772 110 7 24 44640 

Jan 2003 19368 4581 2509 2305 1859 1693 1656 1712 2105 3062 2986 79 1 0 724 44640 

Feb 2003 18113 5148 2566 2096 1602 1435 1413 1472 1621 2406 1587 0 0 0 861 40320 

Mar 2003 21601 5530 2800 1972 1683 1557 1695 1975 3203 2339 100 0 0 0 185 44640 

Apr 2003 22667 4007 2629 2403 2109 2044 2401 3881 935 74 18 0 0 0 28 43200 

May 2003 24763 4397 2756 2446 2392 3073 4241 544 5 0 0 0 0 0 23 44640 

 

Total % 49.1 10 5.9 5.2 4.79 5.16 5.5 3.8 3.3 3.1 3.1 0.6 0.1 0.0056 0.3499 100 

 

DJF % 42.80 10.00 5.70 5.00 4.24 3.92 3.80 4.00 4.60 5.95 8.30 1.50 0.20 0.00 0.00 100 

MAM % 52.10 10.40 6.50 5.30 4.75 4.99 6.00 4.40 3.20 1.99 0.40 0.00 0.00 0.00 0.00 100 

JJA % 55.50 9.68 6.00 5.50 5.68 7.46 7.80 2.00 0.30 0.03 0.00 0.00 0.00 0.00 0.00 100 

SON % 46.50 10.10 5.70 5.00 4.53 4.27 4.40 5.00 5.10 4.57 3.80 0.80 0.10 0.00 0.00 100 

 

 

 

4.3.1.3.1 Inspection of January 2001 

 

Figure 4.3 depicts DSGL2 datapoints for the month of January 2001, with all the night-time 

(zero) values removed for brevity.  The Y-axis is divided in the same increments as Table 

4.7. 
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Consider another example on 20 November 2001 (Figure 4.5),  The same scale and 

definitions as in Figure 4.4 are used. 
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Figure 4.5  Diurnal variation of TOA radiation (thick smooth black line), 
DSDIR (thick grey line), DSGL2 (thin black line) and DSDFS 
(dashed line) on 20 November 2001 
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Figure 4.4  Diurnal variation of TOA radiation (thick smooth black line),
DSDIR (thick grey line), DSGL2 (thin black line) and DSDFS
(dashed line) on 1 January 2001 
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Table 4.9  Frequencies of DSTM < 0: June 2000 to May 2003, ref.to 

sub-procedure 2.1 

Month 
Number of 

violations 

Possible data 

points 

Percentage 

violations 
 

Jun 2000 2357 43200 5.46 

Jul 2000 2311 44640 5.18 

Aug 2000 2 44640 0.00 

Sep 2000 1770 43200 4.10 

Oct 2000 1881 44640 4.21 

Nov 2000 2108 43200 4.88 

Dec 2000 2007 44640 4.50 

Jan 2001 2040 44640 4.57 

Feb 2001 1700 40320 4.22 

Mar 2001 1671 44640 3.74 

Apr 2001 1560 43200 3.61 

May 2001 251 44640 0.56 

Jun 2001 31 43200 0.07 

Jul 2001 1669 44640 3.74 

Aug 2001 2268 44640 5.08 

Sep 2001 1828 43200 4.23 

Oct 2001 2153 44640 4.82 

Nov 2001 1617 43200 3.74 

Dec 2001 2417 44640 5.41 

Jan 2002 2060 44640 4.61 

Feb 2002 1833 40320 4.55 

Mar 2002 1720 44640 3.85 

Apr 2002 1549 43200 3.59 

May 2002 1726 44640 3.87 

Jun 2002 2494 43200 5.77 

Jul 2002 2497 44640 5.59 

Aug 2002 1978 44640 4.43 

Sep 2002 1792 43200 4.15 

Oct 2002 1852 44640 4.15 

Nov 2002 2317 43200 5.36 

Dec 2002 1796 44640 4.02 

Jan 2003 1119 44640 2.51 

Feb 2003 1200 40320 2.98 

Mar 2003 1634 44640 3.66 

Apr 2003 1604 43200 3.71 

May 2003 2172 44640 4.87 
 

Average 1750 43800 4.104 
 

DJF % 4.159 JJA % 4.362 

MAM % 3.494 SON % 4.405 
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Figure 4.6  From Table 4.9: violations of sub-procedure 2.1, 
expressed as a percentage for all datapoints 
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The percentage violations per month of sub-procedure 2.1 is illustrated in Figure 4.6.  Two 

extreme months, May 2001 (second-lowest) and June 2002 (highest), are now investigated. 

 

 

4.3.2.1.1 May 2001  (Second-lowest number of boundary violations: 0.56%). 

 

Although June 2001 had the absolute minimum number of violations, viz. 0.07%, it was 

decided to use the second-lowest month, May 2001, for illustrating violations of sub-

procedure 2.1. because the very few violations occurring during June 2001 could not 

satisfactorily illustrate reasons for violations. 

 

Figure 4.7 depicts DSTM in a time-series for the complete month of May 2001, but the night-

time datapoints (zero), are removed for clarity.  Note that smooth curves are associated with 

clear, cloud-free days, while the presence of clouds disturbs the pattern. 
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Figure 4.7   Time-series for DSTM: May 2001 
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igure 4.7 it can be deduced that datapoints for which DSTM<0 are restricted to 

days. The lower and upper boundaries for DSTM seem to follow 0 W.m-2 and 200 

respectively, on clear days.  On days with broken clouds, the lower and upper 

ies are both violated on the same day, like the 5th and 31st.  A total of 251 datapoints 

atisfy the criterium DSTM<0, being 0.56% of all the values for that specific month.  
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Figure 4.8   DSTM versus cosZ: May 2001 

Continuing with May 2001, the dependence of DSTM with respect to the solar angle is 

investigated in Figure 4.8, which is a scatter diagram of DSTM versus cosZ.  The majority of 

night-time values were removed for simpilcity.  The numbered notations on the graph are: 

 

    1. Point of sunrise: Z = 90.83°, therefore cosZ = -0.014 

 

    2. Point of maximum solar elevation angle (Z and therefore, cosZ is a minimum) 

 

    3. Inflection line, where the Z=80° (and cosZ = 0.17) criterium separates DSTM 

 values for low solar angles from DSTM values for high solar angles 

 

    4. For high solar elevation, there are also a few loose values of DSTM<0  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

It follows from Figure 4.8, that the majority of DSTM datapoints < 0 are lying to the left of the 

inflection line (3), starting at zero for cosZ = 0° and becoming significantly less than zero as 

cosZ increases up to about 0.17.  There are, however, also single values of DSTM less than 

zero for relatively high values of cosZ, in other words, high solar angles. 

 

It should be kept in mind that this is the “second-best” month, hence the remaining 34 

months in the 36 month- record have more violations of sub-procedure 2.1. 
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4.3.2.1.2 June 2002  (Highest number of boundary violations: 5.77%) 

 

In Figure 4.9, similar to Figure 4.7, depicts a time-series of DSTM for June 2002. 
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Figure 4.9  Time-series for DSTM: June 2002 
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 days in Figure 4.9, similar to Figure 4.7, a virtual maximum of 150 W.m-2 to 190 

maintainted, but with the exception that DSTM<0 violating days are now not only 

 to days where the virtual upper boundary is violated, but also portions of almost 

 on June 2002. 

 4.10, the scatter diagram of DSTM versus cosZ is featured in a similar way as in  

.  The numbered notations for Figure 4.10 are: 

Point of sunrise: Z = 90.83°, therefore cosZ = -0.014 

Point of maximum solar elevation angle (Z and therefore, cosZ, is a minimum) 

Inflection line, where the Z=80° (and hence cosZ=0.17) criterium separates 

DSTM values for low solar angles from DSTM values for high solar angles 

For high solar elevation, there are also a few loose values of DSTM<0 
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Figure 4.10  DSTM versus cosZ: June 2002 
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4.3.2.3  Sub-procedure 2.3  (The test for DSDFS < 700W.m-2) 

 

Similar to Table 4.8, the DSDFS datapoints in Table 4.10 are placed in bins of 50 W.m-2 

intervals.  The violations of sub-procedure 2.3 are shaded. 

 
 

Table 4.10  Frequency distribution of DSDFS: June 2000 to May 2003, ref.to sub-procedure 

2.3.  Shaded area represents violations 

 
Data bins in W.m-2

Months 
0 1-50 51-100 

101-

150 

151-

200 

201-

250 

251-

300

301-

350

351-

400 

401-

450 

451-

500 

501-

550 

551-

600 

601-

650 

651-

700 
> 700 

Missing Possible

 

Jun 2000 24512 11084 5216 1108 635 304 210 70 13 3 0 0 0 0 0 0 45 43200 

Jul 2000 25013 8618 7863 1336 595 391 307 134 33 3 0 0 0 0 0 0 347 44640 

Aug 2000 23069 6111 8239 2837 888 651 468 457 289 127 40 4 2 0 0 0 1458 44640 

Sep 2000 21635 5570 8455 2487 1360 983 754 603 465 313 249 155 105 28 9 1 28 43200 

Oct 2000 20504 5991 7801 2318 1816 1225 960 705 752 530 261 84 38 9 2 0 1644 44640 

Nov 2000 17579 7135 8298 1694 1400 1114 991 629 583 336 235 141 111 42 15 3 2894 43200 

Dec 2000 18206 5480 10403 2995 2143 2248 1154 604 495 410 262 96 83 47 11 1 32 44640 

Jan 2001 18853 10633 8459 1938 1301 923 619 583 417 341 222 117 74 80 15 3 32 44640 

Feb 2001 18265 7750 7553 1967 1458 1208 770 422 316 250 192 111 35 0 0 0 23 40320 

Mar 2001 21083 8035 6078 2213 1611 1235 946 650 522 315 210 170 59 18 0 1 1494 44640 

Apr 2001 22564 7907 4357 2640 2109 1197 970 703 402 182 72 30 6 1 1 0 59 43200 

May 2001 24449 11640 4017 1298 1156 784 472 328 210 86 33 16 1 0 0 0 150 44640 

Jun 2001 24010 9780 5582 1204 739 420 294 48 32 7 0 0 0 0 0 0 1084 43200 

Jul 2001 25232 9473 5102 1852 1308 834 474 225 75 28 6 0 0 0 0 0 31 44640 

Aug 2001 23806 12302 4806 1158 877 596 442 243 170 161 49 7 0 0 0 0 23 44640 

Sep 2001 21456 6940 6810 2530 1753 1189 759 466 327 189 74 51 36 10 2 1 607 43200 

Oct 2001 20959 8027 7888 3441 1763 1148 656 345 136 117 68 21 3 0 0 0 68 44640 

Nov 2001 18483 8366 6630 1862 1481 1565 1400 1164 837 551 398 238 125 53 15 0 32 43200 

Dec 2001 18131 9828 10405 2014 1116 1064 831 562 332 203 89 25 11 2 1 0 26 44640 

Jan 2002 18708 9426 9761 1957 1308 1062 834 536 409 252 185 98 57 17 2 0 28 44640 

Feb 2002 18098 7955 8642 1473 1142 920 525 462 443 324 160 92 38 9 0 0 37 40320 

Mar 2002 21717 8905 5957 2485 1950 1295 684 481 350 231 143 58 23 17 1 0 343 44640 

Apr 2002 22581 8687 4787 2109 1338 1008 1101 672 395 220 185 84 0 0 0 0 33 43200 

May 2002 24874 11204 3470 2124 1140 910 413 301 157 15 2 0 0 0 0 0 30 44640 

Jun 2002 24546 12611 2820 1065 750 568 301 138 64 13 0 0 0 0 0 0 324 43200 

Jul 2002 24983 9943 6101 1705 753 471 289 270 76 19 1 1 0 0 0 0 28 44640 

Aug 2002 23883 10853 5619 1403 1251 784 471 245 93 14 0 0 0 0 0 0 24 44640 

Sep 2002 21639 5978 9013 2043 1356 948 784 597 440 261 81 28 2 0 0 0 30 43200 

Oct 2002 20574 7233 8717 2098 1677 1276 847 642 492 353 360 253 78 0 0 0 40 44640 

Nov 2002 18398 8370 10854 1705 870 688 624 433 337 281 296 217 84 4 4 0 35 43200 

Dec 2002 18700 10427 7904 2464 1619 1018 694 579 442 291 206 103 52 70 28 4 39 44640 

Jan 2003 19449 7862 9275 2289 1610 1461 951 568 333 271 215 88 94 26 17 13 118 44640 

Feb 2003 18164 4984 7943 2627 1946 1728 1063 675 397 358 240 72 74 9 0 0 40 40320 

Mar 2003 21660 9247 7840 2020 1429 839 566 393 266 172 129 43 6 0 0 0 30 44640 

Apr 2003 22724 7846 4711 2936 1601 1279 873 630 377 179 15 0 0 0 0 0 29 43200 

May 2003 24815 9613 6327 1803 966 465 325 173 106 24 0 0 0 0 0 0 23 44640 

 

% 39.5 16.605 12.53 3.71 2.5062 1.837 1.27 0.86 0.568 0.362 0.23 0.122 0.054 0.02 0.005 0.0014  
 

DJF % 42.87 19.13 20.68 5.09 3.54 3.00 1.91 1.28 0.92 0.69 0.46 0.21 0.13 0.07 0.02 0.01   

MAM % 52.22 21.01 12.03 4.97 3.37 2.28 1.61 1.10 0.70 0.36 0.20 0.10 0.02 0.01 0.00 0.00   

JJA % 55.58 23.03 13.04 3.47 1.98 1.27 0.83 0.46 0.21 0.10 0.02 0.00 0.00 0.00 0.00 0.00   

SON % 46.73 16.40 19.21 5.21 3.48 2.63 2.00 1.44 1.13 0.76 0.52 0.31 0.15 0.04 0.01 0.00   

 

From Table 4.10, it can be deduced that: 
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Figure 4.19   Time-series on 31 May 2001 for DSDIR (thin black line), 

DSDFS (dashed line), DSGL2 (thick black line), TOA radiation (thick 
smooth grey line) and DSGL2-DSDFS-DSDIR*cosZ (open circles). 
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4.4  CONCLUSIONS 

 

Quality assurance, as defined at the beginning of this Chapter, is in essence a dynamic 

process.   In the BSRN context, it takes the form of continuous evaluation and effective 

feedback, in order to sustain the best possible measurements, as well as a retrospective 

character to apply corrections truly believed to enhance the quality of collected data.  The 

WRMC employs a rigorous set of quality control procedures, which had all been investigated 

in detail throughout this Chapter.  They identify a wide variety of errors in the standard BSRN 

one-minute data for a wide variety of diverse reasons. 

 

When the WRMC procedures are applied to the experimental three-year De Aar dataset 

between June 2000 and May 2003, errors are identified.  Some of these sub-procedure 

violations identify erroneous data which make up a small percentage of the overall dataset, 

and can thus be safely deleted.  There are, however, single cases of substantial differences 

which would require deeper investigation, but such details are beyond the scope of this 

research. 

 

Like all procedures of this kind, the WRMC quality control measures are not perfect, and the 

author acknowledges the fact, that WRMC is also in the process of undergoing stages of  

development.  Two pairs of sub-procedures (2.5. and 2.6 as well as 3.3 and 3.4), listed in the 

database design notes as separate sub-procedures, had been demonstrated to refer to the 

same circumstances and are therefore identical.  Another flaw in the procedures, which the 

author wishes to point out, is the inflexible definition of certain sub-procedure boundaries 

globally applied to all BSRN stations in the network. 

 

This inflexible situation, leading to a large number of possibly falsely identified sub-

procedure violations, could be improved with some refinement measures to the procedures, 

making allowance for local and site-specific circumstances, which can be determined by a 

combination of empirical and analytical methods.  However, in the opinion of the author, this 

falls beyond the scope of this document. 
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