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IPC-VIH, Measurements and Results 

1 Organization and Procedures 
1.1 Introduction 
The 8th Internationa! Pyrheiiometer Comparisons were held, together with Regional Compari­
sons for the Regional Associations of Africa ( RA I ), Asia (RA II), North and Centrai America 
(RA IV). Europe and Near East (RA VI), from 25 September through iß October 1995 at 
PMOD/WRC in Davos. The reason for this combination was the urgent need for Pyrheliometer 
Comparisons in some Regions and the lack of funds and time to organize them in the correspon­
ding area. This led to the largest number of participants and instruments since the start of the IPC 
in 1959. 
These Comparisons were /n mefHonaw of and dedicated to Ron Latimer who died in early 

February 1995. He was with the Canadian Meteorological Service and participated in 5 IPC (2 
to 6), the last one just before he retired from the Service. His profound knowledge and expertise 
in meteorological radiometry influenced the way IPC were performed. Not only by his voice 
"Please shade and heat the right hand Strip recorded in 1970 remains in the conscientious 
memory of all participants sharing the experience (for detäils see Set.5: Mffno/iR??? Ron 
Latimer). 
The results presented in this report are based on 8 days of measurements with very good or 
excellent eonditions. Time on other days was used for technicai preparations and training of 
participants and a Symposium on meteorological radiometry. 

#H6 ** 
Figure 1.1: Most of the 62 Participants of IPC VIII in October 1995. Photo: PMOD/WRC 
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1.2 Participation 
The group photo of Fig.l. 1 shows most of the 62 participants from 15 Regional- and 28 National 
Radiation Centers and from 8 Institutions not directly linked to WMO structures. They operated 
a total of 77 pyrheliometers, 44 of which were already present at IPC VII and 33 instruments 
being compared to WRR for the first time. 
Table 1.1-1.3 lists the participants according to Regions and the Institutions respectively. A 
complete list of participants with addresses can be found in Chapter 4. 

Tabie 1.1: IPC VIII Participation: Wo/-/̂/?â:an'oM Cenf<?r.y 
Country Institution Participants 
Russia 

Switzertand 

Main Geophysica! Observatory, 
Leningrad 
Physikalisch-Meteorologisches 
Observatorium Davos 

V. Klevantsova 

C Fröhlich, R. Phi-
lipona, J. Romero, 
HJ. Roth, Ch. Wehrli 

Tabie 1.2: IPC VIII Participation: /?e#M?Ha/ and Maffona/ /?ad:a?M?M Cgnfer^ 

RA I 
Algeria 

Egypt 
Ethiopia 

Nigeria 
Tunisia 

Saudi Arabia 

South Africa 
Sudan 

RAH 
India 
Japan 
Mongolia 

Philipines 

Office National de Meteorologie, 
Alger 
Egyptian Meteorol. Authority, Cairo 
National Meteorol. Agency, Addis 
Ababa 
Meteorol. Dept., Lagos 
Inst. National de la Meteorologie., 
Tunis 
King Abdu!aiz City for Science, 
Riyadh 
The Weather Bureau, Pretoria 
Meteorol. Dept., Khartoum 

Meteorol. Office, Pune 
Meteorol. Agency, Tokyo 
Hydromet. Inst, of Mongolia, Ulan 
Bataar 
Solar Rad. Center, Quezon City 

A. Chabane 

M.A. Darwisch 
E. Bekele 

I. Nnodu 
S; Ben Abdallah, 
M. Bin Mihfood 
M. AI-Muhaisini 

C. Archer 
H. Abdalla 

S. Naseeruddin 
Y. Hirose 
S. Gonchig 

J. Yunzal 
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Thailand 
Uzbekistan 

RAin 
Argentinia 
Chile 
Costa Rica 
Cuba 

RA IV 
Canada 

USA 
Mexico 
Mexico 

RA V 
Austraüa 

RA V! 
Austria 
Austria 
Belgium 
Estonia 
Finland 
France 
Germany 
Spain 

Hungary 

Israel 
Republic of Iran 

Dept. of Meteoroiogy, Bangkok 
Glavgidromet, Tashkent 

Meteorol. Service, Buenos Aires 
Direetiön MeteoL, Sanüago 
Escuela de Fisica, San Josd 
Inst, de Meteorol., Habana 

Atmospheric Environm. Service, To­
ronto 
NOAA,Boulder 
Inst, de GeoSsica, Coyoacan 
Universidad de Colima, Colima 

K. Khovadhana 
A. Umarov 

G. Atienza 
M. Vargas 
V. Castro 
F. Vigon del Busto 

T. Grajnar, B. Mc-
Arthur 
D. Nelson, E. Dutton 
J. Bravo-Cabrera 
I. Gahndo, G. Galin-
do-Rios 

Bureau of Meteoroiogy, Melbourne B. Forgan, P. Novotny 

Meteorol. Zentralanstalt, Wien 
Inst, für Meteorologie, Wien 
Inst. Royal de M&eorologie, Bruxelles 
Meteorol. Inst., Tartu 
Meteorol. Inst., Helsinki 
Centre Radiometrique, Carpentras 
Deutscher Wetterdienst, Potsdam 
Observatorio Meteorol. Especial de 
Izana, Tenerife 
Inst, for Atmosphenc Physics, 
Budapest 
Meteorol. Service, Bet Dagan 
Meteorol. Organization, Teheran 

E. Wessely 
W. Laube 
A. Joukoff, S. Ginion 
A. Kallis 
L. Laitinen 
J. Olivieh 
K. Behrens, K. Dehne 
J. Perez de la Puerta 

Z. Nagy 

A. Israeli, A. Manes 
F. Khani Moghanaki 
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Netherlands 

Portugal 
Romania 
Slovakia 
Spain 
Sweden 

Switzerland 
United Kingdom 

Meteorol. Institute, AE De Bilt 

Inst, de Meteoroiogia, Lisbon 
Nat. Inst, of Meteoroiogia, Bucaresti 
Slovak Hydromet. Inst., Bratislava 
Inst Naciönal, Madrid 
Meteorol. Institute, Norrköping 

Schweiz. Meteorol. Anstalt, Payeme 
Meteorol. Office, Berkshire 

F. Kuik, A. Van 
Londen 
M. Rocha 
C. Oprea 
V. Horeckä 
J. Pardo Mainez 
L. Dahlgren, Th. 
Persson 

M. Collins, St. 
Goldstraw 

Table 1.3: IPC VIII Participation: VanoMs /n^rMfio^ 
CoMwrry Pa^C!pa?!rj 

DSET, USA 
Eppley, USA 
JPL, USA 
NREL, USA 

Inst, de Geophysica, 
Mexico 

DSET Lab., Phoenix 
Eppley Lab., Newport 
Jet Propulsion Lab., Pasadena 
Nat. Renewable Energy Lab., Golden 

Universidad Nat. Autonömica, 
Mexico 

Kipp & Zonen, Netherlands Kipp & Zonen, Delft 
NTL Sweden Nat. Testing Inst., Boras 
VNIIO, Russia All-Russian Research Inst., Moscow 

J. Hickey, T. Kirk 
M. Cerezo 
I. Reda, T. Stoffel, J. 
Treadwell 
A. Muhlia 

L. Van Wely 
L. Liedquist 
S. Morozowa, M. 
Pavlovitch 

1.3 Data Acquisition and Evaiuation 
The WSG instruments and some radiometers and auxiliary parameters are measured by an analog 
data acquisition system based on eight HP3478A Voltmeters with relay Scanners that are 
controlled by a HP9216 Computer. Data from participating instruments are acquired via a number 
of micro terminals operated by the participants and controlled by the HP9216 Computer. This 
scheme permits each instrument to be operated with its Standard equipment and avoids electrical 
interface probiems and mutual interferences. Each terminal can accept 3 different values from two 
instruments, identified by labels A through F. Due to the Iarge number of instruments invoived, 
not all of them could be accommodated simultaneously on micro terminals. Fortunately, some 
of the participants had their own Computer controlled Systems which they synchronized to the 
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timing of IPC's measurement runs. At the end of each day, they delivered their data on floppy 
disks which were then converted and incorporated into the data set residing on the HP Computer 
for further processing. 
Data from 77 pyrheliometers were acquired: 14 by the analog data acquisition system of 
PMOD/WRC, 45 through micro terminals and 18 via floppy disks. The final evaluation contains 
about 85 000 irradiance values. 

1.3.1 Timing of the Measurements 
The measurements are taken in runs lasting 21 minutes with a basic cadence of 90 seconds. Voice 
announcements ending in a buzzer signal are used to inform the participants about the sequence 
of Operations. Timing for the different instrument types proceeds as follows: 

a) Angström pyrheliometers: during the first 90s the zero of the instrument is established. 
From then on, altemating right or left strip readings are performed, starting with the right hand 
strip exposed to the sun. The first reading is not taken into account. The following readings are 
paired as L-R, R-L, etc., yielding a total of 11 irradiance values per run. 

b) PACRAD: the run Starts with shutter closed, after 60s the heater is tumed on for 30s (this 
was introduced after IPC III in order to have a well defined thermal State of the instrument 
independent of the Operation sequence before the run). At 270s the zero of the thermopile is read 
and the heater switched on again. At 360s the heater voltage, current and thermopile is read, the 
heater tumed off and the shutter opened. From 450s on readings are taken every 90s yielding 8 
irradiance values per run. After the last reading the shutter is closed. 

c) HF type pyrheliometers: the run Starts with the shutter closed, after 90s the zero is read and 
the heater tumed on until at 180s the voltage, current and thermopile are read. The heater is then 
tumed off and the shutter opened. From 270s onward the instrument is read every 90s yielding 
11 irradiance values per run. 

d) TMI type pyrheliometers: the run Starts with shutter closed and the calibration procedure 
is performed until the end of the first 90s. Starting at 180s readings are taken every 90s yielding 
12 irradiance values per run. 

e) Active cavity type pyrheliometers: the run Starts with a reference phase (shutter closed) 
during the first 90s, foiiowed by a measurement phase (shutter open) for the next 90s. This is 
repeated for the next 18 minutes. A total of 6 open and 7 closed readings are taken yielding a total 
of 6 irradiance values during a run. PM02 is read at twice that pace, with a reference phase of 38s 
and a measurement phase of 52s, producing 13 irradiance values per run so that for all readings 
of the basic sequence a PM02 irradiance is available. 

f) Normal Incidence Pyrheliometers (NIP): they take 12 irradiance values every 90s after an 
initial zero reading at 90 seconds. 

1.3.2 Data Evaiuation 
For each instrument the irradiance is obtained with the corresponding evaluation procedure. After 
each run, a summary of measured values and evaiuated irradiances is printed and distributed to 
be checked by the participants. If necessary, the raw data can be edited for gross errors. Updated 
summaries with the mean and Standard deviation of the ratio to PM02 are made available for 
each instrument during the course of the comparison. 
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For each type of mstrument the procedure used to calculate the irradiance S is described in the 
following. The notations are: 

output of the thermopile 
,̂U; voltage across heater (h) or Standard resistor (I) 

Standard resistor 
C calibration factor 
C2 correction factor for lead heating 
P electrical power in the active cavities 
a) A-pyrheliometers: the current through the right or left strip is measured as voltage drop 

across a Standard resistor and the irradiance obtained as: 

This corresponds to the geometric mean of the irradiances at the time of right and left readings. 
Thus, the ratio to WRR is calculated using the geometric mean of WSG irradiances at the 
corresponding instances. 

b) PACRAD and HF type pyrheliometers: the irradiance is calculated from the thermopile 
output V^(irrad) when the receiver is irradiated. The sensitivity is determined by the calibration 
during which the cavity is electrically heated and % and Lf; are measured together with the 
corresponding thermopile output V̂ ,(cal). Furthermore, the zero of the thermopile V^(null) is 
measured and substracted. 

c) TMI type pyrheliometers: most are operated in the "normal" Way, that is by calibrating the 
readout directly in units of mWcm̂ . The values are entered in Wm̂  and no irradiance calculation 
is needed. Others are operated and evaiuated like HF pyrheliometers. 

d) Active cavity pyrheliometers: the irradiance is obtained from Pfc/osed) averaged from the 
closed values before and after the open reading P(open). The power calculation is according to 
the prescription of the instrument type 

e) Normal Incidence Pyrheliometer (NIP): the thermopile reading is multiplied by the 
calibration factor after substraction of the zero point reading. 

f) PM02: As during preceding IPC's, PM02 is used as the local reference instrument because 
it can be operated fast enough to provide an irradiance value every 90 seconds. The values of 
PM02 are obtained with the algorithm for active cavity radiometers. At the end of the open 
phase, 8 readings are taken in rapid succession. The average of these 8 readings is used as the 
PM02 value for further evaluation. For the on-line calculations the first value is used as reference 
for the values entered by the terminals while the remaining serve as reference for each scan 
position of the analog data acquisition system. The Standard deviation of the 8 readings is used 
during the final evaluation as a quality control parameter to judge the stability of the radiation 
during each acquisition sequence (see para. 1.3.1). 

t/,(&^)f/,(r%A;) 

VJirra<0-V,,,(zero) t/, 
V,J<M')-V,,(22r<>) *, 

S = C(P(c?<M<;a)-P(cpen)) 
2 t/, 
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1.3.3 AuxHiary Data 
The meteorological parameters air temperature, relative humidity and atmospheric pressure are 
taken from the automatic weather Station ASTA of the Swiss Meteorological Service located at 
PMOD/WRC. Direct-, global- and sky radiation are recorded by the RASTA (Radiometer for 
ASTA) Radiometer and the ASRB (Alpine Surface Radiation Budget) pyranometers on the roof 
of the Institute. The values from ASTA and RASTA are 10-minute averages and the one from 
the ASRB pyranometers 2-minute averages. The value allocated to each measurement run are 
averages of this period and the results are piotted in 2.21 and 2.23. 
Sunphotometer measurements taken simultaneously with Pyrheliometer data are used to deter­
mine the verticai aerosol optical depth at 368,500 and 778nm. Daily total Ozone values measured 
at Arosa (about 15 km south-west of Davos) are used for the evaluation of the 500nm Channel. 
The total amount was: 260.6,251.8,276.3,267.2,274.9,274.7 and 275.0 mcm (Dobson units) 
on 2, 3, 7, 9, 10, 11 and 12 October 1995 respectively. The optical depth results are piotted in 
2.22. 

2 Measurements and Results 
Düring the Comparisons over 1200 measurements were taken on 10 days, four of which had 
excellent sky eonditions. Data from the following 8 dates have been selected for the final 
evaluation: 2, 3, 7,9, 10, 11 and 12 October 1995 with 1093 irradiances of PM02. 

2.1 Data Selection Criteria for Finai Evaiuation 
Several criteria are used to select the data for final evaluation. A first criterion eliminates the 
influence of the local horizon entering the view limiting angle of the instruments. From known 
solar position and horizon, limits on measurement time are determined for circular and 
rectangular aperture instruments and listed in Table 2.1. 
A second criterion rejects sequences where a Standard deviation of the 8 rapid PM02 readings 

larger than 0.3 Wm ^ indicates a radiation instability. 
The third criterion applies on individual instruments: a filter rejects measurement with a 
deviation of more than 1% from the mean ratio to WRR of that instrument. 

Tabie 2.1: Selection of measurement periods constrained by local horizon 
and view limiting geometry. 

Date Cavity pyrheiiometets Angstrom pyrheiiometers 

2 October )995 
3 October 1995 
7 October i995 
9 October i995 
tO October 1995 
i i October 1995 
)2 October i995 

7 h 38 - 16 h 28 
7h4i - 16 h 27 
7 h 34 - 16 h 22 

7 h 38 - 16 h 28 
8h00 - i6h t9 
8h 7 - 16h 16 

8 h 10 - 16 h )5 

9 h 03 - 13 h 32 
9 h 05 - 15 h 30 
9 h 16 - 15 h 21 
9 h 22 - 15 h 17 
9 h 25 - 15 h 15 
9 h 27 - 15 h 12 
9 h 30 - 15 h 10 
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2.2 Determination of the WRR 
The main objective of the periodic Pyrheliometer Comparisons is the dissemination of the World 
Radiometric Reference (WRR) in order to ensure worldwide homogeneity of meteorological 
radiation measurements. The WRR is realized by World Standard Group which is frequently 
inter-compared at PMOD/WRC to detect possible deviations of individual members of the group 
and to ensure the stability of WRR. Independentiy, the stability of the WRR can be checked by 
instruments that have participated in previous IPC's. 
For the traceability of the WRR from IPC VH to IPC VIII four instruments of the WSG can be 
used: PMO-2, PMO-5, CROM-2L and CROM-3R; the remaining three, PAC3, MK67814 and 
HF18748, had different instrumental probiems: In April 1993 a fly entered into the cavity of 
PAC3. It could be removed, but no further cleaning was performed and a rather Iarge change was 
observed. The original control electronics of TMI MK67814 showed intermittent probiems and 
had to be replaeed. As stated in the IPC VII report the HF18748 had a bug in its cavity which was 
removed after the IPC; the new value was somewhat higher, but stayed very constant since then. 
In a first step the irradiances of all WSG radiometers are scaled to WRR by their WRR factors 

either from IPC VU (PMO-2, PMO-5, CROM-2L and CROM-3R) or estimated from the results 
of interim comparisons (PAC3, MK67814 and HF18748); they are listed in the 2nd column of 
Table 2.2. For the 255 sequences where all 4 instruments had valid irradiance values their average 
is used as reference to calculate the ratio of each irradiance to that reference. In a second step, the 
mean and Standard deviation of these ratios are calculated for all WSG pyrheliometers which are 
listed in column 3 and 4 of Table 2.2. The mean of the ratios for the 4 radiometers tracing the 
WRR from IPC VII amoünts to 0.999998 with a Standard deviation of0.000222. The mean being 
very close to one demonstrates the stability of the 4 WSG instruments and the careful main­
tenance of the WRR 

Tabie 2.2: Ratios of WSG to WRR realized by (*) using IPC VII factors. 
Instrument WRR factors 

IPC VII 
Ratio to WRR 

IPC VIII 
Standard. 
Deviation 

Change [ppm] 
IPC VIII - VII 

*PM02 
*PM05 

"CROM2L 
"CROM3R 

PAC3 
MK67814 
HFI8748 

0.99944 
1.00063 
1.00294 
0.99890 
1.00027 
1.00094 
0.99576 

1.00058 
1.99909 
0.99706 
1.00137 
0.99818 
0.99936 
1.00402 

0.0015 
0.0014 
0.0018 
0.0033 
0.0014 
0.0015 
0.0015 

-20 
279 
5 

-265 
1552 
-297 
237 

For the final evaluation of the participating instruments the ratios of Table 2.2 are used to calcu­
late for each sequence the WRR reference as the mean irradiance of all WSG pyrheliometers that 
are available at a given sequence. This means that the final ratios of the WSG instruments as 
listed in Table 2.3 are slightly different from the ones in Table 2.2. Moreover, to remove outlier 
from the WSG the following criterion is used: If the Standard deviation of the reference irradiance 
is greater than 5 Wm ^ the individual WSG value which causes this deviation is rejected. 
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The stability of the WRR can be further checked by caiculating the average ratio over all 
pyrheliometers that have participated in IPC VU. Taking all instruments (39, including the WSG) 
the average amoünts to 0.999658 with a Standard deviation of 0.001334. If instruments with a 
ration lying more than 0.3% (0.2%) off, the average is 0.999710 (0.999832) with 37 (35) 
instruments remaining. These results are certainly confirming the conciusion from the results of 
the WSG alone. 

2.3 Approvement and Dissemination of the Resuits 
Formerly the CIMO Working Group on Radiation has taken the responsibility for the final results 
and the dissemination of the corresponding final calibration constants to each participating 
Pyrheliometer. A major probiem arose from the fact that the next CIMO Session had to be 
awaited. WMO therefore decided to nominate an aJ-Aoc Working Group from among the 
participants of IPC Vm, chaired by the CIMO-Rapporteur on Meteorological Radiation Measure­
ments Klaus Dehne, Germany. The members designated are: D.M. Achmed (RA I), A. Chabane 
(RA I), Y.Hirose (RA H), B. McArthur (RA IV), I. Galindo (RA IV), B. Forgan (RA V), V. Kle-
vantsova (RA VI), J. Olivieri (RA VI). 
The procedure to evaluate the final results and the new WRR factors of the WSG instruments 
have been approved by the aa*-%<?c WG and the final results of IPC VM have been calculated 
accordingly. 

2.4 Resuits 
The following Tables show the results: Tables 2.3-2.5 show the ratios and Standard deviations for 
each individual instrument and the recommended WRR or calibration factors (Table 2.3/2.6.: 
WSG, Table 2.4/2.7.: Absolute Radiometers and Table 2.5/2.8. Ä-Pyrheiiometers and NIP). The 
results of each instrument are also piotted in Section 3 with the corresponding histogräms. 

Table 2.3: Final results of the WSG 
Instrument Ratio to Standard Num Min Max !PC Owner 

WRR Deviation Vi! 
PM02 
PM05 
CROM2L 
CROM3R 
MK678!4 
PAC3 
HF18748 

1.00064 
0.99909 
0.997!! 
!.00!03 
0.99932 
0:99814 
i.00407 

0.00074 
0.0009] 
0.00! 30 
0.00269 
0.00099 
0.00074 
0.00064 

5)8 
24! 
239 
229 
243 
286 
4)7 

0.9985 
0.9949 
0.99! 6 
0.99] 9 
0.9963 
0.9949 
i.00i4 

1.0060 
].002i 
].0023 
i.0090 
].0027 
t.OOH 
1.0065 

WSG 
WSG 
WSG 
WSG 
WSG 
WSG 
WSG 

Tabie 2.4: Final Results of the absolute radiometers 
instrument Ratio to 

WRR 
Standard 
Deviation 

N Min Max IPC Owner 
VI! 

PM06 5 
PMO609 

].00202 0.00103 21! !0002 1.0068 i Germany 
0.99684 0.00] 05 242 0.994! !.0036 0 PMOD 
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Instrument Ratio to 
WRR 

Standard 
Deviation 

N Min Max IPC Owner 
VII 

PMO6I0 
PM0611 
R80022 
R79-I2! 
R8I1103 
R811I04 
R81I106 
R8I1107 
R8I1I08 
R85040I 
R850404 
R850405 
R850410 
MK67302 
MK67604 
MK67702 
MK68016 
MK68018 
MK68024 
MK68025 
MK69!37 
MAR-1-1 
MAR!-2 
P13219 
HF14915 
HFI5744 
HFI7!42 
HF18747 
HF!9746 
HF20406 
HF23725 
HF27137 

0.99772 
0.9967! 
1.00389 
1.00003 
0.99954 
1.00303 
1.00457 
0.99998 
0.99989 
1.00113 
0.99977 
0.99963 
0.99820 
1.00!34 
0.99762 
1.00250 
0.99950 
!.00112 
0.999 !4 
1.00014 
0.99722 
1.00089 
1.00039 
1.00078 
0.99954 
1.00053 
1.001 !4 
0.99905 
1.00081 
0.99863 
1.00342 
0.99962 

0.00228 
0.00115 
0.001 !8 
0.00114 
0.0017! 
0.00144 
0.00106 
0.00155 
0.00095 
0.00155 
0.00! 30 
0.00093 
0.00125 
0.00!31 
0.00103 
0.00! 32 
0.00)40 
0.00106 
0.00! 25 
0.00! 38 
0.00093 
0.00! 12 
0.0020! 
0.00499 
0.00! 18 
0.00087 
0.001 !4 
0.00080 
0.00074 
0.00089 
0.00158 
0.00!09 

239 
242 
242 
209 
231 
227 
217 
239 
218 
221 
230 
239 
24! 
412 
449 
462 
408 
483 
295 
46! 
49! 
205 
67 
377 
426 
453 
389 
4!6 
4!6 
423 
425 
378 

0.9881 
0.9944 
1.0005 
0.9913 
0.9920 
0.9972 
!.O0O9 
0.995! 
0.9973 
0.9964 
0.994! 
0.9922 
0.99! 2 
0.9969 
0.9929 
0.9976 
0.9949 
0.9920 
0.9926 
0.9952 
0.9924 
0.9963 
0.9973 
0.990! 
0.9956 
0.9961 
0.9968 
0.9953 
0.9985 
0.9926 
0.9966 
0:9952 

1.0064 
1.0010 
1.0099 
1.0053 
1.0069 
1.0082 
1.0079 
1.0084 
1.0048 
1.0078 
1.0081 
1.0027 
!.0030 
1.0060 
!.00!2 
!.0070 
1.0025 
1.0049 
1.0028 
1.0039 
1.0009 
1.0056 
1.0053 
1.010! 
1.0034 
!.0033 
1.0064 
1.0020 
1.0028 
1.0012 
1.0081 
1.0028 

1 
0 
I 
! 
0 
! 

PMOD 
PMOD 
PMOD 
Switzerland 
Germany 
Spain 

0 Indiä 
1 Japan 
! Sweden 
1 Finland 
0 South Afnca 
0 ETHZ 
0 Chile 

NOAA 
United Kingdom 
JPL 
France 
NREL 

0 Austria 
1 Austria 
0 Austraüa 
0 VNHO 
0 VNHO 

India 
Eppiey 
Sweden 
DSET 
Canada 
Hungary 

0 Canada 
1 Tunesia 
0 Germany 
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IPC-VIII, Measurements and Results 

Instrument Ratio to Standard N 
WRR Deviation 

Min Max IPC Owner 
VII 

HF27159 
HF27I60 
HF27I62 
HF27798 
HF28553 
HF28558 
HF28963 
HF28968 
HF29220 
HF29223 
HF30II0 
HF30710 

1.00112 
1.00292 
0.99904 
1.00102 
1.00245 
1.00211 
1.00142 
1.00173 
1.00138 
1.00256 
1.00274 
0 99993 

0.00124 
0.00111 
0.00158 
0.00115 
0.00093 
0.00136 
0.00096 
0.00095 
0.00107 
0.00153 
0.00072 
0.00106 

404 
500 
426 
42! 
409 
376 
405 
497 
401 
437 
422 
413 

0 997! 
0.9985 
09945 
0.9971 
0.9985 
0.9923 
0.9978 
0.9980 
0.9979 
0.9935 
!.0000 
0.9906 

!.0052 
1.0069 
1.0087 
1.0047 
1.0057 
1.0097 
1.0067 
1.0031 
1.0044 
!.009! 
!.0052 
!.O033 

The Netherlands 
Australia 
Israel 
Eppley 

0 NOAA 
0 Costa Rica 
0 Mexico 
0 NREL 
0 NREL 
0 Mexico 
0 Saudi Arabia 
0 NOAA 

TaMe 2.5: Final Results for the Angström and Normal Incidence Pyrheliometer 
Instrument Ratio to Standard N 

WRR Deviation 
Min Max IPC Owner 

VH 
A7 
A17! 
A2!2 
A238 
A556 
A564 
A576 
A578 
A585 
A702 
A7190 
A7636 
A12578 
AI 2579 
AI 3439 
A15192 
A16491 

0.99840 
i.00033 
0.99825 
1.00983 
0.96353 
1.00346 
0.99954 
0.99829 
1.00830 
0.97172 
0.99908 
0.99837 
0.96027 
0.97553 
0.97753 
0.99811 
1.00357 

0.00256 
0.00293 
0.00215 
0.00393 
0.00580 
0.00263 
0.00389 
0.00277 
0.00397 
0.00343 
0.00329 
0.00250 
0.00414 
0.00363 
0.00245 
0.00246 
0.00495 

385 
404 
338 
285 
12! 
4!2 
385 
409 
2!5 
379 
392 
348 
341 
24i 
424 
402 
343 

0.9884 
0.9903 
0.9918 
1.0001 
0.9553 
0.9944 
0.9902 
0.9911 
0.9981 
0.9627 
0.9887 
0.9893 
0.9513 
0.9656 
0.9682 
0.9889 
0.9940 

1.0055 
1.0097 
1.0060 
1.0197 
0.9749 
1.0130 
1.0099 
1.0080 
i.0177 
0.9818 
1.0083 
1.0074 
0.9707 
0.9849 
0.9874 
1.0065 
1.0137 

Belgium 
Sweden 
Russia 
Uzbekistan 

0 Cuba 
Egypt 
Nigeria 
Australia 

0 Mongolia 
0 Rumania 

Belgium 
France 
Philipines 

0 Iran 
0 Slovakia 
1 Austria 
1 Algeria 
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IPC-VIII Measurements and Results 

Instrument Ratio to 
WRR 

Standard 
Deviation 

N Min Max IPC Owner 
VII 

AI8587 
A25783 
M-59-8 
N-l 8649 
N-20110 
N-28335 

0.99399 
0.99831 
1.00077 
0.97088 
0.98416 
0.99697 

0.00381 
0.00241 
0.00344 
0.00246 
0.00528 
0.00404 

420 
426 
363 
470 
436 
457 

0.9844 
0.9899 
0.9920 
0.9542 
0.9703 
0.9771 

1.0036 
1.0078 
1.0108 
0.9809 
0.9958 
1.0050 

1 Mexico 
0 Chile 
0 Estonia 
0 Ethiopia 
0 Portugal 
0 Sudan 

2.5 Recommended calibration and WRR factors 
The Tables 2.6-2.8 list the recommended calibration and WRR factors as result from the 
comparisons. 

Tabie 2.6: Recommended calibration and WRR factors for the WSG 
Instrument C used C, 

IPC VIII 
C 

IPC VII 
WRR 
IPC VII 

Ratio to 
WRR 

New 
WRR 

New 
C 

Change 
(ppm) 

PM02 
PM05 
CROM2L 
CROM3R 
MK67814 
PAC3 
HF18748 

24.18 
31.615 
127.687 
127.549 
10007 
9962.6 
19989 

0 
0.07 
0.07 

39.9961 
75 
75 

24.1665 
31.6349 
128.062 
127.409 
10016.4 

0.99944 
1.00063 
1.00294 
099890 
1.00094 
0.00000 
0.00000 

1.00064 
0.99909 
0.99711 
1.00103 
0.99932 
0.99814 
1.00407 

0.99936 
1.00091 
1.00290 
0.99897 
1.00068 
1.00! 86 
0.99595 

24.1645 
31.6438 
128.057 
127.418 
10013.8 
9981.17 
19908 

-81 
281 
-38 
69 
-259 

Tabie 2.7: Recommended calibration and WRR factors for the absolute radiometers 
Absoiute 
Radiometers 

C used 
IPC VIII 

C, C from 
IPC VII 

WRR 
IPC VII 

Ratio to 
WRR 

New 
WRR 

New 
C 

Change 
(ppm) 

PM06-5 
PMO609 
PMO610 
PM0611 
R80022 
R79-12! 
R811103 
R811104 
R811106 
R8I1107 

23.729 
24.0392 
22.6395 
23.9442 
23.915 
599 44 
23.929 
1194.905 
120.43 
24.03! 

23.6982 

22.6911 

23.8461 
23.9968 

23.8309 

24.0187 

099870 
0.00000 
1.00228 
0.00000 
0.99712 
0.04003 
0.00000 

0.00000 
0.99949 

1.00202 
0.99684 
0.99772 
0.9967! 
1.00389 
1.00003 
0199954 
1.00303 
1.00457 
0.99998 

0.99798 
1.00317 
1.00229 
1.00330 
0.99613 
0.99997 
1.00046 
0.99698 
0.99545 
1.00002 

23.6812 
24.1154 
22.6912 
24.0232 
23.8223 
599.422 
23.94 
1191.3 
119.882 
24.03! 5 

-719 

-998 

532 
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IPC-VIII, Measurements and Results 

Absolute 
Radiometers 

C used 
IPC VIII 

C from 
IPC VII 

WRR 
IPC VII 

Ratio to 
WRR 

New 
WRR 

New 
C 

Change 
(ppm) 

R8III08 
R85040I 
R850404 
R85O403 
R8504I0 
MK67S02 
MK67604 
MK67702 
MK679I3 
MK68016 
MK68024 
MK68025 
MK69I37 
MAR-1-1 
MAR]-2 
P132I9 
HF14915 
HF15744 
HF] 7)42 
HFI8747 
HFI9746 
HF20406 
HF23725 
HF27I37 
HF27I59 
HF27I60 
HF27162 
HF27798 
HF28553 
HF28558 
HF28965 
HF28968 

24.088 
602.373 
1207.29 
24.185 
1210.7 
1.0039 
1.0028 
1.0035 
1.00406 
1.0043 
0.9936 
1.002 
1.002 
35600 
35600 
10079 
20010 
20020 
19982 
20014 
20030 
20038 

20070.2 
20030 

20030.01 
20030 
20020 
20020 
19986 

19978.06 
19986 
19980.2 

24.088 
24.0608 

0.06 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
007 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 

1 
1000 
1000 
1000 
1000 
10000 
1000 
1000 
10000 
10000 
10000 
10000 
1000 
10000 
10000 
1000 
1000 

1.00276 
1.00514 
1.00166 
1.00277 
1.00477 

1.00146 

] 0070.1 
19978 
200] 3.6 
19960.1 
19997.2 
20005.8 

19991.4 

20015.4 
19975.3 
20027.4 
19987 2 

1.00000 

0.00000 
0.00000 
0.00000 
0.99886 
1.00233 
0.99817 
0.99872 
1.00027 
0.00000 
0.99946 
0.00000 
0.00000 
0.00000 
0.99912 
0.99840 
0.99968 
0.99890 
0.99916 
0.99879 
0.00000 
0.99607 
0.00000 
0.99927 
0.99727 
1.00037 
0.99836 
0:00000 
0.00000 
0.00000 
0.00000 

0.99989 
1.00113 
0.99977 
0.99963 
0.99820 
1.00134 
0.99762 
1.00250 
1.00086 
0.99950 
0.99914 
1.00014 
0.99722 
1.00089 
1.00039 
1.00078 
0.99954 
1.00053 
].001!4 
0.99905 
1.00081 
0.99863 
1.00342 
0.99962 
1.00112 
1.00292 
0.99904 
1.00102 
1.00245 
1.00211 
1.00142 
1.00173 

1.00011 
0.99887 
1.00023 
1.00037 
1.00180 
0.99866 
1.00239 
0.99751 
0.99914 
1.00050 
1.00086 
0.99986 
1.00279 
0.99911 
0.99961 
0.99922 
1.00046 
0.99947 
099886 
1.00095 
0.99919 
1.00137 
099659 
1.00038 
0.99888 
0.99709 
1.00096 
0.99898 
0.99756 
0.99789 
0.99858 
0.99827 

24.0907 
601.695 
1207.57 
24.194 
1212.88 
1.00256 
1.00519 
1.00! 
1.0032 
1.005 

0.99446 
1.00186 
1.00479 
35568.3 
35586.) 
10071.1 
20019.2 
20009.4 
19959.2 
20033 
20013.8 
20065.5 
20001.8 
20037.6 
20007.6 
19971.7 
20039.2 
19999.6 
19937.2 
19936 
19957.7 
19945.7 

MO 

-203 
52 
662 
426 
231 

399 

)04 
2058 
-210 
-43 
1789 
399 

520 

-390 
-181 
591 
620 
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IPC-VIII Measurements and Results 

Absoiute C used 
Radiometers iPC Vüi 

C from 
iPCVH 

WRR 
!PC VH 

Ratio to 
WRR 

New 
WRR 

New 
C 

Change 
(ppm) 

HF29220 
HF29223 
HF301 iO 
HF307iO 

19999 
19998 
19999 
!9999 

0.07 
0.07 
0.07 
0.07 

1000 
1000 
10000 
iOOOO 

0.00000 ! .00138 0.99862 19971.4 
0.00000 1.00236 0.99745 19946.9 
0.00000 1.00274 0.99727 19944.4 
0.00000 0.99993 1.00007 20000.4 

TaMe 2.8: Recommended calibration and WRR factors for the Angström and Normal Incidence 
Pyrheliometers 
A-Pyrhelio-
meters & 
NiP 

C used 
iPC VHi 

C WRR Ratio to New NewC Change 
BPCVH iPCVH WRR WRR (ppm) 

A7 
A17i 
A212 
A238 
AS56 
A364 
A576 
A578 
A585 
A702 
A7190 
A7636 
AI 2578 
AI 2579 
A13439 
A15192 
A16491 
AI 8587 
A25783 
M-59-8 
N-l 8649 
N-20110 
N-28335 

30077 
5717 
10535 
10380 
6520 
5925.3 
5885.6 
624 i.2 
5615 
5969 
4605.2 
432 i.4 
4263.8 
4187 
4312.4 
4479 
4540 
4539.1 
5693 

1773200 
8.99 
8.59 
8.33 

1000 
1 
500 
1000 
200 
1000 
1000 
1 
200 
200 
iOOO 
1 

1000 
1000 
1000 
1 

1000 
1000 
1 

30077 
3717.4 
10544.1 

5924.8 
5891.9 
6251.3 

4605.2 
4327.9 

4475.1 
4520.5 
4539.1 

1.00000 
1.00007 
1.00086 
0.00000 
0.00000 
0.99992 
1.00107 
1.00162 
0.00000 
0.00000 
1.00000 
1.00150 
0.00000 
0.00000 
0.00000 
0.99913 
0.99570 
1.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

0.9984 
1.00033 
0.99825 
1.00983 
0.96353 
1.00346 
0.99954 
0.99829 
1.0083 
0.97172 
0.99908 
0.99837 
0.96027 
0.97553 
0.97753 
0.99811 
1.00357 
0.99399 
0.99831 
1.00077 
0.97088 
0.98416 
0.99697 

1.00160 
0.99967 
1.00175 
0.99027 
1.03785 
0.99653 
1.00046 
1.0017! 
0.99177 
1.02910 
1.00092 
1.00163 
!.04!37 
1.02508 
1.02299 
1.00189 
0.99644 
1.00605 
1.00169 
0.99923 
1.02999 
1.01609 
1.00304 

30132.7 
57! 5.34 
! 0554.6 
!0275.9 
6755.99 
5904.05 
5885.13 
6251.58 
5568.34 
614!.14 
461!.38 
4328.5 
4439.33 
4291.72 
4411.8 
4487.89 
4522.77 
4567.19 
5702.4! 
!771680 
9.26031 
8.72888 
8.3559 

!848 
-360 
995 

-3515 
-Ü50 
45 

1340 
!39 

2850 
502 
6150 
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IPC VIII: Supplementary Information 

3 Graphicai Representation of Results 
3.1 PM02,PM05,CROM2LandCROM3L 
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IPC VIII: Supplementary Information 
3.3 PMO609, PMO610, PMO6I1, R80022 
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IPC VIII: Supplementary Information 
3.5 R811107, R811108, R850401, R850404 
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IPC VIII: Supplementary Information 
3.7 MK67702, MK67915, MK68016, MK68018 

MK67702 : 1.00250±0.00132, n=462 
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IPC VIII: Symposium 
3.8 MK68024, MK68025, MK69137, MAR-1-1 

MK68024 : 0.99914±0.00125, n-295 
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IPC VIII: Supplementary Information 
3.9 MAR-1-2, P13219, HF14915, HF15744 

MAR-1-2 : 1.00039±0.00201, n= 67 
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IPC VIII: Supplementary Information 
3.11 HF23725, HF27157, HF27159, HF27160 

HF23725 : 1.00342&0.00158, n=425 
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IPC VIII: Supplementary Information 
3.13 HF28965, HF28968, HF29220, HF29223 

HF28965 : 1.00142±0.00096, n=405 
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aT:!a-}a!4a 
07.)0-t3; a 
w.n-ta^a 
SjolK: ̂  
OTJO-taiM 
aa.ta-aa:aa aa!ta-aai4a aa.ta-ta: a 
Ot:toItt:07 
aa.ta-ta;aa *^ 
M.M-M: 0 O taja^wia tata-aa^a ta.ta-taaa taja-nita to.[0-tt!4a tata-ta; a n.M-oa;M n.ta-aa. a n.ta-aa:4a u.<a-ta.ta uito-tt; o H.«t-tt;a7 tt.ta-taa4 tt.ta-taai tt.ta-taaa tt.ta-ta;ta 
H.ta-j4:4a 
i!!a'!a! 7 ta!to-aa!aa M.tü-<n;aa tä.to-aa:4a jtjo-j^ta 
tata-n! a tna-tt:37 ta.ta-tao4 tua-taat 
ttta-MiM tata-ta^a <a.<a-t4:ta ta ta-<4i4a ta.n-ta;ta 

05 

CO 

Ol Ol 
! ! I I I I ! nn 

! + 4 
- + 3 4^ 4+'' 
-4 CO 05 4^ 

CO 

CO CO CO T + i + 4=̂  + CO 
^ J 05 CO 

H-
+ ! I + -

4̂  
CO qs 05 

4̂-4^ 
03 05 I 7- ' 

^ I CO 4+ 
l ' l I ! I 

Dev. from WRR in % 
) ) 

b 

O 

4̂  
o 

05 
O 

CO 
o 

! I ! ! I I ! I ) Lf-
4-7 

4 

i i : i I : i i ^ 

! ! ! I I ! I ) ! 

t 

14-

+4 
4̂  

' , ] ! ! ' ' I ! 

Dev. from WRR in % 

O 
o 

CO 
CO 
CO 
CO 
M 
H-
O 
b 
o 
05 05 

4* 
C3 

9 
!! 4̂  
t — ^ 
03 

CO 
o 

C3 o — cn Fl ! ! ! 

03 

-̂2 4̂. 
C3 

4̂  

4̂  

1'.̂  

!!''!! ' 

B 
CO 

B 
CO 

a 
00 
eh 

45* 

a 
CO 

00 
g 
O 
M 5' S 



Dev. from WRR in % Dev. from WRR in % 

<- es es 
es cn es O l 

es l i t t ! r m 0- ü!<0 
D- MT 

rc 0-t0:07 
O-Htaa 
n-HtM D-tMt 0-t&4< 0-<3:M 0-!3̂ 3 
S-{{:SS 0-H:<! 
0-aa![a 0-M:46 0-HH3 
o-to^a 
a-ta^a 

CO 
CD 
CD CO rc 
H-CD a-tMa tt:ta CO H;4a ta:to CO 0-M:M 

rc ana 

Ol ha? t:04 a=at EM OS ff 3;23 âa o 0- 4:<a 
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IPC VIII: Supplementary Information 
3.17 A578, A585, A702, A7190 

A578 : 0.99829±0.00277, n-409 
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3.20 M-59-8 
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3.21 Total (WRR and RASTA), Global and Sky Irradiance 
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3.22 Airmass and Aerosol Optical Depth at 778,500 and 368 nm 
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3.23 Meteorological Data 
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4 Supplementary Information 
4.1 View Linnitimg Geometry 
Table 4.1. View limiting geometries of 
absolute radiometers (R : radius of front 
aperture, r : radius of receiver aperture, 1 : 
distance between apertures) 

Radiometer 
Type 

PM02 
PM05 
CROM2L 
CROM3L 
PAC 3 
HF 18748 
MKVI 67814 

PM06 generic 
PM06-5 
PMO6-10 

EPAC generic 

HF generic 

MKVI generic 
MKVI-67401 

PCC3-0O5 

NIP generic 

3.6 
3.7 
6.29 
6.25 
8.18 
5.81 
8.2 

4.1 
3.6 
4.25 

8.32 

5.81 

8.2 
82 

10 

10.3 

2.5 
2.5 
4 999 

5.64 
3.99 
5.65 

2.5 
2.5 
2.5 

5.64 

3.99 

5.65 
5.64 

85 
95.4 
144.05 
144 
190.5 
134.7 
187.6 

94 
84.2 
95.4 

190.5 

134.7 

187.6 
190.5 

114.5 

203 

Table 4.2. View limiting geometries of Ang­
ström Pyrheliometers (v: verticai dimension, 
w : horizontal dimension, 1: distance 
between apertures) 

Angström 
Type 
A-7 
A-171 
A-212 
A-559 
A-564 
A-568 
A-576 
A-578 
A-Eppley 

150 
72.2 
50 
70 
75.1 
55.5 
82 
70.5 
11! 

9.5 
10.25 
11.8 
10 
10.3 
10.6 
10 
10.3 
10.3 

7.5 
2.4 
2.5 

2.5 
4.0 
2.5 
2.5 
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4.2 Addresses of Particpants 
Haroun Abdaüa 
Meteorologica! Department 
P.O. Box 574 
Khartoum 
Sudan 
Tei: +249 I I 778 836 
Fax:+249 I i 77! 693 

Gustavo Atienza 
Red Solarimetrica 
Servicio Meteoroiogico Nacionat 
Av. Mitre 3100 
1663 San Migue!, Buenos Aires 
Argentinien 
Te!: +54! 455 6762 
Fax:+54! 455 6762 
Semir Ben Abdaüah 
I.N. Meteo 
Inst. Nationa! de !a M6teoro!ogie 
BP. 156 
2035 Tunis Carthage 
Tunisia 
Tel:+21 61 782 400 
Fax:+2! 61 784 608 

Vüma Castro 
Escueia de Fisica 
Universidad de Costa Rica 
San Jos6 
Costa Rica 
Te!: +506 207 5394 
Fax: +506 223 1837 
ema!: vcastro@cariari.ucr.ac.cr 

Michae! Coüins 
Observation Provision 
Meteorotogica! Office 
London Road, Brackneü 
UK-BerkshireRG12 2SZ 
Tet: +44 344 856 430 
Fax:+44 344 856 412 
emaü: mco!!ins@meteo.govr.uk 

M. Al-Muhaisni 
King Abdu!aziz City for Science 
P.O. Box 6086 
Riyadh 1144! 
Saudi Arabia 
Te!: +966 1 488 3555 
Fax: +966 ! 488 3683 

Dipt.-Met Klaus Behrens 
Deutscher Wetterdienst 
Met. Observatorium Potsdam 
Tetegrafenberg 
Postfach 600552 
D-14405 Potsdam 
Te!:+49 33! 316 530 
Fax:+49 331 316 53! 
Mohammed Yes!am Bin Mihfood 
So!ar Radiation Resource Ass. 
King Abdutaziz City for 
Science+Techn. 
P O. Box 6086 
Riyadh H441 
Saudi Arabia 
Te!: +966 1 488 3555 
Fax: +966 I 488 3683 
Migue! Cerezo 
Jet Propuüson Laboratory 
4800 Oak Grove Drive 
MS 125-18 
Pasadena, CA91109 
USA. 
Te!:+! 818 354 3033 
Fax:+! 818 354 8153 
standlab@inst-sun! jpt.nasa gov 
Dr. Lars Dah!gren 
SMHI 
S-60176 Norrköping 
Te!:+46 1! 158 186 
Fax: +46 11 170 207 
emaü: !dah!gren@smhi.se 

Ca!vin Archer 
Dept. Environment Affairs and 
Tourism 
The Weather Bureau Pretoria 
Forum Building, Struben Street, 
Pretoria 
Private Bag X097 
Pretoria 0001 
South Africa 
Te!:+2712 290 3006 
Fax:+2712 290 3031 
emaü: carcher@cirrus.sawb.gov 
Eshetu Beke!e 
Nationa! Meteor!. Services 
Agency 
P.O. Box !090 
Addis Ababa 
Ethiopia 
Tel:+251 ! 512 299 
Fax:+25! ! 517 066 
Jose Luis Bravo-Cabrera 
Instituto de Geoffsica 
Cd. Universitaria 
Coyoacan 
04510 Mexico 
Mexico 
Te):+52 5 622 4139 
Fax: +52 5 550 2486 

Aissa Chabane 
O.N.M DMRO 
Seotoükia 
B P. 7022 
A Oran 
Atgerien 
Te!:+2!3 645 !136 
Fax: +213 635 5424 

M. Darwisch 
Egyptian Meteorologica! 
Authority 
P.O. Box 11784 
Koubry E!-Quobba, Kairo 
Egypt 
Te):+202 284 9860 
Fax: +202 284 9857 
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Dr. Klaus Dehne 
Meteorol. Observatorium 
Potsdam 
Deutscher Wetterdienst 
Postfach 600552 
D-14405 Potsdam 
Tel:+49 331 316 501 
Fax:+49 331 316 591 
emaü: dehne@mop.dwdd 

Director Dr. Ignacio Gälindo 
Centro Univ. de Inv. en Ciencias 
de la Tierra 
Universidad de Colima 
25 de JuHo No. 965 Co! ViHas 
San Sebastiän 
Apartado Postal No. 380 
28045 Colima, Co!. 
Mexico 
Te!:+52 331 31165 
Fax:+52 331 30709 
emaü: ciencias@volcan.uco!.mx 
Stuart Go!dstraw 
Meteorologica! Office 
London Road 
Bracknel! 
UK-Berkshire RG12 2SZ 
Tel: +44 344 854 636 
Fax: +44 344 856 412 
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Dr. EHsworth Dutton 
R/E/CG1 
N O A A /CMDL 
325 Broadway 
Boulder, CO 80303 
U.S.A. 
Te!. +1 304 397 6660 
Fax:+1 303 497 6290 
emaü: dutton@cmd!.noaa.gov 

Georgina Galindo Rios 
Centro Univ. de Inv. en Ciencias 
de !a Tierra 
Universidad de Coüma 
25 de Julio No. 965 Co! ViHas 
San Sebastian 
Apartado Posta! No. 380 
28045 Colima, Co!. 
Mexico 
Tel:+52 331 31165 
Fax:+52 331 30709 
emaü: ciencias@volcan.uco!.mx 
Sambuu Gonchig 
Nat. Hydrometro!. Service of 
Mongoüa 
Hydromet. Instr. Verif. and Cal. 
Oftice 
Khudatdaany gudamj - 5 
Utaanbaatar ! 1 
Mongoüa 
Te!:+976 ! 341 816 
Fax:+976 1 32!40! 

Dr. Bruce Forgan 
Sup.Instr.+Lab.Obs.+Eng.Branch 
Bureau of Meteoroiogy 
150 Lonsdale Street 
P.O. Box 1289K 
Melbourne, Vic 3001 
Austraüa 
Te!:+61 3 9669 4599 
Fax:+61 3 96694736 
emaü: bwf@bom.gov.au 
S. Ginion 
IRMB, Bruxelles 
3, Avenue Circulaire 
B-1180 Bruxelles 
Tel: +32 2 373 0623 
Fax: +32 2 374 6788 

Tom Grajnar 
Atmosph. Environment Service 
4905 Dufferin Street 
Downsview, Ontario M3H 5T4 
Canada 
Te!:+1 416 739 4633 
Fax: +1 416 739 428! 
emaü: tgrajnar@dow.ow.doe.ca 

Dr. John Hickey 
Epptey Laboratory, Inc. 
12 Sheffield Avenue 
P.O. Box 419 
Newport, R.l. 02840 
U.S.A. 
Te!: +1 491 847 1020 
Fax:+! 401 847 103! 
emaü: crks34b@prodigy.com 

Arnos Israeü 
Israe! Meteorotogical Service 
P.O. Box 25 
50225 Bet Dagan 
Israe! 
Te!:+972 3 968 2!71 
Fax:+972 3 960 4854 

Yasuo Hirose 
Atmos.Environment Division, 
Obs. Dept. 
Japan Meteoro!. Agency (JMA) 
1-3-4 Otemachi, Chiyodaku 
Tokyo 100 
Japan 
Te!:+81 3 3287 3439 
Fax: +8! 3 3211 4640 
emaü: rad-obs@hg.kishou.go.jp 
Dr. Alexandre Joukoff 
IRMB 
3, Avenue Circu!aire 
B-1! 80 BruxeHes 
Te!: +32 2 373 0623 
Fax: +32 2 374 6788 
emaü: a!exandre.joukoff@oma.be 

Viera Horeckä 
S!ovak Hydrometeoro!. Institute 
Jeseniova 17 
833 15 Bratislava 
Stovakia 
Te!: +42 7 378 5138 
Fax: +42 7 372 034 

PhD Ain KaHis 
Estonian Meteorol. & Hydrol. 
Institute 
Toravere 
EE-Tartu County EE2444 
Te!:+3727 410 136 
Fax:+3727 410 205 
emaü: kaHis@aai.ee 
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Knengkrat Khovadhana 
Dept. of Meteorotogy 
Sukumvit Road 
Bangkok 
Thaitand 
Te!:+66 2 393 1681 
Fax:+66 2 398 9886 

Tom Kirk 
The Epptey Laboratory Inc. 
!2 Sheffietd Avenue 
Newport, R I. 02840 
USA. 
Tet: +! 40! 847 !020 
Fax:+! 40! 847 t03t 

Farrakh Khani Moghanaki 
Meteorotogicat Organization 
IRIMO 
Mehrabad Airport 
P.O. Box !3!85-46! 
Tehran 
Repubiic of Iran 
Tet: +982! 6004 0268 
Fax: +982! 6469 044 
Dr. Victoria Klevantsova 
Wortd Radiation Data Center 
Main Geophysical Observatory 
Karbysheva 7 
194018 St. Petersburg 
Russia 
Te!:+7 812 247 0103 
Fax:+7 812 247 0103 
emait: wrdc@itca.spb.su 
Wolfgang Laube 
Inst, für Meteorot. und Physik 
Universität für Bodenkultur 
Türkenschanzstrasse 18 
A-1180 Wien 
Te!: +43 1 470 582 022 
Fax:+43 1470 582 012 

Dr. Bruce McArthur 
Atmosph. Environment Service 
4905 Dufferin Street 
Downsview, Ontario, M3H 5T4 
Canada 
Tel:+1 416 739 4464 
Fax: +1 416 739 4281 
bmcarthur@dowsv01.dow.on.doe 
.ca 

Zoltan Nagy 
Inst, for Atmospheric Physics 
P.O. Box 39 
H-1675 Budapest 
Te!: +36 1 290 0163 
Fax: +36 1 290 4174 
emait: znagy@mat.hu 

Dr. Foeke Kuik 
Research Scientist 
Royal NL Meteorotogicat Inst. 
Withetminataan 10 
P.O. Box 20! 
NL-3730 AE De Bilt 
Tet:+31 30 206 482 
Fax:+3! 30 210407 
emait: kuik@knmi.nt 
Leif Liedquist 
Physics and Electrotechnics 
Swedish Nat Testing + Res.Inst. 
Box 857 
S-50115 Boras 
Te!: +46 33 165 448 
Fax: +46 33 138 381 
emait: teif.tiedquist@sp.se 
Dr. Svettana Morozova 
Optica! and Physicai Meas. 
AH-Russian Research Institute 
Ozernaya str. 46 
Moscow ! 1936! 
Russia 
Tet:+7 95 437 2992 
Fax: +7 95 437 3147 
emait: sapritsky@gtas.apc.org 

Shaik Naseeruddin 
Instrumet Division 
India Met. Department 
Megeorotogicat Office 
Pune411005 
India 
Tet:+91 212 339 015 
Fax:+9! 212 323 20! 

Leüa Laitinen 
Observ. Instrumentation Division 
Finnish Meteorotogicat Inst. 
Vuorikatu 24 
P.O. Box 503 
Fin-0010! Helsinki 
Tet: +35 8 192 9443 
Fax:+35 8 192 9537 
emaü: !ei!a.!aitinen@mi.fi 
Dr. Alexander Manes 
Israe! Meteorologica! Service 
(IMS) 
P.O Box 25 
50250 Bet Dagan 
Israe! 
Tet:+97 23 968 2!87 
Fax: +97 23 960 4854 
Agustm Muhüa Ve!azquez 
Instituto de Geoftsica 
Univ. Nacionat Autönoma de 
Mexico 
Circ. Ext., Ciudad Universitaria 
De!eg. Coyoacan 
04510 Mexico, D.F. 
Mexico 
Tet:+52 5 622 4139 
Fax: +52 5 550 2486 
amuh)ia@tonatiuh.igeofcu.unam. 
mx 
Donatd Nelson 
CM DL R/E/CG1 
NOAA 
325 Broadway 
Boutder, CO 80303 
U.S.A. 
Tet: +1 303 497 6380 
Fax: +t 303 497 6290 
emaü: dnetson@cmdt.noaa.gov 
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Ifeanyi Nnodu 
Headquarters 
Meteoroiogicai Department 
Private Maii Bag 12542 
Lagos 
Nigeria 
Tel: +2341 263 3371 
Fax: +2341 263 6097 

Cristian Oprea 
Atmosph. Physic Laboratory 
Nat.Inst. of Met and Hydrologie 
Sos. Bucurest-Ptoiesti 97 
RO-71881 Bucaresti 
Tel: +40 1 312 9842 
Fax: +401312 9843 

Jutiän Perez de !a Puerta 
Centro Met. Territorial de 
Canarais Occ. 
Observat. Meteorol. Especial de 
Izana 
c/ San Sebastian, 77 
Apartado 38071 
E-38080 Santa Cruz de Tenerife 
Tel: +34 2237 3878 
Fax: +34 2237 3720 
Manuel Rocha 
Instituto de Meteoroiogia 
Rua C ao Aeroporto 
P-1700 Lisbon 
Te!:+35! ! 847 2880 
Fax:+35! 1 802 370 

Avrar Umarov 
Glavgidromet of the Republ. of 
Uzbekistan 
Observatorakaya str. 72 
7000052 Tashkent 
Uzbekistan 
Tet:+7 37!2 336 180 
Fax: +7 3712 332 025 
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emaü: p.novotny@bom.gov.au 
Juan Jose Pardo Mainez 
Instituto Naciona! de 
Meteoroiogia 
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J. Ronald Latimer 
Mt /M̂ TMO/TH/M 

This past year the meteoroiogy Community overall and the radiation Community specifically suffered the loss 
of a premier scientist. In early February 1994, J. Ronald Latimer passed away. 

Ron, as he was known by virtually everyone, was a careful, meticulous scientist. He was a true leader 
in the field of solar radiation measurement; both conceming the science of measurement and in 
understanding the need to make measurements of solar radiation for the advancement of science. He was 
one who realized that international Cooperation was essential for the field of solar radiation to progress. 

Ron s career spanned more than 20 years with the Canadian Atmospheric Environment Service before 
illness forced him into early retirement. His achievements during that time are a lasting tribute to his 
scientific ability. Düring this illustrious career he laid the framework for what is now a 50-station network 
of routine and research quality radiaüon monitoring stations across Canada. This network in the late 60 s 
and early 70 s was admired throughout the world because of his care and attention to detail. It is not going 
too far to say that this network, under Ron Latimer's control and guidance, produced the highest quality data 
of the day. 

To do this required not only care in the management of the network, but also the ability to characterize 
and calibrate the instruments that formed that network. Ron, with his assistants, deveioped calibration 
equipment and procedures Which were not only advanced for his day, as evidenced by his scientific 
publications, but remain functional to the present. Canada's continuing successes in solar radiation science 
are directly attributable to Ron s foresight in building a high quality short and longwave calibration facility. 

The Canadian solar radiation Community recognized this dedicated effort as early as 1978 when the First 
Canadian Solar Radiation Data Workshop was dedicated to Ron with these words, 
"John Ronald Latimer who, through meticulous care in ensuring the highest Standards in data originating 
from the Canadian solar radiation monitoring network, has provided a strong foundation for the studies 
of Canadian solar radiation." 

Yet, Ron was much more than a Canadian scientist. He was a global scientist. Throughout his career he 
maintained both the Angström scale with Al49 and the Smithsonian scale with T7 and SI 14. In 1973 his 
published analysis showed that the Internationa! Pyrheliometric Scale of 1956 was approximately 2% low. 
Such results led him onto the group of scientists which established the World Standard Group of instruments 
in Davos for the realization of the SI scale. He was a supporter of the need for regulär International 
Pyrheliometer Comparisons to maintain these high Standards gtobaHy. In a more human way Ron was part 
of these comparisons from 1975 through 1990 as the voice that regularly announced, "Please shade and heat 
the right-hand strip..." 

Ron Latimer was one who measured radiation, deveioped techniques for the calibration of pyranometers, 
saw the need for networks and last, but not least, saw the need for good operating procedures. During the 
International Hydrologie Decade, 1965 to 1974, the United States and Canada embarked upon a major field 
program, the International Field Year for the Great Lakes. Ron was commissioned with the development 
of the Solar Radiation manuai. This manuai remains a significant piece of literature to this day. While some 
photos appear dated, and Computer algorithms have replaeed the tables, the care and dedication to 
instrument maintenance found in the publication continues to provide good lessons for us all. 

Ron was a quiet man, a dedicated man, a man without professional enemies. Ron was a man who stood 
up for sound scientific principles. These qualities drew people to Ron and are qualities that remain virtuous 
today. Good scientists like Ron are hard to find. Although the man is gone, his legaey will live for years 
to come. 

Toronto, November 1995 Bruce McArthur 
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Maintenance of the World Radiometric Reference 
J. Römern, Ch. Wehrli and C. Fröhlich 

Physikalisch-Meteorologisches Observatorium Davos / World Radiation Center 
Dorfstrasse 33, CH-7260 Davos Dorf 

INTRODUCTION 
In order to insure the homogeneity of the radiation measurements in meteoroiogy, the World 
Meteorological Organization introduced in 1979 the World Radiometric Reference [1], to 
which all pyrheliometers shall be referenced starting in 1980. The World Radiation Center at 
Dayos was charged with the maintenance of the WSG realizing the WRR. The WSG is 
presently eomposed of seven absolute pyrheliometers: PM02, PM05, CROM2L, CROM3R, 
HF18748, PAC3 and MK67814. They are frequently intercompared in order to monitor their 
stability or detect systematic bias of a family of pyrheliometers. Here we present a record of 
measurements from October 1990 until October 1995 showing the behavior of the WSG 
pyrheliometers between the last two International Pyrheliometer Comparisons (IPC VH and 
vm). 
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Figure 1: Comparison of WSG instruments from 1990 - 1995 gi ven as ratios to PM02. The original calibration 
factors are used for each instrument. 

RESULTS OF THE COMPARISONS 
The results of the WSG comparisons since IPC VH are piotted in Fig. 1 as daily average ratios 
to the working reference instrument PM02. All WSG radiometers are evaiuated with the 
original WRR constants. The averages and Standard deviations over the period 1990-1995 are 
summarized in Table 1. The Standard deviations are all below 0.1% indicating that the instru-

49 



IPC VIII: Symposium 

ments remained stable, although some of them have experienced some troubles. Flies have 
entered the cavities of HF! 8748 and PAC-3 causing changes in sensitivity. In the case of HF 
18748 an insect was removed and the cavity cleaned in April 1990 leaving an increased 
sensitivity of +0.25%. For PAC-3 the fly was just removed, but no cleaning could be 
performed without jeopardizing the unique instrument. Its sensitivity was lowered by about -
0.2% since April 1992. In October 1994, the electronics box of MK67814 deveioped probiems 
and failed completely in September 1995, just before IPC-Vm, during which the radiometer 
was operated like PAC3 using laboratory equipment. A new electronics box is now under 
construction. CROM3L was retained at IRMB since the end of IPC-VH and no comparisons 
are available for this instrument until its participation in IPC-VIR. The seatter of these daily 
average ratios is of the order of 0.1%. The first and last column of values in Fig.l represents 
the ratios to WRR obtained during IPC-VJJ and IPC VHI respectively. As an independent 
verification of the stability, the mean ratio of all (39 including the WSG) instruments having 
participated in IPC VU to the WRR as realized for IPC VIH was determined to be 0.99971 
±0.00133, 
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Figure 2: WRR factors of the different WSG pyrheHometers as determined since IPC IV. 

Table 1: Summary of the comparison of the WSG instruments for the period of 1990-1995. 
Ratio to PM02 

Instrument PM05 CROM2L PAC3 HF 18748 MK67814 
Average 0.99855 0.9963 0.9979 1.00332 0.99858 
Stdev 0.00032 0.00041 0.00073 0.00059 0.00059 

Figure 2 shows the WRR reduction factors of the WSG radiometers since the last twenty years. 
It demonstrates, that the WSG instruments have indeed remained stable within 0.1% since the 
WRR was established in 1980. The larger deviation of PAC3 is explained by intrusion of an 
insect. 
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CONCLUSIONS 
The frequent comparison of the WSG pyrheiiometers (except for CROM3L) are needed to 
establish their relations between the International Comparisons IPC VU and IPC VUI in order 
to reliably transfer the WRR from one IPC to the next. The instrument probiems during the 
period between the IPC show that lack of comparison wouid have jeopardized the judgrhent of 
the stability or change of the different WSG instruments. 
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FITTING OF WEIBULL FUNCTIONS TO 
TOTAL SOLAR RADIATION IN 

MEXICO CITY 

by 
Jose Luis Bravo and Agustin Muhlia 

Instituto de Geofisica UN AM, Mexico DF. 

INTRODUCTION 

Usually, evaluation of the total solar radiation is made with models like Ängström (1924, 1958) and 
similar, recently Estrada (1990, 1992) made a revision of more elaborated models. The most of these 
use sunshine as a parameter and makes estimations of daily totals of global radiation. In this work, a 
Statistical point of view is given to the description of solar radiaüon at Mexico Valley, some common 
Statistical distributions (normal, lognormal, beta and WeibuU) were adjusted to empirical 
distributions of hourly integrals of global radiation för hours with intensities that was sufEcient to 
bum a hehographic strip (100% of sunshine). It was found that WeibuU distribuüon (Johnson and 
Kotz, 1970) of&rs satisfactory results 

CONDITIONS OF THE OBSERVATION 

The data used in this work were hourly integrals öf global radiation fluxes (megajoules/m̂ ) and 
hourly values of sunshine obtained in the Solar Radiation Observatory of the Institute of Geophysics 
in the campus of Mexico City National University. The site of observations is at southwest part of 
Mexico Valley (19° 20'N, 99° H'W and 2268 m asl). Observing period was from January 1983 to 
December 1987. Global radiation measurements were made with a piranometer and radiation 
intensity was hourly integrated with a printer integrator both made by Kipp & Zonen. The used 
piranometer had been periodically compared with the Eppley pirheliometer of electrica! compensation 
N° 18587 which participates in the intemational intercomparisons in the Wor!d Radiation Center at 
Davos, Swiss. 

Measurements of surishine were made with a CampbeU Stokes Heliograph placed near the 
piranometer. 

Integration and readings of global radiation and sunshine are made in true solar time (tst). It has been 
used only the period between 8 and 17 hrs tst because it is the energetically important time for the 
latitude of the point of Observation. It was selected all the hourly that in the hehographic strip have 
100% of sunshine. The selected integrals were classißed according to the hour (in tst) and the month 
in 108 groups (12 months and 9 hours). Each of these groups are treated as an independent sample of 
the global radiation. Notice that days with thin clouds are included in the sample because it is 
impossible to distinguish, with a hehographic strip, between a clear day and a day with thin clouds. 

CHARACTERISTICS OF THE GLOBAL RADIATION HISTOGRÄMS 

Using the 108 groups of data it was construeted 108 histogräms that have the following remarkable 
characteristics: 
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a) Soiar radiation aiways has vaiues greater than zero. 

b) Values with high solar radiation are rareiy presented because days with high transparency and/or 
with low white clouds in the atmosphere of Mexico City have low frequencies, then the right hand tail 
of the histogräms (empirical probability density functions) go down fast. 

c) In the low radiation side, the case is distinct because in Mexico Valley days with high atmospheric 
turbidity are frequent, then the histogräms go to zero slowly. As a consequence of, this histogräms 
are skewed to left. 

ADJUST OF WEIBULL DISTRIBUTIONS TO GLOBAL RADIATION 

The empirical distribution functions fbr global radiation (Bravo J.L. et al.,1991) are useful because 
they permit approximate estimations of probabilities. However, to obtain a parsimonious model (with 
iew parameters) and make easier the calculus of some characteristics of the distributions, such as 
rrtodes or confidence intervais, several analytical distributions, with shape compatible with the 
remarkable characteristics mentioned earlier, were adjusted (normal, lognormal, beta and WeibuU) 
and WeibuU was the best adjusted distribution, analytic form of their probability density function is 
as follows: 

Px(x) = cofl{x/a}c-I exp[-{x/ct}C] (i) 

where et and c are parameters of scale and shape respectively. Table I shows the parameters of the 
adjustement. Chi square and Kolmogorov-Smimov (Conover, 1980)) test were made for the goodness 
of fit. Chi square test reject the hypothesis for 8 of 87 cases in which there were sufßcient points to 
perfbrm the them. Kolmogorov - Smimov test did not reject any case. Empty places in the table 
means that there was not enough observations for the fitting and/or for the goodness of fit test. 

GLOBAL RADIATION ESTIMATION 

Using adjusted distributions it is possible to calculate values of P̂  probability from left and P2 from 
right tails, and calculate interval for 1- (Pj + P2) confidence for the global radiation for the desired 
day and hour. 

Modal values for each distribution can be calculated derivatting equation (1) and can be considered 
as a representatives fbr the distributions. Results are shown in table I and modal values are graphed 
in ßgure 1. It is easy to see maximum values for 12 -13 hrs during March to August and the low 
values in the aftemoon during May to September reflecting a reduction in the air transmissibility 
caused by the rainy season. 
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TABLE I. Shape (c) and scale (et) parameters fbr the WeibuU fitting to hourly integrals of global 
radiation and value of maximum probability of occurrence (mode) deriyed from the fitting. global 
radiation in megajöules/m̂  and hours in true solar time. 

HOURS 

MONTHS 8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 
I c 10.5 11.5 12.3 10.6 10.3 8 8 7.0 6.4 12.4 

a 1479 119.2 263.6 280.1 279.4 254.1 2025 145 8 75.9 
mode 146 218 262 277 277 251 198 142 75 

n c 10.9 14.4 15 1 13 2 11.2 11.1 10.6 9.6 11.4 
a 177.0 250 6 300 7 322.8 320.2 296.7 248.4 178 2 94.8 
mode 175 249 299 321 318 294 246 176 94 

m c 13.8 17.0 16.9 16.9 12.4 12.1 10.3 7.9 11.2 
a 211.9 284.8 332.1 357.4 349.4 319.4 269.8 203.4 119.4 
mode 211 284 331 356 347 317 267 200 118 

TV c 14.1 ISO 14.8 16.1 135 9.1 11.3 11.1 10.5 
cc 217.8 287.3 333.8 354.3 348.5 309.9 2699 199.0 124.0 
mode 217 286 332 353 347 306 268 197 123 

V c 11.6 14.2 13.5 12.6 11.2 11.0 12.5 11.4 8.7 
a 214.0 278.0 321,0 339.0 344.2 325 0 290.0 223.0 143.0 
mode 212 277 319 337 341 322 288 221 141 

VI c 19.6 167 13.0 15.3 17.5 15.6 17.2 — — 
a 221.8 293.4 323.7 342 5 349.5 327.5 277.1 — — 
mode 221 292 322 341 348 326 276 — — 

VC c 11.6 14.7 150 13.4 9.2 9.3 — — —-
ot 19.5 288.4 333.4 347 4 347.0 324.2 — — — 
mode 218 287 332 345 343 320 — — — 

Vm c 17.8 13.7 15.0 12.3 13 3 9.9 11.1 — — 
a 215,8 279.6 324.0 344.6 346.5 322.1 264.5 — — 
mode 215 278 323 342 344 319 262 — —-

K c 14.6 15.1 13.5 13 9 11.5 9.4 8.2 9.8 — 
ot 205.9 271.7 319.7 342.0 338.7 312.2 267.2 196.1 — 
mode 205 270 318 340 336 308 263 194 — 

X c 13.1 13.4 13.3 11.9 13.7 11.0 10.5 9.1 8.3 
a 177.4 248.3 294.4 314.3 311.7 284.8 236.0 170 1 93.7 
mode 176 247 293 312 310 282 234 168 —-

XI c 12.8 13.5 13,3 12.1 11.4 9.5 8.4 7.2 7.3 
a 152.5 219.5 2642 285.0 277.7 253.0 211.0 146.0 77.8 
mode 152 218 263 283 275 250 208 143 76 

XU c 10.9 9.3 12.4 12.3 10.6 8.9 5.2 5,1 — 
a 135.7 201.4 246.4 265.0 260.3 239.4 192.3 129.5 — 
mode 135 199 245 263 258 236 185 124 — 
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Fig 1. Level curves fbrmodes of Weibull adjusted distributions (megajou!es/m̂  x 10̂ ). 
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RESULTS OF THE ACTINOMETRIC AND 
SPECTROPHOTOMETRIC MEASUREMENTS 

IN MEXICO CITY 
Agustin Muhüa-Velazquez, Amando Leyva-Contreras. 
Observatorio de radiacion Solar, Instituto de Geoftsica, 

Universidad Naciönal Autonoma de Mexico. 

INTRODUCTION 
The main objective of this investigation has been to determine the levels of pollution present 
in the Mexico City atmosphere and then to compare these levels with those found in rural, 
unpoüuted regions (Mauna Loa Observatory in Hawaii, at the DOE ARM Program site in 
Oklahoma and in Rapid City, SD) and to use the actinometric (broadband) series of 
measurements to examine the temporal variations of the processes under investigation. 

In recent years air quality has become a serious issue fbr many urban regions. For 
example, measurements of aerosol concentration both at ground level and in the entire 
atmospheric column in Mexico City exceed values in rural regions by an order of magnitude. 
It is possible to monitor aerosol poHutiön using ground-based sunphotometers, since aerosol 
particles attenuate the solar radiation propagating through the atmosphere. Measurements of 
the atmospheric integral and spectral transparency are widely used fbr this purpose. Using a 
model of the aerosol optical properties, the "inverse method" endeavors to estimate the 
aerosol concentration. In particular, spectral optica! depth (SOD) measurements allow 
conclusions to be made about the size distribution of aerosol ensembles present in the air. 

INSTRUMENTS, SITES AND METHODS OF MEASUREMENTS 
The actinometric measurements in the shortwave spectral region (0,3-4.0 mm) were 

made at the Observatory of Solar Radiation of the Institute of Geophysics (ORS IGf) of the 
National Autonomous University of Mexico (UNAM), using an actinometer of the Linke and 
Feussner type, which was systematicaüy calibrated against the Angström national Standard 
pyrheliometer. Well-known methods of calculations were used to obtain atmospheric 
transparency (Kondratyev, 1969; Iqbal, 1983). The Angström turbidity coefficient (ß) was 
used to chäracterize the atmospheric turbidity levels of aerosol pollution. A numerical 
algorithm was used; it was assumsed, that in the spectra! dependence of the optical depth i(X) 
= ß/X<x, the power a is equal to an average value of 1.3 (Angström, 1961). Then, usihg the 
method, described by Muhlia e/ a/. (1989), the columnar concentration of aerosol particles 
may be estimated. The series of measurements comprising three periods are described: 
1911-1928,1957-1962 (Galindo and Muhüa, 1970), and 1967-199! (Muhlia, 1995). 

SOD measurements in Mexico were made using the Russiän-built K-2 and K-3 
Spectrophotometers in the spectral ränge of 355-950 nm, with a spectral resoiution of about 
2 nm. Measurements in the US were made using the Russian-built Spectroradiometer based 
upon Wedge Interference Filters (SWIF) in 200 Channels in the spectral ränge of 350-1150 
nm, with a spectral resoiution of about 15 nm. The description of these instruments is given in 
(Vasilyey a/., 1994a,b). 
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Spectral measurements were made in Mexico City during April-June 1992 at ORS 

IGf A total of about 3 0 series were taken, and half of them were used for further processing. 
In Hawaii, measurements were made in May-June 1993 (4 series); at the ARM Program stte 
in Oklahoma, 5 series were taken in August 1993; and 11 series were taken in Rapid Ctty,SD, 
during August- September 1993. 

The "long method" was used fbr the calculations of SOD values (Liou, 1980), in 
which "Langley plots" or "Bouguer lines" are piotted. These are regression lines of the 
logarithm of measured intensity piotted against the optical path length (/ e. "air mass") 

RESULTS 
Results of determination of the optical depths (r) and of the calculations of Angström 

turbidity coefficient (ß) and of the columnar particle concentration (N,cm*2) on the basis of 
the measurements of broadband (0.3-4.0 mm) direct solar radiation fluxes (Muhlia et al., 
1989) are presented in Fig. 1, and the average values of these parameters för the tree periods 
are presented in Table 1. During recent years the columnar concentration of aerosol particles 
on some days was found to be as Iarge as 1.5*10̂  cm*2 - greater by one order of magnitude 
than those in rural areas. 

Fig. 1. 

BETAt. AN AVERAGE YEAR. 
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Table 1. Results of the actinometric 
measurements in Mexico 
City, average values. 

Period t ß N̂ IO'9 
1911-1928 0.084 0.071 0.63 
1957-1962 0.173 0.147 1,30 
1967-1991 0.286 0.246 12.5 

Measured values of SOD in Mexico City 
on some days reached as high as 1.2 in the UV, 
0.8 in the visible and 0.5 in the near-IR spectral 
regions. Angström turbidity coefficient in Mexico 
City atmosphere taken in 1992 from SOD data 
was equal to 0.34, i.e. according to 
Ängström's Classification (Ängström, 1961) the 
atmosphere has to be labeled only as "very turbid". 

The values of SOD measured at MLO in 
Hawaii Vary approximately from 0.1 in UV to 
about 0,05 in the visible and near-IR spectral 
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regions (free of water vapor absorption bands). The coefficient ß was found to be equal to 
0.033, ahd this site is labeled as "clean". However, these values were higher than typical 
background values due to the contihuing influence of the Mt. Pinatubo eruption. 

The values of SOD measured in Rapid City, SD, and at ARM Program site in 
Oklahoma were about 0.05 and 0.1, respectively larger than in Hawaii. The coefficients ß 
were found to be equal to 0.047 and 0.086, and the atmospheres were labeled as "clean" and 
"clear", respectively. 

In Fig.2 the average curves fbr al! the series of measurements at al! sites of the 
observations and the results of the calculations of SOD according the WMO Standard 
Atmosphere (WMO, 1986) and according to Elterman mode! of the atmosphere of moderate 
poHution (Eherman, 1968) are presented. The difference in the optica! State of the poüuted 
urban and unpolluted rural atmospheres is well recognized. 

Table 1 shows a tendency fbr an increase in the turbidity of the Mexico City 
atmosphere in the period of observations approximately by 2 % per year (or 1.72*10̂  
part./cm2 per year). The tendency of the direct solar radiation, at an air mass equa! to 2, to 
decrease is also wei! recognized, coinciding with that obtained fbr highly polluted industria! 
areas in the ex-USSR. This indicates that the atmosphere above Mexico City is trernendously 
poüuted and is becoming more so with time. Serious government efforts are needed in order 
to stop this process. Figure 1 shows among another influences the effect of El Chichoh, 
1982, the increase of the columnar concentration of aerosol particles was around 50% above 
the 1967-1991 period average. 

The highly polluted atmosphere in Mexico City has SOD more than twice that of the 
clear atmosphere: The solar radiation scattered by aerosol partides in this polluted 
atmosphere is of the same order as the radiation scattered by all air molecuies. In situations of 
strong poHution, the absorption of aerosols in atmosphere also can reach the order of the 
molecu!ar absorption in atmospheric gases (Kondratyev a/., 1974). Hence, the SOD of 
molecular (Rayleigh) scattering, the SOD of rholecu!ar absorption, the SOD of aerosol 
scattering and the SOD of aerosol absorption of light in the strongly polluted terrestrial 
atmosphere are all of comparabie size. The presence of a big amount of aerosol particles in 
the atmosphere changes significantly the spectra! signatüre of aerosol SOD: it becomes 
strongly dependent against wäveiength, and resembles the curves of typical Mie scattering 

Assuming the correctness of an "Angström law" (Angström, 1961) and using the 
spectral dependence of i(A.) measured, e.g. in Mexico City, the slope of the model, Junge 
type, size distribution of the aerosol particles in the ehtire atmospheric column can be 
estimated: N(r) = 3*10̂  / r3 S * H (cm'3), where H (in cm) is the height of the so called 

Fig.2. Comparison of average 
SODcurves,measured: 1 - in Mexico 
City, 4 - at ARM Program site in 
Oklahoma, 5 - in Rapid City, SD, and 6 
- at MLO in Hawaii; with calculated 
values of SOD: 2 - according to WMO 
Standard Atmosphere and 3- according 
to Elterman model of the atmosphere of 
moderate poHution. 

DISCUSSION 
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"homogeneoüs" aerosol !ayer (its estimates using actinometric measurements give in Mexico 
City vaiues equal to 0.6 - 1.0 km). Size distributions, measured w /̂/M near the ground level, 
using the particle counters were found to be, as a rule, strongly mültimodal. 
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Abstract 
Measurement, modeling, and dissemination of solar radiation resources are key elements within the 
Resource Assessment Program at the National Renewable Energy Laboratory. This paper 
provides an overview of these various activities completed recently or in progress during 1995. 
Introduction 
The Resource Assessment Program (RAP) at the National Renewable Energy Laboratory (NREL) 
is funded by the United States Department of Energy to provide resource mformätion for a variety 
of renewable energy conversion technologies (e.g., biomass, photovoltaics, solar thermal, and 
wind energy). This effort involves the measurement, modeling, and dissemination of solar 
radiation resources. The following research activities have been recently completed or are in 
progress. 
Measurements 
The So/ar RaMßan'on /&se%rcA La&orafory (SRRL) is located on South Table Mountain in Golden, 
Colorado. The mesa-top löcation provides the outdoor measurements laboratory with excellent 
solar access. The SRRL objectives are to develop a solar radiation resource climatology for NREL 
and conduct resource measurement research and development in support of renewable energy 
conversion technologies at NREL. Ihe Baseline Measurement System at SRRL cöllects 5-minute 
averaged data from 10-second samples of 18 instruments, including pyranometers, pyrheliometers, 
photometers, and meteorological monitoring instruments. Standard procedures for the 
maintenance and Operation of this data collection system have been deveioped tö provide an 
adequate level of quality control. Quality-assessed data are available for the period 1981 to 1991 
(Marion, 1993). Access to more recent data is now available from the Renewable Resource Data 
Center on the Internet: http://rredc.nrel.gov. The SRRL also provides for the comparison of 
absolute cavity radiometers traceable to the World Radiometric Reference, development of 
improved methods for outdoor radiometer calibration and characterization, outdoor 
characterization of photovoitaic devices, and facilities to meet the general demands for outdoor 
measurement research and development activities at NREL. 
In conjunctiön with the K:ng AMM̂ ztz CRy jbr ̂ ctence and 7!echncfogy o/RuaR Ara6ta 
(KACST), NREL is working on a 48-month project to improve the assessment of solar radiation 
resources in Saudi Arabia by upgrading surface measurements and by developing correlations 
between surface and satellite data. A 12-station solar radiation network is now providing direct 
normal, diffuse horizontal and global horizontal irradiances measured with thermopile radiometers 
Diffuse irradiance measurements are made with a tracking disk system mounted on a radiometer 
mounting fixture designed for this application as shown in Figure 1. Telephone access to the data 
acquisition system allows for daily processing of the data. The network is supported by an 
upgraded calibration facility which includes a reference absolute cavity radiometer that participated 
in the Eighth International Pyrheliometer Comparisons. 
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Figure 1. Radiometer mounting platform for Saudi Arabian Network 
As part of the joint KACST-NREL effort to establish and operate a solar measurements network 
and to improve our understanding of pyranometer measurement Performance, we are deveioping 
the ̂ J/o/ng/^r CH/;77fYv?/w! <?/;J C/Mracfgr/̂ f/o/! (RCC) system. An extension of our existing 
method of radiometer calibration (Myers and Stoffe), 1989), RCC is a data acquisition and 
processing system used to determine the typica! single-value calibration factor (LLV/Wm-2) and a 
more detailed description of the pyranometer's anguiar response characteristics by providing a 
calibration vector. This calibration vector provides the instrument sensitivity as a function of solar 
zenith angle. The data acquisition system includes a nearly real-time analysis of the atmospheric 
stability to control the collection of irradiance data used for the calibration and characterization 
analyses. The goal of RCC is to produce characterization information for use in post-measurement 
processing of pyranometer data to improve the representativeness of the irradiance measurements. 
The rV:'.sfon'co//y ß/üc%: Cof/egcs nnJ Um'w'r,sm'<?.s (AfBCLf) .So/ar Afc^aargw^/!^ A/̂ ?worA: was 
implemented in 1985 and continues to provide high-quality measurements of global, diffuse, and 
direct solar irradiance (Marion, 1994). Comprised of six stations in the southeastern United 
States, the HBCU network continues to provide 5-minutc solar radiation measurements from the 
locations found in Table 1. 
In a effort to establish a national network of solar radiation and wind resource measurement 
stations, NREL is in the process of deveioping the Ccop^raftve A/g/worA:̂ /br /^nenY?^ /üg.WHrc-̂  
M(?a.s'Mrg/7i<?n/.T (CONFRRM). Under this concept, regional centers wouid operate and maintain a 
collection of solar measurement stations each acquiring data for global horizontal, diffuse 
horizontal, direct normal, and irradiance on a south-facing tilted surface. Two categories of 
Standard instrument configurations have been speeified based on the radiometer measurement 
Performance. Additionally, benchmark wind measurement stations are planned to provide 
research-quality wind resource data from instrumentation mounted on three levels of a Standard. 40 
meter meteorological tower. The number of measurement stations to be implemented under the 
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