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Figure 16.  Peak-normalized spectral responsivity of two UV-MFRSRs (solid lines) from Yankee 

Instruments Inc. and NILU-UV serial number 4102 (circles). X-axis gives wavelength in 
nm. The UV-MFRSRs have seven channels in the UV. 

 
 
3.5 Global cosine ratios (1/GCCF) for each class of MBFRs 
 Laboratory characterizations of the angular response functions and measurements of the 
global and diffuse sky irradiances enabled an evaluation of errors in global sky measurements for 
the different classes of MBFRs. Figures 17-21 show the global cosine ratio (GCR) for all detector 
channels (Eq. 11). The ratios are presented as a function of SZA, utilizing the 3D (red and green 
curves) and azimuthally mean (black line) angular response functions, respectively. Smooth 
irregularities indicate cloud effects, resulting from variations in the ratios of measured diffuse and 
global UV irradiances with the MFRSR. Step jumps, seen for channels above 368 nm, result from 
the use of the 368-channel of MFRSR as proxy for the sky conditions (clear, partly cloudy and fully 
overcast), combined with RT-simulated diffuse/global ratios for the three cases. GCR is equivalent 
to the reciprocal global cosine correction function (GCCF), and the cosine error in percent is 
equivalent with )1)(GCR(100 −θ⋅ . More specifically: 
 
• Figure 17 shows results as function of SZA for day of year 147 (mostly clear sky), for the 

five channels of GUV 9273, representing model GUV-541. GCR varies between 0.93 - 0.95 
for channel 1 (305 nm), and 0.91 - 0.95 for channel 5 (380 nm). The azimuthal variation in 
GCR for rising and setting sun is 2%. Uncertainties from predictions of cloud-free and 
overcast conditions are up to 4%, with a maximum at 70° to 80° for the UVA channels. 

• In Figure 18 the results are presented for GUV 4123, representing model GUV-2511. GCR 
is close to unity for channels 1 (305 nm) ) to five (340 nm), and between 1.00 and 1.03 for 
channels six (380 nm) and seven (395 nm). Overlapping curves indicate that GCR is 
independent on the azimuth orientation. The largest deviations are seen for the PAR 
channel (channel 8), with GCR increasing from 0.99 (40°) to 1.08 (80°). The influence from 
shifting cloud conditions is 1 to 3% for the UV channels and 6% for the PAR channel. 
Compared with the early model GUV-541, the GCR corresponding to the new front optics 
have greatly improved. 

• Figure 19 shows results for the NILU-UV model with the big diffuser (NILU-UV 990319). For 
small and moderate SZAs the GCR values are similar with GUV-541 (0.93), but drops to a 
deeper minimum of 0.90 to 0.85 at SZA 70° for the channel 1 and channel 5 (380 nm). The 
azimuthal effect is about the same as GUV-541 (2%), with slightly larger influences from 
shifting sky conditions (5% for channel 5). The largest SZA dependency is seen for the 
PAR channel (channel 6), with a minimum of 0.60 at SZA 80. The error resulting from 
uncertainties in the prediction of cloud-free and overcast conditions is up to 30% at SZA 80° 
for the PAR channel. 
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• Figure 20 applies to NILU-UV II with small diffuser (serial number 4102). GCR is 0.95-  0.97 
for the five UV channels, with only small variations in SZA and almost no dependency on 
the azimuthal orientation, apart from the PAR channel (channel 6). Compared with the early 
model NILU-UV, the GCR corresponding to the new front optics have greatly improved. 

• GCR corresponding to the UV-MFRSRs (Figure 21) is almost flat and close to unity for the 
seven UV channels. Compared with the other radiometer models, the angular responsivity 
is superior. The azimuthal dependency is in the order of 2%, similar with the GUV-541 and 
NILU-UV I. 
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Figure 17.  Predicted reciprocal of global cosine correction function for instrument GUV 9273 

(model GUV-541), as a function of solar zenith angle, for rising (green) and setting 
(red) sun. The correction function corresponding to azimuthally averaged cosine 
responsivity is indicated in black. Calculations are based on measurements of the 
horizontal direct and diffuse irradiance measured by a rotating shadow band MBFR on 
day of year 147 2005, and the angular responsivity functions established from 
laboratory characterizations.  
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Figure 18.  Same as Figure 17, for GUV 4123 (model GUV-2511). 
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Figure 19.  Same as Figure 17, for NILU-UV 990319 (model NILU-UV I, big diffuser). 
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Figure 20.  Same as Figure 17, for NILU-UV 4102 (model NILU-UV II, small diffuser). 
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Figure 21.  Same as Figure 17, for UV-MFRSR 00286. 
 
 

3.6 Validation and Harmonization of spectral information from MBFR channels 

3.6.1 Conversion of detector outputs to harmonized units of spectral irradiance 
The output from detector channels may be converted to harmonized units of spectral 

irradiance, corresponding to measurements at fixed wavelengths with a high-resolution 
spectroradiometer (Eq. 14). The success of this method is demonstrated in Figure 22, showing 
ratios of respectively uncorrected (black) and corrected (red and blue) detector outputs from GUV 
9273, relative to the spectroradiometer measurements. Each data point corresponds to scans 
performed during the core-period, plotted as function of SZA.  
 

The uncorrected results of UVB channels display significant discrepancies for increasing 
SZA (20% to 40%), whereas UVA channels do not. Application of conversion functions Fmat and 
fitting functions ε result in flat, corrected ratios (red and blue circles) also for the UVB channels, 
only limited by scatter from low signal-to-noise ratios at high SZA. Hence, the corrected 
measurement results are proportional to the spectral irradiance measurements of a 
spectroradiometer. Standardization of measurement units for reporting detector outputs is 
desirable, because MBFRs and high-resolution spectroradiometers operating world wide get 
interlinked, despite differences in operation principles and detector characteristics.  
 

The ratios, corresponding to the reciprocal calibration factor (1/C), vary between 80 and 
100 for the five channels. These are reasonable values, as the radiometer detector outputs were 
originally calibrated by the manufacturer in units of μW/cm2/nm instead of W/m2/nm, back in 1994 
(conversion factor 100). Response changes resulting from ten year operation in the network were 
not accounted for prior to this analysis. This may partly explain the up to 20% difference in C based 
on the manufacturer's original calibration and the harmonized results.  
 
 
 
 
 
 
 



24 

40 60 80
60

80

100

120

140 1/Cmean 97.8
relSD ±   2 %

         Chan 1 / E(305nm)
GUV 9273

1/
C

 <
un

its
>/

<W
/m

2 nm
>

SZA
40 60 80

60

80

100

120
1/Cmean 88.1
relSD ±   2 %

         Chan 2 / E(313nm)
GUV 9273

1/
C

 <
un

its
>/

<W
/m

2 nm
>

SZA
40 60 80

60

80

100

120 1/Cmean 81.2
relSD ±   1 %

         Chan 3 / E(320nm)
GUV 9273

1/
C

 <
un

its
>/

<W
/m

2 nm
>

SZA

40 60 80

70

80

90

100
1/Cmean 84.1
relSD ±   2 %

         Chan 4 / E(340nm)
GUV 9273

1/
C 

<u
ni

ts
>/

<W
/m

2 nm
>

SZA
40 60 80

90

100

110

120

130
1/Cmean 101.8
relSD ±   2 %

         Chan 5 / E(380nm)
GUV 9273

1/
C 

<u
ni

ts
>/

<W
/m

2 nm
>

SZA

 
 
Figure 22.  Reciprocal calibration factor (1/C) for nominal centre wavelength of five channels of 

GUV 9273 as a function of SZA. Measurement unit is signal output/W/m2nm. Black 
dots correspond to the ratio of MBFR output to the spectral irradiance of the 
reference. Blue and red dots correspond to ratios for rising and setting sun, utilizing 
the matrix correction method in Eq. 14. Perfect match with spectroradiometer 
corresponds to flat ratios. 

 

3.6.2 Fitting functions ε(SZA,CLOD) vs GCCF 

The observed ratios )(E/),,(F)UU(C nomii,mat
0

iii nom
λθΩλ⋅−⋅ , using Ci determined in the 

previous subsection, form the reciprocal correction function 1/ε in Eq. 14. In Figure 23 the ratios 
are shown as a function of SZA for rising and setting sun (blue and red circles). The ratios form two 
distinct groups, corresponding to clear sky cases (CLOD < 1.5, thin black line) and cloudy sky 
cases (CLOD > 1.5, thick black line). Ideally the ratios should reflect the reciprocal global cosine 
correction functions (1/GCCF) for the corresponding SZA and sky conditions. RT-simulated results 
for 1/GCCF and clear sky conditions (violet curve) are included in the figure for comparison with 
empirically determined clear sky observations of 1/ε. As may be seen the agreement in theoretical 
and empirical fitting functions is good for the two UVA channels, but distinct discrepancies are 
seen for the three UVB channels. This indicates significant errors in the spectral responsivity 
functions for the UVB region. Stray light, centre wavelengths and steepness of slopes are 
inevitably difficult to estimate and would be most significant for those detector channels measuring 
in the ozone cut-off region. However, as have been shown here, the application of fitting functions 
ε effectively removes most of the errors originating from errors in the spectral responsivity functions 
and possible non-linear detector responses. 
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Figure 23.  Reciprocal fitting function (1 / ε(θ,CLOD) ) in Eq. 14, which is applied as residual 

correction function for the convertion of detector output of GUV 9273 to units of 
spectral irradiance at standard wavelengths. Blue and red circles correspond to rising 
and setting sun. Thin black line is a polynomial fit where CLOD<1.5 and thick black 
line a polynomial fit where CLOD >1.5. Violet curve corresponds to the global cosine 
ratio GCR simulated for clear sky conditions. 

 

4. SUMMARY AND CONCLUSIONS 
Scientific groups from all around the world were invited to take part in an intercomparison of 

multiband filter radiometers (MBFRs) in Oslo in 2005. Forty-three MBFRs joined the campaign, 
representing UV monitoring networks on most continents. Radiometers from three manufacturers 
were present; the GUV Ground-based UV radiometers from Biospherical Instruments Inc, the 
NILU-UV radiometers from NILU Products AS and the UVMFR-7 multifilter rotating shadowband 
radiometers from Yankee Environmental Systems Inc. The purpose was to assess and improve the 
comparability of measurements of Global UV Index (UVI) for all realistic sky conditions. The 
intercomparison was accomplished according to established practices for blind intercomparisons. 
A group of four high-accuracy spectroradiometers, three from Norway and one from Austria, 
served as basis for establishing a set of reference spectra for the comparison with UVI from 
participants. Twenty-six sets of UVI data were supplied by the participants. The mean ratios 
between participants' data and the reference were within ±5% for 20 data sets and ±10% for 23 
data sets obtained during the core period and SZAs less than 80°. Excluding radiometers that were 
traceable to the same national calibration standards, 8 out of the remaining 11 sets of radiometer 
data were within ±5% and 10 out of 11 sets within ±10%. Harmonization of UVI resulted in close 
agreements with the reference, and the standard deviation for the collective group of 33 MBFRs 
operating in the same period was within ±4.6% (2 σ) for SZA up to 80°.  Corresponding standard 
deviation for the collective group of 26 data sets from participants was ±11.7% (2 σ). The results 
show that the optimization of calibration coefficients and the use of a SZA-dependent correction 
function enable accurate measurements for a wide range of weather conditions, and likely also 
total ozone amounts and surface albedos. Hence, all types of MBFRs participating are highly 
useful for accurate measurements of UVI at high latitudes. Characterizations of spectral 
responsivity functions and angular responses enabled processing of total ozone amount and cloud 
optical depth for the radiometers. These input data were applied when each radiometers detector 
output were converted to units of spectral irradiance at standard, nominal wavelengths, 
corresponding to the bandwidth of a high resolution spectroradiometer (FWHM 1.00 nm). The 
harmonization of UVI and conversion of detector output to spectral irradiance at standard 
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wavelengths enable world-wide cross comparability of MBFRs operating in UV monitoring 
networks. 
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List of abbreviations 
 
 
CIE    International Commission on Illumination 

CMS    Calibration Measurement Software solutions 

CMS150  the DM150 spectroradiometer from CMS 

CLOD   UVA Cloud Optical Depth 

COST   European Co-operation in the Field of Scientific and Technical Research 

DM150  Spectroradiometer model DM150 from Bentham Instruments Ltd 

DTM300 Spectroradiometer model DTM300 from Bentham Instruments Ltd 

FARIN  Factors Controlling UV Radiation In Norway 

FWHM  Full Width at Half Maximum 

GCCF  Global Cosine Correction Function 

GCR   Global Cosine Ratio = 1/GCCF 

GUV   Ground based UV Radiometer 

MBFR  Multi Band Filter Radiometer 

MFRSR  Multi Filter Rotating Shadowband Radiometer 

NILU-UV  Norwegian Institute of Air Research - UV radiometer 

NRPA   Norwegian Radiation Protection Authority 

NRP150 the DM150 spectroradiometer from NRPA 

NRP300  the DTM300 spectroradiometer from NRPA 

NTNU  Norwegian University of Science and Technology 

NTN150  the DM150 spectroradiometer from NTNU 

PAR   Photosynthetic Active Radiation 

QASUME  Quality Assurance of Spectral Ultraviolet Measurements in Europe 

RT  Radiative Transfer 

SZA   Solar Zenith Angle 

USDA   United States Department of Agriculture 

UVA   Ultraviolet-A band, wavelengths 315-400 nm 

UVB   Ultraviolet-B band, wavelengths 280-315 nm  

UVI  Global UV Index 

WHO   World Health Organization (United Nations) 

WMO   World Meteorological Organization (United Nations) 
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ANNEX A1 
 

 
Air temperature (°C), relative humidity, total solar irradiance (W/m2 ) and daily total 

ozone amount (DU) recorded for the core period, day 142-162 
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ANNEX A2 
 

 
Participants representing different groups of radiometers 

 
 
Spectroradiometers: 
Bentham DM150 – Josef Schreder, CMS Ing. Dr Schreder GmbH, Austria, and Mario Blumthaler, 
Innsbruck Medical University, Austria. 
 
Bentham DM150 – Asadollah Bagheri, Norwegian University of Science and Technology (NTNU), 
Norway. 
 
Bentham DM150 & Bentham DTM300 – Bjørn Johnsen, Norwegian Radiation Protection Authority 
(NRPA), Norway. 
 
Brewer MK IV total ozone and UV spectroradiometer operating at the University of Oslo - Arne 
Dahlback, Dept. of Physics, University of Oslo (UiO), Norway. 
 
 
Multiband filter radiometers. 
GUV- Germar Bernhard, Biospherical Instruments Inc. (BSI), San Diego, USA. 
GUV – Tommy Nakken Aalerud, Norwegian Radiation Protection Authority (NRPA), Norway. 
GUV – Lars-Erik Paulsson, Swedish Radiation Protection Authority (SSI), Sweden. 
GUV – Andrew Smedley, SEAES, University of Manchester (UMIST), UK. 
 
NILU-UV – Britt Ann Høiskar, Norwegian Institute for Air Research (NILU), Norway. 
NILU-UV – Chrysanthi Topaloglou, Aristotle University of Thessaloniki (AUTH), Greece. 
NILU-UV – Outi Meinander, Finnish Meteorological Institute (FMI), Helsinki, Finland. 
NILU-UV – Kaisa Lakkala, Finnish Meteorological Institute (FMI), Sodankylä, Finland. 
NILU-UV – Grzegorz Zablocki, Institute of Meteorology and Water Management (IMWM), Poland. 
NILU-UV – David Bolsée, Belgian Institute for Space Aeronomy, Belgium. 
NILU-UV – Alberto Redondas Marrero, Atmoferico de Izaña, Instituto Nacional de Meteorologia 
(INM), Spain. 
 
UV-MFRSR (UV multifilter rotating shadowband radiometer) – John Davis, Colorado State 
University, USDA/UVB Monitoring Programme,USA. 
 
 
Measurement sites of MBFRs, interlinked with radiometers participating in the MBFR 
intercomparison: 
 
Europe: 
Norway: Oslo, Bergen, Grimstad, Gjøvik, Finse (mountain), Trondheim, Andøya and Ny-Ålesund. 
Sweden: Stockholm 
Finland: Jokioinen and Helsinki. Travelling standard for Spanish Antarctic UV network. 
Belgium. 
Spain: Tenerife 
Italy: Firenze 
Poland: Legionowo 
England: Manchester 
Greece: Thessaloniki, later implemented in a Greek monitoring network 
Germany: Two NILU-UVs, later moved to Russia (locations unknown to the authors). 
 
Antarctica: Belgrano, Marambia, South Pole, Palmer and Queen Maud Land. 
 
South America: Ushuaia in Argentina. 
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North America: San-Diego, Wallop Island and New-Jersey.  
 
The two MFRSR radiometers of the USDA UV-B monitoring network represent stations at Hawaii, 
New-Zealand, and USA from Texas to Alaska. 
 
Africa: Uganda, Tanzania and Gambia. 
 
Asia: Khatmandu in Nepal. 
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ANNEX A3 
 
 

Radiometer serial number and literature reference for the processing of  
UVI by the participants 

 

Radiometer type 
Serial 
number Literature reference 

NILU-UV I 990304 Dahlback, 1996; 
NILU-UV I 990310 Dahlback, 1996; 
NILU-UV I 990319 Dahlback, 1996; 
NILU-UV I 990331 Dahlback, 1996; 
NILU-UV I 990339 Dahlback, 1996; 
NILU-UV II 04102 Dahlback, 1996; 
NILU-UV II 04106 Dahlback, 1996; 
GUV-511 9222 Dahlback, 1996;Johnsen et al., 2002 
GUV-541 9297 Dahlback, 1996; 
GUV-541 9270 Dahlback, 1996;Johnsen et al., 2002 
GUV-541 9271 Dahlback, 1996;Johnsen et al., 2002 
GUV-541 9272 Dahlback, 1996;Johnsen et al., 2002 
GUV-541 9273 Dahlback, 1996;Johnsen et al., 2002 
GUV-541 9274 Dahlback, 1996;Johnsen et al., 2002 
GUV-541 29222 Dahlback, 1996;Johnsen et al., 2002 
GUV-541 29229 Dahlback, 1996;Johnsen et al., 2002 
GUV-541 29237 Dahlback, 1996;Johnsen et al., 2002 
GUV-541 29243 Dahlback, 1996;Johnsen et al., 2002 
GUV-541 9275 Dahlback, 1996;Johnsen et al., 2002 
GUV-541 9276 Dahlback, 1996;Johnsen et al., 2002 
GUV-541 29233 Dahlback, 1996; 
GUV-2511 04123 Dahlback, 1996; Bernhard et al., 2005 
GUV-2511 04121 Dahlback, 1996; Bernhard et al., 2005 
UV-MFRSR 00286 Min and Harrison, 1998;Davis and Slusser, 2005
UV-MFRSR 00292 Min and Harrison, 1998;Davis and Slusser, 2005
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ANNEX A4 
 
 
Multiband filter radiometers participating in the campaign and the characterization 

work performed in the laboratory. X denotes that the work has been done 
 

Instrument type Instrument S/num C( θ, φ ) S( λ ) QTH lamps
MBFR NILU-UV 990331 x x -
MBFR NILU-UV 04102 - x -
MBFR NILU-UV 990304 - x -
MBFR NILU-UV 990310 - x -
MBFR NILU-UV 990339 x x -
MBFR NILU-UV 04106 x x -
MBFR NILU-UV 04108 - x -
MBFR NILU-UV 04109 - x -
MBFR NILU-UV 04110 - x -
MBFR NILU-UV 04111 - x -
MBFR NILU-UV 04114 - x -
MBFR NILU-UV 04115 - x -
MBFR NILU-UV 04116 - x -
MBFR NILU-UV 04117 - x -
MBFR NILU-UV 04118 x x -
MBFR NILU-UV 04120 - x -
MBFR NILU-UV 990319 x x -
MBFR NILU-UV 990306 - x -
MBFR NILU-UV 990313 - x -
MBFR NILU-UV 990325 - x -
MBFR NILU-UV 990327 - x -
MBFR NILU-UV 990329 - x -
MBFR NILU-UV 990338 - x -
MBFR NILU-UV 04112 - x -
MBFR NILU-UV 04113 x x -
MBFR GUV-541 9297 x x x
MBFR GUV-2511 04123 x x x
MBFR GUV-2511 04121 x x x
MBFR GUV-541 9270 x x x
MBFR GUV-541 9271 x x x
MBFR GUV-541 9272 x x x
MBFR GUV-541 9273 x x x  
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Instrument type Instrument S/num C( θ, φ ) S( λ ) QTH lamps

MBFR GUV-541 9274 x x x
MBFR GUV-541 29222 x x x
MBFR GUV-541 29229 x x x
MBFR GUV-541 29237 x x x
MBFR GUV-541 29243 x x x
MBFR GUV-541 9275 x x x
MBFR GUV-541 9276 x x x
MBFR GUV-511 9222 x x x
MBFR GUV-541 29233 x x x
MBFR UV-MFRSR 00286 x x -
MBFR UV-MFRSR 00292 x x -  
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ANNEX A5 
 
 

Empirical corrections of the relative spectral responsivity functions. A case study 
for GUV serial number 9270 

 
 

The peak-normalized spectral response function of each detector channel was assembled 
from series of measurements, with the excitation monochromators set to different bandwidths (ref. 
section 2.6.1). This first approximation of the true responsivity function ri

(0) was next tested against 
global sky measurements with the MBFR and spectroradiometer-based simulations of the detector 
output (Eq. 6). Modifications were made to ri

(0) until the response factors Ki (Eq. 6) were acceptable 
constant (±2%) for all SZAs. Prior to the calculations, the influences from cosine errors resulting 
from non-ideal angular responsivity functions were corrected, applying GCCF in section 2.7 (see 
eg. GCCF vs. SZA in Figure 17). The response factors Ki

(0) resulting from this first approximation 
are shown in Figure A5.1 for the five detector channels of GUV 9270, as a function of SZA. As may 
be seen, cosine corrections (open symbols) resulted in factors that were less SZA-dependent and 
less dependent on the solar azimuth (red and blue symbols) than without the use of cosine 
corrections (solid symbols). However, it may be seen that the Ki's for the first channel have a 
significant slope, indicating that ri

(0) poorly matches the true responsivity function of the radiometer. 
 

The SZA-dependency in Ki's results from errors in ri
(0) related to the laboratory set-up, and 

possibly also effects from differences in the spectral and directional distribution of the laboratory 
source and global sky. Candidate error sources are 1) errors in the wavelength scale of the 
monochromatic excitation source or wavelength shifts induced by the directional distribution of the 
source, 2) convolution effects resulting from finite bandwidths of the excitation source, 3) existence 
of secondary responsivity peaks and finite responses at high wavelengths that could not be 
resolved in the laboratory, due to limited dynamic response of the detector signals, and 4) non-
linear response to the intensity of the excitation source.  
 

Influence of small wavelength errors in ri: The introduction of a shift in the wavelength scale 
of ri may help to compensate the SZA-dependency in Ki for those channels overlapping the solar 
cut-off region (λ < 325 nm) In Figure A5.2 we added -0.2 nm to the wavelength scale of detector 
channel 1 (305 nm), whereas the scales of the other channels were unshifted. As may be seen, 
most of the SZA dependency of channel 1 was compensated (within ±2% up to SZA 70°). 
However, a shift by -0.2 nm is unlikely large in our case, as measurements of the slit functions at 
all wavelength settings from 270nm to 420 nm showed maximum errors less than ±0.1 nm. Hence, 
other error sources may have larger significance than errors in the wavelength scale. 
 

Effects from finite bandwidths of the excitation source: Bernhard et al. [2005] have shown 
that the broadening in ri resulting from finite bandwidths of the excitation monochromator may be 
partly corrected, using an approximated deconvolution algorithm:  
 

)(U)(U)(R conv
2
measureddeconv λλ=λ  

 
where Rdeconv is the deconvoluted responsivity function, Umeasured is the output signal measured for 
the actual slit function, and Uconv is the output signal convoluted with the slit function of the 
excitation monochromators. The Ki's resulting from deconvolution of ri's are shown in Figure A5.3. 
The enhanced steepness in flanges of ri resulted in significantly smaller SZA-dependency of Ki for 
the channel 1 (305 nm), as did also the addition of a negative wavelength shift in the previous case 
(Figure A5.2). The Ki's for the other channels were almost unaffected. In order to further reduce 
the SZA-dependency, the steepness of deconvoluted ri's were enhanced by multiplying the 
wavelength scale around the steepest region of ri with a factor γ smaller or larger than 1.00 and 
interpolating ri back to the original sampling wavelengths. Choosing γ equal to 0.90 for the first 3 
channels' response functions resulted in Ki's that were almost within ±2% for all SZA's, as may be 
seen in Figure A5.4. 
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Influences from finite responses at large wavelengths. Secondary peaks and finite 
responses at large wavelengths are manifested in Ki for moderate and high SZAs (60° or more). If 
Ki's increase with increasing SZA, the initially determined response factors are too small at large 
wavelengths compared with the true radiometer response. Inclusion of a response-tail that is too 
high in the UVA for channel 1 result in Ki's that fall off at high SZA, as shown in Figure A5.5.  
 

The final Ki's resulting from optimal modifications of ri is shown in Figure A5.6. Residual 
deviations may be due to uncertainties in the cosine corrections and effects from other response 
functions. The final spectral response functions are shown in Figure A5.7. The initial response 
functions ri

0 were first deconvoluted and further made steeper with the γ set to 0.9. A UVA tail equal 
to 10-6 was added to the channel 1, and the magnitude of the secondary peaks of channel 2 and 3 
reduced by a factor 1.05.  
 

 
 
Figure. A5.1.  Absolute responsivity factors Ki (Y-axis) as function of SZA (X-axis) for GUV 9273 for 

day of year 147 2005, applying the original peak-normalized responsivity functions 
from laboratory characterizations (ri

(0) ). Red and blue symbols correspond to rising 
and setting sun. Open and solid symbols correspond to Ki's obtained respectively 
with and without cosine corrections of the detector outputs. Horizontal lines represent 
to ±2% intervals in the mean Ki. The reference spectroradiometer is DTM300. 
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Figure A5.2.  Same as Figure A5.1, but wavelength scale of the spectral responsivity function of 

detector channel 1 shifted by -0.2 nm. 

 
 
Figure A5.3.  Same as Figure A5.1, but with the spectral responsivity function deconvoluted. 
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Figure A5.4. Same as Figure A5.3, but with steepness of deconvolved responsivity functions 

enhanced with a constant factor for channels 1 to 3. 
 

 
 
Figure A5.5.  Same as Figure A5.4, but for a response tail in the UVA of channel 1 set too high 

(equal to 10-5). 
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Figure A5.6.  Ki's resulting from deconvolution, sharpening of flanges and inclusion and 

modification of the magnitude of secondary response peaks in the initial spectral 
response function ri. 

 

 
 
Figure A5.7.  The initial spectral response functions from laboratory characterizations (circles) and 

the results after modifications (thick lines). 
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ANNEX A6 
 
 
UVI results provided by the participants and harmonized UVI results relative to the 

campaign spectral reference, for the period day 140 to 160 2005 
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GLOBAL ATMOSPHERE WATCH REPORT SERIES 
 
 
1. Final Report of the Expert Meeting on the Operation of Integrated Monitoring Programmes, Geneva, 2 -5 September 1980. 
 
2. Report of the Third Session of the GESAMP Working Group on the Interchange of Pollutants Between the Atmosphere and 

the Oceans (INTERPOLL-III), Miami, USA, 27-31 October 1980. 
 
3. Report of the Expert Meeting on the Assessment of the Meteorological Aspects of the First Phase of EMEP, Shinfield Park, 

U.K., 30 March - 2 April 1981. 
 
4. Summary Report on the Status of the WMO Background Air Pollution Monitoring Network as at April 1981. 
 
5. Report of the WMO/UNEP/ICSU Meeting on Instruments, Standardization and Measurements Techniques for Atmospheric 

CO2, Geneva, 8-11; September 1981. 
 
6. Report of the Meeting of Experts on BAPMoN Station Operation, Geneva, 23–26 November 1981. 
 
7. Fourth Analysis on Reference Precipitation Samples by the Participating World Meteorological Organization Laboratories 

by Robert L. Lampe and John C. Puzak, December 1981. 
 
8. Review of the Chemical Composition of Precipitation as Measured by the WMO BAPMoN by Prof. Dr Hans-Walter Georgii, 

February 1982. 
 
9. An Assessment of BAPMoN Data Currently Available on the Concentration of CO2 in the Atmosphere by M.R. Manning, 

February 1982. 
 
10. Report of the Meeting of Experts on Meteorological Aspects of Long-range Transport of Pollutants, Toronto, Canada, 30 

November - 4 December 1981. 
 
11. Summary Report on the Status of the WMO Background Air Pollution Monitoring Network as at May 1982. 
 
12. Report on the Mount Kenya Baseline Station Feasibility Study edited by Dr Russell C. Schnell. 
 
13. Report of the Executive Committee Panel of Experts on Environmental Pollution, Fourth Session, Geneva, 27 September - 

1 October 1982. 
 
14. Effects of Sulphur Compounds and Other Pollutants on Visibility by Dr R.F. Pueschel, April 1983. 
 
15. Provisional Daily Atmospheric Carbon Dioxide Concentrations as Measured at BAPMoN Sites for the Year 1981, May 

1983. 
 
16. Report of the Expert Meeting on Quality Assurance in BAPMoN, Research Triangle Park, North Carolina, USA, 17-21 

January 1983. 
 
17. General Consideration and Examples of Data Evaluation and Quality Assurance Procedures Applicable to BAPMoN 

Precipitation Chemistry Observations by Dr Charles Hakkarinen, July 1983. 
 
18. Summary Report on the Status of the WMO Background Air Pollution Monitoring Network as at May 1983. 
 
19. Forecasting of Air Pollution with Emphasis on Research in the USSR by M.E. Berlyand, August 1983. 
 
20. Extended Abstracts of Papers to be Presented at the WMO Technical Conference on Observation and Measurement of 

Atmospheric Contaminants (TECOMAC), Vienna, 17-21 October 1983. 
 
21. Fifth Analysis on Reference Precipitation Samples by the Participating World Meteorological Organization Laboratories by 

Robert L. Lampe and William J. Mitchell, November 1983. 
 
22. Report of the Fifth Session of the WMO Executive Council Panel of Experts on Environmental Pollution, Garmisch-

Partenkirchen, Federal Republic of Germany, 30 April - 4 May 1984 (WMO TD No. 10). 
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23. Provisional Daily Atmospheric Carbon Dioxide Concentrations as Measured at BAPMoN Sites for the Year 1982.  
November 1984 (WMO TD No. 12). 

 
24. Final Report of the Expert Meeting on the Assessment of the Meteorological Aspects of the Second Phase of EMEP, 

Friedrichshafen, Federal Republic of Germany, 7-10 December 1983.  October 1984 (WMO TD No. 11). 
 
25. Summary Report on the Status of the WMO Background Air Pollution Monitoring Network as at May 1984.  November 

1984 (WMO TD No. 13). 
 
26. Sulphur and Nitrogen in Precipitation:  An Attempt to Use BAPMoN and Other Data to Show Regional and Global 

Distribution by Dr C.C. Wallén.  April 1986 (WMO TD No. 103). 
 
27. Report on a Study of the Transport of Sahelian Particulate Matter Using Sunphotometer Observations by Dr Guillaume A. 

d'Almeida.  July 1985 (WMO TD No. 45). 
 
28. Report of the Meeting of Experts on the Eastern Atlantic and Mediterranean Transport Experiment ("EAMTEX"), Madrid 

and Salamanca, Spain, 6-8 November 1984. 
 
29. Recommendations on Sunphotometer Measurements in BAPMoN Based on the Experience of a Dust Transport Study in 

Africa by Dr Guillaume A. d'Almeida.  September 1985 (WMO TD No. 67). 
 
30. Report of the Ad-hoc Consultation on Quality Assurance Procedures for Inclusion in the BAPMoN Manual, Geneva, 29-31 

May 1985. 
 
31. Implications of Visibility Reduction by Man-Made Aerosols (Annex to No. 14) by R.M. Hoff and L.A. Barrie.  October 1985 

(WMO TD No. 59). 
 
32. Manual for BAPMoN Station Operators by E. Meszaros and D.M. Whelpdale. October 1985 (WMO TD No. 66). 
 
33. Man and the Composition of the Atmosphere:  BAPMoN - An international programme of national needs, responsibility and 

benefits by R.F. Pueschel, 1986. 
 
34. Practical Guide for Estimating Atmospheric Pollution Potential by Dr L.E. Niemeyer.  August 1986 (WMO TD No. 134). 
 
35. Provisional Daily Atmospheric CO2 Concentrations as Measured at BAPMoN Sites for the Year 1983.  December 1985 

(WMO TD No. 77). 
 
36. Global Atmospheric Background Monitoring for Selected Environmental Parameters.  BAPMoN Data for 1984.  Volume I:  

Atmospheric Aerosol Optical Depth.  October 1985 (WMO TD No. 96). 
 
37. Air-Sea Interchange of Pollutants by R.A. Duce.  September 1986 (WMO TD No. 126). 
 
38. Summary Report on the Status of the WMO Background Air Pollution Monitoring Network as at 31 December 1985.  

September 1986 (WMO TD No. 136). 
 
39. Report of the Third WMO Expert Meeting on Atmospheric Carbon Dioxide Measurement Techniques, Lake Arrowhead, 

California, USA, 4-8 November 1985.  October 1986. 
 
40. Report of the Fourth Session of the CAS Working Group on Atmospheric Chemistry and Air Pollution, Helsinki, Finland, 18-

22 November 1985.  January 1987. 
 
41. Global Atmospheric Background Monitoring for Selected Environmental Parameters.  BAPMoN Data for 1982, Volume II:  

Precipitation chemistry, continuous atmospheric carbon dioxide and suspended particulate matter.  June 1986 (WMO TD 
No. 116). 

 
42. Scripps reference gas calibration system for carbon dioxide-in-air standards:  revision of 1985 by C.D. Keeling, P.R. 

Guenther and D.J. Moss.  September 1986 (WMO TD No. 125). 
 
43. Recent progress in sunphotometry (determination of the aerosol optical depth).  November 1986. 
 
44. Report of the Sixth Session of the WMO Executive Council Panel of Experts on Environmental Pollution, Geneva, 5-9 May 

1986.  March 1987. 
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45. Proceedings of the International Symposium on Integrated Global Monitoring of the State of the Biosphere (Volumes I-IV), 
Tashkent, USSR, 14-19 October 1985.  December 1986 (WMO TD No. 151). 

 
46. Provisional Daily Atmospheric Carbon Dioxide Concentrations as Measured at BAPMoN Sites for the Year 1984.  

December 1986 (WMO TD No. 158). 
 
47. Procedures and Methods for Integrated Global Background Monitoring of Environmental Pollution by F.Ya. Rovinsky, 

USSR and G.B. Wiersma, USA.  August 1987 (WMO TD No. 178). 
 
48. Meeting on the Assessment of the Meteorological Aspects of the Third Phase of EMEP IIASA, Laxenburg, Austria, 30 

March - 2 April 1987.  February 1988. 
 
49. Proceedings of the WMO Conference on Air Pollution Modelling and its Application (Volumes I-III), Leningrad, USSR, 19-

24 May 1986.  November 1987 (WMO TD No. 187). 
 
50. Provisional Daily Atmospheric Carbon Dioxide Concentrations as Measured at BAPMoN Sites for the Year 1985.  

December 1987 (WMO TD No. 198). 
 
51. Report of the NBS/WMO Expert Meeting on Atmospheric CO2 Measurement Techniques, Gaithersburg, USA, 15-17 June 

1987.  December 1987. 
 
52. Global Atmospheric Background Monitoring for Selected Environmental Parameters.  BAPMoN Data for 1985.  Volume I:  

Atmospheric Aerosol Optical Depth.  September 1987. 
 
53. WMO Meeting of Experts on Strategy for the Monitoring of Suspended Particulate Matter in BAPMoN - Reports and papers 

presented at the meeting, Xiamen, China, 13-17 October 1986. October 1988. 
 
54. Global Atmospheric Background Monitoring for Selected Environmental Parameters.  BAPMoN Data for 1983, Volume II:  

Precipitation chemistry, continuous atmospheric carbon dioxide and suspended particulate matter (WMO TD No. 283). 
 
55. Summary Report on the Status of the WMO Background Air Pollution Monitoring Network as at 31 December 1987 (WMO 

TD No. 284). 
 
56. Report of the First Session of the Executive Council Panel of Experts/CAS Working Group on Environmental Pollution and 

Atmospheric Chemistry, Hilo, Hawaii, 27-31 March 1988. June 1988. 
 
57. Global Atmospheric Background Monitoring for Selected Environmental Parameters.  BAPMoN Data for 1986, Volume I:  

Atmospheric Aerosol Optical Depth.  July 1988. 
 
58. Provisional Daily Atmospheric Carbon Dioxide Concentrations as measured at BAPMoN sites for the years 1986 and 1987 

(WMO TD No. 306). 
 
59. Extended Abstracts of Papers Presented at the Third International Conference on Analysis and Evaluation of Atmospheric 

CO2 Data - Present and Past, Hinterzarten, Federal Republic of Germany, 16-20 October 1989 (WMO TD No. 340). 
 
60. Global Atmospheric Background Monitoring for Selected Environmental Parameters.  BAPMoN Data for 1984 and 1985, 

Volume II:  Precipitation chemistry, continuous atmospheric carbon dioxide and suspended particulate matter. 
 
61. Global Atmospheric Background Monitoring for Selected Environmental Parameters.  BAPMoN Data for 1987 and 1988, 

Volume I:  Atmospheric Aerosol Optical Depth. 
 
62. Provisional Daily Atmospheric Carbon Dioxide Concentrations as measured at BAPMoN sites for the year 1988 (WMO TD 

No. 355). 
 
63. Report of the Informal Session of the Executive Council Panel of Experts/CAS Working Group on Environmental Pollution 

and Atmospheric Chemistry, Sofia, Bulgaria, 26 and 28 October 1989. 
 
64. Report of the consultation to consider desirable locations and observational practices for BAPMoN stations of global 

importance, Bermuda Research Station, 27-30 November 1989. 
 
65. Report of the Meeting on the Assessment of the Meteorological Aspects of the Fourth Phase of EMEP, Sofia, Bulgaria, 27 

and 31 October 1989. 
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66. Summary Report on the Status of the WMO Global Atmosphere Watch Stations as at 31 December 1990 (WMO TD No. 
419). 

 
67. Report of the Meeting of Experts on Modelling of Continental, Hemispheric and Global Range Transport, Transformation 

and Exchange Processes, Geneva, 5-7 November 1990. 
 
68. Global Atmospheric Background Monitoring for Selected Environmental Parameters.  BAPMoN Data For 1989, Volume I:  

Atmospheric Aerosol Optical Depth. 
 
69. Provisional Daily Atmospheric Carbon Dioxide Concentrations as measured at Global Atmosphere Watch (GAW)-BAPMoN 

sites for the year 1989 (WMO TD No. 400). 
 
70. Report of the Second Session of EC Panel of Experts/CAS Working Group on Environmental Pollution and Atmospheric 

Chemistry, Santiago, Chile, 9-15 January 1991 (WMO TD No. 633). 
 
71. Report of the Consultation of Experts to Consider Desirable Observational Practices and Distribution of GAW Regional 

Stations, Halkidiki, Greece, 9-13 April 1991 (WMO TD No. 433). 
 
72. Integrated Background Monitoring of Environmental Pollution in Mid-Latitude Eurasia by Yu.A. Izrael and F.Ya. Rovinsky, 

USSR (WMO TD No. 434). 
 
73. Report of the Experts Meeting on Global Aerosol Data System (GADS), Hampton, Virginia, 11 to 12 September 1990 

(WMO TD No. 438). 
 
74. Report of the Experts Meeting on Aerosol Physics and Chemistry, Hampton, Virginia, 30 to 31 May 1991 (WMO TD No. 

439). 
 
75. Provisional Daily Atmospheric Carbon Dioxide Concentrations as measured at Global Atmosphere Watch (GAW)-BAPMoN 

sites for the year 1990 (WMO TD No. 447). 
 
76. The International Global Aerosol Programme (IGAP) Plan:  Overview (WMO TD No. 445). 
 
77. Report of the WMO Meeting of Experts on Carbon Dioxide Concentration and Isotopic Measurement Techniques, Lake 

Arrowhead, California, 14-19 October 1990. 
 
78. Global Atmospheric Background Monitoring for Selected Environmental Parameters BAPMoN Data for 1990, Volume I: 

Atmospheric Aerosol Optical Depth (WMO TD No. 446). 
 
79. Report of the Meeting of Experts to Consider the Aerosol Component of GAW, Boulder, 16 to 19 December 1991 (WMO 

TD No. 485). 
 
80. Report of the WMO Meeting of Experts on the Quality Assurance Plan for the GAW, Garmisch-Partenkirchen, Germany, 

26-30 March 1992 (WMO TD No. 513). 
 
81. Report of the Second Meeting of Experts to Assess the Response to and Atmospheric Effects of the Kuwait Oil Fires, 

Geneva, Switzerland, 25-29 May 1992 (WMO TD No. 512). 
 
82. Global Atmospheric Background Monitoring for Selected Environmental Parameters BAPMoN Data for 1991, Volume I: 

Atmospheric Aerosol Optical Depth (WMO TD No. 518). 
 
83. Report on the Global Precipitation Chemistry Programme of BAPMoN (WMO TD No. 526). 
 
84. Provisional Daily Atmospheric Carbon Dioxide Concentrations as measured at GAW-BAPMoN sites for the year 1991 

(WMO TD No. 543). 
 
85. Chemical Analysis of Precipitation for GAW: Laboratory Analytical Methods and Sample Collection Standards by Dr 

Jaroslav Santroch (WMO TD No. 550). 
 
86. The Global Atmosphere Watch Guide, 1993 (WMO TD No. 553). 
 
87. Report of the Third Session of EC Panel/CAS Working Group on Environmental Pollution and Atmospheric Chemistry, 

Geneva, 8-11 March 1993 (WMO TD No. 555). 
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88. Report of the Seventh WMO Meeting of Experts on Carbon Dioxide Concentration and Isotopic Measurement Techniques, 
Rome, Italy, 7-10 September 1993, (edited by Graeme I. Pearman and James T. Peterson) (WMO TD No. 669). 

 
89. 4th International Conference on CO2 (Carqueiranne, France, 13-17 September 1993) (WMO TD No.  561). 
 
90. Global Atmospheric Background Monitoring for Selected Environmental Parameters GAW Data for 1992, Volume I: 

Atmospheric Aerosol Optical Depth (WMO TD No. 562). 
 
91. Extended Abstracts of Papers Presented at the WMO Region VI Conference on the Measurement and Modelling of 

Atmospheric Composition Changes Including Pollution Transport, Sofia, 4 to 8 October 1993 (WMO TD No. 563). 
 
92. Report of the Second WMO Meeting of Experts on the Quality Assurance/Science Activity Centres of the Global 

Atmosphere Watch, Garmisch-Partenkirchen, 7-11 December 1992 (WMO TD No. 580). 
 
93. Report of the Third WMO Meeting of Experts on the Quality Assurance/Science Activity Centres of the Global Atmosphere 

Watch, Garmisch-Partenkirchen, 5-9 July 1993 (WMO TD No. 581). 
 
94. Report on the Measurements of Atmospheric Turbidity in BAPMoN (WMO TD No. 603). 
 
95. Report of the WMO Meeting of Experts on UV-B Measurements, Data Quality and Standardization of UV Indices, Les 

Diablerets, Switzerland, 25-28 July 1994 (WMO TD No. 625). 
 
96. Global Atmospheric Background Monitoring for Selected Environmental Parameters WMO GAW Data for 1993, Volume I: 

Atmospheric Aerosol Optical Depth. 
 
97. Quality Assurance Project Plan (QAPjP) for Continuous Ground Based Ozone Measurements (WMO TD No. 634). 
 
98. Report of the WMO Meeting of Experts on Global Carbon Monoxide Measurements, Boulder, USA, 7-11 February 1994 

(WMO TD No. 645). 
 
99. Status of the WMO Global Atmosphere Watch Programme as at 31 December 1993 (WMO TD No. 636). 
 
100. Report of the Workshop on UV-B for the Americas, Buenos Aires, Argentina, 22-26 August 1994. 
 
101. Report of the WMO Workshop on the Measurement of Atmospheric Optical Depth and Turbidity, Silver Spring, USA, 6-10 

December 1993, (edited by Bruce Hicks) (WMO TD No. 659). 
 
102. Report of the Workshop on Precipitation Chemistry Laboratory Techniques, Hradec Kralove, Czech Republic, 17-21 

October 1994 (WMO TD No. 658). 
 
103. Report of the Meeting of Experts on the WMO World Data Centres, Toronto, Canada, 17 - 18 February 1995, (prepared by 

Edward Hare) (WMO TD No. 679). 
 
104. Report of the Fourth WMO Meeting of Experts on the Quality Assurance/Science Activity Centres (QA/SACs) of the Global 

Atmosphere Watch, jointly held with the First Meeting of the Coordinating Committees of IGAC-GLONET and IGAC-ACE, 
Garmisch-Partenkirchen, Germany, 13 to 17 March 1995 (WMO TD No. 689). 

 
105. Report of the Fourth Session of the EC Panel of Experts/CAS Working Group on Environmental Pollution and Atmospheric 

Chemistry (Garmisch, Germany, 6-11 March 1995) (WMO TD No. 718). 
 
106. Report of the Global Acid Deposition Assessment (edited by D.M. Whelpdale and M-S. Kaiser)  (WMO TD No. 777). 
 
107. Extended Abstracts of Papers Presented at the WMO-IGAC Conference on the Measurement and Assessment of 

Atmospheric Composition Change (Beijing, China, 9-14 October 1995) (WMO TD No. 710). 
 
108. Report of the Tenth WMO International Comparison of Dobson Spectrophotometers (Arosa, Switzerland, 24 July - 4 

August 1995). 
 
109. Report of an Expert Consultation on 85Kr and 222Rn: Measurements, Effects and Applications (Freiburg, Germany, 28-31 

March 1995) (WMO TD No. 733). 
 
110. Report of the WMO-NOAA Expert Meeting on GAW Data Acquisition and Archiving (Asheville, NC, USA, 4-8 November 

1995) (WMO TD No. 755). 
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111. Report of the WMO-BMBF Workshop on VOC Establishment of a “World Calibration/Instrument Intercomparison Facility 
for VOC” to Serve the WMO Global Atmosphere Watch (GAW) Programme (Garmisch-Partenkirchen, Germany, 
17-21 December 1995) (WMO TD No. 756). 

 
112. Report of the WMO/STUK Intercomparison of Erythemally-Weighted Solar UV Radiometers, Spring/Summer 1995, 

Helsinki, Finland (WMO TD No. 781). 
 
112A. Report of the WMO/STUK ’95 Intercomparison of broadband UV radiometers: a small-scale follow-up study in 1999, 

Helsinki, 2001, Addendum to GAW Report No. 112. 
 
113. The Strategic Plan of the Global Atmosphere Watch (GAW) (WMO TD No. 802). 
 
114. Report of the Fifth WMO Meeting of Experts on the Quality Assurance/Science Activity Centres (QA/SACs) of the Global 

Atmosphere Watch, jointly held with the Second Meeting of the Coordinating Committees of IGAC-GLONET and IGAC-
ACEEd, Garmisch-Partenkirchen, Germany, 15-19 July 1996 (WMO TD No. 787). 

 
115. Report of the Meeting of Experts on Atmospheric Urban Pollution and the Role of NMSs (Geneva, 7-11 October 1996) 

(WMO TD No. 801). 
 
116. Expert Meeting on Chemistry of Aerosols, Clouds and Atmospheric Precipitation in the Former USSR (Saint Petersburg, 

Russian Federation, 13-15 November 1995). 
 
117. Report and Proceedings of the Workshop on the Assessment of EMEP Activities Concerning Heavy Metals and Persistent 

Organic Pollutants and their Further Development (Moscow, Russian Federation, 24-26 September 1996) (Volumes I and 
II) (WMO TD No. 806). 

 
118. Report of the International Workshops on Ozone Observation in Asia and the Pacific Region (IWOAP, IWOAP-II), (IWOAP, 

27 February-26 March 1996 and IWOAP-II, 20 August-18 September 1996) (WMO TD No. 827). 
 
119. Report on BoM/NOAA/WMO International Comparison of the Dobson Spectrophotometers (Perth Airport, Perth, Australia, 

3-14 February 1997), (prepared by Robert Evans and James Easson) (WMO TD No. 828). 
 
120. WMO-UMAP Workshop on Broad-Band UV Radiometers (Garmisch-Partenkirchen, Germany, 22 to 23 April 1996) (WMO 

TD No. 894). 
 
121. Report of the Eighth WMO Meeting of Experts on Carbon Dioxide Concentration and Isotopic Measurement Techniques 

(prepared by Thomas Conway) (Boulder, CO, 6-11 July 1995) (WMO TD No. 821).  
 
122. Report of Passive Samplers for Atmospheric Chemistry Measurements and their Role in GAW (prepared by Greg 

Carmichael) (WMO TD No. 829). 
 
123. Report of WMO Meeting of Experts on GAW Regional Network in RA VI, Budapest, Hungary, 5 to 9 May 1997. 
 
124. Fifth Session of the EC Panel of Experts/CAS Working Group on Environmental Pollution and Atmospheric Chemistry, 

(Geneva, Switzerland, 7-10 April 1997) (WMO TD No. 898) 
 
125. Instruments to Measure Solar Ultraviolet Radiation, Part 1: Spectral Instruments (lead author G. Seckmeyer) (WMO TD No. 

1066) 
 
126. Guidelines for Site Quality Control of UV Monitoring (lead author A.R. Webb) (WMO TD No. 884). 
 
127. Report of the WMO-WHO Meeting of Experts on Standardization of UV Indices and their Dissemination to the Public (Les 

Diablerets, Switzerland, 21-25 July 1997) (WMO TD No. 921). 
 
128. The Fourth Biennial WMO Consultation on Brewer Ozone and UV Spectrophotometer Operation, Calibration and Data 

Reporting, (Rome, Italy, 22-25 September 1996) (WMO TD No. 918). 
 
129. Guidelines for Atmospheric Trace Gas Data Management (Ken Masarie and Pieter Tans), 1998 (WMO TD No. 907). 
 
130. Jülich Ozone Sonde Intercomparison Experiment (JOSIE, 5 February to 8 March 1996), (H.G.J. Smit and D. Kley) (WMO 

TD No. 926). 
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131. WMO Workshop on Regional Transboundary Smoke and Haze in Southeast Asia (Singapore, 2 to 5 June 1998) (Gregory 
R. Carmichael).  Two volumes. 

 
132. Report of the Ninth WMO Meeting of Experts on Carbon Dioxide Concentration and Related Tracer Measurement 

Techniques (Edited by Roger Francey), (Aspendale, Vic., Australia).  
 
133. Workshop on Advanced Statistical Methods and their Application to Air Quality Data Sets (Helsinki, 14-18 September 

1998) (WMO TD No. 956). 
 
134. Guide on Sampling and Analysis Techniques for Chemical Constituents and Physical Properties in Air and Precipitation as 

Applied at Stations of the Global Atmosphere Watch. Carbon Dioxide (WMO TD No. 980). 
 
135. Sixth Session of the EC Panel of Experts/CAS Working Group on Environmental Pollution and Atmospheric Chemistry 

(Zurich, Switzerland, 8-11 March 1999) (WMO TD No.1002). 
 
136. WMO/EMEP/UNEP Workshop on Modelling of Atmospheric Transport and Deposition of Persistent Organic Pollutants and 

Heavy Metals (Geneva, Switzerland, 16-19 November 1999) (Volumes I and II) (WMO TD No. 1008). 
 
137. Report and Proceedings of the WMO RA II/RA V GAW Workshop on Urban Environment (Beijing, China, 1-4 November 

1999) (WMO-TD. 1014) (Prepared by Greg Carmichael). 
 
138. Reports on WMO International Comparisons of Dobson Spectrophotometers, Parts I – Arosa, Switzerland, 19-31 July 1999, 

Part II – Buenos Aires, Argentina (29 Nov. – 12 Dec. 1999 and Part III – Pretoria, South Africa (18 March – 10 April 2000) 
(WMO TD No. 1016). 

 
139. The Fifth Biennial WMO Consultation on Brewer Ozone and UV Spectrophotometer Operation, Calibration and Data 

Reporting (Halkidiki, Greece, September 1998)(WMO TD No. 1019). 
 
140. WMO/CEOS Report on a Strategy for Integrating Satellite and Ground-based Observations of Ozone (WMO TD No. 1046).  
 
141. Report of the LAP/COST/WMO Intercomparison of Erythemal Radiometers Thessaloniki, Greece, 13-23 September 1999) 

(WMO TD No. 1051). 
 
142. Strategy for the Implementation of the Global Atmosphere Watch Programme (2001-2007), A Contribution to the 

Implementation of the Long-Term Plan (WMO TD No.1077). 
 
143. Global Atmosphere Watch Measurements Guide (WMO TD No. 1073). 
 
144. Report of the Seventh Session of the EC Panel of Experts/CAS Working Group on Environmental Pollution and 

Atmospheric Chemistry and the GAW 2001 Workshop (Geneva, Switzerland, 2 to 5 April 2001) (WMO TD No. 1104). 
 
145. WMO GAW International Comparisons of Dobson Spectrophotometers at the Meteorological Observatory 

Hohenpeissenberg, Germany (21 May – 10 June 2000, MOHp2000-1), 23 July – 5 August 2000, MOHp2000-2), (10 – 23 
June 2001, MOHp2001-1) and (8 to 21 July 2001, MOHp2001-2). Prepared by Ulf Köhler (WMO TD No. 1114). 

 
146. Quality Assurance in monitoring solar ultraviolet radiation: the state of the art. (WMO TD No. 1180). 
 
147. Workshop on GAW in RA VI (Europe), Riga, Latvia, 27-30 May 2002. (WMO TD No. 1206).  
 
148. Report of the Eleventh WMO/IAEA Meeting of Experts on Carbon Dioxide Concentration and Related Tracer Measurement 

Techniques (Tokyo, Japan, 25-28 September 2001) (WMO TD No 1138). 
 
149. Comparison of Total Ozone Measurements of Dobson and Brewer Spectrophotometers and Recommended Transfer 

Functions (prepared by J. Staehelin, J. Kerr, R. Evans and K. Vanicek) (WMO TD No. 1147). 
 
150. Updated Guidelines for Atmospheric Trace Gas Data Management (Prepared by Ken Maserie and Pieter Tans (WMO TD 

No. 1149). 
 
151. Report of the First CAS Working Group on Environmental Pollution and Atmospheric Chemistry (Geneva, Switzerland, 18-

19 March 2003) (WMO TD No. 1181). 
 
152. Current Activities of the Global Atmosphere Watch Programme (as presented at the 14th World Meteorological Congress, 

May 2003). (WMO TD No. 1168). 
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153. WMO/GAW Aerosol Measurement Procedures: Guidelines and Recommendations. (WMO TD No. 1178). 
 
154. WMO/IMEP-15 Trace Elements in Water Laboratory Intercomparison. (WMO TD No. 1195). 
 
155. 1st International Expert Meeting on Sources and Measurements of Natural Radionuclides Applied to Climate and Air 

Quality Studies (Gif sur Yvette, France, 3-5 June 2003) (WMO TD No. 1201). 
 
156. Addendum for the Period 2005-2007 to the Strategy for the Implementation of the Global Atmosphere Watch Programme 

(2001-2007), GAW Report No. 142 (WMO TD No. 1209). 
 
157. JOSIE-1998 Performance of EEC Ozone Sondes of SPC-6A and ENSCI-Z Type  (Prepared by Herman G.J. Smit and 

Wolfgang Straeter) (WMO TD No. 1218). 
 
158. JOSIE-2000 Jülich Ozone Sonde Intercomparison Experiment 2000. The 2000 WMO international intercomparison of 

operating procedures for ECC-ozone sondes at the environmental simulation facility at Jülich (Prepared by Herman G.J. 
Smit and Wolfgang Straeter) (WMO TD No. 1225). 

 
159. IGOS-IGACO Report - September 2004 (WMO TD No. 1235) 
 
160. Manual for the GAW Precipitation Chemistry Programme (Guidelines, Data Quality Objectives and Standard Operating 

Procedures) (WMO TD No. 1251). 
 
161 12th WMO/IAEA Meeting of Experts on Carbon Dioxide Concentration and Related Tracers Measurement Techniques 

(Toronto, Canada, 15-18 September 2003). 
 
162. WMO/GAW Experts Workshop on a Global Surface-Based Network for Long Term Observations of Column Aerosol 

Optical Properties, Davos, Switzerland, 8-10 March 2004 (edited by U. Baltensperger, L. Barrie and C. Wehrli) (WMO TD 
No.  1287). 

 
163. World Meteorological Organization Activities in Support of the Vienna Convention on Protection of the Ozone Layer (WMO 

No. 974). 
 
164. Instruments to Measure Solar Ultraviolet Radiation: Part 2: Broadband Instruments Measuring Erythemally Weighted Solar 

Irradiance (WMO TD No. 1289). 
 
165. Report of the CAS Working Group on Environmental Pollution and Atmospheric Chemistry and the GAW 2005 Workshop, 

14-18 March 2005, Geneva, Switzerland (WMO TD No. 1302). 
 
166. Joint WMO-GAW/ACCENT Workshop on The Global Tropospheric Carbon Monoxide Observations System, Quality 
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