
International Foundation HFSJG                                                                                                             Activity Report 2020 
   

29 
 

Global Atmosphere Watch radiation 
measurements 

Laurent Vuilleumier1, Gilles Durieux1, David Vernez2 

1 Federal Office of Meteorology and Climatology MeteoSwiss, Payerne, Switzerland  
2 Center for public health and primary care medicine (Unisanté), University of Lausanne, Switzerland 
 
laurent.vuilleumier@meteoswiss.ch  
 
Part of this programme: GAW 
 
Keywords: solar irradiance; ultraviolet, visible, infrared and spectral irradiance; precision filter radiometer (PFR); 
pyranometer; pyrheliometer; UV biometer; aerosol optical depth (AOD); integrated water vapour (IWV) 

 

1. Project description 

The goal of the Global Atmosphere Watch Radiation Measurement 
program at Jungfraujoch is providing long-term monitoring of 
surface downward radiation fluxes. It is conducted in the 
framework of the GAW Swiss Alpine Climate Radiation Monitoring 
program (SACRaM), which applies operational guidelines similar to 
those of the international Baseline Surface Radiation Network, 
except for the daily maintenance requirements due to the remote 
nature of the site. In 2020, an excellent degree of data availability 
was achieved, especially considering the challenging conditions at 
Jungfraujoch. On average, the data availability for radiation 
parameters reached 99%. Achieving this level of data availability for 
continuous automatic monitoring at Jungfraujoch implies a 
constant effort to sustain the highest achievable accuracy, stability 
and continuity in the measurements. 

The measurement program includes shortwave (solar spectrum) 
and longwave (infrared thermal) broadband measurements as well 
as UV broadband measurements. Short- and longwave 
measurement series are important for climate research, while UV 
measurements are of interest for both public health and exploring 
the relationship between the evolution of the ozone layer and 
radiation. Broadband radiation is measured both as global 
downward hemispheric irradiance and as direct sun irradiance. 

In addition, direct spectral irradiance is also measured, which 
allows aerosol optical depth (AOD) and integrated water vapour 
(IWV) column to be determined. In association with the WMO GAW 
Precision Filter Radiometer (PFR) network, MeteoSwiss operates 
such sun photometers at the four SACRaM stations measuring the 
direct irradiance in 16 narrow spectral bands within the range 305-
1024 nm since 1998. One of the four sites is Jungfraujoch, 
characterized by an alpine environment and partial free 
tropospheric conditions. At nine wavelengths, aerosol optical 
depth (AOD) is computed at times when no clouds are in the path 
of the direct solar beam. 

In 2020, research within the SACRaM network did not focus on the 
Jungfraujoch. On the other hand, there were studies on ground-

based radiation estimates inferred using large-scale datasets based 
on satellite data. 

In particular, a UV climatology for Switzerland has been developed 
to provide risk estimates at population level (Vuilleumier et al., 
2020). The dataset provides global UV erythemal irradiance at a 
spatial resolution of 1.5–2 km and an hourly temporal resolution 
over fifteen years. Validation with ground-measured data showed 
that the expanded uncertainty for low hourly UVI values (UVI < 3) 
is about ± 0.3, while for high hourly UVI values (UVI > 6) it can go up 
to ± 1.5. In clear-sky situation, the uncertainty is about 10–15%. 
This climatology accurately reproduces UV dependencies on solar 
zenith angle, cloudiness, atmospheric ozone content, aerosol 
optical depth and altitude. It has a spatial resolution sufficiently 
high to adequately resolve mountain effects. In addition, it has a 
temporal resolution sufficiently high to establish the variation of 
irradiance during the day. 

 

Figure 1. Map of average all-sky UV erythemal daily doses (SED) 
across Switzerland. UV daily doses (24 h exposure) are computed 
for every pixel and every day of the 15-year climatology and a 
temporal average over all days is computed for each pixel.
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As an example, Fig. 1 shows for every pixel the average UV daily 
dose on a flat horizontal surface expressed in standard erythemal 
dose (SED). First, the UV daily dose is computed by integrating the 
average UV irradiance of the 24 h for each pixel and each day of the 
15-year climatology and then a temporal average over all days is 
computed for each pixel. The average daily doses in Fig. 1 are 
between 15 and 29 SED and the spatial variability is mainly related 
to topography. The highest doses are found in the Alps, and 
particularly on summits and ridges such as the Jungfraujoch, while 
lower doses are found in lowlands and valleys. There are three 
reasons that explain why UV intensity is higher in mountains: the 
atmosphere traversed by UV radiation is thinner, there is less 
cloudiness above high mountains (when low clouds are present 
summits and ridges are above the cloud layer) and the surface 
albedo is higher due to snow. 
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Internet data bases 

http://www.meteoswiss.admin.ch/home/measurement-and-forecasting-
systems/atmosphere/strahlungsmessnetz.html  
http://wrdc.mgo.rssi.ru/ 
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