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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 2022, the degree of data availability was 
satisfactory, especially considering the challenging conditions at 
Jungfraujoch. Radiation data availability reached 97% on average in 
2022, slightly lower than in 2021, due to failures in instruments 
ventilation units. Achieving a satisfactory 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 solar spectrum (shortwave) 
and thermal infrared (longwave) broadband measurements as well 
as UV broadband measurements. Thermal infrared and solar 
radiation data 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. Solar 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 368-
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 2022, the possible trends of atmospheric emissions toward the 
surface (downward thermal infrared radiation or DTIR) at 

Jungfraujoch and other stations in Switzerland were investigated.  
The Earth’s surface thermal emissions and atmospheric emissions 
toward the surface (DTIR) are the largest components of the Earth’s 
surface energy budget. While the mechanism of surface thermal 
emission is well understood, atmospheric emissions are more 
difficult to infer due to the complexity of radiative processes in the 
atmosphere (Wild et al., 2001). The foundation of the Baseline 
Surface Radiation Network (BSRN, Ohmura et al., 1998; Driemel et 
al., 2018) led to the global monitoring of DTIR and to a reduction of 
its measurement uncertainty and better traceability (Philipona et 
al., 1995, 2001; Gröbner et al., 2014). It resulted in an improved 
understanding of these radiation fluxes and improved their 
representation in global climate models. DTIR has been one of the 
global mean energy budget components where large adjustments 
have occurred in climate models over the decades (Wild, 2020). 

The physical understanding of climate change and the greenhouse 
effect implies that one of the most direct consequences of climate 
change should be the increase of the thermal atmospheric 
emissions toward the surface, i.e., DTIR. DTIR trends are anticipated 
to be of the order of 2 Wm-2/decade (Stephens et al., 2012), and 
their detection in observational time series is extremely challenging 
since the uncertainty of the primary reference for this type of 
measurement (the World Infrared Standard Group – WISG) is of the 
order of 5 Wm-2 (Gröbner et al., 2014). Detecting such trends, even 
with time series spanning two or three decades, relies on the 
observational reproducibility being better than the measurement 
uncertainty: the uncertainty in the calibration reproducibility 
relative to WISG is about 1 Wm-2. It is especially important that the 
time series are homogeneous since decade-long monitoring implies 
instrument changes, presenting a serious challenge because the 
thermal radiation calibration traceability – and calibration methods 
– have evolved during this time. 

At Jungfraujoch (JUN), monitoring of DTIR is performed in the 
framework of the SACRaM network, which also includes three 
other stations: Locarno (LOC; 46.180 N, 8.783 E; 367 m), Payerne, 
(PAY; 46.812 N, 6.944 E; 491 m) and Davos (DAV; 46.813 N, 9.844 
E; 1610 m). The SACRaM network started with the establishment of 
the Payerne BSRN station in 1992. The implementation of 
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monitoring of all BSRN-mandated parameters (including DTIR) at 
the other three stations was gradual and it is only in 2008 that all 
SACRaM stations were completed. However, DTIR was monitored 
at the same stations with comparable methodology in the 
framework of the Alpine Surface Radiation Budget (ASRB) network 
since 1994–1995 (Marty et al., 2002). ASRB operated until 2010-
2011. When it was decided to discontinue the ASRB, its data – and 
its operation during a transition period – were transferred to 
MeteoSwiss, ensuring that a parallel operation period of several 
years occurred at the four stations, except at Davos where the 
transition is less than a year. However, the WISG has operated at 
Davos almost continuously since 2004, providing a parallel DTIR 
time series over nearly two decades. Figure 1 shows the location of 
the ASRB and SACRaM stations and times when different 
pyrgeometers were in use for monitoring DTIR. 

DTIR trends determined in a previous study by Nyeki et al. (2019) 
for the period 1996–2015 were positive at all stations. The clear-
sky trends were all significant (90% confidence level – CL), while all-
sky trends were all significant, except for PAY. In this study, all-sky 
trends for 1997-2021 are all significant at the 95% CL, but not for 
other periods and the values of the trends vary significantly 
depending on the chosen period (see Table 1 and Figure 2). 

The DTIR trends computed in this study over 25 years (1997-2021, 
blue stars in Figure 2b) are relatively similar to those obtained by 
Nyeki et al. (1996-2015, blue circles in Figure 2a), however, when 
computing trends for shorter periods (20 or 15 years all ending in 
2021), the trend values varied, especially at PAY and JUN. For the 
latter, the 15-year trend is not compatible with the 20- or 25-year 
trends (the error bars represent 95% confidence level intervals). 

When possible, SACRaM DTIR measurements were conducted with 
more than one collocated instrument (redundancy). Figure 1b 
shows the different pyrgeometers used at SACRaM stations 
(blue/green patches for Kipp & Zonen CG4/CGR4, red/yellow for 
Eppley PIR). At JUN, data from a second instrument are available 
since 2000, with an interruption during 2006-2007 and a stable 
configuration since the end of 2015. Only data from one instrument 

(main) at any given time were considered for the initial analysis, but 
a second trend analysis was performed by replacing the main 
instrument data with those of the other instrument since the end 
of 2015 (before, the same data are used). These trends (blue, 
brown and yellow circles in Figure 2b; JUN2 in Table 1) are 
significantly different suggesting inhomogeneous data. 

 
Figure 1. a) Map with ASRB and SACRaM stations. b) Periods of use of pyrgeometers for the time series used in this study. 

 

 
Figure 2. DTIR trends in Wm-2 / decade computed over selected periods by: a) Nyeki et al. (2019) using a clear-sky selection or including all 
data and b) this study (only using all data, no clear-sky selection) with the least-squares method according to Weatherhead et al., (1998). 
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The simplest form of the calibration equation is 𝐸𝐸 = 𝑈𝑈 𝐶𝐶⁄ + 𝜎𝜎𝑇𝑇B4,  
where E is DTIR in Wm-2, U the thermopile signal in Volts, C the 
instrument sensitivity in VW-1m2 and 𝜎𝜎𝑇𝑇B4 represents the 
instrument emission due to its temperature TB in Kelvin. When 
cloud or fog droplets surround the instrument, they generate most 
of the DTIR, and are at a temperature similar to the instrument. 
Then, the net radiation component (U⁄C) is small and the largest 

part of E comes from 𝜎𝜎𝑇𝑇B4. In dry clear-sky situations, higher layers 
of the atmosphere influence DTIR and the net radiation becomes 
more important. Thus, if calibration is the cause of inhomogeneity, 
it should affect clear-sky situations more than cloudy ones. Figure 3 
shows the difference between JUN DTIR measured with a Kipp & 
Zonen CGR4 pyrgeometer and an Eppley PIR. The former was 
calibrated using the simplest form of the equation and the latter by 
PMOD/WRC using a more elaborate equation with correction 
factors k1, k2, k3 (Eq. 11 in Philipona et al., 1995). The average daily 
differences (distinguishing mostly cloudy and mostly clear-sky 
situations) show a more pronounced seasonal cycle – and larger 
differences – for mostly clear-sky situations, suggesting differences 
due to calibration. 

Using the raw data (U and TB), one can adjust the CGR4 calibration 
parameters (C, k1 and k2; k3 is not used for CGR4) by minimizing a 
so-called cost function (here, the mean square difference – MSD – 
between CGR4 and the PIR used as a reference). Figure 4a shows 
MSD vs. C and k1 for a given k2. Because of the structure of the 
PMOD/WRC equation, the influence of C and k1 compensate each 
other, resulting in an MSD “minimum valley” in the C vs k1 plane; 
this can be resolved by including constraints on k1 in the cost 
function. Using an adjusted C, k1, k2 set (red dot on Figure 4a), the 
smaller differences shown in Figure 4b are obtained, demonstrating 
that it is a promising method for resolving inhomogeneity due to 
calibration. This method, including further developments for 
application at other stations (e.g. BSRN), requires redundant 
measurements and raw data to be available. 

 

Table 1. DTIR trends in Wm-2 / decade computed over selected periods by Nyeki et al. (2019) and this study using the least-squares method 
according to Weatherhead et al. (1998). Trend values in italics (bold) are significant at the 90% (95%) CL. 

Station Nyeki et al. 1996-2015 1997-2021 2002-2021 2007-2021 
 clear-sky all-sky all-sky all-sky all-sky 

LOC 2.9 ± 1.8 2.5 ± 1.9 2.8 ± 1.9 3.2 ± 2.5 3.8 ± 3.5 
PAY 2.4 ± 1.9 0.9 ± 1.6 2.7 ± 1.6 4.4 ± 2.1 7.2 ± 2.9 
DAV 4.8 ± 1.7 2.7 ± 1.5 4.5 ± 1.7 6.0 ± 2.3 6.2 ± 3.3 
JUN 5.4 ± 1.6 4.3 ± 2.1 3.2 ± 2.4 3.4 ± 3.5 -3.2 ± 4.5 
JUN2   0.8 ± 2.5 0.1 ± 3.6 -8.1 ± 4.6 

 

 
Figure 3. Differences in DTIR measurements from instruments 
collocated at JUN during the period 2016-2021. Mostly cloudy (6-
8 octas; blue) and mostly clear-sky (0-3 octas; red) data are 
selected and average daily differences are computed. 

 
Figure 4. a) MSD cost function vs. C and k1 for k2 =0.99. b) DTIR differences as in Figure 3 after recomputing the CGR4 pyrgeometer 
measurements using the original raw data and the C, k1, k2 calibration values marked by the red dot in Figure 4a. 
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