


 











Definition of the World Radiometric Definition of the World Radiometric 
Reference (WRR)Reference (WRR)

Fröhlich, 1977

● The WRR was defined in 1977 
by averaging the native scales 
of 15 cavity pyrheliometers

● It is since then realized by a 
group of absolute cavity 
pyrheliometers, the World 
Standard Group (WSG)

● The World Radiation Centre 
(WRC) is mandated by WMO to 
maintain and operate the WSG 
and to disseminate the WRR



Purpose of the WRRPurpose of the WRR

● Like any other standard, the purpose of the WRR is to enable 
accurate and stable measurements and to homogenize 
measurements with respect to location and time

– Compare solar irradiance measurements in different places on the Earth

– Compare solar irradiance measurements at different times

● For climatological purposes, the quest for long-term stability 
outweighs the need for higher absolute accuracy

● The WRR was designed to enable world-wide homogeneity and 
long-term stability of solar irradiance measurements

● The stability of the WRR is assured via International Pyrheliometer 
Comparison IPC, which are held every 5 years at PMOD/WRC





2015: The 122015: The 12thth International Pyrheliometer Comparison International Pyrheliometer Comparison

IPC-XII: 28. September  - 16. October 2015



WRR-to-SI TraceabilityWRR-to-SI Traceability

● All solar irrdiance related CMCs refer to the WRR

– WRR is the end point of the traceability chain for solar irradiance

● Several comparisons between the WRR and SI scale for radiant power have 
found that both scales agree to within ±0.3% (Metrologia 28, 1991; Metrologia 
32, 1995; Metrologia 45, 2008)

● Total solar irradiance (TSI) radiometers in space with primary calibration (native 
scale) hinted at a potential WRR-to-SI scale difference (Solar Physics 230, 
2005)

● A signficant scale difference (0.34±0.18%) was confirmed on the ground using 
new and dedicated experiments and laboratory facilities (Metrologia 49, 2012)

● At the same time, efforts have started to establish traceability of the WRR to SI 
base units

– Cryogenic Solar Absolute Radiometer (CSAR)









Latest Confirmation of WRR-to-SILatest Confirmation of WRR-to-SI

● The Compact and 
Lightweight Absolute 
Radiometer (CLARA) was 
launched on 14 July 2017

– Calibrated against NIST-
traceable cryogenic 
radiometer (SI Lab Scale)

● First light on 21 August

– 1360.9 Wm-2, i.e. ~0.3% 
lower than the WRR-
traceable VIRGO



ConclusionsConclusions

● Solar irradiance has been measured since more than 100 years for 
meteo, climate, and research purposes

● Attempts to harmonize and homogenize the solar radiation 
measurements have led to a number of radiation standards and 
irradiance scales, either conventional or traceable to SI

● Since 1977 the World Radiometric Reference (WRR) serves as a 
conventional standard for solar irradiance measurements world-
wide

● In 2012 the WRR was found to deviate from SI by ~0.3%

● Work is in progress to close the traceability gap between the WRR 
and SI by use of cryogenic technology


