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	Summary and purpose of document
This document presents a recent overview of activities related to the development of new reference radiometers for solar and terrestrial irradiance.



Action proposed

Developments of reference radiation sensors are still underway, and currently no recommendations are required.
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Introduction

Radiometers for measuring solar and terrestrial radiation are widely used in national meteorological networks. Their operation, calibration and maintenance is described in detail in the CIMO guide, chapter 7. The most common instruments for measuring solar radiation are pyranometers for global solar irradiance and pyrheliometers for direct solar irradiance, while pyrgeometers are used for measuring atmospheric downwelling longwave radiation. Total radiation is then obtained by summing the solar and terrestrial radiation component from pyranometer and pyrgeometer measurements respectively. Pyrradiometers, which measure the solar and terrestrial component with the same sensor, are not recommended due to their much higher uncertainties, as described in the CIMO guide.

The WMO has established World, Regional and National Radiation Centers in view of standardising and harmonising radiation measurements world-wide. The World radiation Center is located at PMOD/WRC and hosts the World Standard Group of Pyrheliometers which realises the World Radiometric Reference (WRR) which serves as primary reference standard for solar radiation measurements. The reference for terrestrial radiation is realised by the World Infrared Standard group of Pyrgeometers which consists of four pyrgeometers, operated continuously at PMOD/WRC.

In view of assuring the long-term stability of these radiation parameters, several key projects and activities have been initiated which will be described in the next sections.

Solar Radiation Reference

The solar irradiance measurements are referred to the World Radiometric Reference, which is in turn realised by a group of absolute cavity radiometers operated at ambient conditions at the World Radiation Center at Davos, Switzerland. The traceability of the WRR to the international system of units (SI) has been obtained through several comparisons to the primary standard of radiant power held at National Metrology Institutes [1] giving consistent results to within the stated uncertainties of 0.3%.

In view of moving from an artefact based solar irradiance scale realisation such as the WRR to a detector based scale, a joint project by PMOD/WRC, the National Physical Laboratory, UK (NPL), and the Swiss Federal Office of Metrology (METAS) has been undertaken to build a Cryogenic Solar Absolute Radiometer (CSAR). The purpose of the joint effort was to adapt the advantages of cryogenic radiometers to solar radiometry and to create a possible alternative to the World Radiometric Reference (WRR). Operating a radiometer at cryogenic temperatures allows the application of larger cavities with higher absorptance and ensures the equivalence of optical and electrical heating by minimizing the thermal gradients in the cavity material [2]. Preliminary measurement results during the 11th International Pyrheliometer comparison (IPC-XI) at Davos, Switzerland in 2010 indicated a slightly lower solar irradiance value of 0.3% than measured by the WRR, indicating that possibly the solar irradiance scale will have to be adapted following confirmation by subsequent measurements. Currently the CSAR is being upgraded at NPL before being deployed at PMOD/WRC in view of a long-term comparison to the WRR to eventually establish the CSAR as a viable alternative to the WSG.

Terrestrial radiation Reference

Downwelling atmospheric longwave radiation between 4 μm and 100 μm is a key component of the surface radiation budget. Measurements are usually performed with pyrgeometers, consisting of a blackened thermopile and a silicon dome coated with a solar blind filter to protect the instrument from the environment and from the influence of solar radiation. In the past, pyrgeometers were calibrated by radiation from blackbody cavities [3]. However, significant uncertainties due to the spectral transmission features of the dome in combination with the significant differences between the Planck radiation from the calibrating cavity and the atmospheric longwave radiation spectrum were observed [4]. Therefore, pyrgeometers are now calibrated in situ, using longwave radiation measurements by transfer standard radiometers, which do not suffer from these limitations. Currently, the reference for atmospheric longwave radiation is realised by the WISG. The WISG was calibrated in 1999 during the IPASRC-I measurement campaign, relative to the Absolute Sky Scanning Radiometer (ASR) [5].

Recently, two new infrared radiometer systems were developed for providing traceable atmospheric longwave irradiance measurements to SI, using two different approaches: The Infrared Integrating Sphere Radiometer (IRIS) was developed at PMOD/WRC to serve as transfer standard radiometer between the primary reference for infrared irradiance realised by a well characterised black-body [6] and outdoor measurements of downwelling terrestrial radiation. Several instruments were built and have been operating during cloud-free nights since 2009. The measurements between different IRIS radiometers have been typically within 1 W/m2, well within the estimated uncertainties of about 2 W/m2 [7]. 

The second approach uses a modified pyrgeometer with a gold-plated concentrator instead of the protective dome above the thermopile detector in order to avoid errors associated with spectral mismatch effects due to the dome transmittance, thermal convection and wind effects. The absolute cavity pyrgeometer (ACP) uses a self-calibrating technique to obtain downwelling longwave irradiance measurements traceable to SI with an uncertainty of 4 W/m2 [8]. 

The first comparison between the IRIS and the ACP was held in February 2013 at PMOD/WRC during challenging meteorological conditions. Results from a single partly cloud-free night showed excellent agreement between the instruments within their respective uncertainties. In order to substantiate these results, a follow-up intercomparison is scheduled for October 2013 at PMOD/WRC to corroborate the results obtained in February 2013 under significantly different atmospheric and ambient conditions. 

These activities aim at providing a framework in which these new infrared reference radiometers will become recognized as providing traceable measurements of atmospheric  longwave infrared irradiance, thereby providing the means to calibrate the WISG relative to these reference instruments.
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