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Introduction
Aerosol Optical Depth (AOD) retrieved from Si-traceable spectral solar irradiance 
measurements were shown to be fully consistent with the traditional Langley-based 
retrievals (Kouremeti et al., 2022, Gröbner et al., 2023). 

In the project Metrology for Aerosol Optical Properties (MAPP), three calibration
methods were tested to provide SI-traceable measurements of solar irradiance and sky 
radiance to retrieve aerosol optical properties:

1) Spectral irradiance responsivity calibration using a tuneable laser source and a 
calibrated reference detector. The radiance responsivity is derived from the 
irradiance responsivity using solid angle measurements of the field-of-view.

2) Radiance responsivity calibration using an integrating sphere source traceable to 
the SI and the relative responsivity functions of the sunphotometer channels. The 
irradiance responsivity is derived from the radiance responsivity and solid angle 
measurements.

3) ToA solar irradiances using Langley-plots, combined with a ToA solar spectral 
irradiance spectrum traceable to the SI (TSIS-1 HSRS). The radiance responsivity 
calibration is obtained through solid angle measurements of the sunphotometer.

The work was carried out in the Joint Research Project Metrology for Aerosol Properties (MAPP), within the European Metrology 
Programme for Innovation and Research EMPIR, co-financed by EURAMET and the European Union H2020 programme.
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Field of view and solid angle characterisation
The field of view was measured on a 2-D goniometer on a 1.5°x1.5° array
with a resolution of 0.05°. The solid angle ΩL was obtained by integrating
the field of view measurements,

The expanded uncertainties of ΩL range from about 0.5% at 1640 nm
to 0.7% at 340 nm.

Spectral irradiance responsivity calibration
The TULIP facility (TUnable Lasers In Photometry) was used for the
calibrations against a reference detector. As a source, it uses a laser system
based on an optical parametric oscillator (OPO) operating in pulsed mode
with a pulse length of 2.5 ps and a repetition rate of 80 MHz. The spectral
irradiance responsivities of the spectral channels (Figure 1) were measured
with expanded uncertainties from 0.3% at 500 nm to 0.9% at 1640 nm.

Figure 1.Spectral irradiance responsivities in counts/(Wm-2)TULIP facility and CE318

Figure 2. FOV at 500 nm. The full width at half maximum is 1.22°and the solid angle is 0.3785 msr.
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Figure 3. Integrating sphere (left) and sphere radiance spectrum with expanded uncertainty in %.

Spectral radiance responsivity calibration
The radiance calibration of the instrument was performed using an
integrating sphere, with a calibration certificate traceable to the SI and
obtained immediately prior to this comparison. The expanded uncertainties
of the radiance calibration range from 0.5% at 1020 nm to 1.6% at 340 nm.

Results for CIMEL #1270
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Figure 6. Ratio between ΩR and ΩL.
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Figure 4. Ratio between Langley and SI-
traceable ToA irradiances.

Figure 5. Solid angles determined from 2022 and 
2024 measurements of Cimel #1270.
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