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Figure S1. a) location of the U9 sampling site at the University of Milano-Bicocca; b) inner view of the site and of the 

instrumentation present there; c) Kipp&Zonen and LSI-Lastem radiometers (global, reflected), thermo-hygrometer and 

anemometer; d) LSI-Lastem radiometer and shadow-band for diffuse radiation; e) MRI (Multiplexer-Radiometer-

Irradiometer) with rotating shadow-band. The copyright holder of panel a) is GoogleMaps (©GoogleMaps). 

SUPPORTING INFORMATION: 

Figure S1. Comparison between the ADRE values reported in Ferrero et al. (2014) with that 

recalculated with the present method applied to the same input data present in Ferrero et al. (2014). 

 

Figure S2. a) location of the U9 sampling site; b) Instrumentation presents at the U9 sampling site; 

c) radiometers (global, reflected), thermo-hygrometer and anemometer; d) radiometer and shadow-

band for diffuse radiation; e) Multiplexer Radiometer-Irradiometer with rotating shadowland.  
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2.4 LA STAZIONE METEO 
 

La stazione meteorologica LSI ʹ LASTEM è stata installata con l͛obiettivo di ottenere dati sui principali 

parametri ambientali͘ La scelta della miglior posizione della stazione è fondamentale per l͛affidabilità delle 

misurazioni͘ Nel nostro caso questa è posta sul tetto del laboratorio͕ che si trova sopra l͛edificio Uϵ 

dell͛Università degli Studi di Milano Bicocca. È importante sottolineare che la stazione è stata posta in un sito 

dove le condizioni morfologiche della superficie, le strutture urbane e le condizioni ambientali sono 

particolarmente rappresentative di una zona urbana di background. 

 

 

Figura 37. La stazione meteorologica LSI-LASTEM, posta sul tetto del laboratorio, sopra l’edificio U9 dell’Università 
degli Studi di Milano – Bicocca. 

 

La stazione è provvista dei seguenti strumenti: 

x Un termoigrometro͕ utile per misurare la temperatura dell͛aria e l͛umidità contenute in atmosfera͘ 

Per l'umidità il valore è indicato in percentuale; la temperatura è invece espressa in gradi Celsius. 

L'intervallo di temperatura in cui lo strumento raccoglie i dati va da -30 a +70 ° C con una precisione 

di ± 0,1 ° C e con una sensibilità di 0,025 ° C. Per i dati di umidità relativa include valori dal 10% al 
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Figure S2. Linear correlations between the attenuation coeffiecient at 660 nm, yet loading corrected (bATN_LC,660nm 

following Weingartner et al., 2003; section 2.2) from the AE31 Aethalometer and the MAAP absorption coefficient at 

the same wavelength. 

 
N 0 1 2 3 4 5 6 7 8 

a0 -112.6 -112.6 -107.3 -97.8 -85.1 -77.1 -71.2 -31.8 -13.7 

a1 653.2 686.5 650.2 608.3 552.0 511.5 495.4 287.5 154.2 

a3 174.0 120.9 127.1 110.6 106.3 58.5 -37.9 94.0 64.9 

a 0.73 0.72 0.72 0.72 0.72 0.70 0.70 0.69 0.69 

L -95.0 -89.2 -78.2 -67.4 -57.1 -45.7 -33.2 -16.5 -4.3 
Table S1. The empirical coefficients relating the global radiation, at a fixed solar elevation angle (π/2-θ), with the sky 

conditions (N, in oktas) extracted from the original work of Ehnberg and Bollen (2005). 

 

 
Figure S3. Cloud classification based on the improved broadband solar radiation following Duchon & O'Malley (1999) 

and Harrison et al. (2008) coupled with lidar data of cloud base height. From left to right: Stratus (St), Altostratus (AlSt), 

Stratocumulus (StCu), Altocumulus (AlCu), Cirruscumulus and Cirrusstratus (CiCu-CiSt), Cumulus (Cu), Cirrus (Ci), 

and finally clear-sky (CS). The SD-R plot reports centroids and standard deviation of each cloud type which are plotted 

in a color scale related to the cloud base level. 
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Figure S4. Average photon energy of different shape of radiation spectra for a) the direct and b) the diffuse radiations. 

 
Figure S5. 5-min resolution data for eBC, global irradiance (Fglo), absorptive direct radiative effect (ADRE) and the 

related heating rate (HR). 

 

 

Fig. 13 

 

 

  



 
Figure S6. 5-min resolution data for the global radiation values (Fglo) and their direct, diffuse and reflected components 

(Fdir/μ Fdif and Fref). Once Fdir is scaled by μ (eq. 1, section 2.1) it is quite constant along the year and it is perfectly 

constant only in clear sky conditions. Conversely, the diffuse and reflected radiation, even when scaled by μ (under the 

isotropic and Lambertian assumptions), linearly follow the behavior of irradiance Fdif and Fref. 

 

 

 

 

 

 

 

 

 
Figure S7. babs(λ) values at the aethalometer 7-λ for both BC and BrC in function of the sky cloudiness expressed in oktas. 
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Figure S8. HR of BC and BrC in function of the oktas normalized by babs(λ) and to the HR values in CS conditions. 

 

 
Figure S9. Normalized (integral equal to unity) spectra for direct (yellow), diffuse (ciano) and reflected (green) radiation 

in a clear sky (a) and in a cloudy (b) case. 

400-1000 nm with a Full Width at Half Maximum (FWHM) of about 1.0 nm, while the second 

spectrometer (SPECFluo) is optimized to provide a high-spectral resolution (FWHM of about 0.1 

nm) in the 700-800 nm range (atmospheric oxygen absorption range around the optimum of 760 

nm). The optical bench of this spectrometer lies in a 5 m-wide entrance slit, diffraction grating with 

a grove density of 600 mm-1 for the SPECfull and 1800 for the SPECFluo and the 3648-element linear 

CCD-array detector (Toshiba TCD1304AP, Japan) with a 14-bit A/D resolution. This filed 

spectroscopy system is then connected to a PC that controls the multiplexer and the spectrometers 

The MRI has been developed for studies related to remote sensing of vegetation, for this reason it 

embeds two different spectrometers for measuring VNIR optical properties (SPECfull) and sun-

induced chlorophyll fluorescence (SPECFluo). For the purpose of this work, data were collected only 

with the SPECFull unit, therefore the further analysis presented relies on the VNIR spectra. Spectra 

were finally normalized and completed with normalized literature spectra to cover the complete 

300-3000 nm band measured by standard radiometers (section 2.2 of the manuscript). Figure S8 

reports a normalized spectra measured by the MRI for a clear sky (Figure S58a) and cloudy (Figure 

S8b) case. 
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