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ESR/SKYNET site

AERONET site

Estimation of the aerosol 

short-wave radiative effect
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MRIv2 algorithm
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Evaluation of SKYRAD MRIv2 algorithm: 

instruments and methodology

PREDE POM-02 sky radiometer

CIMEL CE318 

sunphotometer

 Comparison between SKYRAD MRIv2, SKYRAD 4.2 and AERONET V3 retrievals

 Dataset: all corresponding retrievals (Δt≤10 mins) within the 2017-2019 period, AOD>0.1

 Aerosol Optical Properties: aerosol optical depth, single scattering albedo, asymmetry 

factor, refractive index at 4 common wavelengths: 440, 675, 870 e 1020 nm; volume size

distribution
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Evaluation of SKYRAD MRIv2 algorithm
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RRI 675 nm Valencia
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Estimation of the aerosol short-wave radiative effect

 Aosta—Saint-Christophe site (570 m asl)

 Inside an Alpine valley, surrounded by high 

mountains (>3500 m)

 Near Po Valley, polluted hotspot in Europe
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PREDE POM-02 sky radiometer

Lufft CHM15k-Nimbus 

Automated Lidar Ceilometer

Aerosol columnar 

properties retrieved 

with MRIv2 

Aerosol extinction 

profile estimated with 

the ALC

libRadtran RTM

Short-wave radiant 

flux: difference with 

and without aerosol

Profile of the heating 

rate caused by aerosols 

in the troposphere
&

Estimation of the aerosol short-wave radiative effect: 

instruments and methodology
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Example: secondary fine aerosol of urban/industrial origin

Estimation of the aerosol short-wave radiative effect
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Example I: secondary fine aerosol of urban/industrial origin

Estimation of the aerosol short-wave radiative effect
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Radiative closure at the surface

 Surface irradiances simulated with RTM have been compared to co-located pyranometer data, in both turbid 

and clean atmospheric conditions

 The RTM simulations agree very well with pyranometer observations
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Results

Evaluation of SKYRAD MRIv2 algorithm

 Remarkable improvement in the agreement of SSA and IRI: more stable and physically 

consistent values. This is crucial in order to assess the aerosol radiative effects

 Overall: SKYRAD MRIv2 retrievals show a better agreement with AERONET V3 ones, 

for every aerosol property and in both sites

Estimation of the aerosol short-wave radiative effect

 The effect of atmospheric aerosol on the short-wave radiative fluxes can be 

significant even in the Alpine environment, usually considered as pristine

 The Alpine environment is particularly challenging for this kind of studies: for example, taking 

correctly into account the surface albedo (due to the possible presence of snow) is crucial to 

accurately retrieve aerosol absorbing capacity (SSA and IRI).
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Thank you for your attention!
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Automated LiDAR Ceilometer (ALC)

 Takes advantage of the backscattering of a 

laser pulse (1064 nm) by aerosol particles

𝛽𝑎𝑡𝑡 𝑧, 𝑡 = 𝛽𝑇 𝑧, 𝑡 𝑒
−2 𝑧𝑚𝑖𝑛

𝑧
𝛼𝑇 𝑠,𝑡 𝑑𝑠

𝛼𝑇 = 𝛼𝑝 + 𝛼𝑚 ;     𝛽𝑇 = 𝛽𝑝 + 𝛽𝑚 It is possible to estimate the 
aerosol extinction coefficient 
(forward Klett method):

 The technique is based on an 

independent or a priori estimate of the 

lidar ratio. To this purpose, we use 

validated functional relationships 

𝐿𝑅 =
𝛼𝑝
𝛽𝑝

Instruments and methodology – part II

 From the attenuated 

backscatter coefficient:
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Automated LiDAR Ceilometer (ALC)

Instruments and methodology – part II

 Comparison between the AOD retrieved by the sky radiometer and the AOD 

obtained by vertical integration of the ALC-derived aerosol extinction coefficient
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Part I: evaluation of SKYRAD MRIv2 retrievals



20

Part II: estimation of the short-wave aerosol radiative effect

Example II: coarse mineral aerosol from the Sahara desert
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Part II: estimation of the short-wave aerosol radiative effect

Hourly values

 Net balance [W m-2], 25/03/2018  Net balance [W m-2], 25/06/2019

 Heating rate [K day-1], 25/03/2018  Heating rate [K day-1], 25/06/2019
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Part II: radiative closure at the surface


