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Broadband Radiation Network
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• First Station 1937, since 1993 (1min)

• ~ 30 active stations, 12 in planning

• 24 used in this study (2008 – 2021)

• Each station is equipped with 2 secondar standard

Kipp&Zonen CM11 / CM21 Pyranome



Broadband AOD 550nm Retrieval

ERA 5 

Hourly Data

D-MOL-BRADA:

Optimal estimation-based algorithm to retrieve the AOD at 

550nm from global and diffuse surface radiation

observations.

As a forward model we use the radiative transfer code 

MOMO (matrix-operator model). 

𝐹 𝑎𝐴𝐵 , 𝑎𝑤𝑎 , 𝑎𝑠𝑎, H2O, O3, p, sza = G, D, I
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Broadband AOD 550nm Retrieval vs AERONET
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Method: Estimation of the Direct Aerosol and Cloud Effect

Direct Aerosol Radiative Effect (D-ARE)

Cloud Radiative Effect (CLE)

1. Global horizontal irradiance for atmospheric gas extinction (GHIsim(gas))

(ERA5 data are used for water vapor and ozone concentration)

2. Global horizontal irradiance for atmospheric gase and Aerosol extinction (GHIsim(gas+ aerosol))

⚫ Daily mean AOD (-> retrieved from braodband measurements)

⚫ Cloudy days an AOD average from the last 10 days with valid clear sky measurements is used

D-ARE = GHIsim(gas+ aerosol) – GHIsim(gas)

CLE = GHImeas – GHIsim(gas+ aerosol) 
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Results: Monthly Mean AOD
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mean: 0,11 ± 0,01

Spring: 171,0 ± 16,25

Autumn: 84,3 ± 6,92

Summer: 225,7 ± 12,20

Winter: 37,0 ± 3,15



Results: Monthly Mean Direct Aerosol and Cloud Effect

CLE

- 60,7 Wm-2

± 5,6 Wm-2

D-ARE

- 9,5 Wm-2

± 1,6 Wm-2
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Results: Mean Seasonal Direct Aerosol Effect - Germany
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Annual mean: 

-10,8 Wm-2 

± 2,4 Wm-2 



Results: Mean Seasonal Cloud Effect - Germany
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Annual mean:   

- 65,1 Wm-2 

± 7,5 Wm-2 



Results: Year to Year Change in GHI vs (D-ARI + CLE)
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• Estimation of AOD from Broadband radiation is limited to a 99% cloud free atmosphere

• instrument is comparatively cheap

• easy to operate and easy to service

• high time resolution (1min)

• The AOD estimated from Broadband radiation is in good agreement with AERONET AOD

• small positive bias, underestimation for high AODs and small particles. 

• We found a decreasing trend in the D-ARE over Germany

• 10 stations in Spring, 7 stations in Summer and 4 stations in Autumn.

• No trend was found on the CLE on short wave radiation.

• Changes in the GHI can not be fully described by changes in D-ARI and CLE

• Optical properties of aerosols may also have changed (size, SSA) 

• Changes in TCWV and other gases need to be considered (missing measurements)

Summary and Conclusions



Broadband AOD 550nm Retrieval vs AERONET
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Method: Estimation of the Direct Aerosol and Cloud Effect
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Results: Trend Analysis on the Seasonal Aerosol Effect
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