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Motivation 
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• Clouds and aerosols: main factors

influencing the solar irradiance

variability.

• Clouds can cause strong variation on

times scales as short as 1-min

• Identifying short-term variability is

relevant for solar power systems

operation, irradiance models,

forecasting services, etc.



𝑮𝑯𝑰 = 𝑫𝑵𝑰 ∗ 𝒄𝒐𝒔 𝜽𝒁 + 𝑫𝑯𝑰
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Reference Database – Carpentras, year 2012

• BSRN-Carpentras, 2012 (south of France). 1-min data,

280 hours manually classified as:

Class 1 – Clear sky

Class 2 – Close to clear sky (e.g. thin cirrus and aerosols)

Class 3 – Sky with medium variability, close to the clear sky

(e.g. cirrus clouds)

Class 4 – Variable sky with large variability, close to the clear

sky in some intervals

Class 5 – Sky with medium variability

Class 6 – Thick/broken clouds with large variability

Class 7 – Partly overcast sky

Class 8 – Overcast sky

Time-window for classification: 1 hour (using 1-min data)

Schroedter-Homscheidt et al. (2018)
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Example variability classes 1-8

Hours being classified, 1-min resolved data, 10 min moving average



Reference database for GHI-based classification
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Reference database for GHI-based classification
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Class 1



Reference database for GHI-based classification
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Class 6



Variability Indices (VIs)

• Quantifies the variability information in the time window under study
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• 13 different VIs are applied to classify hourly time-windows in one of the 8 classes



VI. 1) kc_mean
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𝑘𝑐 =
𝐺𝐻𝐼

𝐺𝐻𝐼𝑐𝑙𝑒𝑎𝑟 𝑠𝑘𝑦



VI. 2, 3, 4) del_kc_mean, del_kc_std and del_kc_max
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VI. 5) Number of Changes in the Sign of the First Derivative (CSFD)
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VI. 6, 7, 8) Integral Methods: Upper Minus Clear (UMC), 

Upper Minus Lower (UML), Lowe Minus Abscissa (LMA)

UML

LMA

UMC

Units for integral methods: W/m2 * min 
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Normalized by the Top of Atmosphere (TOA) irradiation



VI. 9, 10) Stein and Coimbra 
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VI. 11, 12, 13) Over clear sky (3%, 5% and 10%)
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Similar plot for Over 

5% and 10%.



Classification Algorithm 

Ref. Database 

Carpentras, 2012

Representability of

the ref. database
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Known by the ref. 

database

Unknown by the ref. 

database

Discrimination filter

PDF based method

Are all meteorological cases

represented already at Carpentras

as a single station over a year?

Distance from 

medians method



Classification Algorithm – Discrimination filter
Solves about 70% of cases already 

𝑐𝑜𝑢𝑛𝑡 = 3

𝑐𝑜𝑢𝑛𝑡 = 2

𝑐𝑜𝑢𝑛𝑡 = 1
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Classification Algorithm – PDF based method 
Solves about 20% of cases
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Classification Algorithm – PDF based method
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Representability of the ref. database
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Happens also for other variability indices…



Classification Algorithm – Distance from median 
Applied only for remaining cases (10%)
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Results for DNI – Carpentras Reference Database

Previous model
Schroedter-Homscheidt et al. (2018)

New model
(descrimination filter + PDF approach)
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Results for GHI – Carpentras Reference Database
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Previous model
Schroedter-Homscheidt et al. (2018)

New model
(descrimination filter + PDF approach)



Running the model for other locations (application/operation of the model worldwide)
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BSRN-TAT

BSRN-ASP



Results for Alice Springs, Australia, 2018 (GHI model)
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Results for Alice Springs, Australia, 2018 (GHI model)
Check for plausibility (diffuse radiation vs. clearness index)
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Results for Alice Springs, Australia, 2018 (GHI model)
Check for plausibility (diffuse radiation vs. clearness index)
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Results for BSRN-TAT, Japan, 2018 (GHI model)
Check for plausibility (diffuse radiation vs. clearness index)
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Results for BSRN-TAT, Japan, 2018 (GHI model)
Check for plausibility (diffuse radiation vs. clearness index)
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Ref. Database 

Carpentras, 2012

Representability of

the ref. database
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Known by the ref. 

database

Unknown by the ref. 

database

Discrimination filter

PDF based method

Are all meteorological cases

represented already at Carpentras

as a single station over a year? Distance from

medians method

Conclusions and next steps

Investigate more

stations… 

Which situations are

those? How to work

with? 

Method to deal with

that implemented

How to deal with the cases

with zenith angle > 80°?

The new method using the

discrimination filter and PDF

approach works better for both GHI

and DNI than the previous one

based on the median distance…
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Thank you for your attention!

diego.rodriguesdemiranda@dlr.de
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