
Direct and diffuse components of the solar radiation,
computed by the fast physical radiative transfer code 

SMART-G

Thierry Elias, Didier Ramon, Mustapha Moulana(*), HYGEOS, Lille, France

Nicolas Ferlay, Laboratoire d’Optique Atmosphérique, Université de Lille, France

te@hygeos.com

(*) presenter

[Peyvandi et al., JOSA 2016]

mailto:te@hygeos.com


ICEM 2019, Copenhagen

1. Introduction: the solar resource
Precision and accuracy on annual estimates are required

High precision in solar resource is required for

Feasibility studies of solar projects:

Dimensioning (number of panels for prescribed production ?)

Financial risks (inter-annual variability ?)

It is necessary to reproduce the impact of:

cloud fields

aerosol optical properties highly variable in space and in time

Gas content
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1. Introduction: the solar resource
Cloud cover highly variable in space and in time

NWCSAF cloud type, inferred from instruments onboard METEOSAT Second Generation
During two days at 13:00 over the European region around Lille.
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2. Distinction of both direct and diffuse components
Global Horizotal Irradiance (GHI) as a first guess of the solar resource

surface

Incident solar 
radiation,

from all directions,

generate the 
Global Horizontal 
Irradiance (GHI)

Photovoltaic 
(PV) panel
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2. Distinction of both direct and diffuse components
Atmosphere separates direct and diffuse

molecules

aerosols

clouds

PV panel

Top of the 
atmosphere (TOA)

Incident solar 
radiation

direct

scattering

diffuse

absorption

GHI = direct + diffuse

Surface 
reflection

diffuse
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2. Distinction of both direct and diffuse components
Both components contribute significantly

Observations of direct, diffuse and GHI made at Lille in 2011 by LOA

clear-sky* cloudy sky all-sky**

Number of hours 896 2736 3632

Direct/all-sky GHI ( %) 27 22 49

Diffuse/all-sky GHI ( %) 9 42 51

GHI/all-sky GHI (%) 36 64 100
GHI*** (kWh/m²/year) 379 653 1039

* Strict cloud-screening
** SZA < 80°
*** GHI = direct + diffuse

6



ICEM 2019, Copenhagen

2. Distinction of both direct and diffuse components
The radiation spectrum depends on the incidence angle

Scattering by the 
gases is more 

efficient in blue 
than in red
→ blue sky

Spectrum of the 
direct radiation

Visible
(400-700 nm)

Near 
infra red

UV

> 1 μm

Spectra computed
with MERRA-2 input data,

Lille (France) in 2011, all-sky

Spectrum of the 
diffuse radiation

Visible
(400-700 nm)

> 1 μmUV

Near 
infra red
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2. Distinction of both direct and diffuse components
The absorption efficiency depends on the incident radiation characteristics

The absorption efficiency of the incident radiation by the PV 
panel depends on:

- The incidence angle

- The radiation spectrum

incidence 
angle

http://www.greenrhinoenergy.com/solar/tech
nologies/pv_cells.php
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2. Distinction of both direct and diffuse components
Increase of diffuse radiation in case of broken clouds

Broken clouds 
scatter more 

efficiently 
radiation than 

clear sky

PV panel

2017/06/26
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2. Distinction of both direct and diffuse components
Shadows in contrasted topography, ...

Direct solar radiation blocked by buildings or trees: shadow

shadows

Direct 
component of 
the solar 
radiation
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2. Distinction of both direct and diffuse components
…, and masks

mask

The shadows on direct 
radiation depend on the 
solar angles,

The masks on diffuse 
radiation depend on the 
panel inclination and 
orientation.

However, the 
environment contributes 
by reflection.

Reflection by 
the 
environment

Diffuse solar radiation blocked by buildings, trees and the line of sight: mask

shadows

Diffuse 
component of 
the solar 
radiation,
anisotropic
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2. Distinction of both direct and diffuse components
Circumsolar contribution in pyrheliometers and in CSPs

Application for concentrating 
solar plant (CSP) in a poster 
by Moulana et al. [ICEM2019]

[Peyvandi et al., JOSA 2016]
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3. SMART-G
Dedicated, detailed and resolved data bases

Solar resource → several years
→ high time resolution

issue: 
computing time

Precision → detailed RT
→ detailed atmospheric data

→ radiative transfer code SMART-G, fast and physical

Generation of solar resource data sets:

- Dedicated (.e.g. Lille over 10 years, …)

- Detailed: direct, diffuse inclined, spectral, …

- Resolved: hourly, ~1 km2 

[Ramon et al., 2018]
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DNI = direct normalised irradiance
= direct / cos( SZA )

Strict cloud-screening, 
on pyrheliometer and Level 2.0 AERONET data
→ 800 hours of clear-sky in 2011

4. Precision and accuracy on the direct component
Validated approach in clear-sky

Sunphotometer from 
the AERONET network

pyranometer

The observation 
platform of LOA
(https://www-loa.univ-
lille1.fr/observations/plateformes
?p=apropos)

RMSD = 23 W/m2
relative = 4%

Observed DNI (W/m2)

DNI computed 
by SMART-G (W/m2),
With data input from 

AERONET
(hourly resolution)

Clear-sky conditions at 
Lille in 2011
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4. Precision and accuracy on the direct component
Precision and accuracy strongly depend on the input data set

With AERONET:
RMSD = 23 W/m2

relative = 4%

With MERRA-2:
RMSD = 57 W/m2

relative = 9%

Observed DNI (W/m2)

Clear-sky conditions at 
Lille in 2011
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https://gmao.gsfc.nasa.gov/reanalysis/MERRA-2/ 15
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5. Precision and accuracy on the diffuse component
Precision on DNI and diffuse → precision on GHI

Observed GHI (W/m2)
Observed diffuse (W/m2)
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Clear-sky conditions at 
Lille in 2011Clear-sky conditions at 

Lille in 2011
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5. Conclusion
Accuracy and precision on direct and diffuse

Precision and accuracy on solar resource require physically detailed simulations

Because of 

Variable meteorology: diffuse increase by clouds, …

the influence of the environment: shadows, mask, surface albedo

The panel technology: incidence angle, spectral absorption, tilt

Simulations with SMART-G and MERRA-2 for any location in the world

Application at Lille (France),

with distinction between direct and diffuse components of the incoming solar radiation

GHI = direct+diffus

Good agreement of both DNI and GHI in clear-sky:

RMSD < 60 W/m2

Relative RMSD < 10%

Until < 30 W/m2 and < 5% with AERONET
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Thank you for your attention!

Primary author: Thierry Elias
Mail adress: te@hygeos.com
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Summary of comparison scores
At Lille and Ouarzazate

Clear-sky
Direct and diffuse
Lille (France) and Ouarzazate (Morocco)

nb AOT AE RMSD relative
(W/m2) (%)

Lille 2011 AERONET 802 0.17±0.12 1.4±0.4 23 4

Lille 2016 AERONET 613 0.12±0.10 1.4±0.4 36 5

Ouarzazate 2012 AERONET 2062 0.16±0.17 0.7±0.4 40 5

Lille 2011 MERRA-2 802 0.15±0.09 1.4±0.4 57 9

Diffuse
Lille ” ” ” ” ” 29 28

GHI
Lille ” ” ” ” ” 41 9
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