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Introduction

• Solar surface irradiance forecasting is of growing importance for
• solar energy industries
• utilities
• electricity grid operators

• Systematic assessment for GHI (global irradiance) has been
published recently (Perez et al., 2013) ‐> ECMWF was performing best in EU, 
US and Canada; Mathiesen et al., 2013: all models show typically positive biases

• Systematic assessment of DNI (direct normal irradiance) is still missing
• Cloud situation dependent assessment is also not well established

• New output parameter direct irradiance available in ECMWF/IFS 
• MACC‐AER will enhance aerosol capabilities for DNI especially/hopefully
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Introduction on Europe‘s GMES/Copernicus
preparatory project MACC‐II   http://www.gmes‐atmosphere.eu

Air quality

Global 
Pollution

Aerosol UV index radiation
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Day‐ahead irradiance forecasts used

• ECMWF IFS GHI
• Global horizontal irradiance

• ECMWF IFS GHI2DNi
• Same as above, 

but DNI is derived from GHI 
using Skartveith and Olseth (1998) 
empirical parameterisation

• ECMWF IFS DIR2DNI
• ECMWF experimental run – 1 hourly output
• ECMWF experimental run – new aerosols

• 2012 data used for these (0.15 deg)

Details

• 3‐hourly sums ‐> hourly values

• Different radiation schemes used
in years 2003‐2012,
since June 2007 McRad

• 0.5 deg before 2006, 0.25 deg
before 2010, then 0.15 deg

• Day zero (0 – 24 UTC) and
day ahead (25 – 48 UTC)
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Ground‐based observations

Name ID Code Lat. (°) Lon (°) Elev 

(m)

Period

DLR/PSA 1 PSA 37.091 ‐2.358 492 2002‐2012

Cabauw (BSRN) 2 CAB 51.971 4.927 0 2006‐2012

Camborne (BSRN) 3 CAM 50.217 ‐5.317 88 2002‐2006

Carpentras (BSRN) 4 CAR 44.083 5.059 100 2002‐2012

Cener (BSRN) 5 CEN 42.816 ‐1.601 471 2010‐2012

Izana (BSRN) 6 IZA 28.309 ‐16.499 2373 2010‐2012

Lerwick (BSRN) 7 LER 60.133 ‐1.183 84 2002‐2006

Lindenberg (BSRN) 8 LIN 52.210 14.122 125 2002‐2006

Maan (EnerMena) 9 MAA 30.172 35.8183 1012 2012

Palaiseau (BSRN) 10 PAL 48.713 2.208 156 2005‐2006

Payerne (BSRN) 11 PAY 46.815 6.944 491 2002‐2010

Sede Boquer (BSRN) 12 SBO 30.905 34.782 500 2003‐2011

Tamanrasset (BSRN) 13 TAM 22.780 5.510 1385 2003‐2012

Tataouine (EnerMENA) 14   TAT 32.9741 10.4851 210 2012

Toravere (BSRN) 15 TOR 58.254 26.462 70 2002‐2012
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Satellite‐based cloud type information

• Meteosat Second Generation (MSG) SEVIRI APOLLO cloud type classification
• cloud mask (cloud‐free/cloudy)
• cloud type (water/mixed phase clouds discriminated from thin ice clouds)

• being the major difference for solar energy users
• spatial cloud situation in 29x29 pixels surroundings

• overcast/broken; scattered; isolated clouds

source: Karlsruher Wolkenatlas

Details

• overcast/broken: 

• cloud fraction > 50%

• scattered

• cloud fraction 10 to 50% OR

• cloud fraction < 10% but > 5 clouds

• Isolated clouds

• cloud fraction < 10% and
< 5 cloud elements
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Statistical parameters

• biases
• RMSE

• Seen as most important statistical metric in electricity grid management
as small errors are of less importance compared
to large errors affecting grid security

• correlation coefficient
• skill scores

• Persistence
• Either 2‐day persistence as needed for day‐ahead trading
• Or 1‐day ‚classical meteorological‘ persistence

• Only use daytime hours
• Use time series of the nearest neighbour ECMWF grid box 

to the station‘s location
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Assessment of GHI forecasts

New aerosol
climatology

New radiation
scheme McRad

Verification
GHI vs BSRN, 
hourly day ahead,
daytime values,
lines IFS, dotted
persistence

Results

• positive bias while
2‐day‐persistence is
bias‐free

• Tegen et al. climatology
has good impact

• McRAD scheme has no
positive impact
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Assessment of GHI forecasts

New aerosol
climatology

New radiation
scheme McRad

Verification
GHI vs BSRN, 
hourly day ahead,
daytime values,
lines IFS, dotted
persistence

Results

• positive bias while
2‐day‐persistence is
bias‐free

• Tegen et al. climatology
has good impact

• McRAD scheme has no
positive impact

• Good positive skill
• RMSE much lower

than 2d‐persistence
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Assessment of DNI forecasts

New aerosol
climatology

New radiation
scheme McRad

Verification
DNI vs BSRN, 
hourly day ahead,
daytime values,
lines IFS, dotted
persistence

Results

• Good skill
• RMSE is much lower

than for 2‐day 
persistence
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Assessment of GHI and DNI forecasts – correlation coefficients

GHI DNI
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Cloud dependent assessment of DNI forecasts

Results

• Cloud free
low biases
large RMSE values still

• Largest RMSE for thin
ice clouds for most
stations

• Large positive biases for
thin ice clouds

◊ cloud free
+ thin ice clouds
* other clouds

Verification DNI vs BSRN, hourly day ahead,daytime values
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Cloud dependent assessment of GHI forecasts

Results

• GHI: Several stations
show larger RMSE 
for broken/overcast
situation than for
scattered clouds

• Unexpected… 

• For DNI, scattered
clouds result in 
larger RMSE values. 

Verification GHI vs BSRN, hourly day ahead,daytime values

+ overast/broken
* scattered
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GHI2DNI vs. DIR2DNI

+ 2d persistence
◊ DIR2DNI
* GHI2DNI

Results
• Positive biases in 

GHI2DNI become
negative biases in 
DIR2DNI

• RMSE is increased for
DIR2DNI at many
stations

• Reasons found:
• Cloud situations much

better, clear situations
strongly biased
‐> spoiling results

• Can MACC aerosols
help???

Verification DNI vs BSRN, hourly day ahead,daytime values
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First positive impact of newMACC aerosol scheme

+ no dynamic aerosols
* MACC aerosols used

Results
• MACC aerosols reduce

biases and partly RMSE 
• The interaction with

clouds has not been
included yet ‐ still to
come.
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Conclusions
 Hourly day‐ahead GHI and DNI forecasts as provided by ECMWF

 Introduction of Tegen et al. aerosol climatology was very good
 McRad radiation scheme introduction has minor positive 

or partly unfavourable impacts on surface irradiance forecasts
 DNI biases are introduced through thin ice clouds
 The availability of direct irradiances has not resulted in a 

general performance improvement compared to empirical 
GHI2DNI conversion.  While clouds are much better, 
large biases in cloud free situations spoil the results. 

 MACC aerosols and DNI forecasts perform now better, 
but cloud/aerosol  interaction still needs to be added

• See http://www.orpheus‐project.eu for research on how to use
ECMWF forecasts for hybrid grid control in smart cities
(see poster and H. Ruf‘s talk 9:45, this session)


