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Satellite based irradiance data validation

GENERrGIE

University of Geneva

Validation background

validation of 14 global irradiance models of which 9 derive also

the beam component, including CM-SAF

18 sites, in Europe and Mediterranean region, 110 sites-years,
475’000 hourly, 43’500 daily and 1’700 monthly values
latitude: 20° -> 60°, altitude: Om -> 1600m

validation over 8 years, global, diffuse and normal beam
components

hourly, daily and monthly values

average time series (TMY) and real time data (nowcasting)

interannual variability analysis

Modéle de cloud index

Rayonnement ciel
GHIc, DNie, DIFe

chair

Irradiance toutes
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Cloud index
Transmitance des nuages

conditions.
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Real time and average time series
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Real time data or nowcasting
on line processing, next day availability
1994 — 2004 hourly data from MFG
since 2004 every 15 minutes from MSG
applications:
power plants follow-up
short term forecasting

Average and typical year TMY (climatic)
representative year of the climate
evaluated over 20 years (satellite)

average month

moving window
parameters weighted depending on the application
extreme situation are not represented
applications

climate change

site definition

pre-projects

1 Denver, CO
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Data quality control GEnerciE
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Globial chaamons indin K, Model So4s 2000 harcdol ypd: wiban  Geneva

= momng pents  + aRenoon ponis cheat gy

Time stamp validation (acquisition time)
solar time symmetry (irradiance or clearness index K;)

Data absolute calibration

comparison with ancillary data (aeronet, nearby site, etc.)

Salar whration angla [')

Giobal clearness index K, Model: Solis 2008 aerasol type: urban  Geneva

year to year comparison (stability) W e e e

Components coherence
3 components: «closure equation»: global = direct + diffuse
2 components: coherence region

Solar slevation angle [7]

s i ki Yoar 2004- 0 Hourly average Highest global imadiance inthe day [Wim2] Year 2004-2008-2008-2010  Modified cleamess index Ki'
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Validation statistics GENErGIE
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Validation statistics S (Gons — Grnes)
mbd — sa mes
N
mean bias difference (mbd) e ]z(amt — Gy )?
mean absolute bias difference (mabd) N
root mean square difference (rmsd) - \/z(csat — Gomes)?
e

standard deviation (sd)

correlation coefficient (R or R?) R = ——2Csat — G )(Gnes — Gines)
\/(Z(Gsat - m)z)(Z(Gmes - Gmes)z)

Kolmogorov-Smirnov integral (KS/)
standard deviation of the biases

Including the dispersion induced by:

ground measurements uncertainty

comparison period length
algorithms precision .

i i = ©(Gsat) = F(Gmes)| - dGpes
quality of the input data (aod, w, etc.) ksi mem |F (Gsar) = Fe(Gmes )| - dG

comparison of data with different granularities
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Results presentation
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Results presentation
scatter plots (G,, D,, B,)
bias dependence (sky type, aod)
clearness index versus solar elevation
frequency distribution
irradiance, K,, cumulated
bias around the 1:1 axis

interannual variability of the
monthly values

tables, histograms, etc.

SolarGls

Cirpentras 0063011 Selarih Ohe imaddasen Carpentras 20042011 Oiffuse rradiance
Bias frequency of sctrence Bias frequency of occurrence
= Lumalined Pegmy o polvasm

Decambar

— vear

Dffuns ierasiance (Wim1]
Diffuse irradiance [W/m2)
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Hourly nomal bearm iradiance [Wvmzh] Carpeniras 2004 - 2011

SolarGis
average DI = 445 [Whim2h]
number of values = 32157

Manthly normal beam imadiation JAhim2h]

Carpenlras 2004 - 2011

300 —
SolarGis -
average DNI = 151 [kWhim2] L
2501 number of values, = 85 T S
- %,
mbd 771% % P
d . 2
200 | -
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o
=
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[
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SolarGis Carpontras 2004 - 2011 Boam cleamess indax Kb = DNI /o SolarGis Carpentras 2004 - 2011

—_—

MBD = -i% o

SD = 26%

intermediate

Measurements Carpentras (2004-2011)
— Solatis
Halioclim?
— Solem (azrocom)
‘Solemi {match dasy)
¥SOLaV

Relative frequency of eccurrence of the
hourly normal beam inadiance B.

0 200 00 &0 800 1000
Houtly ormal baam irradiance [Wim']
0150
Kolmogoraw-Smimav test Carpentras (2004-2011) — SolrGiz
Heliocim3
Hourly global horizontal iradiance
0425 |- — Solemi fasrocom)
Solemi (match daily)
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Hourly global imadiance [Wim?]
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Haurly narmal baam iradiance
cumulated frequency of oturrence

K% | SolarGis = 35
K% [ Haliochm3 )= 430
K% ( ISOLV = 3

K% [ Solemi [aerocom) )= 145
K% [ Salemi {match daily) )= 383

— Measurements Carpenias (2004.2011)
— SdlarGi

— Salemi (aeracom)
Solemi (match daily)
soLav

500 1000
Hourly normal beam irradiance [Wim?]

200

Madrid (SP) UMP  Iatitude: 40.45° longitude: -3.73° alttude: 650 m

Monthly normal beam irradiation [KWhim2]
“real data®

noo.

WSOLV (H0B2011) -+ $3m 2004-2011) MetooSuiss (2008-2011) ==2004 - 2010 average

AN

Month of the year
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Results: quality control GENercie
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QC main discrepancies

Davos

| t . year per year comparison aeronet comparison Closure | Interannual
C Osure equa |On Site Remark R
global irradiance beam irradiance Gpand B, equation | Gh Bn
| . b . Almeria (Spain) 2001-2011 2001-2011 n/a none 93% 100% | 100%
Ca I ra t I O n Bratislava (Slovakia) 1994-2007 1994-2007 n/a none n/a
G, lis) > Gy (b: d 2%
Carpentras (France) 1995-2011 1995-2011 2003-2011 (aero/solis) > Gy(bsrn) [around 2%] 83% 99% | 98%
Gh(aero/cpcr2) ~ Gh(bsrn)
Bn 20% to high f Dec. 1999 to Feb 2000
Davos (Switzerland) 1999-2011 1999-2011 2006-2011 n 20% to nlg . rom_ ec ) ° ? 68% 91% | 97%
Ta a n ra Sset Aeronet Gh 5% higher in spring than in autumn
I n Gh tible with P,
Geneva (Switzerland) 1995-2011 1995-2011 n/a compatibe wi éyerne n/a 99% | 94%
and Vaulx-en-Velin
ca | | b ra t | on Kassel (Germany) 2003-2011 2003-2011 n/a none 91% | 98% & 98%
Lerwick (Great Britain) 2001-2009 2001-2009 n/a none 98% 94% | 89%
Lindenberg (Germany) 1995-2006 1995-2006 n/a none 91% 100% | 100%
) . Gh and Bn within 2-3% with aeronet
Madrid (Spain) 2004-2011 2004-2011 2012 L . . 84% 99% = 86%
Bn: too many missing data for interannual validation
V | V | . Nantes (France) 1995-2010 1995-2010 n/a none n/a 97% | 94%
a u X_e n - e I n Payerne (Switzerland) 1994-2009 1994-2009 n/a Gh compatible with Geneva 81% 100% | 97%
Sede Boger (Israel) 2003-2011 2003-2011 1996-2010 Bn(aero)<Bn(bsmn) [2% summer] 90% | 100% 949
ca | | bration q Gh 2% to high from 2005-2008 ° o s
Gh, very clear conditions, at noon,
Tamanrasset (Algeria) 1995-2010 1995-2010 2006-2009 5% underestimation by aeronet/solis 90% 100% @ 99%
1% overestimation by aeronet/cpcr2
Toravere (Estonia) 1999-2011 1999-2011 2002-2009 none 88% 100% | 98%
Z| | an | Valentia (Ireland) 1996-2009 1996-2009 n/a none n/a 97% = 94%
Vaulx-en-Velin (France) 1995-2011 1995-2011 n/a 1995-2004 Gh and Bn to high (5-9%) 90% 96% = 95%
Wien (Austria) 1994-2010 1994-2010 n/a none n/a 100% = 97%
Gh 10% to low in 1999
Zilani (Letoni 1993-2009 1993-2009 919 999 989
ilani (Letonia) n/a Gh 15% to high in 2003 % % o
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Quality control
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Site of Davos

«closure equation»: 34% rejection
280m between the sites
horizon: beam obstruction

snow: reflection

Hauteur [*] Daves (Switzerland)  Latitude: 46.81°

Longitude: 9.84°

altitude: 1586m
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Quality control

GEnErai

University of Gene

E

va

Calibration

Tamanrasset:

lower aeronet values during summer
clear sky model ?
aerosol type ?

Davos, Vaulx-en-Velin et Zilani:
drift, breakdown?

Clearness index Kt

. Vaulx-en-Velin 2011 |

+ Vaulx-en-Velin 1996

Solar elevation angle [*]
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Quality control
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Site of Madrid

¥ components coherence:
+ sensor levelling ?

08

06 -

04

02

08

06
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Validation
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CM-SAF algorithm

2006 and 2008 pattern:
site specific ?
unusual conditions ?
meteosat problem ?
turbidity episode ?

Turbidity retrieval
based on ground beam
irradiance
retrofit of the aod and the
Linke turbidity with solis
and esra model
-> daily values

6
CM-SAF Carpentras 2004 - 2011

4 |
2

o

2

-4

* Model bias
i
2004 2009 2010 2011
M ment: « Model

2009 2010 2011

Sede Boger 2004 - 2011

+ Model bias

2004

2009 2010 2011

2004

o e i i
e .7 5‘ rid 7 "% %'m s .-‘?ﬁ“-‘.& TR,
< 5 T i I iy -

Measurements * Model

| ¥

2009 2010 2011

L = B I - ¥

Solemi

Carpentras 2004 - 2011

+ Model bias

2004

2009 2010 2011
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Validation
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University of Geneva

CM-SAF algorithm

2006 and 2008 pattern:
site specific ?
unusual conditions ?
meteosat problem ?
turbidity episode ?

Turbidity retrieval
based on ground beam
irradiance
retrofit of the aod and the
Linke turbidity with solis
and esra model
-> daily values

Carpentras 2004 - 2011

* Model bias - 10*acd +2 « Linke turbidity

2009 2010 2011

2009 2010 2011

* Modelbias - 10%aod+2 - Linke turbidity

2009 2010 2011

Measurements * Model

) T TRREt e
. e i T T Y W P-4
ER G o T £

£ By I3
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Validation GEnEerciE

University of Geneva

CM-SAF algorithm

CM-SAF Carpentras 2004 - 2011

2006 and 2008 pattern:
Site Specific ? 2004 2005 2006 2007 2008 2009 2010 2011

* Model bias

& 2 M o N & o

unusual conditions ?
meteosat problem ?

turbidity episode ? ' .2004 S Pt ¥ y 20.05 i .—:: 5 2006 :".. .'"21;07 = . .‘ 1-0.03‘ ks “-‘- .IDCB = ‘.‘ ... .ZT];ID .:. il ‘::. 2011 e

Sede Boger 2004 - 2011

Turbidity retrieval

based on ground beam

+ Model bias

2010 2011

irradiance ot = s o -
retrofit of the aod and the
Linke turbidity with solis

Wgﬁ:ﬁ% 3 oy

1

a n d es r'a m O d e | | 2004 i 2005 i 2006 2007 ) 2008 i 2000 2010 2011

Solemi Carpentras 2004 - 2011

-> daily values

Excluded zones from the validation

+ Model bias

L = B I - ¥

2004 2005 2006 2007 2008 2009 2010 2011
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Validation
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CM-SAF algorithm

different algorithms
2004 - 2005
2006 - 2011

different climatologies
2004 - 2007
2008 — 2010
2011

No significative differences

Almeria 2004 - 2011

* Model bias -10*aed+2 - Linke turbidity

2004

2005

2006

2007 2008 2009 2010 2011

2004

2006

Measurements + Model

2007 2008 2009 2010 2011

Geneva 2004 - 2011

* Modelbias - 10*acd+2 - Linke turbidity

2004

2006

2007 2008 2009 2010 2011

Measurements - Model

« Madel bias 10*aod+2 - Linke turbidity

2004

2006

2007 2008 2009 2010 2011
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Validation GEnEerciE
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Davos :

PARELY L]

LR Wt d0 il et

vl

U

s 5 s . s el }-- 38 e i e '.‘ Y -
RN NI A N N N

i 2o 3 Fi
&)

e T
b K W Y

gl
. shoy 8 - ! o3

high altitude site 2

SNOW 2004 2005 2006 2007 2008 2008 2010 2011

Measurements + Model

PRt i AN

: b -2 .

'*..;.l? =

-

[ W
4

‘.

December — June | T
reflection

’ * Modelbias - 10%a0d+2 - Linke turbidity

2004 2005 2006 2007 2008 2009 2010 2011

Measurements * Model

2004 2005 2006 2007

CM-SAF User Workshop 2014



Validation
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CM-SAF algorithm

scatter plots
global, beam and diffuse
hourly, daily and monthly

clearness index/solar elevation

upper limit: clear sky model

dependance with sky type
same pattern for all the sites

Hourly horizontal global irradiance [Whim2h]

cu-saF

average GHI = 299 Whm2n]
number of values = 20245
mbd

Ganeva 2004 - 2011

Moasurements. (CIE)

Daily harizortal global iradiation [WARim2h]

1000

Geneva 2004 - 2011

Cl.SAF
average GHI = 33 [Whim2]
& | number of values = 2635

mbd = 4%
sd m15%

Measurements (CIE)

Hourty normal beam irradiance [Whim2n] Geneva 2004 - 2011

1000

CMsAF
“average DNI = 302 [Whimzh]
- number of values. = 29245,

Measurements (CIE)

600 800 1000

Geneva 2004 - 2011

Measurements (CIE)

CM-SAF

Geneva 2004 - 2011

Measurements (OIE) ErEnS

Global iradiance biss [Whinh]

S MBD= 4%
400 {-SD = 2%

CMSAF

Geneva 2004 - 2011

clear

T 50
Solar elevation

0
Mosified eleamess index ;'

3

8 ® 12

Beam cleamess index Kb = DNl i o cM-SAF Ganeva 2004 - 2011

Msasusements (CIE) - emsaF

200

E 8885 .88¢8

08 1
Modified clearness index K,
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Validation
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CM-SAF SIS and SID

bias distribution
not exactly a normal distribution
caution with the interpretation of
the statistics

dependence with the aod
same pattern for all sites
artefact ?

S i)
a

Daily mean bias difference [KiWh/m2h]

CM-SAF

Beam irradiance (Wfm2]
i 'mlullll_lllllllllll”” ’mh”m_ﬂllllIflllllllmllmmmx!unmmm.
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Validation
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CM-SAF algorithm

frequency of occurrence distribution
versus irradiance level
versus clearness index

cumulated curves

monthly statistics

100%
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Weasurements Geneva (2004-2011)
— SolarGis.
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— soLav

Relaiive frequency of ascurrence of the
hourly global iradiance G,

Measurements Gereva (2004-2011)
— SolaGis
wialioclim3

Relative fraquancy of occurrance of the
hourty normal beam irradiance B,

Solemi
— MateoSwiss
— ousaF
SOLaY

200 400 600 800 1000
Hourly global iradiance [Wim?]

Hourly global irradiancs cumulated
frequency of ccurrence

KSI% ( SolarGis | = 126
KSI% ( Heliocim3 ) = 46
220

KSI% ( 4SOLaV )= 317

o 200

100%

0%

Hourly ormal beam Irmadianca [Wim?]

Hourly normal beam irradiance
cumulated frequsncy of cocurTancs

KSI% ( SolarGis ) =377
KSi% ( Helioclim3 ) = 516
KSi% ( Solemi )

KSI% ( CM-SAF
KSI% ( MatsoSwiss ) =932
KSI% ( rSOLaV ) =488

Hourly global irradiance [V/m?]
Geneva (CH) CIEIDMP  latitude: 48.20° longitude: 6.13" altitude: 420 m

Global iradiation, CM-SAF 2004-2011 [kWhim2]

global greund measurements [KWhim2]

7 40%
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Normal beam irradiation, CM-SAF 2004-2011 [kWh/m2]

normal beam ground measurements [Whim2]
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Results GEnNErGE

University of Geneva

Site by site results:
* low relative sd for sunny sites
* more important for high latitude sites, snow in Davos

* negligible overall bias

CM-SAF
B80% :
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Results

GENERrGIE

University of Geneva

Overall validation results:

CM-SAF performance over all the data (110 site-year, 475’000 hourly values, 43’000 daily
values, 1’700 monthly values)

hourly:

daily:

no bias, sd(G,) =

no bias, sd(G,) =

22%,
12%,

bias 2%, sd(B,)
bias 2%, sd(B,)

47%
30%

monthly: no bias, sd(G,) = 5%, bias 2%, sd(B,) = 11%
SolarGis Helioclim 3 Solemi 80% T " T
Gh Bn bh Gh Bn oh ch Bn bh SolarGis | Helioclim 3 | Solemi | Heliomont | CM-SAF | IrsOlLaV
mbd sd mbd sd mbd sd mbd sd mbd sd mbd sd mbd sd mbd sd mbd sd : : : : :
341 351 134 345 354 134 342 350 134 60% -
[\A';r?/”r:gh] o 57| 6 19| 7 47| 5 70| 21 1e6|-13 60 | 6 8 | -40 170 | 33 80
0% 17% | 2% 34% | 5% 35% | 1% 20% | 6% 47% |-10% 45% | 2% 23% |-11% 49% | 25% 60% >
] 3.73 3.83 1.46 3.81 3.91 1.49 3.73 3.82 1.46 40% L&
[kv'az'/';’]Z] 0.00 0.29 |-0.05 0.75|0.07 0.32|0.05 0.44|0.22 1.25|-0.14 0.46 | 0.07 0.49 |-0.39 1.23 | 0.33 0.62 =
0% 8% | -1% 20% | 5% 22% | 1% 12% | 6% 32% | -9% 31% | 2% 13% |-10% 32% | 23% 42% B
108.5 111.4 425 109.3 112.1 42.8 108.8 111.3 425 200 1551
Monthly
kwh/meg| 01 36 |17 10423 45|15 75|66 186|-41 61|20 6.2 126 166|105 96 : ‘
0% 3% | 29 9% | 5% 11% | 1% 7% | 6% 17% |-10% 14% | 2% 6% |-11% 15% | 25% 23% 3 3 ;
bias sd 2.1% 5.9% 7.5% 5.1% 13.9% 14.2% 4.8% 14.5% 25.2% 0% W”||||||i”””| ] ‘ ‘ (M
Heliomont CM-SAF 1IrSOLaV : Hml :
Gh Bn Dh Gh Bn Dh Gh Bn Dh 1
mbd sd mbd sd mbd sd mbd sd mbd sd mbd sd mbd sd mbd sd mbd sd 20%
346 354 135 337 354 131 340 353 134
[\A?ﬁfnrgh] 4 66 | o 140| 5 55| 0 75| 7 15| 2 55| 2 8 | -1 174| 5 62
1% 19% | 0% 39% | 4% 41% | 0% 22% | 2% 47% | 2% 42% | 1% 24% | 0% 499% | 4% 46% || 400, |
] 3.75 3.85 1.47 3.56 3.73 1.38 3.60 3.73 1.41
[kvlaﬁl/lri/m] 0.04 0.33|0.02 0.90|0.05 0.39]0.00 043|007 1.10|003 0.39|0.02 044|000 1.17|0.04 0.41
1% 9% | 0% 23% | 3% 27%| 0% 12%| 2% 30% | 2% 28% | 0% 12% | 0% 31% | 3% 30% || 0. |
o 107.6 110.3 42.1 104.2 109.4 40.5 104.3 107.9 40.8
[L\"\Ac;gt/m’é] 11 42| 03 121|16 52|01 50|20 11.7| 08 48| 06 64 |-03 158| 1.6 53 « Global imadiation = Beam iradiation = Diffuse iadiation
19 4% | 0% 11% | 4% 12%| 0% 5% | 2% 11% | 206 12%| 1% 6% | 0% 15%| 4% 13%|| ..
bias sd 3.6% 9.3% 9.6% 3.7% 9.1% 6.3% 4.2% 12.0% 13.8%
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Interannual variability GEnercie

University of Geneva

Histograms of the annual total

Annual global irradiation normalized to the 2004 - 2010 reference period Geneva (CH) CIE-IDMP latitude: 46.20° longitude: 6.13° altitude: 420 m
120% - Annual global irradiation (2004 - 2010) : 1281 % 29 [kWh/m2] reference period ---------------------------------------
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Interannual variability GEnercie

University of Geneva

Histograms of the annual total

Annual normal beam irradiation normalized to the 2004 - 2010 reference period Geneva (CH) CIE-IDMP latitude: 46.20° longitude: 6.13° altitude: 420 m

120% - Annual normal beam irradiation (2004 - 2010) : 1274 + 42 [kWh/m2] reference period
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N o o_§" & @ & 9 § £ é‘ S & v v B normalized ground measurements B measurements deviation from 2004 - 2010 average
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Variabilité interannuelle GENERGIE

University of Geneva

Table des résultats: biais systématique en relation avec la variabilité interannuelle
G,: tous les modeles en « temps réel » dans un écart standard
G,: années typiques: 2 modeles sur 6 dans un écart standard

B,: excepté Solemi, tous les modeles dans un écart standard

g T g - | 5 = o g ! ~ | 5 = I S
o — o — — o —~ —~ o o — — —_ o - —
= = ™ 3 2. = Q 3 S = N = = ~ S 8. I S 4 by a = 3
[N N - ™ ) & h N h ~ © < I N ™ [} h ~ h o © I I
Eg ] e W a o o0 S a © ) < S o q N € o c o0 S © ) < ~ =] : )
< T > e =] i a < o N o < © =< S o =} Iy < o ) o < O
9|8 o < - 3 a « T ) o o < ~ =] o 9|8 o a « o o o < & o o
22|83 2 ® = = S b = 2 S S = 8 f |2SR|EZ| & 2 il S 8 3 z Q Q
e = a s w ES 2 = c = & c e g < =] u 2 = o = S c = o
= R ) al ] A 3 3 < o £ = g < > |lsg|eyd a 3 ¥ @ £ = g % >
S o 5 = = = = = $ 2 = = = =
ss|l=8| 8 8 & & =~ =|3 & 8 § & 9 g3gl|lssl=g| s = s £ 2 E s 2 2
P88 > £ o < z & 2 S T S G = o |28 2 z = 2 5 2 5 s 3
£EC|2y a = I3 z = et a A T a T ] = £C| 2% z = 3 a T a T [s] =
o Il o ©
Sites L3453 Global irradiation, mean bias difference mbd L3453 Beam irradiation, mean bias difference mbd
Almeria 1850 | 2.5% | 1.8% 81% -81% -3.0% 49%  04%  61% 3.0% 32% -01% 03% | 2126 | 5.5% | -38% -11.1% | 151% -1.9% 121% -3.0% 63% = 2.0% -3.9%
Bratislava 1176 | 2.9% | 3.2%  1.0% 11% -1.0% 17% 43% | -35% 32% -02% 54% 28%  65% 4.4% | 1191 | 7.4% | -4.0% -7.5% | -11.9% -9.6% -2.1% -21.8% -153% 35% = 9.1%
Carpentras 1587 | 2.1% | 2.5% -4.8% -150% -6.0% -2.8% -54% | 04% 03% 06% 27% 16% 21% 12% | 1884 | 4.1% | 04% -101% | 49% -18% -03% -42% 3.0% 44% -16%
Davos 1383 | 1.3% | -0.8% 2.7%  -79%  21%  -2.9% |-175% -42% 115% -132% -44% -145% -7.1% | 1420 | 84% | -8.0% 18.1% | -26.2% -2.8% 21.9% -33.6% -9.5% -27.0% -36.9%
Geneva 1282 | 23% | 35% 63% 0.1%  01% -49% -55% | -06% 42% 01% 64% 35% 41% 53% | 1274 | 3.3% | 43% -98% | -09% 7.0% 1.9% -42% 86% 9.4%  4.0%
Kassel 1048 | 2.7% | 0.6% -5.6% -5.6% -58% -6.6% | 5.9% -0.1% -3.4% 08% -29% -14% 4.0% | 874 | 6.4% | 1.0% -79% | -51%  2.0% 102% -19.4% -44% 7.4% 21.8%
Lerwick 810 | 4.7% -43%  92%  91% -3.5% -44% | -25% 07% 54%  3.8% -32% -55% 580 | 13.3% | 55.5% 182% | 0.8%  6.9%  50.4% -11.5% 21.6% 8.5%
Lindenberg 1120 | 3.8% | -3.7% -3.8% -38% -9.8% -3.9% -123% | -45% -31% -21% -3.5% -48% -05% -04% | 1026 | 9.6% | -81% 14% | -04% -64% 58% -27.9% -151% 2.6% 30.5%
Madrid 1697 | 49% | 3.5% -52%  -52% -31% -2.5% | 17% @ 14% = 44% 57% 56%  34% 19% | 1798 | 52% | 100% -08% | 141% 54% = 86%  4.8% 164% 11.0% -2.3%
Nantes 1266 | 3.4% | 1.5% -52% -34% -6.7% -22% -09% | -27% -33% 04% 33% 07% -02% 13% | 1307 | 6.7% | -12.1% -9.6% | -8.8% -84%  27% -111% 42% 06%  07%
Payerne 1278 | 2.4% | 1.7% -84% -25% 04% -19% -83% | -28% 07% -64% 18% -01% -03% 4.8% | 1191 | 4.4% | 11.1% 59% | 2.0% 7.0% -34% -58% 61% 75% 12.5%
Sede Boger 2114 | 1.2% | -92% 05% -67% -39% -4.0% 06% -61% 34% 47% 09% -17% | 2382 | 3.6% | 46% -5.4% -46% -169% -87% -3.1% -48% -7.8%
Tamanrasset 2345 | 1.8% | -28% 0.8% 26% -81% 0.9% -12%  21%  -18% -1.0%  0.0% 2355 | 4.0% | 6.1% 18.1% 25%  147% -105% -92%  63%
Toravere 981 | 3.8% 31%  31%  -01% 46%  -23% 21% -15% -44% -63% -08% | 1028 | 8.8% | 84%  24% | 72%  -65% 7.2% -284% -143% -11.7% 1.9%
Valentia 1021 | 4.6% | 94% -3.9% -48% 80% -53% -47% | -42% -3.6% 41% 32% 18% -51% 14% | 992 | 13.4% | 107% -21.5% | -21.3% -21.6% 33% -251% -23% -20.1% 1.9%
Vaulx-en-Velin | 1304 | 4.4% | 34% -78% -40% -3.0% -63% -33% | 04% 31% 26% 73% 59% 50% 3.6% | 1359 | 53% | -21% -116% | -05% -09% 42% -47% 101% 79% -0.5%
Wien 1175 2.7% 0.5% -68% -6.0% -0.8% 1.0% -7.0% | -14% -03% -3.0% 3.4% 0.4% 2.7% 0.7% 1112 8.0% 2.9% -3.1% -2.5% -2.3% 40% -127% -3.5% 113% 15.0%
Zilani 1024 | 33% | -6.1% -32% 25%  -2.6% 6.0% -14% 109% -32% -2.6% -59% -17.6%| 1000 | 9.1% | 134% -01% | 205% -02% 31.9% -265% -7.3% -55% -13.6%
All sites 1359 | 29% | 01% ' -3.5% ' -35% -3.3% -23% -45% | -16% -01% 14% 1.8% 1.0% 01% 05% | 1383 | 6.3% | 3.8% -1.6% | -01% = -1.6% 59% -113% 01%  19% -04%
All sites absolute mean bias 34% ' 4.0% ' 51%  51% | 3.0% ' 51% | 3.9% | 17%  39% 39% 29% 27%  3.0% 75% | 93% | 9.5% |, 48%  10.0% 120% 7.8% 7.5% 7.8%
Standard deviation of mbd 46% ' 4.6% @ 65%  63% | 3.4% 57% | 59% | 21% = 51% 4.8% 36% = 37%  42% 9.0%  11.9% | 13.2% | 59% = 13.9% 145% 93% = 9.1% 12.0%
mbd within one standard deviation mbd_within two standard deviations mbd higher than two standard deviations I
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Results GEnNErGE

University of Geneva

Hourly values
Global irradiance SolarGIS Heliodim 3 Solemi {aerocom) MeteoSwis CM-SAF rs0LaV
Gh nb R mbd sd Gh nb R mbd sd nb R mbd sd nb R mbd sd Gh sd Gh nb R
[Almeria 2004 - 2011 448 32562 o 13% 445 32142 | 0971 6% 15% 32545 3% 15% 32263 | 0.978 3% 13% 443 7% 450 23554 | 0.965
Bratislava 2004 - 2007 7 W 3% 1% 278 16421 | 0.970 03 22% 17125 5% 29% 11605 3% 2% 62 26% 83 8010 | 0.966
Carpentras 2004 - 2011 432 26768 o 11% 433 26485 | 0.977 1% 14% 3% 13% 432 25448 2% 12% 423 15% 431 19802
Davos 2004- 2011 371 19735 -4% 23% 373 19398 | 0905 11% 31% 0718 -13% 53% 371 19493 4% B% 35 37% 399 11623
Geneva 2004 - 2011 304 33602 L% 18% 302 32066 | 0.974 0% 1% 6% 25% 304 33263 3% 0% 229 IT% 315 23839 5%
Kase| 2004 - 2011 258 31387 0% 22% 261 30715 3% 23% 1% 28% 258 31148 -3% 5% 248 30% 65 2632 28%
Lerwick 2004 - 2008 189 22355 1% 2%% 211 18465 5% 35% 189 4% 36% 199 20827 -3% 34% 180 36%
Lindenberg 2004 - 2006 306 10430 -3% 18% 310 10117 Ta 21% 306 - 25% 307 -5% 2% 289 5% 319 3220 05 5%
Madrid 2004 - 2011 i1 25443 1% 13% i3 25125 4% 15% 421 6% 15% 423 6% 15% 418 21548 | 0966 3% 17% 431 19320 | 0972 e 15%
Nantes 2004 - 2010 286 25672 -3% 17 289 251% 0% 26% 2B6 0.953 3% 24% 288 1% 0% 281 20961 | 0.959 0% 5% 29 15950 | 0935 15 B%
Payerne 2004 - 2009 350 20825 1% 17 354 20452 Be 1% 350 0.951 2% 22% 352 0% 18% 341 17134 | 0938 0% 5% 23 21005 | 0953 S 6%
Sede Boger 2004 - 2011 535 28380 1 % 537 28051 e 10% 536 0.973 3% 11% 536 5% 10% 527 25255 1% 12% 533 21386 | 0.968 -2% 14%
Tamanrasset 2004 - 2011 584 30158 -1% %% 597 25818 2% 13% 597 -Zh 11% 585 -1% 11% 586 26866 12%
Toravere 2004 - 2011 252 30386 -2% 213 272 27674 2% 2% 252 -1 267 252 -4% 28B% 45 25710 -6% 2B% 256 22129 1% %
Valentiz 2004 - 2011 237 33292 -4% 26% 235 33748 4% 30% 240 3% 34% 243 32334 2% % B8 2792 -5% 57 BAs 1% 33%
[Vaubc-en-Velin 2004 - 2011 300 30271 S 17 303 29771 3% 20% 304 62 T 23% 301 29920 6% 0% 302 28530 5% 303 20935
Wien2004- 2011 278 3355 0% 1% 282 374 -3% 213 3% 26% 278 33173 0% B% o 29152 3% X1 2593
Zilani 2004 - 2009 250 2767 -1% 25% 263 21217 | 0. 11% 36 -3 31% 256 21918 -3% 30% 239 17935 | 0. -G% 268 13730
Al sites 341 26381 -0.1% 17 345 25418 1.4% 20% 342 26255 1.8% 23% 345 25682 10% 18% 337 22169 0.1% 2% 340 0.5% 4%
Al Sites absolute bis 17% 3.9% 3.9% 19% 17 3.0%
Standard dev. of thebias 2.1% 5.1% 4.8% 3.6% 3.7 428
Hourly values
Globa irradiance SolarGIS Heliodim 3 Solemi {aerocom) MeteoSwis CM-SAF rs0LaV
Gh nb R mbd sd Gh nb R mbd sd Gh nb R mbd sd Gh nb R mbd sd Gh nb R mbd sd Gh nb R mbd sd
Almeria 2004 - 2011 448 32562 | 0.980 19 56.6 448 32142 2 63.1 448 32545 | 05871 133 67.6 448 143 58.5 443 28841 | 0964 -06 741 460 23554 | 0965 16 7
Bratislava 2004 - 2007 2 17254 | 0.977 B7 516 278 16421 -0.6 613 273 17125 | 0.948 1486 77.9 329 9.2 A5 262 14401 | 0.961 17.1 8.7 23 8010 0.966 128 ELE
Carpentras 2004 - 2011 432 26768 | 0.982 15 485 433 25485 24 59.6 434 26437 | 0877 115 56.3 432 6.7 51.2 423 89 6.5 431 19802 | 0967 53 742
Davos 2004 - 2011 £yl 18735 | 0.948 -156 B6.1 373 19398 428 116.4 370 19740 | 0.718 -490 193 371 -16.3 86.2 35 -50.1 1269 389 11623 | 0.831 -282 1580
Geneva 2004 - 2011 304 33602 | 0.977 128 55.6 308 32966 0.2 58.6 304 33603 | 0957 193 75.3 304 105 59.3 29 121 .6 315 23939 [ 0954 166 785
Ka=el2004 - 2011 258 31387 | D.9%8 -0.2 57.1 261 30715 -88 59.3 257 31392 | 0. 21 712 158 -15 B85 248 -4 5.2 265 22632 | 0946 105 742
Lerwick 2004 - 2009 189 22335 | 0.958 4 545 211 13465 11.3 735 189 22356 | O 71 68.2 199 -6.5 67.7 180 -10.0
Lindenberg 2004 - 2006 306 10430 | 0.969 -g4 548 310 1017 65 641 306 10432 -10.8 75.8 307 -148 67.3 289 -13 319 3220
Madrid 2004 - 2011 L, 5447 | 0.=E1 58 56.5 L, 25125 184 63.2 421 23434 241 64.8 423 237 62.4 413 143 431 19320
Nantes 2004 - 2010 285 25672 | D.979 -85 476 289 25184 | 0.852 12 73.9 286 25702 | 0.959 85 68.5 288 56.5 281 -0.6 6.7 29 15950
Payerne 2004 - 2009 350 2083 | 0.973 26 58.0 334 20452 | 0962 -225 68.2 350 20824 | 0.951 6.2 78.7 352 63.8 31 -11 5.4 23 21005
Sede Boger 2004 - 2011 535 28380 | 0.985 30 50.6 537 28051 | 0982 -33.0 56.2 536 28379 | 0978 184 60.3 536 25.0 53.6 527 66 533 21386
[Tamanrasset 2004 - 2011 5% 30158 | 0.984 -7.2 55.8 597 25818 | 0.971 124 75.2 597 29252 | 0978 -10.7 66.9 5395 -6.1 65.6 526 3.3
Toravere 2004 - 2011 252 30386 | 0.9%8 -58 4.1 72 27674 | 0.938 5.8 79.1 252 30426 | 0955 -38 65.1 252 -2 W2 45 8.7 56 2129
Valentia 2004 - 2011 237 33292 | 0.961 -8.7 618 235 33748 | 0.%4% 87 711 240 52870 | 0.928 17 B2.7 243 43 Bl5 258 B8.6 57 23218
Vaube-en-Velin 2004 - 2011 300 30271 | 0.979 517 308 29771 | 0.970 616 304 28845 222 70.7 301 177 5.4 302 150 71 303 20835
Wien 2004 - 2011 278 33556 | 0.975 53.5 282 3Z754 | 0.970 -85 60.4 280 33344 85 714 278 10 63.2 o 73 67.4 21 23953
Zilani 2004 - 2009 250 2767 | 0.9%2 613 263 21217 | 0922 287 241 245 22852 -81 76.9 256 6.5 T4 39 -141 907 68 13730
A1l sites 341 26381 -0.4 56.6 345 25418 47 70.5 342 26255 6.2 79.8 348 35 65.5 337 22169 0.3 75.2 340 18401 18 2.8
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http://www.unige.ch/energie/forel/energie/equipe/ineichen/annexes-iae.html

& IEA - Report - Groupe énergie - UNIGE

Fichier Egltlun Présentation  Historique  Signets  Fenétre  Aide
|. 4> | |7| | + | @ http:/fwww.unige.ch/energie/forel/energie/equipe/ineichen/annexes-iae.html [Cecteur] Gl | Q- Google | O~ #&-
oo M Apple Yahoo! Google Maps YouTube Wikipédia Informations v Divers v
. = -
UN'VERE'TE GROU PE ENERGIE @ uynige.ch ) annuaire I:I Q
t Institut F-A Forel IEA - Report
LONG TERM SATELLITE HOURLY, DAILY AND MONTHLY GLOBAL, EEAM AND DIFFUSE IRRADIANCE VALIDATION.
Equipe INTERANNUAL VARIABILITY ANALYSIS
Bernard Lachal
»
Martin Patel EIENHEEL)
Pauline Calame Abstract
Anne d"Angelo
Jean-Luc Bertholet Satellite derived solar radiation is nowadays a good alternative to ground measurements for renewable energy applications. It has the advantage to
Daniel Cabrera provide data with a good accuracy, the besttime and space granularity, in term of real ime series and average year such as TMY.

Catherine Cooremans
This report presents results of a long term validation in the European and Mediteranean region of six nowcast satellite products in hourly, daily and

monthly values, and six average products on an annual basis. The performance of all the products is put forward with the natural interannual
variability; for comparison purpose, the SatelLight model is also included in the results

Jérome Faessler
Carolina Fraga
Pierre Hollmuller

Pierre Ineichen The main results are

Annexes-IEA « the accuracy ofthe derived global irradiance reaches 17% with no bias, and 34% for the beam component with a negligible bias,
Jad Khoury = even with some high discrepancies for specific sites and models, on the average, all the products provide the annual global iradiation within one
Floriane Mermoud standard deviation of the interannual variability, with a bias standard deviation from 2% to 5%

Pierryves Padey

eight of the nine models provide beam irradiance within one standard deviation, the best bias standard deviation is 6%.
Eric Pampaloni
Loic Quiquerez

Théodora Seals Volume | Volume I Volume lil
Collogues et conférences W Almeria (Spain) ¥ Lerwick (Great Britain) " Tamanrasset (Algeria)

\* Bratis|ava(Slovakia) \* Lindenberg (Germany) " Toravere (Estonia)
Publications \# Carpentras (France) \» Madrid (Spain) \# Valentia (Ireland)
Contact

® Davos (Switzerland) ® Nantes (France) W Vaulx-en-Velin (France)
Remuer

" Geneva (Switzerland) * Payeme (Switzerland) 1 Wien (Austria)

" Kassel (Germany) 1" Sede Boger (Israel) 1 Zilani (Letonia)

CM-SAF report (adapted from IEA report)

# CM-SAF validation report

CM-SAF Annex

12 Volume | : Almeria -> Kassel * Volume Il - Lerwick -> Sede Boger 1 Yolume Il : Tamanrasset -= Zilani

1 top
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Validation results, other models

GENERrGIE

University of Geneva

Validation results

helioclim 3: poor clear sky model
taken into account in the final model

better results with daily input parameters
instead of monthly climatic data banks

similar behavior for all the models

Better snow management in Heliomont
and SolarGis

Helioclimva Geneva 2004 - 2011
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Solar elevation

SolarGis Carpentras 2004 - 2011

intermediata
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Modified cleamess index K/

MHourly horizontal global irradiancs (Whim2h] Davos 2004 - 2011

CM-sAF
| average GHI = 348 Wiym2h]
number of values = 20587
mbd = 26 %
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MeteaSwiss
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