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INTRODUCTION

QUALITY CONTROL OF SOLAR IRRADIANCE

Classical QC methods (e.g., BSRN QC) use statistical and physical limits
BUT

There is a wide range of plausible irradiance values

¥

PROBLEM

Measuring errors of low-magnitude (shadows, calibration errors) pass classical QCJ
methods

¥

Need for new QC methods
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INTRODUCTION

BIAS-BASED QUALITY CONTROL (BQC) METHOD

Global Horizontal Irradiance (daily)

Flag groups of consecutive days in which the deviations of several independent
models are out of the typical values for that region and time of the year

BQC validations

(Urraca et al. 2017) - 335 European stations - 29 stations with errors
(Urraca et al. 2019) - 732 Spanish stations - 264 stations with errors

STRENGTHS of the BQC BSRN QC
Finds low-magnitude defects
(e.g. shading, soiling, calibration)
GH deviations + 20-90 days &~ GH samples + 1 sample

ONLY large errors, time lags

Visual flags “ Numerical flags
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INTRODUCTION

OBJECTIVES

OBSTACLES FOR IMPLEMENTING THE BQC

- Download estimations from solar radiation databases.
- Obtain reliable station data to calculate the typical value of the deviations.

SOLUTION

- A free web service incorporating the BQC algorithm + databases + station data
to quality control any station in Western Europe
- Users only have to upload their data and analyze the visual flags produced.

www.bgcmethod. com
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PRE-PROCESSING RADIATION DATABASES

Database Type Organization Spatial Spatllal Temporal Tempgral
coverage resolution  coverage resolution
Satellite Europe, Africa .
SARAH 2.1 geostationary CM SAF 65°S - 65°N 5 km 1983-2017 30 min
CLARA-A2 S";t:l'a"rte CM SAF Global 2% km 19822015  1d
ERA5 Reanalysis ECMWF Global 31 km 1977-2018 1h
1983-2015

Gridded data (raster layers)

estimations (x, y) A

N

Matrix (HDF5)

T

ERA5 (1 h, world) ~ 679 GB

CLARA A2 (1d, EU) ~ 4 GB

SARAH 2.1 (30 min, EU) ~ 150 GB

AL. (UR

—>
estimations
. (x,y)
pixel
(x,y)
4 speeD
- short (2 bytes) daily hourly
- pixels within BQC countries SARAH 2.1 4GB 125GB
> ERAs 0268 6GB|  y SIZE
CLARA-A2 0.2 GB -
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CONFIDENCE INTERVALS OF THE MODEL DEVIATIONS

335 quality-controlled stations )

Cls for each (i) database, (ii) month,

C | # and (iii) spatial region.

Robust statistics
median & n x median absolute
deviation

Tuning parameter: n
Restriction level of the Cls
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BQC ALGORITHM: WINDOW FUNCTION

START WINDOW Significant deviations
[ dez'iafionf,by = deviation®(|deviation?| > X i)

Samples analyzed by the window function L
deviation,, = deviationi—g, , d. ... Percentage of samples out of the Cls
l dunderd® — sum(deviation®?, < CT_low™) 100

w
b _ sum(deviation® > CT_upi®)

sig

w
d_over > 80%
OR no
d_under > 80%

Percentage of missing samples in the window

d_over® 100

sum(deviation®
w

!

d-missing™ < 80%

d_missing®™ =

no

yes ¢ ¢yes
any(d-missing < 20%) yes Flag period din; : dena
~ pgthon o | NEXT WINDOW
Tuning parameter: w
(windOW Width) (run 1) Short-lived defects
Number of consecutive days w =20 days, n = 2.4
analyzed (run 2) Permanent defects
w = 90 days, n = 0.4
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WEB INPUTS (WWW.BQCMETHOD.COM)

e 229 g 22

- BQC Filter Latitude: | 4229
+ (1) location | params
o Longitude: | -2.23
G (2) Radiation data Radiation | sosrioja_7_05-08.csv Browse
was (daily or higher) O e e )
o Units: | Wim-2 .
9 Time format: | UTC +
Rain data: | Choose a fle. Browse
(Optional)
n w
Robres e (3) BQC params  g,.¢ 24 20
- Run 2 0.4 90
V-N - Lo &
NGinNX Flask docker
WEBSITE IMPLEMENTATION

CM SAF USER WORKSHOP

JUNE 4TH

11/ 32



WEB OUTPUTS (WWW.BQCMETHOD.COM)

BQC Filter

+ sica . Params

Latitude: = 42.29

Longitude: = -2.23

Radiation data: | sosrioja_7_05-08.csv Browse

Selected: sosrioja_7_05-08.csv

Units: | Wom-2 :
9 Time format: | UTG °
Rain data: | Choose a file. ‘ Browse ‘
(Optional)
n w
Run 1 24 20
Run 2 04 90

33
Flagged data Daily results: | V - Subdaily results: | View | v

Download dataframe (.csv) with numerical flags q—— ooiias
View figures (.svg) with the visual flags <& View
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WEB OUTPUTS: DAILY RESULTS

BQCMethod ) . . -
Daily deviations (temporal resolution of the BQC calculations)
(ot oy epon
Flag 8QC run 2 8QC run 1 . QCBSRN . NAs  pg —— CLARA-A2 —— SARAH 2.1 ERAS

2005 04 2005 07 2005 10

2006 04 2006 07 2006 10

Daily deviation [W/m2]

2007 07 2007 10

T T v
2008 04 2008 07 2008 10
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WEB OUTPUTS: SUB-DAILY RESULTS

BQCMethod

H I Sub-daily irradiance profile (temporal resolution provided by the user)
ack | Hourly Repor
rag secnn [ socans [ ocosnn [ ir o0 — e — swanzs — e — suion
lo A A A A

2005/04719

= -AMMM
400 k
o

2005705710 2005005724

czi/\/\A/\/\A/\/\/\/\AMMAMﬂM]\MMMM

2005106
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EXAMPLE 1: ACCUMULATION OF DUST (SOILING)

BQCrun2 . BSRN QC — CLARA-A2 — SARAH 2.1
Flag BQC run 1 NAs Database __ ERA5 — Station
«
£
=
c
k<]
©
g
)
A 150 . . . .
2008 Feb 2008 May 2008 Aug 2008 Nov
1200
< a0
£
S 400
T
S
0

2008 Jul 10

Sensor cleaned by the rain J
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EXAMPLE 2: ACCUMULATION OF DUST (SOILING)

1Y

— Pyranometer — CLARA-A1 BQC (w=90d) . QC BSRN
BCQ (w=20d)| NA

— SARAH-1  — ERA-Interim Flag

150
1004
504
0
.50
-1004
-150

YNNI i ‘?'-“ X '!‘
mum_‘mié:m‘M’glv')‘»'”f )

2010 Jan 2010 Mar 2010 May 2010 Jul 2010 Sep 2010 Nov

1200

800

4004

Gy [W/m?] T Daily deviation [W/m?]

0+

2010 Apr 20 2010 Apr 24 2010 Apr 28

Sensor manually cleaned J
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EXAMPLE 3: SHADOWS

BQCrun2 . BSRN QC Datab — CLARA-A2 — SARAH 2.1
BQC run 1 NAs atabase __ ERA5 — Station

]

Flag

Deviation [W/m?]

2012 Nov

Gy [W/m?]

2012 Jul 10 2012 Jul 15 2012 Jul 20
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EXAMPLE 4: LARGE ERRORS

Gy [W/m?] © Daily deviation [W/m?]

— Pyranometer — CLARA-A1 BQC (w =90 d) ] QC BSRN
BCQ(w=20d)| NA

— SARAH-1  — ERA-Interim

2009 May 2009 Sep 2009 Nov

800

I
1<}
k=)

o

2009 Jul 15 2009 Jul 19 2009 Jul 23

[m] = =
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EXAMPLE 5: DIURNAL IRRADIANCE EQUAL 0

D

— Pyranometer — CLARA-A2 BQC (w =90 d). QC BSRN
BCQ(w=20d) NA

— SARAH PVGIS — ERA-Interim Flag
150
1004

504
0 T
50
-1004
-150

2005 Jan 2005 Mar 2005 May 2005 Jul 2005 Sep 2005 Nov

1200

MM LA

2005 Jun 20 2005 Jun 24 2005 Jun 28

Gy [W/m?] T Daily deviation [W/m?]
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EXAMPLE 6: TIME LAG

a
— Pyranometer — CLARA-A1 Fla BQC (w = 90 d) [l QC BSRN
— SARAH-1  — ERA-Interim 9 Bcaw=20qd) NA
o
£ |
ES
c
Ke]
k5]
>
[0
T .
= 150
s 2009 Jan 2009 Mar 2009 May 2009 Jul | | 2009 Sep 2009 Nov
p 1200
< 800+
E
R
I
(O]
0+
2009 Aug 05 2009 Aug 09 2009 Aug 13

[m] = = =
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EXAMPLE 7: PYRANOMETER ERROR

2007 Feb 2007 May — 2007 Aug 2007 Nov

2008 Feb 2008 May [ 2008 Aug 2008 Nov
150

-150

Deviation [W/m?]

2009 Feb }w’s' May 2009 Aug 2009 Nov
150
100
50

-50
-100
-150

2010 Feb 2010 May 2010 Aug 2010 Nov

150

100

ey AVJKV/JQWAQL Ih_, l . A 4 ).'f,.ﬁ;%}

, s

2 T I A
150

2011 Feb 2011 May 2011 Aug 2011 Nov
— 1200

<

E oo

R

T
G o
2008 9ul 05 2008 Jul 10 2008 Jul 15
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ANALYSIS OF MONITORING NETWORKS

(Urraca et al. 2017) 335 stations (Urraca et al. 2019) 732 statoions
26 stations with defects (7.8%) 264 stations with defects (36%)

"
Network
K @ BSRN Network
o Fmi ® BSRN
© SMHI ® AEMET
® Met Office ® SR
Dwp ® Meteocat
® Meteo France @ Euskalmet
©® AEMET Meteo Navarra
® vt MeteoGalicia
® JRC @ SIAR Rioja

SOS Rioja
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CONCLUSIONS

A free web service (www.bgcmethod. com) that implements the
BQC method and incorporates the databases and station data

required to analyze any Western European station from 1983 to
2015
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CONCLUSIONS AND FUTURE WORK

FUTURE WORK

Include field descriptions and a tutorial of the website J

Speed-up the website J

Extend the website to Eastern Europe (station data required) J

Extend the website to other atmospheric variables
(e.g., temperature)
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THER WORKS WITH CM SAF DATABASES

Urraca R, Gracia-Amillo AM, Koubli E, Huld T, Trentmann J, Riiheld A, Lindfors AV, Palmer D,
Gottschalg, R, Antonanzas-Torres F. Extensive validation of CM SAF surface radiation products over
Europe. Remote Sensing of Enviro t 2017;199:171-186.

Validation of CM SAF databases over

312 European stations SARAH PVGIS SARAH-2
(Global horizontal irradiance) e \\ Iy .
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HER WORKS WITH CM SAF DATABASES

Urraca R, Huld T, Gracia-Amillo A, Martinez-de-Pison FJ, Kaspar F, Sanz-Garcia A. Evaluation of global

horizontal irradiance estimates from ERA5 and COSMO-REAG6 reanalyses using ground and satellite-based
data. Solar Energy 2018;164:339-354.

ERA-Interim MERRA-2 MERRA-2 SARAH PVGIS
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HER WORKS WITH CM SAF DATABASES

Urraca R, Huld T, Martinez-de-Pison FJ, Sanz-Garcia A. Sources of uncertainty in annual global
horizontal irradiance data. Solar Energy 2018;170:873-884. J
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OTHER WORKS WITH CM SAF DATABASES

bias of PV system simulations due to uncertainties in solar radiation estimates. Solar Energy

2018;176:663-677

Urraca R, Huld T, Lindfors AV, Riiheld A, Martinez-de-Pison FJ, Sanz-Garcia A. Quantifying the amplifiedJ
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Estimating the PV output with
solar radiation databases

B
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OTHER WORKS WITH CM SAF DATABASES
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