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... may we introduce to you: SARAH and CLARA

Surface Radiation Climate
Data Records from CM SAF

< SARAH

B0 % =»Born on 1 Jan 1983
///////’ AN

N / =» Multi-national
g AWI a;ﬂ g S e, ™~ ety > Very sunny attitude,

counts every sunny hour

< CLARA

=>Born on 1 Jan 1982
=> Truly global

=» Grounded on her feet, sunny
mind, enjoying clouds
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Climate Data Satellite Retrieval System

~eatellite. Big Data II:
" ~raw" satellite data, e
' 30 yrs ormore data record, CM SAF SARAH Solar Surface Irradiance
geOphysical Men 1963:2013
parameter i

Smart people
/ algorithms

-+

computing
power

Global radiation [W/m~™2]

e ' ' ; .- Y
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Data Min = 69. Max = 292 Mean = 205

e oy

© "computor" by Nick See:
CC BY-NC 2.0.
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Surface Irradiance

« Surface Solar Radiation / Surface Irradiance is determined by....

Astronomy (solar zenith angle)

Cloud coverage / optical depth

Vertically integrated water vapor

Surface albedo

Aerosol content and their optical properties

o~ wbh -~

« Most factors are well known (e.g., solar zenith angle), can be es estimated well
from satellite measurements (cloud coverage during daytime) or reanalysis / other

sources (water vapor, albedo, aerosol).
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Surface Irradiance from satellite (1 / 3)

« Spatial and temporal information of surface solar radiation
can accurately be derived from satellite observations,
because...

v’ ... satellites can well detect
clouds (= bright regions) during
daytime

v’ ... clear-sky solar radiative
transfer is well simulated

assuming auxiliary data (e.g., water

vapor, aerosol) is available
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Surface Irradiance from satellite (2 / 3)

The ,,Heliosat" algorithm

Min. Reflectivity, R
Sept 2008

mins 12 UTC,

Reflectivity, 12 UTC, 2 Sept 2008

MET9 VISAB6 2668-09-AZ 1Z:88 UTC
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Surface Irradiance from satellite (3 / 3)

The Cloud Index n: Cloud Index, 11 UTC, 1 July 2005
R _ R-m mn
Rma.:c — Rnn'n

n —

MET9 UISEP6 2088-89-82 12:88 UTC
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Surface Irradiance from satellite (3 / 3)

The Cloud Index n: Cloud Index, 11 UTC, 1 July 2005
B B >
n = R— . The cloud index, n, allows to derive the all-sky
max

irradiance, G,,, from the clear-sky radiation:

c';all = (1 - n) Gclear

G ear Can be calculated from radiation transfer assuming

water vapor, surface albedo, aerosol information

T R e ) -
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Surface Solar Radiation Data Set - Heliosat (SARAH-2.1)

=» Variables CM SAF SARAH Solar Surface Irradiance

Mean 1983-2013
=» Global radiation / irradiance (SIS)
=» Sunshine duration (SDU)
=» Surface direct irradiance (SID, DNI)
=» Spectral resolved irradiance (SRI)
=> Effective cloud albedo (CAL)

= Resolution

=» Spatial: 0.05° x 0.05°
=» Temporal: 30 min, daily-, monthly means

- Coverage

9Spatlal MeteOsat diSC Global radlatlc;r;-[me"Z]__
(circle with center at 0°N / 0°E and radius 65°) T ,_—.
eTemporal: 1983 to 201 7 Data Min = 63, Max = 292, Mean = 205

DOI:10.5676/EUM_SAF_CM/SARAH/\VV002_01
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Thematic vs Interim Climate Data Record

10

28 October 2020

Satellite-based Climate Data Records

Satellite
| measured
Signal

EDR
Environmental
Data Record
Latest Algorithm Same Algorithm for CDR & ICDR FCDR
to retrieve geophysical property Fundamental
Climate Data Record

ICDR
Interim
Climate Data Record

CDR
Near-Real Time Production Regulur Re-processing Climate Data Record
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Thematic vs Interim Climate Data Record
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Satellite-based Climate Data Records

Satellite
| measured
Signal

EDR
Environmental
Data Record
Latest Algorithm Same Algorithm for CDR & ICDR FCDR
to retrieve geophysical property Fundamental
Climate Data Record

ICDR
Interim
" Climate Data Record

CDR
Near-Real Time Production Regulur Re-processing Climate Data Record
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Thematic vs Interim Climate Data Record

12
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Satellite-based Climate Data Records

Do :/)-,;.wﬁ

Satellite
measured
Signal

EDR
Environmental
Data Record
Latest Algorithm Same Algorithm for CDR & ICDR FCDR
to retrieve geophysical property Fundamental
Climate Data Record

ICDR
+ Interim
Climate Data Record

CDR
Near-Real Time Production H { Regular Re-prg sing ‘ Climate Data Record
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SARAH-2.1 + SARAH ICDR

=> Global radiation / irradiance (SIS)
= Sunshine duration (SDU)
= Surface direct irradiance (SID, DNI

CM SAF SARAH Solar Surface Irradiance
13

esolved irradia
=> Effective cloud albedo (CAL)

= Resolution
=>» Spatial: 0.05° x 0.05°

SARAH ICDR
Available as consistent near-realtime
data:

1 Jan 2018 — the day before yesterda

= Temporal: 30 min, daily-, monthly means

- Coverage
=>» Spatial: Meteosat disc

(circle with center at 0°N / 0°E and radius 65°)

=» Temporal: 1983 to 2017
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T

Global radiation [W/m~™2]

I . | . :
150 180 210 240

ta Min = 69, Max = 292, Mean = 205

60 90 120 270 300

DOI:10.5676/EUM_SAF_CM/SARAH/\VV002_01
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What can you do with these data.....

SARAH data are used for.....

= Climate analysis / monitoring

= (Climate) Model evaluation
> Solar energy assessment What would you like to do with SARAH data?

- Agrometeorology How can SARAH help you ?
> ..
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What can you do with these data.....

SARAH data are used for.....

= Climate analysis / monitoring
= (Climate) Model evaluation

> Solar energy assessment What would you like to do with SARAH data?
- Agrometeorology How can SARAH help you ?
s 2

.. but are these data good enough?

= Data evaluation is really important before using any data

= What exactly is ‘good enough’ in your specific case?

= Have a look at the data!

= Use available information and / or make your own assessment.
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1.) A first look at the data....

16

SIS Climatology, Germany
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Mittlere Globalstrahlung, CM SAF, SARAH-2, 1983 - 2015
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My conclusion:

The data looks realistic

SDU Time Series, Offenbach
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2.) Check out CM SAF documentation

Comparison with reference data (CM SAF Validation Report)

SIS (SARAH) vs SIS(BSRN), monthly, all stations Abs. difference for many stations

Global Radiation (SIS), Absolute Bias, CM SAF SARAH-2.1 - BSRN

BSRMN SIS (A/m2)

fime.bizs

Accuracy: 5 W/m2 (mm) / 12 W/m2 (dm)

The data is accurate and has a high

Correlation Time Series of the bias = g
= linear 1re nd: [40.057 0.00055,0.058] W/m2yd s
nercept: 1,63 & rgo
Slope: 10 i Sm."
& e & 3
E E e 8
= 2 .- ..
w 8 <8 T
mﬁ— % @ § o2 a8 o T i, ¢ i _?:7 T1 4%
- g7 . GTHT EB:' !
T i ool g sl BE T mll e 7By
o i o Lo o AT ST M S sl TS
T Kendall: 0258 cab cam car enr d gob ler lin pal pay sbo sov  tam tor
BSRN Station
Pearson : 0967 E.
(=] T T T T T
T T T .
o 200 00 o s A Our conclusion:

stability at 15 BSRN stations

Stability: ~ 1 W/m2/dec
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3.) Check out peer-reviewed literature

Comparison with reference data (e.g., peer-reviewed literature)

Europe
. . . SARAH-2
= Many published studies about comparing the SARAH data record
. . .
with surface reference data are available (see the reference list)
Norway Poland
TABLE 2 Results of the statistical verification of SIS data
Scatter plot of SARAH daily values oounlm (SARAH-2) over the period 1986-2015, in relation to the average
monthly global solar irradiance
8 Station ME (W-m™) MAE(Wm™) i
8 Belsk 0.90 5.62 0.59
Bielsko-Biak 216 9.15 0.66
? Gdynia ~088 457 059
" Jelenia Géra Eios 611 064 ol ®
Kasprowy Wierch  -14.65 1870 1.92 z A x >
5 Klodzko 559 936 094 O ‘\ o OFNGT .9
Kolo 297 745 0.76 p= - t .
[ Kolobrzeg -0.72 462 0.60 AT .
3 Legnica 142 553 0.60 D)y
Lesko 036 744 0.59 & '
* Mikotajki -338 6.89 0.65 & v B , @ %i:‘. '
- e : 1 Pila 1.09 485 0.65 o A
0 50 100 150 200 250 300 350 400 Radzyéi Iad o gy e > ~
Ground measurements (Wm2) Sulejow 141 578 0.59 4 i
SARAH RMSD (Wm?) MAD (W) MBD (W) Toruri 3.08 7.56 0.70 / .
Clear-sky 20.4 12.8 -5.5 Warszawa 243 535 0.63 .
Iulenucg|are-clmul1ness i(} 1 IS'\j -42? Zakopaiie a0 050 05 MED [W/m2]
vercast 3.2 N .5 * el 2 icC -
Total 0.26 7.39 0.59 2 ‘0 0 vn._zu

Babar et al., 2019 Kulesza, 2020 Urraca et al., 2020
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3.) Check out peer-reviewed literature

Comparison with reference data (e.g., peer-reviewed literature)

Europe
SARAH-2

= Many published studies about comparing the SARAH data record

with surface reference data are available (see the reference list)

No rway Poland
400 Scatter plot of SARAH daily values
Main conclusion:
350
" . . .
o The SARAH data is of high quality and
« 250 >
g . . . peL e o °
z =0 suitable for many applications. pass PO @
& 150 Kolo 297 745 0.76 B - =D &
¥ Kolobrzeg -0.72 462 0.60 AT .
109 3 Legnica 142 553 0.60 D)
M Lesko 036 7.44 0.59 - '
4 = Mikolajki -338 6.89 0.65 . y ) y ( %4‘. '
0 il + e : 1 Pila 1.09 485 0.65 o A
0 50 100 150 200 250 300 350 400 Radzyd lad pop . 091 > .
Ground measurements (Wm‘z) Sulejéw 141 578 ) () i 3
SARAH RMSD (Wm?) MAD (W) MBD (W) Toruri 3.08 7.56 0.70 / . :
Clear-sky 20.4 12.8 -5.5 Warszawa 243 535 0.63 .
Intermediare-cloudiness 20.1 134 -29 ) _ _ MED [W/m2]
Overcast 132 8.7 25 Zakopane -202 9.50 0.65 [ T
Total 0.26 7.39 0.59 2 ‘0 0 10 20
Babar et al., 2019 Kulesza, 2020 Urraca et al., 2020
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4.) Assess the data by yourself

Comparison of the SARAH data record with your own reference data

= Use high quality surface reference
measurements
=» Ensure the reference data is representative for

the local area (Remember: SARAH data Your conclusion:
277

represents an area of 5 km x 5 km)

= Make sure the units of the data match:
SARAH provides averages for solar radiation and

sums for sunshine duration

=» Be open for surprises in the reference data
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Application areas of the SARAH data record

=» Climate analysis, Trend Analysis

=» Solar energy assessment / Solar Atlas

=>» Quality control of surface measurements
=» Climate Monitoring

=> Evaluation of (climate) model simulations

= Agrometeorology

= See — Qutreach — Applications
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Climate Analysis, Trend Analysis

Decadal Trend SARAH-2

Trend in Surface Irradiance, Europe, SARAH-2, 1983 - 2015

,ounny Days“, Frankfurt
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Pfeifroth et al., 2018

22 28 October 2020 e EUMETSAT



Solar Energy Modeling

EU SCIENCE HUB

The Frengmas G

Photovoltaic Geographical Infor ion Sy ' (PVGIS)

snce Jf Solar radiotion W TMY |

Moty ey cutpet focen fn anghe P pius

F 3

j “‘l“
7]

https://ec.europa.eu/jrc/en/pvgis
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_* Renewables.ninja

Offenbach

Dataset @

Select a year of data @

2015

Capacity (kW)

[oros omamn| om | 4w |

Y

Rate this publication
EMHIRES dataset. Part ll, Solar power
generation

EU publications

EMHIRES is the first publically available European
solar power generation dataset derived from
meteorological sources that is available at country,
bidding zone, NUTS-1 and NUTS-2 level. It was
generated applying using the validated and robust
PVGIS model to estimate the solar electricity
potential capturing local geographical information
to generate meteorologically derived solar power
time

series at high temporal and spatial resolution,

validated with transmission system operators' data.

M-SAF SARAH (Europe)

Gathenburg

Abergéeit Ratbors . oo
ScoT. *
Search Edinbycghl Denmark Mo
Lithuania 4
Belfast. ; Vilnius,
S0 United L)
i Kingdom Barus
« Ireland
ENG.
’ o Netherlands Poland
London” ermany
v i Kyiv,
Belgium e e Kharkiv
Franklurt Czechia . Ukrai %
Paris r2hg
® Slovakia
- V\enna@
Nantes France Austria H Moldova Ros
& Switzerland ungary
Milan Croatia Romania
Bordesux i N

https://www.reneWabIes.ninja/

Climatological Solar Capacity Factor
Germany, 1995 - 2015

Energy Production [TWh]

Mean Monthly Simulated Energy Production
1995-2015, Germany

12

= Solar = Wind

6
I

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Driicke et al., 2020
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Quality control of surface measurements

a .
Boc Bias-based Quality Control of solar irradiance over Europe Help ~ Citing About — Pyranometer — CLARA-A1 Flag BQC (w=90 d): QC BSRN
— SARAH-1 — ERA-Interim BCQ (w=20d) NA
Latitude: 501 Longitude: 9 53810361469173 m Selected s e NE

z = £ 150
Y g lat/lon E 56
= Ground measurements g 504
Global honizontal irradiance ‘ Choose a file Browse ﬁ 0
== i

. mer 3
i Hamburg e -1004

il P ‘T 150 T v T v v v
Q" and o 2008 Jan 2008 Mar 2008 May 2008{Jul 2008 Sep 2008 Nov

Foe el N2 units 3 time form: # b 1200

BQC <" 500
parameters n > §_
Run 1 24 20 E 4004
I
Run 2 04 90 (0]
s, 0+
e

2008 Jul 09 2008 Jul 13 2008 Jul 17

http://www.bgcmethod.com/ Urraca et al.. 2017. 2020
b 4 14

= Using satellite (SARAH, CLARA) and reanalysis data to

detect problems in surface measurements, e.g., soiling
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Climate Monitoring

Sunshine Duration in 2019 Sunshine Duration in 2020 (so far)

Sunshine Duration Anomaly EUTE [hclurs] sunshine curation

anomaly (Europs)
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Blunden and Arndt, 2020, BAMS _ B S S S
State of the Climate 2019 https://www.dwd.de/EN/ourservices

Prepared with the
/rccem/int/rccem_int_sun.html P

CM SAF R Toolbox!
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Getting started / Known limitations

Getting started

= Make sure to minimize the size of your
order / download, e.qg., by specifying a
certain region

= Start with monthly averages for an
overview

= Read the documentation / references, in
particular on the data evaluation

= Make sure to use the proper unit

= Use the CM SAF R-Toolbox, in particular in
case you are not familiar with netcdf-files
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Getting started / Known limitations

Getting started Known limitations
= Make sure to minimize the size of your = SARAH data tends to overestimate
order / download, e.g., by specifying a surface irradiance / sunshine duration in
certain region West Africa
< Start with monthly averages for an = Trends in surface irradiance due to
overview

aerosol changes are not fully described in
= Read the documentation / references, in SARAH: trends estimated using SARAH

particular on the data evaluation are dominated by changes in cloudiness

= SARAH-2 underestimates surface
radiation over snow-covered surfaces

= Make sure to use the proper unit

= Use the CM SAF R-Toolbox, in particular in
case you are not familiar with netcdf-files
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Changes in SARAH-3 (available in 2021)

v Covering 1983 to 2020 (i.e., including new
WMO climate reference period)

v New spectral parameters:
v' Photosynthetic active radiation: PAR
v Daylight: DAL

v Improved retrieval over snow-covered
surfaces
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Example, Show Coverage 10 March 2010 (1/2)

Surface Radiation (SARAH-2) 10 March 2010
SIS (W/mA2) SARAH2
RN
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Example, Show Coverage 10 March 2010 (2/2)

Surface Radiation (SARAH-3, beta06.1) 10 March 2010
P : S

SIS [W/m?] SARAH3 SIS (W/m”2) SARAH2 |

iH
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Summary

SARAH-2

= The SARAH climate data records (CDR + ICDR)
provides surface solar radiation data with high
accuracy and stability for Europe and Africa

= Numerous examples document the suitability of
the SARAH data for a variety of applications.

= Combined use of CDR and ICDR allows local /
regional climate monitoring

Mean Monthly Simulated Energy Production
1995-2015, Germany
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= The upcoming SARAH-3 data record will have an
improved data quality over snow-covered surfaces

= CM SAF R-Toolbox provides an easy start for data

exploration %
= CM SAF SARAH data are freely available via ‘
www.cmsaf.eu -
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