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CM SAF Climate Data
Records

CLARA-A2.1/I1CDR

CM SAF CLARA Surface Downwelling Longwave Flux
Mean july 2008

Surface Downwelling Longwave Flux [W/m~2
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HOAPS 4.0

CM SAF HOAPS Evaporation
2008

CM SAF provides a variety of global and
regional climate data records on clouds,
radiation, surface parameters (e.g.,

LST), precipitation (ocean only)

Availability: 1982 to the day before

yesterday

Resolution: Daily, monthly / 0.05°,

0.25°, 1°

All data are freely available at

www.cmsaf.eu

SARAH-2.1
/ ICDR

CM SAF SARAH Solar Surface Irradiance
Me: 13

Global radiation [W/m~2]

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

CLAAS-2.1
/ ICDR

CM SAF CLAAS Cloud Ogticnl Thickness
ly 2008

SUMET 1.0
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History of METEOSAT-based surface solar radiation
climate data records at CM SAF

 MVIRI surface radiation data record 2005
SIS, SID, CAL 2011
« SARAH - 1st MVIRI+SEVIRI data record 2013
SIS, DNI, CAL 2015 .
« SARAH-2 — improved stability and accuracy 2015 %
SIS, SID, DNI, SDU, SRI, CAL 2017 &
« SARAH-2.1 — extention of SARAH-2 + ICDR introduction 2017
SIS, SID, DNI, SDU, SRI, CAL 2019
e SARAH-3 — upcoming, extended climate data record 2022
» SIS, SID, DNI, SDU, PAR, DAL, CAL

1983 Time period 2020
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M F -3 Surface Solar Radiation CM SAF SARAH Solar Surface Irradiance
Dataset — Heliosat Mean 19832013
= Variables i

=>» Surface Solar Irradiance (SIS)

= Surface Direct Irradiance (SID, DNI)
= Sunshine Duration (SDU)

= Photosynthetic Active Radiation (PAR)
= Daylight (DAL)

= Effective Cloud Albedo (CAL)

= Resolution
--".-;‘--,fx- >

= Spatial: 0.05° x 0.05° S
] ] obal radiation [W/m~2]
= Temporal: 30-min, daily-, monthly mean .

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

- Coverage
. . o Muller, R. et al. (2015) Remote Sens., 7, 8067-8101,
= Spatial: regional (£65°) do0i:10.3390/rs70608067

= Temporal: 1983 to 2020 Pfeifroth, U. et al.. (2018) J. Geophys, Res., 123, 1735-1754,
doi:10.1002/2017JD027418.

. . DOI:10.5676/EUM SAF CM/SARAH/V003
= Available in late 2022 at www.cmsaf.eu - -

currently available via: contact.cmsaf@dwd.de
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SARAH-3 — What's new ?

= Improved estimation of surface radiation over snow-covered
surfaces by using internally derived daily snow information

= Updated and improved auxiliary data
= ERA-5 daily Ozone and Total Column Water Vapor

= New spectrally-resolved Surface Albedo data based on MODIS
(Blanc et al.)

= Improved estimation of sunshine duration (based on DNI)
= Covering 1983 to 2020
= New spectral parameters:

= Photosynthetic active radiation (PAR)

= Daylight (DAL)
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SARAH-3: Snow Coverage Snow Mask
Sunshine Duration, 23 March 2013 SARAH-3

Snow Coverage SARAH-3, 2013-03-23
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= Substantially enhanced surface irradiance under snow-

covered conditions
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SARAH-3: Snow Coverage Snow Mask

Sunshine Duration, 23 March 2013 SARAH-3

Snow Coverage SARAH-3, 2013-03-23

65

&0

SARAH-2 SARAH-3

SDU (h) SARAH2 and CDC SDU (h) SARAH3 and CDC

-10 ] 10 20 30 40

2x R? 2.O
1436 x R°=0.30

CMSAF SDU (h)

= Improved comparison to surface measurements gl

= Snow-covered situations remain challenging! e A

CDC sDU (h)
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SARAH-3: Snow Coverage
Surface Radiation, Climatology, March 1991 - 2020

= Substantially enhanced surface radiation in the Alpine region in SARAH-3

= SARAH-3 compares much better with surface measurements

SIS (W/m2), SARAH2 and GEBA SIS (W/m2), SARAH3 and GEBA
180 180
160 160
140 140
120 120
100 100

80
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SARAH-3 — Comparison with SARAH-2

Difference in Climatologies SARAH-S minus SARAH-2.1
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Surface Irradiance, Decadal Trend

v ¥V

Reasonable linear trends in SARAH-3
General ‘brightening’ in Europe

Unrealistic large brightening in Alpine
region, likely due to improved snow
detection after 1994

Trend in Surface Irradiance, SARAH-3, 1983-2020
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Sunshine Duration, Evaluation, CLIMAT

= Long-term observations of sunshine duration available

= Time Series of the bias as a measure for stability

= Analysis of aerosol impact possible

BIAS, SDU (1983-2020)

3 7 —— SARBAH-3/CLIMAT mean: 9.496 —— SARAH-2.1+/CLIMAT mean: 12.33 —— Stratospheric AOD at 550nm ‘§
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CM SAF SARAH Solar Surface Irradiance
Mean 1983-2013

Summary

= SARAH-3: The next editon of the CM SAF
SARAH climate data records

= Includes improved consideration of snow

coverage, surface albedo, water vapor, ozone
= New parameters: DAL, PAR

= Improved performance best detectable in

daily data and sunshine duration

= Currently available via:

contact.cmsaf@dwd.de

AR G0y 12
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Extra Slides
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Validation Results,
SARAH-3
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Surface Incoming Solar Radiation (SIS)

M O n t h I y M ean . é\j}lrfﬁ:wlrlmhnc SANAH{!."?EI_ED SIS
. [W/m?]
SIS Nmon Bias MAD  SD StMAD AC  Fracmon > threshold
[Wim3 [Wim?] [Wim?3] [Wim?3] accuracy [%] accuracy | Th | Ta | Op | 1
A .
SARAH-3 2863 225 532 675 583 093 122 (>10 W/m?) monthly | &6 | 4 | 3
SARAH- 2863 16 515 687 546 092 111 (>10 Wim?) : daily | 12|11 )10
2.1+ICDR Inst. 20 | 15 | 12 | ¢
) SIS Naay Bias MAD SD StMAD AC Fracday >
SARAH-2.1 2453 159 Wim?2  [Wim?] [Wim?  [Wim?] threshold stability | 1 | 0503
A accuracy [%]

SARAH-2 1909 203

SARAH-3 84789 218 109 15.8 11.32 0.96 19.6 (=17 W/m?)
SARAH 1672 127
SARAH-2.1 84815 152 115 16.8 11.99 095 214 (>17 Wim?)
+ICDR
MVIRI 878 424
SARAH-21 72087 1.51 1170 172 11.92 0.95 16.8 (>20 W/m?)
SARAH-2 57128 1.7 SIS N Bias MAD SD StMAD Cor Fracmon >
i [Wim?Z] DASa2]  [Wim2  [Wim?] threshold [%]
Dally Mean SARAH 48605 1.1
SARAH-3 394101 23 245 594 253 / 220 (= 30
MVIRI 29790 44 tot 8 mez)
SARAH-3 214654 42 44 9 803 471 0.97 404 (= 30
day 6 Wim?)
30-min

ERom 15
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Surface Incoming Solar Radiation (SIS)
Individual stations

Global Radiation (SIS), Monthly Mean, Difference, CM SAF SARAH-3 - BSRN

SIS, Difference (W/m2)
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Surface Incoming Direct Radiation (SID)

Monthly Mean siD
2
SID Nmen Bias MAD SD StMAD AC Fracmen > threshold [me ]
[Wim? [W/im?3 [Wim3 [Wmi] accuracy [%]

accuracy | Th| Ta | Op

SARAH-3 2708 0.99 @ 11.2 9.09 0.90 19.0 (>13W/m?) monthly | 8 | 7 | 5

SARAH- 2708 0.70 7.78 11.2 8.54 0.90 18.2 (>13W/m?) daily TRRTARD)

2.1+ICDR
SARAH-21 2347 087 78 11.3 870  0.89 7.7 (>20W/m?) Inst. | 40130 | 20
SID Nday Bias MAD SD StMAD AC Fracday > target
SARAH 1587 ( [Wim’] _[Wim’]  [Wim’]  [Wim’] Wim? [%]
MVIRI 805 ( SARAH-3 76512 0.82 16.0 24.0 17.58 0.93 25.3 (>20W/m?)
SARAH- 76537 0.63 17.0 25.5 18.70 0.92 27.2 (>20W/m?)
2.1+ICDR
. SARAH-2.1 65697 0.79 17.2 259 18.85 0.92 19.3 (>30W/m2)
Daily Mean -
y SARAM2 51026 o080 176 25 SID N Blasz mursu:)2 sD 2 StMAP Cor  Fracmon >
[Wim“] !W‘m] [Wim*] [W/m?] threshold [%]
SARAH 43549 077 1719 28 “gARAH-3  3,76251 053 257 J 670 280 159 (> 50
2
MVIRI 26614 0.74 2073 31, tot 9 Wim*)
SARAH-3 202660 0.94 478 9128 531 098 295 (> 50
day 8 W/m?)

30-min

ERom 17
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Surface Normal Direct Radiation (DNI)

DNI
[W/im?]
Monthly Mean
accuracy | Th | Ta | Op
DNI Nmon Bias MAD sSD StMAD AC Fracmon >
[Wim?] [W/m?] [W/m?] [W/m?] threshold [%] monthly | 17 | 15 | 12
N
SARAH-3 2627 -0.89 16.7 221 18.84 0.89 18.5 (>27 - 2130 25
Wim?) daily
SARAH- 2627 -178 165 21.9 17.50 0.88 175 (>27 Inst. | 50 | 40 | 30
2.1+ICDR Wim?)
stability | 5 | 3 | 2
SARAH-2.1 2263 -1.82 164 21.9 17.97 0.88 147 (>30
SARAH-2 1794 -089 1¢ DNI Nday Bias MAD sD StMAD AC Fracday > threshold
Wim?] [Wim? [Wim3 [Wim?] [%]
SARAH-1 1541 325 17 SARAH-3 71331 0.33 433 3292 093 26.1(>44W/m?)
SARAH- 71354 -069  33.0 462 3483 092 28.3 (>44W/m2)
2.1+ICDR
SARAH-2.1 60528 -0.82 334 46.8 3571 0.91  32.3(>40W/m?)
DNI N Bias MAD sD StMAD Cor Fracmon >
Dai|y Mean SARAH-2 49075 -0.81 [Wim2 [W/m?] [Wim2 [W/m?] threshold [%]
SARAH 41253 3.8 SARAH-3  3,789,08 0.13 510 ) 1176 532 / 24 4 (> 60 W/m?)
tot 1
SARAH-3  1,99531 0.22 96.8 162.01 1033 0.92 46.3(>60W/m?)

day 1

30-min data

(QMOMIBE:
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Photosynthetic Active Radiation (PAR)

Monthly Mean

PAR Nmon

[umolim?s  [umol/

SARAH- 1064 145

3

Daily Mean

PAR
[pmol/m?s]
accuracy | Th | Ta | Op
AC  Fracme > target monthly | 46 | 37 | 23
5 2ts] [umol/m?/ [%] daily 92 | 69 | 46
me/s
A Inst. 138 | 92 | 69
. . 089 3.8 (>46
umolim?/s) stability | 1 | 05 | 03
Bias MAD SD StMAD AC Fracmo.n > target
[umol/m¥ [umoll [umol/ [umol/m? [%]
s] m?/s] m?/s] Is]
p
14.7 26.5 327 27.25 098 3.48 (>78
pumol/m?/s)

Based on data from 10 stations, all with different temporal coverage

ERom 19
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Daylight (DAL)
DAL

Monthly Mean [kLux]

accuracy Th | Ta | Op

DAL Npon Bias [klux] ~ MAD SD StMAD AC  Fracyg > threshold monthly 14 [ 10|07
[kLux] [kLux] [kLux] [%]

SARAH-3 584 16 3.0 0.87 485 (>2.7 kLux) daily 34127 21
Inst. 68 (55| 34
stability 1 (05|03

Daily Mean

i

DAL Nmon Bias [kLux] MAD SD StMAD AC Fracmop > threshold
|kLux] [kLux] [kLux] [%]

SARAH-3 17775 287 3.04 23 3.08 0.95 19.2 (>4.8 kLux)

EEOm 20
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Sunshine Duration (SDU)

SDU [h]

Monthly Sum
accurac' | Th | Ta | Op
SDU Noon Bias[h] MAD[h] SD [h] stMAD AC Fracmon > monthly | 20 | 15 | 10

threshold [%]

daily 3[15] 1 [075
SARAH-3 139786 624 20.37 1543 0886 266 (>20h)
Inst.

S 130785 849 1650 2128 '°O' 088 295(>20n) stability | 08 05 | 03
g‘:RAH- 137811 845 16.6 213 ! 0886 137 (>30h)
SARAH-2 117373 7.23 gpuy Nday Bias[h] MAD[h] SD[h] AC Fracday > 1.5 h [%]
.
SARAH-3 4579221 025 1.05 1.64 0.91 235
SARAH- , ,
Daily Sum 2 1+icDR  +575.907 030 1.07 .64 0.91 23.8
SARAH-2.1 2642777 037 1.01 1.45 0.93 228
SARAH-2 2484080 044 1.35 1.97 0.87 327

Emem 21
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Summary, SARAH-3 Validation

------

Monthly 5 W/m? 8 W/m? 17 W/m?2 2.6 kLux 15h 0.1
umol/m2/s
Daily 11 W/m? 16 W/m? 31 WI/m? 27 3.4kLux 1h 0.2
umol/m?2/s
30-min 24 \W/m?2 26 W/m2 50 W/m2 NA NA -
Stability -0.6 based on based on based on based on based based
W/m23/dec SIS SIS SIS SIS on SIS on SIS




EUMETSAT

CM SAF

CLIMATE MONITORING

Deutscher Wetterdienst E
Wetter und Klima aus einer Hand N ‘

General CM SAF

L1
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Satellite Application Facility on Climate Monitoring
Satellite-derived Products .
—_— e

Develop = 7 Monitor

Generate 7 A Understand
Archive A ') Adapt
Distribute

Climate X‘ariqbili’ry
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Climate Data Record + Interim Climate Data Record

CDR: climate-quality geophysical -
Satellite-based Climate Data Records

data record

ICDR: temporal extension of the

climate data record .
Satellite

measured
Signal

FCDR EDR
Environmental

Data Record

Latest Algorithm Same Algorithm for CDR & ICDR FCDR
to retrieve geophysical property Fundamental

Climate Data Record
ICDR
EDR -+ Interim
Climate Data Record
- T
Near-Real Time Production Reg

CDR
ular Re-processing Climate Data Record

ERom 25
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Data Access

= Waeb User Interface

= Easy selection and online ordering

= Possibility of regular data delivery

=» Postprocessing

=» Spatial, temporal selection

= Data format (NetCDF)
= Download via https or sftp
= All data free of charge

<> EUMETCast

- User Help Desk

Home Stemap Ghssary Imprnt

Click here to log on.
Login
Your order cart is empty.

To order cart W

* Home -
CM SAF - Product navigator
~ Products
TR0 = Here you may find and order the products generated by the Climate Monitoring SAF.This products are available to anyone and
Product suat free of charge, but to get access to the ordering a user registration is mandatory. Ordered products will be distributed via
TRe temporary FTP access or Email attachment (small data amounts only).
» Order CM SAF products are categorised Into several groups and types. On one hand there is the group of routinely and near-realtime
produced data sets in support to climate monitoring (o called “OPERATIONAL PRODUCTS");on the other hand CM SAF offers
» Service retroactively produced data sets based on carefully intersensor calibrated radiances ("CLIMATE DATA SETS). Example products
ety 7o SEARCH ACCORDING TO PRODUCT GROUPS/TYPES
Docmantation = Operational Products
Cloud products
User Help Desk i} Surface radiation products
= Radiation fluxes at the top of atmosphere
Water vapour and temperature products
Feedback / —
User Problem Report £
Climate Data Sets
s with DOI
EXTERNAL LINKS products
t the top of atmosphere
& EUMETSAT \ temperature products
Miscellan

cmsar M
O—Et @

USER SPECIFIED SEARCH 2 I
Product group: & 2 £ _A
2]

Product name:
Area:

Temporal resolution:
Statistics:

Spatial resolution:
Data source:

Reset Sesrch )

https://wui.cmsaf.eu

ERom 26
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CM SAF R Toolbox

The CM SAF R TOOLBOX g
WWW-Cmsaf-eu R tOOI box ——— R-based tools for an easy usage of CM SAF NetCDF data
PREPARE ANALYSE VISUALIZE
= CM SAF provides the CM e tnd oo, meree. ot more g crotistical analysis and

1D-timeseries.

Sunshine Durati
. & 4
g
s \ 5
£

SAF R TOOIbOX (based on useful operators.
the open source software R)

= Designed to access, analyse,
and visualize CM SAF (and RGN
other SAF) data - B S

= No programming skills ek
required ‘

= Can be used within scripts
or as a stand-alone GUI

= (Video-)Tutorials available

Eom 27



http://www.cmsaf.eu/R_toolbox

EUMETSAT

CM SAF

CLIMATE MONITORING

Deutscher Wetterdienst E
Wetter und Klima aus einer Hand N ‘

Heliosat + HelShow method

Enom 28
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Surface Irradiance / Sunshine Duration

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

« ... satellites can well detect
clouds (= bright) during
daytime

« ... clear-sky solar radiative
transfer is well simulated

assuming auxiliary data (e.g., water
vapor, aerosol) is available

ERom 29
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R the reflection observed _ _
by satellite, strong signal R: Meteosat VIS image
from clouds in the visible.

Eff. Cloud Albedo

R — Rmin

CAL =

Rmax— Rmin

~~Cano et al. (1986), Beyer et al. (1996), Hammer et al. (2003), Mueller et al. (2011) _

EROm 30
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R the reflection observed
by satellite, strong signal
from clouds in the visible.

{R: Meteosat VIS image}—

>

,clear sky reflection”

Eff. Cloud Albedo

R — Rmin ble

CAL =

Rmax— Rmin

~~Cano et al. (1986), Beyer et al. (1996), Hammer et al. (2003), Mueller et al. (2011)

omomMEN
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R the reflection observed _ _
by satellite, strong signal R: Meteosat VIS image|<
from clouds in the visible.

Rmin, monthly minimum
per slot & pixel, corrects ; _
(filters) the clear sky »clear sky reflection”

reflection

Rmax corrects changes Rmax: ,monthly
In sensitivity and aging of
optical instruments.

maximum reflection®

Eff. Cloud Albedo

R — Rmin

CAL =

Rmax — Rmin

~~Cano et al. (1986), Beyer et al. (1996), Hammer et al. (2003), Mueller et al. (2011)

EIom 32
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R the reflection observed
by satellite, strong signal

R: Meteosat VIS image}—
from clouds in the visible.

Rmax corrects changes
In sensitivity and aging of
optical instruments.

Ky

Effective Cloud Albedo

(CAL) provides the amount
of reflected solar radiation CAL =
relative to clear sky Rmax — Rmin

Eff. Cloud Albedo

R — Rmin

~~Cano et al. (1986), Beyer et al. (1996), Hammer et al. (2003), Mueller et al. (2011)
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SIS
SISclear

CAL-1 ~

Clear-sky model
SPECMAGIC

SIS (global

Irradiance)

W/m2

1000

http://sourceforge.net/projects/gnu-magic/

e 34
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CLIMATE MONITORING

R the reflection observed

by satellite, strong signal
from clouds in the visible.

Issue: Snow vs. Clouds

- Cloud

- - - - Fine snow

- = - Medium snow
—-=— Coarse snow

R: Meteosat VIS image

@
o
=4
8
[&]
2
=
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Source: Application of moderate resolution imaging spectroradiometer snow cover maps in
modeling snowmelt runoff process in the central Zab basin, Iran
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~~Cano et al. (1986), Beyer et al. (1996), Hammer et al. (2003), Mueller et al. (2011)
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Issue: Snow vs. Clouds Solution: HELSNOW

=» Status quo: = Approach:
Separation between cloud and snow Separation between Cloud and Snow based
problematic (only 3 spectral channels on ,motion’

available from historic satellites)

= Efficient programming (OpenCV: ,optical flow")
allows the processing of long time series




