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Notes to PDF-Version

This PDF is based on the presentation given in the summer
term 2025 of University Frankfurt as part of the course
~remote sensing and climate".

It is meant to recall the content the content of the lecture and
is for the personal use of the participants of the course and
not for a wider audience.

Parts in this document have been taken from other lectures,
books, publications, the internet or other sources. These
parts are not always have a correct acknowledgment or a
proper citation.

Thus, please contact me ( ) in case you
would like to cite from this pdf.
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Climatologies based on satellite instrument

and usage
= Definition of a Climate data record (CDR)
<> what is needed to generate a CDR?

= Climate related Satellite Activities in Europe

=» Development in recent years

= Use of satellite data in Reanalyse
= ESA CCI

=» Copernicus C3S

= EUMETSAT CM SAF
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Desired characteristics of a climate
observing system

stability
low - high

understanding understanding
processes change

uncertainty
low <= high

(Stephens, 2003)
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Terminology

“Climate Data Record”: A Climate Data Record (CDR) is a time series of
measurements of sufficient length, consistency, and continuity to determine climate
variability and change. It goes together with the requirement to base any thematic
climate data records on fundamental climate data records.

“Interim Climate Data record”: An Interim Climate Data Records (ICDR) denotes
a regularly updated TCDR in shorter time latency with an algorithm and processing
system as consistent as possible to the generation of reference TCDR. An ICDR is
usually based on the latest available inter-calibration and requires a different
validation approach.

“Environmental data record”: Environmental Data Records (EDRS) are time-
tagged earth-located geophysical parameters produced from the sensor data. Often
EDR'’s are derived in low to medium latency to satellite sensor data, not fulfilling
highest climate requirements.
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Satellite-based climate data Records

Satellite-based Climate Data Records

o 3 'ﬁ-
. .
Satellite

measured : :- 5 c -
Signal I igna

| Homogenization

FCDR

Same Algorithm for CDR & ICDR

to retrieve geophysical property FCDR
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Operational value adding chain
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Global Climate Observing System (GCQOS)

=» Established in 1992 to ensure that the observations and information needed
to address climate-related issues are obtained and made available to all
potential users

=» Outcome of the Second World Climate Conference

= GCOS is co-sponsered by:
=>» World Meteorological Organization (WMO)
=» Intergovernmental Oceanographic Commission (I0C) of UNESCO
=» United Nations Environment Programme (UNEP)

=» International Council for Science (ICSU)

= GCOS regularly reports on the adequacy of the current climate observing
system to the United Nations Framework Convention on Climate Change
(UNFCCCQC),
and thereby identifies the needs of the current climate observing system

= WWW.gC0S.wmo.int
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Global Climate Observing System (GCOS) (ll)

GCOS is the authoritative global source of information and advice for planning and
development of the Global Climate Observing System, its networks and data
management. It is the authoritative source reference for formulating requirements

for space and in situ climate observations.
- GCOS does not directly make observations nor generation of data products

Fig.2 from GCOS IP-2022
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Essential Climate Variables ~ 50
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Climate Data Record: GCOS-Requirements

1. Full description of all steps in the generation of data sets and products, including
algorithms used, specific FCDRs used, and characteristics and outcomes of validation
activities

2. Information on publications in peer-reviewed journals, covering both the
description and the application of data sets and products

3. Statement of expected accuracy, stability and resolution (time, space) of the
product, including, where possible, a comparison with the requirements stated in the
Satellite Supplement (or any subsequent revision)

4. Arrangements for access to the data sets, products and all documentation

5. Version management of data sets and products, particularly in connection with
improved algorithms and reprocessing

6. Long-term stability and homogeneity of the product

7. Full application of all appropriate calibration/validation activities that would
enhance product quality

8. Global coverage where appropriate

9. Timeliness of data release to the user community to enable monitoring activities
10. Facility for user feedback

11. Application of a quantitative maturity index if possible

12. Publication of a summary (preferably on-line) documenting point-by-point the
extent to which this guideline has been followed
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What are the requirements for a Climate Data Record?

HOAPS—3 TV19 without intercalibration [K]

|

Value

a
»

Time

Sufficient long timeseries Calibration

Point of measurement

P

s

Representativeness
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calibration and stability (Il)
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CDR: Interkalibration
Global Space-based Inter-calibration System (GSICS)

POLAR- POLAR intercalibration ‘To ensure consistency of

datasets from different
missions and operators
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calibration (1)
Platform stability -> calibration impact
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TE Difference [K]

TE Difference [K]

calibration (ll)

Evaluation TB v19 Normalization

CM SAF FCDR :: TB v19 Ensemble Anomalies :: uncorrected data
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calibration (lll): Example SSMI

Exemplary raw data correction:
Moon is visible in the cold view, depending on the orbit parameters
about twice per month. Intrusions are detected and removed.

Cold count anomalies, channel 4

Cold calibration counts, channel 4
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calibration (1V)

A few International initiatives related to Calibration/Validation
GSICS

CEOS Working Group on Calibration and Validation

GEO-QA4EOQ: specification of quality indicators within EO products
(standardization effort)

Europe:
ESA: CAL/VAL activities, ESA-CCI
EU: FIDUCEO, GAIA-CLIM (Project-based)
EUMETSAT: Satellite Application Facilities (SAF), Central Facility

% 19
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What are requirements for a Climate Data Record?

Value

a
»

Time

Sufficient long timeseries

Point of measurement

P

s

Representativeness

HOAPS—3 TV19

without intercalibration [K]

Calibration

01 02 03

Homogeneity
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Homogeneity:

CM SAF vs BSRN (1994-2005)

Absolute Bias [Wm 2]
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No detectable trend in the temporal
evolution of the normalized bias
between the CM SAF data set and the
BSRN, which proves the homogeneity of
the CM SAF data for the analyzed time

period

The mean absolute
bias (r) of the monthly
SSR is +4.40 W m-2
(0.89),

well below the target
accuracy of 10 W m-2
defined by the CM SAF

Normalized Bias

linear trend:[-0.12,0.062,0.25) W/m2/yr

15
l

10
!

Normalized Bias (W/m2)
5
R

|
i

a{] ||

T T T T
1994 1996 1998 2000 2002 2004 2006

Posselt et al. (2012), Sanchez-Lorenzo (2013)
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CDR Homogeneity
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What are requirements for a Climate Data Record?

HOAPS—3 TV19 without intercalibration [K]
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Quality control and details on retrievals

v v ¥V

v v ¥ VY

Usually done with reference systems
Either surface-based or satellite-based
Through international assessments

Publications & papers

For Cloud properties
For Radiation

For Water vapour
For precipitation

See examples and lectures yesterday
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C3S - Evaluation and Quality (i)

</’Iil\ A user-oriented Evaluation and Quality Control function /

EQC Vision Paper published
RAMS

Redesigned, more user-

oriented EQC framework

BAMS

Article / \ Quality assurance

Independent verification of C3S

e Are Our Climate Data Fit for Your Purpose? : wiem fachiicnl reck iiacints kntosed on
et oy Dick Dee,? André Obregon,” and Carlo Buontempo® — Climate Data Store ® CDS data, addressing data
i = management, data content,
metadata and documentation.
- THE EUROPEA X (opemx:us

TNTTEEETHN T 1

CECMWF G Quahty assessments

Real use cases, real questions
» Informed by published research

“Which dataset meets my specific

: . ? i) + Shareable Jupyter notebooks
B I”equll’ementS J Diveiniaii . . Outcon;es a?j(ilfess L_tsability.
g O e . i:sforr:\::;l:‘l:::ou:theEa'rtha':e strengt s and limitations
° If there are alternatives, how do [ e
hy » :‘—- Seasonal forecasts aness for purpose
‘ SeleCl‘ the most SUltable? " Howwellfdoesthlsdat:iset meet
m ific r irements?
| . o i il
- Are there other use cases similar to \ / voen vered?
. _as ata quality en assesse
mine, and what can [ learn from them?” ioeet oot

IMPLEMENTED BY

Source: C3S, J. Munoz-Sabatier | ;| fesaser™  (opemicus ZSECMWF (0:
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C3S — Evaluation and Quality (ii

<”Iil\ A user-oriented Evaluation and Quality Control function

Source: C3S, J. Munoz-Sabatier

Climate Data Store Datasets Applications User guide Live Background

Methane data from 2002 to present derived from satellite observations

Overview Download Quality Documentation

The Quality information is work in progress, and the content for this release was prepared based on the previous
operational version of the CDS. The CDS datasets are assessed by the Evaluation and Quality Control (EQC)
function of C3S independently of the data supplier.

Fitness for purpose

Published on 19/09/2024

Strengths and Limitations Methane observations from satellites are intended to provide information on
the various natural and anthropogenic surface sources and sinks of methane: the Level 2 products are
specifically designed for the study of methane sources or sinks, but their use is not trivial and typically

requires combination with appropriate modelling or advanced data analysis. Depending on their temporal

coverage, both Level 2 and Level 3 products are suitable for comparison with models, calculation of the
annual mean atmospheric growth rate, seasonality and geographical distributions in regions well covered
by the dataset.

Key Strengths

« Well-ds d dataset: An ive list of docu ion is available for this dataset with clear

miidancn ba mare an ha b tea b dabarat In addibian tha saballiba mabhanna dada i~ hiakhhoatuen
+ Read more

6

Quality Assurance

Data Management

Quality Assurance

DataManagement
Datarecords
Metadata

Documentation

Quality Assessment

Quality Assessment provides a scientific assessment of the CDS datasets through a number of potential
questions that reflect the datasets’ quality and suitability for specific potential uses.

PROGRAMME OF THE
EUROPEAN UNION

References

Citation and attribution

DOL: 10.24381/cds b2541918

Licence

GHG-CCl Licence

Publication date
2018-07-15

Update date
2024-09-26

Standard metadata

Cor

Accuracy and Consistency,

" Reliable Access

~ Versioning and Archiving

Data records
Consistency

~" Uncertainty

" Updates

Metadata

~ Discovery and Use

~ Interoperability

Documentation
Content

" Scientific Basis

~ Quality Control

" User Guidance

IMPLEMENTED BY

< ECMWF

Checklist for ¢3S Data

Requirements

Quality Assessment

G

Q Search

(& Satelite Observations
Quaity assessments for A
Satelita Observations

Methane satellite
observations uncertainty and
completeness assessment

for carban cycle

&3 insitu Observations

Jupyter Book for Quality

Assessments

= O X0

B oo (ocemcs  ©ECMWE G
Methane satellite observations uncertainty
and completeness assessment for carbon
cycle

Production date: 02-09-2024

Produced by: Consigho Nazionae delle Ricerche (CNR)

© Use case: Monitoring the carbon cycle in tropical
regions

? Quality assessment questions

. s toassess
anomalies in methane emissions of wetlands?

+ Is the spatial and of
assess. y i ‘wetlands?

Methane (CHA) is the second most important anthropagenic greenhouse gas, representing about 19% of the
total radiative forcing by long living greenhouse gases (1]. Natural wetiands account for up to 30% of global
methane (CH4) emissions, but a large uncertainty (up to 65%) stilaffects tropical wetiand CH4 emission
estimates [2]. The positive response of wetland CH4 emissions to cimate change is an important feedback
that can ampiity atmospheric CH4 values, This fesponse can be related to the effect of rising temperatures
on microbial

ivities (e.g., methanogenesis) and to the expansion of wetiands with increased total
precipitations. Intensified wetiand CHA emissions have been reported during 2000-2021 ((3)), highiighting
the need tor sustained monitoring and observations of global wetland CHA fiuxes. Moroever, future
projections of wetland CH4 emissions suggested sustained emission increase under ditferent cimate change
scenarios ([3] and [4]). Satellte observations can represent a powertul tool for contributing to enhance the
knowledge abou
(€., [5)), this assessment explores the possibiity to directly use satellite CHA data for investigate year-to-
year anomalies in CH4 emissions of tropical wetiands.

‘sources and sinks. While these data are commonly used in inverse modelling system

— Reanalysis-based estimate

= = = Ground based estimate

RCP2.6

RCPAS
RCPE.0
—— RCPBS

Wetland CH, emission (TgCH, yr”)

2000 2020 2040 2060 2080 200

/"B\, Climate

& change service

climate.copernicus.eu
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Climatologies based on satellite instrument
and usage

=» Definition of a Climate data record (CDR)
=»what is needed to generate a CDR?

= Climate related Satellite Activities in Europe
= Development in recent years
= Use of satellite data in Reanalyse
= ESA CCI
=» Copernicus C3S
= EUMETSAT CM SAF
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Development of Strategy Strategy Towards an Architecture

for Climate Monitoring for Climate Monitoring from Space
2013 e—

. ) S mlSlSI‘()‘IiS‘ :
Established the CEOS/CGMS Working Group on o longrerm SETIES s
Climate (WG Climate) to mgg(gtsogl‘ng
> Improve the systematic availability of Cllmate

Climate Data Records from space through it} system
coordinated implementation ”25‘% I
‘u§ & spdce
=>» Provision of a structured, comprehensive = ;%;Eg&“
and accessible view | 5 g?’*““ e o
. . .. b fORE,
=» Creation of the conditions for delivering ~ i = clatam

further Climate Data Records NASA [f5» ts elle

C 1ma

=» Optimisation of the planning of future

fietiviti sobservations ; )
@

satellite missions and constellations to 7t med GEOarclutecture”
.. . H CEOSL alibration Data

expand existing and planned Climate Data

Records.
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ECV inventory - Task of CEOS /CGMS WG climate

CEOS & CGMS WG Climate ECV Inventory

e avallable since 2017 Relative contributions by organisation
DWD/ESA
ESA 2%

10%

913
CDRs

@ GCOS
NASA/NOAA

46%

DWD/CM SAF
20%

GCOS Essential Climate
Variables
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https://www.cgms-info.org/index_.php/cgms/index
https://public.wmo.int/en/programmes/global-climate-observing-system
http://climatemonitoring.info/ecvinventory

ECV inventory: Cloud Climatologies — How many?

Cloud Properties

WGClimate

Cloud Water Path (liquid and ice)
(CWP)

Cloud Top Temperature (CTT)
Cloud Top Pressure (CTP)
Cloud Amount

Cloud Optical Depth (COD)

Cloud Effective Particle Radius
(liquid and ice)(CRE)

CE®S ¥
cGMS

23 Current TCDRs
18 Future TCDRs

18 Current TCDRs
DRs

25 Current TCDRs
ture TCDRs

21 Current TCDRs
23 Future TCDRs

H

9 Current TCDRs
3 Future TCDRs

4 Current TCDRs
4 Future TCDRs
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ECV inventory: Clouds — Based on which instruments?

Relative Satellite/Instrument contributions

Contribution by covered time span
GMI IR

Current

ViIRS/2
AGARRCHY-nadir
BlME-2
WETSR
BOMIER
IS
SALIRP

AVHRR/3

AIRS Future

AVHRR/2

WGClimate CE®s ¢
CGMS
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ECV-Inventory: How many ECV CDR's are available?

Land
Land Cover

Land:
55 current / Land-Surface
69 planned Temperature
Albedo
Snow Cover

Cira Nictirhannn

WGClimate

Moderate-resolution maps of Land-
cover Type

Land-Surface Temperature

Black-sky Albedo

White-sky Albedo

Snow Areal Extent

Burnt Area

dadiative Prwer

8s ¥

CGMS

I 1 Current TCDRs
1 Future TCDRs

18 Future TCDRs

13 Current TCDRs
Future TCDRs

8 Current TCDRs
6 Future TCDRs

l

5 Current TCDRs
1 Future TCDRs

2 2rent TCDRs
7 Future TCDRs

Cf. Atmosphere CDRs: 681 entries, total 913;

Hollmann, Stengel, Pfeifroth, Niedorf: Remote Sensing and Climate, April 2026
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ECV-Inventory: Assessment...

= s ol Ll
e kil s ok ChE I Lo I,..'.ll1 ...“,.ﬂ
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Climatologies based on satellite instrument
and usage

=» Definition of a Climate data record (CDR)
> what is needed to generate a CDR?

= Climate related Satellite Activities in Europe
=» Development in recent years
= Use of satellite data in Reanalyse
= ESA CCI
=» Copernicus C3S
= CM SAF

Hollmann, Stengel, Pfeifroth, Niedorf: Remote Sensing and Climate, April 2026 é@%@g



Progress in analysis accuracy: forecast skill (I)

ECMWF HRes
ACC 500hPa geopotential height (12-month running mean)

98.5 4

GO A

Highly
accurate

£
70.04

useful oo

50.0 1

40.0

— Day10Nhem —— Day?Nhem —— Day5Nhem —— Day3Nhem|
—— Day 10 Shem —— Day 7 Shem —— Day 5 Shem —— Day 3 Shem

30.0

o at!

1985 1990 1995 2000 2005 2010 2015 2020

P
- ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS
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Progress in analysis accuracy: forecast skill (II)

Anomaly correlation of 500hPa height forecasts

Northern hemisphere

Southern hemisphere

Updated from

Hollingsworth (2002)

D+3
Simmons &

Ny SR - i
90 - [N R

70 QY e

M
Operations

1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008

D+5 ERA-Interim

A A,
s i e
L A A e o 2

Quality of reanalyses

1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 200
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Climatologies based on satellite instrument
and usage

=» Definition of a Climate data record (CDR)
> what is needed to generate a CDR?

= Climate related Satellite Activities in Europe
=» Development in recent years
= Use of satellite data in Reanalyse
= ESA CCI
=» Copernicus C3S
= CM SAF

Hollmann, Stengel, Pfeifroth, Niedorf: Remote Sensing and Climate, April 2026 éw%wg



ESA‘s Climate Change Initative

CHE
M°JE)
» b B

3

m
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& [v) |
—

=
{ It ?;-
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%(‘/%.__

-CSd

Climate Change Initiative - Objectives

Realize the full potential of the long-term global EO archives that ESA,
together with its Member states, has established over the last thirty

. as a significant and timely contribution to the ECV databases
required by the United Nations Framework Convention on Climate
Change

7 Years / 93 Meuro 7 Years / 85 Meuro

+ 6 Years / 100 Meuro Hollmann et al. (2013), BAMS
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Climate Change Initiative
from ESA

?//%
o
AR

e The objective of Climate Change Initiative
is to realize the full potential of the long-
term global Earth Observation archives that
ESA together with its Member states have

established over the last thirty years, as a S
significant and timely contribution to the ECV =
databases required by UNFCCC. 32 Temuc
q y < 22 =GHG 1PccGCOS

. . . . L CE?eSmgz c gbservatirgrits
e It will ensure that full capital is derived tlm§5ﬁrfé§ ::tgﬁ%uséqf%I%OZ%lﬂse
from ongoing and planned ESA missions for Earthogél;grva%g%S:aaté%?ém'éég 'éECV
climate purposes, including ERS, ENVISAT, _ELaggg:égg;gg%’?@ Icga;;l;g;k;em
the Earth Explorer missions, relevant ESA- ¢ grperition 52O Aerosol C'OU%I;QT:;S

. . .. =175 S QTHisers  uncertaintie

managed archives of Third-Party Mission 30 =
data and, in due course, the GMES Space ’ £ :
Component. O

e Hollmann et al. (2013), BAMS
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http://www.esa-cci.org/

. L Cle
Climate Change Initiative &
from ESA (II) esa N

A

Bmmmn

eBased on this analysis the following five main activities will be
implemented to achieve the overall objective:

—-Gathering, collating and preserving the long-term time series in
ESA’s distributed archives.

—(Re-)Processing periodically the basic EO-data sets from each
individual mission and applying the most up-to-date algorithms and
cal/val corrections.

-Integrating the calibrated data sets derived from individual
contributing EO mission and sensors to constitute the most
comprehensive and well-characterized global long term records possible
for each ECV.

—-Assessing the trends and consistency of the ECV records in the
context of climate models and assimilation schemes.

-Developing improved algorithms and data models for production
of the required variables from emerging data sources, consistent with
the long term record

Hollmann, Stengel, Pfeifroth, Niedorf: Remote Sensing and Climate, April 2026 ié%‘i’i-:&



CCI: To retrieve ECV’s from satellite data

W\
sea ice @/ \\Gaerosol &\\ o
7 i

—~
/
sea level @ / cloud
Y
sea surface greenhouse
temperature gases

\
ocean colour 6 \_\

@ toolbox )
ci \ L TARES
ice sheets .8
open data
pgrtal \

& cci

S
climate glaciers @ v@

4 high resolution
== land cover
ci

7 CLIMATE
- CHANGE

//
@ » INITIATIVE
land

g=a sea state
: O cci
moisture

.) modelling
cover

©

<~ user group

CCI: 18t Phase ECV Projects
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CCl achievements to date (Status 2019)

178 0 .." .'-. 22 13 ECVs transferred
] O o ’ to Copernicus
o i i i §
Institutions g o N ECVs GDQLDL%
- 133 \ 400+ | (42
en data illi
European : terabytes datasets ".“”'°“
scientists ‘0
IPCC ARS
28 Contributing
authors
15 Papers,
cited 60 times
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ESA Climate Change Initiative — Phases

I
Programme Inception
ECV Selection Criteria| A C C I C C | +:
Phase 1 ITT] i )
Phase 1 Projecs ] 1) New ECV projects
CCI Mid Term Review A ||) R&D on eX|St|ng ECVs
Phase 2 ITT]| A o . .
Phase 2 Projects i) Cross-ECV exploitation
User Assessment - CMUG |V) KnOW|edge EXChange
Visualisation|
Data Portal and Tool Box
Living Planet Fellovwship
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
4 | |
Programme Inception
GMECY Evolution Implem. Plan C C I +
Phase 1ITT A
Phase 1 Projects New ECVs
New R&D on Existing ECVs
CMUG
Knowledge Exchange
CCI+ Mid Term Review A
Phase 2 ITT A
Phase 2 Projects |
2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Hollmann, Stengel, Pfeifroth, Niedorf: Remote Sensing and Climate, April 2026 &




esa

Webinar Series: Monitoring climate change from space

Webinar Series: Monitoring
climate change from space

Join our latest monthly webinar series showcasing the latest dimate science from the ESA-(CT ECV
projects

This month's webinar:

Permafrost and Climate Change: Insights from CCI data
Date: 22 April 2026

Time: 16:00 - 17:00 CEST

Join Annett Bartsch on April 22nd for an insightful webinar on how
satellte data can be used to monitor permafrost from space. Annett is

Managing Director of b.geos as well as the Science Lead for ESA's Climate
Change Initiative ((CT) Permafrost project.

https://climate.esa.int/en/climate-change-initiative- e

thaw and how these are quantified

training/webinars/

« Explain how permafrost thaw can be identified from space

« Discuss the differences between Arctic lowlands and mountain
areas

« Highlight where the hotspots of permafrost thaw are located

« Explore the different Earth observation approaches that are
needed to capture changes in lowland and mountain areas.

Register for the Webinar here

The ESA CCI is a major research effort that generates global, decades-long
satellite data records to track and understand key aspects of the Earth's
dimate system, known as Essential Cimate Variables (ECVs)

44
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https://climate.esa.int/en/climate-change-initiative-training/webinars/

Next webinar:

Date: 20th May 2026
Time: 16:00 - 17:00 CET

Speaker: Christiaan van der Tol, University of
Twente (CCl Vegetation Parameters)

This webinar will present a 21-year, high-resolution

satellite dataset measuring foliage density and leaf

light absorption - key climate variables affecting the

carbon budget. Learn how to access the data and

apply it in research and environmental monitoring. St

Sign up details coming soon!
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https://climate.esa.int/en/climate-change-initiative-training/webinars/

Climatologies based on satellite instrument
and usage

=» Definition of a Climate data record (CDR)
> what is needed to generate a CDR?

= Climate related Satellite Activities in Europe
=» Development in recent years
= Use of satellite data in Reanalyse
= ESA CCI
= Copernicus C3S
= EUMETSAT CM SAF
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EU - Copernicus Programme

- Open and.free -t B
2 2
: (@ MARINE MQN|TOR”\:|G. ®’ :

| ATMQSPHERE MONITORING

‘ LAND MONITORING
' 'SECURITY

Space Components — ,Sentinels® + 6 dedicated Services
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Copernicus C3S

Copernicus Climate
Change Service

rRICUS

Europe’s eyes on Earth

Hollmann, Stengel, Pfeifroth, Niedorf: Remote Sensing and Climate, April 2026



C3S Components

C3S components : - European Copernicus Climate ”@‘

Change Service

=— Commission

Climate Sectora_l Evaluation and Outreach and
Information

Data Store System Quality Control Dissemination

® ECVs past, present and

@ o @ Monitors quality of C3S * Web content
products and services ® Public outreach

future

¢ Observed, reanalysed e Ensures C3S delivers state- *® Coordination with
and simulated of-the-art climate national outreach

* Derived climate o information to end-users ¢ Liaison with public
indicators * |dentifies gaps in service authorities

* Tools to support provision ® Conferences, seminars
adaptation and Q @ * Bridges Copernicus with ® Training and education
mitigation at global the research agenda in
and European level Europe (e.g. H2020,

e 9 national research projects)
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C3S Climate Data Store

@‘ Sources of information and tools for climate monitoring d

ar S e k(R T AN B

“#° MODELLED DATA

LR B B

https://cds.climate.copernicus.eu

o , T e
Y ARk
| 3 1 Y

Source: C3S, J. Munoz-Sabatier | = | firoseax owon G:pemcus = ECMWF C
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The C3S ECV programme

O

CRYOSPHERE
Glaciers Ice Sheets Snow Permafrost
and Ice Shelves
SURFACE OCEAN PHYSICS
Surface Sea Level Sea Surface Sea lce
Currents Temperature
b4
Surface  Ocean Surface Sea Surface Sea State
Stress eat Flux Salinity j

OCEAN BIOLOGY, ECOSYSTEMS

Marine
Habitats

Plankton

SUBSURFACE OCEAN PHYSICS

|

Subsurface
Temperature

Subsurface

Subsurface
Currents ini

Salinity

OCEAN BIOGEOCHEMISTRY

The C3S ECV programme

Transient Inorganic Nitrous Oxide

Tracers Carbon

Ocean
Colour

Oxygen

Nutrients

Source: C3S, J. Munoz-Sabatier

PROGRAMME OF THE
EUROPEAN UNION

SURFACE ATMOSPHERE

Land
Cover

GQE(FQEQH§

Albedo

A |

Surface Air Surface Surface Wind
Temperature Water Vapour Speed&Direction

S

Precipitation Surface Surface
Radiation Budget Pressure

!

Upper-air  Earth Radiation  Clouds Upper-air Wind  Upper-air Lightning
Water Vapour Budget Speed&Direction Temperature
Acrosols €Oz, CH4, GHGs Ozone Precursors for
Aerosols&0zone
ANTHROPOSPHERE

J 2
Anthropogenic Anthropogenic
Water Use GHG Fluxes

Soil Moisture Lakes Evaporation  Groundwater River Terrestrial
from Land Discharge water storage
Fires FAPAR* Leaf Area  Land Surface Above-ground Soil
Index (LAI) Temperature Biomass Carbon

IMPLEMENTED BY

< ECMWF

G

In total GCOS
defines 55 ECVs
(GCOS 2022
Implementation
Plan)

Three main
domains:

- Oceanic
Terrestrial
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C3S ECV Portfolio

Based on satellite data,
they monitor trends and
variability

Involve close coordination
and collaboration with
major providers (ESA,
EUMETSAT) and
Copernicus Services

Their production require
the expertise of many
public and private entities
in Europe

Source: C3S, J. Munoz-Sabatier

1970

Aerosols :a )

Greenhouse gases ‘_"

Ozone \’vi:

Precipitation N l

Upper-air Water Vapour ‘,F
Surface Radiation Budget (’I
Earth Radiation Budget ‘1\'
Clouds "‘/-1.

Ice Sheets and Ice Shelves /

=
. AN
Glaciers (<)

J

Lakes /)

=/

Soil Moisture (- ‘_I

&

Leaf Area Index (LAI) (. )
Land Cover n ::g

Albede ()

Fires (W)

FAPAR* ()

Surface Currents @

Ocean colour O
Sea Ice O
Sea Level

Sea Surface Temperature ®

PROGRAMME OF THE
EUROPEAN UNION

1980 1990

2000

2010

Climate Data Records of Essential Climate Variables — current offer /

2020 2025

Atmospheric

Physics

® ¢ ¢

Cryosphere

Land
Hydrology

Ocean

IMPLEMENTED BY

< ECMWF

( /"@\ Clim:

*Fraction of Absorbed Photosynthetically Active Radiation
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C3S ECV Services (1)

Surface radiation budget from 1979 to present derived from satellite

~1  C3SECV services — /

Access to ECV products through a harmonized look-and-

such as solar power
nnnnnn

feel interface (CDS), which are: R ETIIETET s

20201020

State of the art (coordination with ESA, EUMETSAT, -

Copernicus Services)

Publication date
2020-10-20

- Long-term, consistent, complete (CDR) [multi-sensor

Undate date

Rl 1 B0 | B ]
|
o £

i approach]
- - Regularly extended in time (ICDR) ;W“N:“” o
5 - Gridded, aggregated (meeting climate requirements) e p— M
I - Accessible & Traceable

- Access through the Climate Data Store

- Comprehensive documentation

Source: C3S, J. Munoz-Sabatier | | fesamecrte  (opemicus SSECMWF (0
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C3S ECV Services (ii1)

~1 C3S ECV services

Independent Evaluation and Quality Control
Specialised User Support

Training material

Use cases

Data visualisation

Licenses, references, doi

Applications tailored to different sectors

H Climate Intelligence derived products

f = 183+1.00 GHz

PROGRAMME OF THE
EUROPEAN UNION

Source: C3S, J. Munoz-Sabatier

Copen

Region /
30°S-30°N

Specific humidity derived from radio occultation satellite data for the 30°S-30°N latitude band and the time period 2007 to 2021

Monthly mean anomalies Monthly mean J:'Gtwva\us

" I ;"“ —am

3 g
2

Tropospheric humidity
Janu. 2020
Zonal monthly mean

Tropospheric Humidity Profiles (
t Metop

t, oy A, satellite
"R 4

IMPLEMENTED BY

SEcMWE (B

US

n Earth
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C3S ECV Services (iii)

~%  The European State of the Climate J

Cloud cover
Data: CM SAF CLARA-A3 « Reference period: 1991-2020 ¢ Credit: C35/ECMWF/EUMETSAT

Typically published in April of the
following year, the ESOTC provides
information about the climate

conditions of the previous year for ::
Europe and the Arctic. It is based .

Annual anomalies in cloud cover Anomaly in cloud cover for 2023
for European land -

Anomaly (% of 1991-2020 average)

<Em. N ——>
EUROPEAN 023 -15-12 9 % 3 0 3 6 9 12-15

STATL = 2 \ il (opemicss &3
CLIMATE oo e

CMSAF

nnnnnnnnnnnnnnnnnnn

73 Copemicus Climate Change Service PROGRAMME OF N pniics "
[2 of the Clir N an as Crange: T IR R~
( uropean State of the Climate | 2023 \ i (wercs CECMWE  ® CMSAF

Source: C3S, J. Munoz-Sabatier | :: | fssameerte  (opemcus ESECMWFE (1
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Copernicus — continue global leadership in EO ‘K

eSd

\

.
> 200.000 6 operational services

registered users 'ﬁi‘- i A a

= tip of the iceberg r

Land Atmosphere Ocean Climate Disaster Security

_ 7 satellites flying
150 TB satellite data 85
0" § distributed per day S1 S2 S3 54 S5 S6
==

4&""(}?

full, free & open PS °
data policy _ _
preparing Copernicus 2.0

- J
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Climatologies based on satellite instrument
and usage

=» Definition of a Climate data record (CDR)
> what is needed to generate a CDR?

= Climate related Satellite Activities in Europe
=» Development in recent years
= Use of satellite data in Reanalyse
= ESA CCI
=» Copernicus C3S
= EUMETSAT CM SAF
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The EUMETSAT SAF Network
=» Established in 1999 as decentralised part of the operational ground segment

=» Using the expertise from Member States — capacity building in Member States
=» Definition of dedicated application areas

=» Each SAF is lead by a NMHS and involves further Met. Services / other partner
organisations

EUMETSAT EUMETSAT

@ OSISAF @& ACSAF

OCEAN AND SEA ICE

EUMETSAT

-~ @ ROMSAF

RADIO OCCULTATION METECROLOGY

N —
® a-

EUMETSAT

@& HsA

H
M

YOROLOGY AND WATER
MANAGEMENT
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EUMETSAT

CM SAF

CLIMATE MONITORING

Deutscher Wetterdienst
Wetter und Klima aus einer Hand B ‘

CM SAF Partnes SMHI

RMI

[C] EUMETSAT Member States <
[[1 EUMETSAT Cooperating States —

B CM SAF Member States
[] Location of Partner NMHSs

Met Office

Deutscher Wetterdienst

Swedish Meteorological and Hydrological Institute

Koninklijk Nederlands
Meteorologisch Instituut
Ministerie van Verkeer en Waterstaat

Royal Meteorological Institute of Belgium

Schweizerische Eidgenossenschaft
Confédération suisse

Confederazione Svizzera

Confederaziun svizra

Federal Office of Meteorology and Climatology
MeteoSwiss

Finnish Meteorological Institute

Met Office, United Kingdom

Centre National de la recherche scientifique
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EUMETSAT

CM SAF

CLIMATE MONITORING

adapting

EUMETSAT

CM SAF

CLIMATE MONITORING

mitigat'\“g\

Climate Data
Record

climate trends,
variability and
process

Predi (_‘,’{\(\g

validation and
satellite
simulators

Modelin®
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EUMETSAT

(" CMSAF

CLIMATE MONITORING

Modelin®

Climate Monitoring based
on Satellites @ DWD

Climate Data
Record

climate trends,
variability and
process

validation and
satellite
simulators

We provide

Essential Climate Variables
*  Thematic Climate Data
Records
. Interim Climate Data
Records
Fundamental Climate Data Records

We provide

Training & capacity building
toolbox
Application examples

We support

Process analysis
Statistical analysis
Climate assessments

We provide

Validation data (Obs4MIPs compatible)
Satellite simulators
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EUMETSAT Climate Product Portfolio

PP IoP CDOP-1 CDOP-2 CDOP-3 CDOP-5 Chek
1999-2004 2004-2007 2007-2012 2012-2017 2017-2022 2027-2032 beyond

i — (O

LSA SAF
ROM SAF

OSI| SAF
EUM Sec
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IPCC WG-1 ARG6 (2021) — EUMETSAT contribution

EUMETSAT

@ saF

ITE APPLICATION

EUM
Climate
Data
Records

Pie Chart corresponds to 126 (45% of total
number) data sets labelled as remote
sensing and reanalysis or combinations

[Carbon Dioxide, Methane and other greenhouse gases

Number of remote sensing datasets in IPCC AR6 WGI Annex 1, per GCOS ECV

2 4 6 8 10 12 14 16 18 20

o

Precinitation
Sea lce

Sea Level
Water vapour

Ice sheets and ice shelves

Ozone

Temperature (upper-air)

Cloud Properties

Aerosol properties

Snow

Sea Surface Temperature
Surface wind speed and direction

Soil moisture

Ocean-surface Heat Flux
Earth Radiation Budget

Leaf area index

FAPAR

Glaciers

Ocean colour

Fire

Above-ground biomass
Groundwater

Land cover

Sea-surface salinity

Land-surface temperature

Surface Radiation Budget
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PP IOP CDOP-1 CDOP-2 CDOP-3 CDOP-5 CDOP-6
1999-2004 2004-2007 2007-2012 2012-2017 2017-2022 2027-2032 b%ggd
CM SAF concept and design

=>» Focus on generation and provision of climate data
records to support climate monitoring

CDR Evolution

o

=>» Cyclic reprocessing of data

‘~‘ 5 = B h k
=> Agile framework using opportunities and e WY S

chances

* 4" release

LU

) ) 3" release
=>» Access to high performance IT infrastructure

(e.g. ECMWF, EWC, DWD)

v
RN 2"d release
S 4

GIROF

. 4 TR - 15t release
=>» All data record are quality controlled @ = —
=» Strong collaboration with Sec. & SAF network ™
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Overall portfolio of climate data records - global

Fundamental Climate Data Record (FCDR)
SMMR, SSM/I, SSMIS Microwave Radiances 1979 — 2022 global
Climate Data Record (CDR)

Cloud parameters, surface radiation parameters, incl.
albedo, TOA radiation (CLARA¥)

HOAPS (precip, evap, hum., wind, ...)
(ice-free ocean )

ATOVS Water vapour and temperature profiles 1999 — 2012
Microwave imagers +

AVHRR GAC 1982 — 2020

SSM/I, SSMIS 1987 — 2014

Global

sounders, Geo-ring Global precipitation (GIRAFE) 2002 — 2020
MSU, AMSU, SSM/T2, MHS Upper troposphere humidity 1994 — 2018
Microwave+NIR imagers Total column water vapour with ESA WV_cci 2002 — 2017

* ICDR service, data available until present time
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PP IoP CDOP-1 CDOP-3 CDOP-5 CDOP-6
1999-2004 2004-2007 2007-2012 2017-2022 2027-2032 e

Available CDRs — Regional (Focus on Europe/Africa)

Climate Data Record (CDR)

SEVIRI Cloud parameters (frac., height, opt. dep., phase, eff. gggj : 2813
_ *

rad., LWP, IWP), AOD (-2012) (CLAAS¥) ol
GERB/SEVIRI Top of atmosphere radiative fluxes 2004 - 2015 ‘_85

Cloud frac. (COMET), Land Surface Temperature 1983 — 2020 >

(SUMET), surface radiation budget o
MVIRI/SEVIRI Latent + sensible heat flux (land) 1983 — 2020

Free tropospheric humidity 1983 — 2009

Surface radiation (SARAH¥) 1983 — 2020*

* |CDR service, data available until present time
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More Climate data records to come...

Climate Data Record (CDR)
SEVIRI

Geo-ring

Geo-ring

Microwave imagers+sounders,
Geo-ring

AVHRR GAC

SSM/I, SSMIS, TMI, GMI, AMSR-E,
AMSR2

Geo-ring
MSU, AMSU, SSM/T2, MHS

Microwave+NIR imagers

Cloud parameters (CLAAS-4%)
Land surface temp., latent+sensible heat flux, SRB
Cloud products, TOA radiation

Global precipitation (GIRAFE) *
(CLARA-A3.5%)
HOAPS 5 (precip, evap, hum., wind, ..)

Surface radiation (SARAH*-GEQO)
Upper troposphere humidity

Total column water vapour (from ESA WV_cci)

2004 — 2024* Regional

CDOP 5
ISCCP-NG demo**

Global

2002 — 2020 (2024)* Global

1979 — 2024*
1987 — 2022)

1983 — 2025* Global
1994 — 2023

2000 — 2022

* Continued/new ICDR service
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Example Application of CM SAF data...

CLARA cloud simulator CLARA-A2 (a) ISCCP (b)

= -

m CLARA and CLAAS CDRs have
associated satellite simulators to
enable better model to observations
comparisions

m Simulators adjust model cloud
cloudiness to emulate cloud
o ogs 20 30 40 S0 50 7 a0
detection capabilies of CDR. CLARA sim-obs ISCCP sim-obs

m Figure shows CLARA-A2 and W S B
ISCCP CDRs (obs) with respective g .
simulators (sim) based on EC Earth
climate model. July 1983 to June

2015.

m CLARA simulator takes into account
limitations of cloud detection in the : N e e
ArCtiC. Eliasson et. al., 2020
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Example Application of CM SAF data...

Comparison of snow albedo data records

= Bias assessment (right) suggests
that CLARA-A2.1 had the closest
agreement with MODIS (MCD43C3
ed 6.1) among the evaluated data e Fjj
records. ol e
= But some drift in CLARA albedo since o
2015 was apparent due to AVHRR e ——— e e [:Z;:
radiometric calibration drifts. B M. g NG ey
= The independent validation results
confirm the validity of the CLARA
approach to snow and ice albedo
. . S St P Pt
estimation: . -
= “Only CLARA-A2.1 is able to produce
acceptable estimations in terms of —— \
biasl While a” the products face (h-) — €35.v1 - PROBA S - :.VZ-PROBA-”’ = i“
stability issues” T - -
Urraca, R., Lanconelli, C., Cappucci, F., & Gobron, N. (2023). Assessing the fitness of satellite i R I::

albedo products for monitoring snow albedo trends. IEEE Transactions on Geoscience and
Remote Sensing, 61, 1-17.

Hollmann, Stengel, Pfeifroth, Niedorf: Remote Sensing and Climate, April 2026 &



Example Application of CM SAF data...

Decadal changes in polar sea ice radiative effect (SIRE) from
CLARA-A3 surface albedo and radiative transfer simulations

= The ‘cooling power’ of Arctic sea ice
has reduced by 20% (0.16 W/m?2)
compared to the 1980s

= Corresponding reduction for
Antarctic sea ice is 12% (0.10
W/m?2)

180

150
é:/:

(2016-2023) — (1980

e Ll S

W/m?

30W

-198

/_:_\305

-0 -5 25 -1 -05 05
Monthly SIRE anomalies in the Arctic (top) and

Antarctic (bottom)

1

25

0

5

>~

10

8) SIRE

----------

o
o

= The implied sea ice albedo feedback N A i
. sk
is 0.24-0.38 W/m?2/K 54 AEm ® = b
5 = 2| oo
R =M G f -01
= Upper end of that simulated by Al B
F <l 04
C M I P5 mOd e I S (DonOhoe et a/' / j1980 1985 1990 1995 2000 2005 2010 201% 2020 s ;25
2020) (b)ﬁ ! ) - ':*; 0.4
(o] =§o03
s Zhoz
£ >[r0.1
Duspayev, A., Flanner, M. G., & Riiheld, A. (2024). Earth's sea ice radiative effect é i £ f'gl
from 1980 to 2023. Geophysical Research Letters, 51(14), e2024GL109608. ",: % 62
L =
! —~ - mEE Ry H
1980 1985 1990 1995 2000 2005 2010 2015 2020

Year
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Where on Earth are clouds
changing most?

CLARA-A

Trends in total cloud
amount

(in % per decade)

Reference: 2004-2020

[ - I
-5 -2 0 2 5 Decreasing No A/S Increasing
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= WMO Reference
Period 1991 — 2020
IS now covered

= Operational retrieval
of Anomalies (e.qg.
for Sunshine
duration) based on
the Climate Normal
and latest actual
data

SN A N,

Climate Normal, 1991-2020

AR -

%

g

e

= 350 h

- Oh

3 & &

b=

S

Monthly anomaly, Sep. 24

EUMETSAT

IO

lew.ou
Y Ul aulysuns

Ss9|

sy o
3| ©EUVETsAT 2024 =
= T .\

- T

Example: Anomaly of Sunshine duration

CM SAF
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Monthly climate normals of
surface incoming solar
radiation (SIS) over Sweden
based on CLARA-A3

= Following the WMO guidelines, covering \ / ' 4 L X
1991 - 2020 reference period S o ' omm
9 Started With a research project. perioden 1991-2020. for perioden 1991-2020. september for perioden 1991-2020.
> Operational use of CM SAF anomalies is in iNov w-Dec
preparation i i
Devasthale, A.; Karlsson, K.-G.; Andersson, S.; Engstréom, E.
Difference between WMO Climate Normal and Climatology:
Insights from a Satellite-Based Global Cloud and Radiation s s
Climate Data Record. Remote Sens. 2023, 15, 5598. o e S

for perioden 1991-2020. november fér perioden 1991-2020 december for perioden 1991-2020
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https://www.smhi.se/data/meteorologi/kartor/normal/normal-manadsglobalstralning
https://doi.org/10.3390/rs15235598

In 2022, Europe recorded the highest sunshine
duration and second-lowest cloud cover of all time

Cloud cover anomaly for 2022

Annual cloud cover anomal
for European land Al | hine durati mall

7 for European land
_ 6
s
>4
g s
g 2
c 1 |
51 3
£
g 2 E
3=
C

-5 T T T

1985 1900 105 2000 2005 2015 201
20 210 15 20

<ENEEEEER EEEE>
20 A6 A2 4 8 12 16 20

s 4 o g
cloud fraction anomaly (%) <EEEEEE EEEE>
0 a0 w0 00 o w0 w0 300 400

hours

Data: SARAH-2.1 CDR/ICDR » Reference period: 1991-2020 « Credit: EUMETSAT CM SAF

7= Copernicus Climate Change Service PROGRAMME OF C ) -
@ European State of the Climate | 2022 THE EUROPEAN UNION Opgﬂ[g:%% £ ECMWF

Source: European State of Climate 2022, hitips://climate.copernicus.eu/esoic/2022/clouds-and-sunshine-duration

Anomalies are being used in European State of Climate report
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https://climate.copernicus.eu/esotc/2022/clouds-and-sunshine-duration

CM SAF

Data access

=» Web User Interface

CM SAF - Product navigator

=» Simple selection and ordering
process

=» Standing orders

& EUMETSAT

=>» Postprocessing: S B
= Spatial, temporal T
= Data format (netcdf, hdf) L ==

=» Pre-defined regions
(e.g.CORDEX Gebiete)

=> ftp or E-Maill
=> Free

https://wui.cmsaf.eu
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EUMETSAT

CM SAF

CLIMATE MONITORING

Training

=» Trainings-Workshops in Co-operation with EUMETSAT
=» Hand-on training with CM SAF Data

=» Content of course available here:

=» R-Toolbox for an easy use, analyses and visualisation of CM SAF data:
www.cmsaf.eu/tools
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http://training.eumetsat.org/

CM SAF users worldwide -,

¢ 6.000 | CDOP-1 o o 3
2 | = CDOP-2
uCDOP-3

5.908

=» CM SAF has ~6000 users in 146 ;
different countries at the end of June
2024

=» Users from all 30 EUMETSAT
member states

=» New user in first half of 2024 from
here:

« Syrian Arab Republic
* Cuba

[] Countries with no CM SAF users Il Countries with 1t0 10 users [ Countries with 11 to 100 users
[0 Countries with more than 100 users [ ] New countries added in 2023

Status: Jun 2024, © CMSAF

*Caveat: voluntary information during registration
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