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C3S: the numbers

Worldwide users

Europe

North
America

South Africa
America
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~1>  Ecosystem of reanalysis products

SEA SURFACE TEMPERATURE ANOMALY -« JAN 2023
E RA5 Reference period: 1991-2020 « Data: ERAS « Credit: C3S/ECMWF f@\ E RAS- La n d

%

Data source: ERA5-Land Credit: C3S/ECMWF Reference Period: 1991-2020
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~1  Ecosystem of reanalysis products ﬁ

. . e Temporal Spatial

ERA5 Global reanalysis foratmosphere, 1940 onwards, up .to 5 days oty 30 km
land and ocean waves behind real time
ERAS Land Global reanalys.ls for land-surface 1950 onwards, up.to 5 days ety 9 km
variables behind real time
CERRA European regional reanalysis 1984-2021 Hourly 5 km
3-hourly analyses,
CARRA Arctic regional reanalysis 1990 onwa.rds, - tg 3 months hourly short-term 2.5km
behind real time
forecasts

PROGRAMME OF THE \ .
EUROPEAN UNION OPEIMICUS
Europe’s eyes on Earth



From ERAS5 to ERAG

/4

Since ERA5 (2016), ERA6 will benefit from an additional 8 years of R&D at ECMWF & improved compute capacity

Enhanced products, in response to user demands

* Higher resolution than ERAS5, from 31 km 14 km

* New concept of constant height level output

* Additional parameters

 Extended monthly and daily pre-calculated quantities

Advances in data assimilation and modelling

Improved atmospheric (4D-Var) data assimilation

* Better ensemble that evolves the background error covariance matrix
* Weak constraint to handle systematic model error (biases)

* Assimilation of near-surface air temperature observations in 4D-Var

Improved land data assimilation
* Reduced biases in snow and improve assimilation of snow observations
* Inclusion of soil temperature data assimilation

Improved ocean wave physics
+ Atsame resolution as the atmosphere
* Improved drag for extreme situations

PROGRAMME OF THE
EUROPEAN UNION

(opermicus

Improved observations

* Reprocessed, rescued
+ Satellite and in-situ

With partners, including G EUMETSAT

Improved atmospheric model

* New ozone model and prognostic with radiation

* Revision of moist physics (clouds, precipitation, radiation)
« Account for snow on ice

* Upgrade from CMIP5 forcings (ERA5) to CMIP6

* More species of aerosols and greenhouse gases

Improved interfaces with the land component

* Vegetation cover and type, leaf area index, lake cover and
properties, urban tile, potentially time-evolving in ERA6-Land

Improved interfaces with the ocean component
« Partial coupling with an ocean and ice model
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~1> ERAG6 supported by a ‘climate’ cycle

2023 2024/2025
4811 4812 49r1 49r2

ORAS6 ocean reanalysis Reanalysis : NWP: New ocean and seaice
ERAG6, EAC5 Extending 4D-Var window

Higher 4D-Var resolution

NWP: ENS resolution increase
Daily ENS-Ext ensembles
Multi-layer snow scheme
Interactive Hybrid Linear Ozone
OOPS

Seasonal forecast:
NWP: Improved surface SEAS6
Updated land fields
Implementation of SPP
Higher resolution EDA

Improved COMPO:

stratospheric chemistry

Improved COMPO:
prognostic stratospheric aerosol

scheme

Hindcast reconfiguration (ENS and ENS-Ext)

EFAS and GloFAS: new versions at 1.5km
and 5km respectively

OpenlFS new release
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ERAG6 preliminary production plan

* Product release

1946 1956

%

Production
date

Q1-2 2025

Q3-4 2025

Q1-2 2026

Q3-4 2026

Q1-2 2027

Q3-4 2027

Q1-2 2028

Q3-4 2028

*

1966

ERAG6 period

1976

1986 1996 2006 2016 2026 ERA6T

*

*

Not forgetting ERA5, which will continue to be produced and monitored for some time

< ECMWF
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/4

@ C3S seasonal prediction: components

2o DATA PRODUCTS 2> GRAPHICAL PRODUCTS
cds.climate.copernicus.eu D[Iﬂl:l climate.copernicus.eu/charts/packages/c3s_seasonal/

U Datasets available in the Climate Data Store Products for individual contributing systems and multi-system combination
*  Atmosphere

o daily and subdaily data (6h, 12h, 24h)
o monthly statistics (mean, max, min, standard deviation)
o bias corrected data (monthly anomalies)

*  Ocean monthly means

C3S multi-system seasonal forecast  ECMWF/Met Office/Météo-France/CMCC/DWD/INCEP.MATECCC
jory of precipitation) MAM 2022

Total precipitation

Near-surface temperature and wind
Mean sea-level pressure

Sea surface temperature

Sea ice concentration

O Multi-system retrospective forecasts and real-time forecasts, the latter Geopotential height at 500 hPa

published on 6t" (ECMWF) and 10t" day of month (the rest) 5 R Temperature at 850 hPa
-~ -
NINO1+2 SST an les 10, 25, 50, 75, 90
R T
CDS API s

@ Sea surface temperature NINO regions

o i Sea surface temperature Indian Ocean

v L Zonal mean wind at 10hPa
‘ensemble_mean"’, ‘hindcast_climate_mean* 2: ‘EDEICD(

s['at,'2%,'3','4%,'s5",'6'1 3, =28
)

Sep2023  Nov2023  Jon2024  Mar2024  May2024  Jui2024  Sep2024
t.grib’

Forecast system: | MeteoFrance System v
Nominal start date: Aggregation and leadtime
Variable: [ SST indices

Python workflows
s
Jjupyter
j g

Temporal correlation
Relative Operating Characteristic (ROC) score
Ranked Probability Score (RPS)
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~§»  C3S seasonal predictions in user diagnostics

(a) ENSO - TC # Scatterplot with regressions

> - ¢ s anan1y ) ) Summer (JJA) T2m correlation skill
4 Mo Mitory 9512019, Tropical Cyclone Basin Count 2o 3 ensemble Chips ensembe
Notation: 0.5 = 50% Increase, -0.5 = 50% s in Count v N s SEON g
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26 05 04 03 w02 -01 o1 oz o3 o4 o5 0¢
L
Lo L] Richard Dixon,@catinsight Matthew Patterson et al 2022 Environ. Res. Lett. 17 104033
é https://inigoinsurance.com/unboxed-thinkin
s é NMME
CANSIPS-IC3 COLA-CCSM4 GFDL-SPEAR NASA-GEOSS2S NOAA-CFSv2 .
2 UKMO owD acc ECMWF MFS. MF6 ERAS BTACS g "
g
Robert Doane-Solomon robert ds Forecast Sea Surface Temperature Anomaly ("C) __2023-12 2024-01
, @ | S T N AN\ 5
DJF MAM C/’ -
<
. . - . . - . - - . - >
lead 3 4 >+ | G . g g . P AR abD'apnapanap’d NIWA i
. . v . 2 * . 2 g @/, NIWA Drought forecasting dashboard
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©»
oad 1 4 :‘ :. :. ':' N < < ¥ :' .:. .:. Nl :. :' P 2 » NIWA3 s Seasonal forecasts  Recen o
2024-02
. T Forecast Period:
lead 0 4 4 4 d 4 d d P oo
+ * + Seasonal ~ > CMCC-Sys35 DWD-Sys21 ECMWF-SEAS5 MeteoFrance-Sys8 UKMO-Glosea6
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. . Upper tercie - s
lead 3 4 « X+ . . . . . . ER AP apapDaOparn . S
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@w @ = = 12,1 7] = =
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sca Ensemble mean correlation
HAD R E—
& ~— ; ;
-1 05 0 05 1 s = = -~ K Kowal, et al 2023. International Journal of Climatology,43(5),

5 X 0.5
Data: Copernicus Ciimate Change Sevvice (C35) | Cimatology. 1993-2016

Lloreng Lledé et al 2020 Environ. Res. Lett. 15074009 2175-2199
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WERP.@CMIPS

World Climate Research Programme

W

World Climate Research Programme

Global climate projections

CMIPS daily data on single levels

Dataset | Global  Atmosphere (surface) ~ Atmosphere (upperai)  Climate projections
This catalogue entry provides dally climate projections on single levels from a large number of experiments,
models, members and time periods computed in the framework of the fifth phase of the Coupled Model
Intercompa
one vertical

CMIP6 climate projections
CMIPS Global

Atmosphere (upper air)

Atmosphere (surface)

(ataset ) Climate projections

This catalog This catalogue entry provides daily and monthly global climate

models, me - y

intercompa PYOjECtIONS data from a large number of experiments, models

oneverticaland time periods computed in the framework of the sixth

- phase of the Coupled Model Intercomparison Project (CMIP6)

CMIP6 data underpins the Intergovernmental Panel on Climate
Change 6th Assessment Report. The use of these data is mostly

aimed at: addressing outstanding scien...

21 CMIP6-Endorsed MIPs

GMIE, DyaVarNiP

GMMP,

PuiP "
el HighResMIP

Regional

OMIP, FAFMIP/
LSIMIP/SINIP,

- CMIP6 predict
Global

ORDEY,

Diagnostic MIPs

Eyring et al., CMIP6 Overview, GMD, 2016

PROGRAMME OF THE
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RP-2CMIP6

C3S climate prediction and projection data

N F M OF
13

- h T

Earth System Grid Federation

B O e
climate.copernicus.eu

e operational data access

e quality control

e data tutorials

Decadal predictions

ions underpinning the C3S decadal prediction prototypes

Atmosphere (surface) Atmosphere (upper air) Climate projections

VIKSAB This catalogue entry provides daily and monthly global climate model data from Decadal Climate Predictions Project (DCPP) experiments,
part of the sixth phase of the Coupled Model Intercomparison Project (CMIP6). The decadal data in the Climate Data Store (CDS) are a
quality-controlled subset of the full DCPP. CMIP6-DCPP data addresses the ability of the climate system to be predicted on annual, m...
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1: South America (SAM)

2: Central America (CAM)
3: North America (NAM)
4: Europe (EUR)

5: Africa (AFR)

6: South Asia (WAS)

7: East Asia (EAS)

8: Central Asia (CAS)

9: Australasia (AUS)

10: Antarctica (ANT)

11: Arctic (ARC)

12: Mediterranean (MED)
13: Middie East North Africa (MNA)
14: South-East Asia (SEA)

1000 2000 3000

Coordinated Regional Climate Downscaling Experiment Exvaton (m s.88)

Regional climate projections

CORDEX regional climate model data
on single levels

Dataset Europe
p

Atmosphere (upper air)

Atmosphere (surface)
Climate projections
This catalogue entry provides Regional Climate Model (RCM)
data on single levels from a number of experiments, models,
domains, resolutions, ensemble members, time frequencies
and periods computed over several regional domains all over
the World in the framework of the Coordinated Regional
Climate Downscaling Experiment (CORDEX). The term "single
levels" is used to express that the variables are 2...

ey
1y I

[ W
0
—— Forecast

o — Observed

190 1990 B0 1990 w00 2000 2020
Central year of 5 year period

Climate
Change Service

climate.c:
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Copernicus Interactive Climate Atlas Mean temperature (°C) - CMIPé - Change - Warming 2°C - Annual - rel. to 1850-1900

O]

Mean temperature CMIP6 ARG Regions

Climatology and Changes Global warming levels

0] 0]o]

1961-1990  1981-2010  1991-2020 2°C 4°c
{ pha |

1850-1900  1984-2005  1995-2014 1.5°C rC S
PAST FUTURE

Quantity

Change v

Season

Annual v

SREa80

[ ] 6
D s Units: °C
4
4 Robustness:
2
1 @ Robust signal (original color)
0
4 @ No change or no robust signal
2
Conflicting signals
2 BB conticingsis
4
D ® = (B Palette = Autofit < Reset
3
About C35 About the Atlas Contact us Privacy policy v

rossamerte (opemicus  ESECMWF (e

Europe’s eyes on Earth climate.c



<”(£11\ Operational extreme event monitoring and attribution @ C3S

ITT published in July, closed on 19 September, expected start date January 2025

What did we ask forin the ITT?
* Interactive web-application(s) based on ERA5, heat-indices (precip) trends ...
e Operational attribution office
* 5-day delay time to deliver factsheet or similar
* Multiple lines of evidence approach
* Global coverage

 Embedded in Cl teams operational activities
e Counter-factual dataset(s) development

>> Closely following ongoing attribution research (XAIDA, COMPASS, upcoming Horizon call...)
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/(ill\ Climate Data Store

A fully modernized Climate Data Store has been released

Modernization will cover all multiple layers and components of the infrastructure (software and hardware)

Objectives What's new

More functional, standardized and accessible interfaces

o

Capitalize experience, feedback and

Te.j S (Web portal, APIs, Metadata - STAC, INSPIRE).
. . FAIRest catalogue of resources.
MM Engage with a broader user community.

Prominent and fully integrated Evaluation and Quality Control
(EQC) function.

Closer and broader access to help&support and training
material facilitating user uptake.

1. Ensure compatibility with state-of-the-art
solutions

ni—’
=
L1

Embrace open-development approach for
traceability and collaboration

&)

Cloud oriented with flexible deployment and high

w# Strengthen synergies with related ar=
“ platforms (such as WEKEQO) and projects B @1F GOMEEiantes:
Analysis Ready, Cloud Optimized (ARCO) Data & Services
! earthkit: open-source, anyone, anywhere set of tools.
es el Fully Managed In-house Cloud Infrastructure provided by
o 3 | B I ! ECMWF-CCI (Common Cloud Infrastructure)
~ o= H HE e £
Opendap g L g]s Serveriess ARCO Servics # Climate -
istributed APls % § g i m{oﬁcmsmmumﬁ;_ .dA E@m= A;:a%me Imarpe I R I
Distribut ! 2
Data Sources Ctsntions o /O % & “:‘ earth
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&

Earthkit, a new approach to the CDS toolbox

earthkit, an open-source, high-level scalable, interoperable
and platform independent approach to the CDS toolbox
concept.

Applications as Climate Pulse or Copernicus Climate Atlas
already “Provided by CDS-Engine, Powered by earthkit”.

Optimized to access, plot and manipulate CDS Datasets.

Supported by training material and interactive notebooks
examples

Fully compatible and with extended data plug-ins for WEKEO

earthkit-data (based on ECMWF’s CliMetLab), earthkit-maps
and other components under development (earthkit-plots,
earthkit-climate, earthkit-meteo, earthkit-regrid)

Copernicus Interactive Climate Atias Mnkam temperatire - CMIP - Chamges - Warssing 2°C - Anras - ol 10 1850.1900

'''''''

EEEDOE e

Copernicus Interactive Climate Atlas

The Copernicus Interactive Climate Atlas (CICA) provides graphical information about recent past trends and future changes (for
different scenarios and global warming levels)

No let's POt our 0a%a! Ths Should 0 100K Guite Temier sow, except That we are row Callng  Chart, poalermesh nstasd of
chart.plot - This forces eartnkit 10 use matplain's gcetorsesh visuabsation sechrigue, which will plot grid cells at the
resolutian of the dat « which s recommended for low-rescluton iie HADCRUTS with oes of gaps

ONTT = oh s Super plat (Cramicrs Maninsani ), raweed, colasd
thatt . peolarmeshl [hadcrets asoraly, erad arosaly), stylesstyle)
hart coastiinesl |

chart griglines|
oart.bargersi)

ohart, Legendd Labe la" tomparature anmaly (Lwnitado*)
chart.ssbplot_titles] ["MADCRETY", “tAss"]|
chart.title(*Globel temperstars anoealy curing {time:AD %Y)", fentsizesis, y=®,575)

hart shoed

GIODA LempPeratre ANOmMaly during Jly 2023

WADCRUTS ERAS

Climate Pulse

Climate Pulse visualises near-real-time updates of global average air- and sea-surface temperatures from ECMWF's flagship ERA5

reanalysis

)'.C@ﬂ\

-

Jupytel
v
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&

Based on satellite data,
they monitor trends and
variability

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

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

1970

e

Aerosols ()

e/

()

Greenhouse gases w.fﬁ!,-/;-
N

=~
Ozone < :1/

P A2
Precipitation ( /

. N
Upper-air Water Vapour (5
(o)

L4
g I
Earth Radiation Budget (&)

Surface Radiation Budget

rTI

Vg
Clouds )

Ice Sheets and Ice Shelves
Glaciers
Lakes @

Soil Moisture @

Leaf Area Index (LAI) w/‘\
&

L)
Land Cover @_j
TN

Albedo (& /

Surface Currents @

Ocean colour O

Sea Surface Temperature

PROGRAMME OF THE
EUROPEAN UNION

Climate Data Records of Essential Climate Variables — current offer
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1980 1990 2000 2010 2020 2025
@ —
[ _ -
® Atmospheric
Physics
@ .
@ =
e
Cryosphere
@ =
® - Land
® > Hydrology
C —
< =
@ . Ocean
G >
[ o
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Based on satellite data,
they monitor trends and
variability

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

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

1970
Aerosols @)

i~
Greenhouse gases &)

Ozone @

Precipitation w :j

Upper-air Water Vapour w\:,;
Surface Radiation Budget Q;

Fef] (%
Earth Radiation Budget &)

Clouds @

Ice Sheets and Ice Shelves
Glaciers

Lakes @

Soil Moisture @

Leaf Area Index (LAI) w\_\
Land Cover @

Albedo ()

Fires (1))

FAPAR* ()

Surface Currents @

Ocean colour

Sea lce

Sea Level ()

Sea Surface Temperature
CCl uptake by C3S

PROGRAMME OF THE

EUROPEAN UNION

Climate Data Records of Essential Climate Variables — current offer
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1980 1990 2000 2010 2020 2025
C =
o —
® Atmospheric
Physics
@ _
[ _ -
C
Cryosphere
C =
® ol Land
® - Hydrology
C _
_ .
@ . Ocean
C =
@ o
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Climate Data Records of Essential Climate Variables

ECV time coverage, by product

Atmospheric Composition
co,

CH,

Aerosols

Ozone Apr01 1970 @
1970

Atmospheric Physics
Tropospheric Humidity Profiles (RO)

Total Column Water Vapour (MERIS/SSMI)
Precipitation microwave

Upper Tropospheric Humidity

Total Column Water Vapour (HOAPS)
Surface Rad Budget - (CMSAF/CLARA)
Surface Rad Budget (CCl)

Precipitation

Earth Rad Budget - NOAA/NCEI HIRS
Earth Rad Budget - NASA CERES EBAF
Earth Rad Budget - ESA CLOUD CCI

Earth Rad Budget - C35 CCI

Earth Rad Budget - C3S RMIB TotSolarlrrad
Clouds (CMSAF/CLARA)

Clouds (CCl)

Cryosphere
Ice Sheet Velocity (Greenland)
Ice Sheet Gravimetric Mass Balance
Ice Sheet Surface Elevation Change (Antarctica)
Ice Sheet Surface Elevation Change (Greenland)
Randolph Glacier Inventory for the year 2000
Glaciers elevation and mass change data

1970

Oct 01 ZDOZI

Jun01 1995 @ ©

1980 1990 2000 2010 2020

Dec 01 2006 @ 9]
May 01 2002 @ o
Jan 01 2000 @ 0]
Jan 01 1999 @ o
Jan 31 1988 @ o]

Jan 01 1979

~eo0e0eeeeeee
®%o0000

w0
@
=]

1990 2000 2010 2020

Oct01 2018 @ (o}
Apr 16 2002 @ 0]
Nov 01 1994 @ o]
Jan 011992 @ @
Jan 01 1990 @ o

Apr0l 1975 @ (¢]

1980 1990 2000 2010 2020

PROGRAMME OF THE
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OPErmICUS

Land Biosphere
Fire Radiative Power
Fire Bumned Areas Jan 01 2001 @
Land Cover

Leaf Area Index(LAl)

FAPAR Sep 20 1981

Surface Albedo 10-daily

Jan 01 1992 @

1970 1980 1990 2000

Land Hydrology

Lake Surface Temperature

Lake Water Level

Soil Moisture (passive MW, merged, active MW)

Jun 01 1995 @
Oct13 1992 @
Nov 01 1978 @
1970 1980 1990 2000

Ocean
Sea Ice Thickness
Ocean Colour Sep 04 1997 @
Surface Geostrophic Currents [ ]
Sea Level (Mediterranean)
Sea Level (Global) o
Sea Level (Black Sea) ®
SST (ESA CCl GMPE) Sep 01 1981 @
Sea Surface Temperature (SST) Aug 24 1981 @
Sea Ice Edge and Type ®
Sea lce Concentration Oct 25 1978 ®
1970 1980 1930 2000

[ ]
Jan 01 1993
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Feb 01 2020 @@
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Temperature

Global air temperature
+1.3°C Above pre-industrial level

European temperature (over land)
+2.3°C Above pre-industrial level

Arctic temperature (over land)
+3.3°C Above pre-industrial level

Greenhouse gases

Carbon dioxide (C0z) concentration
419 ppm 2023 average

Carbon dioxide (CO2) increase
+2.4 ppm per year Since 2010

Methane (CH4) concentration
1902 ppb 2023 average

Ice and glaciers

Global glaciers
-8200 km3 iceloss since 1976

European glaciers
-850 km3 Iceloss since 1976

Greenland Ice Sheet

-5470 Gt iceloss 1972-2022

Arctic sea ice extent
-2.6 Mkm?2 September loss since the 1980s

Global sea level
Increase since 1993

Global sea surface temperature
Increase since 1980 (60°S-60°N)

Global ocean heat content
Increase since 1993 (upper 2000 m)



Annual glacier mass change

-2 B0

o Year (1976-2023)
Glaciers
— e 3 P/ <“Europe]
et S i *3 Y o r&:; Iceland I

Since 1976,
850 km3

Glaciers in

of glacier ice in Europe* all European

regions saw a
net loss of ice
in 2023

has been lost

From 2022 to 2023 $
glaciers in the Alps lost

around 10%

of their volume

*European glaciers including central Europe, Scandinavia, Iceland, the Caucaéus, Svalbard and Jan Mayen. Total excludes peripheral glaciers in Greenland.
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N New procurement phase for continuation of ECV services

- Objectives:
- Provide continuity to high quality ECV products, based on GCOS requirements and best practices.
- Achieve Full Operational Capacity for all ECV products currently available on the CDS.

I - Expansion of the ECV portfolio if sufficient capacity exists.
Code ECV domain (target) start Nbr ECVs New ECVs
l:l C3S2_313a atmospheric composition Ol—June—24 3 -
Negotiation completed
! C—) C352_313b atmospheric physics 01 Nov-24 Upper air temperature
||

Negotiation ongoing C3S2_313c Land hydrology 01-Nov-25 Groundwater & Terrestrial
Water Storage

Negotiation not started
C352_313d Land cryosphere 01-Oct-24 Snow

C352_313e Land biosphere 01-Jan-25 - Land Surface Temperature

C3S2_120a_bis Ds reviews & Support 01-Nov-25

New ECV products and ICDRs at higher frequency of delivery are also part of the new offering
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/(ill\ Climate Data Store

A fully modernized Climate Data Store has been released

Modernization will cover all multiple layers and components of the infrastructure (software and hardware)

Objectives What's new

More functional, standardized and accessible interfaces
(Web portal, APIs, Metadata - STAC, INSPIRE).

FAIRest catalogue of resources.

Capitalize experience, feedback and
lessons learned.

Engage with a broader user community.

Prominent and fully integrated Evaluation and Quality Control
(EQC) function.

Closer and broader access to help&support and training
material facilitating user uptake.

1 » Ensure compatibility with state-of-the-art
solutions

[TTHIE NN ey 1
[
"
o)

ni—’
=
L1

Embrace open-development approach for
traceability and collaboration

i)

Cloud oriented with flexible deployment and high
scalability of components.

Analysis Ready, Cloud Optimized (ARCO) Data & Services
earthkit: open-source, anyone, anywhere set of tools.

Strengthen synergies with related
platforms (such as WEKEQO) and projects

|
¥
<{

External

Platiorg Fully Managed In-house Cloud Infrastructure provided by
@ ! ECMWF-CCI (Common Cloud Infrastructure)

Standard Services
OGC, INSPIRE, WMO, ..
CSW, WIMS, WFS, AP

| — :
Serverless ARCO Service
Data [OGC Zarr) & Matadats (STAC)

User - Profiles

Broker - QoS

Schedule, Compute,Ccac

Distributed
Data Sources Observations

earth
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Climate Data Store Datasets Applications User guide Live

Methane data from 2002 to present derived from sa

I Documentation

Overview Download Quality
This dataset provides observations of @
‘Atmosphaeric. MEII’\an? (CH,) from Satellites
atmospheric methane (CH,4) amounts obtained O

| SCumACHY Emina v 2012), FANSOFTSIGOSAT tinco 2000)
[ EMMA/OBSAMIPSVa.1 CCUCIS(CORY)

2, = &

from observations collected by several current

and historical satellite instruments. Methane is i

anaturally occurring Greenhouse Gas (GHG), :

but one whose abundance has been increased §

substantially above its pre-industrial value of E

some 720 ppb by human activities, primarily ; ;
because of agricultural emissions (e.g., rice : ";._.';” ] '5:2;@
production, ruminants) and fossil fuel = - e

[T A —

production and use. A clear annual cycle is
largely due to seasonal wetland emissions.

Atmospheric methane abundance is indirectly observed by various satellite instruments. These
instruments measure spectrally resolved near-infrared and infrared radiation reflected or emitted by the
Earth and its atmosphere. In the measured signal, molecular absorption signatures from methane and
constituent gasses can be identified. It is through analysis of those absorption lines in these radiance
observations that the averaged methane abundance in the sampled atmospheric column can be
determined.

The software used to analyse the absorption lines and determine the methane concentrationin the
sampled atmospheric column is referred to as the retrieval algorithm. For this dataset, methane

Streamlined documentation

Background

2 Login - Register

Iite observations

Quality Assurance

Data Management v
Datarecords ~
Metadata ~

Documentation ~

References

Citation and attribution

DOI: 10.24381/cds.b25419f8

Licence

GHG-CCl Licence

Publication date

2018-07-15
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Gpermcus

Gpermcus

Cpermc‘us
. Gpel’HICUS

Product User Guide and Specification
(PUGS) - Main document

for Greenhouse Gas (GHG: CO; & CHa) =

data set CDR7 (01.2003-12.2022) il ical Basis

(ATBD) - Main document

for Greenhouse Gas (GHG: CO; & CH)
data set CDR7 (01.2003-12.2022)

€352_312a_Lot2_DLR - Atmosphere

Product Quality Assessment Report
(PQAR) — Main document
for Greenhouse Gas (GHG: CO; & CH,)

€352_312a_Lot2_DLR - Atmosphere
data set CDR7 (01.2003-12.2022)

€352_312a_Lot2_DLR - Atmosphere

nsued by Michaa Bkt

v Simplified set of documents
v’ Transition to web-based documentation
v In-depth technical and scientific information

YOU ARE HERE @

Documentation
Centre
| Giscier Mass-Change (GMC)

Glacier Mass-Change Product Version WGMS-FOG-2023-09: Product User Guide and Specification (PUGS)

CDS Virtual
Assistant

User Support Journey

mart, ks Dussailant, Frank Pa, Michas Zomp

aciologicl and gecdatic mathods

i gacier mas-change product
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f"@\ Climate

Target Requirements and
Gap Analysis Document

User interactions CH
E; in C-Forum Fi

Greenhouse Gases (CO & CHa) ECV

CECMWF

& @ e

Contact us via
Support Portal

Europe’s eyes on Earth

& ECMWF

climate.copernicus.eu



@ A user-oriented Evaluation and Quality Control function

EQC Vision Paper published

Ly
Weaving Wavelengths
Ao K-Sy Aigorithen Generates Precise, High Resoliton
‘Sartace Selar Rasuion Compontion Preducts.

D

C’O

- P o 4 )
3 - N
>
p £ 4
B e
|

BAMS

Are Our Climate Data Fit for Your Purpose?

Dick Dee,? André Obregon,® and Carlo Buontempo®

Article

“Which dataset meets my specific

requirements?”’

“If there are alternatives, how do I select

the most suitable?”’

“Are there other use cases similar to

mine, and what can I learn from them?”

PROGRAMME OF THE
EUROPEAN UNION

Gp%!"%%ﬁ

Redesigned, more user-

orient

Dive into this wealth of
information about the Earth's
past, present and futuf®elimate

!“. Seasonal forecasts

od EQC framework

Quality assurance

Independent verification of C3S
technical requirements imposed on
CDS data, addressing data
management, data content,
metadata and documentation.

Quality assessments =

» Real use cases, real questions
+ Informed by published research
» Shareable Jupyter notebooks

+ QOutcomes address usability,

\ strengths and limitations /

Fitness for purpose

» How well does this dataset meet
my specific requirements?

+ Have all technical attributes
been verified?

* Has data quality been assessed
in relevant contexts?



https://doi.org/10.1175/BAMS-D-23-0295.1

@ A user-oriented Evaluation and Quality Control function

Climate Data Store Datasets Applications User guide Live Background

Methane data from 2002 to present derived from satellite observations

Overview Download Documentation

Quality

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-documented dataset: An extensive list of documentation is available for this dataset with clear

miidanca basicare an hasba sies bha dabacat Tn additian tha caballiba mathana dada ie « hi -
+ Read more

Quality Assurance

Data Management

Quality Assurance

Data Management
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.

References

Citation and attribution

DOI: 10.24381/cds.b25419f8

Licence

GHG-CCl Licence

Publication date

2018-07-15

Update date
2024-09-26

Standard metadata

STAC

Fevar £a
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permicus

Europe’s eyes on Earth

" Accuracy and Consistency

~ Reliable Access

~ Versioning and Archiving

Data records

" Consistency

~ Uncertainty

+/ Updates
Etadata

~ Discovery and Use

~ Interoperability

Documentation

~/ Content
 Scientific Basis
~ Quality Control

~ User Guidance

Checklist for C3S Data

Requirements

IMPLEMENTED BY
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Quality Assessment

A\, Cimate
P Change Service

Q Search =4[k
€3S EQC quality assessments

&3 Satellite Observations

Quality assessments for ~
Satellite Observations

Methane satellite
observations uncertainty and
completeness assessment
for carbon cycle
[ Insitu Observations
Quality assessments for v
Insitu Observations

[ Reanalysis
Quality assessments for v
Reanalysis

[&J Seasonal Forecasts
Quality assessments for v
Seasonal Forecasts

[&J Climate Projections
Quality assessments for v
Climate Projections

Quality assessment template

Template instructions

Template

er Book for Quality

Jupyt
Assessments

= 0% 00

Bl it Gooemos  GSECMWF G
Methane satellite observations uncertainty
and completeness assessment for carbon
cycle

Production date: 02-09-2024

Produced by: Consiglio Nazionale delle Ricerche (CNR)

@ Use case: Monitoring the carbon cycle in tropical
regions

? Quality assessment questions

+ Is the uncertainty of satellite-based observations sufficiently low to assess year-to-year

in meth: issions of
+ Is the spatial and temporal i of satellite-based i icient to
assess year-to-y: ies in methar issions of

Methane (CH4) is the second most important anthropogenic greenhouse gas, representing about 19% of the
total radiative forcing by long living greenhouse gases [1]. Natural wetlands account for up ta 30% of glabal
methane (CH4) emissions, but a large uncertainty (up to 85%) still affects tropical wetland CH4 emission
estimates [2]. The positive response of wetland CH4 emissions to climate change is an important feedback
that can amplify atmospheric CH4 values. This response can be related to the effect of rising temperatures
on microbial activities (e.g., m iesis) and to the expansion of wetlands with increased total

wetland CH4 have been reperted during 2000-2021 ([3]), highlighting
the need for sustained monitoring and observations of global wetland CH4 fluxes. Moroever, future

projections of wetland CH4 emissions suggested sustained emission increase under different climate change
scenarios ([3] and [4]). Satellite observations can represent a powerful tool for contributing to enhance the
knowledge about CH4 sources and sinks. While these data are commonly used in inverse modelling system
(e.g., [5]), this assessment explores the possibility to directly use satellite CH4 data for investigate year-to-
year anomalies in CH4 emissions of tropical wetlands.

Reanalysis-based estimate

180
= = = Ground-based estimate
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E
T 140 + RCP4.5
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2 100 4
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ECV programme — evolution & opportunities

SURFACE ATMOSPHERE

4

CRYOSPHERE
n Legend
@ @ Satellite ECVs @ Planned/ambition
claciers 1o heets Snow  Permafrost © ECVs from reanalysis Unavailable Precipitation. . Surface

Surface Air Si

uf Surface Wind
Temperature Watel

our Speed&Direction;

Surface
Radiation Budget Pressure

and Ice Shelves

UPPER TMOSPHERE

SURFACE OCEAN PHYSICS

Y

Earth Radiation

Upper-air
\Eat!r Vapour Budget

o

Clouds Lightning

Upper-air Wind
Speed&Direction Temperature

Upper-air

Sea Level Sea lce

Surface
Currents

Sea Surface
Temperature

M\‘ >
RN
Ocean Surface Sea gagfact
Heat Flux

surface
Stress

OCEAN BIOLOGY, ECOS

Marine
Habitats

Plankton

® O

Aerosols €Oz, CHa, GHGs Ozone Precursors for
Acrosols&0zone
ANTHROPOSPHERE

@ .-

i thr
Water Use GHG Fluxes

HY,DROSPHERE

one

Evaporation
from Land

Terrestrial
water storage

River
Discharge

Groundwater

Subsurf Subsurfa Sub il Mo
T=I|‘r|ps:ra?:ree 'tlui:-lm::' I‘SaliniwEE Soil Moisture Lakes
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A LN LoD LN
== C.s 0.7 (N0 @
- = w
Ocean Transient Inorganic Oxygen Nitrous Oxide  Nutrients Land Albedo Fires FAPAR*
Colour Tracers Carbon Cover

Em) New ECVs in C352-phase |
=> Potential additional ECVs from 2025
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Leaf Area  Land Surface Above-ground Soil

Index (LAl)  Tempegature Bi Carbon

so of Absorber fosynthetically Active Radiation
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~1~  Help us build the future!

[ew]

Scientific Officer - Satellite Observations for Climate Change Monitoring (two positions)
Bonn, Germany

Deadline for applications: 11/11/2024

Department: Forecasts and Services
Location: Bonn, Germany

Contract type: STF-PL

Publication date: 14/10/2024

https://jobs.ecmwf.int/Job/JobDetail?Jobld=267
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-~ Thank you!

% J@) |_munoz_sabater
anca.brookshaw@ ecmwf.int
carlo.buontempo@ecmwi.int

o ECMWEF @ @copernicusecmwf
Copernicus
_ Copernicus EU
Copernicus ECMWEF Copernicus
ECMWEF
@CopernicusEU www.copernicus.eu
@CopernicusECMWF climate.copernicus.eu
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