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INTRODUCTION




55 Essential Climate Variables
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https://gcos.wmo.int/en/essential-climate-variables

55 Essential Climate Variables... and 200 ECV products

Sea lce
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Sea Ice

Sea ice variability is a key indicator of climate variability and change in the polar regions. The primary parameters that
define the state of sea ice include: concentration, area and extent, ice type, motion, deformation, age, thickness, and
volume. The presence of sea ice strongly modifies surface waves and air-sea exchanges of heat, momentum, moisture
and gases. Sea ice has a significant impact on the Earth’s albedo and hence changes in Sea Ice impact the global energy
budget. The properties of many water masses of the global ocean and strongly influenced determined freezing and
melting processes in sea ice regions.

Domain Ocean Products are “measurable
. parameters needed to evaluate
Scientific Area:  Snow and Ice

7
ECV Steward: Thomas Lavergne/Stefan Kern t h S ECV ( G COS-245 ) 202 2 )

Sea Ice Concentration; Sea Ice Thickness; Sea Ice Drift; Sea Ice Age; Sea Ice Temperature; Sea Ice
Products:
Surface Albedo; Snow Depth on Sea Ice
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Why do we need an ECV Rationalization process

After 20 years of ECV framework:

e Are all the 55 Essential Climate Variables still
essential? Are we missing anything?

* |s the current grouping the best possible
one? Is it balanced? Is it consistent across
domains and across earth cycles?

* |s there enough transparency and coherence
in the process that leads to including a new
ECVin the list?
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The ECV Rationalization process timeline

ECV

Rationalization
In person

ECV Rati ECI\.I ti Feedback
Rationalization ationalization .
virtual 4 virtual 5 incorporated

Final list

ECV list 3.0

Preparation and submission of a paper

2024 Q4

ECV Rationalization

¢ Consultation
virtual 2+3 with
. ECY . stakeholders
Rationalization Rationalization
virtual 1

In person Public review

Finalise

proposal:

ECV list 1.0
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Understanding the consultation process

® Community buy-in will be sought through:
;g{ ECV list v2.0 —_— @
I Y-

GCOS experts proposed a |
revised list of ECVs in Q3 . .
Q E‘ Public review
2024 .
(similar to the one followed for
IPCC or GCOS IP) in Q2 2025
Interviews/consultation I

ECV listvl.0  — with selected stakeholders

in Q4 2024 ECV list v3.0

The consultation with selected stakeholders allows them to
influence the process before the public review



Understanding this interview

GCOS will take all feedb into account, but this is a multi-actor
process with clear goal re compromises will be needed

* The ECV Rationaliz SS comprises:

NOTHING IS
FINAL UNTIL

Vs are selected);

IS FINAL

1 IMPORTANT: focus o
(overall result of the ECV

re looking into the details
ecific ECVsS/ECV quantities)

alization proce
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PART 2

MAIN OUTCOMES




CURRENT FUTURE

Only best practices, not a formal process. * Formal process designed including:
Proposals to add ECVs are submitted by groups of » Bodies involved and clear delineation of roles between
experts (Very often connected to the panels)’ and the panels, the GCOS Steering Committee, and a cross-

panel ECV Board

» Instructions on how to submit the proposal, and how to
justify it, including a template

» Details on the evaluation process and evaluation criteria
including timeline

panels evaluate them according to the three main
criteria: (1) feasibility; (2) cost-effectiveness; 3)
relevance.

GCOS Steering Committee takes the ultimate decision

(to include or not the new ECV). * The process differentiates between submission of
new ECVs and submission of ECV products (now called
The best practices only concern the inclusion of new quantities)

ECVs to the list (not the ECV products).



CURRENT (GCOS-245, 2022) FUTURE

* An Essential Climate Variables (ECV) is a physical, chemical  ECV products renamed as ECV quantities (to indicate more clearly that

or biological variable (or group of linked variables) that these are measurable aspects that can be quantified in some way) and

critically contributes to the characterization of Earth’s the ECV definition has been modified to show that they can comprise
climate. multiple quantities.

e ECV quantity: property of phenomenon, body, or substance,
where the property has a magnitude that can be expressed
as a number and a reference!ll. An ECV may be described by
one or more such quantities. ECV quantities can be physical,

2 @) ) 2 D& chemical or biological. Categorical quantities are possible

'YK (e.g. precipitation type, land cover class).

* An ECV product is a measurable parameter needed to
characterize the ECV.

e An Essential Climate Variable (ECV) is a singular quantity or
a collective set of well-defined quantities that critically
contribute to the characterization of Earth’ s climate.



https://www.oiml.org/en/files/pdf_v/v002-200-e07.pdf

CATEGORIES OF CHANGES

ECVs ECV quantities

ADD

TERMINOLOGY

Terminology Terminology Terminology

- > MOVE
ECV ECV quantities
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? 1.REMOVE : B
E(] = The Anthropogenic ECVs (GHG emissions and Water Use) have been
removed.

2. ADD :

* There are 22 “new” ECVs which are the result of merging/regrouping.

= Some ECV quantities have been added for completeness and
consistency. It remains to be double checked that there is sufficient
observational capacity underpinning them.

3. CHANGE in terminology :

'I' = For consistency, clarity of communication and policy relevance

Eg. Atmosphere, ocean, terrestrial preferred to air-sea-land; Ocean
acidification instead of Inorganic carbon; no acronyms.




=plH

4. GROUP: ]
= Some ECVs were the same thing just at different heights or depths;

= Other ECVs or ECV guantitites were repeated across panels (e.g. Albedo)

:ﬂ-_ IMPORTANT: There are now four cross-panel ECVs
(CH, and Short-lived GHG, CO, and Long-lived GHG, Albedo, Turbulent Heat Fluxes)

> > 2>
5. MOVE :

= Some ECVs have become ECV quantities and are regrouped under new
ECVs (e.g. Ocean tracers moved under Ocean circulation);

= ECV quantities have been re-located under a different ECV (Soil
. Y@M perature moved under Soil Physics)

o
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HALF OF THE ECVs REMAIN ESSENTIALLY UNCHANGED

Solar spectral irradiance
Downward short-wave irradiance at top of the atmosphere

Upward long-wave irradiance at top of the atmosphere

Upward short-wave irradiance at top of the atmosphere

Silicate concentration
Phosphate concentration

Nitrate concentration

19 Glacier Area
Glaciers 20 Glacier Elevation Change
=
21 Glacier Mass Change
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COMPARISON ORIGINAL — PROPOSED - AOPC OOPC TOPC

PROPOSAL

Air temperature (near surface)

3 Wind speed (near surface)

. Wing direction (near surtace) \ Aemosphercpresure (near suface)
5 Wind vector (near surface)

2 Atmospheric temperature (near surface)
‘Atmospheri temperature in the boundary layer P ! Groundwater Storage Change Croundwater 1 Groundwater storage change
5 Gamr) s Atmospheric temperature in the boundary layer N P
Atmospheric temperature in the free troposphere : .
e’ fopoceaelanclioeg Atmospheric Temperature
the Middle and Upper Stratosphere N R
kerature in the Mesosphere T s
. 6 7 ‘Ocean Temperature
;
s Wind speed (near surface)
\d (horizontal) in the Free Troposphere 8 Lake Water-Leaving Radiance Lake ice thickness
) e o | . Wind directon (near surface) .
Wind (horizontal) in the Upper Troposphere and Lower Stratosphere o River discharge 10 Wind vector (near surface) Ocean Salinity s o River discharge
Rivers 1 Rivers
Wind (horizontal) n the Middie and Upper Stratosphere 0 River Water Level Wing vector (horizontal) in the boundary layer o Subsurface ocean salinity 0 River water level
2 Interior Temperature 12 ‘Wind vector (horizontal) in the free troposphere
‘Surfaee Soll istur 7 Sea ice concentration
Wind (vertical) in the Boundary Layer " Soll Moisture Atmospheric Winds 13 |Wind vector (horizontal) in the upper troposphere lower stratosphere ’ ERP u freeze/thaw
ice thickn
Wind (vertical) in the Free Troposphere 3 Sea-Surface Salinity. = (E=EAGET SR 2 ElliEpe
- ErrrerrrrroTs 12| Wind vector (horizontal)in the middie and upper stratosphere s Sea ice drift - s
Wind (vertical) in the Upper Troposphere and Lower Stratosphere.
1 R 2 5 15 Wind (vertical) in the boundary layer 10 Sea ice age
Wind (vertical) In the Middle and Upper Stratosphere 16 Wind (vertical) in the free troposphere
‘ restrial Water Storage W x5| Terrestrial Water Storage Anomaly 17| Wind (vertica) in the upper troposphere lower stratosphere M Snow depth on sea ice
s P cr—— " Wind (vertial in the middle and upper stratosphere
Relative Humidity (near surface) 6 Sea Ice Thickness 13 ‘Ocean surface velocity i Snow cover extent
A et et i ; e tco Dot * Snow Cover Extent 19 ‘Atmospheric relative humidity (near surface) 14 Ocean surface velocity Snow 1 Snow depth
I Speciic Humidity (near surface) ce D
P bl ) Snow v Snow Depth » Atmospheric specific humidity (near surface) ©cean Circulation concentrations 7 Saow(waler/equivalent
s Sea lce Age 1 Snow Water Equivalent o
pperFrop s Sea Ice Surface Temperature-457 1 7
Stratesphere . 2 ‘Atmospheric relative humidity in the boundary layer i
0 -> Sea ce Surface Albedo m Giacier Area e e e o o Glacier elevation change
o o . eric relative humidity in the free troposphere.
= " Snow Depth on Sea Ice. Glaciers » Gladier Elevation Change Atmospheric Water Vapour mosp Y P ‘ = ‘
W Glacer Mass Change 4| Atmospheric relative humidity in the upper troposphere and lower . > o N
der lacier mass change
Relative Humidity in the Boundary Layer " T e e H
e b . 1 ave hei
Relative Humidity in the Free Troposphere 5 Ekmen-Currents 2 Tce Surface Elevation Change = e e e e Ayt s o 2 Surface elevation change
. e et ant Toe Shves Vet % Atmospheric specific humidity in the free troposphere. £l
1 ce Sheet and Ice Shelves Veloc »
Relative Humidiy in the Upper Troposphere and Lower Stratosphere Zce Sheets and Tce Shelves v . mosmhere Intesrated water apoce W Lee Sheats and Tce Shelves Ice sheet and ice shelves velocity
‘Specific Humidity in the Boundary Lay - > EVENDEIET 2 Ice volume change
pecifc Humidity in the Boundary Layer B ‘
= ce Grounding Line Location an-thiekness e = nding line location
s pr——
e e _ . | * Permafrost Temperature 26 Permafrost temperature
Globot-Meon Seartevel
‘Permafrost 27 Permafrost Active Layer Thickness 23 Total alkalinity 27 Permafrost active layer thickness
Permafrost
oc EA
=
Downward long-wave iradiance at earth surface » Rock glacier velocity
Do Shor Wave Tradionce 2 Eoih Surace B — = pco:
Upward Long-Wave Irradiance at Earth Surface
Leaf Area Index » > Leaf Area Index (LAT) » nitrous oxide
10 TR Solar spectral iradiance 2 Land cover type
Solar Spectral Imadiance o Dyl Downward short-wave iradiance at top of the atmosphere . T Land Coverand Use |
Downward Short-Wave Liradiance at Top of the Atmosphere Spectral and Broadband (Visible, Near Infrared and Shortwave) DHR e
2 -> Latent Heat Flux Albedo 31| & BHR with Associated Spectral Bidirectional Reflectance Distribution Upip e (e R CHR i EY Phosphate concentration
Upward Long-Wave Irradiance at Top of the Atmosphere Function (BRDF) Parameters Upward short-wave irradiance at top of the atmosphere . Nirate » Burned area
Upward Short-Wave Irradiance at Top of the Atmosphere
2 Dissolved Oxygen Concentration » VT G Co T O Cloud Fire # Active fires
Radiation Profile urface Temperature loud cover 2 - Fire radiative power
= - > Soil temperature Cloud liquid water path .
Cloud Cover » Siicate :
» e Cloud ice water path O e — % Vegetation height
loud Liqud Water ot D [ svove-crouna siomase |« Avove-Ground Samass (AGB) | Cloud arop etecve racius » A AR
2 jtrate
EHU U (i = Terrestrial carbon storage | 38 Aboveground biomass carbon stocks
Properties Cloud Drop Effective Radius " e . TOETD Cloud optical depth » Peatiand
Cloud Optical Depth - o . % Cloud top temperature B Chlorophyll-a concentration W EEE SN RS S
Cloud Top Temperature Dissolved Inorganic Carbon TGS Meapsof High-Resolution-tand-Cover i top heght .
Cloud Top Height 2 pCOz Ed q Ocean Colour and Productivity|
L £ 41 Fraction of absorbed photosynthetically active radiation
2 > 1aC Total lightning stroke density 39
- Total Lightning Stroke Density = T ] Vegetation -
s0 Schumann Resonances nt Tracers » --> SFe.
5 > cre11 -
> peatiands
02 Mo Fraction F > cre12 Schumann resonance
R . ST Bumed Area st Ozone mole fraction in the free troposphere
CH4 Hole Fraction I - Active Fires 52| Ozone mole fraction in the upper troposphere/ lower stratosphere
EREIm D I 23D Fire Radiative Power 53 ‘Ozone mole fraction in the middle and upper stratosphere
— _ . | . o
> - - - s
Ozone Mole Fraction In the Troposphere * ChlowpiiylEe) sk s s @D IEEnm f Sensible heat flux ocean-atmosphere
©Ozone and its precursors & Ozone stratospheric column
a 7 7 2 Latent heat (evaporation) flux ocean-atmosphere
Ozone Mole Fraction in the Upper Troposphere/ Lower Stratosphere E > Zooplankton Diversity 5 e ———— Surface Turbulent Heat Fluxes|
. o Bl ] Sensible heat flux terrestrial-atmosphere
Ozone Mole Fraction in the Middle and Upper Stratosphere. nkton ! - - = €O mole fraction ol Latent heat e
‘Ozone Total Column » G I By ’ Memm L HCHO tropospheric column
w© Jankton Biom:
Ozone Tropospheric Column ety toplonklonlEioness @ NO2. tropospheric column 4 st Spectral and Broadband (Visible, Near Infrared and Shortwave) DHR
P o ey — solid surfaces | 5 |& BHR with Associated Spectral Bidirectional Reflectance Distribution
Ozone Stratospheric Column " S P Ty Function (BRDF) Parameters
G e RO G =-> Seagrass Cover (areal extent) Observed-Atmospheric-Composition—MNationat L Aerosol light extinction vertical profile in the troposphere. o T
o fraten a > Macroalgal Canopy Cover and Composition o & Aerosol light extinction vertical profile in the stratosphere S con e ; '
d column average air mixing ratio
O Tropomphent coamn “ ~-> Hard coral cover and composition ‘GbservedAtmospheric Composition—Continentat e Mulkti-wavelength serosol optical depth ; naversae i 2 a
- mole fraction
SR Ui SE D e S, o | Actosol single scatering albedo Carbon Dioxide and other long{ © N20 column average dry air mixing ratio
502 Stratospheric Column Chemical composition of aerosol particles lived greenhouse gases | 1o N20 atmosphere-ocean fluxes
& .
S —— " e Number of cloud condensation nuclei "
oy - e vt @ Aerosol number size distribution » o2 atmosn ;
53 tent Heat X .
w o a0z trpeeshene coumn 2 atmosphere-ocean fuxes
Evaporation from Land | 5+ Bare SoltEveparation
‘Aerosol Light Extinction Vertical Profile (Troposphere) b ) p—
s Inerception-Loss
Aerosol Light Extinction Vertical Profile (Stratosphere) 5 b ‘CH4 mole fraction
" ranspirotion.
WLE Rl i A S = B Methane and other short-lived| 1> CH4 column average dry air mixing ratio
Aerosol Single Scattering Albedo greenhouse gases 16
s Anthropogenie Woterse
Chemical Compositon of Acrosol Partcles v CHa atmosphere-terrestrial fluxes
Number of Cloud Condensation Nuclei
Aerosol Number Size Distribution




Categories of changes:

ORIGINAL PROPOSED

44

45 ' iSsi ' 7 AgH 7
ARt (e N20-Emissi : . : ,
46 Agrieulture-Waste-and-Products-Use,Indirectfrom-N-Related
Ermicsi . -
47 Anthropogenic F-Gas-Emissions-from-Industrial-Processes-and- |I_
Product-Use
48 ?etalfstrmafedﬂuxe&by%euﬁed%abaﬂsamﬂatmﬁle&el&w&#

49| TotatEstimated-Fluxes-by-Coupled-Data-Assimilation/Moedels-with-
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Categories of changes: TERMINOLOGY

Properties
jon
reh ensl
Comp t Blue carbon
Clarity
Ocean surface stress
ECV Lake Water Level
freeze/thaw
ECV quantities
Peatland
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Categories of changes:

ORIGINAL PROPOSED
AOPC

2 Atmospheric temperature (near surface)
Atmospheric temperature in the boundary layer
Atmospheric temperature in the boundary layer 4 Atmospheric temperature in the free troposphere
Atmospheric Temperature . Atmospheric temperature in the upper troposphere and lower
stratosphere

Atmospheric temperature in the free troposphere 6 Atmospheric temperature in the middle and upper stratosphere

Atmospheric temperature in the upper troposphere and lo / Atmospheric temperature in the mesosphenc

Stratosphere

Atmospheric Temperature in the Middle and Upper Stratosphere

Atmospheric Temperature in the Mesosphere

®GCos| @ Bzl == ue
WMO




Categories of changes: - ECV quantity moved

ORIGINAL PROPOSED

OOPC

CROSS-PANEL

--> Sensible Heat Flux

--> Latent Heat Flux

1 Sensible heat flux ocean-atmosphere
TO PC 2 [Latent heat (evaporation) flux ocean-atmosphere
Surface Turbulent _ _
3 Sensible heat flux terrestrial-atmosphere

--> Sensible Heat Flux Heat Fluxes
Latent heat (evapotranspiration) flux terrestrial-

atmosphere

--> Le tient Heat Flux

@ GCOS iy B seta UN®)
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Categories of changes: + = ECV moved

ORIGINAL PROPOSED
OOPC

12 Surface-Geostrophic-Current
13 Ekman-Currents
13 Ocean surface velocity

\ 14
14 Vertical-Mixing \Ocean Circulation _
s e e

OOPC

16
29 --> 14C
30 --> SFe
Transient Tracers
31 --> CFC-11
32 --> CFC-12 ECV+4 quantities converted
S into one single ECV quantity
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WMO Intergovernmental esee  Programme
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OVERVIEW

ORIGINAL

PROPOSED

Number of ECVs (Total = 55)

AOPC=16 |OOPC=19

ECV products (Total = 177)

AOPC=76 OOPC=44 TOPC=57

23 out of 55 ECVs remain essentially
unchanged

Number of ECVs (Total 42)

AOPC=11 |OOPC=12

ECV quantities (Total =170)

CP=4

AOPC=70 OOPC=39 TOPC=45 (CP=16

All new ECVs are the result of
grouping/moving previous ECVs



What has been achieved

v’ Variables that refer to the same
property should appear just once;

v ECV quantities should be the minimum
number needed to characterize the ECV

v' Quantities cannot be based
exclusively in statistics/derived
from models, they must be
observed;

v' Quantities that show impact (of
climate change) can be ECVs, as
long as they inform on climate
change

Simplification

v" The current grouping is
more balanced in terms
of the weight given to
the ECVs and ECV
quantities

Fairness Clarification of Concepts

v" The process that leads to
including a new variable in the
list has been defined

v" The terminology is
more consistent across
panels

Harmonization Transparency

P International _ o
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PART 3

NEXT STEPS AND DISCUSSION
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Next steps post-interview

Word document with instructions and

& GCOS

extra comments

GCOS consultation on Rationalising the Essential Climate Variables:

How to provide feedback after the one-to-one interviews

The ECV's_Rationalization Proposed-ECV list w1.0.xlsl file compiles both the original list of
ECV and ECV products {now called quantitias) as they wers published in 2022 GCOS
Requirements document ANMD the proposed new list of ECV and ECW guantities.

The list of ECV and ECV products/guantities are presented by panel (AQFPC, DOPC, TORC). Thare
are two tabs per panel, one for the original list and one for the proposed list,

e — crana
3 BTV rmrma e Serreemagy

—

EEmcaphenc Sremrw (s rertecs]

B gripes

“ind cpaed (rae o
b e

o

®
*
>

In. & e g
aS siere is also
P\e icate the changes
ootor ECVs while normal fontis
~iz have been renamed as ECV quantities (to indicate mora
Carable espects that can be quantified in some way) and the ECV
o ~omaodified to show that they can comprize multipls quantities.

8 sat of wall-

» An Essential Climate Variable (ECV]iza =
e 111 izs that critically contribute ta the charecterization of Earth's

ity or & collscti

gnitede that can be expressed a5 a number and & reference ((ntermations! y;
metrology - Basic snd gen conceg nd sssocisted te ML An ECV mey be described

by one or mors such quel

You are invitad to uze Column G to provide specific feedback in the tabs proposzing ECV and
EC\ quantitizs [one tab for ADPG, OOPC and TOPC, plus a cross-panel tab), as well as in the
original lists for the three panels, A coupls of examples of possible feedback are given below.
You are not expected to fillin Column G for all the rows, only when you have something to
comment/addimodify.

Annotated Excel sheet with the collated

feedback of your organization

oip  Acrobat

“ Witional Formatting ~ - (m[m] )
G 20§ B @E B
55 [ Format as Table v Cells  Editing Add-ins  Analyze  Create POF
] [ Cell Styles ¥ ¥ Data and Share link
w et & Number [ Styles Sensitivity | Add-ins Adobe
. fx Same ECV but 2 new quantities
A c o 3 r s ' !
Proposed ECV Proposed ECV Quantity CHANGES
Wew ECV: group
1 New ECV quantity
1 Ocean Temperature 2 New ECV quantity
3 Subsurface ocean temperature ongnaly under Subsurface
Hew ECV: group
4 New ECV quantity
2 Ocean Salinity 5 New ECV quantity
s e e T originally under Subsurface
7 Sea ice concentration
8 Sea ice thickness
’ Sea ice dift Teminology NOTH I NG IS
3
10 Sea ice age
11 Sea \DESI.IFf!UEtB'IpE!’!U."E FINAL UNTIL
> Instructions and Legend AQOPC ECVs original AQPC ECVs proposed QOPC ECVs original 00

EVERYTHING
IS FINAL




But before that: looking at the global picture...

1. Do you agree that there is value in ECV rationalization and
strengthening the governance process?

2. What challenges and/or opportunities would these changes
bring to you and your operations?

3. Is there anything that is obviously missing or wrong?

4. Do you have any other comments?

International _
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