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Earth energy imbalance (EEI) indicator provides
a quantitative estimate of climate change.
Recent studies suggest that the EEI response to
anthropogenic greenhouse gases and aerosols
emissions is 0.5-1 W.m™ (<< 340 W.m™ incoming
solar radiation).

An accuracy of 0.3 W.m™ (ideally 0.1 W.m™) is
necessary to assess the long-term mean EEI due
to anthropogenic forcing at decadal time scales.

The ocean heat content (OHC) is a very good
proxy to estimate EEl as ocean is the major heat
reservoir (90% EEI).
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Earth Energy Imbalance - overview
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Different approaches

OHC can be derived from different approaches:

in situ temperature/salinity profiles,

space observations of the ocean surface net
fluxes,

ocean reana |ySGS,

the measurement of the thermal expansion
of the ocean from space based on
differences between the total sea-level
content derived from altimetry
measurements and the mass content
derived from gravimetry data (noted
“space-geodetic approach”).
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Measuring Global Ocean Heat Content to
Estimate the Earth Energy Imbalance,

Meyssignac et al., 2019
https://doi.org/10.3389/fmars.2019.00432
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@ The physical principle

The space geodetic approach relies on the sea level budget equation:
ASI‘total= ASl‘mass + ASI‘thermosteric-l_ ASI‘halosteric

https://argo.ucsd.edu

AOHC - A.S‘Lthermosteric /Monitoring the ocean heat \
IEEH content change and the Earth

o energy imbalance from space

o Global ocean heat content change AGOHC = AOHC(i,j) | altimetry and space

o gravimetry, Marti et al., 2021
https://doi.org/10.5194/essd-2021-220

u Ocean heat content change is derived from the thermosteric sea level change.
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https://doi.org/10.5194/essd-2021-220

@ Methodology for the uncertainty estimation

GMSL
v | v
GMSL error covariance matrix from GMOM error covariance matrix from
altimetry error budget (Ablain et al., ensemble approach (update from
. . . . 2019 Blazquez, 2018
Novelty: estimation of the uncertainties ¢) - !
based on a rigorous formal approach B .
GMSL GMOM
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The uncertainties propagation has been ! |
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specified at global scale: l
e using error covariance matrices

Uncertainty propagation

EEH ——>  Sowc = é(EGMTSL + (%)Z(GMTSL)(GMTSL)‘>
Error covariance matrix () provides a full v
description of errors allowing the calculation L
of 1) trend uncertainties and 2) error envelop, — , ¢t, —
etc. aftr calculating all derivaives of the GOHC solufions

randomly generated from the GOHC error covariance
matrix.
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https://app.diagrams.net/?page-id=yR4zm2Gh6aijgNdKXCnv&scale=auto#G1Jy1IL3fnz9pv6w6RBcDPkeWOyCQmzp-7

. Results - Ocean heat uptake at local scales

Halosteric sea level
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@ Results - Global ocean heat uptake and energy imbalance

a)
6
~ . -- Trend: 0.89 £ 0.15 W m //i
& o Y o e Computation of the OHC/EEI
= 3 kY climate indicators over the period
o .
= April 2002 - December 2020
. period:
S E o EEI highlights a positive mean
1 | | | | | | | | | value of +1.01 W.m™
2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 o Wlth an uncertainty Of 0.16
b)
5 -2 0
— Mean:1.01 £ 0.16 Wm™? Earth Energy Storage W.m (90 /0 CL)
41 -~ Trend: + 0.07 £ 0.03 Wm=2 yr!
g o
e Earth climate system is
A storing energy
2
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@ Assessment

e Comparison against results based on Argo in-situ measurements
e Ocean heat uptakes are in agreement within the uncertainty confidence level (90% CL)

over 2005-2015

GOHC trend EEI mean
Data type Depth range (W m?) (W m?)
02/2002- 01/2005- 02/2002- 01/2005-
12/2020 12/2015 12/2020 12/2015
Satellite data from altimetry (C3S)
and gravimetric 0-bottom +0.89+0.16 +0.74+0.20 +1.01=*0.16 0.78+ 0.21
(GRACE/GRACE-FO) missions
0-2000m
Temperature and salinity profiles  (with deep ocean 5 ¢\ 505 1050+ 010 +0.65+0.08 +0.61 = 0.12

from 6 Argo datasets

contribution of
+0.07 W m‘z)
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@ Assessment

e (louds and Earth's Radiant Energy

System (CERES instruments)

o Radiative fluxes at TOA
O Accurate eStImate Of EEl Val’latIOnS 41 —=-- Space geodetic trend: + 0.07 £ 0.03 W.m 2. yr!

—— CERES

— Hall - -2
Space geodetic: mean =+ 1.01 =+ 0.16 W.m Earth Energy Storage

e Interannual signals of EEl are under

investigation
o Sensitivity to the spatial extent

o Sensitivity to the filtering

EEl (W.m™?)

2010 2012 2014 2016 2018 2020
Years

e Need for a better estimation of
uncertainties

_2 T T T
2002 2004 2006 2008
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@ Conclusions & future work

Waiting for

e Proof of concept of the space geodetic approach your <
feedback

o Uncertainty propagation

e Perspective:
o better understand and estimate EEl inter-annual variations

m GCMCN EEl assessment

o Improve the uncertainties characterisation to reach 0.1 W m- at inter-annual scales
o Investigate on potential inconsistencies or anomalies in the input data
o Extend the spatial and temporal coverage

e GOHC and EEl climate indicators freely available

o Technical documentation
o Publication: Marti et al., Monitoring the ocean heat content change and the Earth energy

imbalance from space altimetry and space gravimetry, Earth Syst. Sci. Data, 2021.

How to access the OHC/EEI product ?
Version 4.0 - available soon! florence.marti@magellium.fr

https://www.aviso.altimetry.fr/

magehium
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https://www.aviso.altimetry.fr/en/data/products/ocean-indicators-products/ocean-heat-content-and-earth-energy-imbalance.html
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attention.
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@ Appendices - (Integrated) Expansion Efficiency of Heat

e As a extensive variable, global (I)EEH cannot be derived from local (I)EEH @ D
. . Meyssignac, B., Padilla Polo, S. and
e Atglobal scale, EEH and IEEH are identical. Blazquez, A.: Accurate estimate of the
Expansion Efficiency of Heat (EEH)
trend(GMTSSL(t)) TSSL(t) coefficient at global and regional
EEH, = [EEH(t) = :
! trend(GOHC(t)) (t) OHC(t) Qcales, In preparation J
e Estimation of the integrated expansion efficiency of heat (IEEH) at local scales
o From monthly 3D in situ temperature and salinity fields IFREMER_ISAS20
based on 11 various Argo solutions.

67°N |y

o Use of the thermodynamic equation of sea water
TEOS-10 to compute the ratio SSL/OHC in each cell at
each timestep

o Restrictive mask (no high latitudes, no enclosed-seas)

o Representative of the 0-2000 m ocean column over the |
2005-2015 period

At local scale, EEH is not defined for every cell. We use the IEEH | e e a0a 21y
approach.
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@ Appendices - OHC change computation

TSSLye; + ASL(t) — AHSSL(t) — AOM(t)  TSSLyes
IEEH(t) IEEH(t)

AOHC(t) =

with
ASL(t) = SL(t) — SL(t,)
AOM(t) = OM(t) — OM(to)

AHSSL(t) = HSSL(t) — HSSL(t,)

y

Surf. de
reférence T

TSSL,cs TSSL,c; + ATSSL(t)
OHC(ty) = OHC,; = OHC(t) =
(fo) !~ TEEH(ty) IEEH (%)
Fond l ‘L
to t=ty+ AT
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@ Appendices - EEl sensitivity to filtering

e Envert : EEI CERES apres avoir filtré les hautes frequences a 3 ans (Lanczos)

e EnDbleuetrouge: EEl géodésique spatial (avec HS V1.5.1)
o Enbleu: apres avoir filtré les HF du GOHC a 3 ans
o Enrouge: aprés avoir filtré les HF des OHC locales a 3 ans, puis refiltré les HF résiduelles du GOHC a 3 ans
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@ Results - Global ocean heat uptake and energy imbalance

a) 3
-- Trend: 0.74 £ 020 Wm™2 ]
< e Computation of the OHC/EEI
£ climate indicators over the period
Q period:
3 o EEI highlights a positive mean
value of +0.78 W.m™
1 2006 2008 2010 2012 2014 2016 o with an uncertainty of 0.21

s - W.m2(90% CL)

o

o

1

Earth climate system is
storing energy
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@ Assessment

5

—— Space geodetic: mean = + 0.78 £ 0.20 W.m™2 Earth Energy Storage
41 —=—=- Space geodetic trend: + 0.04 = 0.07 W.m=2.yr1

—— CERES
3 4

EEI (W.m™?)

2012 2014 2016

e CERES mean:0.78 W/m?
e Space geodetic mean : 0.78 +/- 0.20

W/m?
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