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The weatheiclimate system Is
powered entirely by solar energy

Total Power: 4 X 10°°W (Sun) 2 x 16’ W (Earth)
radiogenicheat =2 x 105W

Earth 1s 2 billion times weaker than the Sun



On the phantom EEl (Ea'rt'Eneg*yﬁima e y
index invented by James Hansen

(or how Hansen thinks that Earth system carlmaglcally figure out that only
the man-made part of the atmospheric CO, will cause imbalances in the
energy equilibration process?)
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Climate Response Times: Dependence on
Climate Sensitivity and Ocean Mixing

Abstract. The factors that determine climaite response fimes were investigated
with simple models and scaling statements. The response times are particularly
sensitive to (i) the amount that the climate response is amplified by feedbacks and (ii)
the representation of ocean mixing. If equilibrium climate sensitivity is 3°C or greater
Jor a doubling of the carbon dioxide conceniration, then most of the expected
warming atiributable ro trace pases added ro the atmosphere by man probably has

not yet occurred. This vet to be realized warming calls into guestion a policy of *'wait
and see’’ regarding the issue of how to deal wirth increasing atmospheric carbon

dioxide and other trace gases.
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The assumption that a heat perturba-
lion mixes as a passive tracer may break
down as the climatic warming increases,
In the ocean model of Brvan er al. (15),
a warm anomaly of 0.5°C penetrates sig-
nificantly (~25 percent) less than a sim-
llar cold anomaly. Furthermore, glob-
al warming will be accompanied by
changes In evaporation, precipitation,
and wind stress over the ocean surface,
and possibly by the addition of fresh
water from melting ice sheets—all of
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ing. There is evidence that some mecha-
nisms of ocean overturning are capable
of sudden changes (16), and the paleocli-
mate record reveals cases of large warm-
ing within periods of no more than sever-

al decades (16, 17). Thus we cannot
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may at some Euinl undaﬁrt: a mE:id tran-
sition 1o the equilbrium chimate Ior cur-
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rent atmospheric composition.
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The existence of unrealized warming
complicates the CO; and trace gas issue
and limits the near-term effectiveness of
reductions in greenhouse gas emissions,
The strong dependence of this unrealized
warming on the equilibrium climate sen-
sitivity emphasizes the importance
of narrowing uncertainties about the
strength of climate feedback processes.
This will require better understanding of
many components of the climate system
including clouds, the cryosphere, bio-
geochemical cycles, ocean mixing, vege-
tation, and the land surface.
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Earth’s Energy Imbalance:

model- : : e
. Confirmation and Implications
derived . ' .
James Hansen, "“* Larissa Nazarenko, = Reto Ruedy,

speculation Makiko sato,* josh Willis,* Anthony Del Genio, ™

Dorothy Koch,'* Andrew Lacis,’” Ken Lo,” Surabi Menon,®
not a Tica Novakov,® Judith Perlwitz,™? Gary Russell,’

Gavin A. Schmidt,’* Nicholas Tausnev”
measuet

EEliis:a

Our climate model, driven mainly by increasing human-made greenhouse

Uaﬁ]ﬁt gases and aerosols, among other forcings, calculates that Earth is now ab-
q y sorbing 0.85 + 0.15 watts per square meter more energy from the Sun than it

is emitting to space. This imbalance is confirmed by precise measurements of
(S% tﬂf@ ing ocean heat content over the past 10 years. Implications include (i) the

. expectation of additional global warming of about 0.6°C without further change

rOOt In of atmospheric compaosition; (ii) the confirmation of the climate system's lag
in responding to forcings, implying the need for anticipatory actions to avoid

Halﬁmn&t any specified level of climate change; and (iii) the likelihood of acceleration of

ice sheet disintegration and sea level rise.

Hansen et al. (2005) Science, vol. 308, 148435
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Earth’s radiative imbalance from the Last Glacial
Maximum to the present

Daniel Baggenstosa“h", Marcel Hiberli*®, Jochen Schmitt®?, Sarah A. Shackleton, Benjamin Birner®,
Jeffrey P. Severinghaus®, Thomas Kellerhals®®, and Hubertus Fischer®®

nvironmental Physics, Physics Institute, University of Bern, 3012 Bern, Switzerland; ®Oeschger Centre for Climate Change Research, University
Bern, Switzerland; and “Scripps Institution of Oceanography, University of California 5an Diego, La Jella, CA 92093

Significance

Earth’s radiative imbalance determines whether energy is
flowing into or out of the ocean-atmosphere system. The
present, anthropogenic, positive imbalance drives global
warming. This study reconstructs the radiative imbalance for
the last deglaciation, ~20,000 to 10,000 y ago.

Baggenstos et al. (2019) PNAS, vol. 116, 148B4886
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Toward Optimal Closure of the Earth’s Top-of-Atmosphere Radiation Budget

NORMAN G. LOEB.* BRUCE A. WIELICKL* DAVID R. DOELLING.* G. LouIs SMITH, "
DENNIS F. KEYES,” SEIT KATO,* NATIVIDAD MANALO-SMITH,” AND TAKMENG WONG*

*NASA Langley Research Center, Hampton, Virginia
" National Institute of Aerospace, Hampton, Virginia
*Science Systems and Applications, Inc., Hampton, Virginia

NThe 5yr global mean CERES net flux from the
standard CERES product is 6.5 W/m, much

larger than the best estimate of 0.85 W/rbased

on observed ocean heat content data and model

simulations. The major source of uncertainty Iin

the CERES estimate are from instrument
calibration (4.2 W/m?) and the assumed value
for total solar irradiance (1 W/m?) . ©

Loeb et al. (2009) Journal of Climate, vol. 22, 74866



Atmos. Chem. Phys., 11, 13421-13449, 2011 e :

www.atmos-chem-phys.net/11/13421/201 1/ Atmﬂﬁpl’!ﬁrlﬂ
dot: 10.5194/acp-11-13421-2011 Chemistry
& Author(s) 2011 CC Attribution 3.0 License. and Physics

Earth’s energy imbalance and implications

J. Hansen'2, M. Sato'2, P, Kharecha'2, and K. von Schuckmann’ How does. JamesiHanseniknowhthis
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The precision achieved by the most advanced gengration
of radiation budget satellites is indicated by the planetaky en-
ergy imbalance measured by the ongoing CERES (Clouds
and the Earth’s Radmnt Energy System) 1n5trument (Lodb et

6. SWm (Loeb et al., 20[}9] Because this result is impldu-

sible, instrumentation calibration factors were introduced to
reduce the imbalance to the imbalance suggested by climate
models, 0.85 Wm™2 (Loeb et al., 2009).
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IH)CC AR@ (202“_)) alsoladmltteum me TheARS(Church etal, 2013; Hartmann etal.,20?3;Myhrge}al.,2013b)

highlighted the progress that had been made in quantifying the TOA

: T e A oF & o ’ A radiation budget following new satellite observations that became
ill ‘.HE_{H] ‘ig““ Hn lg h's 0. If( l Q\E @lralh Ilh( 0 S available in the early 21st century (Clouds and the Earth’s Radiant
SC@naﬁi@ Energy System, CERES; Solar Radiation and Climate Experiment,
SORCE). Progress in the quantification of changes in incoming solar

Units Wm “ radiation at the TOA is discussed in Chapter 2 (Section 2.2). Since

All sky ARS, the CERES Energy Balance EBAF Ed4.0 product was released,

Solar ‘ Thermal Joc 3 ut datasets

mcommg reflected ; ot k. throughout the record (Loeb et al, 201 8b). However, the overa
precision of these fluxes (uncertainty in global mean TOA flux of

. %0 1.7% (1.7 W m?) for reflected solar and 1.3% (3.0 W m-2) for outgoing
thermal radiation at the 90% confidence level) is not sufficient to

quantify the Earth’s energy imbalance in absolute terms. Therefore,

El =0.20.2 W/m?
the CERES EBAF reflected solar and emitted thermal TOA fluxes were
g al 5, 1 ’m o e adjusted, within the estimated uncertainties, to ensure that the net
¥ ) . : TOA flux for July 2005 to June 2015 was consistent with the estimated
absorbed latent heat v - 9"-’;3”;‘75“59 Earth's energy imbalance for the same period based on ocean heat
almosphere p content (OHC) measurements and eneragy uptake estimates for the
| land, crvosphere and atmosphere (Section 7.2.2.2: Johnson et al.
2016; Riser et al., 2016). ESMs typ|cally show good agreement with
o . However, as some ESMs are
imbalance 2,85) (16,24 known to calibrate their TOA fluxes to CERES or similar data (Hourdin
0.7 agfgggd‘ vaporation sensible up Surface 5% Sice et al.,, 2017), this is not necessarily an indication of model accuracy,
e heat especially as ESMs show significant discrepancies on regional scales,
often related to their representation of clouds (Trenberth and Fasullo,
2010; Donohoe and Battisti, 2012; Hwang and Frierson, 2013; J.-L.F. Li

Courtesy of Jonathan Cohler, August 6, 2024: _ ,
ARG, WG 1, Chapter 7, p. 935 et al., 2013; Dolinar et al., 2015; Wild et al., 2015).



WMO is not far behind UN IPCC: Mar c h 2 3 SOGEDPSREpIIS
J— 2ahQa {GFGS 2F (GKS Df 2ol f [/ f

Weather Climate  Water
Key messages

=5y, WORLD English v
! H%y METEOROLOGICAL 5 :
' ¥Y¥ ORGANIZATION e WMO State of Climate report confirms 2015-

2025 hottest 11 years on record

o Earth's energy imbalance is highest in sixty

News Press five-year record

Portal Releases

Home / / Earth’'s climate swing

e The ocean has been absorbing about eighteen
times the annual human energy use each year

i 9a. Earth's energy imbalance time

series estimated from
(OHC) (purple and green), with values from
remote-sensi

for the past two decades

Earth's climate swings

gT9Ayr RAAFTrtdn AAAAN R At N
released on World Meteorological Day on 23 March, which

has the theme Observing Today, Protecting Tomorrow.
fece AtN RdeEran AdBNR At N &ENneEa
Imbalance as one of the key climate indicators.

potentially thousands - of years.
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https://wmo.int/site/world-meteorological-day-2026-23-march
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Surveys in Geophysics
https://doi.org/10.1007/510712-024-09849-5

®

Check for
pdates

Trends and Variability in Earth’s Energy Imbalance and Ocean u

Heat Uptake Since 2005 Due mainly to calibration and retrieval uncertainties that are one order of magnitude

Maria 2. Hakuba " - Sébastien Fourest” Tim Boyer’- Benoit Meyssignac®- | |aroer than EEI itself, EEI absolute magnitude cannot be derived from radiometric

James A. Carton® - Gaél Forget® - Lijing Cheng® - Donata Giglio” -
Gregory C. Johnson® . Seiji Kato® . Rachel E. Killick'® - Nicolas Kolodziejczyk'" -

Mikael Kuusela™ - Felix Landerer' - Willam Llovel" - Ricardo Locarnin* observations such as provided by the Clouds and Earth’s Radiant Energy System (CERES;

Norman Loeb? - John M. Lyman®'? - Alexey Mishonov™'* - Peter Pilewskie™'® -

James Reagan® - Andrea Storto'® - Thea Sukianto'? - Karina von schuckmann'” | Wiglicki et al. 1996! and the Solar Radiation and Climate Eerriment !SORCE; Rottman

Receied: 10 December 2023/ Acepe 17 o 202 2005), unless adjustments are made to match the global net radiative flux to independent
estimates of long-term planetary heat uptake (Loeb et al. 2018). These adjustments do
not affect the Time vartability nor trend 1n radiomefrically derived significantly.
Figure 1 contrasts the EEI time series from single-scanner Terra data with the energy
balanced (EBAF) multi-platform (Terra, Aqua, NOAA20) climate data record. Although
the Terra record suggests unrealistically high EEI absolute magnitude (time series mean),
irreconcilable with heat uptake estimates and current knowledge of radiative forcings and
feedbacks that shape EEI (Loeb et al. 2009a), both show near-identical time variability
and trend over March 2000 to July 2023. The offset correction in EBAF 1s commensurate
with an estimate of EEI absolute magnitude at 0.71 W m™~2 over 2005-2015 according to
Johnson et al. (2016).

Hakuba et al. (2024) Surveys in Geophysics, 10.1007/s10022-098495 (online July 29, 2024)




By 2024-266the best mesulieestd of Hmehd sadidtienmelpet bs NAGA
CERES are still nowhere @hblettoctioseltheenergyublydget

Teria satellite estimatescaannotelosehthenenerdyibudget tatithiniavd /vy

Tuned or
Adjusted CERES

ol .
'E we== CERES EBAF, mean=0.76 Wm™~, trend= 0.48 Wm “dec "’
=

| == CERES Terra, mean=4.44 Wm"™, trend= 0.46 Wm ™ “dec"

combines data from multlplc platforms [F'uquu Terra, NOAA2() and 15 Jmhnn:d to an 1nrjcp-:m:lcnt estimate
of EEI from heat uptake analysis (Loeb et al. 2015)

Hakuba et al. (2024) Surveys in Geophysics, 10.1007/s10022-098495 (online July 29, 2024)
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Inc. SW CERES 2001 - 2009 season DJF

Regional differences
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forecasting systemimadel
are much largerthan 6.5 W/n¥

Dee et al. (2014) Bulletin of the American Meteorological Society, vol. 95;1P2%5



Oceanography: What do we know and what have we measured?

Average depth
2T UKS

N

ocean Is about

Depth {m)

3682 meters
(or 12,080 feet
or 2.5 miles)

Seafloor area
Ocean volume

Model grid points
Hydrographic observations

0 10 20 30 40 50 &0 70 80 90 100

Cumulative percentage

Figure 1| Depth distributions of seafloor area, ocean volume, the number of model grid points, and
observational hydrographic sampling, shown as a cumulative percentage from the bottom upward.

The gap to be bridged is well illustrated by the cuntrrﬁl between the depth distributions of ﬁaﬂiur
area and observational coverage or model resolutiof. Only 6% of hydrographic observations lie

hich is the maximum sampling depth of autonomous Argo probes. New 'Deep
Argo’ probes diving to 4,000 or 6,000 m are being developed to sample deeper waters', Floats
profiling to 4,000 m cover 88% of the ocean volume but only 47% of the ocean floor. Historical
(1950-2014) in situ observational sampling is calculated from all temperature casts recorded in the
maost recent CORA database". The state-of-the-art climate model grid taken as example is a 73-level,

nominally 1°x1° global ORCA mesh.




Argo project coming to the rescue: The myth and flaws of OHC ?
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Argo pI‘OjeCt Look how many floats for deep ocean?

O -6000

-7000

=p unspecified heights

Source: https IIwww, oceamps org/boaro



. The AR5 (Church etal., 2013; Hartmann etal., 2013; Myhreetal., 2013b)

IH)CC AR@ (202 “')) £l|801&]dlﬁ‘lltt@ld m Itlhe highlighted the progress that had been made in quantifying the TOA
: T e A oF & o ’ A radiation budget following new satellite observations that became

ill ‘.HE_{H] ‘ig““ Hn lg h's 0. If( l Q\E @lralh Ilh( 0 S available in the early 21st century (Clouds and the Earth’s Radiant
SC@naﬁi@ Energy System, CERES; Solar Radiation and Climate Experiment,

SORCE). Progress in the quantification of changes in incoming solar

Units Wm “ radiation at the TOA is discussed in Chapter 2 (Section 2.2). Since

AR5, the CERES Energy Balance EBAF Ed4.0 product was released,
hich includes algorithm improvements and consistent input datasets
throughout the record (Loeb et al., 2018b). However, the overa

precision of these fluxes (uncertainty in global mean TOA flux of
. %0 1.7% (1.7 W m?) for reflected solar and 1.3% (3.0 W m-2) for outgoing

thermal radiation at the 90% confidence level) is not sufficient to

quantify the Earth’s energy imbalance in absolute terms. Therefore,

El =0.20.2 W/m?
the CERES EBAF reflected solar and emitted thermal TOA fluxes were
g al 5 re m o e adjusted, within the estimated uncertainties, to ensure that the net
¥ ) . : TOA flux for July 2005 to June 2015 was consistent with the estimated
absorbed latent heat v - 9"-’;3”;‘75“59 Earth's energy imbalance for the same period based on ocean heat
almosphere p content (OHC) measurements and eneragy uptake estimates for the
| land, crvosphere and atmosphere (Section 7.2.2.2: Johnson et al.
2016; Riser et al., 2016). ESMs typically show good agreement wit}
. global mean TOA fluxes from CERES-EBAF. However, as some ESMs are
imbalance 2,85) (16,24 known to calibrate their TOA fluxes to CERES or similar data (Hourdin
0.7 absorbed‘ riptration seiiiie up Surface 5% Sice et al.,, 2017), this is not necessarily an indication of model accuracy,
heat especially as ESMs show significant discrepancies on regional scales,
often related to their representation of clouds (Trenberth and Fasullo,
Courtesy of Jonathan Cohler, August 6, 2024: 2010; Donohoe and Battisti, 2012; Hwang and Frierson, 2013; J.-L.F. Li
ARG, WG 1, Chapter 7, p. 935 et al., 2013; Dolinar et al., 2015; Wild et al., 2015).
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Argo project coming to the rescue of IPCC report?

No according to the latest study by Cohler et al. (2026)

[PCC’s Earth Energy Imbalance Assessment is Based on
Physically Invalid Argo Float-Based Estimates
of Global Ocean Heat Content
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Table 1. Quantified Sources of Uncertainty and Bias in Argo-Based EEI Estimates

Uncertainty/Bias

Source +(Wm?  [Type

a. Unresolved mesoscale variability in

: : Parametric/interannual noise
boundary currents and eddy-rich regions

b. Persistent sampling gaps: deep ocean

(>2000 m) Structural/physical ignorance

¢. Altimetry & mass budget uncertainty Structural/closure problem

d. Structural discrepancies between

Eulerian and Lagrangian frameworks Framework bias

L

e. Arbitrary baseline/climatology Processing artifact

LIK |y U 22¥ nd distinguishablePfiom 2efo

prelim. pp. 1-33 through processes that violate the scientific method. These metrics rely almost exclusively on
temperature data from the Areo vrofiling float arrav. Their validitv and reliabilitv hinge on

~0.02-0.1 Methodological bias

untracked subsurface displacement during
ascent

Overall

y

Total compounded (95% confidence)

Source: March 10, 2026; https://zenodo.org/records/18936064
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How Albout TEakippA/ MERY aGlant SteplBack?

What longterm TSl record iscbeing:feddnto
the NASA CERES|project: data-assimilation
products?
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