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• The computer model hindcasts used by the IPCC for their attribution involve 
plugging two types of climatic drivers: 
• natural factors and human-caused (“anthropogenic”) factors

• IPCC describe drivers in terms of “radiative forcings” in Watts per m2

• The hindcasts only consider two natural climatic drivers (“solar” and “volcanic”)

• But, they consider 11 human-caused climatic drivers (mostly greenhouse gases 
and aerosol particles)
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Power:   4 x 1026 W       (Earth is 2 billion times weaker)        2 x 1017 W

Adapted from Jurg Beer 2007’s presentation 
*Ruxin Li, Shanghai Superintense Ultrafast Laser Facility (January 24, 2018 Science Magazine News)

(world’s most powerful laser: 5-10 x 1015 W; 100 petawatts pulse coming*) 
radiogenic heat = 2 x 1013 W 





Source: NASA GSFC “Cosmic Cycles: The Sun” (https://svs.gsfc.nasa.gov/14313)
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• Galileo no)ced dark spots on the Sun with his 
early telescope in 1610 – called “sunspots”

• Number of sunspots increases to a maximum 
and then decreases to zero over a roughly 11 
year cycle (“Sunspot cycle” or “solar cycle”)

• Sunspots disappeared from 1645-1715 
(“Maunder Minimum”), but then reappeared

• Sunspot numbers (SSN) are clearly a measure of 
solar ac)vity – but not a direct measurement of 
TSI – just a “solar proxy”

• There are other solar proxies, e.g., Ca(II)+H/K 
emission lines, penumbra/umbra ra)os, etc.

Yearly sunspots (Galileo to present)

Daily sunspots (1975 to the future!)
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The old ‘official’ sunspot number 
[maintained by SIDC in Brussels] 
showed a clear ‘Modern Maximum’ in 
the last half of the 20th century.

The new SSN series suggest that there 
likely was no Modern Grand Maximum

GSN = 12 * Groups
WSN = 10 * Groups + Spots

+20%

+40%

Correct GSN by +40% before ~1882 
Correct WSN by -20% after 1946, because 
of weighting of the count introduced then 
(the Waldmeier Jump)



Source: NASA https://www.nasa.gov/feature/goddard/2020/a-new-look-at-sunspots-is-helping-nasa-scientists-understand-major-flares-and-life-around/

https://www.nasa.gov/feature/goddard/2020/a-new-look-at-sunspots-is-helping-nasa-scientists-understand-major-flares-and-life-around/


http://spot.colorado.edu/~koppg/TSI/



• Direct measurements of Total 
Solar Irradiance (TSI) above 
the Earth’s atmosphere only
began in 1978

• Each satellite only lasts 10-15 
years. And implies a different 
average TSI!

• All capture the up/down 
roughly 11 year sunspot cycle.

• But, each shows different 
trends between cycles.



• By scaling a solar proxy to match TSI in the 
satellite era, you can extend the rescaled proxy 
TSI values for the entire solar proxy record

• But, the solar proxies do not capture all of the 
observed TSI variability during the satellite era 
– so they might be missing important trends 
for the pre-satellite era too

• PMOD matches almost exactly to SSN. PMOD-
scaled reconstructions are simple! Just SSN and 
maybe 1 or 2 more proxies

• ACRIM suggests multiple different solar proxies 
needed – SSN is important but not enough!



ACRIM-calibrated
5 solar proxies used

RMIB-calibrated
1 solar proxy used (SSN)

PMOD-calibrated
2-3 solar proxies used 

IPCC AR6’s computer models
only considered this TSI!



Art works by Charles Rotter (March 10, 2024)



• We compiled 27 different TSI estimates and updated them all to cover period 1850-2018
• 8 ACRIM, 15 PMOD, 1 “Community” composite and 3 “SSN-based” estimates

Connolly, Soon, Connolly et al. (2023) Research in 
Astronomy and Astrophysics, vol. 23, article # 105015



• Matthes et al. (2017) TSI reconstruction used by the IPCC AR6 computer 
models is average of two IPCC-friendly TSI reconstructions: 
1. NRL TSI 2 – Dr. Judith Lean & colleagues
2. SATIRE-T – The Max Planck Institute for Solar System Research 

(MPS) team (led by Krivova & Solanki)

• In one of our 2023 papers, we explicitly contrasted Matthes et al. (2017) 
to NASA ACRIM’s 2019 update to Hoyt & Schatten (1993) – “HS93” for 
short. We showed that if the IPCC AR6 modellers had used HS93 (as 
IPCC AR3 and AR4 had done), they would not have said global warming 
was mostly human-caused.

• In February 2024, Dr. Theodosios Chatzistergos (he/him), a post-doc at 
MPS who did his PhD for Krivova & Solanki, published a paper in which 
he claimed to have carried out his own “update” of HS93 and got it to 
match the SATIRE-T reconstruction:

• T. Chatzistergos (2024). “A Discussion of Implausible Total Solar-Irradiance 
Variations Since 1700”. Solar Physics, 299, 21. 
https://doi.org/10.1007/s11207-024-02262-6NASA ACRIM’s update to HS93

https://doi.org/10.1007/s11207-024-02262-6


Before After

Chatzistergos took several steps for his “update” to HS93:
1. He digitized the various solar proxy records used by HS93 (1700-1992)
2. He replaced each of the proxy records with his (subjective) decisions on 

what he considered to be a more up-to-date version of the records. [Note: 
Douglas Hoyt has confirmed to us that he disputes almost every one of 
Chatzistergos’s proposed “updates”]

3. Chatzistergos then combined the proxies into a single TSI time series using 
approaches that he preferred (rather than the approach used by HS93).



SATIRE-TChatzistergos’s HS93 “update”

• Chatzistergos notes that his “update” to HS93 is similar to SATIRE-T (actually 
not surprising because his TSI composite methodology is similar to SATIRE-T). 
For this reason, he claims that:
1. Any studies (including ours) that used NASA ACRIM’s update to HS93 are 

somehow invalidated
2. Studies that only consider TSI reconstructions like those of his bosses (at 

MPS) or the NRL group, e.g., the IPCC AR6 report, are validated.

• Wow! Is he/him right? Has he/him really shown us to be fools?



If he/him had followed HS93Chatzistergos’s HS93 “update”

• No, we are not impressed. His “update” is more of a “remake” that a true update.

1. Each of the updates to the individual solar proxies were debatable… and in his communications with Hoyt, 
Hoyt repeatedly pointed out problems with Chatzistergos’s proposed “updates”, but these were ignored

2. Even if Chatzistergos’s updates to the individual proxies were valid (which is debatable!), his methodology for 
combining them into a multi-proxy TSI reconstruction completely dismissed the methodology and philosophy 
of HS93. If he/him had genuinely followed HS93’s approach, this is what he/him would have found:

• See https://www.ceres-science.com/post/response-to-chatzistergos-2024 for more details

https://www.ceres-science.com/post/response-to-chatzistergos-2024


• We compiled 27 different TSI es5mates and updated them all to cover period 1850-2018

• 8 ACRIM, 15 PMOD, 1 “Community” composite and 3 “SSN-based” es5mates

• IPCC AR4 in 2007 considered 6-10 TSI records: Chapter 2 and Supplementary Materials for Chapter 9



• We compiled 27 different TSI estimates and updated them all to cover period 1850-2018
• 8 ACRIM, 15 PMOD, 1 “Community” composite and 3 “SSN-based” estimates
• IPCC AR4 in 2007 considered 6-10 TSI records: Chapter 2 and Supplementary Materials for Chapter 9

Note that HS93 was one of the main TSI 
reconstructions considered in IPCC AR4 (2007)



• We compiled 27 different TSI estimates and updated them all to cover period 1850-2018
• 8 ACRIM, 15 PMOD, 1 “Community” composite and 3 “SSN-based” estimates
• IPCC AR5 considered 4 of these: K2007, S2009, V2011 and W2005
• IPCC AR6 only considered 1 of them: M2017 (the average of C2016 and K2007)
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Hansen et al. (1985)



Hansen et al. (1985) Science, vol. 229, 857-859

EEI was wholly invented essentially 
to “kill” the “wait and see” policy 
response, not a scientific deduction!



EEI was wholly invented
essentially to “kill” the “wait 
and see” policy response,  
not a scientific deduction!

Hansen et al. (1985) Science, vol. 229, 857-859





• Today, the most-widely discussed dataset on energy budgets is that of 
NASA’s Clouds and the Earth's Radiant Energy System (NASA CERES) 
satellite-based project.

• Our research team is the Center for Environmental Research and Earth 
Sciences (CERES)

• The acronym for both of our groups is based on the Roman goddess of 
agriculture, fertility and the seasons, Ceres. 

• According to Roman mythology, winter is caused when Ceres’s 
daughter (Proserpina) spends time in the underworld and Ceres is too 
busy searching for her to look after the climate. So, you could say Ceres 
is the goddess of climate change!

• The dwarf planet, Ceres, also is named after her.

• The cereal you might have had for breakfast is named after her as well. 
This is because the Romans believed she was the goddess who allowed 
“cereal crops” (wheat, barley, etc.) to grow.

Statuette of the Roman goddess, Ceres, 
by Augustin Pajou (c. 1768–70)



Loeb et al. (2009) Journal of Climate, vol. 22, 748-766



Loeb et al. (2009) Journal of Climate, vol. 22, 748-766

“The 5-yr global mean CERES net flux from the 
standard CERES product is 6.5 W/m2, much 

larger than the best estimate of 0.85 W/m2 based 
on observed ocean heat content data and model 
simulations. The major source of uncertainty in 

the CERES estimate are from instrument 
calibration (4.2 W/m2) and the assumed value for 

total solar irradiance (1 W/m2).”



Loeb et al. (2009) Journal of Climate, vol. 22, 748-766

CERES’s Energy Budget is 
not closed, should be zero!



How does he know this?



Hodnebrog, Myhre, Loeb et al. (2024). 

Communications Earth & Environment, vol. 5, #166



Source: Stephens et al. (2015) 
https://agupubs.onlinelibrary.wiley.com
/doi/full/10.1002/2014RG000449

CERES satellite-based 
measurements/estimates

CMIP5 Computer Climate Models



Norman Loeb (2014) August 5’s Colloquium and Lecture at Langley



Stephens, Loeb et al. (2012) Nature Geoscience, vol. 5, 691-696 

Have you ever seen 
such a crazy

quantification of a 
hypothetical quantity 

called EEI ?

0.6 ± 17 W/ m2



• The IPCC insist that they have already resolved the best solar 
ac5vity (“TSI”) records, for their latest 6th Assessment Report 
(2021), they only considered one es5mate. But, we have found 
27. They are wrong on their dogma5c choice of TSI!

• The proposal of Earth’s Energy Imbalance, simply because of 
anthropogenic component of CO2 emissions, was strictly a 
poli5cal construct rather than serious scien5fic proposi5on.

• The measurements of the Earth’s Energy Budget, on a global-
scale, are highly uncertain and mostly unresolved because the 
total global energy budget is not accounted for up to 6.5 W/m2 at 
the TOA and up to 17 W/m2 at the surface.



“The people who are supposed to be the experts and who 
claim to understand the science are precisely the people 
who are blind to the evidence…I hope that a few of them 
will make the effort to examine the evidence in detail and 
see how it contradicts the prevailing dogma, but I know 
that the majority will remain blind. That to me is the 
central mystery of climate science. It is not a scientific 
mystery but a human mystery. How does it happen that the 
whole generation of scientific experts is blind to obvious 
facts?”– Freeman Dyson, foreword in a GWPF report on                    
“Carbon Dioxide: The Good News” by Indur Goklany (2015)

“The central mystery of climate science”
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• If you think we are doing good work, you can 
support our efforts by making a donation at 
www.ceres-science.com

• Our funding comes from donors like you that 
want us to actually follow science instead of 
“Following The Science TM” like the IPCC

• So, if you can donate €10, €100 or more, you 
will be helping actual science.

• Or, simply spread the word about our work and 
our efforts!

http://www.ceres-science.com/

