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Art works by Charles Rotter (March 10, 2024)

The Sun-Climate Puzzle?



1. The UN panel’s approach to “the detection and attribution of global warming”
2. Problems in the UN’s “detection” approach:

• Underestimating the extent of the urban heat island problem
• Problems with current “temperature homogenization” approach

3. Our rural-only Northern Hemisphere land temperature record
4. Other non-urbanized temperature series (oceans, tree-rings, glaciers)
5. Problems with the UN’s “attribution” approach:

• UN’s “radiative forcings” underestimate the role of natural climate change
6. Trying to better answer how solar activity has changed since 1850

• Different aspects of solar activity
• Changes in solar activity during satellite era
• Using solar proxies to reconstruct solar activity in the past

7. 27 different estimates of solar activity changes since 1850
8. Our latest detection and attribution results
9. How well can we measure Earth’s Energy Budget?
10.Conclusions

Outline of this presentation



• “Created in 1988 by the World Meteorological Organization (WMO) and the 
United Nations Environment Programme (UNEP), the objective of the IPCC is 
to provide governments at all levels with scientific information that they can 
use to develop climate policies.” - https://www.ipcc.ch/about/ 

• They have so far published 6 Assessment Reports (AR for short):
• AR1 (1990); AR2 (1995); AR3 (2001); AR4 (2007); AR5 (2013); AR6 (2021)

• Most iconic statement: The observed global warming since at least 1950s is 
mostly human-caused and also unprecedented.

• How did they reach this conclusion? And is it scientifically justified?

The UN Intergovernmental Panel on Climate Change (IPCC)

https://www.ipcc.ch/about/


IPCC’s “Detection” of global warming
• IPCC compiled several “global surface temperature anomaly” time series (1850-2020)
• All of them show an almost continuous “global warming” of 1°C since the 19th century

Source: IPCC WG1 AR6 (2021) Technical Summary, TS.1, Fig 1, p62 

The IPCC’s approach: Detection



• Nonetheless, by averaging together all the available records for each 
year, you can generate graphs like the above!

• The warming shown by these time series is called “global warming”

Connolly et al. (2021): We can fully 
replicate their temperature records



“No recent literature has emerged to alter the AR5

finding that it is unlikely that any uncorrected effects

from urbanization […], or from changes in land use or

land cover […], have raised global Land Surface Air

Temperature (LSAT) trends by more than 10%, although

larger signals have been identified in some specific

regions, especially rapidly urbanizing areas such as

eastern China.”

—AR6 (2021), Chapter 2, pp. 43–44



• The IPCC’s “attribution” statements are based 
on comparing the “observed” temperature 
record to computer model “hindcasts”.

• A computer model “hindcast” is the opposite 
of a “forecast” – what the model says should 
have happened in the past.

• When the hindcasts use only natural factors 
(sun & volcanoes), they can’t explain the 
warming after 1950. But, when they add in 
anthropogenic (“human-caused”) factors, they 
can.

• Their conclusion: “it’s mostly human-caused”!

The IPCC’s approach: Attribution



The IPCC’s approach: Attribution



• The IPCC’s “attribution” statements are based 
on comparing the “observed” temperature 
record to computer model “hindcasts”.

• A computer model “hindcast” is the opposite 
of a “forecast” – what the model says should 
have happened in the past.

• When the hindcasts use only natural factors 
(sun & volcanoes), they can’t explain the 
warming after 1950. But, when they add in 
anthropogenic (“human-caused”) factors, they 
can.

• Their conclusion: “it’s mostly human-caused”!

The IPCC’s approach: Attribution



Willis Eschenbach (May 13, 2024):
“I wanted to see if the CMIP5 modeled temperatures slavishly 
follow the forcings. Thirteen years ago (2011), I showed that the 
temperature output of the CCSM3 climate model could be very 
closely emulated by a simple one-line formula, viz:

T(n+1) = T(n) + λ ∆F(n+1) * (1- exp( -1 / τ )) + ΔT(n) * exp( -1 / τ )

So I used that formula, to see how well I could emulate the 
temperature output using nothing but the forcing applied to the 
model. Here’s the result: Shown to the right.

In any case, to recap the bidding: The GISS-E2 climate model has 
440,000+ lines of code. It has over two million gridcells 
representing the world, and it takes a whole day to do just one 
model run on a parallel-processing computer with 88 processors.                                                                                                    

And after all that, it merely spits out a lagged and resized 
version of the input forcing.”

Source: Willis Eschenbach, May 13, 2024: https://wattsupwiththat.com/2024/05/13/modeling-the-mysteries/ 

What is involved in the sausage making of a climate model?

http://wattsupwiththat.com/2011/05/14/life-is-like-a-black-box-of-chocolates/
https://wattsupwiththat.com/2024/05/13/modeling-the-mysteries/


“The IPCC is one of                
the worst sources of 

dangerous misinformation.” 
   ̶  John F. Clauser, 2022 Nobel Laureate in Physics                      
    (Conference on Quantum Information 2023)



We have published a number of papers since AR5 highlighting at least two major 
problems with their “detection and attribution” modelling experiments:

1. The land component of their global temperature record (“observations”) 
is contaminated by “urbanization bias” due to the “urban heat island” 
(UHI for short) effect.

2. Their estimates for the changes in solar activity (“Total Solar Irradiance” 
or TSI for short) are only a small subset of those used by the scientific 
community. And, this subset coincidentally only comprises “low 
variability” reconstructions that imply a negligible solar contribution.

Is the IPCC’s analysis scientifically justified?
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the detection and attribution of global warming
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23 co-authors 
from                 

14 countries    
and                    

530 references

Connolly et al. (2021): IPCC AR6 said our paper was 11 weeks too late for them



A comparison of citations/references cited by IPCC reports and Connolly et al. (2021)



bury them with large 
number of pages!

The IPCC’s over 22 years: Dazzle them with the number of pages



• The IPCC’s global temperature estimates from 1850-present comprise 
two components:
1. Land Surface Temperatures (LST) based on weather station 

thermometer records
2. Sea Surface Temperatures (SST) based on ship-based samplings 

of ocean temperatures and more recently (since 1980s), 
thermometers on buoys

• The IPCC’s claims that the recent warming is “unprecedented” in 
thousands of years are based on combining these instrumental 
temperature measurements with “temperature proxies”, e.g., tree-
ring widths, ice cores, lake sediments, glacier changes. 

The IPCC’s detection process



The Urban Heat Island (UHI): Brussel

https://terrascope.be/en/cases/urban-heat-island-mapping-combined-sentinel-2-and-sentinel-3-observations



Local and Regional Urban Heat Island (UHI) about 2 to 15°C

https://twitter.com/RyanMaue/status/1792745782577369445 

https://twitter.com/RyanMaue/status/1792745782577369445


Urban climate change

• The urban heat island (UHI) has been known since 1800s

• Cities are getting bigger and UHIs are also getting bigger

• Urban areas still only make up 3-4% of the land and less than 2% of planet

• But, more than 75% of weather stations are in areas that are now urbanized

• Since 2011, more than half of the world’s population live in urban areas. This 
means for most people the biggest local climate change they experience is 
urban warming



• For late 19th century, most of the weather stations are in North America and 
Europe with some East Asian stations (mostly urbanized) – not “global”, but 
“Northern Hemisphere”

• More than 75% of the weather stations have become urbanized
• For the longest and most complete station records that reach back to the early 20th 

century or earlier, it’s more like 80-90% of the stations

Not enough rural data globally



Rural 
stations 
also have 
problems

• Even with rural stations, there can be 
non-climatic biases in the records, e.g.

• Changes in instrumentation and 
observation practice over the years

• Changes in local “microclimate” 
(nearby buildings, concrete, trees)

• Station moves – often weather 
stations are moved after a few 
decades

Automatic Climate Station,
Clonmacnoise (Ireland)
Visited: 2nd Aug 2021

Automatic Weather Station (GHCN v3, RA)

Valentia Observatory (Ireland)
Visited: 14th Jan 2015

(GHCN v3, SA)

Tromsø (Norway)
Visited: 24th Mar 2022



1867-1892: Located on Valentia Island 

Station history metadata (key changes)
• 1892. Station move. Valentia Island to the mainland
• 1937. Change in government. Republic of Ireland formed.  

But staff and observations remained the same.
• 2001. Station move 350 m inland (~20 m higher)
• 2012. Instrumentation change. Manual weather station 

to automatic

1892-2001: Located near ocean 

2001-present: Current location. 
Automatic weather station since 2012

A rare long, rural record: Valentia Observatory, Ireland



Soon et al. 2015: Corrections for non-climatic biases
• 1892. Station move. Valentia Island to the mainland. 

Possible bias, but unclear what magnitude or sign. No 
adjustments applied.

• 1937. Change in government. Republic of Ireland formed.  
But staff and observations remained the same. No 
adjustments necessary

• 2001. Station move. 350 m. Parallel measurements reveal 
the new location was 0.3 °C colder. +0.3 °C adjustment 
applied. 

• 2012. Instrumentation change. Parallel measurements show 
bias was less than 0.1 °C. No adjustments necessary

Correcting the raw Valentia Observatory record



• Other groups don’t take our approach of 
combining known station history metadata & 
information to develop empirical corrections.

• Instead, they mostly rely on automated 
computer programs that use statistical 
algorithms to try and identify and remove 
“non-climatic biases”.

• NOAA’s Menne & Williams (2009) “PHA” is 
one of main ones

• Compares each station record to neighboring 
stations & applies adjustments – usually run 
without using station history metadata

NOAA’s adjustment

NOAA’s “temperature homogenization” approach



Soon et al. 2015: 
Our empirically-based corrections for 
non-climatic biases using station histories

NOAA’s statistical homogenization adjustments
• Every time they run the program, NOAA changes 

their mind!
• None of their adjustments matched with reality!

How well does statistical homogenization work?



Nearly 4000 versions of NOAA’s statistical homogenization adjustments: Peter O’Neill

O’Neill et al. (2022)



Article Views   15666

Citations            13



European Thermometer Project at CERES-science.com



• When the standard temperature homogenization algorithms are calculating the 
size of a non-climatic bias, they use the differences between the temperature 
records of the neighbors before and after the non-climatic change

• But, if the neighbors are affected by urbanization bias, then the “homogenization 
adjustment” will add urban warming to rural station records!

A second problem: “Urban blending”



• After temperature homogenization, all of the station records are “homogeneous”, i.e., 
they all show similar trends.

• Homogenization gets rid of the big non-climatic “step jumps”. (Good)

• But, we have shown that it does this by mixing the non-climatic biases of all stations 
together like fruit in a smoothie.

• Homogenized “rural” stations have urban warming “aliased” into their records. (Bad).



• In the meantime, in S2015 and C2021, we 
developed a rural-only temperature record 
using version 3 of NOAA’s GHCN 
temperature dataset (1850-2018)

• Only uses 10-15% of the available 
temperature records, and confined to four 
geographical regions (all in N. Hemisphere)

• However, these regions account for more 
than 90% of the rural records that cover 
long enough to reach back to 19th century

• All four regions are geographically isolated 
from each other and cover tropics to poles

Our current rural-only Northern Hemisphere record



• Our rural-only record is “noisier” 
because only uses 10-15% of the data of 
the standard “urban & rural” records

• Shows roughly same timings for  
warming/cooling/warming periods

• Except early warming to 1940s and 
cooling to 1970s is more pronounced

• Long-term warming (0.6°C per century) 
is much less than the “urban and rural” 
estimates (0.9°C per century)

How does our rural record 
compare to IPCC’s?



• The weather station-based land component actually is the best data – direct 
temperature measurements taken daily from the same physical location (between 
station moves) for centuries or longer. [Direct  + Fixed spot  + long records ]

• Sea surface temperature (SST) and marine air temperature (MAT) measurements are 
direct measurements, but different locations and measurement methods (until fixed 
buoys began deployment in 1980s-1990s) 

 [Direct  + long records , but inconsistent measurements ]

• Temperature proxies (tree-ring widths, lake sediments, etc.) are indirect estimates of 
temperatures that are also affected by other factors. 

 [Fixed spot  + long records , but indirect ]

• Other climate records typically only began in the 1950s (e.g., weather balloons), the 
1970s (e.g., satellite temperature records) or 2000s (ice sheet monitoring)

Are there other climate change indicators?



• Nonetheless, our rural-only 
Northern Hemisphere 
temperature estimates match 
surprisingly well to the other 
non-urbanized climate records

• All capture warming to 1940s, 
then cooling to 1970s then 
warming (if long enough)

• One exception: worldwide 
precipitation – no clear trend

How does it compare?



Natural climate variations have occurred since the end of the last 
glaciation. The Little Ice Age in particular involved global climate 
changes of comparable magnitude to the warming of the last 
century. It is possible that some of the warming since the 
nineteenth century may reflect the cessation of Little Ice Age 
conditions. The rather rapid changes in global temperature seen 
around 1920-1940 are very likely to have had a mainly natural 
origin. Thus, a better understanding of past variations is essential if 
we are to estimate reliably the extent to which the warming over
the last century, and future warming, is the result of an increase of 
greenhouse gases. (p. 233)

Look what IPCC (1990) First Assessment Report said about the 1920-1940 warmth?



Look what happened when you consider the ocean heat content



The IPCC’s attribution process
• 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)



The IPCC thinks human-activities are 
the 11 smoking guns



They are not so interested in finding 
natural climate drivers



These are all the “natural and 
anthropogenic” forcings used for the 

IPCC AR6 hindcasts



IPCC



Let me introduce you to Mister BOB:

Bright Orange Ball



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*) 

The weather-climate system is strictly 
powered by solar energy

radiogenic heat = 2 to 5 x 1013 W 



Could they have
underestimated

the role of 
the Sun?



Source: NASA GSFC

Oldest noticed feature on the Sun: “Sunspots”

“Cosmic Cycles: The Sun” (https://svs.gsfc.nasa.gov/14313)



Source: NASA

Some “sunspots”

Large 
sunspot group

Small sunspots



Source: NASA

Some “sunspots”

PenumbraUmbra

Large 
sunspot group

Small sunspots



• Galileo noticed 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 activity – 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 ratios, etc.

Sunspots have been recorded since Galileo
Yearly sunspots (Galileo to present)

Daily sunspots (1975 to the future!)



Source: NASA

Different aspects of solar magnetism during solar rotation

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/


Thirteen instruments with 13 TSI values: How do 
you correctly normalize them all?

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.

The satellite era TSI problem!



• 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!

Using satellite TSI composites
to calibrate solar proxies



ACRIM-calibrated
5 solar proxies used

Using satellite TSI composites to calibrate solar proxies:
Three examples of very different TSI estimates

RMIB-calibrated
1 solar proxy used (SSN)

PMOD-calibrated
2-3 solar proxies used 

IPCC AR6’s computer models
only considered this TSI!



The 27 Puzzle Pieces of Sun’s 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

Which of the 27 estimates is correct?

Connolly, Soon, Connolly et al. (2023) Research in 

Astronomy and Astrophysics, vol. 23, article # 105015



• 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

Which of the 27 estimates is correct?



• 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

Which of the 27 estimates is correct?

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)

Which of the 27 estimates is correct?

IPCC AR5 
TSI choices
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• 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)

Which of the 27 estimates is correct?

8 ACRIM-calibrated
Available now



Can you honestly say IPCC AR6 (2023)’s 
single choice of TSI is correct?





September 2023

76171



October 2023



C2023: Five temperature 
estimates and 27 TSI series

• If we look at the fits themselves, we find 
that the best-fitting ACRIM-calibrated TSI 
records capture the warming and cooling 
periods surprisingly well

• In contrast, the “only anthropogenic factors” 
can only really capture the recent warming 
since the 1970s

• We don’t know which of the 27 TSI is most 
accurate – but neither does the IPCC!!!
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• The IPCC insist that urbanization bias is less than 10% of the warming and 
therefore doesn’t need to be accounted for – They are wrong on impacts of UHI!

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

• When we consider the non-urbanized temperature data, we can explain almost 
all the observed warming and cooling periods since 1850 in terms of changes in 
the Sun: whether looking at rural temperatures, ocean temperatures or 
temperature proxies (tree-rings and glaciers).

• The scientific community is not yet able to establish if the global warming since 
1850 is: a) “mostly natural”,  b) “both natural and human-caused” or c) “mostly 
human-caused”. 

• 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.

Conclusions



“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”



How would you like to be playing at this slanted field?



• 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!

Visit www.ceres-science.com to learn more  
about our work and to help us!

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