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1. Inleiding 

In de reactienota Zienswijzen ontwerp omgevingsvisie Meppel is een samenvatting 

weergegeven van de ingediende zienswijzen. In dit document is de volledige inhoud van de 

ingediende zienswijzen terug te lezen. Daar waar van toepassing zijn persoonlijke gegevens, 

in het kader van AVG, verwijderd. De nummering is gelijk aan die in de reactienota. 



2. Zienswijzen  

2.1 Zienswijze 1   

  



  



2.2 Zienswijze 2 

 



 

  



2.3 Zienswijze 3  

  



 



 



 



 



 

  



2.4 Zienswijze 4 

 



 



 

  



2.5 Zienswijze 5











 

  



2.6 Zienswijze 6 

 



 



 



 
 

Bijlagen zienswijze 6 vindt u in hoofdstuk 3 Bijlagen.  



2.7 Zienswijze 7 

 

 



2.8 Zienswijze 8 

 



 



 



 



 



 

 

  



2.9 Zienswijze 9   

 

 



 



 



 



 



 

Bijlage zienswijze 9 vindt u in hoofdstuk 3 Bijlagen.  



2.10 Zienswijze 10  

  

  



2.11 Zienswijze 11  

 



 



 



 

  



2.12 Zienswijze 12 

 

  



2.13 Zienswijze 13 

 



 



 



 



 

  



2.14 Zienswijze 14 

 



 



 



 



 

  



2.15 Zienswijze 15 

 



 



 



 



 



 



 

  



2.16 Zienswijze 16 

 



 

 

  



2.17 Zienswijze 17 

 



 



 



 



 

  



2.18 Zienswijze 18 

 



 



 



 



 



 

 

  



2.19 Zienswijze 19   

 



 

  



2.20 Zienswijze 20  

 



 



 



 



  

  



2.21 Zienswijze 21  

 



 

  



2.22 Zienswijze 22 

 



 



 



 



 

 

  



2.23 Zienswijze 23 

 

  



2.24 Zienswijze 24 

 

  



2.25 Zienswijze 25 

 



 



 



 



 

  



3. Bijlagen  

3.1 Bijlagen Zienswijze 6   

Bijlage 1 

Richard Lindzen 

Professor of Earth, Atmospheric, and Planetary Sciences, Emeritus Massachusetts 

Institute of Technology 

William Happer 

Professor of Physics, Emeritus Princeton University 

Steven Koonin 

University Professor, New York University, Senior 

Fellow at the Hoover Institute 

November 30, 2023 

Court of Appeals The Hague 

The Hague 

The Netherlands 

Re: Shell v. Milieudefensie et al. — Expert Opinion prepared for Foundation 'Environment 
and Man' (Stichting 'Milieu en Mens', M&M) 

This expert opinion has been prepared for the Foundation 'Environment and Man' (Stichting 

'Milieu en Mens', M&M) to be submitted to the Hague Court of Appeals in Shell v. Milieudefensie 

et al, in which M&M has intervened (the 'Climate Case'). This opinion was jointly authored and 

represents our joint opinion. Our time spent producing this opinion has been provided pro bono. 

We are career physicists who have specialized in radiation physics, dynamic heat transfer 

and computer modelling for decades, subjects directly relevant to the global warning debate. Each 

of us has published over 200 peer-reviewed papers, many on the science of climate or closely 

related subjects. Our curricula vitae are attached in the appendix. 

In our opinion, the District Court of The Hague findings that "dangerous" climate change 

and extreme weather are caused by C02 emissions from fossil fuels are contradicted by the 

scientific method and only supported by the unscientific methods of government opinions, 

consensus, peer review, and cherry-picked or falsified data. 

Science demonstrates fossil fuels and C02 will not cause dangerous climate change. Rather, 

there will be disastrous consequences for people worldwide if fossil fuels and C02 emissions are 

reduced to "net zero," including mass starvation. 

Specifically, our opinion is organized around the following key issues that have arisen in the 

District Court of The Hague in the Climate Case: 

— First, there will be disastrous consequences for the poor, people worldwide, future 

generations, and the West if fossil fuel and C02 emissions are reduced to "net zero," 

including mass starvation and loss of reliable and inexpensive energy. 



— This action will undermine human rights with which the Climate Case is 
concerned, and cripple the realization of the first three UN sustainable 
development goals (SDGs) -- no poverty, zero hunger, and good health and 
wellbeing.1 

— Second, the Court in first instance equated the state of climate science with the 
reports of the Intergovernmental Panel on Climate Change (IPCC). In Part Il we 
demonstrate the IPCC reports have no value as science because the IPCC is 
government controlled. Thus the IPCC represents only government opinions, not 
science, and thus provides no scientific basis for the Court2's opinion. 

— Third, this Court in first instance found that "dangerous" climate change and 
extreme weather are caused by C02 emissions from fossil fuels. We 
demonstrate in Part Ill these conclusions are contradicted by the scientific 
method and only supported by the unscientific methods of consensus, peer 
review, government opinions and cherrypicked or falsified data. Hundreds of 
research papers confirm the highly beneficial effects of increased 
concentrations of atmospheric C02, especially in dry farming areas. 

 

I UN SDGs, https://sdgs.un.org/goals 
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1. THERE WILL BE DISASTROUS CONSEQUENCES FOR THE POOR, PEOPLE 

WORLDWIDE, FUTURE GENERATIONS, AND THE WEST IF FOSSIL FUELS 

AND C02 EMISSIONS ARE REDUCED TO "NET ZERO" 

A. C02 is Essential to Our Food, and Thus to Life on Earth. 

Carbon dioxide is the miracle molecule of life. It is the basis for nearly all life on earth. We 

owe our existence to green plants that, through photosynthesis, convert C02 and water to 

carbohydrates and oxygen with sunlight. Land plants get the carbon they need from the C02 in 

the air. In turn, livestock depend on the availability of green plants to consume, so that humans 

can consume the livestock. 

Without C02, there would be no food and thus no human or other life. 

B. More C02, Including C02 from Fossil Fuels, Produces More Food. 

Increasing C02 in the atmosphere increases the amount of food that plants produce, a phenomenon 

called "fertilization." Thousands of experimental results demonstrate that more C02 usually 

increases the amount of food that plants produce. 1 A graphic illustration of the response of plants to 

increases in C02 is shown below. Dr. Sherwood Idso grew Eldarica (Afghan) pine trees with 

increasing amounts of C02 in experiments, starting with an ambient C02 concentration of 385 ppm. 

He showed what happens when C02 is increased from 385 ppm to 535 ppm, 685 ppm and 835 ppm 

over 10 years. 2  

 

1 See, e.g., NIPCC, Climate Change Reconsidered 11: Biological Impacts (2014); 
Craig Idso, "What Rising C02 Means For Global Food Security" C02 Coalition 

(2019); Plant Growth Database, CENTER FOR THE STUDY OF CARBON DIOXIDE AND 

GLOBAL CHANGE, 

http://www.C02science.org/data/plant_growth/dry/dry_subiect.php. 
2 Craig Idso, Increased Plant Productivity: The First Key Benefit ofAtmospheric 

C02 Enrichment, MASTER RESOURCE (Apr. 21, 2022), 
https://www.masterresource.org/carbon-dioxide/increased-plant-productivity-

thefirst-key-benefit-of-atmospheric-c02-enrichment/; C02 COALITION, https 

://c02coal ition.org/wp-content/uploads/2021 /08/C02_3 .jpg. 



 

The "fertilization" effect varies significantly by type of plant. Dr. Craig Idso reported, "[s]ince the 

start of the Industrial Revolution, it can be calculated . . . that the 120-ppm increase in atmospheric 

C02 concentration increased agricultural production per unit land area" for various crops ranging 

from 28% to 70%, and averaging 46%.4 He also reported "C02—induced activity productivity 

increase[d]" one of the varieties of rice by  

He has also shown that a 300 ppm increase in C02 resulted in an average increase of 46%. 6 This 

implies that each 100 ppm increase of C02 "fertilization" results in a 15.3% (46%/3) increase, on 

average, in food supply worldwide. 

 

Nongovernmental International Panel on Climate Change (NIPCC), 

Climate Change Reconsidered Il: Biological Impacts (2014), p. 322. 

5 Craig Idso, Estimates of Global Food Production in The Year 2050: Will We 
Produce Enough to Adequately Feed the World?, p. 31 (2011). 

6 Craig Idso, The Positive Externalities ofCarbon Dioxide, C02 COALITION 
(2013) at 3 (discussed in GREGORY WRIGHTSTONE, INCONVENIENT FACTS 
19 

(2017)). 

7 Dr. Idso advised there is a linear relationship between C02 levels and the 
amount of food produced for most plants through 800 ppm. (Personal communication). 

Using more recent data on the 140 ppm increase of C02 from 280 ppm in 1750 to 420 ppm today 

and the formula above, people worldwide benefitted from a 21% increase in agricultural 

productivity since 1750. 



What if the Net Zero fossil fuels and C02 policy was in effect in 1750 and C02 did not rise from 

280 ppm to 420 ppm? There would be 21% less food worldwide. 

Also using the formula above, doubling C02 from 400 to 800 ppm would result in an additional 

increase of food worldwide of about 60% (4 x 15.3%). 

Similarly, if the Net Zero fossil fuels and C02 policy goes into effect and C02 did not double to 800 

ppm, there would be 60% less food worldwide (importantly note that it would take more than a 

century for C02 levels to reach 800 ppm). 

Thus, more C02 means more food for people worldwide. Reducing C02 to "net zero" means less 

food for people worldwide. 

Sylvan Wittwer, the father of agricultural research on this topic, emphasized the enormous benefits 

of rising C02 worldwide: 

"The rising level of atmospheric C02 could be the one global natural 

resource that is progressively increasing food production and total biological 

output . . . The effects know no boundaries, and both developing and 

developed countries are, and will be, sharing equally."3 

C. More C02 Increases Food in Drought-Stricken Areas. 

Another enormous social benefit of increasing C02 is that drought-stricken areas will have more 

food. In regions of the world suffering from drought, more C02 means there will be more food, 

because increasing C02 lessens water lost by plant transpiration: 

At higher C02 levels, plants need less water because they grow leaves with fewer stomatal pores, 

and generally do not open their leaf stomatal pores as wide. The result is less water loss by 

transpiration. Plants need less water to produce the same — or an even greater — amount of 

biomass.4 

On the other hand, Dr. Idso bluntly summarized the disastrous consequences if "net zero" fossil 

fuels and carbon dioxide policies are implemented on the food available to people worldwide: 

If proposed regulations restricting anthropogenic C02 emissions... are enacted, they will 

greatly exacerbate future food problems by reducing the C02-induced yield enhancements.. 

.. And as a result of such C02 emissions regulations, hundreds of millions of the world's 

population will be subjected to hunger and malnutrition. Even more 

 

3 Quoted in NIPCC, Climate Change Reconsidered 11: Fossil Fuels (2019), p. 32223. 

4 Craig Idso, What Rising C02 Means for Global Food Security, C02 COALITION 

(2019), p. 13. See also CRAIG IDSO & SHERWOOD IDSO, THE MANY BENEFITS OF 

ATMOSPHERIC AND C02 ENRICHMENT (2011). 
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troubling is the fact that thousands would die daily as a result of health problems they 

likely would have survived had they received adequate food and nutrition.10 

D. Greenhouse Gases Prevent Us from Freezing to Death 

Greenhouse gases hinder the escape of thermal radiation to space. Water vapor, and clouds 

which condense from it, are the dominant greenhouse agents of Earth's atmosphere. C02 is a 

greenhouse gas, but only causes a small amount of warming. As a matter of radiation physics, C02 

can only modestly increase the surface temperature of the earth. Longer growing seasons in a 

warmer globe also increases agricultural yields. We should be grateful. Greenhouse gases keep the 

Earth's surface temperature warm enough and moderate enough to sustain life on our verdant 

planet. Without them, we'd freeze to death. 

E. Enormous Social Benefits of Fossil Fuels 

Contrary to the incessant attack on fossil fuels, affordable, abundant fossil fuels have 

given ordinary people the sort of freedom, prosperity and health that were reserved for kings 

in ages past. 

The following chart of the GDP per person for the last 2,000 years powerfully illustrates 

what has happened. I I 
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10 Craig Idso, Estimates of Global Food Production in The Year 2050: Will We 

Produce Enough to Adequately Feed the World?, p. 31 (2011). 

1 1 

Rupert Darwall, Climate Noose: Business, Net Zero and the IPCC 's 

Anticapitalism Global Warming Policy Foundation, p. 21. 

F. "Net Zeroing" Fossil Fuels Will Cause Massive Human Starvation by Eliminating 

Nitrogen Fertilizer 

Food scarcity is an enormous global problem, as the UN has realized by including "zero hunger" 

among the top two sustainable development goals. Unfortunately, 2.3 billion people are 

moderately or severely food insecure today, 12 and 900 million are severely food insecure. Id. 

Nitrogen fertilizer, which is made from fossil fuels (natural gas), has greatly alleviated the problem 

of food scarcity. Nitrogen fertilizer now supports approximately half of the global population.  

Worldpopulation supported by synthetic nitrogen fertilizers World in Data 

Best estimates project that just over haft of the global population coukl be sustained without 
reactive nittogen fertilizer demveci trom the Haber Bosch I-•jrocess 

 

 1900 1920 1940 1960 1980 2015 

 

 

12 UNITED NATIONS, THE STATE OF FOOD SECURITY AND NUTRITION IN THE 

WORLD, p. xvii (2022). 
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13 Hannah Ritchie, Max Roser and Pablo Rosado, How Manv People Does 
Synthetic Fertilizer Feed? OUR WORLD IN DATA (Nov. 7, 2017). see also Happer 
and Lindzen EPA Comment July 19, 2013, p. 15 Happer-Lindzen-EPA-Power-
Plants2023-07-9.pdf(c02coalition.org). 

Cereal food production increased threefold after the widespread use of nitrogen fertilizer began 

around 1950 (see black dotted line). 14 

s  

12 

10  

8  

6 z 

 1 850 1870 1890 1910 1930 1950 1970 1990 2010 2030 

The "net zero" goal is to eliminate fossil fuels and thus natural gas. If fossil fuels and thus nitrogen 

fertilizer were reduced to "net zero," the left side of the chart shows what would happen food 

production would drop drastically, perhaps not quite to the yields before the widespread use of 

nitrogen fertilizer, since C02 fertilization, improved crop varieties and better agricultural practices 

would remain. But without nitrogen fertilizer, there would still be mass starvation. 

There are two reasons for a significant risk of mass starvation: 

First, the recent experience in Sri Lanka which eliminated the use of nitrogen fertilizer is 

unfortunately another example of "net zero" ideology trumping science. Sri Lankan President 

Rajapaksa in April 2021 banned "the importation and use of synthetic fertilizers and pesticides and 

ordered the country's 2 million farmers to go organic. The result was disastrous. "Its rice 

production has dropped more than 50%, while domestic rice prices have increased more than 80% 

"16 This is a real-life warning of the worldwide disaster that would result from eliminating fossil 

fuels. 

Second, there is already a substantial decrease in the investments needed to find, produce and 

distribute fossil fuels, which creates the real risk there will not be enough capital-intensive 

capacity to fill natural gas requirements. For example, clean energy investments have been greater 

than fossil fuels investments since 2016, and the gap is accelerating. See International Energy 

Agency, World Energy Investment 2()23, p.8. 

 

14 William Happer, et al., Nitrous Oxide and Climate C02 COALITION (Nov. 
10, 2022), p. 39. See also Happer Lindzen EPA Comment, supra, pp. 13-14. 

15 Helen Raleigh, Sri Lanka Crisis Shows the Damning Consequences of 
Western Elites Green Revolution, FEDERALIST (July 1 5, 2022). 

corn barley N  Ferulizer 
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16 Id. 

IV.THE IPCC IS GOVERNMENT CONTROLLED AND THUS ONLY ISSUES 

GOVERNMENT OPINIONS, NOT SCIENCE, THUS PROVIDES NO SCIENTIFIC 

BASIS FOR THE COURT'S OPINION 

The Court in first instance equated the state of climate science with the reports of the IPCC. 

However, as its name makes clear, it is the Intergovernmental Panel on Climate Change. As 

demonstrated next, the IPCC is government controlled and thus provides only government 

opinions, not science. Accordingly, the IPCC provides no scientific basis for the Court's opinion. 

Specifically, IPCC governments, not scientists, meet behind closed doors and control what is 

published in its Summaries for Policymakers ("SPMs"), which controls what is published in full 

reports. 

The picture below tells all. 5 

 

IPCC Summaryfor Policymakers writing meeting. 

This is not how scientific knowledge is determined. In science, as the Lysenko experience 

chillingly underscores, and as Richard Feynman emphasized: 

"No government has the right to decide on the truth of scientific principles." 

The two IPCC rules are: 

IPCC SPM Rule No. 1: All Summaries for Policymakers (SPMs) Are Approved Line 
by Line by Member Governments 

"IPCC Fact Sheet: How does the IPCC approve reports? 'Approval' is the process 

used for IPCC Summaries for Policymakers (SPMs). Approval signifies that the 

 

5 Donna Laframboise. "US Scientific Integrity Rules Repudiate the UN Climate 

Process (January29, 2017) link US Scientific Integrity Rules Repudiate the UN 

Climate Process I Big Picture News, Informed Analysis. 
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material has been subject to detailed, line-by-line discussion, leading to agreement 

among the 

participating IPCC member countries, in consultation with the scientists responsible 

for drafting the report. (Emphasis added). 

Since governments control the SPMs, the SPMs are merely government opinions. Therefore, 

they have no value as reliable science. 

What about the thousands of pages in the IPCC reports? A second IPCC rule requires that 

everything in an IPCC published report must be consistent with what the governments agree to in 

the SPMs about C02 and fossil fuels. Any drafts the independent scientists write are rewritten as 

necessary to be consistent with the SPM. 

IPCC Reports Rule No. 2: Government SPMs Override Any Inconsistent 
Conclusions Scientists Write for IPCC Reports 

IPCC Fact Sheet: "'Acceptance' is the process used for the full underlying report in a 

Working Group Assessment Report or a Special Report after its SPM has been approved 

Changes ...are limited to those necessary to ensure consistency with the Summary for 

Policymakers." IPCC Fact Sheet, supra. (Emphasis added). 

IPCC governments' control of full reports using Rule No. 2 is poignantly demonstrated by the 

IPCC's rewrite of the scientific conclusions reached by independent scientists in their draft of 

Chapter 8 of the IPCC report Climate Change 1995, The Science of Climate Change ("1995 

Science Report "). 

The draft by the independent scientists concluded: 

"No study to date has positively attributed all or part (of the climate warming 

observed) to (manmade) causes." 

"None of the studies cited above has shown clear evidence that we can attribute the 

observed [climate] changes to the specific cause of increases in greenhouse gases." 

Frederick Seitz, "A Major Deception on Climate Warming," Wall Street Journal (June 

12, 1996). (Emphasis added). 

However, the government written SPM proclaimed the exact opposite as to human influence: 

"The balance of evidence suggests a discernible human influence on global climate." 

1995 Science Report SPM, p. 4. (Emphasis added). 

What happened to the independent scientists' draft? IPCC Rule No. 2 was applied, and their 

draft was rewritten to be consistent with the SPM in numerous ways: 

• Their draft language was deleted. 

 

18 Intergovernmental Panel on Climate Change, Principles Governing IPCC Work, 

the Procedures for the Preparation, Review, Acceptance, Adoption, Approval and 

Publication of IPCC Reports, Appendix A Sections 4.4-4.6, 

https://archive.ipcc.ch/news_and_events/docs/factsheets/FS_ipcc_approve.pdf: 

http://www.ipcc.ch/pdf/ipcc-principles/ipcc-principles-appendix-a-final.pdf 

(Emphasis added). 
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• The SPM's opposite language was inserted in the published version of Chapter 8 in 
the 1995 Science Report, on page 439: "The body of statistical evidence in chapter 
8 ... now points towards a discernible human influence on global climate." 

• The IPCC also changed "more than 15 sections in Chapter 8 of the report ... after 
the scientists charged with examining this question had accepted the supposedly 
final text." Seitz, supra. (Emphasis added). 

As to the full IPCC reports, hundreds of world-class scientists draft some very good science. 

Should the IPCC reports be viewed as science? No. Use a presumption that anything in IPCC 

reports should be presumed to be government opinion with no value as reliable science, unless 

independently verified by the scientific method. 

Also consider what would have happened if the IPCC accurately reported the science. The 

scientists concluded there was no science that attributed all or most of the climate warming 

observed to manmade causes. There would be no U.S. Supreme Court decision Massachusetts v. 

EPA, no "Green Deal," no "Net Zero" regulation, no efforts to eliminate fossil fuels, no huge 

subsidies of renewable energy and electric cars. For whatever reason, the IPCC as a 

governmentcontrolled organization did not and has never followed the science that the facts 

contradict the theory of dangerous climate change caused by fossil fuels and other human 

emissions. 

In conclusion, none of the IPCC SPMs, models, scenarios and other findings asserting 

that dangerous climate warming is caused by human C02 and GHG emissions and fossil fuels 

are reliable science, they are merely the opinions of IPCC governments. Therefore, as the 

Lysenko experience described below chillingly underscores, none can be used as science 

supporting the Court's opinion. 

111. SCIENCE DEMONSTRATES FOSSIL FUELS AND C02 WILL NOT CAUSE 

DANGEROUS CLIMATE CHANGE AND EXTREME WEATHER 

A. Reliable Science is Based on Validating Theoretical Predictions With Observations, 

Not Consensus, Peer Review, Government Opinion or Cherry-Picked or Falsified 

Data 

Scientific Method. Scientific knowledge is determined by the scientific method. Prof. Richard 

Feynman, a Nobel Laureate in Physics, provided an incisive definition of the scientific 

method: 

"[WJe compare the result of [a theory's] computation to nature, ... compare it directly with 

observations, to see if it works. If it disagrees with experiment, it is wrong. In that simple 

statement is the key to science." The Character ofPhysical Law (1965), p. 150. 

Agreement with observations is the measure of scientific truth. Scientific progress proceeds 

by the interplay of theory and observation. Theory explains observations and makes 

predictions of what will be observed in the future. Observations anchor understanding and 

weed out the theories that don't work. This has been the scientific method for more than three 

hundred years. 

It is astounding that one of the most complex questions in physics (namely, the behavior of a 

multi-phase, radiatively active, turbulent fluid) should be labeled by the government — and 

funding agencies it controls — to be so settled that skeptics are silenced. The models 

supporting the climate-crisis narrative make predictions that utterly fail to match the 

observations of what they purport to predict. This failure means in science they should never 
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be used. Unfortunately, this peculiar situation is particularly dangerous because many world 

leaders have abandoned the science and intellectual rigor bequeathed to us by the 

Enlightenment and its forebears. 

Unscientific Method and Lysenko Science. Scientific knowledge is not determined by the 

unscientific methods underlying all "net zero" fossil fuels and carbon dioxide arguments and 

the Court's opinion: government opinion, consensus, peer review and cherry-picked or 

falsified data and omitted unfavorable observations. 

Government Opinion. Nobel physicist Richard Feynman put it clearly: 

"No government has the right to decide on the truth of scientific principles." The Meaning 

of1tA11 (1998), p. 57. 

The importance of scientific principles that government does not determine science was 

chillingly underscored when Stalin made Trofim Lysenko the czar of Russian biology. False 

biology prevailed for 40 years in the Soviet Union because Lysenko gained dictatorial 

control, providing one of the most thoroughly documented and horrifying examples of the 

politicization of science. Lysenko was strongly supported by "scientists" who benefitted from 

his patronage. Millions died as a result. 6 

Consensus. What is correct in science is not determined by consensus. but by experiment and 

observations. Historically, scientific consensuses have often turned out to be wrong. The 

greatest scientists in history are great precisely because they broke with consensus. The 

frequent assertion that there is a consensus behind the idea that there is an impending disaster 

from climate change is not how the validity of science is determined to quote the profoundly 

true observation of Michael Crichton: 

"If it's consensus, it isn't science. If it is science, it isn't consensus." 

Peer Review. Peer review can be helpful in many areas of science, but it does not determine 

scientific validity. Agreement of theoretical predictions with observation or experiment, "the 

scientific method," is the real touchstone of truth in science. 

In our decades of personal experience in the field we have been dismayed that many 

distinguished scientific journals now have editorial boards that further the agenda of climate 

change alarmism rather than objective science. Research papers with scientific findings 

contrary to the dogma of climate calamity are rejected by reviewers, many of whom fear that 

their research funding will be cut if any doubt is cast on the coming climate catastrophe. 

Journal editors have been fired for publishing papers that go against the party line of the 

climate-alarm establishment. 

Alas, peer review of the climate literature is a joke. It is pal review, not peer review. The 

present situation violates the ancient principle "no man shall be a judge in his own cause." 

Accordingly, some peer reviewed climate publications are right, but many have serious 

problems with confirmation bias. All must be ultimately tested by the scientific method and 

rejected if their theories are not validated by observations. 

 

6 William Happer, Chapter I "Harmful Politicization of Science," Michael Gough 

Ed., Politicizing Science (2003), pp. 29-35. 
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Cherry-Picked or Falsified Data and Omitted Unfavorable Observations. Since theories are 

tested with observations, fabricating and omitting unfavorable facts to make a theory work is 

an egregious violation of the scientific method. 

Richard Feynman stated this fundamental principle of the scientific method: 

"If you're doing an experiment, you should report everything that you think might 

make it invalid — not only what you think is right about it.... Details that could throw 

doubt on your interpretation must be given, if you know them." 1974 Caltech 

commencement address, Surely You're Joking, Mr. Feynman! (1985), p. 311-12 

In our experience, one of us (Lindzen) frankly explained: "misrepresentation, exaggeration, cherry 

picking, or outright lying pretty much covers all the so-called evidence marshalled in support of 

the theory of imminent "dangerous" climate change caused by fossil fuels and C02. and of the 

urgent need to achieve "net zero" fossil fuels and C02 emissions by 2050. 

Thus, scientific knowledge is determined by the scientific method, testing theory with 

observations, not by consensus, government opinion, peer review or cherry-picked or falsified 

data. 

Applying these fundamental principles of science and the scientific method, we demonstrate 

next as a matter of science that fossil fuels and C02 will not cause "dangerous" climate 

change and extreme weather. 

B. The Models Predicting Catastrophic Warming and Extreme Weather Fail the Key 

Scientific Test: They Do Not Work and Would Never Be Used in Science. 

The IPCC is the dominant source of the models used by everybody analyzing climate change, in 

our experience. However, CMIP model predictions (Coupled Model Intercomparison Project) do 

not reliably predict temperatures and bear no rational relationship to the reality they purport to 

represent. Therefore, they would never be used in science. 

With rare candor, establishment climate scientists Tim Palmer and Bjorn Stevens state: 

"This status quo and the complacency that surrounds it give us cause to be deeply 

dissatisfied with the state of the scientific response to the challenges posed by global 

warming. Whereas present day climate models were fit for the purpose for which they were 

initially developed, which was to test the basic tenets of our understanding of global 

climate change, they are inadequate for addressing the needs of society struggling to 

anticipate the impact of pending changes to weather and climate.„21 

The importance of the scientific failure of the CMIP models underlying all "net zeroing" policies 

and the Court's opinion cannot be overemphasized. The models provide no scientific basis for 

concluding that fossil fuels and C02 will cause "dangerous" climate change and extreme weather. 

 

20 Lindzen, "Global Warming for the Two Cultures," Global Warming Policy 

Foundation (201 8), p. 10. Accord Lindzen, "The Absurdity of the Conventional 

Global Warming Narrative (April 20, 2022) & "Straight Talk About Climate 

Change," Acad. Quest (2017), p. 419. 

21 
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T. Palmer and B. Stevens, The scientific challenge of understanding and 

estimating climate change. 

Here are the scientific details: 

CMIP5. John Christy, Ph.D., Professor of Atmospheric Science at the University of Alabama, 

applied the scientific method to CMIP5's 102 predictions of temperatures from 1979 to 2016 by 

models from 32 institutions. 

He explained he used "the traditional scientific method in which a claim (hypothesis) is made and 

is tested against independent information to see if the claim can be sustained," and produced the 

following chart:7 

1.2 
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7 John Christy, House Comm. Science, Space and Technology (Mar. 29, 2017), pp. 
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At the bottom, the blue, purple and green lines show the actual reality temperature observations 

against which the models' predictions were tested. 

The dotted lines are 102 temperature "simulations" (predictions) made by the models from 32 

institutions for the period 1979—2016. 

The red line is the consensus of the models, their average. 

In his opinion and ours, the graph clearly shows 101 of the 102 predictions by the models (dotted 

lines) and their consensus average (red line) fail miserably to predict reality. Focusing on the red 

consensus line, Dr. Christy concluded, and we agree: 

"When the 'scientific method' is applied to the output from climate models of 

the IPCC ARS, specifically the bulk atmospheric temperature trends since 

1979 (a key variable with a strong and obvious theoretical response to 

increasing GHGs in this period), . . . the consensus of the models [red linel 

fails the test to match the real-world observations by a significant margin. As 

such, the average of the models is untruthful in representing the recent 

decades of climate variation and change, and thus would be inappropriate for 

use in predicting future changes in the climate or related policy decisions.  

Thus, in his opinion and ours, the models that produced the 101 predictions failed the Feynman 

test under the scientific method. They do not work, and bear no rational relationship to the reality 

they purport to represent. Thus, CMIP5 provides no reliable scientific evidence for "net zero" 

policies and the Court's opinion. 

Nor does the later version, CMIP6, pass this basic test of science. In the recent book, Unsettled, by 

one of us (Steven Koonin), the assertions of CMIP6 were carefully reviewed in the chapter, "Many 

Muddled Models. We all agree with the conclusions of that chapter: 

"One stunning problem is that . . . the later generation of [CMIP] models are actually more 

uncertain than the earlier one[s]. 

"The CMIP6 models that inform the IPCC's upcoming AR6 [Climate Change reports] don't 

perform any better than those of CMIP5.  

Representative examples of CMIP6's failure to use the scientific method are: 

 "An analysis of 267 simulations run by 29 different CMIP6 models created by 
19 modeling groups around the world shows that they do a very poor job [ l ] 
describing warming since 1950 and . . . [2] underestimate the rate of warming in 
the early twentieth century.  
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 "Comparisons among the [29] models [show] . . . model results differed 
dramatically both from each other and from observations ... [and] disagree wildly 
with each other.  

 "One particularly jarring failure is that the simulated global average surface 
temperature . . . varies among models . three times greater than the observed 
value of the twentieth century warming they're purporting to describe and 
explain.  

 As to the early twentieth century warming when C02 levels only increased from 
300 to 310 ppm, "strong warming [was] observed from 1910 to 1940. On 
average, the models give a warming rate over that period of about half what was 

 

23 Id. at 13 (emphasis added). 

24 STEVEN KOONIN, UNSEITLED (2021 ). 

25 Id. at 87, 90 (emphasis added). 

26 Id. at 90. 27 [d. 

28 Id. at 87. 

actually observed. That the models can't reproduce the past is the big red flag — 

it erodes confidence in their projections of future climate.  

Thus, the CMIP6 models also fail the fundamental test of the scientific method: they do not work, 

and thus do not provide reliable scientific evidence for the Court's opinion. These models would 

never be used in science. For this reason alone, there is no risk C02 and fossil fuels will cause 

catastrophic global warming. 

C. 600 Million Years of C02 and Temperature Data Contradict the Theory That High 

Levels of C02 Will Cause Catastrophic Global Warming. 

The chart below shows 600 million years of C02 levels and temperature data. 30 It usually shows 

an inverse relationship between C02 and climate temperatures during much of Earth's history over 

the last 600 million years. 

The higher levels of C02 correlate with lower temperatures and vice versa. Although the data are 

based on various proxies, with the attendant uncertainties, they are good enough to demolish the 

argument that atmospheric C02 concentrations control Earth's climate and the theory that fossil 

fuels and C02 will cause catastrophic global warming. They will not. 

The blue line shows C02 levels. 

The red line shows temperature. 

Specifically, the chart shows: 

• When C02 was at a record high at about 7,000 ppm, temperatures were at a near-record 
low. 

• C02 levels were low when temperatures were at the highest they have ever been, about 
60 million years ago. 
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• C02 levels have been relatively low for the last 300 million years and have been declining 
from 2,800 ppm to today's 420 ppm over the last 145 million years. 

 Temperatures have been higher than today over most of the 600 million years and life 

flourished (but not in the Ice Ages). 

 

29 Id. at 88, 95. 

30 Nasif Nahle, Geologic Global Climate Changes, BIOLOGY CABINET J. 
(Mar. 2007). 

Geological Timescale: Concentration cf C02 and Temperature fluctuations 
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Thus, C02 concentrations and temperatures are usually inversely related over 600 million years. 

For hundreds of millions of years, temperatures were low when C02 levels were high, and 

temperatures were high when C02 levels were low. 
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At the same time, no scientist familiar with radiation transfer denies that more carbon dioxide is 

likely to cause only small and benign warming. In fact, history shows that warmings of a few 

degrees Celsius -- which extended growing seasons -- have been good for humanity. The golden 

age of classical Roman civilization occurred during a warm period as did the first great 

civilizations during the Bronze Age in the Minoan Warm Period. 

Thus, applying the scientific method to the 600 million years of omitted and not considered data 

contradicts the theory that fossil fuels and C02 will cause catastrophic global warming. The theory 

does not agree with the facts, and the scientific method requires the theory to be rejected. For this 

reason alone, there is no risk C02 and fossil fuels will cause catastrophic global warming and no 

scientific support for the Court's opinion. 

D. Atmospheric C02 Is Now "Heavily Saturated," Which in Physics Means More 

C02 Will Have Little Warming Effect. 

All of us have special expertise in radiation transfer, the prime mover of the greenhouse effect in 

Earth's atmosphere. Radiation physics explains the effect of adding C02 to the atmosphere. 

C02 becomes a less effective greenhouse gas at higher concentrations because of what in physics 

is called "saturation." Each additional increase of C02 in the atmosphere causes a smaller and 

smaller change in "radiative forcing," or in temperature. The saturation effect is shown in the chart 

below.8 

Figure 1-3: Less global warming for each additional 50 partsper-
million-by-volume of C02 concentration 

1.2 

Today 11/23/17 406 

ppm 

0.8 

Gregory Wrightstone inconvenientfacts.xyz 

0.6 

0.4 

 

8 GREGORY WRIGHTSTONE, INCONVENIENT FACTS 7 (2017). 
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Moreover, saturation also explains why temperatures were not catastrophically high over the 

hundreds of millions of years when C02 levels were 10 to nearly 20 times higher than they are 

today, shown in the previous chart covering 600 million years. 

Thus, saturation means that from now on, C02 emissions from burning fossil fuels can have little 

impact on global warming. We could double atmospheric C02 to 840 ppm and have little warming 

effect. Since C02 at today's level is "saturated," for this reason alone there is no risk that the 

continued use of fossil fuels, and even a doubling of atmospheric C02, will cause "dangerous" 

climate change and catastrophic global warming. 

Nor is there any scientific basis for the United Nation and IPCC repeated warnings that carbon 

emission reductions are urgently necessary to avoid "dangerous" climate change. Our scientific 

opinion is that there is no urgency to act. 

Doubling C02 levels from today's 420 ppm to 840 ppm would take more than a century to happen. 

C02 concentrations grow about 2.5 ppm annually. See https://gml.noaa.gov/ccgg/trends/ In 100 

years, C02 would only increase 250 ppm. 

In conclusion, for saturation reasons alone, there is no risk C02 and fossil fuels will cause 

"dangerous" climate change and catastrophic global warming and thus there is no scientific 

support for the Court's opinion. 

E. The Theory Extreme Weather is Caused by Fossil Fuels and C02 is Contradicted 

by Observations and Thus is Scientifically Invalid 

The first five chapters of Unsettled review the application of the scientific method to 

analyzing extreme weather, including heat waves, hurricanes, sea level rise, wildfires, floods, 

droughts and precipitation shifts. We all agree with the following conclusions: 

"Observations extending back over a century indicate that most types of extreme 

weather events don't show anv significant change — and some such events have 

actually. become less common or severe — even as human influences on the climate 

grow." 

"The bottom line is that the science says that most extreme weather events show no 

long term trends that can be attributed to human influence on the climate." Id. pp. 97, 

99 (emphasis added). 9 

 

9 Reaffirmed by IPCC, Climate Change 2021: The Physical Science Basis, AR6, 

Table 12.12 
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Heat Waves. On extreme temperatures in the U.S., we all agree: "The annual number ofhigh 

temperature records set shows no significant trend over the past century, nor over the past 40 

years. " Koonin, supra, p. 110. 

The U.S. Environmental Protection Agency confirms this in the graph below, which uses an index 

of heat waves from 1890 to 2020 that shows there is nothing out of the ordinary about recent 

heatwaves relative to the 130 years and shows the hottest temperatures were during the Dust Bowl 

in the U.S in the 1930s, not recently. 10 
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Similarly, below is a chart that Dr. John Christy prepared showing the number of days of daily 

maximum temperatures above 1000 F and 1 05 0 from 1895 to 2015. Days with temperatures of at 

least 105 0 F peaked in the 1920s and 1930s. 11 

Average per station (1114 USHCN Stations) 1895-2017 

Number of days daily Maximum temperature above 1000 F and 1050F 

 

10 EPA, U.S. Annual Heat Wave Index 1895-2015 (2016), fig. 3, 

https://www.epa.gov/climate-indicators/climate-change-indicators-heat-waves. 
11 US Extreme High Temperatures Chart, DR. ROY SPENCER, US-extreme-

hightemperatures- 1895-2017.jpg (drroyspencer.com) 
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The scientific method, focused on observations, shows that there is no risk of increased 

damage by high temperatures as a result of increasing atmospheric C02 from fossil fuels. 

High temperatures may continue to cause damage, but the resulting financial losses will have 

nothing to do with fossil fuels and increases in C02. 

Hurricanes. Chapter 6 of Unsettled deals with the assertion, "Storms are becoming more common 

and more intense and rising greenhouse gas emissions are going to make it all a lot worse." Id. p. I 

l l . 

A deep analysis of the facts reveals that "the data and research literature are starkly at odds with 

this message" "hurricanes and tornadoes show no changes attributable to human influences." Id. 

pp. 11 1-12. 

Further, "There has been no significant trend in the global number of tropical cyclones nor has any 

trend been identified in the number of U.S. land-falling hurricanes." U.S. Global Climate Research 

Program, 3 rd National Climate Assessment, Appendix 3, p. 769 (footnotes omitted). 

Sea Levels. "Sea Level Scares" is the subject of Chapter 8 in Unsettled. 

As background, the chapter summarizes the geological record of sea level. Over hundreds of 

thousands of years, the sea level has risen as much as 400 feet (120 meters), and fallen 400 

feet (120 meters). Since the Last Glacial Maximum 22,000 years ago, the sea level has risen 

400 feet (120 meters). Id. p. 151. 

Since 1 880, the sea level has risen 10 inches (250 mm), with the annual rate of increase 

varying substantially and averaging .07 inches (1.8 mm) per year. Between 1925-1940 and 

between 1993-2013 the average rate of increase was the same, .12 inches per year (3mm). Id. 

p. 154. 

Then Unsettled analyzes the rising sea level "scares" made by various organizations. 

For example, the "1PCC's 2019 Special Report on the Ocean and Cryosphere in a Changing 

Climate Report (SROCC) expresses high confidence that the satellite data from 1993 to 2015 

shows an acceleration (that is, the rate of rise is increasing)." Koonin, supra, p. 156 (emphasis 

added). 

20 
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What about longer periods of time than just 1993-2015? Unsettled explains: 

"The rate of rise over the most recent twenty-five-years should be compared to that 

other twenty-five-year period [also .12 inches/year (3 mm)] to understand just how 

significant the recent rate is." Id. p. 158. 

The IPCC unscientifically cherry-picked the sea level increase between 1993—2013, but totally 

ignored the same increase 1925-1940. 

Thus we all agree with the statement in Unsettled: 

"[Many] assessments discussions of sea level rise omit important details that weaken 

the case for the rate of rise in recent decades being outside the scope of historical 

variability and, hence, for attribution to human influences. There is little doubt that by 

contributing to warming we have contributed to sea level rise, but there is also scant 

evidence that this contribution has been or will be significant, much less disastrous." 

Id. p. 165 (emphasis added). 

The scientific method shows that there is no risk of increased damage from rising sea levels 

because of increasing atmospheric C02 from fossil fuels. Sea levels may rise and cause 

damage, but the resulting increased financial losses will have nothing to do with fossil fuels 

and increases in C02. 

Wildfires. There is a powerful new source of data on wildfires, "Sophisticated satellite 

sensors first began monitoring wildfires globally in 1993." Id. p. 142. 

The result of this new source of data is totally contrary to what is in the news. Unsettled 

cites NASA data and others that show the global area burned by fires declined each year from 

1998 to 2015: 

"Unexpectedly, this analysis of the images shows that the area burned annually 

declined by about 25% from 1998 to 2015." Further, "Despite the very destructive 

wildfires in 2020, that year was among the least active globally since 2003." Id. p. 

142. 

We all agree with the statement in Unsettled that this should change "the conversation about 

wildfires [from] only one of unavoidable doom due to 'climate change,"' to a conversation about 

how "to take steps that would more directly curtail these catastrophes" as "we have significant 

power to address . . . human factors." Id. P. 144. 

In summary, the scientific method shows that there is no risk of increased damage by 

wildfires because of increasing atmospheric C02 from fossil fuels. Wildfires will cause 

damage, but the resulting increased financial losses will have nothing to do with fossil fuels 

and increases in C02  

Flooding, Droughts and Other Precipitation Perils. Chapter 7 of Unsettled, 

"Precipitation Perils — From Floods to Fires," deals with various weather events related to 

precipitation. 

Flooding: US data shows "modest changes in US rainfall during the past century haven't 

changed the average incidence of floods." 

Globally, data from the IPCC shows that there is "low confidence regarding the sign of trend 

in the magnitude and/or frequency of floods on a global scale." 
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We all agree with the summary in Unsettled: "we don't know whether floods globally are 

increasing, decreasing, or doing nothing at all." Id. p. 137. 

Thus, the scientific method shows that there is no risk of increased damage by flooding 

because of increasing atmospheric C02 from fossil fuels. Flooding will cause damage, but the 

resulting increased financial losses will have nothing to do with fossil fuels and increases in 

C02. 

Droughts. Unsettled cites data in the US from 1895 to 2015 on the severity of droughts and 

finds "it's difficult to see much long-term change." Id. p. 138. 

Globally, the IPCC data showing "pretty much the same thing for the globe as a whole, 

expressing... 'Low confidence in a global-scale trend in drought or dryness since the middle of 

the twentieth century," and also noting "the current impact of human influences seems weak 

in comparison with natural variability." Id. p. 140. 

Droughts have been more severe and longer lasting in the past, citing data from both the 

IPCC and a 2009 National Climate Assessment. According to the IPCC in 2014: "There is 

high confidence for droughts during the last millennium of greater magnitude and longer 

duration than those observed since the beginning of the twentieth century in many regions." 

And the U.S. Global Research Program's National Climate Assessment in 2009 "data reveal 

that some droughts in the past have been more severe and longer lasting than any experienced 

in the last 100 years." Koonin, supra, p. 140. 

In summary, the scientific method shows that there is no risk of increased damage 

by droughts because of increasing atmospheric C02 from fossil fuels. Droughts will 

cause damage, but the resulting increased financial losses will have nothing to do with 

fossil fuels and increases in C02. 

Climate-Related Deaths, Agricultural and Economic Disasters. Chapter 9 of Unsettled, 

"Apocalypses that Ain't," scientifically analyzes the facts regarding three other theories about 

extreme weather. 

"One is 'climate-related deaths,' a menace based on speculation, strained assumptions 

and incorrect use of data. The second is a future agricultural 'disaster' that is belied by the 

evidence and requires acrobatic distortions to even detect. And the third is purportedly 

enormous economic costs — which turns out, even based on the data presented, to be 

minimal, if not too small to measure." Id. p. 167. 

Thus, none of the three theories are supported by the facts. The scientific method 

proves there is no risk of increased damage by any of these three theories as a result of 

increasing atmospheric C02 from fossil fuels. 

Extreme Weather Events Conclusion. The enormously important good news from 

Unsettled, admittedly contrary to conventional government and media wisdom, is that using 

the rigorously applied the scientific method to assess numerous extreme weather theories 

shows that there are no climate-related financial risks caused by fossil fuels and C02 that 

justify regulatory or court action. 

We all agree with the summary statement, "science says that most extreme weather events 

show no long-term trends that can be attributed human influence on the climate." Id. 

p. 99. 

CONCLUSIONS 
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In our scientific opinion as career scientists, there is no scientific basis for the findings and 

assumptions made by the District Court of The Hague in the Climate Case that: 

l) a "net zero" reduction of fossil fuels and C02 is necessary to prevent any "dangerous" 

climate change. 

2) the IPCC reports represent the state of climate science, 

3) the IPCC CMIP models provide reliable projections of future states of the climate, and 

4) fossil fuels and related C02 emissions cause more frequent and more intense extreme 
weather and "dangerous" climate change, 

Moreover, contrary to what is commonly reported, C02 is essential to life on earth. Without C02, 

there would be no plant food and thus no human or animal life. "Net zeroing" C02 will reduce the 

amount of food available for the poor and people worldwide, without fossil fuels there will be no 

nitrogen fertilizer and thus mass starvation, and no low-cost energy worldwide. 

A summary of our conclusions: 

— There will be disastrous consequences for the poor, people worldwide, future 

generations and the West if fossil fuels and C02 emissions were reduced to "net zero," 

including mass starvation and loss of reliable and inexpensive energy. 

— Further, this action will undermine human rights with which the Climate Case is 

concerned, and cripple the realization of the first three UN sustainable development 

goals (SDGs) -- no poverty, zero hunger, and good health and wellbeing.12 

— The IPCC is government controlled, and thus provides government opinions, not 

science. Thus the IPCC provides no scientific basis for the Court's opinion. 

— Science demonstrates fossil fuels and C02 will not cause "dangerous" climate change 

and extreme weather. 

Respectfully submitted, 

 Steven Koonin

   

 

12 UN SDGs, https://sdgs.un.org/goals 

William  Happe 

Richard  Lindzen 
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New Study Human Emissions 'Irrelevant' In Determining Changes In Atmospheric 
C02 Since 1959 
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Sce OPEN ACCESS 

Multivariate Analysis Rejects the Theory of Iluman-caused 

Atmospheric Carbon Dioxide Increase: 

The Sea Surface Temperature Rules 

Dai Ato 

Independent researcher. Osaka. Japan 

 

Abstract 

The impact of certain factors on the changes in atmospheric carbon dioxide (C02) 
concentrations has yet to be elucidated. In particular, the itnpacts of sea surface tenlperature 
(SST) on the balance of C02 emissions and absorption in the atmosphere and the human use of 
fossil fuels haxe not been rigorously compared. In this study, the impact of each factor was 
examined using multivariate analysis. Publicly available data from prominent climate research 
and energy-related organizations u.•re used. Multiple linear regression analysis perfonned 
using the annual changes in atmospheric C02 levels for each year as the objective sariable. The 
SST and human emissions for 

By Kenneth Richard on 2. September 2024 

"The main factor governing the annual increase in atmospheric C02 concentration is the SST 
[sea surface temperature] rather than human emissions." — Ato, 2024 

Another day, another new scientific paper has been published reporting efforts to curb 
anthropogenic C02 emissions are "meaningless." 
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In this study multiple linear regression analysis was performed comparing SST versus 
anthropogenic C02 emissions as explanatory factors and the annual changes in atmospheric 
C02 as the objective variable over the period 1959-2022. 

The model using the SSTs (NASA, NOAA, UAH) best explained the annual C02 change 
(regression coefficient B = 2.406, P = <0.0002), whereas human emissions were not shown 
to be an explanatory factor at all in annual C02 changes (regression coefficient B = 0.0027, P 
= 0.863). 

Most impressively, the predicted atmospheric C02 concentration using the regression 
equation derived from 1960-2022 SSTs had an extremely high correlation coefficient of r = 
0.9995. 

Thus, not only is the paradigm that says humans drive atmospheric C02 changes wrong, but 
"the theory that global warming and climate change are caused by human-emitted C02 is also 
wrong." 

"SST has been the determinant of the annual changes in atmospheric C02 concentrations and [..J 

anthropogenic emissions have been irrelevant in this process, by head-to-head comparison." 
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Multivariate Analysis Rejects the 

Theory of Human-caused 

Atmospheric Carbon Dioxide Increase: The Sea Surface Temperature Rules 

 
To the best of our knowledge. this is the tirst use of multiple regression analysis to 

demonstrate that SST has been the detemunant of the annual changes in atmosphenc C02 

concentrations and that anthropogenic emissions have been irrelevant in this process. by 

head-to-head comparisom Furthermore. this study supports existing studies on the strong 

correlation between preceding global temperature changes and changes m atmosphenc CO: 

concentrauons (Harde. 1281. Kout. soyaannis et al. [291. Salby et al. (30). Stall•nga et al. 

(311). Those results of this study are reason. able considering the total amount of CO' cycling 

on Earth. The annual CO: cycle includes 330 gtgatons trom oceanic sources, 440 gigatons 

from terrestnal sources. and 37 gigatons from human enussions. Including recent years 

(NASA. 1 171. LEA, ( I The enutted by all the sources IS used tn photosynthesis and by the 

animals, both terrestnal and manne. that benefit from it. Fur. thermore. there has been a recent 

research reporung particularly of thennally unduced C02 emussions from soil respiration in 

the tropical areas ISaIby et al. 13011. If the increase in atmospheric CO: were entirely caused 

by mankind. it would have been reflected in the multiple regression analysis. by cancelltng 

the effect of SST (e.g. B = 0.0613. P 0.05 for OVID emissions, non. significant for HAD-

SST. that tlwse values are obtained by univanate analysts.  

Figure Ha) illustrates this phenomenon. In 1992. the year of the global cold snap caused by 

the Pinatubo eruption. the atmosphenc C02 concentration ancreased 0.49 ppm. If all the 

human emassions of the year had stayed in the atmosphere. they would have risen by 

approximately 3 ppm. In contrast. in 1998 and 2016. when El Nino warrru•d world. the 

concentration increased 2.97 and ppm. respectively. showing a six-fold difference ( 3 divided 

by 0.5=6). Additionally. the enussjons •n these years were 23.4, 25.3, and 36.2 g•gatons (IEA. 

1181). respectively. Human emisstons tn 1992 and 1998 by only Moreover. the enussjons 

2016 were only I .56 tunes higher 36.2 divided by 23.4). These data suggest that the Inam 

factor governing the annual increase in atmosphenc CO: concentration js the SST rather than 

human enussjons. as confirmed by the results 01 the multiple linear regresston analysis in 

this study. The results 01 this study are also consistent from a perspective of carbon isotope 

that the Increase in the atmosphenc C02 is onginated from the ocean- As Spencer 133) 

pointed out in 2009. the I 'c concentration jn the crean IS lower than the atmosphere. 

 
Fignre I Comparison betwee"  increase in atmospheric CO. concentration and 

'a) SST. anthropogenjc CO, emissions 

Image Source: Ato 2024 

Step 6: Table 3 shows the results Of the multiple regression analysis or the data from 19.49. 

Similar to the ab0'V results. both S.ST data sources uere tndcpendent determinants of the 

annual incrcasc in C02 but emissions were not. Furthermore. the explanatory power of the 

regression models exceeded that 01 the models from the UAII-.SSI and ILA data aner | 979. 

Both SST data sources produced similar results. including the explanatory power of the 

models. Ilowe•.er. in terms of R'. GISS-SST slightly ennpcrformcd JIAO-SST (model R'z 

O.663. 

Table A. Multiple linear regression analysis for annual CO' increase as objective variable aner 10.40. 

R' • O'SS9 8 

4e.64 

3+92 

 

 
All the results of the multiple linear regression analysis in this study could only bc wrong if 

all the data in each SSI dataset. if all the CO' measurements from Hawaii. or all of are 

coincidentally similarly fatally wrong. 

Conclusions 

The global SST has been the main determinant of annual increases in atmospheric CO' 

concen• trations since 1959. NO human impact was observed, This result indicates that 

human efforts to curb CO' emissions have been. at least in past. meaningless. Moreoser. the 

theory that modern global warming and climate change are caused by human•cmitted CO' is 

also wrong. irrelevantly to the credibility or the story that modern warming and climate 

change are occumng more dramatically than those in the past. 

This is not the first study to have addressed this lack of correlation between annual changes 
in atmospheric C02 and anthropogenic C02 emissions. 

Wang et al. (2013) assessed that C02 emissions derived from human activity (fossil fuel 
combustion and land use changes) only account for about +0.1 to 0.3 PgC/yr of the annual 
change in C02 concentration. This is about "10% of the variance (02 ) of the C02 growth 
rate." 

Variations in atmospheric C02 growth rates coupled 
with tropical temperature 

Welle Wang. Philippe Cicms. Ramakrishna R Nemam. Josep G Canadefl. Shilong Ptao. 

Stephen Sitch. Michael A White. Hirofumi Hashimoto, Cristina Milest. and Ranga B Mynem 

 PNAS August 6. 2013 110 (32) 13061-13066. https  org 10.1073 pnas 1219683110 

sce 

Proceedings of the 

PNAS National Aca demy of Sciences 

of the United States of America 

the  predicted  measurements 
for  each  SST  were  as  follows: 

0.9997.r€  7e.99 
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Global C02 fluxes trotn land-use changes and fossil fuel etnlsstons have relative;y srnall 

Interannual variability (o = 0 1-0 3 PgC,y) (18). accounting for of the variance (0 2 ) of the C02 

growth rate (o = 1 0 Pgc;y. Fig. 1). 

Here 'eve show a strong anu persistent coupling (r 0 50) betaeen 

variations of the C02 growth rate and tropical lanc -surface a T ter:perature 1959 to 2011 . With 

a 1 o c tropical temperature anomaly leading to a 3 5 ± 0 6 Petagrams of carbon per year (PgC/y) 

C02 growth-rate anomaly on average Analysis ot simulation results trom Dynamic Global 

Vegetation Models suggests that this temperature-C02 coupling IS contributed manly by the 

additive responses of heterotrophic respiration (Rh) and net prtrnary productton (NPP) to 

temperature vanatons tn tropical ecosystems 

Image Source: Wang et al., 2013 

Jones and Cox (2005) have pointed out that the changes associated with annual fossil fuel emissions 

are unlikely to explain C02 growth rate anomalies. 

"...it is unlikely that these anomalies can be explained by an abrupt increase in anthropogenic 
emissions, as the anomalies are much larger than annual increases in fossil fuel emissions." 

(5) A number of studies have shown previous anomalies In the CO: growth rate to be 
correlated With El emissions (see, e g. Kffftngg-gL.-1295; JQne.1-etgL.RQQX Zengßt-aLAQQå; 
Knorr e; gl4 Zü). The opposite happens dunng the La phase leading to anomalously low C02 

3 growth rates. 

(14) We have shown that the 2003 AC02 was anomalously large given the Size of the preceding El Ntrho. and that 2002 was larger than 
expected but not significantly so. It ts 1 unlikely that these anomalies can be explained by an abrupt Increase in anthropogenic emtsstons. 
as the anomalies are much larger than annual Increases In fossil fuel emissions 

_l Most jnterannuai variability cn the C02 growth 
rate vs attributable to vanauons In land. atmosphere CO: exchange With climate (e.g.. associated With ENSO or volcanic 
perturbations). and the same ts tikety to be true for 2002 and 2003. 19601900 190 

Image Source: Jones and Cox 2005 

 c Nin03 in&x 

  

the El Nino-Southern Oscillation (ENSO). Durtng the  phase of 
ENSO large-areas of tropical land become dryer and warmer. leading to a net emission 
of C02 from the land to the atmosphere which amplifies the CO: growth rate due to 
anthropogentc 

1970 weo 1990 
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Dr. Jari Ahlbeck (2009) also assessed the correlation between fossil fuel emissions and the increase 

in C02 growth rates is "clearly statistically insignificant." He therefore excluded this factor from 

consideration in his analysis of the mechanisms of C02 variability. 

A chart included in the body of the paper reveals 5-year periods where there was either a decline in 

the annual C02 emissions trend (5.33, 5.17, 5.13, 5.11, 5.29 GtC/yr for 1980-1984) or a flattened 

trend (6.40, 6.53, 6.63, 6.59, 6.57 Gtc/yr for 1995-1999). 

SSAGE journals 

On the Increased Rate of Atmospheric Carbon Dioxide Accumulation 1980— using two-dimensional regression analysis, the increase rate could not be explained 
2008 

Or Jad R  

First Publist•.ed November t. 2009 Research  

1260095830509789876772 in%yrnatjon  a  

l. Data 10—200'.  
SIAVISTWAI. MODEL g%bal  .MSC  

im•rea« rate or cart»n  

b'  

•ran 
 Tt.•  data  the  I. 

 •O:  a 'tne••  of 1. and  to: lio 

0110 
-01 to 

0088 
tin• 

Image Source: Ahlbeck 2009 

by the ernissions because tetnperature was the dominating paratneter that 

controlled the increase rate. The fraction of the emissions that remained in 

the atmosphere—or the airborne fraction—decreased significantly despite 

global warming. 
 CHECK OF THE  OF ourrrr€c; THE ANTHROPOGENIC 
 E.MtSS10N  THE 
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Even an analysis detailed in the Carbon Brief blog from a few years ago suggests "global C02 

emissions have been flat — if not slightly declining u— over the past 10 years." This obviously does 

not support the conclusion that an increase in the C02 growth rate has been driven by flat to declining 

human emissions. 

 

The new updates to global C02 enlissions in the GCP substantially revise scientists' 

understanding of global etnissions trajectories over the past decade. The new data 

sli0\vs that global etnissions have been flat if not slightly declining - over the past 10 

years. 

 Recent global C02 enus>101is reused notablv  anl 

 

co 

 Annual total 910bal C02 ernissions f'  fossil and land,  Chanqe betv.een 2000 and 2021 

 Data t! orn the cha't by Carbon Blief using references to GCÜ 2020 estimates removed 

Image Source: Carbon Brief 

An additional side note found in the Ato paper addresses the lack of a link between human methane 
emissions and atmospheric methane growth rates. 

Although human methane emissions have risen dramatically in recent decades, "atmospheric 
methane concentrations have declined since the 21st century." 

"...naturalfluctuations are far more powerful than human emissions in terms of the influence on 
atmospheric methane levels." 

Science e/ Cltma/e Change 

Multivariatc Analysis Rejecte the Theory of Human-caused 

Atmospheric Carbon Dioxide Increase: The Sea Surface Temperature Rules 
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Annual Global Increase of CH4 

 

 1985 1990 1995 2000 2005 2010 2015 2020 

Year 

Figure 6. Recent a"no.spher'c• concentration ofmethane. Iinmge taken from ,VO.4.4  

The results of this study also indicate that recent concentrations and increases in aunospheric C02 

are not abnormally high as they are natural phenolnena. The reasons why tnodern C02 

concentrations have been said to be abnorrnally high (or the highest in one rnillion years) are as 

follows: The aunospheric C02 concentration reconstructed using ice cores was approximately 280 

ppm at the titne of the Industrial Revolution. and the subsequent rise in ('()2 levels chronologically 

coincided with an increase in human activity. Ilowever, this theory has sotne fundatnental 

lilhitations. As tnentioned in the Introduction, reasonable argutnents exist against the theory that 

tnodern ('()2 concentrations are abnorrnally high. Jaworowski pointed out [ 10. I I I that ice core 

reconstructions of C02 concentrations were underestimated by 30 50%. Phenornena that support 

the argutnent by Jaworowski on the ice core Inethod have been observed in the attnosphere. even 

in recent years. Although hutnanity is releasing vast arnounts of tnethane. aunospheric Inethane 

concentrations have declined twice since the 21st century (Figure 6) [34]). If all hutnan emissions 

of jnethane retnain in the atrnosphere. they would have to rise by Inore than 1 15 ppb per year in 

the 21st century and beyond (hurnan emissions more than 0.3 gigatons (NASA, 1351). Ippb 

0.0026 gigatons). This indicates that natural fluctuations are far tnore powerful than hutnan 

etnissions in terms of the influence on aunospheric methane levels. 

Image Source: Ato 2024 

So we not only have a lack of correlation between human emissions and annual variations in 

atmospheric C02 (and CH4), we even have flat to declining trends in annual anthropogenic C02 (and 

CH4) emissions in recent decades — the opposite explanatory directionality. 

Posted in C02 and GHG Emissions Natural Variability | 1 Response 
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Abstract: The scientific and wider interest in the relationship between atmospheric 

temperature (T) and concentration of carbon dioxide ([C021) has been enormous. 

According to the commonly assumed causality link, increased [C02] causes a rise in T. 

However, recent developments cast doubts on this assumption by showing that this 

relationship is of the hen-or-egg type, or even unidirectional but opposite in direction to 

the commonly assumed one. These developments include an advanced theoretical 

framework for testing causality based on the stochastic evaluation of a potentially 

causal link between two processes via the notion of the impulse response function. 

Using, on the one hand, this framework and further expanding it and, on the other 

hand, the longest available modern time series of globally averaged T and [C02], we 

shed light on the potential causality between these two processes. All evidence 

resulting from the analyses suggests a unidirectional, potentially causal link with T as 

the cause and [C02] as the effect. That link is not represented in climate models, 

whose outputs are also examined using the same framework, resulting in a link 

opposite the one found when the real measurements are used. 

Keywords: causality; causal systems; stochastics; impulse response function; 

geophysics; hydrology; climate 

 

Science is generated by and devoted tofree inquiry: the idea that any 

hypothesis, no matter how strange, deserves to be considered on its merits. 

The suppression of unconlfortable ideas may be common in religion and 

politics, but it is not the path to knowledge; it has no place in the endeavor of 

science. We do not know in advance who will discover fundamental new insights. 

Carl Sagan [l ] 

1. Introduction 

A recent (2020) study 12] examining data from measurements of temperature 
(T) and atmospheric concentration of carbon dioxide ([C02]) challenged the 
conventional, and well established, wisdom that increased [C02] causes an 
increase in temperature. The study examined whether the commonly assumed 
causal chain is supported by data or, alternatively, whether a hen-or-egg 
(HOE) causal relationship is more plausible. The phrase "hen or egg" 
(originally in Greek, (b0v) was first used in a philosophical context by Plutarch 
[3] to describe situations in which it is not clear which of two interrelated 
events or processes is the cause and which the effect. 

The study examined a case where the causal link is not between two events 
but between two processes, represented as stochastic processes. Denoting 
these processes as 
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x(t) and y(t) (where we follow the Dutch notational convention of underlining 

stochastic variables), in a typical causal system, denoted as x —+ y, earlier 

realizations of x(t) affect the current realization of y(t). In an HOE causal system, 
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earlier realizations of x(t) affect the current realization of y(tj, but also earlier 

realizations of y(t) affect the current realization of x(t). 

In terms of its applications, the study used global temperature data from satellites 

(University of Alabama in Huntsville—UAH) and ground-based (CRUTEM.4.6.0.0 

global T 2 m land temperature) and [C02] data at several sites (Mauna Loa, HI, USA; 

Barrow, AK, USA; South Pole; global average) with monthly time steps for the period 

1980—2019. An innovative element of this study was that it explained the reasons 

why using the original T and [C02] data series yielded spurious results, and it 

proposed using the changes (differences in time) thereof instead. We note that 

differencing is of very common use in economics literature (e.g., [4,5]). In particular, 

for the [C02] it proposed taking the logarithm before differencing (something 

resembling techniques used in economics [31) and thus the time series that were 

correlated were AT and Aln[C02], where the differences are taken over 12 months. By 

studying lagged correlations of the two, the study asserted that, while both causality 

directions exist, the results support the hypothesis that the dominant direction is T 

C02. Changes in [C02] follow changes in T by about six months on a monthly scale or 

about one year on an annual scale. In turn, the study attempted to interpret this 

mechanism by referring to biochemical reactions, since at higher temperatures soil 

respiration, and hence C02 emission, increases. 

In a subsequent (2022) two-paper study, Koutsoyiannis et al. [6,7] developed a more 

complete theoretical framework by revisiting causality over the entire knowledge tree, 

from philosophy to science and to scientific and technological application. By 

reviewing various approaches to causality, the study located several problems in 

identifying causal links. Hence, the study developed the theoretical background of a 

stochastic approach to causality, with the objective of formulating necessary 

conditions that are operationally useful in identifying or falsifying causality claims. It 

also developed an effective algorithm applicable to large-scale open systems, which 

are neither controllable nor repeatable. The proposed framework was illustrated and 

showcased in a number of case studies, some of which were controlled synthetic 

examples and others real-world ones arising from interesting scientific problems in 

geophysics and, in particular, hydrology and climatology. The relationship of globally 

averaged temperature with [C02] concentration (again in terms of differences AT and 

Aln[C02] over 12 months) was included in the thirty case studies presented. In brief, 

the related analyses pointed to the following (quoting from [7]): 

Clearly, the results [. . .1 suggest a (mono-directional) potentially causal system 

with T as the cause and [C02] as the effect. Hence the common perception that 

increasing [C02] causes increased T can be excluded as it violates the necessary 

condition for this causality direction. 

. ] in other words, it is the increase of temperature that caused increased C02 

concentration. Though this conclusion may sound counterintuitive at first glance, 

because it contradicts common perception [. . . l, in fact it is reasonable. The 

temperature increase began at the end of the Little Ice Period, in the early 

nineteenth century, when hunlan C02 emissions were negligible [. . . l. 

However, the scope of that study [6,71 was to formulate a general methodology for 

the detection of causality—in particular, necessary conditions thereof—rather than to 

study a specific system in detail. Therefore, no detailed modeling was made in the 

case studies, including the hydrological and climatic applications. However, given the 

enormous interest in the T-[C02] relationship, here we will go deeper into this. 
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Specifically, this paper, after summarizing the methodology (Section 2) and the data 

used (Section 3), focuses on the latter relationship with the following objectives: 
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1. To expand the time frame of the investigation backward and forward by exploiting 
the longest available data series (Section 4). 

2. To check whether seasonality, as reflected in different phases of [C021 time series 
at different latitudes, plays any role that could modify or possibly reverse the 
detected causality relationship (Section 5). 

3. To propose and apply a method for investigating the effect of the timescale in 
causality detection (Section 6). 

4. To extend the methodology for disambiguating cases in which the type of causality, 
HOE or unidirectional, is not quite clear (Section 7). 

5. To exploit the methodology in defining a type of data analysis that, regardless of 
the detection of causality per se, could shed light on modeling performance by 
comparing observational data with model results (Section S). 

6. To discuss possible extensions of the scope of the methodology, i.e., from detecting 
possible causality to building a more detailed model of stochastic type (Section 9). 

7. To provide logical support for the findings by revisiting the carbon balance in the 
atmosphere (Appendix AA ) and investigating additional processes that may have 
caused increases in temperature (Appendices A.2—A.4). 

2. Summary of the Stochastic Approach to Causality 

The methodology in [6,71 is based on the impulse response function (IRF) between 

two processes x(t), y(t), denoted as g(h) where h denotes time lag, based on the 

convolution 

 — h)dh +e(t) (1) 

where L'(t) is another stochastic process representing the part that is not explained by the causal link. 

To see that the function g(h) is the impulse response function (IRF) of the system (x(t), y(t)), we set 

e(t) 0 and x(t) — 6(t) (the Dirac delta function, representing an impulse ofinfinite amplitude at t 0 and 

attaining the value of 0 for t 0), and we readily get y(t) g(t). 

On the other hand, if we set g(h) — b — ho) (with constant b and ho), which means that the IRF is 

zero for every lag except for the specific lag ho, then Equation (1) becomes -— bx(t — ho) + e(t). 

This special case is equivalent to simply correlating y(t) with — ho) at any time instance t. It is 

easy to find (cf. linear regression) that in this case the multiplicative constant b is the correlation 

coefficient of y(t) and — ho) multiplied by the ratio of the standard deviations of the two processesjln 

general, however, we expect that the actual g(h) is not a Dirac delta function but a continuous one 

over some domain. Thus, the IRF is a much more powerful tool than correlation as it integrates the 

correlations in the entire spectrum of lags. 

For any two processes x(t) and y(t), Equation (1) has infinitely many solutions in terms of the 

function g(h) and the process@(t). An obvious and trivial one is g(h) 0, y(t) ¯ u(t). The sought 

solution is the one that corresponds to the minimum variance of called the least-squares solution. 

Equivalently, this solution maximizes the explained variance ratio: 

 — 1 (2) 

where '7 t, and '7 denote the variances of the processes u(t) and y(t), respectively. (This is similar as in 

the correlation at a single time lag.) If the attained maximum e is close to zero, this will mean that the 

two processes are uncorrelated and thus no causality condition can exist between them (a non-causal 

system). 
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Otherwise, we may assume, without loss of generality, that processes x(t) and y(t) are positively 

correlated (i.e., an increase in x(t) would result in an increase in In the opposite case (if the processes 

are negatively correlated), by multiplying one of the two series by —1 we make the correlation 

positive. Therefore, we impose a nonnegativity constraint for the sought IRF, 

 g( h ) 20 (3) 

In the estimation of IRF, we may also impose a roughness constraint, 

(4) 

where E is the roughness of the IRF determined in terms of the second derivative of g(h): 

 E :  (5) 

Further justification for the two constraints is provided in [6]. 

In applications, the continuous time representation is replaced by a discrete time one, the IRF 
becomes a sequence of values gj, where j denotes the time lag, the infinite range of the time lag h 
becomes a finite window of time lag j, specified in the interval [—J, J], the integrals are replaced by 
sums, and the true values of statistics are replaced by estimates. Furthermore, the roughness E is 
standardized as 

 E .  (6) 

where € ranges in (0, 1) for nonnegative gj. The determination of the IRF ordinates gj is thus 

formulated as a constrained optimization problem, whose numerical solution is always possible, 

simple and fast, and can be attained even by commonly available solvers, e.g., in commercial or open 

source spreadsheet software. 

We note that in applications, each of the directions x —Y y and y —i x is investigated separately, as 

there is no symmetry (or antisymmetry) in the produced IRFs in the two directions. When we refer to 

direction y —+ x we mean that we interchange the time series x and y and still estimate the IRF in the 

same way, as described in our equations in which the direction x y is assumed. 

In applications investigating causality, we start by assuming a potentially hen-or-egg (HOE) causal 

model with a fixed number of weights gj, j — J, where in most of the cases studied in [71 

the value J 20 was adopted, and this is also followed here. Depending on the results of the estimation 

procedure, if e is non-negligible, the system is deemed: 

• Potentially HOE causal if we have gj > 0 for both some positive and some negative lags j, 

• Potentially causal if gj 0 for all j < 0, and 

• Potentially anticausal if gj 0 for all j > 0 

Note that anticausal means that the actual causality direction is opposite to that assumed. These three 

cases are graphically illustrated in Figure l. The adverb "potentially" in the above characterizations 

highlights the fact that the conditions tested provide necessary but not sufficient conditions for 

causality. 

In a potentially causal (or anticausal) system, the time order is explicitly reflected in the above 

characterizations. In a potentially HOE causal system, the time order needs to be clarified by defining 

the principal direction. The most natural indices for this are: (a) the time lag lic maximizing the 
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absolute value of cross-covariance; (b) the mean (time average) of the function g(h); and (c) the 

median 111/2 of the function g(h). We note that hc, which was the basis in the original study 12], is 

completely independent from the g(h). The other two, and 111/2, depend on the g(h) that is 

determined. However, extensive analyses in [71 showed that their estimation is quite robust; for 

example, the use of the roughness 

 

111/2. In general, the characteristic lags and 111/2 do not differ substantially from each other, and any 

of them could be chosen for further use. Here we prefer to note both, as well as hc, as they all provide 

useful information about the relationship of the two processes (like in the case of using both mean and 

median in the characterization of the probability distribution of a single variable). 

 

Figure 1. Explanatory sketch for the definition of the different potential causality types. For each graph, the 

mean is also plotted with a dashed line. 

Needless to say, the literature offers a spectrum of alternative methods for estimating an IRF, using 

different tools such as auto- and cross-correlations functions (8,91, power spectra and cross-spectra 

based on the Fourier transform [101 or on a wavelet transform [l I l, as well as principal component 

analysis [l Pl. The method described above has some advantages over these alternatives, as it is a 

direct method that can work with time series of observations per se, rather than transformations 

thereof, being easily understandable and reproducible by any reader using simple computational 

means. Additionally, it is more reliable as it avoids using uncertain estimates of autocorrelation 

functions or their more uncertain transformations, such as the power spectrum, i.e., the Fourier 

transform of the autocorrelation function. Note that here we also used autocorrelation, but only to 

validate and confirm our results—not in the estimation procedure. 

Additionally, as detailed in [61, our method differs conceptually and computationally from the so-

called "Granger causality" [13,141 (a misnomer, as the method does not infer causality but prediction) 

and more recently reformulated in the study of Moraffah et al. [1 51, which also discusses other 

Time  lag 
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similar methods. Finally, our method has substantial differences from a framework proposed by Pearl 

and collaborators [16—18] as again discussed in detail in [61. 

3. Data and Case Studies 

To explore the T-[C02] relationship, case studies #23 and #24 in [71 used satellite-based temperature 

series (UAH) for the lower troposphere and [C02] data from Mauna Loa. Temperature data of the 

other two satellite levels for the troposphere were also examined, where the results were very similar 

to those reported for case studies #23 and #24. 

Here we present additional case studies, listed in Table l. In addition to the 

satellitebased temperature series in here we use surface data (at 2 m) from the 

NCEP/NCAR Reanalysis 1 by the National Centers for Environmental Prediction 

(NCEP) and the National Center for Atmospheric Research (NCAR) [191, which are 

publicly available. The temporal coverage of the NCEP/NCAR Reanalysis 1 includes 

data collected four times daily to provide daily and monthly values from 1948 to the 

present at a horizontal resolution of 1.880 60210 km at the equator). It uses a state-of-

the-art analysis and forecast system to perform data assimilation using observations 

and a numerical weather prediction model. The data assimilation and the model used 

are identical to the global system implemented operationally at NCEP, except for the 

horizontal resolution. A large subset of the data is available as daily and monthly 

averages. 

Table 1. Main case studies and resulting summary indices. At is the time step of differencing; 

he is the time lag maximizing the cross-covariance cyx(h), or equivalently the cross-correlation 

ryx(h)  is the mean (time average) of the function g(h); 111/2 is the 

median of the function g(h); e is the explained variance ratio; and e is the roughness ratio. The 

case studies #1 and #2 are contained in [71 as case studies #23 and #24 and are included in the 

table only for comparison. 

Case System Direction hc      

Monthly timescale, varying At        

T: UAH; [C02] : Mauna  1979-2020 (from [71), 1 

At = 1 year 2 

AT Aln[C021 

Aln[C021 AT 

5 

—5 

7.70 

-5.67 

6.35 

—5.49 

0.48 

0.48 

0.31 

0.23 

1.3 x 10 8 

• 

7.3 X 10A • 

T: NCEP/NCAR•, [C02] : Mauna Loa, 1958-2021, 3 

At = 1 year 4 

AT -+ Aln[C02] 

Aln[C02] AT 

8 

—8 

7.75 

6.31 

6.86 0.56 

0.56 

0.34 

0.23 
 

5 

As #3 and #4, At = 2 years 6 

AT + Aln[C02] 

Aln(C02j -i AT 

8 

—8 

8.19 

-6.31 

7.08 
—6.31 

0.57 

0.57 

0.31 

0.21 

3.4 x 10 4 

• 

4.5 x 10 3 • 

7 

As #3 and #4, At = 4 years 

8 

AT + Aln[C021 

Aln[C021 -i AT 
9 10.65 

-6.28 

10.32 0.53 

0.53 

0.29 

0.14 

1.0 x 10 4 

• 

3.8 x 

9 

As #3 and #4, At 8 years 

10 

AT -+ Aln(C02) 

Aln(C021 -+ AT 

8 

—8 

11.00 

-6.55 

11.00 —

6.54 
0.47 

0.47 

0.27 

0.11 

5.6 x 10 

 11 AT + Aln[C021 6 11.74 12.15 0.45 0.31 3.4 x 
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 — 16 years 12 AT + Aln[C02J 6 9.98 11.13 0.45 0.33 7.6 x 

 13 Aln[C021 + AT  -6.33 —6.31 0.45 0.12 7.7 x 

T: NCEP/NCAR; [C02) : South Pole, 1973-2021, At = 

1 year 
14 

15 

AT -+ Aln[C021 

Aln[C021 -+ AT 

10 

-10 

9.76 
—8.51 

8.91 

—8.35 

0.40 

0.40 

0.35 

0.18 

2.0 X 

1.1 x 10 3 

Annual timescale,At = 1 year         

T: CMIP6 mean, SSP24.5; [C021: SSP245, 1850-2100, w 

/o roughness constraint 
16 AT -+ Aln[C02] 

Aln[C02] -i AT o 

-3.75 

9.95 15.30 

0.36 

0.36 

0.90 

0.15 

0.095 

0.46 

As #16 and #17 but for 1850—2021 
18 

19 

AT Aln[C02J 

Aln[C021 + AT 

o —6.23 

16.18 

—8.58 

16.16 

0.31 

0.31 

0.72 

0.10 

0.10 

0.295 

As #16 and #17 but with roughness constraint 
20 

21 

AT + Aln[C021 

Aln[C021 -+ AT o 

—3.65 

6.86 

_5.55 

163 

0.36 

0.36 

0.84 

0.13 

3.5 x 

7.7 x 

As #18 and #19 but with roughness constraint 
22 

23 

AT + Aln[C02] 

Aln[C02] -+ AT o 

-7.34 

11.26 

—8.99 

14.77 

0.31 

0.31 

0.64 

0.13 

8.3 x 

9.4 x 

The roughness was calculated without considering the second derivative at zero. 

For C02 concentration, in addition to the Mauna Loa data set, which we updated to 

include the latest measurements of more than one year, we also added the South Pole 

data set compiled by the US National Oceanic and Atmospheric Administration 

(NOAA). The measurements began in 1975 and are taken for two cases, flask and in 

situ, of whiéh we used the former on a mean monthly basis, except in a few cases of 

missing data where we filled in with in situ data. 

Some of the analyses presented here refer to climate model outputs. Here we used the 

mean (CMIP6 mean) of the output series of the Coupled Model Intercomparison 

Project (CMIP6) averaged over the globe. The model outputs also go back to the past, 

extending over the time period of 1850—2100. When we studied past behaviors, we 

used the data up to 2021, as in the other case studies, but in some cases, we also used 

the entire data set up to 2100. In the latter case, among the scenarios provided, we 

used Scenario Shared Socio-Economic Pathways 245 (SSP2-4.5, [20]). 

The [C02] time series used in climate models for scenario SSP2-4.5 have also been retrieved and 

analyzed. We note, though, that these time series are given on an annual timescale, unlike all other 

data that are provided on a monthly scale. 

To check whether the results of our methodology would change if we chose any particular member of 

the ensemble instead of the mean, we also retrieved outputs from a single model, namely the UK 

Earth System Model (UKESMI [211). For the sake of brevity of this paper, we give this latter analysis 

(whose results eventually do not differ from those of the CMIP6 mean) in the Supplementary 

Information (and therefore we do not list it in Table l). The main case studies in which these data were 

used are summarized in Table l , along with the summary indices of gj that are related to potential 

causality. The details of the case studies are given in the following sections. In all of them, we started 

by assuming a potentially hen-or-egg (HOE) causal model with a fixed number of weights gj, namely 

41 (i.e., J 20, as in [7]). 
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Additional case studies examining additional data sets have also been performed but are kept out of 

the body of the paper and contained in Appendices A.2—A.4. All data used are available online for 

free and the related links are given in the Data availability section. 

4. Investigating the Maximum Time Span That Modern Data Allow 

The longest time series of systematic [C021 measurements is that of Mauna Loa, which began in 

1958. The global temperature at 2 m of the NCEP/NCAR reanalysis series goes back to 1948 and thus 

allows studying the T-[C02] relationship for the period 1958—2022 (two additional decades of data in 

comparison to those studied in 17]). 

As seen in Table l , this provided better characteristics than the UAH/Mauna Loa case examined in 

[71: maximum cross correlation ryx(hc) 0.56 against 0.48; explained variance e = 34% against 31%, 

at time lags greater than or equal to those in [71 (close to 8 months). As seen in Figure 2, again, we 

have a potentially causal system with the directionality being AT —i Aln[C02] , while the possible 

causality Aln[C02] AT can be excluded as not satisfying the necessary condition of time precedence. 

 

Figure 2. IRFs for temperature—C02 concentration based on the NCEP/NCAR Reanalysis temperature at 2 m 

and Mauna Loa [C021 time series, respectively—case studies #3 (left; AT + Aln[C02] ; potentially causal 

system) and #4 (right; Aln[C02] + AT; potentially anticausal system). 
5. Investigating the Possible Effect of Seasonality 

To enrich our results and also check whether seasonality, as reflected in different phases of [C02] time 

series at different latitudes, could modify or possibly reverse the detected causality relationship, we 

have conducted an additional analysis with the South Pole [C02] measurements, which began in 1975. 

As seen in Table l, this again provided better characteristics than the UAH/Mauna Loa case examined 

in [71 in terms of explained variance (e = 35% against 31 %) and time lags higher than in [71 (close 

to 10 months). As seen in Figure 3, again, we have a potentially causal system with the directionality 

being AT —i Aln[C02] , while again the possible causality Aln[C02] —Y AT can be excluded as not 

satisfying the necessary condition of time precedence. 

12 

10 20 

0.0009 

10 
Time  lag  (months) Time  lag  (months) 

o  ooc v 

0.0006 

o  n et)? 
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Figure 3. IRFs for temperature—C02 concentration based on the NCEP/NCAR Reanalysis temperature at 2 m 

and the South Pole time series, respectively—case studies #14 (left; AT + Aln[C02] ; potentially causal system) 

and #15 (right; Aln[C02] —i AT; potentially anticausal system). 

Summarizing the two case studies in Sections 4 and 5—and similarly to what we found in [71—we 

note that: 

• The system T-[C02] appears to be potentially causal (unidirectional) in the direction AT —Y 
Aln[C02] , rather than hen-or-egg causal. 

• All characteristic time lags (hc, 11/1 , 111/2) are positive in the direction AT Aln[C02] 

(ranging from about 7 to about 10 months), and negative in the direction Aln[C02] —Y AT. 

• The explained variance ratio is greater in the direction AT —+ Aln[C02] (about 1/3) than in the 
direction Aln[C02] + AT (around 1/5). 

6. On the Timescale of Validity of Results 

Overall, our results in this paper are those allowed by the available data at the time periods and 

timescales resolved by those data—more than 6 decades at the monthly scale. What would happen at 

other times—or if the data sets were longer and would resolve intermediate or even longer 

timescales—we cannot tell. The climate system is too complex to allow for hasty generalizations. 

One may not exclude the case that the timescale of analysis is important in a detected potential 

causality relationship and that the latter would change if the timescale changed. This raises the 

question: up to which timescale does the validity of certain results hold? Certainly, this timescale is a 

fraction (not greater than 1/2) of the length of the time series. An indication can be obtained by 

inspecting the empirical cross-covariance function and how this compares with the theoretical one. As 

shown in [61, the latter (cyx(h) 

cov [y(t + for lag h, is related to the autocovariance function of X, cxx(h) . — + h), x(t)], by: 

 cyx(h) — a)da (7) 

Thus, cyx(h) can be estimated from the IRF and the empirical cxx(h) from the data. Figure 4 shows 

the autocorrelation and cross-correlation functions (which are covariances standardized by standard 

deviations). For the AT —Y Aln[C02] case (i.e., case study #3; upper panels of Figure 4), the 

reconstructed cross-correlation function, calculated from the IRF (seen in Figure 2) and the empirical 

20 
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autocorrelation function of temperature (seen in the upper left panel of Figure 4) using the discretized 

version of equation (7), agrees well with the empirical function for time lags up to +10 years, i.e., 

spanning 20 years (1 / 3 of the series length). As time lag has an equivalence relationship with 

timescale [221, we may conclude that the potential causality relationship detected is valid for 

timescales of two decades. For comparison, the lower panels of Figure 4 show the reverse case, 

Aln[C02] AT, (case study #4), where there is no longer good agreement between empirical and 

reconstructed cross-correlation, which provides additional support for the claim that the true causality 

link is AT -i Aln[C02] . 

A final observation in Figure 4 is the appearance of six peaks in 20 years, which may be interpreted as 

indicating a quasi-periodic behavior with an average period of 3.33 years, 

i.e., much different from the annual. However, this does not reflect periodicity but rather 

antipersistence imposed by the differencing operation, which necessarily results in some negative 

autocorrelations [23]. 

A more direct technique to deal with timescales is to average the time series on aggregate timescales 

and again investigate the causality relationships on these scales. This technique could detect whether a 

similar relationship holds for the larger timescales. In our case, since we are differencing the process, 

taking the average at a timescale k is equivalent to taking a difference for a time step k (notice that 

(.12 — Xl) + (x3 — .12) -F . . . + (Xk+l — Xk) Xk+l — Xl). Therefore, to increase the timescales it 

suffices to increase the time step of differencing. In Figure 2, this was 1 year. Now we increase the 

time step of differencing, replacing the I-year step with 2, 4, 8 and 16 years. The results are shown in 

Figure 5 and in Table I (case studies #5 to #13). They are essentially the same, except that, as the 

differencing time step increases, the explained variance slightly decreases (from 0.34 down to 0.27) in 

the direction AT + Aln[C02] , and is again much higher than that in the direction Aln[C02] —Y AT. 

The time lags increase in the former direction and are again negative in the latter direction. 

A characteristic pattern is that, as the time step increases, so does the rightmost ordinate of the IRF, 

g20. This behavior, i.e., the increasing limb of gj beyond some time lag, has been explained in [71 and 

is an artifact of an insufficient (small) window of time lag for determining IRF. Thus, it suggests that 

a higher J should be used. It is quite reasonable to expect that if the differencing time step increases, 

so should the window size do. In particular, it is interesting to observe that in the lowest panel of 

Figure 5, corresponding to a differencing time step of 16 years, while the time window of IRF is only 

40 months (a little more than 3 years), the IRF is a monotonously increasing function. Apparently, this 

is an artifact due to the too small window of time lag. In such a case, it is also reasonable to expect 

some nonnegative estimates of IRF ordinates for negative lags, even if the system is unidirectionally 

causal. Indeed, this has appeared in the case of a differencing time step of 16 years, even though the 

lowest panel of Figure 5 shows the purely unidirectional version of the IRF. This may create some 

ambiguity in the identification of causality, which we analyze and resolve in the next section. 

 
10 
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Figure 4. (Left column) Empirical autocorrelation function for the period 1958—2021 and for monthly 

timescale of (upper) the NCEP/NCAR AT time series and (lower) the Aln[C02] time series for Mauna Loa. 

(Right column) Empirical cross-correlation function of the two time series (continuous lines in blue), compared 

with those reconstructed from the IRF and the autocorrelation function on the left panel using the discretized 

version of Equation (7) (dashed line), for case studies (upper) #3 and (lower) #4. 

 

Figure 5. Cont. 
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Figure 5. IRFs for temperature—C02 concentration based on the NCEP/NCAR Reanalysis temperature at 2 m 

and Mauna Loa time series, respectively, as in Figure 2, but for differencing time steps equal (from upper to 

lower) 2, 4, 8 and 16 years; left: AT —Y Aln[C02] (potentially causal system); right: Aln[C02] —Y AT 

(potentially anticausal system). 

7. Possible Ambiguities and Disambiguation 

In some applications, the detection of the type of causality, unidirectional or HOE, is direct, but in 

other cases, it may be more difficult. This is illustrated in Figure 6. The left panel is equivalent to that 

of Figure 2 (left) but not neglecting some very small ordinates gj that originally the algorithm 

produced for negative j. The right panel is equivalent to that of Figure 5 (bottom left) but letting the 

optimization algorithm produce gj for negative j, which in this particular case seem not negligible. 

Both figure panels refer to the same processes with the differencing time step being 1 and 16 years for 

the left and right panels, respectively. For the 16-year step, in comparison to the IRF of Figure 5, 

which explains a fraction 0.31 of the variance, that of Figure 6 yields a slightly higher explained 

variance, 0.325, while it has some small weights at negative lags. Should we conclude then that it 

indicates a potential HOE, rather than unidirectional, causality? Even if our reply is affirmative, it is 

important to note that the characteristic lags are again positive, suggesting a principal direction AT —

+ Aln[C02] . 

However, the reply is not necessarily affirmative. The explained variance of 0.31 is associated with 21 

IRF ordinates, while that of 0.325 is associated with 41 IRF ordinates. Is it reasonable to accept 20 

additional parameters for an increase in the explained variance of 0.015? 

Arguably, it is more reasonable in this case to change from a symmetric to a nonsymmetric window of 

time lag. Hence, we use a window of length 21 and slide it so that the lowest nonzero time lag vary 

from —20 to 0. Only the case where this is 0 denotes a potential unidirectional causality, where all 20 

other cases correspond to potential HOE causality. The resulting IRFs are plotted in Figure 7, while 

the fraction of explained variance is plotted in Figure 8 as a function of the lowest nonzero time lag. It 

may be noticed that the curve for the lowest time lag 0 is different from Figure 5 (bottom left). In 

particular, the ordinate at 0 is higher in Figure 7, thus producing a concave shape of IFR. This is a 

result of the fact that the window length is fixed, while the lowest ordinate no longer contributes to 

the roughness (no second derivative can be determined for the lowest point and thus the algorithm can 

increase the ordinate at 0 at no cost). In turn, the explained variance further increased to 0.327. 

Clearly, the result of this investigation is a unidirectional, rather than HOE, potential causality, as the 

explained variance reaches its maximum when the lowest j is 0. 
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Figure 6. IRFs for temperature—C02 concentration based on the NCEP/NCAR Reanalysis temperature at 2 m 

and Mauna Loa time series, respectively, also enabling negative lags (HOE) for causality direction AT + 

Aln[C02J and for differencing time step of 1 year (left, corresponding to Figure left) and 16 years (right, 

corresponding to Figure 6, bottom left). 
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Figure 7. IRFs for 

temperature—

C02 concentration 

based on the 

NCEP/NCAR 

Reanalysis 

temperature at 2 m and Mauna Loa time series, for 21 time lags, differencing time step of 16 years and direction 

AT + Aln [C02] . The lowest nonzero lag of each IRF is marked at the upper-right end of its curve. 
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Figure 8. Explained variance and median of IRF as a function of the lowest nonzero lag of the IRFs in Figure 7 for the 

investigation of Section 7. 

8. Comparing Observational Data with Model Results 

Investigation of causality in systems that can be isolated from the environment is generally based on 

experiments. These are typically performed in laboratories and presuppose control actions 

(intervention) by the experimenter. In the absence of such intervention, it has long been regarded that 

we cannot say what causes what (Strotz and Wold, 1960 [24]). In complex systems, such as Earth's 

climatic system, experimentation is impossible. Yet it is a widespread belief that climate models are 

faithful representations of the climatic system and hence offer the possibility of so-called in silico 

experimentation (Hannart et al. [251). Furthermore, it has been claimed (Hannart and Naveau [26]) 

that "in silico experimentation [is] the only option" and that "the increasing realism of climate system 

models renders such an in silico approach plausible". Such claims are epistemologically problematic. 

A hypothetical "causality" that is incorporated in any model, particularly of a complex system, is not 

necessarily identical to natural causality. In addition, the agreement of climate model outputs with 

reality has been questioned (e.g., [27—31 J). 

Our methodology can help with this epistemological problem in two ways. First, it provides a 

different option to test causality, showing that the so-called in silico experimentation is not the only 

option as claimed. Second, it can additionally test whether there is indeed realism in the representation 

of causality of the climatic system by the climate models. As already stated in the Introduction, our 

methodology, regardless of the detection of causality per se, can define a type of data analysis that 

could shed light on modeling performance by comparing observational data with model results. This 

is particularly useful in the case of climate modeling. In other words, it could help in verifying or 

falsifying the commonly accepted theory, which is incorporated in the climate models. 

Specifically, we can test whether the climate model results are consistent with the findings of our T-

[C02] causality analysis, which is based on measurements. To this aim, we use climate model outputs 

as specified in Section 3, in the case studies #16 to #23 detailed in Table l. Numerical results of our 

analysis are shown in Table 1, and graphical depictions of IRFs are shown in Figure 9 for the cases in 

which no roughness constraint is used and in Figure 10 for the cases in which the roughness constraint 

is used. 

Unfortunately, and unlike the [C02] time series of measurements, which are available on a monthly 

scale, the SSP2 [C02] data series is provided on an annual scale. Therefore, case studies #16 to #23 

had to be made on an annual scale. If we did the analysis for the period 1958—2021, as in case studies 

#3 and #4 (NCEP/NCAR Reanalysis temperature at 2 m; and Mauna Loa [C02] time series), the 

annual data would be too few to support estimation of the IRFs (63 data values to estimate 41 

coefficients). Therefore, in case studies #16 to #23 we extended the period back to 1850, which is 

covered by the climate model outputs. We performed separate analyses for the periods 1850—2100 

(entire period covered by climate models) and 1850—2021 (only the past). 

The results of these case studies allow us to make the following observations. 

1. There is no essential difference between the results for the periods 1850—2100 and 1850-2021. 

2. While, as expected, the IRFs differ if they are calculated with or without constraining roughness, 
the characteristic lags are similar in the two cases (with the exception of 111/2 in cases #17 and 
#21). 

3. In all cases, the lags are negative in the direction AT Aln[C021 and positive in the direction 
Aln[C02] —i AT, suggesting a HOE causality with principal direction Aln[C02] + AT. 

4. Clearly, the finding in point 3, resulting from climate model outputs, is opposite to the results found 
when real measurements are used (NCEP/NCAR Reanalysis temperature and Mauna Loa [C02] 
time series). 

5. Oddly, while the principal direction suggested by the models is Aln[C02] —Y AT, the explained 
variance is impressively low (10—15%) in this direction and impressively high (reaching 90%) in 
the opposite direction, AT —+ Aln [C02] . 
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One may argue that the main result of this analysis, i.e., the point 4 above, may be affected by the 

difference in the study periods, i.e., 1958—2021 for the real measurements and 1850—2021 for the 

model outputs. To examine whether the origin of the different behavior is the time period or the 

system dynamics (actual vs. modeled), we performed an additional analysis, graphically depicted in 

Figures Il and 12. 

 

Figure 9. IRFs for temperature—C02 concentration based on the CMIP6 mean temperature and SSP2-4.5 C02 

time series, respectively, calculated without using the roughness constraint; upper row: period 1850—2100—

case studies #16 (left; AT + Aln[C02] ) and #17 (right; Aln[C02] + AT); lower row: period 1850—2021—case 

studies #18 (left; AT + Aln[C02] ) and #19 (right; Aln[C02] AT). 
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Figure 10. IRFs for temperature—C02 concentration based on the CMIP6 mean temperature and SSP2-4.5 C02 

time series, respectively, as in Figure 9 but calculated using the roughness constraint; upper row: period 1850—

2100—case studies #20 (left; AT —Y Aln[C02] ) and #21 (right; Aln[C02] —i AT); lower row: period 1850—

2021—case studies #22 (left; AT —+ Aln[C02] ) and #23 (right; Aln[C02J -Y AT). 
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Figure Il. Empirical cross-correlation functions for monthly and annual timescales (continuous lines in blue 
without markers and red lines with circles, respectively) for the data sets indicated in each panel. In all panels, 
the plot for the monthly scale is that of the NCEP/NCAR data for T and Mauna Loa data for [C021, for the period 
1958—2021. The upper-left panel also shows the cross-correlation function reconstructed from the IRF and the 
autocorrelation function using the discretized version of Equation (7) (dashed line). 
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Figure 12. Empirical autocorrelation functions for monthly and annual timescales (continuous lines in blue 

without markers and red lines with circles, respectively) for the data sets indicated in each panel. In all panels, 

the plot for the monthly scale is that of the NCEP/NCAR data for T and Mauna Loa data for [C02], for the 

period 1958—2021. 

The upper left panel of Figure 11 is similar to that in Figure 4 (upper right), where, in addition, we 

have plotted the empirical cross-correlation function for the same data but averaged at the annual 

scale. This agrees relatively well with the empirical function at the monthly scale, which provides a 

basis for the comparisons that follow. 

The empirical cross-correlation function at the monthly scale is copied in all other panels of Figure 'l 

and serves as a basis for the comparisons. In the upper right panel, where we replaced the Mauna Loa 

time series for [C02] with the CMIP6 time series for the same period, 1958—2021, while keeping the 

NCEP/NCAR time series for T, there is still agreement of the annual with the monthly cross-

correlations. However, when we also replace the NCEP/NCAR time series for T with the CMIP6 

series (lower left plot), the two plots decouple. The decoupling is even more prominent if we go to the 

longer period 1850—2021 (lower right panel). 

Similar observations can be made about autocorrelations in Figure 12. In particular, the CMIP6 

autocorrelation of T decouples from the actual one for both periods 1958—2021 and 1850—2021, 

while the two latter do not differ substantially from each other. These observations allow us to assert 

that the main cause of disagreement has to do with problems with the modeling of system dynamics 

rather than the time period of study. 

9. Discussion and Further Results 

The mainstream assumption of the causality direction [C02] —Y T makes a compelling narrative, as 

everything is blamed on a single cause, the human C02 emissions. Indeed, this has been the popular 

narrative for decades. However, popularity does not necessarily mean correctness, and here we have 

provided strong arguments against this assumption. Since we have identified atmospheric temperature 

as the cause and atmospheric C02 concentration as the effect, one may be tempted to ask the question: 

What is the cause of the modern increase in temperature? Apparently, this question is much more 

difficult to reply to, as we can no longer attribute everything to any single agent. 

We do not claim to have the answer to this question, whose study is far beyond the article's scope. 

Neither do we believe that mainstream climatic theory, which is focused upon human C02 emissions 

as the main cause and regards everything else as feedback of the single main cause, can explain what 

happened on Earth for 4.5 billion years of changing climate. 

Nonetheless, as a side product, in the Appendices to the paper, we provide several indications of the 

following: 

1. The dependence of the carbon cycle on temperature is quite strong and indeed major increases of 
[C021 can emerge as a result of temperature rise. In other words, we show that the natural [C02] 
changes due to temperature rise are far larger (by a factor > 3) than human emissions (Appendix 
A. l). 

2. There are processes, such as the Earth's albedo (which is changing in time as any other 
characteristic of the climate system), the El Nino—Southern Oscillation (ENSO) and the ocean 
heat content in the upper layer (represented by the vertically averaged temperature in the layer 0—
100 m), which are potential causes of the temperature increase, unlike what is observed with [C02], 
their changes precede those of temperature (Appendices A.2—A.4). 

3. On a large timescale, the analysis of paleoclimatic data supports the primacy of the causal direction 
T —Y [C02], even though some controversy remains about this issue (Appendix A. 5). 

In terms of the carbon cycle (point I above), several physical, chemical, biochemical and human 

processes are involved in it. The human C02 emissions due to the burning of fossil fuels have largely 
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increased since the beginning of the industrial age. However, the global temperature increase began 

succeeding the Little Ice Period, at a time when human C02 emissions were very low. To cast light on 

the problem, we examine the issue of C02 emissions vs. atmospheric temperature further in the 

Supplementary Information, where we provide evidence that they are not correlated with each other. 

The outgassing from the sea is also highlighted sometimes in the literature among the climate-related 

mechanisms. On the other hand, the role of the biosphere and biochemical reactions is often 

downplayed, along with the existence of complex interactions and feedback. This role can be 

summarized in the following points, examined in detail and quantified in Appendix A. 1.  Terrestrial 

and maritime respiration and decay are responsible for the vast majority of 

C02 emissions [32], Figure 5.12. 

 Overall, natural processes of the biosphere contribute 96% to the global carbon cycle, the 
rest, 4%, being human emissions (which were even lower in the past [33]). 

 The biosphere is more productive at higher temperatures, as the rates of biochemical 
reactions increase with temperature, which leads to increasing natural C02 emission [2].  
Additionally, a higher atmospheric C02 concentration makes the biosphere more 
productive via the so-called carbon fertilization effect, thus resulting in greening of the 
Earth [34,331, i.e., amplification of the carbon cycle, to which humans also contribute 
through crops and land-use management [361. 

In addition to the biosphere, there are other factors that drive the Earth's climate in periodic and 
non-periodic way. Orbital parameters of Earth's revolution change quasicyclically in a multi-
millennial scale (variations in eccentricity, axial tilt, and precession of Earth's orbit), as interpreted by 
Milankovié [37—41], and changes in the orbit geometry influence the amount of insolation. The non-
periodic drivers of the Earth's climate variability include volcanic eruptions and collisions with large 
extraterrestrial objects, e.g., asteroids. An important climate driver is water in its three phases [331. 
Another apparent factor is solar activity (including solar cycles) and the solar radiation (im)balance on 
Earth (e.g., albedo changes; see [331 and Appendix A 2). Notably, a recent study [421, by assessing 20 
years of direct observations of energy imbalance from Earth-orbiting satellites, showed that the global 
changes observed appear largely from reductions in the amount of sunlight scattered by Earth's 
atmosphere. 

ENSO and ocean heating, both of which affect temperature, are examined in Appendices A .3 and 
A.4, respectively. The results of Appendices A.2—A.4 are summarized in the schematic of Figure 13. 
Changes in all three examined processes, albedo, ENSO and the upper ocean heat, precede in time the 
changes in temperature and even more so those in [C02]. Generally, the time lags shown in Figure 13 
complete a consistent picture of potential causality links among climate processes and always confirm 
the T —Y [C02] direction. 
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Figure 13. Schematic of the examined possible causal links in the climatic system, with noted types of potential 

causality, HOE or unidirectional, and its direction. Other processes, not examined here, could be internal of the 

climatic system or external. 

The examined processes in the Appendices are internal to the climatic system. Other processes 

affecting T, not examined here, could also be external (e.g., solar and astronomical [43,441 and 

geological [43—191). Generally, in complex systems, an identified causal link, even though it gives 

some explanation of a phenomenon, raises additional questions, e.g., what caused the change in the 

identified cause, etc. In turn, causal links in complex systems may form endless sequences. For this 

reason, it is naive to expect complete answers to problems related to complex systems or to assume 

that a complex system is in permanent equilibrium and that an external agent is needed to "kick" it out 

of the equilibrium and produce change. Yet the investigation of a single causal link between two 

processes, as is the focus of this paper, provides useful information, with possible significant 

scientific, technical, practical, epistemological and philosophical implications. These are not covered 

in this paper. Readers interested in epistemological and philosophical aspects of causality are referred 

to Koutsoyiannis et al. [6], while those interested in the perennial changes in complex systems are 

referred to Koutsoyiannis [30,5 -l J. 

As already clarified, the scope of our work is not to provide detailed modeling of the processes 

studied but to check causality conditions. We highlight the fact that the relationship we established 

explains only about 1/3 of the actual variance of Aln[C02]. This is not negligible for investigating 

causality, but also leaves a margin for many other climatic factors to act. 

Nonetheless, our results can certainly be improved if we change our scope to more detailed modeling. 

To illustrate this, we provide the following toy model. Based on our result that the T-[C02] system is 

potentially causal with direction AT —+ Aln[C02] , we estimate Aln[C02] as 

20 

 Aln[C02] EgjATT_j + Pc, (8) 

and we proceed a step further, assuming that the mean also depends on past temperature, averaged at 

timescale m, i.e., 

  (9) 
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where Tm is the average temperature of the previous m years, and and TO are constants (parameters). 

Such a simple linear relationship is supported by the above-listed points related to the productivity of 

the biosphere. Equation (9) will result in negative values if Tm < To and positive otherwise. 

By re-evaluating the IRF coordinates gj simultaneously with the parameters of Equation (9), we find 

the modified version of the IRF plotted in Figure 14. The optimized additional parameters are m 4 

(years), —- 0.0034, To 285.84 K. Similarly to [61, we used a common spreadsheet software solver to 

perform the optimization, adding the two parameters and To to the unknown coordinates gj of the IRF 

and performing the (nonlinear) optimization for all unknowns (m was found by trial-and-error). A 

graphical comparison of the actual Aln[C02] and [C02] with those simulated by the model of 

Equations (8) and (9) is given in Figure 15. The explained variance for Aln[C02] was drastically 

increased from 34% to 55.5% and that for [C02] is an impressive 99.9%. 

For the convenience of the readers who are interested in repeating the calculations, we also give a 

parametric expression of IRF and summarize the toy model as: 

20 

 Aln[C02]  gjATT_j +  

(10) gj 0.00076 J0.67 -0.2) 0.0034 (T4/K - 285.84) 

(where K is the unit of kelvin). 

We emphasize, however, that we do not exploit the impressive result of explained variance of 99.9% 

to assert that we have built a decent model, even though this toy model is both accurate (in the lower 

panel of Figure 15, the simulated curve is indistinguishable from the actual) and parsimonious (the 

model expression in (10) contains only 5 fitted parameters). We prefer to highlight the fact that the 

hugely complex climate system entails high uncertainty, and its study needs reliable data that provide 

the basis for the modeling and testing of hypotheses. 

 

Figure 14. Modified IRF for temperature—C02 concentration based on the NCEP/NCAR Reanalysis 

temperature at 2 m and Mauna Loa time series, respectively, similar to Figure 2 but with IRF coordinates 

simultaneously optimized with the parameters of Equation (9). 

0  0009 
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Figure 15. Comparison of the actual Aln[C02] (upper) and [C02] (lower) with those simulated by the model of 

Equations (8) and (9). 

10. Conclusions 

With reference to points 1—7 of the Introduction setting the paper's scope, the results of our analyses 

can be summarized as follows. 

1. All evidence resulting from the analyses of the longest available modern time series of atmospheric 
concentration of [C02] at Mauna Loa, Hawaii, along with that of globally averaged T, suggests a 
unidirectional, potentially causal link with T as the cause and [C02] as the effect. This direction of 
causality holds for the entire period covered by the observations (more than 60 years). 

2. Seasonality, as reflected in different phases of [C02] time series at different latitudes, does not play 
any role in potential causality, as confirmed by replacing the Mauna Loa [C02] time series with 
that in South Pole. 

3. The unidirectional T —+ In [C02] potential causal link applies to all timescales resolved by the available 

data, from monthly to about two decades. 
4. The proposed methodology is simple, flexible and effective in disambiguating cases where the 

type of causality, HOE or unidirectional, is not quite clean 

5. Furthermore, the methodology defines a type of data analysis that, regardless of the detection of 
causality per se, assesses modeling performance by comparing observational data with model 
results. In particular, the analysis of climate model outputs reveals a misrepresentation of the causal 
link by these models, which suggest a causality direction opposite to the one found when the real 
measurements are used. 

6. Extensions of the scope of the methodology, i.e., from detecting possible causality to building a 
more detailed model of stochastic type, are possible, as illustrated by a toy model for the T-[C02] 
system, with explained variance of [C02] reaching an impressive 99.9%. 

1970 2020 



Sci 2023, 5, 35  

157 

 

7. While some of the findings of this study seem counterintuitive or contrary to mainstream opinions, 
they are logically and computationally supported by arguments and calculations given in the 
Appendices. 

Overall, the stochastic notion of a causal system, based on the concept of the impulse response 

function, proved to be very effective in studying demanding causality problems. A crucial 

characteristic of our methodology is its direct use of the data per se, in contrast with other 

methodologies that are based on uncertain estimates of autocorrelation functions or on the more 

uncertain tool of the power spectrum, i.e., the Fourier transform of the autocorrelation function. The 

methodology has the potential for further advances, as we first reported here (e.g., the asymmetric 

time lag window, the definition of a type of data analysis to be used in assessing modeling 

performance, and the extensions of its scope from detecting possible causality to building a more 

detailed model). 

Supplementary Materials: The following supporting information can be downloaded at: https: / / wwvv. mdpi 

.con) / article/ 10.3390 / sl : Section SIT, Additional analysis of climate model behavior; Section S12, 

On correlations of temperature with C02 emissions. 
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Appendix A. 

Appendix A. 1. Notes on Carbon Cycle and its Dependence on Temperature 

The carbon cycle is typically presented as a system with components that are in permanent 

equilibrium, except for the perturbation caused by anthropic activities. For example, the recent (2022) 

comprehensive study by Friedlingstein et al. [52], in its Figure 2 shows an absolute equilibrium in 

both the terrestrial and maritime parts of Earth, with inputs and outputs matching each other (±130 Gt 

C/year for the terrestrial part and +80 Gt C/ year for the maritime part), to which a human perturbation 

(9.6 ± 0.5 Gt C/year from the fossil fuel C02 emissions and 1.2 ± 0.7 Gt C/year from land-use change) 

is imposed and then distributed into several components. This representation is misleading, missing 

the large changes (by orders of magnitude) in the historical evolution of the abundance of C02 in 

Earth's atmosphere. A different approach and account has recently been provided by Stallinga [531, 

according to whom humans add 38 Gt of per year to the atmosphere-ocean system, a quantity 

equivalent to 10.4 Gt C/ year. 

Here, we follow the IPCC's [32] account in its recent (2021) Assessment Report (AR6). Its schematic 

(Figure 5.12 in that Report) does not hide (a) the imbalances in the different parts of Earth and (b) the 

fact that the natural carbon inputs and outputs in the atmosphere change over time—even though the 

IPCC's schematic implicitly assumes that "natural" is the budget that occurred in the preindustrial age 

(1750) and that any change that occurred since is anthropogenic. Interestingly, in an alternative view 

by Hansen et al. [541, civilization always produced greenhouse gases and aerosols, and humans likely 

contributed to the increase of both in the past 6000 years, thus resulting in climate forcings. 

Based on the IPCC's representation, we have summarized in Figure Al the information given in the 

IPCC's schematic, in terms of annual carbon balance. When seen in the entire picture, the human 

emissions due to fossil fuel combustion (9.4 Gt C/ year including cement production) is a small part 

(4%) of the total C02 inflows to the atmosphere. 

 

 

Figure Al. Annual carbon balance in the Earth's atmosphere in Gt C/year, based on the IPCC [321 estimates. The 

balance of 5.1 Gt C/year is the annual accumulation of carbon (in the form of C02) in the atmosphere. 
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The greatest part of the inflows is due to the respiration of the biosphere, i.e., the biochemical 
reaction whereby living organisms convert organic matter (e.g., glucose) to C02, releasing energy and 
consuming molecular oxygen [321. As seen in Figure Al (and in several publications, e.g., 15 5 1), 
respiration has increased in recent years, the main reason for this being the increased temperature. 
Photosynthesis, the biochemical process that removes C02 from the atmosphere, producing 
carbohydrates in plants, algae and bacteria using the energy of light has also increased, resulting in 
the greening of Earth [24—36] due to the increased atmospheric concentration of C02, which is 
plants' food. 

It is not difficult to quantify the increase in respiration due to the temperature rise. The 
mechanism has been known in chemistry for more than a century. The rate of a chemical reaction kT 
at temperature T is an increasing function of T, given by the Arrhenius equation [36]: 

 ICT Aexp  (Al) 

where A and a are free parameters and R* is the universal gas constant. Typically, the rate is 
measured in moles per unit volume, but it can readily be expressed in mass units. Expressing the 
relationship at a reference temperature To and dividing with (Al), we obtain: 

 — exp  

 Taking the logarithms and setting AT  T — To we find 

 
 (A3) 

and assuming that AT/ To is small (nb., To is of the order of 300 K, while typical values of AT is of the 
order of 1—10 K). We can neglect all terms beyond first order and find: 

AT  a AT/IO 

exp AT exp  QT QIO kT0 

where a O 

 QI  exp 2 ,QIO  QI  

0 

Notice that both QI and Q10 are dimensionless numbers > 1. The exponential expression 

in which (210 is raised to power AT/ 10 is known as the QI() model [571. 

The exponential increase of the process rate with temperature is a general chemical 

behavior, also extending to biochemical reactions. This is not a hypothesis or speculation 

but a proven fact that is widely used in engineering. For example, the metabolic rate in 

wastewater and sewer systems is expressed by the so-called effective BOD (EBOD, with 

BOD standing for biochemical oxygen demand). It has been known for more than 75 years 

that the metabolic rate increases with temperature, as microorganism activity generally 

increases with temperature. The relationship of EBOD with temperature has been 

expressed by Pomeroy and Bowlus [38] as [EBOD] [BODI (1.07) T 20, which is similar to 

(A4), where the reference temperature is To = 20 oc and QI 1.07 (Q10 = 2.0). The latter 

relationship is the standard of engineering design in sewer systems. 

To apply this framework to find the increase of respiration in the last 65-year period 

investigated in our study, we first retrieved the global temperature separately for land and 
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sea from the NCEP/NCAR Reanalysis data set. These are shown on an annual timescale in 

Figure A 2. The resulting linear trends, also shown in Figure A2, yield an increase AT 1.69 
o c for the terrestrial and 0.78 o c for the maritime part for the 65-year period. 

Now the literature gives representative average QIO values of 3.05 for terrestrial 

respiration [57] and 4.07 for maritime respiration 1591. If RB and RE denote the 

respiration rate at the beginning and the end of the 65-year period, and AR := RE — RB, 

then according 

AT/IO 

(A6) 

and hence 

AR — RE 1  

Figure A2. Evolution of global land (terrestrial) and sea (maritime) temperature at 2 m from the 

NCEP/NCAR Reanalysis data set, retrieved from the ClimExp platform, and resulting slopes of 

linear trends. 

For the above given values of QI() and AT, the expression in parentheses becomes 0.172 for the 

terrestrial part and 0.104 for the maritime part. Multiplying these by the RE values shown in Figure 

Al, i.e., 136.7 and 77.6 Gt C/ year, respectively, we find AR 23.5 and 8.1 Gt C/ year, respectively, i.e., 

a total global increase in the respiration rate of AR 31.6 Gt C/ year. This rate, which is a result of 

natural processes, is 3.4 times greater than the C02 emission by fossil fuel combustion (9.4 Gt C / year 

including cement production). 

Appendix A.2. Investigation of Causality between Albedo and Atmospheric Temperature 

There are several factors causing changes to the Earth's temperature. Solar radiation is a principal one, 

yet the changes in it have not been substantial at timescales of a few years. However, the Earth's 

response to solar radiation may change on such scales. Here, we investigate the changes of Earth's 

albedo. In the 21st century, the albedo at the top of the atmosphere (TOA) can be estimated from 

satellite data. Specifically, this can be done using the data from the ongoing project Clouds and the 

Earth's Radiant Energy System (CERES). This is part of NASA's Earth Observing System, designed 
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to measure both solar-reflected and Earth-emitted radiation from the TOA to the Earth's surface. The 

data we used here are from the TERRA platform for the monthly timescale and are available online 

[601 for the period of March 2000 to date. The global TOA albedo was calculated as the ratio for each 

month of the globally integrated observed TOA shortwave flux (all-sky) over the globally observed 

TOA solar insolation flux. The resulting time series is shown in Figure A3. A falling linear trend of —

0.0019/ decade is also shown in the figure. A falling trend means that less solar radiation is reflected 

by the Earth, which may result in an increase in temperature. For the entire period, the decline of the 

albedo is about 0.004. As the average incoming solar radiation (insolation), according to the same data 

set, is 340 W/m2, this implies a difference (imbalance) of received energy by Earth of 0.004 x 340 1.4 

W/m2 . This result does not disagree with that of Hansen et al. [541, who found that in the period 

January 2015 through March 2022, the global absorbed solar energy is +1.01 W/m2 higher than the 

mean for the first 10 years of data (2000—2009). These figures are greater than the average imbalance 

(net absorbed energy) of the Earth, which, if calculated from the ocean heat content data, is about 0.4 

W/m2 [33]. According to mainstream science, this imbalance is attributed to the increase of [C02], but 

the analyses in this study do not support this hypothesis. Moreover, it is hard to see how the albedo 

fall could be caused by increased [C02] (and for this reason, it is usually blamed on aerosols). 

0.31 

0.30 

0.29 o 

0.28 

0.27 

0.26 

 2000 2005 2010 2015 2020 

Figure A3. TOA albedo time series (continuous line), as provided by NASA's Clouds and the Earth's Radiant 

Energy System (CERES), along with linear trend (dashed line). 

However, the potential causal link of albedo (a) with atmospheric T can be more thoroughly 

investigated by the stochastic framework discussed here. The resulting characteristics are shown in 

Table Al and the resulting IRFs are shown in Figure A4. Notice that, as an increase of a is expected to 

cause a decrease of T, we changed the sign in albedo differences (—Aa) so as to have a positive 

correlation with temperature differences (AT). The IRF determined suggests a potential HOE 

causation, with principal direction a —+ T and time lags of 1—3 months. However, the explained 

variance is small, 13%. 

Table Al. Summary indices of the case studies related to albedo. Data are on a monthly timescale and the time 

step of differencing is 1 year; for explanation of symbols see Table l. 

 

Case System Direction hc  111/2 ryx c   

Albedo, a: CERES, TERRA; 24 

T: NCEP/NCAR; period: 2000-2022 25 
 

3 

-3 

1.08 

—0.31 

2.90 

-2.46 

0.24 

0.24 

0.13 

0.06 
3.6 x 104 
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Figure A4. IRFs for albedo—temperature based on the CERES albedo time series and the NCEP/NCAR 

Reanalysis temperature at 2 m, respectively—case studies #24 (left; —AA + AT];) and #25 (right; AT -AA). 

Appendix A.3. Investigation of Causality between El Nino, Atmospheric Temperature and C02 

A second process that is known to affect atmospheric temperature globally is the El Nino—
Southern Oscillation (ENSO) (see [12,61 | and a recent study by Kundzewicz et al. [621 for details). 
ENSO is associated with irregular variations in sea surface temperature and air pressure over the 
tropical Pacific Ocean. Several indices associated with ENSO are used in climatic studies, among 
which the most popular is US NOAA's Southern Oscillation Index (SOI), the time series of which is 
plotted in Figure A5. 

Our stochastic methodology was previously applied with SOI along with satellite temperature data for 

the period 1979—2021 in [7]. Here we repeat the investigation replacing the temperature data with 

those of the NCEP /NCAR reanalysis and expanding the data back to 1951 (the beginning of the 

availability of SOI data) and forth to 2022. We also examined the potential causality between SOI and 

[C02]. In both cases, we tested differences with a time step of differencing of 1 year (thus reducing the 

effect of seasonality) and to make the correlation positive, we used —ASOI (as in the albedo case). 
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 1950 1960 1970 1990 2000 2010 2020 

Figure A5. SOI time series (continuous line) along with rolling (right-aligned) 10-year average 

(dashed line). Negative and positive values indicate the El Niho and La Niha phases, respectively. 

The results are shown in Table A2, Figures A6 and A 7. The principal directions are SOI T 

and SOI + [C02] . In the former case, the explained variance is 33%, and the causality type is 

HOE but very close to unidirectional with a time lag of 4 months. In the latter case, the 

explained variance is 30%, and the causality type is unidirectional with a lag of about a year. 

Table A2. Summary indices of the case studies related to ENSO. Data are on a monthly timescale and 

the time step of differencing is 1 year; for explanation of symbols see Table l. 

Case System Direction      

sol: NOAA; T: NCEP/NCAR; 26 period: 1951-

2022 27 
-ASOI AT 

AT -Y -ASOI 

4.14 

-2.15 —0.93 

0.46 

0.46 

0.33 

0.30 

8.1 x 104 

2.3 x 10• 

sol: NOAA; (C021: Mauna Loa, 28 period: 

1958-2022 29 
-ASOI -+ Aln[C021 

Aln[C021 + -ASOI 

11.62 11.15 -

3.84 
0.32 

0.32 

0.24 

0.08 

6.6 x 10 4 

 

Figure A6. IRFs for ENSO—temperature based on the SOI time series and the NCEP/NCAR 

Reanalysis temperature at 2 m, respectively—case studies #26 (left; —ASOI —i AT];) and #27 (right; 

AT + -ASOI). 

 

Figure A7. IRFs for based on the SOI and the Mauna Loa time series, respectively—case 

studies (left; -ASOI + Aln[C02]] and (right; Aln[C02J + -ASOI). 
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Appendix A.4. Investigation of Causality between Ocean Heat Content, Atmospheric 
Temperature and C02 

A third process examined in connection to both T and [C02] is the heat content of 
the upper-layer ocean. This is indirectly represented by data of the upper ocean 
mean temperature of the layer 0—100 m [631 (OMTO—IOO), also known as 
Vertically Averaged Temperature Anomaly (0—100 m layer) [641. These are based 
on historical ocean temperature data, bathythermograph data and Argo data [651 
and are made available at the timescale of three months by the National 
Oceanographic Data Center of the US NOAA [641, as well as by the ClimExp 
platform, which we used to download the data. The time series, starting in 1955, is 
plotted in Figure A8. 

Figure A8. OMTO—IOO time series (continuous line) along with rolling (right-aligned) 10-year average 
(dashed line). 

The results of the stochastic analyses are shown in Table A3, Figures A9 and A 10. 
The principal directions are OMTO—IOO T and OMTO—IOO —Y [C02] and the 
causality type is HOE. In the former case, the explained variance is substantial, 53%, 
and the time lag is 3—7 months, depending on the metric used (nb., the time lags in 
Table A3 are given in 3-monthly steps). In the latter case, the explained variance is 
35%, and the time lag is greater, 7—9 months. 

Table A3. Summary indices of the case studies related to 0MTO—IOC). Data are on a three-month 

timescale and the time step of differencing is 1 year; for explanation of symbols see Table I. 
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Figure A9. IRFs for upper ocean temperature—atmospheric temperature based on the OMTO—I()O and 

the NCEP/NCAR Reanalysis data, respectively—case studies #30 (left; AOMTO—IOO —+ ATI;) and (right; 

AT +  

 

Figure AIO. IRFs for upper ocean temperature—[C02] based on the OMT()—IOO and the NCEP/NCAR 

Reanalysis data, respectively—case studies #32 (left; AOMTO—IOO —Y Aln[C02]] ;) and #33 (right; 

Aln[C02] + AOMTO-IOO). 

Appendix A.5. Notes on the T-[C021 Relationship on Large Timescales 

While the scope of this study is the modern period covered by reliable 

C02 concentration measurements (about six decades), it may be useful to 

refer to studies that used paleoclimatic proxies to assess the T-[C02] 

relationship on much larger timescales. Berner and Kothavala [661 

studied the entire phanerozoic (the last 530 million years) and asserted 

that "over the long term there is indeed a correlation between C02 and 

paleotemperature", while their Figure 13 showed that the atmospheric 

Time  lag  (3-month  steps) Tirne  lag  (3-month  steps) 

0  003 
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[C02] was much higher (up to 27 times) than the current one for most of 

the time during the phanerozoic. They also emphasized the "importance 

of considering ALL factors affecting C02 when modelling the long term 

carbon cycle and not concentrating [onl only one cause". On the other 

hand, Veizer et al. [671 presented evidence for decoupling atmospheric 

C02 and global climate during the phanerozoic, questioning the role of 

the (partial pressure of) C02 as the main driving force of past global 

(long-term) climate changes, at least during two of the four main cool 

climate modes of the phanerozoic. 

Several studies, based on paleoclimatic reconstructions and mostly the 

Vostok ice cores [68,691 covering the most recent —400 thousand years, 

have identified the change of T as the cause and that in [C02] as the 

effect, with estimates of the time lag varying frorn 50 to 1000 years, 

depending on the time period and the particular study  Claims 

that 

C02 concentration leads (i.e., a negative lag) have not generally been 
made in these studies. At most, a synchrony claim has been sought on the 
basis that the estimated positive lags are often within the 95% uncertainty 
range [73], while in one of them [721, it has been asserted that a "short 
lead of C02 over temperature cannot be excluded". 

Synchrony was also claimed for the last deglacial warming in another 

study by Parrenin et al. [741, who stated that they found no significant 

asynchrony between Antarctic temperature and atmospheric [C02]. For 

the same period, another study by Shakun et al. [751 gave different lead-

lag relationships for the north and south hemispheres. Generally, it 

appears that the issue remains controversial, as illustrated, for example, 

in a recent report (2021) by NOAA (in the framework of Paleo 

Perspectives (761), which states: "While it might seem simple to 

determine cause and effect between carbon dioxide and climatefrom 

which change occurs first, [. . .1 the determination of cause and effect 

remains exceedingly difficult." 

On the other hand, a convincing explanation about why, in the long run, 

change in temperature leads and in C02 concentration follows has been 

given by Roe [401, who demonstrated that in the Quaternary it is the 

effect of Milankovié cycles, rather than of atmospheric C02 

concentration, that explains the glaciation process. Specifically, he found 

that "variations in atmospheric C02 appear to lag the rate of change of 

global ice volume. This implies only a secondary rolefor C02—variations 

in which produce a weaker radiative forcing than the orbitally-induced 

changes in summertime insolation—in driving changes in global ice 

volume." The Vostok ice cores covering the most recent —400 thousand 

years have also been examined, applying the same method as in this 

paper, by Koutsoyiannis et al. [71, who concluded that "the causal 

relationship of atmospheric T and C02 concentration, as obtained by 

proxy data, appears to be of HOE type with principal direction T —Y 

[C021", same as in the records of the modern period, but with a much 

higher time lag, of the order of 1000 years. 
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Bijlage 4 
 

Interview met Bert Weteringe, auteur van het boek Windhandel. 

Grootschalige uitrol van windparken heeft ingrijpende negatieve effecten op de natuur, de 
mens en de leefomgeving, stelt vliegtuigbouwkundig ingenieur en specialist lichtgewicht 
materialen Bert Weteringe. In zijn explosieve boek 'Windhandel' wordt voor het eerst het 
complete verhaal over windmolens verteld. Windmolens blijken niet alleen buitengewoon 
kostbaar en milieuvervuilend te zijn, ze zorgen ook nog voor droogte en opwarming. "De 
uitrol van grootschalige windenergie moet gewoon stoppen", concludeert Weteringe. 

Waarom schrijft een vliegtuigbouwkundig ingenieur een boek over windmolens? "Mijn 
grootste motivatie voor het schrijven van dit boek was dat ik, als ik om me heen kijk, het 
aantal windturbines enorm zie toenemen. Het doet pijn aan mijn ogen om het landschap zo 
te zien veranderen", vertelt Weteringe. "lk was daar al eerder ingedoken en kwam tot de 
conclusie dat de informatie naar buiten moet komen, dat de uitrol van grootschalige 
windenergie eigenlijk gewoon moet stoppen, omdat de impact enorm is, op het milieu, de 
natuur, de mens en ook op onze portemonnee." Het bijzondere aan het boek van Weteringe 
is dat hij alle versnipperde kritiek die er is op windmolens bij elkaar heeft gebracht, waardoor 
er voor het eerst een compleet beeld ontstaat van de impact die deze techniek heeft op het 
milieu en de samenleving. Weteringe: "Met dit boek wilde ik alle informatie over windmolens 
toegankelijk maken voor mensen die nog niet goed weten wat er nou allemaal speelt 
rondom de bouw en exploitatie van windturbines en grootschalige windparken. Er is veel 
informatie beschikbaar en dat gaat in losse berichten rond. Maar er was nog niets 
gebundeld." 

Een van de meest opmerkelijke onderzoeken die je aanhaalt, is dat windenergie 

waarschijnlijk opwarming en droogte veroorzaakt. Terwijl ze geplaatst worden om die 

zogenaamde opwarming juist tegen te gaan. Kun je uitleggen hoe dat werkt? 

Laat ik bij het weer beginnen. Een rotorblad begint op 65 meter hoogte en gaat afhankelijk 
van de diameter tot 250 meter hoog. Dat klieft door verschillende lucht lagen en mengt de 
luchtlagen, waardoor lokaal het weer beïnvloed wordt. Daar zijn ook foto's van, dat 
wolkenvorming plaatsvindt achter windturbines. Met een enkele windturbine valt dat effect 
mee. Maar we hebben het over windparken, met vijftig en steeds vaker honderd turbines, 
dan wordt het effect steeds groter. Zelfs het KNMI heeft naar buiten gebracht dat het 
bouwen van windparken op zee effect heeft op de windsnelheid op 100 meter hoogte. Het 
blijkt dat 150 km in het zog van een groot windpark significante windafname meetbaar is. 
150 kilometer afstand, dat is een groot gebied. Dat is de invloed op het weer. Zo'n park 
kan mist — en wolkenvorming veroorzaken, of andersom, ervoor zorgen dat het droog 
wordt of opklaart. Nu blijkt dat niet alleen het weer, maar ook het klimaat beïnvloed wordt. 
Al in 2012 was er een onderzoek in Amerika, waarin de bodemtemperatuur in en net 
buiten een windpark werd onderzocht. Na tien jaar bleek de temperatuur van de bodem in 
het windpark ongeveer één graad hoger te zijn. Hetzelfde soort effect is ook in China 
gevonden. Misschien denk je, wat heeft dat met klimaat te maken? Maar als de bodem 
warmer wordt, dan verdampt er dus ook meer water. En als een bodem droger wordt 
daardoor, dan warmt die gemakkelijker op. Je kunt je voorstellen, wanneer we meer 
windparken bouwen, dat je dan het land gaat verwarmen en verdrogen. Vooral bij heel 
grootschalige uitrol. Uit kaarten uit een Duits onderzoek blijkt dat de mate van droogte in 
Duitsland één op één overeenkomt met de aanwezigheid van windparken. Je kunt je 
afvragen, zijn we met de grootschalige uitrol van windturbines de mensheid aan het 
behoeden voor opwarming van de aarde, of gaan we hiermee juist de aarde opwarmen? 
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De effecten die je beschrijft zijn op basis van het huidige arsenaal aan 

windmolens, maar daar komen er natuurlijk veel meer bij. Kun je een beeld 

schetsen van de schaal van die windmolens? Hoeveel staan er nu ongeveer 

wereldwijd? Hoeveel materialen zijn daarvoor nodig? 

Wereldwijd zijn er nu naar schatting 200.000 windturbines. Je ziet nu al hoe dat zich 
manifesteert, want als je de Nederlandse grens naar Duitsland passeert dan staat het 
helemaal vol. Tegen 2050 zouden er twee miljoen bij moeten komen. In Nederland staan 
op dit moment ongeveer 2700 windturbines, dat gaan er heel veel meer worden. 
Daarnaast worden ze steeds groter. Dat zijn dan turbines van 5 tot 10 megawatt, die 
worden wel bijna 300 meter hoog. Als je kijkt naar wat er nu is gebouwd, dat zijn 4 
megawatt turbines. Daar heb je aan materiaal 900.000 kilo staal voor nodig. Er gaat ook 
nog 2,5 miljoen kilo beton de grond in. De rotorbladen worden gemaakt van 
composietmateriaal, dat zijn vezel-versterkte kunststoffen, epoxy. De glasvezels die 
hiervoor benodigd zijn worden uit een vloeibaar bad van 14000C gesponnen. Eén zo'n 
rotorblad weegt wel 15.000 kilo. Er zitten er drie aan een turbine, dus in totaal heb je het 
over 45.000 kilo wat daar ronddraait aan die paal. 

Kun je de rotorbladen recyclen? 

Glasvezelversterkte epoxy is op dit moment niet te recyclen. Er is een bedrijf in 
Bremen dat de rotorbladen in kleine stukjes hakt en die worden vermengd met 
cement. Dat gebeurt heel mondjesmaat. Momenteel worden die rotorbladen 
voornamelijk verbrand. In Amerika waar het gemakkelijker is regelgeving te omzeilen, 
worden ze in bepaalde staten gedumpt. 

Hoe kijk je aan tegen het verbranden van epoxyharsen? 

Daar heb je een goede filterinstallatie voor nodig, want daar komen giftige gassen bij vrij. 
In epoxy zit voor een groot deel, 30 tot 40 procent, BPA, of Bisfenol-A. Dat is een hot item 
in het nieuws, want dat zit in allerlei verpakkingsmaterialen. Ze zijn de regels daarvoor aan 
het aanscherpen, omdat het een gevaarlijke, hormoonverstorende stof is. Terwijl ze de 
regels voor verpakkingsmateriaal aanpassen, bouwen we ontzettend veel windturbines 
met rotorbladen waar het massaal in zit. Door slijtage van die rotorbladen komt die stof vrij 
in het milieu. Je wil eigenlijk niet dat die stof vrijkomt, het heeft een lange halfwaardetijd, 
waardoor het niet afbreekt onder natuurlijke omstandigheden en zich via water verspreidt. 

Naast de vervuiling hebben al die materialen zelf veel energie nodig om 

geproduceerd te worden. 

Is die energie wel duurzaam? 

Nee, het meeste wordt geproduceerd met fossiele brandstoffen. Die hele industrie zal op 
een gegeven moment geëlektrificeerd moeten worden. Daar is dan waterstof voor nodig. 
Daar zijn dan ook weer heel veel windturbines voor nodig. Het is bekend dat om waterstof 
te produceren met het elektrolyse proces, je 70 procent aan energie verliest. Wat ze willen 
is met wind en zon energie opwekken om waterstof te produceren, om vervolgens dat te 
gebruiken om staal te produceren. 

Je hoeft geen ingenieur te zijn om na te gaan dat dat misschien niet 

uitkomt. Nee, inderdaad. 

Hoe lang moet die windmolen draaien voordat hij überhaupt al die energieinvestering heeft 
teruggewonnen? 
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Dat is lastig te achterhalen. Ze stellen dat het na een halfiaar alweer terugverdiend zou 
zijn. Maar daar bestaan eigenlijk nog geen waterdichte berekeningen voor. Je moet met 
zoveel aspecten rekening houden. Als je alleen al naar de kosten van een turbine kijkt, 
een turbine op land kost gemiddeld 3 miljoen euro om te bouwen. Op zee kost die 30 
miljoen euro. Dat zijn enorme investeringen. Daar komen dan ook nog de 
onderhoudskosten bij. Uiteindelijk levert dat 3 tot 4 cent per kilowattuur op voor de 
exploitant. Je kunt wel nagaan, om die kosten eruit te halen moet je veel energie leveren. 

Wat is het verdienmodel? Want het zijn hele hoge kosten tegen lage marges. 

Daar komen heel wat subsidies bij om de hoek kijken. Windenergie is duurder dan fossiele 
energie 

om te produceren. Per eenheid energie is de productie van wind- en zonne-energie 10 keer 
zo duur als kolen en gas. Daarbij worden dan alle kosten meegewogen, dus van de winning 
en productie van de materialen tot en met verwijderen van de energiebron. De overheid 
vult dat gat met subsidies. Exploitanten strijken die subsidie op, waardoor het nog enigszins 
rendabel is om in windparken te investeren. Maar je ziet al dat dat eigenlijk steeds lastiger 
wordt. Afgelopen zomer, bijvoorbeeld, heeft Vattenfall een windturbineproject afgeblazen 
vanwege de kosten. Want die kosten worden almaar hoger. Energiekosten zijn hoger, dus 
ook om al die materialen te fabriceren. Het levert geen rendement meer op. Als er op een 
gegeven moment niet voldoende subsidie bij komt, zullen ze eerst belastingverhogingen 
moeten doorvoeren op alternatieve energievormen. 

Die windparken hebben een maximale levensduur van 20 jaar en soms zelfs 

minder. Hebben die bedrijven een verantwoordelijkheid na die 20 jaar om de 

turbines op te ruimen of blijven ze dan gewoon staan? 

Dat is een goede vraag. Een recent voorbeeld is een windpark in Zeewolde waar begin dit 
jaar een turbine was afgebroken. Daar was de uitbater van het windpark dus uiteindelijk 
verantwoordelijk voor. Die windturbines worden momenteel ontmanteld. Maar hoe 
grootschaliger die parken worden, hoe hoger die kosten zullen worden om ze te 
ontmantelen en te recyclen. 

Wat gebeurt er met die turbines wanneer zo'n uitbater failliet gaat? 

Dat is een risico, omdat die windparken uiteindelijk waarschijnlijk niet rendabel genoeg zijn. 
Dat zie je nu bijvoorbeeld al bij Siemens Gamesa. Die zitten al aardig in de problemen, 
want de onderhoudskosten zijn echt enorm. Ze hebben een aantal ontwerpfouten gemaakt 
in de nieuwste generatie turbines, waardoor ze enorme onderhoudskosten hebben 
gekregen, waardoor ze zelfs bij nieuwe turbines al snel onderdelen moeten vervangen. 
Daar is slecht aan te komen op de huidige wereldmarkt. Die kosten lopen in de miljarden, 
dat zijn verliesgevende ondernemingen aan het worden. Hoe gaat dat opgelost worden 
wanneer deze bedrijven failliet gaan en ze moeten dan nog die kosten dragen voor de 
afbraak? lk hou mijn hart vast. 

Het idee is dat wind fossiele brandstoffen grotendeels moet vervangen. Is dat 

überhaupt wel mogelijk? 

Nee, wind kan fossiel niet vervangen. Ze zijn die weg ergens begin jaren '90, met veel 
subsidie ingeslagen en dat is heilig verklaard. Daardoor lijkt er geen weg meer terug te zijn. 
lk kan me namelijk niet voorstellen dat onderlegde mensen niet zien dat dit niet haalbaar is. 

Als je de impact in acht neemt, vraag ik me af of dit geen economische 
oorlogsvoering is. Daar lijkt het wel op. Tegelijkertijd zijn er partijen die er beter 
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van worden. De grote investeringsmaatschappijen, banken, hedgefondsen die 
het grote geld opstrijken. 

En ondertussen kunnen gepensioneerden hun energierekening niet langer betalen. 

Dat wordt nog lastiger. Met de nieuwe pensioenwet gaat hun pensioen geraakt worden. 
Daarnaast investeren de pensioenfondsen grootschalig in windenergie. ABP kondigde 
bijvoorbeeld vorig jaar aan 30 miljard euro in windparken te gaan beleggen. Het is dus een 
grote vraag of die rendabel zullen zijn. Welk effect gaat dat op de pensioenen hebben? 

 

Bijlage 5 
 

Zweedse professor: Invloed WiFi op gezondheid 'erger dan we dachten' januari 29, 2024 

13 

 

Vodafone 5G / Fabian Horst / Wikimedia / (CC BY-SA 4.0 DEED) 

Professor Johansson stuurde onlangs de onderstaande e-mail naar de BBC Radio 
Two Jeremy Vine Show, in de hoop dat ze eindelijk wakker worden over het 
onderwerp, schrijft Dr. Olle Johansson. lk heb zijn toestemming om deze uitstekende 
brief te delen — hij kan op vele manieren nuttig zijn: 

Geachte heer Vine, 

Mijn naam is Dr. Olle Johansson, en ik ben een professor, gepensioneerd van het 
wereldberoemde Karolinska Instituut en het al even beroemde Royal Institute of 
Technology, Stockholm, Zweden, die beide nauw verbonden zijn met respectievelijk de 
Nobelprijzen voor Fysiologie of Geneeskunde, Scheikunde en Natuurkunde. 
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lk neem contact met u op omdat een persoonlijke vriendin van mij, mevrouw Tanja Rebel 
(cc:ed), mij wat materiaal van u stuurde en mij aanspoorde u te schrijven. lk heb ook 
deelgenomen aan uw BBC Panorama programma in 2007, dat de uitrol van WIFI in scholen 
onderzoekt. 

Al vele jaren bestudeer ik de gezondheidseffecten van draadloze apparaten en 
technologieën, zoals mobiele telefoons, WiFi en de algemene draadloze infrastructuur. Mijn 
onderzoek tientallen jaren geleden was belangrijk om vast te stellen dat de oude CRT-
computermonitoren biologisch schadelijk waren en dat we ze daarom hebben vervangen 
door de minder schadelijke flatscreens. lk heb ook een soortgelijke rol gespeeld bij de 
bescherming van zwangere vrouwen voor computers. 

Draadloze communicatie wordt nu heel snel in ons dagelijks leven toegepast. Tegelijkertijd 

wordt het steeds duidelijker dat blootstelling aan elektromagnetische velden kan leiden tot 

zeer ongewenste gezondheidseffecten. 

Dit is aangetoond in een zeer groot aantal onderzoeken en omvat schade aan cellulair DNA 

(wat kan leiden tot het ontstaan van kanker en mutaties die generaties lang doorwerken), 

verstoringen en wijzigingen van cellulaire functies zoals een toename van intracellulaire 

stimuleringsroutes en calciumverwerking, verstoring van weefselstructuren zoals de bloed-

hersenbarrière (waardoor gifstoffen de hersenen kunnen binnendringen), invloed op de 

bloedvaten en immuunfuncties en verlies van vruchtbaarheid. 

Opgemerkt moet worden dat wij niet de enige soort zijn die gevaar loopt, praktisch alle 
dieren, planten en bacteriën kunnen op het spel staan. 

Voor deze laatste hebben Taheri et al. (2017) aangetoond dat de blootstelling aan 900 MHz 
GSMstraling en 2,4 GHz radiofrequente straling afkomstig van gewone Wi-Fi-routers Listeria 
monocytogenes en Escherichia coli resistent maakte tegen verschillende antibiotica. (Zeer 
vergelijkbare resultaten zijn onlangs gepubliceerd met betrekking tot bodembacteriën.) Om 
te zeggen dat deze bevindingen "eng" zijn, is een klassiek Engels understatement. 

Omdat de effecten reproduceerbaar zijn waargenomen en verbanden met pathologie niet 
kunnen worden uitgesloten, moet het voorzorgsprincipe van kracht zijn bij de implementatie 
van deze nieuwe technologie in de samenleving. 

Daarom moeten beleidsmakers onmiddellijk de blootstelling strikt controleren door richtlijnen 

voor maximale blootstelling op biologische basis op te stellen, waarbij ook rekening wordt 

gehouden met niet-thermische effecten op lange termijn en met bijzonder kwetsbare 

groepen, zoals ouderen, zieken, genetisch en/of immunologisch gehandicapten, kinderen en 

foetussen, en personen met de functionele beperking elektrohypersensitiviteit (die in Zweden 

een volledig erkende functionele beperking is en daarom een jaarlijkse invaliditeitssubsidie 

van de overheid ontvangt). 

Totdat er herziene blootstellingsrichtlijnen zijn ontwikkeld, moeten professionele 

volwassenen die verantwoordelijk zijn voor mensenlevens in institutionele of 

groepsomgevingen, zoals scholen, kantoren, woongebouwen, overheidsgebouwen, 

ziekenhuizen, etc., rekening houden met de grote hoeveelheid wetenschap die ernstige 

risico's aantoont en deze blootstellingen bij elke gelegenheid minimaliseren door internet- en 

computerconnectiviteit met vaste kabels aan te pakken. 

De wetenschap levert steeds overtuigender bewijs dat de straling van onze draadloze 
telecommunicatiesystemen biologische systemen kan aantasten, waaronder mensen, 
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wilde dieren, planten en bacteriën. Deze biologische effecten treden zelfs op bij zeer lage 
blootstellingsniveaus. 

De gevolgen voor de gezondheid en het milieu kunnen des te ernstiger zijn 

omdat — blootstelling alomtegenwoordig, herhaald en/of langdurig is, 

— straling van draadloze technologieën gemoduleerd, gepulseerd en gepolariseerd is, 

— sommige individuen kwetsbaarder zijn (foetussen, kinderen, zieke patiënten, mensen met 
reeds bestaande aandoeningen), en/of de effecten veel langduriger zijn (foetussen, 
kinderen), 

— blootstelling wordt gecombineerd met andere verontreinigende stoffen in onze lucht, ons 
water en ons voedsel (bv. chemische verontreinigende stoffen). 

Schade aan de gezondheid en het milieu is al merkbaar bij blootstellingsniveaus die 
vergelijkbaar zijn met de huidige niveaus in onze samenleving, maar ook bij aanzienlijk 
lagere niveaus. 

Het is duidelijk niet genoeg om er alleen voor te zorgen dat de blootstellingsniveaus onder 

de door de WHO aanbevolen niveaus blijven. De aanbevelingen van de WHO zijn bedoeld 

om cellen te beschermen tegen overmatige temperatuurstijging als gevolg van een enkele (!) 

maximale blootstelling van 30 minuten aan radiofrequentie/microgolfstraling in een verder 

stralingsvrije omgeving, dus heel ver van de werkelijkheid. De basis voor deze 

aanbevelingen werd eind jaren '90 gelegd en is sindsdien niet meer herzien, hoewel: 

— draadloze technologieën zich de afgelopen 20 jaar zeer snel hebben ontwikkeld, 

— het blootstellingspatroon volledig veranderd is (alomtegenwoordige, herhaalde, 
langdurige blootstelling, blootstelling van kinderen, foetussen, enz.) 

— er is aanzienlijke wetenschappelijke vooruitgang geboekt in de identificatie van 
biologische en gezondheidseffecten. 

Niet iedereen is het eens over het absolute bewijs van schade omdat er nog een aantal 

onbekenden zijn, zelfs op wetenschappelijk niveau. Maar het heeft geen zin om het feit dat 

nog niet alle grijze gebieden zijn opgelost, te gebruiken om te beweren dat er geen 

gezondheids- en milieueffecten zouden zijn veroorzaakt door de wijdverspreide toepassing 

van draadloze apparaten en netwerken. Dit zou zelfs slecht kunnen aflopen vanuit juridisch 

oogpunt. 

Tot op heden kunnen we niet langer ontkennen dat duizenden en duizenden studies 
wijzen op zeer reële effecten. De ongebreidelde ontwikkeling van draadloze systemen is 
op min of meer korte termijn in strijd met de gezondheid en bescherming van 
ecosystemen. Observaties en het terugverdienen van ervaring geven aan dat er al 
schade aangericht wordt. 

lk wil u eraan herinneren dat de Wereldgezondheidsorganisatie in 2011 de radiofrequentie- 
en microgolfemissies van draadloze technologieën heeft geclassificeerd als mogelijke 
kankerverwekkende stoffen. Kanker is echter slechts een van de langetermijngevolgen van 
langdurige blootstelling. 

Radiofrequente straling tast onze cellen aan lang voordat kanker zich ontwikkelt. Ons 
lichaam reageert met oxidatieve stress en ontstekingsprocessen. Bij herhaalde of 
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langdurige blootstelling worden deze mechanismen in stand gehouden en kunnen ze 
slaapstoornissen, verstoringen van cognitieve en reproductieve functies en schade aan 
cellen en DNA veroorzaken. Op de lange termijn worden de afweersystemen van het 
lichaam uitgeput en dreigen ziekten: 

— herhaalde infecties, 

— onvruchtbaarheid, 

— ontwikkelingsstoornissen (bijv. embryonaal), 

— neurologische en neuropsychiatrische aandoeningen, 

— hart- en vaatziekten, 

— neurodegeneratieve ziekten waaronder de ziekte van Alzheimer, 

— kan kers. 

Vooral foetussen en kinderen worden hierdoor getroffen omdat ze kwetsbaarder zijn en/of de 

effecten veel langduriger zijn. Bovendien vormen zij de enige basis voor de toekomst van de 

mensheid. 

Met elke generatie draadloze technologie groeit ook het aantal elektrohypersensitieve 
mensen die fysiek lijden onder de blootstelling aan elektromagnetische straling, of ze zich nu 
bewust zijn van hun elektrohypersensitiviteit of niet. Nocebo of psychologische verklaringen 
zijn duidelijk niet voldoende om het fenomeen te verklaren. 

De invoering van 5G (de 5e generatie mobiele telefonietechnologieën) naast de bestaande 

technologieën zal de blootstelling voor iedereen zeker doen toenemen. Maar afgezien van 

de extra laag elektromagnetische vervuiling die het zal vormen, bestaat er een sterk 

vermoeden dat 5G, vanwege zijn zeer kunstmatige aard als gevolg van nieuwe en 

verschillende technologische specificiteiten (frequenties, modulaties, pulsaties, smal gerichte 

en directionele bundels, verdichting van de antennenetwerken), nog ernstigere gezondheids- 

en milieurisico's zal opleveren dan bestaande technologieën. 

Ingenieurs en de telecomindustrie beweren gemakkelijk dat er niets aan de hand is omdat 
de hoogfrequente straling van 5G voornamelijk aan de rand van het lichaam zal worden 
geabsorbeerd. Dit is gebaseerd op de veronderstelde huidkarakteristiek dat hoe hoger de 
frequentie van de straling, hoe minder diep de straling doordringt. 

Met andere woorden, de meeste elektromagnetische absorptie (en verwarming) zou 
plaatsvinden op de eerste paar millimeter van het lichaamsoppervlak. Maar uit praktijktests 
is nooit een dergelijk afschermend effect aangetoond, wat erop wijst dat de penetratie toch 
totaal is. 

Concluderen dat er geen risico is, is bovendien vergeten dat oppervlakte-effecten aanzienlijk 

kunnen zijn op externe cellen en weefsels (huid, ogen bijvoorbeeld), evenals op alle 

bloedcellen die elke vijf minuten het buitenste deel van de huid passeren. Er zijn redenen om 

te vermoeden dat de uitrol van 5G gepaard kan gaan met een toename van het aantal 

melanomen en andere vormen van huidkanker en oogaandoeningen. 

Maar niet alleen oppervlakte-effecten zijn zorgwekkend. Er is ook een sterk vermoeden dat 

5Gstraling gevolgen kan hebben ver buiten de perifere lagen van het lichaam. Levende 

materialen zijn niet alleen maar homogene en inerte geleidende materialen. Het is een grote 
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vergissing om de complexiteit van biologische systemen buiten beschouwing te laten die in 

staat zijn om op andere manieren dan alleen door verhitting te reageren op externe 

elektromagnetische prikkels. 

Elektromagnetische verstoringen en chemische mediatoren (bijv. ontstekingsmediatoren) 
kunnen snel door het lichaam worden verspreid en diep in het lichaam biologische (niet-
thermische) effecten teweegbrengen. Zulke verstoringen hebben ook een ideale 
verspreidingsweg via de perifere zenuwen, die zich zo oppervlakkig als 20-40 um van het 
buitenoppervlak bevinden. 

We mogen ook niet vergeten dat professor Paolo Vecchia, destijds hoofd van ICNIRP, op 
een conferentie in de Royal Society in Londen, in 2008 het volgende zei over het gebruik 
van de technische blootstellingsrichtlijnen van ICNIRP (ICNIRP = International 
Commission on Non-lonizing Radiation Protection): 

"Wat ze niet zijn: 

- Verplichte voorschriften voor veiligheid 

- Het 'laatste woord' over de kwestie 

- Defensieve muren voor de industrie of anderen" 

(letterlijk citaat uit de stemopname) 

Hij benadrukte sterk dat de ICNlRP-richtlijnen alleen technisch van aard zijn en nooit 
bedoeld waren als veiligheidsaanbevelingen voor medische of biologische kwesties. 

Bovendien moet worden opgemerkt dat er ooit maar één hygiënische veiligheidswaarde is 
voorgesteld: 0,0000000001-0,0000000000001 PW/m2 — dit is de natuurlijke achtergrond 
tijdens normale kosmische activiteiten; door mijzelf voorgesteld op een 
vakbondsbijeenkomst in Stockholm, al in 1997 (d.w.z. een jaar voor de publicatie van het 
ICNlRP-paper uit 1998), als een echte hygiënische veiligheidswaarde, en sindsdien vele 
malen herhaaldelijk gepresenteerd. (Gezien de zeer kunstmatige aard van de huidige 
draadloze communicatiesignalen, bijvoorbeeld van hun pulsaties en modulaties, kan het 
eigenlijk neerkomen op O (nul) HW/cm2 als het echte veilige niveau). En geloof nooit dat het 
mogelijk is om het "veiliger" te spelen door de blootstellingsniveaus slechts enigszins te 
verlagen! (cf. Johansson O, "To understand adverse health effects of artificial 
electromagnetic fields... ...is "rocket science" needed or just common sense?", In: Essays 
over bewustzijn — Naar een nieuw paradigma (red. l. Fredriksson), Balboa Press, 
Bloomington, IN, USA, 2018, pp 1-38, ISBN 978-1-98220811-0). Ironisch genoeg betekent 
dit dat zelfs een Voorzorgsprincipe — als het niet streng genoeg is — misschien helemaal 
geen voorzorgsmaatregel zal blijken te zijn. In plaats daarvan zou het kunnen leiden tot de 
klassieke "Late lessen uit vroegtijdige waarschuwingen" of, mijn citaat, "Te late lessen uit 
vroegtijdige waarschuwingen"... (Bent u bereid dat te riskeren voor een set speelgoed, in 
plaats van levensbehoeften...  

Dus om te geloven dat één enkele blootstelling van 6, 10 of 30 minuten van een met 
vloeistof gevulde plastic pop, in een verder volledig stralingsvrije omgeving, die alleen acute 
verwarmingseffecten berekent, enige vorm van veiligheidsmaatregel zal zijn, is meer dan 
naïef. Het is gevaarlijk naïef. 

De grote spelers, zoals de WHO, de stralingsbeschermingsautoriteiten, de 
telecomfabrikanten, de telecomoperators, de verzekerings- en herverzekeringsindustrie, 
zijn niet naïef en hebben daarom — wettelijk gezien — allemaal 'het schip verlaten', zo'n 
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20-30 jaar geleden, de consumenten en hun parlementen en regeringen volledig 
achterlatend op een schip dat hulpeloos ronddobbert. 

De beslissingen van de grote spelers zijn veelzeggender dan alle reageerbuis-, muizen- of 
rattenexperimenten die ik u kan laten zien, en daarom is het de hoogste tijd om deze grote 
spelers terug te roepen. Ze hebben ons dit "veilige" schip verkocht en nu moeten ze 
bewijzen dat het dat ook echt is. En ook voor de andere G:s, zoals 2G, 3G, en 4G, en de 
aankomende 6G en 7G, en voor WiFi, magnetische velden met stroomfrequenties, 
elektrische velden, enz. 

Het is belangrijk om te begrijpen dat in feite alle levende wezens elektrosensitief zijn! En 

gezien de buitengewone elektromagnetische gevoeligheid van levende systemen, is het 

geen verrassing dat ze zelfs bij lagere blootstellingsniveaus kunnen worden beïnvloed, 

vooral als de blootstelling alomtegenwoordig en langdurig is. En de blootstellingsniveaus 

zijn, zoals bekend, niet "laag" — vergeleken met de natuurlijke achtergrond van dergelijke 

frequenties komen de door de mens gemaakte op kolossale, astronomische, bijbelse 

niveaus; de 3G-systemen zijn bijvoorbeeld toegestaan op een maximaal 

blootstellingsniveau dat 1.000.000.000.000.000.000 keer de natuurlijke achtergrond is! 

Over de hele wereld worden dramatische verminderingen in bestuivende 
insectenpopulaties waargenomen, bijvoorbeeld in Duitsland waar meer dan 75% van hen 
gewoon verdwenen is, Canada heeft meer dan 90% van zijn honingbijen verloren en de VS 
meer dan 90% van hun hommels. 

lk maak me hier vooral zorgen over omdat ik al een aantal artikelen in mijn bestanden heb 

die deze invalshoek behandelen; ik heb onlangs zelfs een kort commentaar geschreven op 

basis van deze artikelen: Johansson O, "To bee, or not to bee, that is the five "G" question", 

Newsvoice.se 28/5, 2019, https://newsvoice.se/2019/05/5g-question-olle-iohansson/. lk weet 

ook dat andere gebieden over de hele wereld melding hebben gemaakt van soortgelijke 

enorme instortingen van bijenkolonies, en mijn sterke inspanningen zijn nu gericht op het 

zoeken naar manieren om onze bestuivers te behouden, te beschermen en te verbeteren, 

waar ze zich ook bevinden, en zo onszelf te behouden, te beschermen en te verbeteren. 

Als we geen actie ondernemen, stevenen we zeker af op een moment in de geschiedenis 
waarop toekomstige generaties — als die er al zijn — ons zullen vragen "Waarom hebben 
jullie niet gereageerd en gehandeld?" 

We hebben allemaal een ongelooflijke kans om op te komen voor de gezondheid van onze 

buurtbewoners door de beslissing om zenders in — of op — hun gebouwen te installeren 

terug te draaien. Zo'n stap zou niet alleen voorkomen dat meer mensen ziek worden en dat 

er cumulatieve biologische effecten optreden die mogelijk iedereen zou kunnen ondervinden, 

maar zou ook het eigen vermogen van eigenaren beschermen, omdat bekend is dat de 

waarde van onroerend goed aanzienlijk daalt in omgevingen met hoge elektromagnetische 

velden. 

Vergeet niet dat het hier niet gaat om natuurlijke blootstellingen, maar om schadelijke 
gezondheidseffecten en biologische effecten van kunstmatige elektromagnetische velden. 
Het is ons aller verantwoordelijkheid om dit onderscheid te begrijpen en stappen te 
ondernemen om de biologisch ontregelende effecten van kunstmatige elektromagnetische 
velden te minimaliseren. 

Aarzel niet om contact met me op te nemen als ik aanvullende informatie of meer 
volledige wetenschappelijke referenties kan geven (hieronder staan er een paar), of als 
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ik geïnterviewd kan worden over de risico's van draadloze straling. lk wil graag uw 
verdere due diligence-werk in deze zaak ondersteunen. 

Met vriendelijke groet, Accra, 24 januari 2024 

Olle Johansson 

Professor, PhD 
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