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Abstract:  Economic analyses of environmental mitigation and other interdisciplinary 

public policy issues can be much more useful if they critically examine what other 

disciplines have to say, insist on using the most relevant observational data and the 

scientific method, and examine lower cost alternatives to the change proposed. These 

general principles are illustrated by applying them to the case of climate change mitigation, 

one of the most interdisciplinary of public policy issues. The analysis shows how use of 

these principles leads to quite different conclusions than those of most previous such 

economic analyses, as follows:  

¶ The economic benefits of reducing CO2 emissions may be about two orders of magnitude 

less than those estimated by most economists because the climate sensitivity factor (CSF) 

is much lower than assumed by the United Nations because feedback is negative rather 

than positive and the effects of CO2 emissions reductions on atmospheric CO2 appear to be 

short rather than long lasting.  

¶ The costs of CO2 emissions reductions are very much higher than usually estimated 

because of technological and implementation problems recently identified. 

¶ Geoengineering such as solar radiation management is a controversial alternative to CO2 

emissions reductions that offers opportunities to greatly decrease these large costs, change 

global temperatures with far greater assurance of success, and eliminate the possibility of 

low probability, high consequence risks of rising temperatures, but has been largely 

ignored by economists.  

¶ CO2 emissions reductions are economically unattractive since the very modest benefits 

remaining after the corrections for the above effects are quite unlikely to economically 

justify the much higher costs unless much lower cost geoengineering is used.  
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¶ The risk of catastrophic anthropogenic global warming appears to be so low that it is not 

currently worth doing anything to try to control it, including geoengineering. 

Keywords: environmental economics; climate change; economic benefits; costs; 

multidisciplinary; scientific method  

 

List of Acronyms 

AMO Atlantic Multidecadal Oscillation 

AR4 Fourth Assessment Report of the IPCC published in 2007 

CAGW Catastrophic AnthropogenicGlobal Warming 

CO2 Carbon Dioxide 

CSF Climate Sensitivity Factor 

°C  Degrees Centigrade 

d
13

C 
Isotopic ratio of 

13
C to 

12
C defined as the standard-normalized difference from the Pee 

Dee Belemnite (PDB) standard 

ENSO El Niño  Southern Oscillation 

ERD Exclusive Regulatory Decarbonization 

EU European Union 

GCM General Circulation Model 

GDP Gross Domestic Product 

GWP Global World Output 

GHG Greenhouse Gas 

IPCC (UN) Intergovernmental Panel on Climate Change 

MER Market Exchange Rates 

PDO Pacific Decadal Oscillation 

RCIO Carbon Intensity of Output 

RT Residence Time 

SRM Solar Radiation Management 

TSI Total Solar Irradiance 

US United States 

US$ United States dollar 

UN United Nations  

1. Introduction 

With the development of stated preference, travel cost, benefits transfer, and other techniques that 

do not require a full understanding of the physical science aspects of valuing environmental benefits, 

environmental economics has tended to pay less attention to these aspects. But this tendency has 

brought some problems as well as some benefits for environmental economists. These problems are 

particularly important in the case of economic analyses of multidisciplinary problems such as climate 

change. Economic analyses of environmental mitigation and other public policy issues can be much 

more useful if they critically examine what other disciplines have to say, insist on using the most 

relevant observational data and the scientific method, and examine lower cost alternatives to the 
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change proposed. These general principles are illustrated by applying them to the case of climate 

change mitigation, one of the most interdisciplinary of public policy issues, and showing how they 

lead to quite different conclusions than those of most previous such economic analyses. This seems 

likely to be the case for other interdisciplinary public policy issues besides climate change. 

There is little doubt that proposals to mitigate the threat of climate change, sometimes referred to as 

catastrophic anthropogenic climate change (CAGW) or global warming, has presented environmental 

economics with its most important challenge to date in terms of providing useful advice on what if 

anything should be done concerning what is perhaps the major environmental public policy issue of 

the last decade or more. The economic implications of some prominent proposals to control climate 

change are large. There is currently probably no public policy issue with greater economic impact on 

which environmental economists might have particular expertise and therefore something useful to say. 

The purpose of this article is to assess whether these efforts would be more effective if economists 

used these principles. 

This article was initially motivated by personal discussions with two of the principal economic 

analysts on this subject concerning the validity of the physical science inputs that they had used. One 

said that he had never examined the physical science inputs he used from the United Nations (UN) 

Intergovernmental Panel on Climate Change (IPCC) efforts since he assumed that they were valid. The 

other said that he believed there should be a division of effort and that since his expertise was not in 

the physical sciences this should be left to experts in this field, which he felt included the UN IPCC. 

1.1. Use of Most Relevant Observational Data and the Scientific Method as the Basis for  

Determining Effects 

This article will assume, I think reasonably, that the criterion for use of an assumption or hypothesis 

is whether it is supported by relevant observational tests or by the use of the scientific method. If the 

assumption or hypothesis is not so supported, this means that it is not supported by real world data 

since the role of relevant observational tests and the scientific method is to make sure that assumptions 

and hypotheses actually correspond with reality. Under this approach, assertions of alleged facts, 

model claims, and questionable arguments (such as that the authors cannot think of any alternative 

explanations for their conclusions) are not considered. This differs substantially from much previous 

physical science and economic research on climate change, but for good reason. 

It is important that environmental economics be based on valid science and not conjecture or 

religious belief if it is to be a reliable guide for policy making. There is no other way to lay a firm 

foundation for environmental economics so it corresponds to the real world rather than the current 

fashions of the day. 

According to my definition of valid science in Section 1.2, it is important for economists to try to 

clearly identify those physical science conclusions they are using that are supported by specific 

observational tests and the application of the scientific method and which are not. Those not supported 

by observable real world data or the scientific method are best identified as hypothetical calculations in 

my view so as not to be confused with scientific conclusions. Although such hypothetical analyses can 

play an important role in some cases, they need to be carefully distinguished from conclusions of more 

general applicability. This includes conclusions endorsed by national academies of science, scientific 
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societies, peer reviewers, model outputs, or governmental organizations. Hypothetical effects can be 

often be usefully in analyzed, of course, but it is vital if economists are to present credible advice to 

policy makers that any conclusions reached using such assumptions and hypotheses be clearly labeled 

as being not verified scientifically so that the user keeps these qualifications in mind when using the 

conclusions resulting from their use. A similar approach is needed in those cases where there is 

insufficient evidence to determine whether assumptions or hypotheses represent valid science.  

1.2. Why Science Should Be Based on Relevant Observational Data and the Scientific Method 

It is very important to understand what valid science is. Valid science as used here is the result of 

using the most relevant observational data and the scientific method to understand the world and its 

inhabitants. The most relevant goal needs to take into account the reliability of the observational data. 

The essential elements of the scientific method are characterizing the subject of inquiry, generating a 

theoretical, hypothetical explanation for the characterizations, making predictions based on the 

hypothesis, and finally experimentally determining the validity of these predictions by comparisons 

between the predictions and real world data. The determination of validity needs to be reproducible 

and independently verifiable. The assumptions and hypotheses being tested throughout this paper are 

those found in the various United Nations (UN) Intergovernmental Panel of Climate Change (IPCC) 

reports concerning climate change, reasonable reformulations of those found there, or interpretations 

of them by economists preparing benefit estimates.  

Valid science is not writing a description of the world or the opinions of world authorities on a 

particular subject. Valid science is not a statement of belief by scientific organizations. The question is 

not what someone believes but whether what he or she believes corresponds to the most relevant 

observational data and the scientific method. It is important to note that science evolves over time as 

new discoveries are made and new hypotheses are formulated and discarded. Only continuing research 

can insure that important new research results become available. Richard Feynman [1] expressed this 

as follows:  

ñIn general, we look for a new law by the following process. First, we guess it. Then we 

compute the consequences of the guess to see what would be implied if this law that we 

guessed is right. Then we compare the result of the computation to nature, with experiment 

or experience; compare it directly with observation to see if it works. If it disagrees with 

experiment it is wrong. Itôs that simple statement that is the key to science. It does not 

make any difference how beautiful your guess is. It does not make any difference how 

smart you are, who made the guess, or what his name isðif it disagrees with experiment 

(observation) it is wrong.ò  

According to the scientific method, a scientific hypothesis should be tested by comparing real world 

data with the implications of the hypothesis. This is how Albert Einsteinôs ideas on relativity were 

ultimately accepted. Many scientists doubted his hypothesis, and repeatedly proposed real world tests 

of it. But each test confirmed its validity or was shown to be based on faulty data or analysis. After a 

number of these tests, the opposition conceded that his hypothesis was valid. This process is described 

in Crelinsten [2]. The same process is needed in the case of climate change hypotheses.  
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There are alternative approaches that have been proposed to the use of the scientific method for 

determining scientific validity. An example is that proposed by Armstrong and Green [3]. Their 

broader approach includes many of the attributes of using the scientific method outlined above, and 

reaches the same conclusion as this study does as to the validity (or lack thereof) of much current 

research on climate change, but places somewhat less emphasis on the use of observational data and 

the validity of hypotheses.  

1.2.1. Why Computer Models Do Not Demonstrate Scientific Validity 

CAGW supporters often claim that the results of climate models validate their conclusions 

scientifically. Although these climate general circulation models (GCMs) have many uses in scientific 

inquiry, they do not prove or disprove scientific validity. Models show what the model builders believe 

is the way some physical system, in this case climate, works. But all that they represent  

(at best) is the model buildersô beliefs and judgments. Models produce scenarios, not forecasts [3], and 

neither prove nor disprove scientific hypotheses nor show what will happen in the future. The only 

way to do this is by comparison of particular scientific hypotheses with real world data other than past 

temperature data, which the models have usually been modified to emulate. The particular climate 

models used by the UN IPCC appear to be even more questionable than many since they do not even 

do a good job of hindsight [4], let alone foresight. 

1.2.2. Uncertainties in the Scientific Data Used for Rejecting a Hypothesis 

Although the principle of using the most relevant observational data and the scientific method as 

outlined above for deciding what is and is not valid science and hence what should and should not be 

used in economic analyses appears inescapable, its application to particular issues is often more 

difficult. There will inevitably be questions about whether the correct comparisons have been made 

between the hypotheses to be tested and the real world data used to test them, or whether the best data 

have been used to make the comparisons, or whether there even is valid, unmanipulated, and adequate 

quality data that can reasonably be used for such comparisons, or whether the most recent research 

results have been used, or what constitutes research results that should be used. 

In my view there is no such thing as settled science because settled science is not science. After a 

scientific hypothesis has undergone many comparisons with real world data it may gradually assume 

the status of a physical law. But short of such laws, and in some cases even in their case, science only 

advances by constantly questioning all aspects of any hypothesis. So although I will attempt to use 

what I consider to be the most valid science available to me at the time this is written, and am willing 

to defend my judgments as such, future research may result in either further evidence confirming my 

judgments or even refuting them. If the risk of such changes is high and the cost of undertaking a 

policy change is high, the best approach is normally to do nothing until either the science becomes 

more settled or the costs come down. It should be the responsibility of those proposing a public policy 

change to make the case in this respect, not those opposed to making the change.  

An important footnote here is that valid science as used here is determined by whether it is based on 

the most relevant observational tests and the scientific method, not by whether it has or has not 

appeared in a peer-reviewed journal. Peer-review may play an important role in determining which 
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articles are published, but does not guarantee that the assumptions and hypotheses used represent valid 

science since the primary requirement for successful peer review is that other experts agree with the 

author. Particularly if enough experts agree on one particular viewpoint or if experts who do not agree 

are excluded from the peer review, peer-review does not guarantee scientific validity, the primary 

criterion used in this article. 

Unfortunately, the only useful way to deal with the inevitable application uncertainties is on a  

case-by-case basis. General rules such as only peer-reviewed, published research should be judged as 

valid may simplify decision-making, but impose substantial costs in terms of delays and the 

discouragement of new ideas, and in no way guarantee that all such research represents valid science. 

In the end, reasonable judgments have to be made. Much as economists might like to avoid these 

ñscientificò issues or may even feel unsuited to judge them, economists run the risk of grossly 

misleading their readers if they fail to deal with the major scientific (as well as economic) uncertainties 

and their economic implications. Where these uncertainties are very large, a reasonable conclusion 

may be that detailed benefit-cost analysis cannot play a useful role. But in most cases a careful analysis 

of the major scientific uncertainties will avoid the most serious risks of misinforming readers. At the 

very least, the approach used here provides a framework for deciding which physical science 

assumptions and hypotheses to accept and which to reject. This general approach has too often been 

lacking in discussions of climate change issues by economists as well as non-economists. In all too 

many cases these discussions have centered on prejudicial denigration of what the opposition is saying 

or the motives of the individuals saying it. It is only by using the most relevant observationally derived 

data and applying the scientific method that progress can be made on this and many other 

environmental and public policy interdisciplinary issues involving the physical sciences. The 

discussion should be centered on what the most relevant evidence shows, not who is making  

the argument. 

This paper can be viewed primarily as an attempt to apply the most relevant observational data and 

the scientific method to determine whether a few of the most economically critical assumptions and 

hypotheses are scientifically valid in the climate change case and what the economic implications of 

using other, more valid assumptions and hypotheses would be. Secondarily, it examines what the 

effects of ignoring lower cost mitigation alternatives are. As such, it has important methodological 

implications even if readers should disagree with the judgments reached as to the validity of some of 

the physical science assumptions and hypotheses central to the debate or with the validity of using 

lower cost alternatives. Some may argue that physical science decisions should be left to physical 

scientists and that economists should not get involved in the physical science aspects of policy choices 

they are evaluating; I argue, on the contrary, that there is no escape from making such judgments since 

using the scientific judgments of one side in a scientific argument assumes that that side is valid and 

the opposition side is invalid. The result is that the casual reader may not even realize that there is a 

difference of opinion and what effects that difference has on the economic analysis. All this will be 

illustrated by the case of climate change mitigation. Even if the reader should disagree with the 

particular judgments made in this article concerning the scientific validity or invalidity of various 

assumptions and hypotheses, I believe I have at least demonstrated the importance of explicitly 

explaining the effects of the major scientific uncertainties in any economic analysis with major 

interdisciplinary characteristics such as climate change mitigation. At the very least, I believe this 
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study shows that the outcomes of economic analyses of the climate change mitigation are critically 

sensitive to a number of scientific judgments which need to be very carefully examined for  

scientific validity. 

1.2.3. Some Assumptions 

This article will assume that most of the economists who have attempted to value the economic 

benefits of climate change remediation have directly or indirectly tried to use the then most recent 

version of the IPCC assessment reports as their guide to the science. Some may have been more or less 

successful in doing so, of course. But in order to make some more general points with regard to how 

economic analyses of such hypotheses might best be carried out, there is no other easy way to do so 

other than by making this assumption; further, this seems to be the underlying unifying assumption of 

all the previous analyses discussed in this article. Thus by questioning a particular aspect of the IPCCôs 

analyses, it is assumed that all of the economic analyses are questioned in this respect. Each economic 

analysis is different in what it computes the benefits will be, what discount rate is used, etc., but most 

appear to strive towards using IPCC science in determining what the economic benefits of climate 

change mitigation might be as it was known at the time the analysis was done. 

1.3. Why Economists Also Have a Responsibility to Consider the Lowest Cost Alternative  

In doing benefit-cost analysis economists can usually select from a variety of alternative ways to 

achieve the benefits being valued. If they select a higher cost alternative for their analysis, they are 

putting the action being valued at a disadvantage relative to using the lowest cost alternative. So 

although the action might be economically efficient using the lowest cost alternative, it might not be 

using the higher cost alternative. In any case it would be more efficient using the lowest cost 

alternative. I will take the viewpoint that economists would be able to make a more useful policy 

contribution by pointing out whether lower cost alternatives exist so that users can determine what the 

meaning of the conclusions reached might be in terms of all the options available. Some of these 

alternatives may have unquantifiable disadvantages compared to higher cost alternatives, but this needs 

to be pointed out so that policy analysis users can select the best possible option rather than simply 

ignoring or not discussing these lower cost alternatives as too often happens, particularly in the case of 

climate change. 

1.4. Outline of the Article 

Section 2 will discuss what the economic benefits are of the major solution offered by CAGW 

proponents for mitigating climate change, namely reducing emissions of greenhouse gases (GHGs) 

into the air as a result of human activities. Section 3 will discuss several major problems with previous 

determinations of economic costs. Section 4 discusses how these changes affect benefit-cost analyses 

of the problem. Section 5 will provide selected comparisons between the conclusions reached in this 

paper with those of other economists. Section 6 will summarize the major conclusions from the paper.  
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2. The Economic Benefits of Climate Change Mitigation 

2.1. The Background 

Beginning in the 1980s, the United Nations attempted to determine the extent to which global 

warming may be due to human activities in a series of reports prepared by its IPCC. The most recent of 

these was issued in 2007 and is usually referred to as the AR4 report [5]. It is important to note that the 

IPCCôs charge is not to determine what causes global warming but rather whether it results from 

human activities. They have orchestrated worldwide concern about global warming with strong 

support from many Western governments, some academics, and most environmental organizations. 

They concluded that this warming could be mitigated by reducing human emissions of greenhouse 

gases, particularly carbon dioxide (CO2). One of the immediate questions was what the economic 

benefits of such reductions might be. There have been numerous attempts to determine this by 

economists, ranging from the technically sophisticated to the more easily understood by the public (see 

Section 5 below for a list of many of these). 

In all major cases I know of those preparing the benefit estimates assumed that the IPCC 

conclusions concerning the effects of decreasing carbon dioxide and other greenhouse gas emissions 

were substantially correct and accurate. It is not clear why they all assumed this, however, since as will 

be shown for particular instances later in this section, key conclusions reached by the IPCC are not 

supported by the most relevant observational tests and the scientific method (see Section 1.2 above for 

a discussion of the scientific method and its role in determining what is valid science), and therefore 

have no standing as science despite numerous statements to the contrary by CAGW supporters. Idso 

and Singer [6] have compiled an extensive listing of many of these problems. 

The IPCCôs timing was excellent since in fact Earth appears to have been in a minor periodic 

warming period according to ground-based measurements. This minor warming started in the late 

1970s and may have peaked in 1998, and followed a much longer standing even more gradual 

warming that has taken place since the end of the Little Ice Age. A gross generalization is that the 

IPCC models effectively hypothesized that this minor periodic warming would continue during the 

21st century even though similar periodic warming and cooling has been going on since at least the 

late 19th century and probably for much longer. Although it is not clear whether humans as a whole 

would on balance be better or worse off as a result of the presumed rise in global temperatures 

hypothesized by the IPCC, the CAGW promoters managed to sell a major scare to a surprising number 

of people and government officials through a variety of means. Their views have even been endorsed 

by most of the national academies of science around the world. Major Western European nations and 

the European Union enacted significant legislation that would reduce the global warming, or so it was 

claimed. The United States House of Representatives passed related legislation [7] in 2009, but it was 

not passed by the Senate and died at the end of the 111th Congress in 2010.  

The various UN IPCC reports broadly argue that the authors cannot think of any reasonable source 

of global warming other than the increasing level of some GHGs, so that must be the cause. There are 

a few exceptions, such as large volcanic eruptions, which they agree may influence global 

temperatures, but they do not believe that the warming can be attributed to most other natural causes 
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such as solar or cloud cover variability, which they view as being of minor or little importance in 

influencing climate.  

A much more logical and plausible set of CAGW hypotheses might be as follows:  

Hypothesis 1: Anthropogenic releases of CO2 are the primary cause of increases in 

atmospheric CO2. 

Hypothesis 2: Increases in atmospheric CO2 levels interact with the major greenhouse gas, 

water vapor, to create a large positive feedback capable of creating catastrophic  

global warming. 

If these two hypotheses were correct, then it might follow that: 

Hypothesis 3: Anthropogenic GHG emissions, particularly CO2, will result in CAGW. 

This appears to be the primary hypothesis offered by climate change mitigation promoters. 

Unfortunately, there is no easy way to determine the validity of this statement with current knowledge 

other than to examine hypotheses 1 and 2 separately. But a related but still important hypothesis that 

can be examined is the following: 

Hypothesis 3a: Changes in global temperatures are primarily influenced by rising levels of 

GHGs other than water vapor in the atmosphere.  

Most of the remainder of this section will discuss these hypotheses using a variety of sources. The 

emphasis will be on a few of the scientific issues, which have a major influence on the economic 

analysis of climate mitigation since economic analysis is the focus of this paper. There are many 

scientific issues that this article will not discuss because of the time and space that would be required. 

It is possible, of course, that some of these other issues, if analyzed in the same depth, would result in 

offsetting the effects of those discussed. Given the history of the UN IPCC, however, which has 

consistently emphasized the adverse effects of increasing CO2 in the atmosphere, this possibility is not 

very likely. 

2.2. Hypothesis 1: Anthropogenic Releases of CO2 Are the Primary Cause of Increases in  

Atmospheric CO2 

There have been slow but fairly steady increases in CO2 levels in the atmosphere since 

measurements began on Mauna Loa in Hawaii in the mid-1950s based on measurements there. Some 

have argued that these increases are primarily a result of emissions from burning fossil fuels; others 

believe it is due to natural causes. The IPCC claims that 21 percent of atmospheric CO2 is from burning 

fossil fuels [8], and that CO2 may remain in the atmosphere for a long period, with a ñrough 

indicationò of 50 to 250 years, as discussed in the next paragraph. The atmospheric residence time  

(or RT) is less than clearly stated in the various IPCC reports, but a recent article [9] whose lead author 

was the Co-chair of the IPCC Working Group 1 (concerning physical sciences) claims that CO2 

remains in the atmosphere almost indefinitely. The issue of how long CO2 emissions remain in the 

atmosphere has become even more confusing because global warming supporters have coined a variety 

of terms related to the residence time of CO2 in the atmosphere besides the simple residence time, 

equal to the average time that molecules remain in the atmosphere.  
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Segalstad reports [10] as follows (with reference number added): 

ñ[The] IPCC defines lifetime for CO2 as the time required for the atmosphere to adjust to a 

future equilibrium state if emissions change abruptly, and gives a lifetime of 50ï200 years in 

parentheses (Houghton et al., 1990) [11]. Their footnote No. 4 to their Table 1.1 explains: 

For each gas in the table, except CO2, the "lifetime" is defined here as the ratio of the 

atmospheric content to the total rate of removal. This time scale also characterizes the rate 

of adjustment of the atmospheric concentrations if the emission rates are changed abruptly. 

CO2 is a special case since it has no real sinks, but is merely circulated between various 

reservoirs (atmosphere, ocean, biota). The "lifetime" of CO2 given in the table is a rough 

indication of the time it would take for the CO2 concentration to adjust to changes in the 

emissionséò 

Segalstad [12] argues ñthe IPCC has constructed an artificial model where they claim that the 

natural CO2 input/output is in static balance, and that all CO2 additions from anthropogenic carbon 

combustion being added to the atmospheric pool will stay there almost indefinitely.ò In this regard, the 

IPCC and its supporters have sometimes tried to support their case by arguing, sometimes with models, 

that CO2 once emitted will stay around for quite some time in one reservoir or another and will 

continue to pass between reservoirs until it is ultimately transported into ocean sediments. They have 

sometimes argued that it will take many years for the system to fully return to pre-industrial levels. 

Although this is probably true, the immediate question from an economic and environmental 

standpoint is the average residence time of CO2 in the atmosphere since that is the only CO2 reservoir 

where it may impact the greenhouse effect. It is possible that CO2 emissions might have adverse 

effects in other reservoirs, of course, but this is highly unlikely in that it represents food for plants and 

in Segalstadôs view there are extremely large, multiple buffering systems found in the oceanic 

reservoir [8]. But it is the atmospheric reservoir that is being discussed here. Accordingly, the 

atmospheric residence time used here is based only on measurements of the air reservoir. The 

residence time measured by Segalstad [8,10] appears to fit that description. The relevant issue, of 

course, is what assumptions the models the IPCC and economists actually used were. 

There are three different carbon isotopes, carbon 12, 13, and 14, usually denoted as 
12

C, 
13

C, and 
14

C. An important characteristic of plants is that they prefer to use CO2 with lighter carbon isotopes, 

namely, 
12

C. Hence there is a difference in the isotopic composition of CO2 derived from plants living 

or dead compared to other sources (such as volcanic activity), and therefore in the fossil fuels derived 

from these plants, and in the CO2 produced by burning them in one form or another. Specifically, 

carbon in plants has a lower 
13

C/
12

C ratio. When fossil fuels are burned carbon from the ancient plants 

from which the fuels were formed is released as CO2 into and mixes with the atmosphere, thus 

lowering the 
13

C/
12

C ratio there. By measuring the isotopic composition of CO2 in the atmosphere it is 

possible to estimate the percentage of CO2 derived from plants and to infer the residence time of CO2 

in the atmosphere. Most but not all anthropogenic CO2 emissions come from burning fossil fuels. 

The question at hand is whether these measurements correspond to the IPCC assumptions in this 

regard. If not, there would appear to be something of great importance wrong with their assumptions or 

hypotheses. The short answer to this question is that the isotopic CO2 analysis presented by  

Segalstad [8,10] are not consistent with the IPCC assumptions in several important regards, and 
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therefore these IPCC assumptions are not scientifically valid assuming that Segalstadôs data and 

analyses of them are correct.  
13

C/
12

C isotope ratios are usually expressed as d
13

C values, defined as the standard-normalized 

difference from the Pee Dee Belemnite (PDB) standard and calculated as follows [13]:  

d
Sample

13C  = )1
/

/
(

1213

1213

-
PDB

sample

CC

CC
³ 1000 

This value is expressed in parts per thousand or per mil (ñ0/00ò). 

Using an isotopic mass balance analysis, Segalstad [8,10] finds that CO2 from burning fossil fuel 

constitutes only at most 4 percent of atmospheric CO2 and that the RT for CO2 in the atmosphere is 

only a little over 5 years. Essenhighôs research [14] supports some of these findings according to 

Segalstad [12], who describes his methodology as follows [15]: 

ñThe December 1988 atmospheric CO2
 
composition was computed for its 748 GT C  

(GT = 10
15 

g) total mass and d
13

C = ï7.807 for 3 components: (1) natural fraction 

remaining from the pre-industrial atmosphere; (2) cumulative fraction remaining from all 

annual fossil-fuel CO2
 
emissions; (3) carbon isotope mass-balanced natural fraction. The 

masses of component (1) and (2) were computed for different atmospheric lifetimes  

of CO2.ò  

A more recent reference is [16]. 

Slide 19 of [8], which Segalstad entitles ñProof from Isotopic Mass Balance,ò summarizes his 

results. His slide relates atmospheric CO2 lifetime to atmospheric CO2 mass in the atmosphere by the 

three components listed above by him. In his Slide 18 Segalstad [8] presents data showing that the 

expected d
13

C value, if 21 percent of atmospheric CO2 comes from burning fossil fuels and CO2 has a 

long lifetime in the atmosphere, would be ī11, which he points out is inconsistent with the real world 

measurements shown in his Slide 19 [8] of ī7.807 in December, 1988 as well as in [17]. This is an 

example of a prediction based on IPCC findings/assumptions that does not correspond to a real world 

observation, assuming that Segalstadôs data and analysis are correct. Finally, Segalstadôs Slide 20  

in [8] shows that the CO2 from fossil fuel sources constitutes less than 4 percent of total atmospheric 

CO2, rather than the 21 percent used by the IPCC [8].  

Segalstadôs findings are bolstered by several other real world observations. One is that climate 

researchers have long been mystified by the fact that the Mauna Loa CO2 measurements can only 

account for about half of the anthropogenic emissions (as shown in Figure 1), so they have long sought 

a ñmissing sinkò for CO2. Interestingly enough, Segalstadôs analysis shows why this may have 

occurred, as shown in his slide 21 of [8], where RTs in the range of 50 to 200 years would result in 

about half the mass of CO2 in the atmosphere, as shown by the red circle in his Slide 21, which is 

remarkably consistent with the ñmissing sinkò that many researchers have looked for in vain. The 

existence of this problem is another failed prediction of the IPCC hypotheses. The other finding is that 

dozens of researchers using a variety of techniques have found RTs that are roughly consistent with the 

5ï6 year time frame, as shown in Figure 2.  
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Figure 1. Measured Mauna Loa CO2 measurements showing 50% error versus the 

cumulative expected CO2 level from burning fossil fuels. Source: [8], Slide 14. 

 

Figure 2. Effective lifetime for CO2 in the atmosphere based on a variety of methods. 

Source: Sundquist [18] and Segalstad [10], as presented in [8], Slide 23.  

Effective atmospheric CO2 lifetime
The effective lifetime for CO2 in the 

atmosphere, can be determined by 

the help of radioactive, radiogenic, 

and stable isotopes.

All measurements with 

different methods show short 

effective lifetimes for 

atmospheric CO2, only ca.

5 - 6 years.
Sundquist (1985); Segalstad (1998)

 

The significance of Segalstadôs findings cannot be overestimated assuming his data and analysis are 

correct. Four percent of atmospheric CO2 is in the noise level and contrasts sharply with the IPCCôs  

21 percent estimate. The 5+ years RT explains why four percent is reasonable and also contrasts 

greatly with the IPCCôs apparent assumptions. Segalstadôs findings cast great doubt on some of the 

most important IPCC assumptions concerning CO2 (as noted by Segalstad [8]) as well as on the 

indirect assumptions made by most if not all economists who have attempted to value the economic 

benefits of CO2 emissions control. Among many other observations, Segalstad points out that a RT of 

5 years implies that about 135 GT C is exchanged out of the atmosphere each year. ñThis is far more 
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than the ~7 GT C annually released from fossil fuel burningò [8]. Further, ñanthropogenic CO2 is less 

than ½ W/m
2
, less than 0.1 percent, judged from C isotopes. Clouds are a real thermostat, with far 

more temperature regulating power than CO2ò [8]. He does not mention it, but it appears widely agreed 

that the atmospheric models used by the IPCC do not handle clouds very well. 

An important point here is that water can absorb less CO2 as temperatures rise. So an alternative 

explanation to the IPCC hypothesis that the observed rise in atmospheric CO2 is due to anthropogenic 

emissions is that ocean temperatures have at some time in the past warmed enough so that some of its 

CO2 is now being out gassed.  

The issue of CO2 residence times in the atmosphere is of great importance to economic analyses of 

the benefits of climate mitigation since it determines the period of time during which the economic 

benefits of emissions reductions would take place. Short atmospheric residence times would mean that 

the economic benefits of emissions reductions would occur over a much shorter period than if 

residence times were very long. The greenhouse effect of added CO2 in the natural world is only 

effective when the CO2 is in the atmosphere, not when it is in plants or the oceans, or in ocean 

sediments. Added CO2 (or the carbon in it) in plants or oceans may have important effects, of course, 

but not for the greenhouse effect on global temperatures. The economic implications of this will be 

spelled out in more detail in Section 2.6.1 below. 

The observed increasing atmospheric CO2 levels may be primarily due to increasing ocean 

temperatures hundreds of years ago since water cannot absorb as much CO2 at higher temperatures. In 

other words, the CAGW supporters may have reversed cause and effect. Instead of increases in CO2 

causing rising temperatures, rising temperatures result in higher CO2 in the atmosphere, probably with 

a time lag. It is not known exactly what the lag time might be for changes in water temperatures to 

result in increases or decreases in out gassing from or absorption of CO2 by the oceans. Research 

shows, however, that at the bottom of an ice age 250 thousand years ago CO2 increased with about an 

800 year lag after temperatures increased [19]. So the current increases in CO2 levels might be due to 

increases in temperatures 800 years ago or could be a result of anthropogenic emissions. Or since 

much of Earthôs CO2 appears to be derived from and vary with changes in volcanic activity [8], this 

may be another possibility. 

In sum, there appears to be substantial evidence that CO2 residence times in the atmosphere are 

about 5 years, that only a small percentage of CO2 from fossil fuel sources can be found in the 

atmosphere, that there are alternative natural explanations for rising CO2 levels, and that there is little 

reason to think that CO2 emissions from fossil fuel burning are likely to be a significant cause of the 

gradually increasing atmospheric CO2 levels. 

2.3. Hypothesis 2: Increases in Atmospheric CO2 Levels Interact with the Major Greenhouse Gas, 

Water Vapor, to Create a Large Positive Feedback Capable of Causing Catastrophic Global Warming 

Undoubtedly the most controversial of the hypotheses underlying the UNôs conclusions is the 

question of feedback. The IPCC and all the computer models it uses assume that there is a strong 

positive feedback between an increase in trace greenhouse gases in the atmosphere (such as CO2) and 

the major greenhouse gas (water vapor). Without this strong feedback there is no real basis for CAGW 

since the atmosphere contains only trace amounts of other greenhouse gases besides water vapor, and 
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the climate sensitivity factor (CSF) for the effect of doubling CO2 on global temperatures alone is 

widely believed to be small (as discussed below and in Section 2.3.1.4). More than 90 percent of the 

greenhouse effect is due to water vapor and is significantly affected by the extent of cloud cover; CO2 

from fossil fuel burning does increase the atmospheric CO2 level slightly, but represents less than  

0.1 percent of the greenhouse effect (as illustrated in Figure 3) according in Segalstad [8].  

Figure 3. Major role of water vapor and very minor role of CO2 in the greenhouse effect. 

Source: [8], Slide 18. 

 

Archibald [20] points out that ñthe effect of carbon dioxide on temperature is logarithmic and thus 

climate sensitivity decreases with increasing concentration,ò so that further increases in atmospheric 

CO2 would have very little effect on global temperatures. Further, he finds that: 

ñThe first 20 ppm of carbon dioxide has a greater temperature effect than the next  

400 ppm. The rate of annual increase in atmospheric carbon dioxide over the last 30 years 

has averaged 1.7 ppm. From the current level of 380 ppm, it is projected to rise to 420 ppm 

by 2030.  

ñThe projected 40 ppm increase reduces emission from the stratosphere to spaceéThisé 

equates to an increase in atmospheric temperature of 0.04 °C.  

ñIncreasing the carbon dioxide content by a further 200 ppm to 620 ppm, projected by 

2150, results in a further 0.16 °C increase in atmospheric temperature.  

ñSince the beginning of the Industrial Revolution, increased atmospheric carbon dioxide 

has increased the temperature of the atmosphere by 0.1 °C .ò  
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Figure 4 is a schematic of how this feedback might take place to amplify the effects of increasing 

atmospheric CO2 levels. By assuming a strong feedback, the IPCC AR4 report [5] and the models it 

uses reach the conclusion that the climate sensitivity factor (CSF) relating the increase in global 

temperatures (in degrees centigrade) to a doubling in the level of atmospheric CO2 is between 2 and 

4.5
 
°C with a best estimate of 3

 
°C. By using the IPCC or related model results, economists have 

implicitly used these estimates in determining the benefits of CO2 emissions mitigation. Now the major 

scientific issue is whether this hypothesis that there is strong feedback is supported by the scientific 

method on the basis of real world data.  

Figure 4. Schematic explanation for possible feedback effects. Source: Lindzen [21]. 

 

 

2.3.1. Four Critical Comparisons with Real World Data 

There are at least four particularly telling physically-based basic comparisons which can be made to 

determine the scientific validity of the UN strong feedback hypothesis. According to the scientific 

method an inconsistency even in one of these comparisons means that the hypothesis should be 

rejected from a scientific viewpoint. In order to determine this it is necessary to compare the physical 

effects of the assumed strong feedback with actual real world data.  

The CAGW concerns are based on a hypothesis that there are significantly positive feedbacks from 

the effects of the CO2 increase on water vapor and clouds that would greatly amplify the greenhouse 

effect of the increase in CO2. This is the key hypothesis which can be compared with real world data to 

determine whether the IPCC findings are valid or not. Although there are other tests (see [22],  

Slide 44), hypothesis 2 requires that each of the following four observations discussed in this 

subsection are present: 
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1. The atmospheric response times for volcanic sequences would be longer than they would 

be without the UNôs high positive feedback hypothesis. 

2. There is a tropical hot spot in the upper troposphere. 

3. There is a heating of the oceans. 

4. Observed outgoing radiation fluxes from the earth decrease with increases in sea  

surface temperatures. 

Each of these tests will be discussed in turn, with those depending on the most recent data  

discussed last. 

2.3.1.1. The Atmospheric Response Times for Volcanic Sequences Would Be Longer than They 

Would Be without the UNôs Strong Positive Feedback Hypothesis 

If climate sensitivity is as high as the UN claims, it should show up in the atmosphereôs response 

time to volcanic eruptions. The reason for this is that climate sensitivity is also a measure of how 

tightly air and sea temperatures are coupled. High sensitivity is associated with weak coupling, 

allowing the establishment of significant disequilibration of the sea surface temperature. To quote 

Lindzenôs Slide 45 [22]:  

ñAnother line of inquiry involved noting that the time for the ocean to respond to a change 

in forcing increased as climate sensitivity increases. This may seem counter-intuitive, but 

the idea is simple. Sensitivity is essentially a ratio of a change in temperature to a change in 

energy flux. High sensitivity means that a change in temperature is accompanied by a small 

change in flux. However, a small flux takes longer to change the temperature of the ocean. 

In any event in papers published in 1994 and 1998, we noted that in sensitive climates, a 

sequence of volcanoes would lead to a secular cooling, but in an insensitive climate, the 

volcanoes would simply produce transient 1ï2 year dips in temperature. The record seems 

to favor the dips.ò  

Lindzen provides two references: [23,24]. A 1997 presentation [25] he made at a US National 

Academy of Sciences symposium clarifies this argument as follows with regard to the volcanic 

sequence between Krakatoa in 1883 and Katmai in 1912: 

ñThe results show that for sensitive climates (>0.6
 
°C  for a doubling of CO2), each 

volcano builds on the residual base of earlier volcanoes leading to a substantial  

long-term cooling (~0.5
 
°C  cooling between 1883 and 1912). For low sensitivity, the 

response consists in essentially independent óblips.ô The observed temperature record 

certainly shows nothing more than isolated óblips.ôò 

2.3.1.2. There Is a Tropical Hot Spot in the Upper Troposphere 

According to Chapter 9 of the IPCC AR4 report [26] all the IPCC climate models predict that there 

should be a hot spot in the upper troposphere about 5ï12 km above the Earthôs surface in the tropics 

caused by increased evaporation from warmer oceans leading to the accumulation of higher 

concentrations of water vapor in the upper troposphere, and thereby generating the critical positive 
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feedback reinforcing the small amount of warming that can be caused by increasing CO2 alone. The 

feedback creates the hotspot and is responsible for much of the temperature rises predicted by the 

IPCC models [27]. If non-water vapor greenhouse gases are significantly warming the Earth, the first 

signs of it are supposed to appear above the tropics. Since no such hotspot has been found, the models 

and therefore the UNôs hypothesis concerning feedback are wrong [27]. Various efforts have been 

made to argue that those looking for the hot spot might have missed it, but have not claimed to have 

actually found it [28,29]. Sherwood et al. tried to find every possible source of uncertainty in the 

observations in order to argue that agreement with the models was marginally possible. The data are 

based on well established radiosonde technology and hundreds of tests so it quite unlikely that all the 

tests were wrong [27], so this hardly constitutes a convincing argument. Statistical counter-arguments 

to the issues raised by Santer et al. [28] can be found in McIntyre [30]. Sherwood et al. [29] claimed to 

have found the hotspot using a combination of temperature and wind data. Using wind data is an 

example of not using the most relevant observational data since temperature is the issue here. The 

claimed hotspot, however, is much too faint compared to what the IPCC models predict and there is no 

rationale for using wind data in place of temperature data [27] when temperature is what is being 

studied. Lindzen reaches similar conclusions [22] in slide 47. 

This hotspot test is perhaps the best known of the tests of the feedback hypothesis, and has been 

widely written about. One of the most comprehensive and detailed discussions may be Evans [27]. The 

most easily understood non-technical discussion is probably [31]. The failure of the IPCC or others to 

find the hotspot that they agree should be present is sufficient by itself to determine that the IPCCôs 

feedback hypothesis is incorrect, and that the feedback effects of increasing CO2 are therefore much 

smaller than claimed by the IPCC.  

2.3.1.3. There Is Heating of the Oceans 

The added heat believed by CAGW supporters to be generated by increasing greenhouse gas levels 

in the atmosphere must be stored somewhere. It has not been showing up in the atmosphere in the last 

decade, so if the hypothesis is valid it must be going into the oceans. But sea temperature data from the 

ARGO array for 2003ï2008 show no increase, so this has not been the case. An extensive discussion 

of the evidence can be found in DiPuccio [32]. He concludes that:  

ñIn brief, we know of no mechanism by which vast amounts of ñmissingò heat can be 

hidden, transferred, or absorbed within the earthôs system. The only reasonable 

conclusionðcall it a null hypothesisðis that heat is no longer accumulating in the climate 

system and there is no longer a radiative imbalance caused by anthropogenic forcing. This 

not only demonstrates that the IPCC models are failing to accurately predict global 

warming, but also presents a serious challenge to the integrity of the AGW hypothesis.ò 

Similar questions have been raised and conclusions reached by Roger Pielke Sr. in [33] and 

preceding references noted there. Lindzen [22] argues on slide 48, referencing Schwartz [34,35], that 

the rate of change of ocean temperatures shows slightly negative feedback. Hansen and colleagues 

argue [36] that such warming should be occurring. 
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So the bottom line is that both sides agree that the oceans should be warming if hypothesis 3 is 

correct, but current evidence is that they are not. So the CAGW feedback hypothesis fails this rather 

straightforward and simple test against real world data as well. 

2.3.1.4. Observed Outgoing Radiation Fluxes from the Earth Decrease with Increases in Sea  

Surface Temperatures 

All the IPCC models show decreases in radiation fluxes leaving Earth with increases in global 

temperature, as might be expected under their greenhouse hypothesis. Satellite data, however, show an 

increase in outgoing radiation, which is inconsistent with the high climate sensitivities to increases in 

CO2 and positive feedback so crucial to the UNôs case.  

In August, 2009, Lindzen and Choi published a paper [37] which inferred from satellite data that 

feedback is not positive at all. Using observations from the ERBE instrument on the ERBS satellite, 

they analyzed the relationship between tropical sea surface temperatures and top-of-the atmosphere 

heat radiation. This paper has been criticized by Trenberth et al. [38]. Lindzen and Choi have 

responded with a revised paper [39] using additional data from the CERES instrument on the Terra 

satellite, but with the same general results. Lindzen and Choiôs revised paper [39] concludes that the 

satellite data implies a climate sensitivity of 0.7
 
°C , as compared to a CSF for CO2 alone of ñabout  

1 °C ò [21] without any feedback. (In 1997 Lindzen testified [40] that the CO2 only CSF was 1.2 °C .).  

Spencer and Braswell [41], also using observational evidence from satellites, in this case from 

CERES and the AMSR-E instrument on the newer Aqua satellite, also found negative feedback and an 

amazingly similar CSF of only 0.6
 
°C . Spencerôs argument can also be found in [42]. What this means 

is that there is a feedback, but it is negative, not positive as the IPCC maintains. So instead of an 

increase in the CSF due to feedback, which results in the IPCC assumed approximately 3 °C  CSF, 

there is a decrease from the CO2 only value of 1.0 to 1.2 °C  down to 0.6 to 0.7 °C .  

According to Spencer and Braswell [41], the models have misinterpreted cause and effect. They 

believe that it is changes in clouds that cause temperatures changes, not the other way around. Very 

recently, Dessler [43] claims that he has demonstrated that feedback is positive rather than negative. 

Spencer [44] has responded that Dessler missed his main point, that when cloud changes cause 

temperature changes it creates the illusion of a positive cloud feedback, but not the actuality. Although 

the Spencer/Dessler debate may not be over at this writing, all the other existing tests described above 

also all argue for a much lower CSF. Although the analyses of the first three do not specify a more 

appropriate number, Spencer/Braswell [41] and Lindzen/Choi [39] are consistent with them and are 

thus very plausible.  

2.3.1.5. Conclusions from the Four Tests 

The conclusions are the same in each of these four cases: The UN feedback hypothesis is not 

supported or even partially supported by these comparisons with real world data. As Lindzen recently 

observed [45] with regard to his findings on comparison 4 above, ñIn a normal field, these results 

would pretty much wrap things up, but global warming/climate change has developed so much 

momentum that it has a life of its ownðquite removed from science.ò 
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The data are far from perfect, of course, perhaps in part because of a lack of effort to gather it. But 

the available evidence based on empirical data (rather than models) tell the same story. This means that 

the hypothesis should be rejected scientifically based on current information. Future testing could lead 

to other conclusions, of course, but for now rejection is the only rational course of action. It is quite 

possible that further research may yield a different conclusion, but as of the time that this is being 

written the evidence strongly supports a negative feedback and a much lower CSF, and this is why a 

much lower CSF will be used in this paper and why I believe it needs to be by other analysts as well. 

The important implications of this change in the CSF for the analysis of the economic benefits of CO2 

emissions reductions will be discussed in Section 2.6.2 below. 

It may be useful to provide some explanation why it is that feedback is negative. One explanation is 

that the IPCC models are not able to represent the effects of clouds very well. There is some evidence, 

however, that clouds play a very important role and that their net effect on a worldwide basis may be 

negative [46]. 

2.4. Hyposthesis 3a: Changes in Global Temperatures Are Primarily Influenced by Rising Levels of 

GHGs Other Than Water Vapor in the Atmosphere  

If CO2 has such a major role in determining global temperatures as the IPCC and CAGW supporters 

claim, it should be possible to discern its influence in the available related real world data. This line of 

inquiry is consistent with the theme of this article that reliance should be placed on real world data 

rather than computer models in determining the validity of hypotheses concerning climate. The 

comparisons made in this section do not prove the validity or invalidity of the various hypotheses 

offered by CAGW supporters. But they do serve as a credibility check on whether the above findings 

that the two key hypotheses 1 and 2 are invalid are likely to be correct. If there is clear evidence that 

hypothesis 3a is correct, one might reasonably suspect that the conclusions with regard to hypotheses 1 

or 2 might be incorrect despite the overwhelming real-world evidence that the invalidity conclusions 

are correct, and vice versa. 

Five lines of evidence will be presented in this section in the following subsections: 

2.4.1 Correlations of various physical attributes with global temperatures. 

2.4.2 Correlations of global temperatures with other explanations for variations. 

2.4.3 Decrease of temperatures during periods of rising CO2. 

2.4.4 Increases in satellite-measured temperatures show no indication of CO2 influence. 

2.4.5 Lack of influence of CO2 on temperatures over the last three million years. 

2.4.1. Correlations of Physical Attributes with Global Ground-Based Temperatures 

A review of the available data correlating CO2 levels with global temperatures over the last  

110 years makes hypothesis 3 highly suspect. Perhaps the simplest way to demonstrate this is to 

correlate various factors with global temperatures. One such study [47] found the following for three 

such factors (see Table 1):  
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Table 1. Correlation of various physical attributes with global temperatures. Source: dôAleo [47]. 

Factor Years 

Correlation  

(Pearson 

Coefficient)  

Correlation Strength  

(R-squared)  

Carbon Dioxide (CO2) 1895ï2007  0.66  0.43  

Total Solar Irradiance (TSI) 1900ï2004  0.76  0.57  

Ocean Warming Index (PDO and AMO)  1900ï2007 0.92 0.85 

Carbon Dioxide Last Decade 1998ï2007  ï0.14  0.02  

 

It is very clear that the strongest correlation is between the ocean warming index consisting of the 

Pacific Decadal Oscillation plus the Atlantic Multidecadal Oscillation (PDO + AMO) and 

temperatures; the next strongest is with total solar irradiance (TSI), and the weakest is with CO2. In 

fact, CO2 has no explanatory power over 1998ï2007 decade according to this analysis.  

2.4.2. Correlations of Global Temperatures with Other Explanations for Variations 

Another hypothesis by Orssengo [48] to explain temperature variation based on ground-based 

readings over the last 130 years assumes a gradually increasing trend presumably starting from the 

Dalton Minimum of the Little Ice Age with a 60-year cycle superimposed on it without reference to 

carbon dioxide or any of the other physical variables tried by dôAleo [47]. It is illustrated in Figure 5, 

which compares ground measurements of global temperatures with the hypothesis. This hypothesis 

may or may not prove to be accurate in forecasting future global temperatures, but Orssengo finds that 

it has an 88 percent correlation with past temperatures over the period studied. As shown in the figure, 

there are only a few years in the late 1890s and 1950s that do not appear to fit the hypothesis very well. 

So no strong support for the IPCCôs CO2 hypothesis is evident here either. 

Figure 5. Graph depicting Orssengoôs hypothesis concerning global temperatures. Source: 

Orssengo [48]. 

 


