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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 observaticaaland 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. Thdyarsashows how use of
these principles leads to quite different conclusions than those of most previous such
economic analyses, as follows:

1 The economic benefits of reducing £€€missions may be about two orders of magnitude
less than those estimateg 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 g@missions reductions on atmospheric,@ppear to be
short rather thalong lasting.

1 The costs of C®emissions reductions are very much higher than usually estimated
because of technological and implementation problems recently identified.

1 Geoengineering such as solar radiation management is a controversial altéon@tye
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 temperatupes, has been largely
ignored by economists.

1 CO, 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 uskemuch lower cost geoengineering is used.
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1 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; clineat change; economic benefits; costs;
multidisciplinary; scientific method

List of Acronyms

AMO Atlantic MultidecadalOscillation

AR4 Fourth Assessment Report of the IPCC published in 2007

CAGW Catastrophic AnthropogenicGlobal Warming

CO, Carbon Dioxide

CSF Climate Sensitivity Factor

C Degrees Centigrade

e Isotopic ratio of-*C to*?C defined as the standandrmalized difference from the P
Dee Belemnite (PDB) standard

ENSO El Nifo 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 Intengy 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, antbctimeques 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 he
brought some problems as well as sdmeaefits 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 usefulif 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 proposedihese general principles are illustrateg 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 seem:
likely to be thecase 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, ésanped 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 economiplications 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 somethintp sssful
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 amerning 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 tharéheglid. 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 Obsgational Data and the Scientific Method as the Basis for
Determining Effects

This article will assume, | think reasonably, that the criterion for use of an assumption or hypothesis
is whether it is supported by relevant observational tests or by tha tlee scientific method. If the
assumption or hypothesis is not so supported, this means that it is not supported by real world date
since the role of relevant observational tests and the scientific method is to make sure that assumption
and hypothesesctally 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 differsastialyy 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 @yl 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 ecot®naidry 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 supportec
by observable real world data or the stigc 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 fronsicmsobf 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 ase, 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 labele
as being not verified scientifically so that the user keeps these qualificationsdnvmém 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 Relevasgr@tional 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
inhabitans. 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 charazsgions, 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 independelyt 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 thosetlieoedor 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 scienglmiaations. The question is
not what someone believes but whether what he or she believes corresponds to the most relevar
observational data and the scientific method. It is important to note that science evolves over time as
new discoveries are made amelw hypotheses are formulated and discarded. Only continuing research
can insure that important new research results become available. Richard Feynman [1] expressed thi
as follows:

~

Al n general, we | ook for a neweskiaWhWerbwe t he f
compute the consequences of the guess to see what leigblied 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 séewbrks. If it disagrees with

experi ment it i's wrong. Il t6és that simpl e si
make any difference how beautiful your guess is. It does not make any difference how

smart you are, who made the guess, or what dmseni® if it disagrees with experiment
(observation) it is wrong. o

According to the scientific method, a scientific hypothesis should be tested by comparing real world
data with the implications of the hyagvittwermsi s.
ultimately accepted. Many scientists doubted his hypothesis, and repeatedly proposed real world test:
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 oppasitconceded 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 fo
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 thiey @lidack thereof) of much current
research on climate change, but places somewhat less emphasis on the use of observational data a
the validity of hypotheses.

1.2.1. Why Computer Models Do Not Demonstrate Scientific Validity

CAGW supporters often aim 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 madeéts believe
is the way some physical system, in this case climate, works. But all that they represent
(at best) is the model buil dersdé beliefs and |
neither prove nor disprove scientific hypesles 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 eve
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 usm 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 iSHtes 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 d:
have been used to make the comparisonghether there even is valid, unmanipulated, and adequate
quality data that can reasonably be used for such comparisons, or whether the most recent researc
results have been used, or what constitutes research results that should be used.

In my view theres 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 casem d¢lieir case, science only
advances by constantly questioning all aspects of any hypothesis. So although | will attempt to use
what | consider to be the most valid science available to me at the time this is written, and am willing
to defend my judgmes 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 ungk ¢ith 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 scieras 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 peeeviewed journal. Pegeview 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 ve
science since the primary requirement for successful peer review is that other experts agree with the
author. Particularly if enough experts agree on onecpéat viewpoint or if experts who do not agree

are excluded from the peer review, pesriew does not guarantee scientific validity, the primary
criterion used in this article.

Unfortunately, the only useful way to deal with the inevitable applicatiaerntainties is on a
caseby-case basis. General rules such as only-peewed, published research should be judged as
valid may simplify decisioimaking, but impose substantial costs in terms of delays and the
discouragement of new ideas, and in no wagrantee that all such research represents valid science.

In the end, reasonable judgments have to be made. Much as economists might like to avoid these
Afscientificod issues or may even ffeel unsuite
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 conclusior
may be that detailed beneéibst analysis cannot playuseful 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
assumpbns and hypotheses to accept and which to reject. This general approach has too often beel
lacking in discussions of climate change issues by economists as well-asamamists. In all too

many cases these discussions have centered on prejudiciabtlenigf 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 plib 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 relegantailonal 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 assumptioasd 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 valahtge off s
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 getlwedbin the physical science aspects of potbgices
they are evaluating; | argue, on the contrary, that there is no escape from making such judgments sinc
using the scientific judgments of one side in a scientific argument assumes that that sideaisdval
the opposition side is invalid. The result is that the casual reader may not even realize that there is ¢
difference of opinion and what effects that difference has on the economic analysis. All this will be
illustrated by the case of climate changéigation. 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, | believe | 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, | believe this
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study shows that the outcomes of economic analyses dflithate 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 attemptetluéothra 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 le
successful in doing so, of courseutBn 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 <
other than by making this assumption; further, this seems to be the underlying unifyimgtesswf
all the previous analyses discussed in this ar
analyses, it is assumed that all of the economic analyses are questioned in this respect. Each econom
analysis is different in what it agputes the benefits will be, what discount rate is ustd,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. WhyEconomists Also Have a Responsibility to Consider the Lowest Cost Alternative

In doing benefitcost analysis economists can usually select from a variety of alternative ways to
achieve the benefits being valued. If they select a higher cost alternatitreifoanalysis, 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 attetive. In any case it would be more efficient using the lowest cost
alternative. | 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 eanidetwhat 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 neec
to be pointed out so that policy anatysisers 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 o
climate change.

1.4. Outline of the Article

Section 2 will discuss what the econonhienefits 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
deteminations of economic costs. Section 4 discusses how these changes affectbsnafialyses
of the problem. Section 5 will provide selected comparisons between the conclusions reached in this
paper with those of other economists. Section 6 will sunzedne 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 aeseof 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
| PCCb6s charge is not to determine what framause:
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 reducimgahuemissions of greenhouse
gases, particularly carbon dioxide (OOne 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 technicalyphisticated to the more easily understood by the public (see
Section 5 below for a list of many of these).

In all major cases | know of those preparing the benefit estimates assumed that the IPCC
conclusions concerning the effects of decreasing carlmxidd 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
suppoted by the most relevant observational tests and the scientific method (see Section 1.2 above fol
a discussion of the scientific method and its role in determining what is valid science), and therefore
have no standing as science despite numerous stasetoethe contrary by CAGW supporters. ldso
and Singer [6] have compiled an extensive listing of many of these problems.

The |1 PCC6bs timing was excellent since in fa
warming period according to groutdsed masurements. 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 eéctively 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 cleathethumans 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 numbe
of people and government officials tigh 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 anc
the European Union enacted significant legislation that would reduce the global warming, waso it
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 cannooframly reasonable source
of global warming other than the increasing level of some GHGs, so that must be the cause. There ar
a few exceptions, such as large volcanic eruptions, which they agree may influence global
temperatures, but they do not believattthe warming can be attributed to most other natural causes



Int. J. Environ. Res. Public Heal#011 8 99:

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 bel@asdol

Hypothesis 1: Anthropogenic releases of ,C&de the primary cause of increases in
atmospheric C@

Hypothesis 2: Increases in atmospheric, @Wels interact with the major greenhouse gas,
water vapor, to create a large positive feedback capablerexdting catastrophic
global warming.

If these two hypotheses were correct, then it might follow that:
Hypothesis 3: Anthropogenic GHG emissions, particularly,®@l result in CAGW.

This appears to be the primary hypothesis offered by climate chartggation 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 tha
can be examined is the followg:

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 willbe 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 hohg@ace that would be required.

It is possible, of course, that some of these other issues, if analyzed in the same depth, would result it
offsetting the effects of those discussed. Given the history of the UN IPCC, however, which has
consistently emphazed the adverse effects of increasing.@the atmosphere, this possibility is not

very likely.

2.2. Hypothesis 1: Anthropogenic Releases of @@ the Primary Cause of Increases in
Atmospheric C®

There have been slow but fairly steady increases in @@els in the atmosphere since
measurements began on Mauna Loa in Hawaii in thel®&@ds 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 naturaauses. The IPCC claims that 21 percent of atmospB€xits from burning
fossil fuels [8], and that COmay r emain in the atmosphere fo
i ndicationo of 50 to 250 year s, as didence tiges e d
(or RT) is less than clearly stated in the various IPCC reports, but a recent article [9] whose lead author
was the Cechair of the IPCC Working Group 1 (concerning physical sciences) claims that CO
remains in the atmosphere almost indefigit& he issue of how long GCGemissions remain in the
atmosphere has become even more confusing because global warming supporters have coined a varie
of terms related to the residence time of,@®the atmosphere besides the simple residence time,
equalto the average time that molecules remain in the atmosphere.
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Segalstad reports [10] as follows (with reference number added):

Al The] | PCC d e f Jdasthestimd required for the atniosphere @Qdjust to a
future equilibrium state if emissisrchange abruptly, and gives a lifetime of Z00 years in
parentheses (Houghtehal, 1990) [11]. Their footnote No. 4 to their Table 1.1 explains:

For each gas in the table, except £@he "lifetime" is defined here as the ratio of the
atmospheric caent 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.
CO;, is a special case since it has no real sinks, but is merely circulated betwesrsva
reservoirs (atmosphere, ocean, biota). The "lifetime" of G&en in the table is a rough
indication of the time it would take for the €€bncentration to adjust to changes in the
emi ssé ons é

Segal stad [ 12] ar gues i tfidiak modlePvihére they slainctbah the r u
natural CQ input/output is in static balance, and that all .G@ditions from anthropogenic carbon
combustion being added to the atmospheric pool
IPCC and itsupporters have sometimes tried to support their case by arguing, sometimes with models,
that CQ 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 transpmtedcean sediments. They have
sometimes argued that it will take many years for the system to fully return-todpisrial levels.
Although this is probably true, the immediate question from an economic and environmental
standpoint is the average msnce time of C®in the atmosphere since that is the only,@€3ervoir
where it may impact the greenhouse effect. It is possible thate@@ssions might have adverse
effects in other reservoirs, of course, but this is highly unlikely in that it repsefeed for plants and
in Segal staddéds view there are extremely | arg
reservoir [8]. But it is the atmospheric reservoir that is being discussed here. Accordingly, the
atmospheric residence time used herébased only on measurements of the air reservoir. The
residence time measured by Segalstad [8,10] appears to fit that description. The relevant issue, o
course, is what assumptions the models the IPCC and economists actually used were.

There are three difent carbon isotopes, carbon 12, 13, and 14, usually denot&d, &%, and
4C. An important characteristic of plants is that they prefer to usew@® lighter carbon isotopes,
namely,*?C. Hence there is a difference in the isotopic compositionsfd@rived from plants living
or dead compared to other sources (such as volcanic activity), and therefore in the fossil fuels derivec
from these plants, and in the €@roduced by burning them in one form or another. Specifically,
carbon in plants has awer**C/**C ratio. When fossil fuels are burned carbon from the ancient plants
from which the fuels were formed is released as, @M and mixes with the atmosphere, thus
lowering the**C/*“C ratio there. By measuring the isotopic composition of BGhe atmosphere it is
possible to estimate the percentage ot @&ived from plants and to infer the residence time of CO
in the atmosphere. Most but not all anthropogenig €@issions come from burning fossil fuels.

The question at hand is whether theseasurements 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 isotopica@alysis presented by
Sealstad [8,10] are not consistent with the IPCC assumptions in several important regards, and
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therefore these | PCC assumptions are not sci
analyses of them are correct.

3c/?C isotope ratios are usualgxpressed ad™C values, defined as the standaatmalized
difference from the Pee Dee Belemnite (PDB) standard and calculated as follows [13]:

dC,, .= (me- 1) 2 1000
Sample — 1%/12CPDB
This value is expressedinppd s per thousand or per mi/l (A0/ 00

Using an isotopic mass balance analysis, Segalstad [8,10] finds thdto@Oburning fossil fuel
constitutes only at most 4 percent of atmospherig &@ that the RT for COn the atmosphere is
only a little over by e ar s . Essenhighés research [ 14] SuUpf
Segalstad [12], who describes his methodology as follows [15]:

AThe 15D ecember 1 9 8c®@mpasitiom avaspcbneputedcfor I T48 GT C
(GT = 10 g) total mass andi**C = i7.807 for 3 componentg1) natural fraction
remaining from the préndustrial atmospherdg?2) cumulative fraction remaining from all
annual fosstfuel CO, emissions;(3) carbon isotope madsmlanced natural fraction. The
masses of componerfil) and (2) were computed for different atmospheric lifetimes
of CO.. 0

A more recent reference is [16].

SIide 19 of [ 8], which Segal stad entitles i
results. His slide relates atmospheric di@time to atmospheric COmass in the atmosphere by the
three components listed above by him. In his Slide 18 Segalstad [8] presents data showing that the
expectedt**C value, if 21 percent of atmospheric £@mes from burning fossil fuels and €fas a
long lifetime in the atmgshere, would bé& 11, which he points out is inconsistent with the real world
measurements shown in his Slide 19 [8] Gf807 in December, 1988 as well as in [17]. This is an
example of a prediction based on IPCC findings/assumptions that does not cafrespaeal world
observati on, assuming that Segal stadbds data a
in [8] shows that the C{from fossil fuel sources constitutes less than 4 percent of total atmospheric
CQO,, rather than the 21 percamed by the IPCC [8].

Segal staddés findings are bolstered by sever:
researchers have long been mystified by the fact that the Mauna Loan€Burements can only
account for about half of the anthropogeemissions (as shown in Figure 1), so they have long sought
a fAmissing 2silnktoerfeosrt i @@l y enough, Segal st adbd
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 GOn the atmosphere, as shown by the red circle in his Slide 21, which is
remar kably consistent with the fAmissing sinko
existence of this problem is another failed prediction ol @&C hypotheses. The other finding is that
dozens of researchers using a variety of techniques have found RTs that are roughly consistent with th
51 6 year time frame, as shown in Figure 2.
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Figure 1. Measured Mauna Loa GOmeasurements showing 50% erreersus the
cumulative expected CQevel from burning fossil fuelsSource: [8], Slide 14.

CUMULATIVE CO2
EMISSIONS 1959-2003

&
n

1960 195 1970

1875 1280 13
YEAR

1590 1995 ZDOO

Figure 2. Effective lifetime for CQ in the atmosphere based on a variety of methods.
Source: Sundquist [18] and Segalstad [&8]presented in [8], Slide 23.

The

Effective atmospheric CO, lifetime

Authors [publication year]

Based on natural carbon-14

All measurements with

Residence time (years)

Craig [1857] 743
Revelle & Suess [1857) 7
Armold & Anderson [1957] 10

including living and dead bicsphere

(Siegenthaler, 1988) 49
Craig [1958] 745
Bolin & Eriksson [1953] 5
Broacker [1963], recalc. by Broecker & Peng [1874] 8
Craig [1963] 515
Keeling [1973b] 7
Broecker [1974] 92
Oeschger etal. [1975) 69
Keeling [1579] 753
Peng etal [1979) 76(5584)
Siegenthaler et al. [1980) 75
Lal & Suess [1883] 3.05
Siegenthaler [1983] 78106
Kratz et al. [1983] 67
Based on Suess Effect
Ferguson [1958] 2(18)
Bacastow & Keeling [1973) 6.37.0

different methods show short

effective lifetimes for
atmospheric CO,, only ca.
5-6years.

Sundquist (1985); Segalstad (1998)

significance

of

The effective lifetime for CO,

in the

atmosphere, can be determined by
the help of radioactive, radiogenic,

and stable isotopes.

Based on bomb carbon-14
Bien & Suess [1967]
Minnich & Roether [1967)
Mydal [1968)

Young & Fairhall [1868]
Rafter & O'Brian [1970]
Machta (1872)

Broecker et al. [1980a]
Stuiver [1980]

Quay & Stuiver [1980]
Delibrias [1980]

Druffel & Suess [1983]
Siegenthaler [1383]

Based on radon-222
Broecker & Peng [1974]
Peng et al, [1979]

Peng et al. [1983]

Based on solubility data
Murray (1992)

Based on carbon-13/carbon-12 mass balance
Segalstad (1992)

Segal st adds

=10

510
46
12

6.2-8.8
6.8
75
6.0

125
6.99-7.54

78132
B84

54

54

findi

ngs

cant

correct. Four percent of atmospheric 8 in the noise level and contrasts sharply wiita thl PCC0 s
21 percent estimate. The 5+ years RT explains why four percent is reasonable and also contrast
assumpt.i
most important IPCC assumptions concerning, €& roted 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 CQ@ emissions control. Among many other observations, Segalstad points out that a RT of

greatly

5 years implies th t

with the |

about 13

PCCo6s

5

apparent

GT C i s

ons.

exchanged faomote o f
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than the ~7 GT C annually released fromsléds®ssi |
than2 W/n?, less than 0.1 percent, judged from C isotopes. Clouds aral ghermostat, with far
more temperature regulating power than,€O [ 8 ] . He does not mention i

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

An important point here is that water can abseds|CQ as temperatures rise. So an alternative
explanation to the IPCC hypothesis that the observed rise in atmospheiis i@ to anthropogenic
emissions is that ocean temperatures have at some time in the past warmed enough so that some of
COsis now being out gassed.

The issue of C@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 reduction®wd 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 addgdnGe natural world is only
effective when the CQis in the atmosphere, not when it is in plants or the oceans, or in ocean
sediments. Added CQor the carbon in it) in plants or oceans may have important effects, of course,
but not for the greenhouse effect on global temperatiites.economic implications of this will be
spelled out in more detail in Section 2.6.1 below.

The observed increasing atmosphe@®, levels may be primarily due to increasing ocean
temperatures hundreds of years ago since water cannot absorb aS@athigher temperatures. In
other words, the CAGW supporters may have reversed cause and effect. Instead of increagses in CC
causing rising temperatures, rising temperatures result in highein@@ atmosphere, probably with
a time lag. It is not known extly what the lag time might be for changes in water temperatures to
result in increases or decreases in out gassing from or absorption,dfyGfe oceans. Research
shows, however, that at the bottom of an ice age 250 thousand ye&®aigoreased wh about an
800 year lag after temperatures increased [19]. So the current increasesl@vel©might be due to
increases in temperatures 800 years ago or could be a result of anthropogenic emissions. Or sinc
much of Eappearh© be d&i@edom and vary with changes in volcanic activity [8], this
may be another possibility.

In sum, there appears to be substantial evidence thatré&3fdence times in the atmosphere are
about 5 years, that only a small percentage of €@m fossil fuel sourcegan be found in the
atmosphere, that there are alternative natural explanations for risinge®, and that there is little
reason to think that CGemissions from fossil fuel burning are likely to be a significant cause of the
gradually increasing atospheric CQlevels.

2.3. Hypothesis 2: Increases in Atmospheric, Cévels 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 thg pot heses underl ying the
question of feedback. The IPCC and all the computer models it uses assume that there is a stron
positive feedback between an increase in trace greenhouse gases in the atmosphere (shemés CO
the majorgreenhouse 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, a
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the climate sensitivity factor (CSF) for the effect of doublinQ,©n 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 cever; CO
from fossil fuelburning does increase the atmospheric, G®el 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 £i@® the greenbuse effect.
Source: [8], Slide 18.

Energy relations TOTAL "GREENHOUSE EFFECT" 146 W/m?

Some Of the trace (=5 TO 10 W/m2 NATURAL VARIATIONS)

gasses in air can absorb 175 wm* 9w ‘ SO
i .7.*.| ABSORPTION
hea‘F, making theoEarth ~1368 W/m? 7ol ADSORP
habitable (~ +15°C vs. g, SRS
minus 18°C) by the CcLOUD
‘Greenhouse Effect”, .| . ZﬁF;fCZT'ON
146 W/m? of cloud-free *
air, >90% dominated by 100 +
water vapor.
Anthropogenic CO, is (Hz0)
1 2 75+ ALL CO2z (0.4 W/m?) FROM
IeSS than /2 W/m ! IeSS (11 ANTHROPOGENIC BURNING
than 0.1%, judged from o 8F FosanL FUELSSAND
. i g THER ACTIVITIES IF
the C isotopes. Clouds >0 2S$ | 4% OF THE ATMOSPHERIC
CARBON DIOXIDE COMES
are a real thermostat, o NESE SouRoRe
with far more 254 * (CF. CARBON ISOTOPES)
temperatu re regu|ating otHer | Modified after Segalstad & Jaworowski
GASSES| (1991): Kjemi Vol 51, No. 10, p. 13-15;
: o+ -1 data from Raval & Ramanathan (1989).
power than CO, 8%

Archibald [ 20] points out that nithe effect o
climate sensitivity decreases with inatmosgherisi ng
CO, would have very little effect on global temperatures. Further, he finds that:

AnThe first 20 ppm of carbon dioxide has a
400 ppm. The rate of annual increase in atmospheric carbon dioxide olesttB8 years

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

by 2030.

AThe projected 40 ppnhriomc rtehaes estrreadlubcsesse ea mi st
eguates to an increase in atmospheric temperat@@4ftC.

Al ncreasing the carbon dioxide content by
2150, results in a further 0.16 € increase in atmospheric temperature.

nSince the beginning of the I ndustrial Revc
has increased themperaturef the atmosphere by O€L. 0



Int. J. Environ. Res. Public Heal#011 8 99¢

Figure 4 is a schematic of how this feedback might take place to amplify the effects of increasing
atmospheric C®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 atmospheiik li&@veen 2 and
4.5€C with a best estimate of &. By using the IPCCor related model results, economists have
implicitly used these estimates in determining the benefits efe@sions mitigation. Now the major
scientific issue is whether this hypothesis that there is strong feedback is supported by the scientific
methodon the basis of real world data.

Figure 4. Schematic explanation for possible feedback eff&usarce: Lindzen [21].

Feedback Schematic
Net incoming solar Added Change in radiative
radiation greenhouse  Substances (water vapor
Outgoing heat gas and clouds) resulting
radiation from warming
e
b I t
7777777 F7777777 77777777
i Added greenhouse ~ YVarming, in turn,
Initially, net 8d ;
irr:::lc?m?r,wgesolar gas initially reduces ~ Causes changesin
rachation and outgoing radiation, ~ radiative
. leading to warming substances or feedback.
outgoing heat ~ - In models, this causes
radiation are until outgoing it B e
i Balanea radiation again further reduction in
' balances incoming ~ ©utgoing radiation,
radiation. leading to still more
warming.

2.3.1. Four Critical Comparisons with Real World Data

There are at least four particularly telling physicddhsed basic comparisowsich 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 b
rejected from a scientific viewpoint. lorder 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 CQOncrease on water vapor and clouds that would greatly amplify the greenhouse
effect of the increase in GOThis 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 telisr (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 t ibhvefeddbaSkdhypdineggsh p o s

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 bdiscussed 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
Woul d Be without the UNG6s Strong Positive Feed

If climate sensitivityi s as high as the UN cl ai ms, it sho
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 associdtedveak coupling,
allowing the establishment of significant disequilibration of the sea surface temperature. To quote
Lindzends Slide 45 [22]:

AAnother | ine of inquiry involved noting th
in forcing increase@s climate sensitivity increases. This may seemmterintuitive, 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 accompanieddly a s

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 arsitheeclimate, the

volcanoes would simply produce transi@n® year dips in temperature. The record seems

to favor the dips. o

Lindzen provides two references: [23,24]. A 1997 presentation [25] he made at a US National
Academy of Sciences symposium dias this argument as follows with regard to the volcanic
sequence between Krakatoa in 1883 and Katmai in 1912:

AThe results show t hatC foroadouwleghof ChH,ieach c | i ma
volcano builds on the residual base of earlier volcanoaesling to a substantial

long-term cooling (~0.8C cooling betweenl1883 and 1912). For low sensitivity, the
response consists in essentially independe
certainly shows nothing more than isolated

2.3.1.2.Therels a Tropical Hot Spot in the Upper Troposphere

According to Chapter 9 of the IPCC ARA4 report [26] all the IPCC climate models predict that there
should be a hot spot in the upper troposphere abidu?5 km above the Earthos
cawsed 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 caysegreasing C@alone. The
feedback creates the hotspot and is responsible for much of the temperature rises predicted by th:
IPCC models [27]. If nomwater vapor greenhouse gases are significantly warming the Earth, the first
signs of it are supposed appear above the tropics. Since no such hotspot has been found, the models
and therefore the UNO6s hypothesis concerning
made to argue that those looking for the hot spot might have missed it, but hal@met to have
actually found it [28,29]. Sherwooelt 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 radiosondsht®logy and hundreds of tests so it quite unlikely that all the
tests were wrong [27], so this hardly constitutes a convincing argument. Statistical -eoguteents

to the issues raised by Sang¢ml [28] can be found in Mcintyre [30]. Sherwoetal [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. Th
claimed hotspot, however, is much too faintmpared 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 basbwn 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 ndechnical discussion is probably [31]. The failure of the IPCC arstto
find the hotspot that they agree should be pr
feedback hypothesis is incorrect, and that the feedback effects of increasirageC®erefore much
smaller than claimed by the IPCC.

2.3.1.3.Therels Heating of the Oceans

The added heat believed by CAGW supporters to be generated by increasing greenhouse gas leve
in the atmosphere must be stored somewhere. It has not been showing up in the atmosphere in the la
decade, so if the hypothesssvalid it must be going into the oceans. But sea temperature data from the
ARGO array for 20082008 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:

Al n brkredw oMe no mechanism by which vast al
hi dden, transferred, or absorbed wi t hin t
conclusio® call it a null hypothest is that heat is no longer accumulating in the climate

system and thens no longer a radiative imbalance causeabthropogenidorcing. This

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

war mi ng, but al so presents a serious chall e

Similar guestions 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], tha
the rate of change of ocean temperatures shows slightly negative feedbaskn 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 hypottesissfaather
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 lealzamgh with increases in global
temperature, as might be expected under their greenhouse hypothesis. Satellite data, however, show ¢
increase in outgoing radiation, which is inconsistent with the high climate sensitivities to increases in
CO;and positivd eedback so crucial to the UNOGOs 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 kationship between tropical sea surface temperatures anaf-tbp atmosphere
heat radiation. This paper has been criticized by Trenkerthl [38]. Lindzen and Choi have
responded with a revised paper [39] using additional data from the CERES instanmitie Terra
satellite, but with the same gener al resul ts.
satellite data implies a climate sensitivity of @7 as compared to a CSF for €®1 one of A e
1€Co [ 21] wit ho utl99almngzerftestdiet H18] th&t the GGhinwCSF was 1.Z ).

Spencer and Braswell [41], also using observational evidence from satellites, in this case from
CERES and the AMSIE instrument on the newer Aqua satellite, also found negative feedbaak and
amazingly similar CSF of only 0% . Spencer 6s argument can al so |
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 resultee IPCC assumed approximatelyC3 CSF,
there is a decrease from the 8fly value of 1.0to 1.£ downto 0.6to 0.C .

According to Spencer and Braswell [41], the models have misinterpreted cause and effect. They
believe that it is changes in cids 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 dzarsge
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 abov:
also all argue for a much lower CSAthough 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 icle of these four cases: The UN feedback hypothesis is not
supported or even partially supported by these comparisons with real worldslaiadzen recently
observed [ 45] with regard to his findingts on
would pretty much wrap things up, but global warming/climate change has developed so much
momentum that it has alifeofitso&mqui t e removed from science. 0
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The data are far from perfect, of course, perhaps in part because of a lack of effort ta.dgauher
the available evidence based on empirical data (rather than models) tell the same story. This means th:
the hypothesis should be rejected scientifically based on current information. Future testing could lead
to other conclusions, of course, bat 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 C8#s adhy a
much lower CSF will be used in this paper and why | 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 CO
emissions reductions will be discudsa 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 plag 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 CO, has such a npar 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 relianceldha®i 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. Bthiey 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 conclusiorgarithto hypotheses 1
or 2 might be incorrect despite the overwhelming-vealld 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 Correlatios 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 CO

2.4.4 Increases in satellireasured temperatures shoo indication of CQinfluence.
2.4.5 Lack of influence of C£bn temperatures over the last three million years.

2.4.1. Correlations of Physical Attributes with Global Gro@adedTemperatures

A review of the available data correlatir@O, levels with global temperatures over the last
110 years makes hypothesis 3 highly suspect. Perhaps the simplest way to demonstrate this is t
correlate various factors with global temperatures. One such study [47] found the following for three
such factors (see Tahl$:
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Table 1.Correlation of various physical attributes with global temperat@esur ce: do Al eo

Correlation Correlation Strength

Factor Years (Pearson (R-squared)
Coefficient)

Carbon Dioxide (C@) 18952007 0.66 0.43

Total Solar Irradiance (TSI) 1900 2004 0.76 0.57

Ocean Warming Index (PDO and AMC 190Q 2007 0.92 0.85

Carbon Dioxide Last Decade 19982007 10.14 0.02

It is very clear that the strongest correlation is between the ocean warming index consisting of the
Pacific Deadal Oscillation plus the AtlanticMultidecadal Oscillation (PDO + AMO) and
temperatures; the next strongest is with total solar irradiance (TSI), and the weakest is with CO
fact, CQ has no explanatory power over 199807 decade according to thisadysis.

2.4.2. Correlations of Global Temperatures with Other Explanations for Variations

Another hypothesis by Orssengo [48] to explain temperature variation based on-lgasedd
readings over the last 130 years assumes a gradually increasing treunmglly starting from the
Dalton Minimum of the Little Ice Age with a 6@ear cycle superimposed on it without reference to
carbon dioxide or any of the other physical V
which compares ground nmaaements of global temperatures with the hypothesis. This hypothesis
may or may not prove to be accurate in forecasting future global temperatures, but Orssengo finds tha
it has an 88 percent correlation with past temperatures over the period studsédwhsin theigure,
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 s up phypothesi$ ipavidentinere eltherCCo6s CO

Figure 5, Gr aph depicting Orssengobds hypothesis ¢
Orssengo [48].



