
OZONE AND GLOBAL WARMING:
ARE THE PROBLEMS REAL?~

Sallie Baliunas

Dr. Baliunas: The Rochester Institute of Technology estimates that Federal regulations in 1990
were costing Americans $395 - 510 billion, or nearly $5000 per household, annually.

The burden of regulations is about to ratchet up. One expensive increase will result from

. removing chlorine-containing refrigerants, such as Freon and other CFCs, from society. CFCs

are thought to gradually erode the ozone layer of the stratosphere. The bare cost of replacing or

retrofitting equipment is roughly $100 billion, because chemicals do not exist that can be simply
dropped in to existing equipment. A short-term cost of $2 trillion will rip through the U.S.

economy according to a 1993 estimate contained in House Resolution 291.

A second costly regulatory burden, involving carbon dioxide and global warming, is pend-

ing in the Rio Treaty. The planned global warming regulations make the CFC regulations seem

like small change. Worldwide, the summed cost of the most-often discussed policies for limits

on greenhouse gas emissions could be several trillion dollars by the year 2100. Nonetheless,

these draconian policies will not stabilize concentrations of greenhouse gases in the atmosphere,

as called for in the Rio Treaty. I estimate that stabilizing concentrations could cost about one-

fourth of the GNP of the U.S. on an annual basis.

What is the scientific basis for this punishment of the U.S. economy? In the case of ozone

depletion, a lack of scientific evidence has not deterred hasty and costly regulations on CFCs.

And the "success" of the CFC policy is viewed as a dress rehearsal for regulations on carbon

dioxide limits. And yet, in both cases, no evidence for man-made disasters can be found

against the backdrop of large, natural fluctuations.

Ozone Depletion

Ozone is made in the stratosphere when ultraviolet radiation from the sun breaks apart an

oxygen molecule, 02 , into a atoms. An oxygen atom can then combine with Oz to form 03 ,

ozone. Manufactured chemicals such as Chlorofluorocarbons (CFCs) and related bromine com-

pounds such as Halon are theorized to begin a process that causes a net destruction of ozone in

the upper atmosphere. Over time, that erosion of ozone should allow more ultraviolet rays

from the sun (light at wavelengths of 280 to 320 nm, called the "UV -B" spectrum region) to

* Edited remarks by Dr. Sallie Baliunas at the West-Coast Roundtable for Science and Public

Policy, December 13,1994. The Roundable was held in the South Coast Air Quality Manage-
ment District auditorium. We would like to thank Mr. Larry Amn and Mr. Dan Palm for ar-
ranging this discussion



reach the ground, since ozone blocks UV-B radiation. In turn, enhanced ultraviolet radiation is

expected to cause biological damage, including skin cancer.

Why do CFCs lead to the destruction of ozone? CFCs, which are in general chemically in- :

ert, diffuse upward to the stratosphere, where some kinds of CFC molecules break up, releasing l
i! chlorine (CI) atoms. According to the theory of ozone depletion, the CI atom interferes with the
J'

II. process of making ozone by grabbing one of the oxygen atoms in the stratosphere. The oxygen,

, instead of combining with an 02 molecule to make 03 , reacts with CI to form chlorine monox-

f ide. Chlorine stays in the stratosphere for decades, so it inhibits the formation of ozone for
\ years. Human-produced CI ought to produce an inexorable decline in the ozone.

Based on that chain of reasoning, many CFCs and related compounds soon will be phased

out or are no longer manufactured. CFCs such as Freon-II and Freon-12 contain chlorine and

are used in air-conditioners and refrigerators; related chemicals such as Halon contain bromine
I

and are used extensively in fire suppression.

In 1991, the Administrator of the Environmental Protection Agency, William Reilly, said

the ozone decreases were "... more serious than we believed," and that deaths due to skin cancer

would double in the next 40 years (Washington Post, October 23,1991, p. A3). The EPA esti-

mated in 1987 that the ban on production of CFCs, as introduced by the Montreal Protocol,

would save the U.S. $6.4 trillion by 2075 in reduced costs associated with skin cancer.

The scientific facts clearly indicate, first, that there is no observational evidence that man-

made chemicals like CFCs are dangerously thinning the ozone layer over most of the world and,

second, that the kind of ultraviolet that would be let through by a thinner ozone layer, UV-B, is

not the UV that causes melanoma. On two counts, the hysteria and costly regulations are en-

tirely unfounded. !

First, what is really happening to the ozone layer? The kind of measurements from which

ozone decreases are inferred are shown in Chart 1 on page 3. This chart shows the ozone abun-

dance measured by a satellite (TOMS), beginning in 1979. The ozone abundance is averaged

over the Northern and Southern Hemispheres, from 69 N to 69 OS latitude (i.e., excluding the

polar regions, which will be discussed later), which is where most of the population lives. From

1979 to 1985, the linear trend is roughly a 3% decrease per decade.

It is relevant to note that the ozone layer thins toward the equator. If you move from San
Francisco to Los Angeles, the permanent average decrease in ozone is 25% - nearly ten times

the accumulated decline over a decade which alarmed EP A Administrator Reilly.

Note also that the 3% per decade decline depends on the time interval selected for
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analysis. For example, with a starting point of 1985, there appears to have been a positive

trend in ozone to the present. Since the buildup of human-made Cl should lead only to a de-

crease in ozone, the increase after 1985 must be the result of natural factors. This chart alone

shows that natural variations cause much of the ozone fluctuations rather than man-made

chemicals.

Second, the three million cancer deaths by 2075 mentioned by the EP A refer to malignant

melanoma, a rapidly metastasizing skin cancer that has been increasing ever since the 1930s,

long before widespread use of CFCs. Epidemiological studies say that melanoma is probably

not explained by long-term exposure to UV -B radiation. These studies suggest that melanoma

risk is enhanced by longer-wavelength light, for example, ordinary blue sunlight, and not by UV-

B. This means that changes in ozone can have little impact on the incidence of melanoma.

Even apart from the question as to whether ozone is decreasing and UV-B fluxes at

ground level are increasing, the EP A warning in 1991 on deaths due to melanoma appears to be

entirely without foundation.

How big is the ozone loss due to manmade chemicals? The overall decline (natural plus

manmade) is roughly 3% per decade, based on satellite measurements. That is the trend often

quoted by the EPA. But what part of that is due to man-made chemicals, and what part is
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ji;Ilij natural ~ariation? Th~ correction for natural changes is subject to large, systematic errors in the

11 subtraction process, SInce the natural effects are much larger than the expected manmade

changes, and they vary by unpredictable amounts. In addition, as noted, the results for the trend

strongly depend on the time of the chosen beginning and endpoints in the analysis. As a result,

the data also allow a zero manmade trend, given the uncertain and much larger magnitude of the

ill natural fluctuations in ozone. In fact, the U.N. World Meteorological Organization concluded in

1!1 1991, "There is not a full accounting of the observed downward trends in global ozone."
III
frl Another point: Chart 2 below shows the same data on a scale that starts at zero ozone

fli abundance. This chart puts the changes of the 1980s in perspective. On this scale, the 3% per

Ii decade decrease in ozone concentration is unnoticeable.
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In addition, recent measurements from other satellites call those trends into question. For

example, NASA's SAGE and SBUV satellites have been measuring ozone at many altitudes. At

some altitudes, one satellite recorded a positive, or increasing trend, while the other one recorded

a decreasing trend. The two satellites sometimes do not agree on either the magnitude or sign of
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the ozone trends. The error bars on the two sets of measurements do not even overlap. Thus, our

most precise measurements of ozone have systematic errors much larger than the fraction of a

percent annual change that is alleged to be the manmade ozone destruction.

Longer records exist in some areas of the world, for example, Tremso, Norway, from 1935
to 1989. Although these measurements may be less precise than the satellite measurements, they

do indicate the range of natural fluctuations. For example, ozone dropped 15% over three years
in the early 1940s. In the early 1960s, the ozone was roughly 10% lower than today. All these

fluctuations occurred prior to widespread use of CFCs, and must be natural.

Furthermore, whatever the downward trend in ozone, the increase in ultraviolet that is
supposed to accompany the ozone loss has not been seen. UV-B measured in the U.S. at eight

stations either decreased or did not change at ground level in the continental U.S. between 1974

and 1985, after which the measurements were dropped because funds were terminated. One sus-

tained effort of UV -B monitoring from 1975-1990 also does not show the expected increase in UV

as ozone declined. At that latitude (400N), UV-B dosage declined 20%, despite the fact that

ozone declined 4% over the interval of overlapping UV and satellite ozone measurements (1979-

1990). Since clouds and other factors can affect the ground-level UV-B, the decline in UV-B is

not surprising. But there is no evidence for an increase in UV -B dosage as ozone declined. And

the lack of a program of systematic measurements of UV-B is unconscionable, considering the dire

health threats that are supposed to accompany declining ozone and concomitant UV-B increase.

This evidence tells us that ozone changes in the inhabited portions of the world are primar-

ily the result of large natural fluctuations such as the changing ultraviolet output of the sun and

meteorological conditions (the quasi-biennial oscillation and El Nino events). As yet, no evidence
suggests a man-made ozone crisis or an increase in UV -B radiation over most of the world.

What would a delay of ten years in the cutoff of manufacturing CFCs cost in terms of

added UV-B exposure? Assume the manmade loss in ozone is 1.5% per decade: there would

be an additional UV-B dose beyond what it would otherwise be after 50 years, the time now

estimated to restore the ozone layer. That 1.5% decrease in ozone is equivalent to moving 20

miles closer to the equator.

Antarctic Ozone Hole. The ozone record is quite different in Antarctica than in the rest

of the world. The ozone drops to very low levels at some altitudes nearly every spring; the

amount of thinning seems to have leveled off in recent years. This annual thinning may be

caused by CFCs, triggered by the special meteorology of the Antarctic.

The term "ozone hole" is hyperbole. The total ozone never disappears completely; and the
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ozone recovers every year after a month or so. The dramatic Antarctic ozone decline is a tem-

porary annual event. Recent observations from the Space Shuttle Atlantis show that the "hole"

cannot gobble up the rest of the world's ozone; the hole is confined to the frigid isolation of the

; Antarctic stratosphere's polar vortex. Note that the extraordinary sustained cold of the polar

vortex does not occur anywhere else; that is, the ozone hole cannot occur in the Arctic. As for

the local biological effects of increased UV -B in Antarctica due to the ozone decline, the sun is

barely above the horizon during the October ozone hole, so the greatly slanted rays of sunlight
are weak - scarcely 1/15 of the radiation at the equator. Claims of calamitous UV-B disasters

are fiction; for example, phytoplankton species have neither declined nor died out over the last

20 years.

Global Warming

The amount of carbon dioxide and other greenhouse gases in the atmosphere has increased

in the last 100 years due in large part to burning fossil fuels. Since greenhouse gases act as an

insulating blanket over the earth, the effect of the buildup of greenhouse gases is that the earth

retains some heat that would otherwise escape into space. That added heat must cause the

average temperature of the earth to rise.

Computer programs are used to simulate the earth's climate and estimate the warming
caused by the buildup of greenhouse gases. The computers say that a smooth rise of 0.5 - 2.C

in the earth's temperature should have occurred in the last 100 years. The computers further
project that the earth will warm an additional 2 - 5.C by the year 2100, if the greenhouse gases

keep increasing. Two predicted consequences of a rise of 2 - 5.C in the earth's temperature are:

(1) disruption of agricultural patterns, accompanied by starvation; and (2) flooding of coastal

areas and low-lying islands as glaciers and polar ice melt and the sea level rises. Such possible

outcomes due to dramatic and rapid climate change deserve serious study. But at the same

time, the economic impact of policy decisions to limit future greenhouse gas emissions will be

extremely costly.

What are the scientific facts behind global warming?

First, are the computer programs that predict a major temperature rise reliable? Why

should we believe a forecast 100 years into the future?

We start by noting that the increase in greenhouse gases from human activities over the

last 100 years, added together, is equivalent to nearly a 50% buildup in carbon dioxide alone.

The 50% buildup in carbon dioxide gives a way to test the accuracy of the forecasts. First, we

compare the computer predictions to the temperature record of the last 100 years. Then we

6
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compare the forecasts to very accurate temperatures measured by satellites over the last 15

years, in particular, to the temperature change in the Arctic. The Arctic is important because

the forecasts say that Arctic temperatures rise fastest of all and thus provide a stringent test of

the greenhouse warming theory.

According to the computer forecasts, the last 15 years are very important because this is

the period in which CO2 has been pouring into the atmosphere and so the earth's temperature

should be rapidly rising.

Testing the climate forecasts reveals that the predictions fail to describe the real world.

Comparison with the temperatures actually observed shows that the forecasts are exaggerating

the warming by a large factor, perhaps as much as a factor of 10.

No evidence can be found in the temperature measurements to support the theory of cata-

strophic global warming caused by human activities. Three major tests of the climate forecasts,

and the failure of those forecasts to explain measurements of the climate, will be reviewed in

order to show why the predictions of a large temperature rise are wrong.

Test 1. Temperature from 1880 to present. Chart 3 on page 8 shows the 0.5.C warming

since 1880. But most of the warming occurred before 1930, while most of the anthropogenic

greenhouse gases entered the atmosphere after 1930. Most of the temperature rise of the last

100 years occurred before the greenhouse gases from human activities existed in the atmosphere.

So the buildup of greenhouse gases cannot be the cause of most of the 0.5.C warming that

occurred between 1880 and 1930.

After 1940, the buildup of greenhouse gases in the atmosphere accelerated, but the tem- ,

perature dropped. One thing the greenhouse gases cannot do is cause cooling as they increase. !:.I

The computer forecasts are exaggerating the warming that should have already taken

place due to the 50% buildup of greenhouse gases. The greenhouse warming to date must be

considerably less than 0.5 .C.

Test 2. Global temperatures from satellites. In the last 15 years very precise readings of

temperature have become available from satellites, which make measurements globally. The

computer forecasts say that the buildup of greenhouse gases is now so large that the global tem-
perature should be warming 0.2 - 0.5.C per decade. But the satellite readings show that the

temperature has not changed at all in the last 15 years in response to the buildup of greenhouse

gases (Chart 4, page 8). The satellite readings prove again that the computer forecasts are

exaggerating the global warming.
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Test 3. Arctic temperatures from satellites. The Arctic, according to the computer fore-

casts, is very sensitive to the manmade greenhouse effect. The forecasts say that the Arctic
region should have warmed by as much as 5 - soC in the last 50 - 100 years. And the Arctic

should have warmed by 1.SoC in the past 15 years, during the period of satellite monitoring

(Chart 5).
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There is no sign of this warming in the data. Again, the satellite readings prove the com-

puter forecasts are exaggerating global warming.

Some researchers argue that aerosol pollution - smog and haze - has masked a large

greenhouse warming. Pollution shades the surface from the sun and keeps the land cooler. So

increased cooling by pollution might just counterbalance the increased warming due to the build-

up of greenhouse gases. But the estimates show that worldwide pollution is masking, at most,

only one-fourth of the predicted warming. And in any case, pollution in the Arctic is so small

that it cannot be the explanation for the lack of warming there.

Exaggerated warming. The computer forecasts exaggerate the greenhouse warming by a

large factor. What is the maximum amount of warming due to increased greenhouse gases that

can be expected to occur, if we lower the forecasts to the limits allowed by the actual tempera-

ture measurements? The answer is that the corrected warming in the next century, at present

9
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rates of increase in the greenhouse gases, will be less than 0.5 .C. Spread over a century, that

Iwanning will be insignificant and indistinguishable from the natural fluctuations in the earth's

temperature.

Why are the predictions so far off? It is impossible for the computer predictions which j

generate these forecasts to treat correctly the greenhouse effect of water vapor and clouds, be-

cause the physics of the action of water vapor and clouds on climate change is not understood.

In fact, water vapor makes roughly 95% of the natural greenhouse effect, and trace gases like

carbon dioxide and methane contribute at most a few percent. As a result, the computer pre-

dictions lack the ability to describe the largest part of reality, the most important factor in the
greenhouse effect - water, the major greenhouse gas. Against this background of contrary

scientific evidence, the puzzle is why the computer forecasts are used in serious policy

considerations.

But what if we are wrong? Despite the evidence from the temperature records, what if a

major global wanning is occurring, but we cannot yet observe its fingerprint? The penalty paid

~ li' i~ the.increase of temperature in the next century by d~laYin~ reductions of greenho~e gas ~mis-
i S10ns IS small. For example, assume that global wannmg will cause a temperature rISe of 3 C by "

! J

2100 (a wanning we know to be exaggerated). In that case, the extra temperature rise that will

result from a delay of ten years in action on policies to limit greenhouse gas emissions is less

than 0.2.C. This penalty of an extra few tenths of a degree, spread over a century, will be en-

tirely negligible against the backdrop of natural fluctuations. It would be a very small price to

pay while waiting to obtain better infonnation on whether the man-made global wanning is of
':

any practical consequence. 1
~,
J! Science in Ozone and Global Warming Policy ,

lill Pl ' d " t I . d '" d h 'df " f0 ICY 1scuss10n cen ers on over y-caunous ec1s10ns ill or er to err on t e Sl e 0 sa e-

ty." Such policy logic is called the Precautionary Principle which, roughly, is a dictum to do no

hann in the absence of knowledge about certain safety. If the economic burdens associated with

environmental actions were trivial, then policy decisions made in accordance with the Precau-

tionary Principle would be easy. But the costs of decisions can be great. And the policy deci-

sions, once made, are difficult to reverse.

The Precautionary Principle introduces a notion that destroys the scientific basis of policy

debate. The Precautionary Principle forbids human action unless it is certain that this action

, will cause no hann. This is antithetical to science, in which full certainty can never be achieved.

J A successful outcome for the test of a scientific theory is less uncertainty; full certainty is a
i

r nirvana that can never be reached. Thus, demanding full certainty is anti-scientific. So the Pre-
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cautionary Principle, as a basis for formulating environmental policy, is the denial of science.

The inseparable obverse of the Precautionary Principle is: given any theoretical possibility

of harm, no matter how great the uncertainty in the theory, we must take action to prevent the

possibility of that harm. As a result, full and open discussion of the uncertainties of a theory is

inevitably censored because such debate is irrelevant. Even if a policy of "wait and see" is

\' based on the best available scientific facts, and is the best economic policy, it is not an appro-

priate environmental decision. Policy made in accordance with the Precautionary Principle is

conveniently divorced from both the science and economic consequences of environmental

action.

The Precautionary Principle is hypercritical in its use of science in the approach to policy. --I

Conclusions based on a theory, no matter how unreliable, can initiate policy action. However, !
the hallmark of science - the critical testing of a theory's uncertainty - is suppressed or for- i

I

bidden. That leaves unchecked the policy urge to "always do something." ,

There is no observed change in global ozone concentrations or mean temperature that is i

outside the bounds of natural variability. There is no scientific merit to the claim of an ultra-

violet catastrophe by precipitous ozone loss. There is no scientific basis for a catastrophic

global warming produced by the buildup of greenhouse gases from fossil fuel burning. Building

on a case without scientific justification, policymakers have put in place restrictions of CFCs

that will be extremely costly in lives and dollars. Using the CFC regulatory process as a para-

digm, policymakers are considering fossil fuel and carbon dioxide restrictions that will be

devastating to the U.S. economy. The catastrophe lies in the squandering of resources that

could better used for real problems.

Discussion

Q: It's often said that the chlorine in the stratosphere comes only from CFCs. What

are your thoughts on this?

Baliunas: CFCs are in the stratosphere. Some people doubt whether CFCs can get up in the

stratosphere, but they can actually be scooped out of the air in the stratosphere and measured,

so we know CFCs do make it up there. However, there is also a large component of natural

1 chlorine in the atmosphere as well, as inferred from measurements of hydrochloric acid (HCl)

and hydrofluoric acid (HF) in the atmosphere. The hydrofluoric acid arises mostly from the

fluorine from manmade chemicals. Hydrofluoric acid has shown a steady increase over the last

20 years in the atmosphere. On the other hand, HCl increased much more slowly than HF. The

large rise in HF with increased buildup of CFCs is mostly manmade; the small rise in HCI means

11
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I the natural source of CI is significant compared to the anthropogenic sources. That natural

I j. component has not been well measured.

I[ Volcanos are another possible source of HCI and HF with accurate measure-

I I ments greatly needed to answer the debate.

;1

Ii
Ii Q: Are the concentrations of CFCs in the stratos p here meaningful?

il
I}
\! Baliunas: Numerically, it's a very small mixing ratio, but the theory says that chlorine

I

I':! destroys an ozone molecule and then is free to destroy more ozone molecules, that is, chlorine is

'I
:' ; a catalyst that is unchanged from the reaction. So, a small amount can be a very effective agent

I

of ozone destruction, according to the theory.

! 1 Q: A number of atmospheric scientists wrote a letter to [President] Bush before the

I I!! ! Rio conference saying that they were in disagreement with the fears of dramatic manmade

,
! climate change.

Baliunas: Yes, several independent surveys of actively publishing climate researchers show

that the majority of them do not foresee climate disasters given the evidence. The last report of

the UN IPCC also says there is no scientific evidence in the data available for catastrophic

wanning.

Q: I read in the newspaper that there is apparently a French satellite that measured

an increase in global sea levels - the theory being that this is confirmation of global warming.

My question is 1) does it confirm anything as far as global temperature trends? and 2) what is

the significance in terms of environmental impact of the sea level change or a global warming

change of half a degree a century?

Baliunas: The TOPEX satellite measured an expansion, a warming of the ocean waters due

to the EI Nino event, which is when the southern oceans, for some unexplained reason, warm. t

So the ocean warmed for whatever reason, and then expanded and rose. This does not confirm I

i

global warming, which predicted a much larger warming and expansion. But it's a very good

measurement to make. The dire predictions that were made of rising oceans as the polar ice

and the glacial ice melts - and the rises were tens of feet - have all quietly died away. A

problem with the predictions of the large ocean rises is that the early, noisy data were

erroneously interpreted. New estimates of coastal flooding are less than 1 foot, even for the

largest predicted temperature rise.

Q: What about weather patterns and agriculture?

Baliunas: Changing weather patterns are a similar story. If you look back in the U.S. over
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the last 100 years, and look at, say, category 4 and 5 hurricanes, which have the highest winds

and are the most destructive - Andrew in Florida was a hurricane of category 4 strength -
there have been eight in the last 50 years, and seven before then. They occurred nearly equally

when the temperature was above or below average. And, in fact, if you look further back in

time over the last, say, 1000 years of weather in Europe and what destruction happens when

the weather is warm or cold, it turns out that the cool times produced significantly more
)

storminess. The 17th century was part of an era called the Little Ice Age. The temperature was
five degrees cooler in the North Sea than it is today. There were three times as many storms as

today. There may be a good physical reason for more storms during cold epochs. The ocean
near the equator doesn't change very much at all between the cold of an Ice Age to warm inter-

glacial intervals. The poles and middle latitudes change, so cold global temperatures mean a

steeper difference between the warm equatorial oceans and the higher-latitude oceans. That

gradient may help to draw up more storms. So cool times are a problem. On the other hand,
the warm intervals of the last 10,000 years (since the last glaciation) are so pleasant that they

are called climate optima.

Q: Methyl bromide is a material that is scheduled for phase-out and banning in the
U.S. in 2001. What do you see as it's role in ozone depletion?

Baliunas: Methyl bromide is an important fumigant for agriculture. Oceans and soils are

large, natural sources and sinks of methyl bromide; it is also produced in biomass burning.

Bromine is thought to be 20-50 times more effective than CI in destroying ozone; however, the

lifetime of methyl bromide in the atmosphere is only two years, much shorter than the lifetime of

CI in the atmosphere. Despite large, natural sources and sinks of methyl bromide, it is argued

that the natural sinks are saturated or incapable of removing anthropogenic methyl bromide, so

the amount methyl bromide made by humans, even if small, contributes significantly to ozone

depletion.

Q: Aren't there ways to get an idea of what global CO2 levels are like over much
longer periods of time - tens or hundreds of thousands of years - by taking samples from ice

cores?

Baliunas: I actually have a slide of that. (Chart 6, page 14) These data have been used to

argue that the forcing of global warming by carbon dioxide is real; in fact, the data work against

the proof; in fact, they show just the opposite conclusion.

An ice core is drilled from Antarctica or Greenland. The core's layers are year-

by-year records of the precipitation. Both the carbon dioxide content of a layer and its temper-
ature can be estimated. This chart shows both going back 150,000 years - from the present on

13
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,

the left, to over 150,000 years ago, on the right. The top line is the temperature from the core, the

bottom is the carbon dioxide. Now at first glance, when carbon dioxide is high, the temperature

is high - and vice versa - so that one might conclude that this association validates the global
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wanning theory: when carbon dioxide is high, the earth wanns. The problem arises from a de-

tailed analysis of the carbon dioxide and temperature records. There are, times when the carbon

dioxide is high and the temperature is low, and vice versa. Furthermore, a very close analysis of

the timing of the changes defies the global warming theory. The timing studies show that the tem-

perature changes first, and then the carbon dioxide follows suit. It's not visible on the chart, but it is

from the mathematical correlation asking which is moving first. In other words, the carbon dioxide

changes in response to the change in temperature.

Q: Are you saying that human beings are incapable to putting enough carbon

dioxide into the air to significantly change the climate?

Baliunas: We've already gone halfway to a doubling of the effective amount of carbon

dioxide in the last 100 years. And the timing of the temperature rise of the last 100 years tells

us that the increase has not caused a catastrophic temperature rise, not even half a catastrophe,

nor anything that we can identify as a problem. There is nothing in the data that says a

catastrophe awaits - either an increase in storminess, a sea level rise or an increase in

temperature such that it would disrupt national borders.

Q: And so you draw from this that -

Baliunas: That policies to limit the concentration of carbon dioxide and other greenhouse

gases, as called for in the Rio treaty, are premature and punishing for no good scientific or

economic reason.

Q: As I understand the Montreal Protocol we have to stop using all CFC-based

refrigerants a little over a year from now.

Baliunas: Freon can be manufactured through the end of 1995 and can be used until the

stockpiles run out. Halons no longer can be manufactured, but, similarly, what is stockpiled
can be used.

Q: What will be the impact on the average person's life by the ban of CFCs?

Baliunas: An impoverished elderly person in New York City whose air-conditioner breaks

down and can't afford a new one may die of heat exhaustion - I don't know how that impact

is reckoned. A person in a fighting vehicle, ship or aircraft where Halon is not going to be used

to suppress that fire will be in needless danger. Many supermarkets use ammonia, for example,

in both the chiller and refrigeration systems; they won't have to change, but most office buildings

will have to change their central air conditioning coolants. Some replacement gases are

greenhouse gases, and so are scheduled for phase out in 20 years, according to current
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schedules.

Q: What about refrigerators?

Baliunas: If you find someone who will test your refrigerator or your car air-conditioner or

home air-conditioner and finds it leak-free, the chemical currently in use in those devices, Freon,

can be added. It will cost you more because there is large tax on freon, an increased price due

to the limited supply, plus the increased cost of handling Freon by those servicing the

equipment.

Q: What about HCFCs?

Baliunas: HCFCs still have chlorine in them, but they're less of a problem. There is talk

about banning them as well. The HFCs, which have no chlorine, are greenhouse gases and may

be banned under future global warming treaties.
Q: Can you mix them? I.

Baliunas: No. You shouldn't mix the different gases in a chiller. For example, in car air-

conditioners, the old system must be scrubbed clean. The replacement won't work as efficiently

in the old system. The replacement works under higher pressure, and requires more com-
I pression, so a bigger compressor and higher-quality fittings are needed. The best option is to

, ' put in a new air-conditioning system.
: I;:
II" Q: But I'm wondering what happens with the stuff that you take out?

I'"
Iii Baliunas: At a gas station licensed to use Freon, the mechanic will hook up the car's air-

i ii' conditioning system to a machine that removes the Freon in your system. The mechanic then

tests it to see if it's leak-free. If it is, it can be filled. But any unused Freon will be saved,

1 recycled, and perhaps reused, because it's very valuable. In fact, over Thanksgiving, while wait-

III; ing interminably at the airport for an airplane's arrival, I spoke to a fellow who drives a truck
I),
'I;1 for an air-conditioning company. He says he's been truck-jacked five times this year. The crimi-

! III nals don't want the tools or car phone off the truck - they've been stealing the canisters of

Freon. A huge black market is developing.

Q: If the HCFCs are considered to be ozone depleters, why are there exceptions for

certain industrial uses for them that don't apply to the regular Freon?

Baliunas: There has to be some replacement for Freon, so the Treaty is sensitive to that

need. Some uses of CFCs are still allowed, for example, inhalants for people with asthma. The

treaty does allow some exceptions, but they are hard to corne by. Right now the technology is

that the HCFCs are the best replacement, so we will use them; but their ban is on the horizon.
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Q: If the pathways of chlorine and fluorine are not known at this time, how do we

account firmly for the chlorine or the bromine in the stratosphere in light of this?

Baliunas: The best guess is made based on what is known about the pathways, the uncer-

tainties of the measurements, and then the theory. There are some good scientific notions of

what is going on; although they may be incomplete, there are some measurements of what's up

in the stratosphere and what makes it to the stratosphere. On the other hand, these are vast

unknowns, with much uncertainty. Again, the argument for banning doesn't hover on wanting to

know exactly what's going on, but wanting to know if there's significant risk, and then trying to

mitigate that risk.

Q: On the question of risk. You read in the newspaper, and whatnot, examples of

all of your increased risk of having lung cancer -100:1,1,000:1. I've tried to understand that

method of risk analysis, and it appeared to me to be more a contrivance by statisticians and

political scientists than of actual physical science. I never could understand how they could

come up with a statistic like that. Yet that's what politicians use for these policy issues.

Baliunas: I would argue that some of those risk assessments are useful. They might not be

accurate, but they are useful in policy discussions. For example, if you have a one in a billion

chance of contracting cancer from a wood preservative, and it would cost a trillion dollars to

mitigate the risk, would you impose that cost on society? Especially compared to other risks,

e.g., not wearing a seatbelt, where the risk of dying in an auto crash is much, much higher and

mitigation is much cheaper? The question is, do we know those relative risks? And the costs?

And how to implement mitigation cost effectively?

I'd like to see some of the regulations revisited and even reversed. As I said, I feel

the reality is that these policies are politically irreversible, sometimes akin to the immutability of

a physical law.

La~ Amn: Thank you, Sallie. You have given us much to think about.

.,
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