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Executive Summary

Last December the United States agreed at a United Nations meeting in Kyoto, Japan, to reduce its emissions of
greenhouse gases by 7 percent below 1990 levels. That reduction, to be achieved mainly by cutting the combustion of
fossil fuels, will lower emission levels 41 percent below where they will likely be in the year 2010 if the trend
observed since 1990 continues.

The Kyoto agreement--if fully complied with--would likely reduce the gross domestic product of the United States by
2.3 percent per year. However, according to a climate model of the National Center for Atmospheric Research recently
featured in Science, the Kyoto emission-control commitments would reduce mean planetary warming by a mere 0.19
degree Celsius over the next 50 years. If the costs of preventing additional warming were to remain constant, the Kyoto
Protocol would cost a remarkable 12 percent of GDP per degree of warming prevented annually over a 50-year period.

The Kyoto Protocol will have no discernible effect on global climate--in fact, it is doubtful that the current network of
surface thermometers could distinguish a change on the order of .19 degree from normal year-to-year variations. The
Kyoto Protocol will result in no demonstrable climate change but easily demonstrable economic damage.

Introduction

For more than a century scientists have known about the possibility that man-made carbon dioxide emissions may
cause an increase in the average temperature of the atmosphere. But widespread public concern about global warming
did not exist until the late 1980s when high temperatures, predictions from general atmospheric circulation computer
models, and concern about the greenhouse effect jointly attracted public attention. In 1988 the United Nations
established the Intergovernmental Panel on Climate Change (IPCC), which issued its first climate report in 1990. In
late 1989 the UN approved a resolution calling for an environmental summit, which was held in Rio de Janeiro in June
1992. At that meeting, the attending nations agreed to participate in the Framework Convention on Climate Change, an
ongoing series of meetings the purpose of which is to develop agreements that reduce greenhouse gas emissions. The
summit last December in Kyoto, the third since Rio, set targets for North America, Europe, Japan, Australia, and New
Zealand.[1]

An Overview of the Scientific Debate

Concern about global warming has been driven largely by computer models that predict major climatic dislocation if
current trends in anthropogenic greenhouse gas emissions continue. The first Scientific Assessment of the IPCC stated
that "when the latest atmospheric models are run with the present concentrations of greenhouse gases, their simulation
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of climate is generally realistic on large scales."  Global climate models in use at the time predicted that the globe's
mean temperature should have already risen by 1.3oC to 2.3oC since the major greenhouse emissions began in the late
19th century (the larger figure is for the Northern Hemisphere, where most of us live).[3] Those models provided the
technical background for the Framework Convention on Climate Change, signed in 1992 in Rio.

The observed warming since the late 19th century is 0.6oC, or about one-third of the predicted warming of 1.8oC to
2.3oC. In addition, since 1986 the mean temperature of the earth has shown no significant warming, despite popular
perceptions to the contrary. Three independent measures--temperature measured at the earth's surface,[4] temperature
of the lower atmosphere measured by weather balloons,[5] and temperature of the lower atmosphere measured by
orbiting satellites[6]--all show no statistically significant change (Figure 1).

Figure 1
Global Temperature Departures from 1982-91 Mean (C)

Nearly 10 years ago I argued that forecasts of dramatic and deleterious global warming were likely to be in error
because of the very modest climate changes that had been observed to that date.[7] Further, I argued that climate
change would occur in the winter and at night, rather than in the summer, and that the change could be benign or even
beneficial for both the economy and the global environment. I estimated that the likely warming, based on the observed
data, would be between 1.0oC and 1.5oC as a result of doubling the natural CO2 greenhouse effect. My forecast has
proven closer to the mark than that of the IPCC.

By 1995, in its second full assessment of climate change, the IPCC admitted the validity of its critics' position: "When
increases in greenhouse gases only are taken into account . . . most [climate models] produce a greater mean warming
than has been observed to date, unless a lower climate sensitivity [to the greenhouse effect] is used. . . . There is
growing evidence that increases in sulfate aerosols are partially counteracting the [warming] due to increases in
greenhouse gases."[8]

The IPCC is presenting two alternative hypotheses: Either the amount of warming was simply overestimated, or some
other anthropogenic emission is preventing the warming from being observed. Which is more likely to be true?

Are sulfate aerosols responsible for the now-admitted dearth of warming? Several attempts have been made to
demonstrate that they are. The most prominent, which appeared in Nature on July 4, 1996, seemed to bolster the
argument that sulfates were masking the expected warming.[9]

Figure 2
Temperature Trend from 1963 to 1987 by Latitude and Altitude (oC)



That study relied on annual weather balloon data from 1963 through 1987. The most striking characteristic of the data
was a rapid warming of the lower atmosphere of the middle of the Southern Hemisphere, where virtually no sulfates
exist to counter greenhouse warming. That particular paper received widespread publicity because it was published a
mere week before an important UN meeting on climate change in Geneva. At that meeting Under Secretary of State
Timothy Wirth stated, largely because of the Nature article, that "the science is convincing" on global warming.[10]

Figure 3
Global Temperature Change (C)



However, if the entire record of weather balloon data, from 1958 through 1995, is used, the middle of the Southern
Hemisphere exhibits no change whatsoever.[11] Figure 2 shows the warming observed by B. D. Santer et al. from 1963
to 1987 (top). The highlighted region in the Southern Hemisphere shows the strong observed warming. The entire
temperature history over the same region from 1957 to 1995 shows no significant warming trend (bottom). However,
the period that was chosen for study by Santer et al. (filled circles) warms dramatically.

The senior author of the original study told the December 1996 meeting of the American Geophysical Union that the
correspondence between the sulfate-greenhouse model and reality vanished because greenhouse warming in the
Northern Hemisphere had overwhelmed sulfate cooling since 1987. That was reiterated in the July 16, 1997, issue of
New Scientist.[12] However, because no net change exists in any of the temperature records in the past decade (Figure
1), that statement is clearly wrong.

The default option--that it's simply not going to warm as much as the earlier projections had indicated--is increasingly
attractive. And new climate models, which seem to fit the observed history more accurately, are consistent with this
conclusion. Figure 3 shows temperature changes projected by the new model from the NCAR, as published in the May
16, 1997, issue of Science.[13] The figure shows changes using the increase in annual greenhouse gas emissions, given
by the IPCC in Climate Change 1995, of 0.7 percent per year. The temperature change in that model is less than one-
half of that in earlier models.

Trends in Observed Temperature Data

Greenhouse physics predicts that the driest air masses should respond first and most strongly to changes induced by
human activities. That has been known since the pioneering studies of Tyndall in the 1800s.[14] Those air masses, in
fact, are generally the coldest air masses, such as the great high-pressure system that dominates Siberia in the winter
and its only slightly more benign cousin in northwestern North America. When the jet stream attains a proper
orientation, it is the latter air mass that migrates south and kills orange trees in Florida.

A look at the trends in the satellite data--our only truly global record of lower atmosphere temperature--is remarkably
revealing. A statistically significant global cooling trend (Figure 4) exists over the 18.8-year period of record. Monthly
average global temperature departures from the 1982-91 means as measured by satellites show a statistically significant
decline since measurements began in 1979. That has occurred during a period when the earth should have warmed
0.6oC according to greenhouse global climate models and 0.35oC according to sulfate-greenhouse global climate
models.

A latitudinal breakdown of the satellite data is also very revealing (Figure 5). There is a sharp warming of the
midlatitude land areas of the Northern Hemisphere. These are largely the regions that should show sulfate cooling, if
Climate Change 1995 is to be believed. On the other hand, almost every latitude band in the Southern Hemisphere,
where greenhouse warming should operate unfettered, either shows no change or is cooling.

Figure 4
Global Satellite-Measured Temperature Departures (C) from 1982-91 Mean



Figure 5
Satellite Temperature Trends by Latitude Bands (C/decade)

The reliability of the satellite data is quite apparent when annual readings are compared to those from weather balloons
that gather data from between 5,000 and 30,000 feet (Figure 6). Temperatures measured by satellites match up nearly
perfectly with temperatures measured from weather balloons in the layer between 5,000 ft. and 30,000 ft. But perhaps
more interesting is a comparison of winter minus summer temperature changes (the greater the difference, the more
warming is concentrated in winter) over the period for which both satellite and ground-based temperature data are
available, 1979 to the present (Figure 7). The correspondence is nearly as remarkable as is the agreement between the
satellite and the weather-balloon data.

Figure 6
Satellite and Weather-Balloon Temperature Trends (departure from the 1982-91 satellite average in oC)



Figure 7
Summer Trends Subtracted from Winter Trends (satellite and ground-based data) 

Note: Redder shades indicate greater winter warming.

Figure 8
Trends in Summer and Winter Temperature Differences (ground data)

Another way to appreciate observed change in a frame of reference longer than the satellite record is to look at the
ground-based thermometers for the last 50 years. In Figure 8, the summer temperature changes are subtracted from
changes in winter temperatures, as in Figure 7, but surface temperature data since 1946 are used. The redder the map,



the more pronounced the warming in the winter in comparison with the summer. All of these observations are
consistent with the first alternative proposed in 1995 by the IPCC--that the climate is less sensitive to greenhouse
changes than previously thought--rather than the facile explanation that sulfate aerosol somehow canceled the
warming.

The most likely explanation for the now-acknowledged discrepancy between temperature observations and climate-
model predictions is that the sensitivity of global temperature to greenhouse-effect changes was overestimated. There
are several reasons why this occurred, but perhaps the most compelling is that all of the general circulation climate
models that have (to date) been referenced by the IPCC incorporate substantial "flux adjustments" for the transport of
heat from the equator to the poles. In plain language, those models have to be "adjusted" arbitrarily in order to keep
them from producing unrealistic climates. Generally (but not always), an additional increment of heat moving
northward is required. In the absence of such adjustments, the models predict temperatures too cold in the polar
regions and too warm in the tropics.[15] Note that the model depicted in Figure 3, which produces substantially reduced
warming, is not "flux adjusted."

The Administration's Program and the Kyoto Accord:
How Much Warming Is Theoretically Prevented?

Table 1 gives two estimates of the future equivalent CO2 concentration in the atmosphere, in parts per million
(ppm).[16] The first, labeled No Controls, assumes a continuation of the rate at which emissions increase currently (0.7
percent per year). The second, labeled Kyoto Protocol, assumes reduction of emissions to 7 percent below 1990 levels
during the 2008-2012 period and maintenance of that level of emissions thereafter. The amount of warming "saved" by
the emissions reduction mandated by the Kyoto Protocol is infinitesimal: 0.19oC. It is doubtful that this change could
even be extracted from the ground-based temperature measurements, because of interannual climatic noise.

Table 1
Projected Effective CO2 Increase and Resulting Temperature Savings

Year No Controls (ppm) Kyoto Protocol (ppm) Difference (ppm) Temperature Savings (oC)
1990 440 440 0 0.000
2000 472 472 0 0.000
2005 489 487 2 0.007
2010 506 501 5 0.017
2020 542 528 14 0.049
2030 582 555 27 0.094
2040 624 582 42 0.146
2047 655 602 53 0.185

Based on NCAR model results and the IPCC "best guess" emission scenario with no emission controls.

The Kyoto Protocol directs the United States to reduce emissions to 7 percent below 1990 levels on average for the
period 2008-2012. In Table 1, I assume that the entire world does the same.[17] That is clearly not going to be the case,
so the estimates of temperature change represent the absolute maximum reductions that will occur given my
interpretation of the NCAR model.[18]

As of this writing, nations that will be responsible for an aggregate of more than 25 percent of all greenhouse
emissions by 2010 (China, India, Australia, and the developing Pacific Rim, with the exception of Japan) are not
committed to any reductions by then. A more likely estimate would be 75 percent of all the reductions in warming
projected in the Kyoto Protocol scenario.



The minute reductions in warming pale in comparison with the costs of the Kyoto agreement. Charles River Associates
estimates the reduction in GDP of the Kyoto Protocol at 2.3 percent per year.[19] The total reduction in temperature,
even under the very optimistic scenario of 0.19C, yields a cost per degree saved, on a 50-year horizon, of 2.3/0.19 or
about 12 percent of GDP per year.

The magnitude of the economic cost becomes apparent if one realizes that a 7 percent reduction in emission levels
below 1990 values is roughly the U.S. emission level in 1979. In other words, the society of 2008--a mere 3,600 days
from now--must operate on the greenhouse emissions of 1979.

Some simple thought experiments emphasize the enormity of that undertaking.[20] Between 1979 and 2008, the
population of the United States will have grown by 25 percent, or roughly 62 million people. Those individuals will
occupy approximately 16 million new homes and apartments. Assuming that, say, electrical lighting becomes 20
percent more efficient over this period, the lights for 80 percent (nearly 13 million) of those homes have to be turned
off in order to get back to 1979 emission levels.

What about automobiles? If every car and truck on the road averaged around 36 miles per gallon in 2008, the
transportation sector could meet the Kyoto mandate.[21] But almost all the vehicles being purchased now will still be
on the road in 2008, so the corporate average fuel economy of new cars in the year 2008 would have to be about 60
mpg to produce a 36 mpg average economy for the entire stock of cars and trucks.

What Should Be Done?

How will the United States meet its obligations under the Kyoto Protocol? It is now acknowledged that the effective
carbon tax required to reduce emissions the proposed amount is on the order of $150/ton of carbon,[22] and the Clinton
administration has specifically ruled out any direct carbon tax at this time. Instead, in his 1999 federal budget, the
president has requested $6.3 billion in new spending and tax credits.[23] Over five years $2.7 billion would be spent on
research and development to reduce the use of energy in industrial processes; for heating, cooling, and lighting
buildings; and by automobiles. Spending on solar and wind sources of electricity also would increase. Tax credits
totaling $3.6 billion would be given for the purchase of heating, cooling, and lighting equipment and automobiles that
use less energy. Under the president's proposal, cars that double current fuel efficiency would be eligible for a $3,000
tax credit in the year 2000, and cars with triple current fuel efficiency would receive a credit of $4,000 in 2003.

Is this what we really want? I think not. As we debate this issue in Congress, there are probably 10,000 people
tinkering and thinking about fuel cells, hydrogen power, and undreamed-of exotica that will eventually displace our
current energy system. Let's save citizens' money. Let's allow them to invest in the future, take the risks, and reap the
rewards. Better to do that than to tax them to solve a problem that is not all that imminent and will, in any case, resolve
itself faster if we just get out of the way.
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