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TECH-96-29
1/18/06
TO: AIAM Technical Committee
FROM: Gregory J. Dana
Vice President and Technical Director
RE: GLOBAL CLIMATE COALITION (GCC) - Primer on

Climate Change Sclence - Final Draft

Enclosed Is a primer on global climate change scianée deveioped by the
GCC. If any members have any comments on this or other GCC

documents that are mailed out, please provide me with your comments to

forward to the GCC. -

GJDf

ASSOCIATION OF INTERNATIONAL AUTOMORILE MANUFACTURERS,

INCG.

1001 18TH ST, NORTH 1l SuUITE 1200 B ARLINGTCN, VA 22205 B TELERHONE TO3.525.7788 Ml Fax 703.525.8817
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AND BAFETY DEPARTMENT
PR, BOX 1031
PRINGETON, NEW JERSEY O8543-105 1

Mobil Qil Corporation | EAVIFOMENTAL HEALTH

December 21, 1995
To: Members of GCC-STAC

Attached is what I hope is the final draft of the primer on globat climate change science we have
been working on for the past few months. It has been revised to more directly address recent
statements from IPCC Working Group I and to reflect comments from John Kinsman and
Howard Feldman. '

We will be discussing this draft at the January 18th STAC meeting. If you are coming to that
meeting, please bring any additional comments on the draft with you. If you have comments but
are unable to attend the meeting, please fax them to Eric Holdsworth at the GCC office. His fax
number is (202) 638-1043 or (202) 638-1032. Twill be out of the office for essentially all of the
time between now and the next STAC meeting.

Best wishes for the Holiday Season,

A‘iﬁu@/

1.. S Bernstein
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APPROVAL DRAFT
Predicting Future Climate Change: A Primer

In its recently approved Summary for Policymakers for its contribution to the [PCC’s Second
Assessment Report, Working Group I stated:

...the balance of evidence suggests that there is a discernable human influence on global
climate. :

The Global Climate Coalition’s Science and Technical Advisory Committee believes that the
IPCC statement goes beyond what can be justified by current scientific knowledge.

This paper presents an assessment of those issues in the science of climate change which relate to
the ability to predict whether human emissions of greenhouse gases have had an effect on current
climate or will have a significant impact on future climate. It is a primer on these issues, not an
exhaustive analysis. Complex issues have been simplified, hopefully without any loss of accuracy.
Also, since it is a primer, it uses the terminology which has become popular in the climate change
debate, even in those cases where the popular terminology is not technically accurate.

Introduction and Summary

Since the beginning of the industrial revolution, human activities have increased the atmospheric
concentration of CO, by more than 25%. Atmospheric concentrations of other greenhouse gases
have also risen. Over the past 120 years, global average temperature has risen by 0.3 - 0.6°C.
Since the Greenhouse Effect can be used to relate atmospheric concentration of greenhouse gases
to global average temperature, claims have been made that at least part of the temperature rise
experienced to date is due to human activities, and that the projected future increases in
atmospheric concentrations of greenhouse gases (as the result of human activities) will lead to
even larger increases in future temperature. Additionally, it is claimed that these increases in
temperature will lead to an array of climate changes (rainfall patterns, storm frequency and
intensity, etc.) that could have severe environmental and economic impacts.

This primer addresses the following questions concerning climate change:
1) Can human activities affect climate?

The scientific basis for the Greenhouse Effect and the potential impact of human emissions
of greenhouse gases such as CO, on climate is well established and cannot be denied.

2) Can future climate be accurately predicted?
The climate models which are being used to predict the increases in temperature which

might occur with increased atmospheric concentrations of greenhouse gases are limited at
present both by incomplete scientific understanding of the factors which affect climate and
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by inadequate computational power, Improvements in‘both are likely, and in the next
decade it may be possible to make fairly accurate statements about the impact that
increased greenhouse gas concentrations could have on climate. However, these
improvements may still not translate into an ability to predict future climate for at least

WO reasons.

 limited understanding of the natural variabilty of climate, and
- inability to predict future atmospheric concentrations of greenhouse gases.

The smaller the geographic area considered, the poorer the quality of climate prediction.
This is a critical limitation in our ability to predict the impacts of climate change, most of
which would result from changes in a local or regional area. .

3)  Have human activities over the last 120 years affected climate, i.e. has the change been
greater than natural variability?

Given the limitations of climate models and other information on this question, current
claims that & human impact on climate has already been detected, are unjustified. '
However, assessment of whether hurnan activities have already affected climate may be
possible when improved climate models are available, Alternatively, a large, short term
change in climate consistent with mode! predictions could be taken as proof of 2 human
component of climate change. ‘

4) Are there alternate explanations for the climate change which has occurred over the last
120 years?

Explanations based on solar varisbility, anomalies in the temperature record, etc. are valid
1o the extent they are used to argue against a conclusion that we understand current

climate or can detect a human component in the change in climate that has occurred over .-
the past 120 years, However, these alternative hypotheses do not address what would
happen if atmospheric concentrations of greenhouse gases continue to rise at projected
rates. : :

Can Human Activities Affect Climate?

The Sun warms the Earth and is the source of energy for the climate system. However, as
shown in Figure 1, the process by which this occurs is complicated. Only about half of the
incoming radiation from the Sun is absorbed by the Earth's surface. About a quarter is
absorbed by the atmosphere, and the remainder is reflected back into space by clouds, dust and
other particulates without being absorbed, either by the surface or atmosphere.
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Are There Alternate Explanations for the Climate

Change Which Has Occurred Qver the Last 120 Years?

Several arguments have been put forward attempting to challenge the conventional view of .
greenhouse gas-induced climate change. These are generally referred to as "contrarian” theories,
This section summarizes these theories and the counter-arguments presented against them.

Solar Variability

Contrarian Theory

Solar radiation is the driver for the climate
system. Any change in the intensity of the
solar radiation reaching the Earth will
affect temperature and other climate
parameters. Dr Robert Jastrow, Director of
the Mi. Wilson Observatory, and others have

- shown a close correlation between various
sun spot parameters, which they believe are
a measure of solar intensity, and global
average lemperature for the past 120 years,
the period for which reasonable quality data
exist for both sun spots and global average
temperature. The correlation has been
pushed back to about 1700 using less
accurate data for both temperature and sun
spois. In addition, observations of Sun- like
stars indicate that they show the amount of
variability in radiation intensity needed to
account for recent changes in the Earth's
climate.

More recently, Tinsley and Heelis at the
Univ. of Texas have proposed a mechanism
by which changes in solar activity can
impact on climate in by a mechanism other
than the direct change in the intensity of
solar radiation impacting on the Earth’s
atmaosphere.

13

_ Counter-arguments

Direct measures of the intensity of solar
radiation over the past 15 years indicate a
maximum variability of less than 0.1%,
sufficient to account for no more than 0.1°C
temperature change, This period of direct
measurement included one complete 11 year -
sun spot cycle, which allowed the develop-
ment of a correlation between solar intensity
and the fraction of the Sun's surface covered
by sun spots, Applying this correlation to
sun spot data for the past 120 years indicates
a maximum variability on solar intensity of
0.1%, corresponding to a maximum temper-
ature change of 0,1°C, one-fifth of the tem-
perature change observed during that period.

If solar variability has accounted for 0.1°C
temperature increase in the last 120 years, it
is an interesting finding, but it does not allay
concerns about future warming which could
result from greenhouse gas emissions,
Whatever contribution solar variability
makes to climate change should be additive
to the effect of greenhouse gas emissions,

The Tinsley and Heelis proposed mechanism
may revive the debate about the role of solar
variability. To date is has not entered the
climate change debate.
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of Water Vapor

Contrarian Theory

In 1990, Prof. Richard Lindzen of MIT
argued that the models which were being
used to predict greenhouse warming were
incorrect because they predicted an increase
in water vapor at all levels of the tropo-
sphere. Since water vapor is a greenhouse
gas, the models predict warming at all levels
of the troposphere. However, warming
should create convective turbulence, which
would lead to more condensation of water
vapor (i.e. more rain) and both drying and
cooling of the troposphere above 5 km. This
negative feedback would act as a "thermo-
stat" keeping temperatures from rising
significantly.

14

nter- is

Lindzen's 1990 theory predicted that warmer
conditions at.the surfice would lead to cool-
er, drier conditions at the top of the tropo-
sphere, Studies of the behavior of the
troposphere in the tropics fail to find the
cooling and drying Lindzen predicted. More
recent publications have indicated the
possibiiity that Lindzen’s hypothesis may be
correct, but the evidence is still weak. While
Lindzen remains a critic of climate modeling
efforts, his latest publications do not include
the convective turbulence argument.
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Anomalies in the Temperature Record

Contrarian Argument

The temperature record of the last 120 years
canmot be explained by greenhouse gas
emissions, which rose steadily through that
period, If greenhouse gases were the
explanation for recent climate, one would
have expected temperature also to have
risen steadily through the period. However,
temperature rose from 1870 to 1930, then
the leveled off to 1940, dropped between
1940 and 1970, and has been rising since
1970,

Satellite measurements covering over 98%
of the globe indicate that global average
temperature has decreased slightly over the
past 15 years, during a time when land-
based temperature measurements indicated
a series of record high temperatures.

ounter- nts

While atmospheric concentrations of
greenhouse gases have risen steadily since
1870, their total increase has been too small
for greenhouse warming to be distinguish-
able above the cooling effect of aerosols and
the variability caused by all of the other
factors which affect climate (volcanic erup-
tions, solar variability, random variability
possibly due to the chaotic nature of climate,
etc.). ‘This does not mean that a further
increase in greenhouse gas concentrations
will not add to measurable warming.

Satellites measure the average temperature
of a column of air from the surface to about
6 km. above the surface, while the land~
based measurements are surface measure-
ments. Also, the land-based measurements
are for land only, The oceans, which cover
70% of the Earth's surface, are not included.
The oceans would be expected to warm -
more slowly than the land surface, lowering
global average temperature.

While raw data from the satellite measure-
ments indicate a cooling of 0.06°C/decade,
correcting the raw data for known effects
(volcanos and periodic warming of the
Eastern tropical Pacific Ocean as part of the
El Nino cycle), yields 0,09°C/decade warm-
ing. The corrected satellite measurements
still do not agree with the land-based
temperature record, but they both show
warming.
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Detailed temperature records do not agree While some scientist argue that gresnhouse
with predictions about greenhouse warming. warming has already occurred, most say that
Prof. Patrick Michaels of the University of it cannot be separated from all of the other
Virginia presented a series of hypotheses factors affecting climate, including the urban
about how greenhouse warming should heat island effect and aerosol cooling. Thus,
affect temperature. Only two will be the fact that the recent temperature record
discussed in detail, does not agree in detail with a greenhouse

gas warming scenario does not diminish the
First, if greenhouse gases were responsible . . potential threat from substantially higher
Jor the increase in global average temper- atmospheric concentrations of greenhouse
ature, one would expect daytime maximum gases.

temperatures to increase. What is actually
happening is that daytime maximum temper-
atures are staying constant, while nighttime
temperatures are increasing. Michaels
argues that the increase in nighttime
temperatures is due to the urban heat island

effect.

Second, one would also expect Northern
Hemisphere temperatures to have increased
more than Southern Hemisphere temper-
atures, since greenhouse gas concentrations
are higher in the Northern Hemisphere.
However, Southern Hemisphere temper-
atures have increased more than Northern
Hemisphere temperatures. Michaels argues
that the smalier increase in the Northern
Hemisphere is due to cooling by aerosols, a
position which is now becoming generally
accepled.

Conciusions ahaut fhe Contrarian Theard

The contrarian theories raise interesting questions about our total understanding of climate
processes, but they do not offer convincing arguments against the conventional model of
greenhouse gas emission-induced climate change. Jastrow's hypothesis about the role of solar
variability and Michaels' questions about the temperature record are not convincing arguments
against any conclusion that we are currently experiencing warmnting as the result of greenhouse
gas emissions. However, neither solar variability nor anomalies in the temperature record
offer a mechanism for off-setting the much larger rise in temperature which might occur if the

16
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atmospheric concentration of greenhouse gases were to double or quadrupie.

Lindzen's hypothesis that any warming would create more rain which would cool and dry the
upper troposphere did offer a mechanism for balancing the effect of increased greenhouse
gases, However, the data supporting this hypothesis is weak, and even Lindzen has stopped
presenting it as an alternative to the conventional model of climate change.

primer]l.wp6
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