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Executive Summary

Scientific debate continues regarding the extent to which human activities contribute to global
warming and what the potential impact on the environment might be. Importantly, much of the scientific
evidence contradicts assertions that substantial global warming is likely to occur soon and that the pre-

dicted warming will harm the Earth’s biosphere.

The Earth’s climate began a warming trend after the “Little Ice Age” ended in the mid-1800s,
long before global industrial development led to substantial increases in greenhouse gases beginning in
the middle of the 20th century. About half of the warming during the 20th century occurred prior to the

1940s, and natural variability accounts for all or nearly all of the warming.

To assess future climate trends, climatologists rely upon General Circulation Models (GCMs)
that attempt to describe Earth’s climate. The many climate models in use vary widely with respect to the
variables they include and in the assumptions they make about how those variables interact. Yet some
official reports, including the U.S. National Assessment published in 2000, report only the most extreme

predictions, ignoring others that project only moderate warming in the 21st century.

Global warming alarmists have attributed increases in hurricanes, floods, droughts, tornadoes, hail
storms and heat waves to global warming caused by human activities. However, the evidence does not

support their claims. In recent months, for instance:

® The unprecedented destruction caused by Hurricanes Katrina and Rita was blamed on climate
change — but experts say recent, more powerful storms are part of a natural cycle, and greater
hurricane damage in North America is due to increased coastal populations and development

rather than more severe storms.

® Similar claims have been made about other weather phenomena in North America; but, in fact,
there is no evidence of an increase in the frequency or severity of floods, droughts, tropical

cyclones, tornadoes, hail storms or other severe weather events.

Some have attempted to link the present warming trend to secondary effects, such as species ex-
tinction. However, the relationship between species extinction and climate change is even more tenuous.

For example:



Recent claims that polar bear populations are threatened by global warming ignore the fact that
only two polar bear populations are declining, others are increasing in numbers and the major-

ity have stable populations.

Recent claims that coral reefs are “bleaching” (losing color and dying off) due to warming
oceans ignore the evidence that bleaching appears to be a healthy response in which corals
expel one symbiotic species of algae for a better-adapted species that allows corals to thrive in

warmer waters.

It has also been claimed that low-lying coastal areas are endangered due to rises in sea level as the

Arctic pack ice, glaciers and the mile-thick Greenland Ice Sheet melt in a warming climate. However, the

evidence does not show this is occurring:

The fact that parts of the Arctic Ocean are ice-free in the summer is said to be evidence that sea
ice and the pack ice along the Arctic coast are disappearing; but changing wind patterns push-

ing the ice around, not rising temperatures, are responsible for navigable Arctic waters.

In Alaska, home to many glaciers, several decades of increasingly colder temperatures in the
middle of the 20th century preceded a more recent return to the average temperatures of the

early 20th century.

Temperatures at the peak of the Greenland Ice Sheet show it is actually growing colder.

Sea levels have been rising — in fact, they have been rising since the end of the last ice age

20,000 years ago — but there is no evidence of an accelerating trend.

The complexity of the climate and the limitations of data and computer models mean projections

of future climate change are unreliable at best. In sum, the science does not support claims of drastic

increases in global temperatures over the 21st century, nor does it support claims of human influence on

weather events and other secondary effects of climate change.



“Global warming began long
before industrial development
led to increases in green-
house gases.”
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Introduction

In 1988, James Hansen, director of NASA’s Goddard Institute of
Space Studies, testified before the United States Senate that, based on com-
puter models and temperature measurements, he was “99 percent” certain
“... the [human-caused] greenhouse effect has been detected and it is changing
our climate now.”! His statement was widely covered by the media and first
brought the term “global warming” to the general public’s attention. Many
of his colleagues thought his announcement was premature at best and rash
at worst, including two scientists who testified at the same hearing.? Since
then, climate science has improved but debate continues regarding the extent
to which human activities contribute to global warming and what the potential
impact on the environment might be. Importantly, much of the scientific evi-
dence contradicts assertions that substantial global warming is likely to occur
soon and that the predicted warming will harm the Earth’s biosphere.

The Earth’s climate began a recent general warming trend long before
global industrial development led to substantial increases in greenhouse gases
beginning in the middle of the 20th century. Indeed, the Earth’s climate has
been warming since the “Little Ice Age” ended in the mid-1800s. [See Figure
I.] The period from about 1500 to the mid-1800s is known as the Little Ice
Age because glaciers around the world grew to their greatest extent since the
Northern Hemisphere ice age ended about 20,000 years ago. Because the
Earth’s climate began warming before substantial amounts of greenhouse gases
were added to the Earth’s atmosphere in the middle of the 20th century, natu-
ral variability accounts for all or nearly all of the warming prior to the 1940s
— when approximately half of the observed 20th century warming occurred
and before significant human-caused increases in greenhouse gases began.
Similarly, natural variability must be considered as a possible cause of warm-
ing since the 1940s until and unless scientific evidence proves otherwise.

However, based on the assumption that climate change is occurring
and that human activities — principally emissions of greenhouse gases, such
as carbon dioxide (CO,) — are major contributors to global warming, the
United Nations established its Intergovernmental Panel on Climate Change
(IPCC) in 1988. Since then, the IPCC has issued First, Second and Third As-
sessment Reports (1990, 1996 and 2001, respectively) as well as a number of
special reports. Additionally, there have been regional studies, including the
United States National Assessment of the Potential Consequences of Climate
Variability and Change (USNA or National Assessment). These reports pro-
fess to represent the state of climate science. But claims that these reports
represent a scientific consensus that human activities are causing or will soon
cause significant and generally harmful global warming ignore uncertainties
noted in the reports themselves, internal inconsistencies in the supporting data,
inconsistencies among the various climate models, and many studies that have
reached contrary conclusions.
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Houghton et al. (1990).

Global warming alarmists assert that greenhouse gas emissions will
cause significant changes in global temperature, storm frequency, rainfall and
species extinction. However, scientific evidence undermines these assertions.
Unfortunately, extreme predictions reported in the popular press adversely af-
fect the public’s perception of the real science behind global warming.

This study examines the state of climate science and our understand-
ing of climate change. The underlying theme is that the climate system is
complex, resilient and inherently stable. Research from a wide variety of
disciplines, published in a number of peer-reviewed journals and spanning a
broad spectrum of climate expertise, supports this conclusion. Throughout the
millennia, life has survived and thrived despite wide changes in solar output,
air temperature and atmospheric gas concentrations.

Computer Models Are Unreliable
Due to Faulty Data and Unsound Assumptions

The claim by global warming alarmists that humans are causing dan-
gerous changes in the Earth’s climate is based both on several sets of data
— temperature measurements, greenhouse gas levels and other phenomena
thought to be affected by the climate (such as precipitation) — and General
Circulation Models (GCMs) that attempt to predict the Earth’s climate. Spe-
cifically:

® Ground-level temperature measurements show the Earth warmed
approximately 1° F over the last century.

® Atmospheric carbon dioxide (CO,), a primary greenhouse gas, has
increased by more than 30 percent in the last century and a half.




“Air temperature measure-
ments do not accurately
represent global patterns.”
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However, the link between human activities and current temperature trends
and other environmental impacts is very unclear.

The Data Are Flawed. Our knowledge of present and historic tem-
perature trends is limited by the quality of available data and the way in which
itis used. For example, there are major problems with data gathered from
direct observation of air temperatures. Air temperature measurements do not
accurately represent global patterns because of changes in the location, num-
ber, distribution and development surrounding observation sites over the 20th
century. For example, city temperatures on warm summer days can be as
much as 8° F warmer than the surrounding countryside and annually average
about 4.5° F warmer. Over the years, cities have grown so dramatically that
many temperature stations are now significantly affected by this urban heat
island effect. Cities are heat islands because they have:

® more impervious surfaces — less heat is removed from concrete
than soil via the evaporation of water,

® less wind — standing structures disrupt and reduce the wind’s ex-
change of heat by convection,

® darker surfaces — asphalt and other materials that absorb and retain
heat,

® canyon-like clusters of structures — skyscrapers increase solar
energy absorption, and

@ heat sources — human activities such as manufacturing, transporta-
tion, air conditioning and so forth generate heat.

In addition to urban observation stations being subject to heat island
effects, many other observation stations have either been moved or removed,
causing discontinuities in the location of measurements over time. Moreover,
observation stations are biased toward mid-latitudes, coastal areas and lower
elevations — where most people live and where the urban heat island effect is
strongest. Oceans (covering approximately two-thirds of the Earth’s surface),
high latitudes (the Arctic and Antarctic) and high-altitudes (mountains) are
underrepresented.

Arguably, the recorded rise in average global temperatures is due in
part to inconsistent data collection, rather than actual warming temperatures.
The marked fall in global air temperatures between the early 1960s and the
mid-1970s coincided with an increase in the density of observing stations
around the globe, whereas the rise over the past 30 years has coincided with a
steady decline in station numbers.

Because greenhouse gas concentrations and temperatures were not
directly measured for most of human history, much of the data input into the
models are estimates based on proxy data, such as the concentration of CO,
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“Predictions by climate mod-
els vary widely.”

molecules trapped in ice cores. But even when data from direct observations
is available, global warming predictions are often based on unrealistic est-
imates regarding real-world conditions. For example, Hansen, regarded by
many as the “father of global warming,” recently conceded that CO, emissions
are now rising 1.0 percent per year, yet computer simulations forming the ba-
sis of the Third Assessment Report assumed that emissions would be growing
almost twice as fast.?

Furthermore, GCMs predicting substantial global warming in the near
future assume far greater per-capita energy use than is currently the case, and
far greater future per-capita energy use than most current estimates. By con-
trast, when models use more realistic estimates of energy use, they produce far
less alarming results.

Climate Models Are Limited. To assess future climate trends, cli-
matologists rely upon GCMs that attempt to describe Earth’s climate. They
include many variables (such as temperature and CO, emissions) and make as-
sumptions about how changes in one variable affect others. The many climate
models scientists use to generate climate predictions vary widely in which
variables they include and in the assumptions they make about how those vari-
ables interact. For example, there is considerable scientific debate concerning
the overall impact of atmospheric aerosols on the Earth’s climate and how the
models simulate these effects.

Aerosols are minute particles suspended in the atmosphere. When
these particles are sufficiently large, they scatter and absorb sunlight, which
can reduce visibility. The resulting haze reddens sunrises and sunsets. Both
IPCC and National Assessment projections assume that all atmospheric aero-
sols have a slight net warming effect. However, more recent scientific data
provide a less certain answer.

One study — of which James Hansen is a coauthor — concluded that
the warming effect of carbon black aerosols arising from human activities is
about twice that used in the [IPCC’s Third Assessment Report.* But another
study suggested that the net effect of sulfate aerosols is to cool the Earth, not
warm it.°> The net effect of different types of aerosols must first be properly
resolved before we can assume a general warming impact on the climate. As
the latter study concluded:

“Until [researchers resolve how] the climate system respond]s]
[to aerosols], the possibility that most of the warming to date

is due to natural variability, as well as the possibility of high
climate sensitivity [to the effects of greenhouse gases], must be
kept open.”

Thus, the extent to which the present warming trend is due to natural
factors, human greenhouse gas emissions, and other impacts like the emission
of aerosols remains an open question.



“Computer models cannot
accurately predict the present
or future climate.”
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Another variable that climate models do not take into account is the
effect of changes in solar radiation on the Earth’s climate. Over the past 350
years, scientists have discovered cyclical changes in the Earth’s climate due to
solar activity — such as increases and decreases in solar flares and sun spots.
Some researchers have argued that solar variability may be responsible for
about 0.45° F of warming between 1900 and 1990 — just under half of the
recent warming — and about a third of the total warming since 1500.¢ This is
notable since approximately half of the observed 20th century warming oc-
curred before 1940 and cannot be attributed to human causes. Others have
shown that the effect of changes in solar radiation can account for 71 percent
of the variation in global surface air temperature from 1880 to 1993.” When
changes in solar output are considered in climate simulations, the models pre-
dict this warming.® However, it is still not possible to incorporate into a single
model all the variables that affect the climate — such as solar variability,
changing greenhouse gas concentrations, volcanic eruptions, changes in cloud
type and coverage and various pollutants.

Climate Models Do Not Make Accurate Predictions. In addition to
problems with the data, computer models are limited by our incomplete under-
standing of how the Earth’s climate responds to a variety of external forces.
They are also limited by the speed and capabilities of contemporary comput-
ers.” As a result, they do not accurately describe the current climate and have
not been able to accurately describe the climate of the past 30 years. For in-
stance, computer models consistently project a rise in global temperatures over
the past century that is more than twice as high as the measured increase. As
the models cannot explain what has happened in the past, it is fair to question
their predictions of future warming. This is particularly true of projections re-
garding regional changes in temperatures and other climate phenomena. [See
the side bar on the U.S. National Assessment. ]

The difficulty of reconciling GCM simulations of present-day condi-
tions with real-world observations, and the difficulty of formulating appropri-
ate assumptions about human-caused emissions, led the American Association
of State Climatologists (AASC) — a professional organization of regional and
state climatologists who use local climate data every day — to conclude in
their policy statement on climate change:'

“Climate predictions have not demonstrated skill in projecting
future variability and changes in such important climate condi-
tions as growing season, drought, flood-producing rainfall, heat
waves, tropical cyclones and winter storms.”

Therefore, relying on climate model simulations to draw conclusions about the
future is very risky, since the simulations do not, and perhaps cannot, accurate-
ly simulate the present climate.
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U. S. National Assessment Relied on Extreme Models

The numerous climate models in use often produce conflicting projections of trends or results
at odds with actual observations. The IPCC’s Third Assessment Report compared more than 30 such
models. The results from models that predict less warming in the future are generally closer to the

observed data.

However, the U.S. National Assessment, published in 2000, used only the HadCM2 (Hadley
Centre model) and the CGCM1 (Canadian model) in analyzing the direction and impacts of climate
change. It did not include other models from the United States. This is puzzling, since a majority of
the models considered in the Third Assessment Report predicts much less warming from a doubling of
atmospheric greenhouse gases — as little as 4.5° F. In particular, the Canadian model predicts more
future warming under a doubling of atmospheric CO, concentrations than any other model. As Figure

II shows:

® The National Center for Atmospheric Research (NCAR) model suggests only about 1.8° F

of warming globally for the 21st century as a result of increases in greenhouse gases.
® The Hadley Centre model produces a warming of 5.4° F.
® The Canadian model produces 14.4° F of warming.

Thus, the results of the National Assessment are biased in that the extreme Canadian model was

considered, but not the numerous models that suggest only modest warming.

A report submitted for the National Assessment added further doubt to the Hadley Center and
Canadian model predictions. The report compared real-world observations with important atmospheric
and surface variables used in the Hadley Centre and Canadian models to simulate present-day condi-
tions. Over North America, both models tend to show greater changes in air temperature and precipi-
tation than actual observations. In fact, the Canadian model predicts that the United States should
have warmed 2.7° F during the 20th century — 10 times more than the observed increase of about
0.25°F.

For precipitation, the Hadley Centre model and the Canadian model produce the two most ex-
treme projections of changes for the United States — twice the estimates of other models. In particu-
lar, the models’ simulations predict present-day precipitation that differs from actual observations by as

much as 100 percent!

Furthermore, both models predict high-pressure systems and winter storms that are much more
intense than those we are currently experiencing. They also predict current temperatures for the upper
atmosphere (between about 5 km and 20 km in height) that are colder than observed temperatures.

Since these models cannot accurately replicate current climate conditions, it is difficult to place
much faith in their projections of future climate in a greenhouse gas-enhanced world. Since the Na-

tional Assessment relied on these models exclusively, its conclusions are suspect.




“The National Assessment
was based on models that
predict extreme warming.”’
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Natural Climate Variables Ignored by Alarmists

Due to the complexities of the climate system, we currently cannot
reliably connect emissions of greenhouse gases from any specific source or
group of sources to an increased risk of any particular outcome. For instance,
changes in the frequency or intensity of storms, droughts and floods are affect-
ed by many factors other than temperature. Yet many of the predicted effects
of global warming involve changes in weather patterns and weather-related
events, such as floods and hurricanes.

The Link Between Climate Change and Rainfall Is Unsubstanti-
ated. Precipitation (along with air temperature) is one of the most widely
measured climate variables, and it has been the focus of much research. How-
ever, long-term trends are difficult to discern because precipitation varies
significantly over time and from one area to another and is nearly absent over
the world’s oceans. In addition, it is difficult to accurately measure precipita-
tion, particularly snowfall. For example, when rain and snow blow across the

FIGURE 1I

Average 21st Century Global Temperature
Increase Projected by Selected Models

Used in U.S.
National Assessment
8c
5.4°c
Not Used in U.S.
National Assessment
1°c
National Center for Hadley Canadian
Atmospheric Research Center Model Model

Source: National Center for Atmospheric Research and the United States Na-
tional Assessment of the Potential Consequences of Climate Variability
and Change, 2000.
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“Computer models cannot
accurately predict rainfall.”

mouth of a rain gauge, the full amount is not captured. In addition, humidity,
temperature and sunlight affect the rate of evaporation from gauges and must
be accounted for when measuring precipitation.'!

Both the IPCC’s Third Assessment Report and the National Assess-
ment cite a study by Thomas R. Karl and Richard W. Knight to argue that the
number of days with rainfall exceeding two inches has increased, while the
frequency of more moderate rainfalls and other precipitation of less than one
inch decreased by one percent across the continental United States.'? Karl and
Knight concluded “these data suggest that...the proportion of total precipita-
tion derived from extreme and heavy events is increasing relative to more
moderate events.”

However, Karl and Knight used data only as far back as the 1910s. In
a more recent study, Kenneth E. Kunkel and other state and regional clima-
tologists for the Midwestern and Western states carefully extended the period
studied back to the late 19th century using a newer dataset designed to pro-
vide extensive quality control, particularly for the early years for which there
is little data.!® Their analysis found the frequency of heavy precipitation was
high during the late 19th and early 20th centuries, fell to a minimum during
the 1920s and 1930s (when the records for the IPCC-cited report began), then
returned to higher levels during the late 20th century. The new report conclud-
ed “the frequencies at the beginning of the 20th century were nearly as high
as during the late 20th century...suggesting that natural variability cannot be
discounted as an important contributor to the recent high values.”

The discrepancy between the two studies can be explained by the
earlier study’s reliance on an abbreviated dataset, because for the time period
where the two studies overlap — from 1910 to 1996 — the results are consis-
tent. Thus, Kunkel’s more comprehensive analysis is strong evidence that the
results cited by the IPCC may not be of human origin, but simply a result of
natural variability.

The IPCC’s conclusions concerning the timing and amount of future
rainfall also rely on a number of computer simulations. However, precipitation
is difficult to simulate because it is affected by so many factors. Computer
models simply cannot predict many important phenomena that affect precipi-
tation, such as hurricanes, thunderstorms, tornadoes and nor’easters. Even
weather fronts that are common across the United States are not simulated
adequately. Finally, climate models inadequately simulate or often completely
ignore more complex but relatively regular phenomena involving atmospheric
circulation patterns and ocean currents, such as El Nind and La Nind — the pe-
riodic warming and cooling of the surface waters off the Pacific Coast of South
America that affects weather globally.'*

Computer models are also unable to replicate rainfall variability. A
study published before the 2001 Third Assessment Report demonstrated that
rainfall is much more variable than computer simulations indicate." There-



“Storm patterns show no evi-
dence of global warming.”
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fore, it is difficult to trust models that predict precipitation will increase in
frequency and intensity. And since precipitation intensities today are similar to
what they were nearly a century ago, it is inappropriate to ascribe recent, short-
term changes to human causes.

Tropical Storm Cycles Are Largely Unaffected by Climate Change.
Arguably, the most overstated claim about the consequences of global warm-
ing is that the frequency and intensity of tropical cyclones (hurricanes, tropical
storms and tropical depressions) and extra-tropical storms (including thunder-
storms and nor’easters) will dramatically increase. One of the factors linked
to tropical cyclone formation is sea surface temperatures exceeding 78.8°
F. Tropical sea surface temperatures have risen in recent years, due partly to
changes in ocean and wind currents and air temperatures. Some researchers
have speculated that an increase in areas of warmer waters will increase tropi-
cal cyclone frequencies and intensities, but thus far even the [IPCC has found
virtually no evidence to support this claim. The “Scientific Assessment” sec-
tion of the Third Assessment Report states:

“Changes globally in tropical and extra-tropical storm intensity
and frequency are dominated by inter-decadal to multi-decadal
variations, with no significant trends evident over the 20th cen-
tury. Conflicting analyses make it difficult to draw definitive
conclusions about changes in storm activity, especially in the
extra-tropics.”

Thus, there is scant evidence that the recent warming trend has af-
fected the frequency and intensity of tropical storms during the past century.
There is also no reason to expect further warming will have much effect,
because, as the IPCC concluded, tropical storm patterns are largely driven by
factors other than sea surface temperature.

Further support for this conclusion comes from a study examining the
links between tropical cyclone formation and sea surface temperatures that was
cited by both the Third Assessment Report and the National Assessment.'® The
study states: “...the very modest available evidence points to an expectation of
little or no change in global frequency [of hurricanes].” !’

More recently, however, the media have paid particular attention to two
studies cited by the popular press as providing compelling evidence that the
devastating Atlantic Basin hurricanes of 2004 and 2005 were caused by global
warming. They have misinterpreted the significance of these studies; no such
conclusion is warranted.

In the first study, Kerry Emanuel argues that “the record of net hur-
ricane power dissipation is highly correlated with tropical sea surface tem-
perature, reflecting well-documented climate signals [cycles], including multi-
decadal oscillations in the North Atlantic and North Pacific, and global warm-
ing.”"® Thus, although he attributes some of the rise in tropical sea surface
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“Hurricanes vary due to
natural cycles, not global
warming.”

FIGURE 1III
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temperatures to global warming, Emmanuel recognizes that the historically
documented cycle of shifts in ocean currents over several decades is largely
responsible for the current upswing in hurricane numbers and intensity.

In the second recent study, looking at data from the last 35 years, Peter
Webster and colleagues concluded that there was a large increase “in the num-
ber and proportion of hurricanes reaching categories 4 and 5,” but “the small-
est percentage increase occurred in the North Atlantic Ocean.”'® The latter
conclusion appears to undermine claims that rising ocean temperatures due to
global warming are responsible for increasing Atlantic hurricane activity. In
addition, Webster found that the area undergoing the second largest increase in
hurricane activity experienced no appreciable rise in ocean temperature.

Webster and his colleagues also plea for the assessment of a longer data
record: “Attribution of the 30-year trends [in hurricane intensity] to global
warming would require a longer global data record [than the 35-year record
they used] and, especially, a deeper understanding of the role of hurricanes in
the general circulation of the atmosphere and ocean, even in the present cli-
mate state.”



“There has been no signifi-
cant change in the number or
frequency of thunderstorms,
hail storms or tornadoes.”

Climate Science: Climate Change and Its Impact 11

Thus, claims that these two studies provide compelling evidence link-
ing recent hurricanes to global warming are unwarranted. Also, a longer-term
assessment of tropical cyclones extending back more than 80 years by two
teams of researchers subsequently documented a cycle that shows little influ-
ence from global warming.

The first team, Roger Pielke Jr. and colleagues, concluded that since
1995, “there has been an increase in the frequency and in particular the inten-
sity of hurricanes in the Atlantic...but the changes of the past decade are not
so large as to clearly indicate that anything is going on other than the multi-
decadal variability that has been well documented since at least 1900.”%° [See
Figure III.] They went on to argue that claims of a link between global warm-
ing and tropical storm frequency and intensity are misguided because 1) no
connection has been established between greenhouse gas emissions and the
observed behavior of tropical storms, 2) there is a scientific consensus that any
future changes in hurricane intensities will be small relative to observed vari-
ability, and 3) under the assumptions of the IPCC, increased population and
development along coastal areas, rather than changes in hurricane strength and
frequency, will be responsible for most future hurricane damage.

A second group of researchers, composed of National Oceanic and
Atmospheric Administration (NOAA) scientists with years of experience in
tropical storm forecasting, examined the longer-term tropical storm record
and concluded “NOAA research shows that the tropical multi-decadal signal
[cycle] is causing the increased Atlantic hurricane activity since 1995, and is
not related to greenhouse warming.”?! Instead, they relate recent increased
hurricane activity “to natural occurring cycles in tropical climate patterns near
the equator” that cause long-term fluctuations in vertical wind shear (which has
a substantial effect on hurricane formation) and ocean temperatures.

Storm Cycles in Extra-Tropical Regions Are Largely Unaffected
by Climate Change. With respect to changes in extra-tropical storms, a 1999
study by Bruce Hayden for the National Assessment concluded “there has
been no trend in North America-wide storminess or in storm frequency vari-
ability found in the record of storm tracks for the period 1885-1996...[I]t is not
possible, at this time, to attribute the large regional changes in storm climate
to elevated atmospheric carbon dioxide.”” Hayden goes on to argue that as-
sessments based on computer modeling “of North American storminess shows
no sensitivity to elevated carbon dioxide... [I]t would appear that statements
about storminess based on output statistics [from the models] are unwarranted
at this time.” And, “it should also be clear that little can or should be said about
change in variability of storminess in future, carbon dioxide enriched years.”

In general, IPCC reports express doubts about the quality and homoge-
neity of data used to assess changes in storm frequencies and intensities. Simi-
lar analyses have focused on changes in the frequencies of thunderstorms,*
hail** and tornadoes — including the occurrence of “significant” tornadoes
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“Floods have increased due
to development, not global
warming.”

(that is, those rated F3 and higher on the five-point Fujita scale)® — and have
concluded that none of them have increased significantly and that there is no
conclusive evidence of a connection between these weather phenomena and
increases in greenhouse gases.

Climate Change Has Little Impact on Floods and Droughts. Global
warming alarmists also claim that increasing concentrations of greenhouse
gases in the atmosphere make floods and droughts more likely. Part of the dif-
ficulty in assessing whether such a change is already underway lies in how we
define floods and droughts.

Floods. Aflood is simply streamflow that exceeds a prescribed thresh-
old and is not necessarily caused by increased precipitation. Streamflow
strongly depends on a number of nonclimate factors, such as how moist the
soil is and the amount of moisture stored in detention areas prior to the rainfall;
rain falling on saturated ground or when reservoirs and lakes are near capacity
may produce more streamflow than if the ground is drier or when water deten-
tion levels are low.

Changing land uses and engineering developments also affect stream-
flows. Urbanization generates more runoff, which ultimately becomes stream-
flow. River channelization — dredging, levee construction and stream bank
reinforcement — speeds water flow and restricts water from entering natural
flood plains. These direct human effects on rivers often increase flooding,
masking the effects of climate change.

Two studies of streamflow trends in the United States yielded divergent
results. In the first study, Harry Lins and James Slack examined streams that
have been minimally affected by urbanization and human alterations. They
found that low and median streamflows increased the most and that high flows
— that is, floods — increased the least.”® As they explained, this means that
“the conterminous [United States] is getting wetter, but less extreme.” Their
analysis of the data showed streamflow decreases in parts of the Pacific North-
west and the Southeastern United States. The Third Assessment Report largely
relied on this study in its analysis of trends for the United States.

By contrast, a more recent study by Pavel Y. Groisman and his col-
leagues concluded that significant increases in streamflow have occurred,
particularly floods.?” Groisman argued that streamflow increases were most
significant in the eastern half of the United States. He claimed decreases in
winter snow cover as air temperatures have risen explains why the western half
has exhibited no increases in peak streamflow.?®

The discrepancy between these two studies is easy to explain: The two
analyses answered different questions. Lins and Slack focused on whether
particular streamflow levels — floods or low water flows — were occurring
more or less frequently. Therefore, they emphasized changes in the depth of
streamflow.”” By contrast, Groisman and his colleagues calculated the pro-
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frequent and longer in the
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portion of change in total annual streamflow volume that could be attributed

to particular streamflow levels. Streamflow volume is simply the product of
the depth of the flow and the width of the stream. Since the channels of most
streams in the United States resemble the letter “V” in shape, a change in
streamflow depth results in a larger change in flow volume when a river is at or
near flood stage. Groisman’s conclusions, therefore, are biased by the higher
volume of water associated with floods. And since annual peak flows can be
several times greater than the minimum flow, it is more correct to evaluate
streamflow depth, as Lins and Slack did.*

Droughts. The simplest definition of drought is a “meteorological
drought,” which occurs when precipitation is below normal over a specified
period. That definition is greatly affected by the period selected and for which
“normal precipitation” is defined. A more useful concept is a “hydrological
drought,” which occurs when river, lake and/or groundwater levels fall below
a specified threshold. However, since urbanization raises demand for water,
it can increase the frequency of hydrologic droughts and potentially mask the
effect of climate change. The Third Assessment Report concludes that from
1900 to 1995:

“There were relatively small increases in global land areas ex-
periencing severe drought or severe wetness. In many regions,

FIGURE 1V

Severe and Extreme Drought, 1895-1995
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“During past warming peri-
ods, the number and severity
of storms declined.”

these changes are dominated by inter-decadal and multi-decadal
climate variability, such as the shift in [El Nifio/La Nifia]*' towards
more warm events.”

With respect to drought worldwide, the Third Assessment Report relies
on a study*? by Aigu Dai and others that uses the Palmer Drought Severity
Index (PDSI)* to examine the relation among human activities, climate and
drought. The study found small increases in drought frequencies over the
United States and an increase in moisture surplus as well. But the PDSI over-
simplifies the surface water balance, and the values of the index are relative to
each location — making comparisons between different locations difficult.**
Thus, the Dai study should be interpreted with caution.

Historical records show that natural variability has produced more
frequent and longer droughts in the past than we experience today. An assess-
ment of physical evidence of drought in the United States over two millennia
concluded that “the droughts of the 20th century have been characterized by
moderate severity and comparatively short duration, relative to the full range
of past drought variability.”*> Moreover, the authors said current drought in-
tensity in the western United States is similar to that during the mid-1950s and
actually less than that of the early 1900s, when conditions were cooler than at
present and before increases in atmospheric greenhouse gas concentrations.
[See Figure IV.]

The Difficulty of Linking Floods and Droughts to Climate Change.
As the foregoing discussion suggests, our perception of drought and flood
frequencies is greatly affected by human activities that are not climate-related.
Thus, we must carefully determine whether the cause of changing flood and
drought frequencies is, in fact, due to climate change or simply a result of a
changing landscape.

More importantly, the notion that increases in greenhouse gas con-
centrations will increase flood and drought frequencies runs counter to our
understanding of the climate system. It has been argued that global warming
could cause the Earth’s polar regions to warm more than the tropics due to a
number of factors, including the exposure of darker land surfaces as snow and
ice melt, and the fact that the same energy input will warm cold, dry air more
than warm, moist air. But global atmospheric circulation is driven by the tem-
perature difference between the poles and the equator. A significant decrease
in that temperature difference is consistent with global warming, but it would
reduce global atmospheric circulation rather than increase it. The diminished
transport of energy and moisture would decrease the frequency of heavy rain-
fall and weaken atmospheric currents that steer storms. Indeed, during warmer
periods in the past, the number and severity of storms has declined. The fact
that no significant deviations from long-term trends have been observed in
flood, tropical cyclone, tornado and hail frequencies (despite an increase in
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air temperatures over the last century) is consistent with a decrease in global
atmospheric circulation. What is inconsistent is the claim that severe weather
is increasing due to global warming when the atmospheric currents that con-
tribute to these phenomena are decreasing.

Links Between Climate Change and Nonclimate Effects Are Tenu-
ous. Knowing the limits and difficulties of linking human activities to global
warming, and of linking global warming to other climate changes, we should
use even greater caution in linking human-caused climate change to noncli-
mate changes, such as sea level rise and species extinction.

Arctic Temperatures. The Arctic Climate Impact Assessment (here-
after, the Arctic Assessment) recently proclaimed that Arctic air temperature
trends provide early and strong indication that global warming is causing polar
ice caps and glaciers to melt, which will lead directly to a rising global sea
level.** However, estimating the amount of surface warming and its causes
requires knowledge of both natural factors and the effects of human actions
— many completely unrelated to greenhouse gas emissions — including land
use changes and urbanization. Moreover, the Arctic climate varies dramati-
cally over time from one area to another, with both warming and cooling pres-
ently occurring in different polar regions.

Though the Arctic Assessment argues that unprecedented Arctic warm-
ing has occurred, the evidence suggests that this conclusion is unwarranted.
For example, coastal stations in Greenland are experiencing a cooling trend,
and average summer air temperatures at the summit of the Greenland Ice
Sheet, have decreased at the rate of 4° F per decade since measurements began
in 1987.37 Moreover, even if such warming is happening, it has occurred
before as shown by ice cores from Baffin Island*® and sea core sediments from
the Chukchi Sea.* For example, in Alaska, the onset of warming in 1976-
1977 ended a multi-decade trend of cold in the middle of the 20th century. The
warming since 1976 has simply returned temperatures to those of the early
20th century. And as would be expected in response to natural variability,
Alaskan ecosystems have merely adjusted in a manner consistent with tem-
peratures in the early 20th century.

Indeed, the Arctic Assessment ignored three relatively recent long-term
analyses that contradict its conclusions, although they were readily available in
published literature. Those analyses are based on: 1) Russian coastal observa-
tions, 2) Arctic Ocean temperatures, and 3) the definition of the Arctic region
climatologically, rather than by latitude.

First, Russian coastal-station records of both the extent of sea ice and
the thickness of fast ice (ice fixed to the shoreline or seafloor) extending back
125 years show significant variability over 60- to 80-year periods.* Moreover,
the maximum average air temperature they report for the 20th century was in
1938, before humans released significant greenhouse gas emissions and when
it was nearly 0.4° F warmer than the average air temperature for 2000. The



16  The National Center for Policy Analysis

“Arctic air temperatures were
warmest in the 1930s and
coolest in the late 1980s.”

Russian study further suggested, “the high-latitude temperature increase was
stronger in the late 1930s to the early 1940s than in recent decades,” and it
concluded that observations do “not support amplified warming in polar re-
gions predicted by GCMs.”

Second, an earlier study evaluating data for the Arctic Ocean also
reported an overall decline in Arctic air temperatures and “[an] absence of evi-
dence for greenhouse warming over the Arctic Ocean in the past 40 years.”!

Third, a comprehensive study of Arctic air temperature data concluded
that from 1951 to 1990, “no tangible manifestations of the [enhanced] green-
house effect can be identified” although much year-to-year variability was
observed.** The first step in this latter study was to properly identify the Arctic
using climate parameters, not latitudes. Defining the study area based simply
on a specific latitude band biases temperature readings because it includes data
from outside the Arctic region. The study then demonstrated that Arctic air
temperatures were warmest in the 1930s and near the coolest for the period
of recorded observations (since at least 1920) in the late 1980s. When data
from mid-latitude stations that border the Arctic are included, the characteristic
warming since the mid-1970s is evident. Thus, while lower and mid-latitudes
of the Northern Hemisphere have warmed during the last 30 years, the Arctic
region clearly has not. This study refutes the GCMs’ predictions that the great-
est warming will occur in the high latitudes.

Furthermore, the study compared observed data with gridded data used
by the IPCC for the same region. (“Gridded data” are spatial averages com-
puted at the nodes, or intersecting points, of lines of latitude and longitude
forming a lattice, in this case 5° of latitude by 5° of longitude.) While the
IPCC gridded data exhibits warming during the 1990s, weather station mea-
surements contradict this warming claim and show significant cooling since
the mid-1980s. Thus the study raises concern that the IPCC gridded data for
the Arctic is contaminated with data from outside the Arctic. Since the gridded
data presumably represent spatial averages based on observations (rather than
the recorded data itself), the study cautions that “the quality of [gridded] data
in its present state is significantly lower than the station data.”

There are a number of other reasons that observed global warming is
not greatest in the Arctic during winter. Arctic snow and ice is highly reflec-
tive and has high thermal inertia — in other words, it naturally resists tempera-
ture changes; as a result, more energy is required to warm an Arctic area than a
tropical area of similar size. In addition, such natural factors as the variability
of atmospheric circulation and changes in solar output have just as great (and
perhaps a greater) effect on Arctic temperatures as increasing greenhouse gas
concentrations.” For instance, since 1970, seasonal (particularly autumnal)
and annual air temperatures in the Canadian Arctic have followed a distinct
pattern, varying over a period of about 4 to 6 years, with a slightly longer
period before 1970. This pattern may be directly related to the El Nind and La
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Nina phenomena but, like EI Nind and La Nina, the pattern is not one of the
variables GCMs consider.*

Sea Ice. Global warming alarmists also claim that Arctic warming will
necessarily lead to a decrease in the thickness and extent of sea ice, and that
sea levels will rise significantly due to the melting ice. However, research-
ers who evaluated air temperature trends from coastal Greenland also looked
at changes in Arctic sea ice using long-term data on fast-ice thickness and ice
extent.* They concluded: “The analysis indicates that long-term trends are
small and generally statistically insignificant.” The Third Assessment Report
also recognized that the rate of sea level rise has not accelerated during the last
century.

It is critical to note that air temperature is only one factor that dictates
sea ice coverage and thickness. Another factor in the formation of sea ice is
the frequency and intensity of wind. When the Arctic is relatively calm, it is
easier for sea ice to form. During stormy periods, churning water makes sea
ice formation more difficult. This is one of the main reasons for a distinct lack
of correlation between computer projections and the observed response of
the Arctic region. A study by Canada’s Department of Fisheries and Oceans
examining the relationship between air temperature and sea ice coverage
concluded “global warming appears to play a minor role in changes to Arctic
sea ice.”* Indeed, the Canadian study determined that changing wind patterns
are the primary cause of changing sea ice distributions. Moreover, while sea
ice has decreased in the Arctic (due largely to other causes, as shown above),
NASA scientists have determined that it has remained relatively constant (or
even increased slightly) in the Antarctic since 1978.%

Polar Bear Populations. Warming theory proponents also argue that
a warmer Arctic with less sea ice poses a significant risk to polar bear popula-
tions (and other indigenous species).*® Indeed, the Arctic Assessment conclud-
ed “global warming could cause polar bears to go extinct by the end of the cen-
tury by eroding the sea ice that sustains them.” This is misleading because, as
discussed above, Arctic air temperatures in the 1930s were as high as present
temperatures and Arctic air temperatures prior to the Little Ice Age were higher
than present temperatures, yet polar bears survived.

The data on polar bear populations also contradict claims that rising air
temperatures will cause a decline in polar bear populations. According to the
World Wildlife Fund (WWF), there are about 20 distinct polar bear populations
accounting for approximately 22,000 polar bears worldwide. Population pat-
terns, according to the WWF data, do not show a temperature-linked decline:

® Only two of the distinct bear populations — accounting for about
16.4 percent of the total number of bears — are decreasing, and
they are in areas where air temperatures have actually fallen, such
as the Baffin Bay region.
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“The rate of change in coast-
al sea levels varies widely.”

® Ten populations — comprising about 45.4 percent of the total num-
ber of bears — are stable.

® Another two populations — about 13.6 percent of the total number
— are growing, and they live in areas were air temperatures have
risen, such as near the Bering Strait and the Chukchi Sea.*’

Thus, the evidence does not support claims that rising air temperatures
will lead to polar bear decline or that global warming will cause their extinc-
tion.

Sea Levels Show No Signs of Dramatic Change. Our knowledge of
sea level fluctuations is relatively recent, but there is evidence that sea levels
have risen (although not steadily) since we emerged from the last ice age about
20,000 years ago. Global air temperatures do affect sea levels, which changed
over the last millennium as temperatures rose and fell from the Medieval
Warm Period to the Little Ice Age. The rate of change in coastal sea levels has
varied in just the last 50 years and much more over the millennia. The evi-
dence shows that this sea-level rise is not uniform.

About half of the projected rise in sea level due to global warming will
occur simply because water expands as it warms — which explains why, dur-
ing this century, global sea levels have risen along with air temperatures. The
remainder of the rise is attributed to melting polar ice caps and glaciers.” In
fact, sea levels fluctuate seasonally — reaching a maximum in each respective
hemisphere in early autumn and a minimum in early spring. This is because
almost 90 percent of precipitation falling over land originates from water that
evaporated from oceans. During winter, this precipitation is stored on land
as snow, returning to the oceans as streamflow during the spring and summer
melt. Globally, sea levels are about 0.55 inches (1.4 cm) lower in early spring
than in early autumn.

However, with warmer temperatures in high latitudes comes the like-
lihood of more snow, rather than less, since the amount of water vapor in
saturated air increases with rising temperature. Indeed, Arctic coastal stations
receive more snowfall than inland stations due to warmer air temperatures
along the coast. Thus, Hengchun Ye and John R. Mather argued that a dou-
bling of CO, in the atmosphere would remove 9.0 x 10" liters of water from
the world’s oceans, thereby mitigating some of the rise in sea levels.’!

By contrast, Antarctica is called a “polar desert” because snowfall is
extremely low. The average annual precipitation at the South Pole Station
is only 8mm per year, but since the temperature remains below freezing the
snow accumulates year after year. In the Northern Hemisphere, increased
snowfall at cold, high latitudes could also accumulate, particularly over the
Greenland Ice Sheet where air temperatures are extremely cold. On the other
hand, snowfall might decrease in some areas on the margins, as water falls as
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rain rather than snow. Taking this into account and using GCM projections,
Ye and Mather estimated there would be a small net snowfall increase in the
Northern Hemisphere, thereby slightly offsetting the forecast sea-level rise.

Thus, predictions of future global sea levels depend on correctly simulating

precipitation and snowfall patterns — something that climate models do not
do well.

In the United States, global warming alarmists have raised concerns
about the rise in sea level along the California and Carolina coasts. However,
scientific measurements counter these claims. One recent study evaluated
global sea level trends obtained from the Topex/Posidon satellite and station
observations.’> The satellite data run from 1993 to 1998 while station obser-
vations extend from 1955 to 1996. For northern California, the rate of sea
level rise has been 0.0 to +6.0 mm per year (satellite) and 0.0 to +7.0 mm per
year (observations). In southern California, the rate was estimated from -0.3
to +0.3 mm per year (satellite) and 0.0 to +7.0 mm per year (observations).
The rates for both regions are among the lowest trends for coastal regions seen
anywhere in the world.

For the North and South Carolina coasts, the rate of sea level rise was
estimated from -0.6 to -0.3 mm per year (satellite) and 2.1 to 2.8 mm per
year (observations). For the last six years of the record, satellite and obser-
vational data are similar. Though the sea level along the Carolina coast has
risen significantly over the last 40 years, the rate of sea level rise has actually
decreased dramatically in recent years — countering the assertion that global
warming is causing an increasing rate of sea level rise and suggesting that
other factors contribute to rising sea levels in this region.

Snow Cover Is Stable. Outside of extremely and consistently cold
areas, like Antarctica, snowfall and air temperature tend to rise and fall to-
gether when temperatures are cold. Conversely, snowfall and air temperature
tend to move in opposite directions when temperatures are relatively warm.
Because of these complexities we cannot automatically assume that rising air
temperatures will necessarily lead to decreased snow cover. Several recent
studies that focused on snow cover trends over time have demonstrated this.

An evaluation of data from several hundred stations in the United
States Great Plains for the period 1910 to 1993 found a generally increasing
trend in the number of days with snow cover, despite the increasing air tem-
perature.** More recently, a satellite-derived assessment of snow cover extent
for the Northern Hemisphere showed no significant trend from 1978 to 1999.%
An assessment of the extent of snow cover in North America from 1967 to
2004 showed no significant trend for the winter (December to February) with
a slight decrease in snow cover in spring (March to May).>*® While the extent
of spring snow may decrease slightly, snowpack depth in the high mountains
may actually increase due to the added moisture in warmer saturated air that is
still below freezing.
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“Bleaching helps corals sur-
vive environmental stress.”

Coral Reefs Are Adapting. Global warming alarmists often claim
that human-induced global warming is causing the “bleaching” of coral reefs.
Indeed, alarmists often refer to coral as a “barometer of global warming.”
However, there is little scientific support for such claims.

Coral bleaching is a misnomer in that coral do not change color be-
cause they are “bleached” by solar radiation; rather they lose color because the
symbiotic relationship between algal species (which provide the color) and the
coral breaks down. This can occur when water temperatures, pollution levels
or water sediments become too high. Without an algal symbiont, the coral
will die in a few years.

However, a recent study argued that coral bleaching may simply be a
mechanism to help corals survive environmental stress.’” In this study, several
varieties of coral were subjected to changes in water temperature. Most of
those that were moved to warmer water bleached immediately whereas those
that were moved to cooler water did not. However, a year later it was discov-
ered that the corals that had bleached were developing better than those that
had not. Bleaching is a process that expels algae, and the corals that bleached
formed a symbiotic relationship with new species of algae that were better
suited to the new environment. The study concluded, “this counters conven-
tional wisdom that bleaching is detrimental from all perspectives, and supports
the role of symbionts as adaptive agents.”

Two more recent studies have examined coral bleaching and have also
concluded that it may be a beneficial response to stress. In one study, Carib-
bean corals were bleached and exposed to a number of algal species.”® Not
only did the coral and algae reestablish a symbiotic relationship, but in some
cases it was with a different algal species that was better suited to the current
environmental conditions. In the second study, it was found that reestablished
symbiotic relationships vary depending upon whether the coral is an adult
or a juvenile.” The authors concluded that this “suggests that there may be
‘active’ selection by the host to maximize symbiont effectiveness that varies
with differences in physiological requirements between juvenile and adult cor-
als.” Such a response may explain why corals have survived for millions of
years despite a widely varying climate that has fluctuated between cold glacial
epochs and warm interglacial periods. Indeed, coral bleaching appears to be a
mechanism to guarantee survival and development of the species, not a har-
binger of death.

Conclusion: Links between
Greenhouse Gas Emissions and
Severe Climate Impacts Are Tenuous

Despite pronouncements of “scientific consensus,” climatologists are
still uncertain concerning the likely impact of increased atmospheric green-
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house gas concentrations. Trace gas concentrations, such as CO,, have been
increasing, largely as a result of fossil fuel emissions. However, concentra-
tions of methane and chlorofluorocarbons (which are also important atmo-
spheric trace gases) have leveled off in recent years. The extent to which fossil
fuel emissions have contributed to the rise in global atmospheric air tempera-
tures since about the mid-1800s is still debatable, since much of the warming
occurred before significant increases in atmospheric trace gas concentrations,
and because there was a dramatic downward trend in air temperatures between
the early 1960s and the mid-1970s — after significant increases in atmospheric
CO, — which led to the short-lived “global cooling” scare. Connections be-
tween this recent moderate rise in air temperature and changes in other parts of
the climate system are far more tenuous.

In fact, even among global warming alarmists, projections of global
warming for 2100 have decreased significantly since early modeling efforts.
The response to a doubling of CO, exhibited by the many models used for the
Third Assessment Report range between 2.7° and 5.4° F. If such trends con-
tinue — and all models except one (the Canadian model) exhibit a gradual,
consistent rise over time — global air temperatures should increase by 2.5° F
and air temperatures in the United States by about 1° F during the 21st cen-
tury. Most of this warming should occur in the coldest winter air masses,
while summer rainfall should increase slightly. Such a warming could hardly
be called unprecedented or catastrophic. In general, our climate has and will
continue to exhibit intricate patterns not reliably reproduced by global climate
simulations, thus underscoring their scientific incompleteness — and lack of
reliability for prediction of future climate scenarios.

NOTE: Nothing written here should be construed as necessarily reflecting the
views of the National Center for Policy Analysis or as an attempt to aid or
hinder the passage of any bill before Congress.
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