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Introduction

The Intergovernmental Panel on Climate Change
(IPCC) claims, in Section 3.8 of the report of
Working Group | to the Fourth Assessment Report,
that global warming will cause (or already is causing)
more extreme weather: droughts, floods, tropical
cyclones, storms, and more (IPCC, 2007-1). Chapter 5
of the present report presented extensive evidence that
solar variability, not CO, concentrations in the air or
rising global temperatures (regardless of their cause)
is responsible for trends in many of these weather
variables. In this chapter we ask if there is evidence
that the twentieth century, which the IPCC claims was
the warmest century in a millennium, experienced
more severe weather than was experienced in
previous, cooler periods. We find no support for the
IPCC’s predictions. In fact, we find more evidence to
support the opposite prediction: that weather would
be less extreme in a warmer world.
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6.1. Droughts

One of the many dangers of global warming,
according to the IPCC, is more frequent, more severe,
and longer-lasting droughts. In this section, we
discuss the findings of scientific papers that compared
droughts in the twentieth century with those longer
ago, beginning with Africa and then Asia, Europe,
and finally North America.

Additional information on this topic, including
reviews on drought not discussed here, can be found
at http://www.co2science.org/subject/d/subject_d .php
under the heading Drought.

6.1.1. Africa

Lau et al., 2006 explored “the roles of sea surface
temperature coupling and land surface processes in
producing the Sahel drought” in the computer models
used by the IPCC for its Fourth Assessment Report.
These 19 computer models were “driven by
combinations of realistic prescribed external forcing,
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including anthropogenic increase in greenhouse gases
and sulfate aerosols, long-term variation in solar
radiation, and volcanic eruptions.” This work
revealed that “only eight models produce a reasonable
Sahel drought signal, seven models produce excessive
rainfall over [the] Sahel during the observed drought
period, and four models show no significant deviation
from normal.” In addition, they report that “even the
model with the highest skill for the Sahel drought
could only simulate the increasing trend of severe
drought events but not the magnitude, nor the
beginning time and duration of the events.”

All 19 of the models used in preparing the IPCC’s
Fourth Assessment Report were unable to adequately
simulate the basic characteristics of what Lau et al.
call one of the past century’s “most pronounced
signals of climate change.” This failure of what the
authors call an “ideal test” for evaluating the models’
abilities to accurately simulate “long-term drought”
and “coupled atmosphere-ocean-land processes and
their interactions” vividly illustrates the fallibility of
computer climate models.

In a review of information pertaining to the past
two centuries, Nicholson (2001) reports there has
been *“a long-term reduction in rainfall in the semi-
arid regions of West Africa” that has been “on the
order of 20 to 40% in parts of the Sahel.” Describing
the phenomenon as “three decades of protracted
aridity,” she reports that “nearly all of Africa has been
affected particularly  since the 1980s.”
Nevertheless, Nicholson says that “rainfall conditions
over Africa during the last 2 to 3 decades are not
unprecedented,” and that “a similar dry episode
prevailed during most of the first half of the 19th
century,” when much of the planet was still
experiencing Little Ice Age conditions.

Therrell et al. (2006) developed what they
describe as “the first tree-ring reconstruction of
rainfall in tropical Africa using a 200-year regional
chronology based on samples of Pterocarpus
angolensis [a deciduous tropical hardwood known
locally as Mukwa] from Zimbabwe.” This project
revealed that “a decadal-scale drought reconstructed
from 1882 to 1896 matches the most severe sustained
drought during the instrumental period (1989-1995),”
and that “an even more severe drought is indicated
from 1859 to 1868 in both the tree-ring and
documentary data.” They report, for example, that the
year 1860 (which was the most droughty year of the
entire period), was described in a contemporary
account from Botswana (where part of their tree-ring
chronology originated) as “a season of ‘severe and
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universal drought’ with ‘food of every description’
being ‘exceedingly scarce’ and the losses of cattle
being ‘very severe’ (Nash and Endfield, 2002).” At
the other end of the moisture spectrum, Therrel et al.
report that “a 6-year wet period at the turn of the
nineteenth century (1897-1902) exceeds any wet
episode during the instrumental era.” Consequently,
for a large part of central southern Africa, it is clear
that the supposedly unprecedented global warming of
the twentieth century did not result in an
intensification of either extreme dry or wet periods.

Looking further back in time, Verschuren et al.
(2000) developed a decadal-scale history of rainfall
and drought in equatorial east Africa for the past
thousand years, based on level and salinity
fluctuations of a small crater-lake in Kenya that were
derived from diatom and midge assemblages retrieved
from the lake’s sediments. Once again, they found
that the Little Ice Age was generally wetter than the
Current Warm Period; but they identified three
intervals of prolonged dryness within the Little Ice
Age (1390-1420, 1560-1625, and 1760-1840), and of
these “episodes of persistent aridity,” as they refer to
them, all were determined to have been “more severe
than any recorded drought of the twentieth century.”

Probing some 1,500 years into the past was the
study of Holmes et al. (1997), who wrote that since
the late 1960s, the African Sahel had experienced
“one of the most persistent droughts recorded by the
entire global meteorological record.” However, in a
high-resolution study of a sediment sequence
extracted from an oasis in the Manga Grasslands of
northeast Nigeria, they too determined that “the
present drought is not unique and that drought has
recurred on a centennial to interdecadal timescale
during the last 1500 years.”

Last, and going back in time almost 5,500 years,
Russell and Johnson (2005) analyzed sediment cores
that had been retrieved from Lake Edward—the
smallest of the great rift lakes of East Africa, located
on the border that separates Uganda and the
Democratic Republic of the Congo—to derive a
detailed precipitation history for that region. In doing
so, they discovered that from the start of the record
until about 1,800 years ago, there was a long-term
trend toward progressively more arid conditions, after
which there followed what they term a “slight trend”
toward wetter conditions that has persisted to the
present. In addition, superimposed on these long-term
trends were major droughts of “at least century-scale
duration,” centered at approximately 850, 1,500,
2,000, and 4,100 years ago. Consequently, it would
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not be unnatural for another such drought to grip the
region in the not-too-distant future.

In summation, real-world evidence from Africa
suggests that the global warming of the past century
or so has not led to a greater frequency or greater
severity of drought in that part of the world. Indeed,
even the continent’s worst drought in recorded
meteorological history was much milder than
droughts that occurred periodically during much
colder times.

Additional information on this topic, including
reviews of newer publications as they become
available, can be found at http://www.co2science.org/
subject/d/droughtafrica.php.
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6.1.2. Asia

Paulsen et al. (2003) employed high-resolution
stalagmite records of 3"*C and 50 from Buddha
Cave “to infer changes in climate in central China for
the last 1270 years in terms of warmer, colder, wetter
and drier conditions.” Among the climatic episodes
evident in their data were “those corresponding to the
Medieval Warm Period, Little Ice Age and twentieth
century warming, lending support to the global extent
of these events.” More specifically, their record
begins in the depths of the Dark Ages Cold Period,
which ends about AD 965 with the commencement of
the Medieval Warm Period. The warming trend
continues until approximately AD 1475, whereupon
the Little Ice Age sets in. That cold period holds sway
until about AD 1825, after which the warming
responsible for the Current Warm Period begins.

With respect to hydrologic balance, the last part
of the Dark Ages Cold Period was characterized as
wet. It, in turn, was followed by a dry, a wet, and
another dry interval in the Medieval Warm Period,
which was followed by a wet and a dry interval in the
Little Ice Age, and finally a mostly wet but highly
moisture-variable Current Warm Period. Paulsen et
al.’s data also reveal a number of other cycles
superimposed on the major millennial-scale cycle of
temperature and the centennial-scale cycle of
moisture. They attribute most of these higher-
frequency cycles to solar phenomena and not CO,
concentrations in the air. Paulsen et al. conclude that
the summer monsoon over eastern China, which
brings the region much of its precipitation, may “be
related to solar irradiance.”

Kalugin et al. (2005) worked with sediment cores
from Lake Teletskoye in the Altai Mountains of
Southern Siberia to produce a multi-proxy climate
record spanning the past 800 years. This record
revealed that the regional climate was relatively warm
with high terrestrial productivity from AD 1210 to
1380. Thereafter, however, temperatures cooled and
productivity dropped, reaching a broad minimum
between 1660 and 1700, which interval, in their
words, “corresponds to the age range of the well-
known Maunder Minimum (1645-1715)” and is “in
agreement with the timing of the Little Ice Age in
Europe (1560-1850).”

With respect to moisture and precipitation,
Kalugin et al. state that the period between 1210 and
1480 was more humid than that of today, while the
period between 1480 and 1840 was more arid. In
addition, they report three episodes of multi-year

283



Climate Change Reconsidered

drought (1580-1600, 1665-1690, and 1785-1810),
which findings are in agreement with other historical
data and tree-ring records from the Mongolia-Altai
region (Butvilovskii, 1993; Jacoby et al., 1996;
Panyushkina et al., 2000). It is problematic for the
IPCC to claim that global warming will lead to more
frequent and more severe droughts, as all of the major
multi-year droughts detected in this study occurred
during the cool phase of the 800-year record.

Touchan et al. (2003) developed two
reconstructions  of  spring  precipitation  for
southwestern ~ Turkey  from  tree-ring  width
measurements, one of them (1776-1998) based on
nine chronologies of Cedrus libani, Juniperus
excelsa, Pinus brutia, and Pinus nigra, and the other
one (1339-1998) based on three chronologies of
Juniperus excelsa. These records, according to them,
“show clear evidence of multi-year to decadal
variations in spring precipitation.” Nevertheless, they
report that “dry periods of 1-2 years were well
distributed throughout the record” and that the same
was largely true of similar wet periods. With respect
to more extreme events, the period preceding the
Industrial Revolution stood out. They note, for
example, that “all of the wettest 5-year periods
occurred prior to 1756.” Likewise, the longest period
of reconstructed spring drought was the four-year
period 1476-79, while the single driest spring was
1746. We see no evidence that the past century
produced distinctive changes in the nature of drought
in this part of Asia.

Cluis and Laberge (2001) analyzed streamflow
records stored in the databank of the Global Runoff
Data Center at the Federal Institute of Hydrology in
Koblenz (Germany) to see if there were any changes
in Asian river runoff of the type predicted by the
IPCC to lead to more frequent and more severe
drought. This study was based on the streamflow
histories of 78 rivers said to be “geographically
distributed throughout the whole Asia-Pacific
region.” The mean start and end dates of these series
were 1936 + 5 years and 1988 + 1 year, respectively,
representing an approximate half-century time span.
In the case of the annual minimum discharges of these
rivers, which are the ones associated with drought, 53
percent of them were unchanged over the period of
the study; where there were trends, 62 percent of
them were upward, indicative of a growing likelihood
of both less frequent and less severe drought.

Ducic  (2005) analyzed observed and
reconstructed discharge rates of the Danube River
near Orsova, Serbia, over the period 1731-1990,

284

finding that the lowest five-year discharge value in
the pre-instrumental era (period of occurrence: 1831-
1835) was practically equal to the lowest five-year
discharge value in the instrumental era (period of
occurrence:; 1946-1950), and that the driest decade of
the entire 260-year period was 1831-1840. The
discharge rate for the last decade of the record (1981-
1990), was “completely inside the limits of the whole
series,” in Ducic’s words, and only slightly (0.7
percent) less than the 260-year mean. As a result,
Ducic concluded that “modern discharge fluctuations
do not point to [a] dominant anthropogenic
influence.” Ducic’s correlative analysis suggests that
the detected cyclicity in the record could “point to the
domination of the influence of solar activity.”

Jiang et al. (2005) analyzed historical documents
to produce a time series of flood and drought
occurrences in eastern China’s Yangtze Delta since
AD 1000. Their work revealed that alternating wet
and dry episodes occurred throughout this period; the
data demonstrate that droughts and floods usually
occurred in the spring and autumn seasons of the
same year, with the most rapid and strongest of these
fluctuations occurring during the Little Ice Age
(1500-1850), as opposed to the preceding Medieval
Warm Period and the following Current Warm
Period.

Davi et al. (2006) employed absolutely dated
tree-ring-width chronologies from five sampling sites
in west-central Mongolia—all of them “in or near the
Selenge River basin, the largest river in Mongolia”—
to develop a reconstruction of streamflow that extends
from 1637 to 1997. Of the 10 driest five-year periods
of the 360-year record, only one occurred during the
twentieth century (and that just barely: 1901-1905,
sixth driest of the 10 extreme periods), while of the 10
wettest five-year periods, only two occurred during
the twentieth century (1990-1994 and 1917-1921, the
second and eighth wettest of the 10 extreme periods,
respectively). Consequently, as Davi et al. describe
the situation, “there is much wider variation in the
long-term tree-ring record than in the limited record
of measured precipitation,” such that over the course
of the twentieth century, extremes of both dryness and
wetness were less frequent and less severe.

Sinha et al. (2007) derived a nearly annually
resolved record of Indian summer monsoon (ISM)
rainfall variations for the core monsoon region of
India that stretches from AD 600 to 1500 based on a
20Th-dated stalagmite oxygen isotope record from
Dandak Cave, which is located at 19°00’N, 82°00’E.
This work revealed that “the short instrumental record
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of ISM underestimates the magnitude of monsoon
rainfall variability,” and they state that “nearly every
major famine in India [over the period of their study]
coincided with a period of reduced monsoon rainfall
as reflected in the Dandak 5O record,” noting two
particularly devastating famines that “occurred at the
beginning of the Little Ice Age during the longest
duration and most severe ISM weakening of [their]
reconstruction.”

Sinha et al. state that “ISM reconstructions from
Arabian Sea marine sediments (Agnihotri et al., 2002;
Gupta et al., 2003; von Rad et al., 1999), stalagmite
880 records from Oman and Yemen (Burns et al.,
2002; Fleitmann et al., 2007), and a pollen record
from the western Himalaya (Phadtare and Pant, 2006)
also indicate a weaker monsoon during the Little Ice
Age and a relatively stronger monsoon during the
Medieval Warm Period.” As a result, the eight
researchers note that “since the end of the Little Ice
Age, ca 1850 AD, the human population in the Indian
monsoon region has increased from about 200 million
to over 1 billion,” and that “a recurrence of weaker
intervals of ISM comparable to those inferred in our
record would have serious implications to human
health and economic sustainability in the region.”
Thus the Current Warm Period is beneficial to the
population of India.

Zhang et al. (2007) developed flood and drought
histories of the past thousand years in China’s
Yangtze Delta, based on “local chronicles, old and
very  comprehensive  encyclopaedia, historic
agricultural registers, and official weather reports,”
after which “continuous wavelet transform was
applied to detect the periodicity and variability of the
flood/drought series”—which they describe as “a
powerful way to characterize the frequency, the
intensity, the time position, and the duration of
variations in a climate data series”—and, finally, the
results of the entire set of operations were compared
with two one-thousand-year temperature histories of
the Tibetan Plateau: northeastern Tibet and southern
Tibet.

As a result of this effort, Zhang et al. report that
“during AD 1400-1700 [the coldest portion of their
record, corresponding to much of the Little Ice Age],
the proxy indicators showing the annual temperature
experienced larger variability (larger standard
deviation), and this time interval exactly corresponds
to the time when the higher and significant wavelet
variance occurred.” By contrast, they report that
“during AD 1000-1400 [the warmest portion of their
record, corresponding to much of the Medieval Warm

Period], relatively stable changes of climatic changes
reconstructed from proxy indicators in Tibet
correspond to lower wavelet variance of
flood/drought series in the Yangtze Delta region.”

The research summarized in this section shows
the frequency of drought in Asia varies according to
millennial, centennial, and decadal cycles. Since those
cycles predate any possible human influence on
climate, they serve to refute the claim that today’s
relatively dry climate is the result of human activity.

Additional information on this topic, including
reviews of newer publications as they become
available, can be found at http://www.co2science.org/
subject/d/droughtasia.php.
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6.1.3. Europe

Linderholm and Chen (2005) derived a 500-year
history of winter (September-April) precipitation
from tree-ring data obtained within the Northern
Boreal zone of Central Scandinavia. This chronology
indicated that below-average precipitation was
observed during the periods 1504-1520, 1562-1625,
1648-1669, 1696-1731, 1852-1871, and 1893-1958,
with the lowest values occurring at the beginning of
the record and at the beginning of the seventeenth
century. These results demonstrate that for this
portion of the European continent, twentieth century
global warming did not result in more frequent or
more severe droughts.

Another five-century perspective on the issue was
provided by Wilson et al. (2005), who used a regional
curve standardization technique to develop a summer
(March-August) precipitation chronology from living
and historical ring-widths of trees in the Bavarian
Forest region of southeast Germany for the period
1456-2001. This technique captured low frequency
variations that indicated the region was substantially
drier than the long-term average during the periods
1500-1560, 1610-1730, and 1810-1870, all of which
intervals were much colder than the bulk of the
twentieth century.

A third study of interest concerns the Danube
River in western Europe, where some researchers had
previously suggested that an anthropogenic signal
was present in the latter decades of the twentieth
century, and that it was responsible for that period’s
supposedly drier conditions. Ducic (2005) tested these
claims by analyzing observed and reconstructed
discharge rates of the river near Orsova, Serbia over
the period 1731-1990. This work revealed that the
lowest five-year discharge value in the pre-
instrumental era (1831-1835) was practically equal to
the lowest five-year discharge value in the
instrumental era (1946-1950), and that the driest
decade of the entire 260-year period was 1831-1840.
What is more, the discharge rate for the last decade of
the record (1981-1990), which prior researchers had
claimed was anthropogenically influenced, was found
to be “completely inside the limits of the whole
series,” in Ducic’s words, and only 0.7 percent less
than the 260-year mean, leading to the conclusion that
“modern discharge fluctuations do not point to
dominant anthropogenic influence.” In fact, Ducic’s
correlative analysis suggests that the detected
cyclicity in the record could “point to the domination
of the influence of solar activity.”
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In much the same vein and noting that “the media
often reflect the view that recent severe drought
events are signs that the climate has in fact already
changed owing to human impacts,” Hisdal et al.
(2001) examined pertinent data from many places in
Europe. They performed a series of statistical
analyses on more than 600 daily streamflow records
from the European Water Archive to examine trends
in the severity, duration, and frequency of drought
over the following four time periods: 1962-1990,
1962-1995, 1930-1995, and 1911-1995. This work
revealed, in their words, that “despite several reports
on recent droughts in Europe, there is no clear
indication that streamflow drought conditions in
Europe have generally become more severe or
frequent in the time periods studied.” To the contrary,
they report that “overall, the number of negative
significant trends pointing towards decreasing
drought deficit volumes or fewer drought events
exceeded the number of positive significant trends
(increasing drought deficit volumes or more drought
events).”

In conclusion, there is no evidence that droughts
in Europe became more frequent or more severe due
to global warming in the twentieth century.
Additional information on this topic, including
reviews of newer publications as they become
available, can be found at http://www.co2science.org/
subject/d/droughteurope.php.
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6.1.4. North America

6.1.4.1. Canada

Gan (1998) performed several statistical tests on
datasets pertaining to temperature, precipitation,
spring snowmelt dates, streamflow, potential and
actual evapotranspiration, and the duration,
magnitude, and severity of drought throughout the
Canadian Prairie Provinces of Alberta, Saskatchewan,
and Manitoba. The results of these several tests
suggest that the Prairies have become somewhat
warmer and drier over the past four to five decades,
although there are regional exceptions to this
generality. After weighing all of the pertinent facts,
however, Gan reports “there is no solid evidence to
conclude that climatic warming, if it occurred, has
caused the Prairie drought to become more severe,”
further noting, “the evidence is insufficient to
conclude that warmer climate will lead to more severe
droughts in the Prairies.”

Working in the same general area, Quiring and
Papakyriakou (2005) used an agricultural drought
index (Palmer’s Z-index) to characterize the
frequency, severity, and spatial extent of June-July
moisture anomalies for 43 crop districts from the
agricultural region of the Canadian prairies over the
period 1920-99. This work revealed that for the 80-
year period of their study, the single most severe
June-July drought on the Canadian prairies occurred
in 1961, and that the next most severe droughts, in
descending order of severity, occurred in 1988, 1936,
1929, and 1937, for little net overall trend.
Simultaneously, however, they say there was an
upward trend in mean June-July moisture conditions.
In addition, they note that “reconstructed July
moisture conditions for the Canadian prairies
demonstrate that droughts during the 18th and 19th
centuries were more persistent than those of the 20th
century (Sauchyn and Skinner, 2001).”

In a subsequent study that covered an even longer
span of time, St. George and Nielsen (2002) used “a
ringwidth  chronology developed from living,
historical and subfossil bur oak in the Red River basin
to reconstruct annual precipitation in southern
Manitoba since AD 1409.” They say that “prior to the
20th century, southern Manitoba’s climate was more
extreme and variable, with prolonged intervals that
were wetter and drier than any time following
permanent Euro-Canadian settlement.” In other
words, the twentieth century had more stable climatic
conditions with fewer hydrologic extremes (floods
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and droughts) than was typical of prior conditions. St.
George and Nielsen conclude that “climatic case
studies in regional drought and flood planning based
exclusively on experience during the 20th century
may dramatically underestimate true worst-case
scenarios.” They also indicate that “multidecadal
fluctuations in regional hydroclimate have been
remarkably coherent across the northeastern Great
Plains during the last 600 years,” and that “individual
dry years in the Red River basin were usually
associated with larger scale drought across much of
the North American interior,” which suggests that
their results for the Red River basin are likely
representative of this entire larger region.

Taking an even longer look back in time,
Campbell (2002) analyzed the grain sizes of sediment
cores obtained from Pine Lake, Alberta, Canada to
derive a non-vegetation-based high-resolution record
of climate variability over the past 4,000 vyears.
Throughout this record, periods of both increasing
and decreasing moisture availability, as determined
from grain size, were evident at decadal, centennial,
and millennial time scales, as was also found by Laird
et al. (2003) in a study of diatom assemblages in
sediment cores taken from three additional Canadian
lakes. Over the most recent 150 years, however, the
grain size of the Pine Lake study generally remained
above the 4,000-year average, indicative of relatively
stable and less droughty conditions than the mean of
the past four millennia.

Also working in eastern Canada, Girardin et al.
(2004) developed a 380-year reconstruction of the
Canadian Drought Code (CDC, a daily numerical
rating of the average moisture content of deep soil
organic layers in boreal conifer stands that is used to
monitor forest fire danger) for the month of July,
based on 16 well-replicated tree-ring chronologies
from the Abitibi Plains of eastern Canada just below
James Bay. Cross-continuous wavelet transformation
analyses of these data, in their words, “indicated
coherency in the 8-16 and 17-32-year per cycle
oscillation bands between the CDC reconstruction
and the Pacific Decadal Oscillation prior to 1850,”
while “following 1850, the coherency shifted toward
the North Atlantic Oscillation.” These results led
them to suggest that “the end of [the] ‘Little Ice Age’
over the Abitibi Plains sector corresponded to a
decrease in the North Pacific decadal forcing around
the 1850s,” and that “this event could have been
followed by an inhibition of the Arctic air outflow
and an incursion of more humid air masses from the
subtropical Atlantic climate sector,” which may have
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helped reduce fire frequency and drought severity. In
this regard, they note that several other paleo-climate
and ecological studies have suggested that “climate in
eastern Canada started to change with the end of the
‘Little Ice Age’ (~1850),” citing the works of Tardif
and Bergeron (1997, 1999), Bergeron (1998, 2000)
and Bergeron et al. (2001), while further noting that
Bergeron and Archambault (1993) and Hofgaard et
al. (1999) have “speculated that the poleward retreat
of the Arctic air mass starting at the end of the ‘Little
Ice Age’ contributed to the incursion of moister air
masses in eastern Canada.”

Moving back towards the west, Wolfe et al.
(2005) conducted a multi-proxy hydro-ecological
analysis of Spruce Island Lake in the northern Peace
sector of the Peace-Athabasca Delta in northern
Alberta. Their research revealed that hydro-ecological
conditions in that region varied substantially over the
past 300 years, especially in terms of multi-decadal
dry and wet periods. More specifically, they found
that (1) recent drying in the region was not the
product of Peace River flow regulation that began in
1968, but rather the product of an extended drying
period that was initiated in the early to mid-1900s, (2)
the multi-proxy hydro-ecological variables they
analyzed were well correlated with other
reconstructed records of natural climate variability,
and (3) hydro-ecological conditions after 1968 have
remained well within the broad range of natural
variability observed over the past 300 years, with the
earlier portion of the record actually depicting
“markedly wetter and drier conditions compared to
recent decades.”

Moving to the Pacific coast of North America
(Heal Lake near the city of Victoria on Canada’s
Vancouver Island), Zhang and Hebda (2005)
conducted dendroclimatological analyses of 121 well-
preserved subfossil logs discovered at the bottom of
the lake plus 29 Douglas-fir trees growing nearby that
led to the development of an ~ 4,000-year chronology
exhibiting sensitivity to spring precipitation. In doing
so, they found that “the magnitude and duration of
climatic variability during the past 4000 years are not
well represented by the variation in the brief modern
period.” As an example of this fact, they note that
spring droughts represented by ring-width departures
exceeding two standard deviations below the mean in
at least five consecutive years occurred in the late AD
1840s and mid 1460s, as well as the mid 1860s BC,
and were more severe than any drought of the
twentieth century. In addition, the most persistent
drought occurred during the 120-year period between
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about AD 1440 and 1560. Other severe droughts of
multi-decadal duration occurred in the mid AD 760s-
800s, the 540s-560s, the 150s-late 190s, and around
800 BC. Wavelet analyses of the tree-ring chronology
also revealed a host of natural oscillations on
timescales of years to centuries, demonstrating that
the twentieth century was in no way unusual in this
regard, as there were many times throughout the prior
4,000 years when it was both wetter and drier than it
was during the last century of the past millennium.
Additional information on this topic, including
reviews of newer publications as they become
available, can be found at http://www.co2science.org/
subject/d/droughtcanada.php.
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6.1.4.2. Mexico

Stahle et al. (2000) developed a long-term history of
drought over much of North America from
reconstructions of the Palmer Drought Severity Index,
based on analyses of many lengthy tree-ring records.
This history reveals the occurrence of a sixteenth
century drought in Mexico that persisted from the
1540s to the 1580s. Writing of this anomalous period
of much reduced precipitation, they say that “the
‘megadrought’ of the sixteenth century far exceeded
any drought of the 20th century.”

Diaz et al. (2002) constructed a history of winter-
spring  (November-April)  precipitation—which
accounts for one-third of the yearly total—for the
Mexican state of Chihuahua for the period 1647-
1992, based on earlywood width chronologies of
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more than 300 Douglas fir trees growing at four
locations along the western and southern borders of
Chihuahua and at two locations in the United States
just above Chihuahua’s northeast border. On the basis
of these reconstructions, they note that “three of the 5
worst winter-spring drought years in the past three-
and-a-half centuries are estimated to have occurred
during the 20th century.” Although this observation
tends to make the twentieth century look highly
anomalous in this regard, it is not, for two of those
three worst drought years occurred during a period of
average to slightly above-average precipitation.

Diaz et al. also note that “the longest drought
indicated by the smoothed reconstruction lasted 17
years (1948-1964),” which is again correct and
seemingly indicative of abnormally dry conditions
during the twentieth century. However, for several of
the 17 years of that below-normal-precipitation
interval, precipitation values were only slightly below
normal. For all practical purposes, there were four
very similar dry periods interspersed throughout the
preceding two-and-a-half centuries: one in the late
1850s and early 1860s, one in the late 1790s and early
1800s, one in the late 1720s and early 1730s, and one
in the late 1660s and early 1670s.

With respect to the twentieth century alone, there
was also a long period of high winter-spring
precipitation that stretched from 1905 to 1932;
following the major drought of the 1950s,
precipitation remained at or just slightly above normal
for the remainder of the record. Finally, with respect
to the entire 346 years, there is no long-term trend in
the data, nor is there any evidence of any sustained
departure from that trend over the course of the
twentieth century.

Cleaveland et al. (2003) constructed a winter-
spring (November-March) precipitation history for
the period 1386-1993 for Durango, Mexico, based on
earlywood width chronologies of Douglas-fir tree
rings collected at two sites in the Sierra Madre
Occidental. They report that this record “shows
droughts of greater magnitude and longer duration
than the worst historical drought that occurred in the
1950s and 1960s.” These earlier dramatic droughts
include the long dry spell of the 1850s-1860s and
what they call the megadrought of the mid- to late-
sixteenth century. Their work clearly demonstrates
that the worst droughts of the past 600 years did not
occur during the period of greatest warmth. Instead,
they occurred during the Little Ice Age, which was
perhaps the coldest period of the current interglacial.
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Investigating the same approximate time period,
Hodell et al. (2005b) analyzed a 5.1-m sediment core
they retrieved from Aguada X’caamal, a small
sinkhole lake in northwest Yucatan, Mexico, finding
that an important hydrologic change occurred there
during the fifteenth century AD, as documented by
the appearance of A. beccarii in the sediment profile,
a decline in the abundance of charophytes, and an
increase in the 3'%0 of gastropods and ostracods. In
addition, they report that “the salinity and O content
of the lake water increased as a result of reduced
precipitation and/or increased evaporation in the mid-
to late 1500s.” These several changes, as well as
many others they cite, were, as they describe it, “part
of a larger pattern of oceanic and atmospheric change
associated with the Little Ice Age that included
cooling throughout the subtropical gyre (Lund and
Curry, 2004).” Their assessment of the situation was
that the “climate became drier on the Yucatan
Peninsula in the 15th century AD near the onset of the
Little Ice Age,” as is also suggested by Maya and
Aztec chronicles that “contain references to cold,
drought and famine in the period AD 1441-1460.”

Going back even further in time, Hodell et al.
(1995) had provided evidence for a protracted drought
during the Terminal Classic Period of Mayan
civilization (AD 800-1000), based on their analysis of
a single sediment core retrieved in 1993 from Lake
Chichanacanab in the center of the northern Yucatan
Peninsula of Mexico. Subsequently, based on two
additional sediment cores retrieved from the same
location in 2000, Hodell et al. (2001) determined that
the massive drought likely occurred in two distinct
phases (750-875 and 1000-1075). Reconstructing the
climatic history of the region over the past 2,600
years and applying spectral analysis to the data also
revealed a significant recurrent drought periodicity of
208 years that matched well with a cosmic ray-
produced **C record preserved in tree rings, which is
believed to reflect variations in solar activity. Because
of the good correspondence between the two datasets,
they concluded that “a significant component of
century-scale variability in Yucatan droughts is
explained by solar forcing.”

Hodell et al. (2005a) returned to Lake
Chichanacanab in March 2004 and retrieved a number
of additional sediment cores in some of the deeper
parts in the lake, with multiple cores being taken from
its deepest point, from which depth profiles of bulk
density were obtained by means of gamma-ray
attenuation, as were profiles of reflected red, green,
and blue light via a digital color line-scan camera. As
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they describe their findings, “the data reveal in great
detail the climatic events that comprised the Terminal
Classic Drought and coincided with the demise of
Classic Maya civilization.” In this regard, they again
report that “the Terminal Classic Drought was not a
single, two-century-long megadrought, but rather
consisted of a series of dry events separated by
intervening periods of relatively moister conditions,”
and that it “included an early phase (ca 770-870) and
late phase (ca 920-1100).” Last of all, they say that
“the bipartite drought history inferred from
Chichancanab is supported by oxygen isotope records
from nearby Punta Laguna,” and that “the general
pattern is also consistent with findings from the
Cariaco Basin off northern Venezuela (Haug et al.,
2003), suggesting that the Terminal Classic Drought
was a widespread phenomenon and not limited to
north-central Yucatan.”

Concurrent with the study of Hodell et al.
(2005a), Almeida-Lenero et al. (2005) analyzed
pollen profiles derived from sediment cores retrieved
from Lake Zempoala and nearby Lake Quila in the
central Mexican highlands about 65 km southwest of
Mexico City, determining that it was generally more
humid than at present in the central Mexican
highlands during the mid-Holocene. Thereafter,
however, there was a gradual drying of the climate;
their data from Lake Zempoala indicate that “the
interval from 1300 to 1100 cal yr BP was driest and
represents an extreme since the mid-Holocene,”
noting further that this interval of 200 years
“coincides with the collapse of the Maya
civilization.” Likewise, they report that their data
from Lake Quila are also “indicative of the most arid
period reported during the middle to late Holocene
from c. 1300 to 1100 cal yr BP.” In addition, they
note that “climatic aridity during this time was also
noted by Metcalfe et al. (1991) for the Lerma Basin
[central Mexico],” that “dry climatic conditions were
also reported from Lake Patzcuaro, central Mexico by
Watts and Bradbury (1982),” and that “dry conditions
were also reported for [Mexico’s] Zacapu Basin
(Metcalfe, 1995) and for [Mexico’s] Yucatan
Peninsula (Curtis et al., 1996, 1998; Hodell et al.,
1995, 2001).”

Based on the many results described above, it is
evident that throughout much of Mexico some of the
driest conditions and worst droughts of the Late
Holocene occurred during the Little Ice Age and the
latter part of the Dark Ages Cold Period. These
observations do much to discredit the model-based
claim that droughts will get worse as air temperatures

rise. All of the Mexican droughts of the twentieth
century (when the IPCC claims the planet warmed at
a rate and to a level that were unprecedented over the
past two millennia) were much milder than many of
the droughts that occurred during much colder
centuries.

Additional information on this topic, including
reviews of newer publications as they become
available, can be found at http://www.co2science.org/
subject/d/droughtmexico.php.
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6.1.4.3. United States
6.1.4.3.1. Central United States

Starting at the U.S.-Canadian border and working our
way south, we begin with the study of Fritz et al.
(2000), who utilized data derived from sediment cores
retrieved from three North Dakota lakes to reconstruct
a 2,000-year history of drought in this portion of the
Northern Great Plains. This work suggested, in their
words, “that droughts equal or greater in magnitude to
those of the Dust Bowl period were a common
occurrence during the last 2000 years.”

Also working in the Northern Great Plains, but
extending down into South Dakota, Shapley et al.
(2005) developed a 1,000-year hydroclimate
reconstruction from local bur oak tree-ring records
and various lake sediment cores. Based on this record,
they determined that prior to 1800, “droughts tended
towards greater persistence than during the past two
centuries,” suggesting that droughts of the region
became shorter-lived as opposed to longer-lasting as
the earth gradually recovered from the cold
temperatures of the Little Ice Age.
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The above observations are significant because
the United States’ Northern Great Plains is an
important agricultural region, providing a significant
source of grain for both local and international
consumption. However, the region is susceptible to
periodic extreme droughts that tend to persist longer
than those in any other part of the country (Karl et al.,
1987; Soule, 1992). Because of this fact, Laird et al.
(1998) examined the region’s historical record of
drought in an attempt to establish a baseline of natural
drought variability that could help in attempts to
determine if current and future droughts might be
anthropogenically influenced.

Working with a high-resolution sediment core
obtained from Moon Lake, North Dakota, which
provided a sub-decadal record of salinity (drought)
over the past 2,300 years, Laird et al. discovered that
the U.S. Northern Great Plains were relatively wet
during the final 750 years of this period. Throughout
the 1,550 prior years, they determined that “recurring
severe droughts were more the norm,” and that they
were “of much greater intensity and duration than any
in the 20th century,” including the great Dust Bowl
event of the 1930s. There were, as they put it, “no
modern equivalents” to Northern Great Plains
droughts experienced prior to AD 1200, which means
the human presence has not led to unusual drought
conditions in this part of the world.

Continuing our southward trek, we encounter the
work of Forman et al. (2005), who note that “periods
of dune reactivation reflect sustained moisture deficits
for years to decades and reflect broader
environmental change with diminished surface- and
ground-water resources.” This observation prompted
them to focus on “the largest dune system in North
America, the Nebraska Sand Hills,” where they
utilized “recent advances in optically stimulated
luminescence dating (Murray and Wintle, 2000) to
improve chronologic control on the timing of dune
reactivation.” They also linked landscape response to
drought over the past 1,500 years to tree-ring records
of aridity.

Forman et al. identified six major aeolian
depositional events in the past 1,500 years, all but one
of which (the 1930s “Dust Bowl!” drought) occurred
prior to the twentieth century. Moving backwards in
time from the Dust Bowl, the next three major events
occurred during the depths of the Little Ice Age, the
next one near the Little Ice Age’s inception, and the
earliest one near the end of the Dark Ages Cold
Period. As for how the earlier droughts compare with
those of the past century, the researchers say the
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1930s drought (the twentieth century’s worst
depositional event) was less severe than the others,
especially the one that has come to be known as the
sixteenth century megadrought. Forman et al. thus
conclude that the aeolian landforms they studied “are
clear indicators of climate variability beyond
twentieth century norms, and signify droughts of
greater severity and persistence than thus far
instrumentally recorded.”

In a study that covered the entirety of the U.S.
Great Plains, Daniels and Knox (2005) analyzed the
alluvial stratigraphic evidence for an episode of major
channel incision in tributaries of the upper Republican
River that occurred between 1,100 and 800 years ago,
after which they compared their findings with proxy
drought records from 28 other locations throughout
the Great Plains and surrounding regions. This work
revealed that channel incision in the Republican River
between about AD 900 and 1200 was well correlated
with a multi-centennial episode of widespread
drought, which in the words of Daniels and Knox,
“coincides with the globally recognized Medieval
Warm Period.” Of great interest, however, is the fact
that modern twentieth century warming has not led to
a repeat of those widespread drought conditions.

Working in pretty much the same area some
seven years earlier, Woodhouse and Overpeck (1998)
reviewed what we know about the frequency and
severity of drought in the central United States over
the past two thousand years based upon empirical
evidence of drought from various proxy indicators.
Their study indicated the presence of numerous
“multidecadal- to century-scale droughts,” leading
them to conclude that “twentieth-century droughts are
not representative of the full range of drought
variability that has occurred over the last 2000 years.”
In addition, they noted that the twentieth century was
characterized by droughts of “moderate severity and
comparatively short duration, relative to the full range
of past drought variability.”

With respect to the causes of drought,
Woodhouse and Overpeck suggest a number of
different possibilities that either directly or indirectly
induce changes in atmospheric circulation and
moisture transport. However, they caution that “the
causes of droughts with durations of years (i.e., the
1930s) to decades or centuries (i.e., paleodroughts)
are not well understood.” They conclude that “the full
range of past natural drought variability, deduced
from a comprehensive review of the paleoclimatic
literature, suggests that droughts more severe than
those of the 1930s and 1950s are likely to occur in the

future,” whatever the air’s CO, concentration or
temperature might.

Mauget (2004) looked for what he called “initial
clues” to the commencement of the great drying of
the U.S. Heartland that had been predicted to occur in
response to CO,-induced global warming by Manabe
and Wetherald (1987), Rind et al. (1990),
Rosenzweig and Hillel (1993), and Manabe et al.
(2004), which Mauget reasoned would be apparent in
the observational streamflow record of the region. In
this endeavor, he employed data obtained from the
archives of the U.S. Geological Survey’s Hydro-
Climatic Data Network, which come from 42 stations
covering the central third of the United States that
stretch from the Canadian border on the north to the
Gulf of Mexico on the south, with the most dense
coverage being found within the U.S. Corn Belt.

Mauget reports finding “an overall pattern of low
flow periods before 1972, and high flow periods
occurring over time windows beginning after 1969.”
Of the 42 stations’ high flow periods, he says that “34
occur during 1969-1998, with 25 of those periods
ending in either 1997 or 1998,” and that “of those 25
stations 21 are situated in the key agricultural region
known as the Corn Belt.” He also reports that “among
most of the stations in the western portions of the
Corn Belt during the 1980s and 1990s there is an
unprecedented tendency toward extended periods of
daily high flow conditions, which lead to marked
increases in the mean annual frequency of
hydrological surplus conditions relative to previous
years.” What is more, he notes that “in 15 of the 18
Corn Belt gage stations considered here at daily
resolution, a more than 50 percent reduction in the
mean annual incidence of hydrological drought
conditions is evident during those periods.” Last,
Mauget reports that “the gage station associated with
the largest watershed area—the Mississippi at
Vicksburg—shows more than a doubling of the mean
annual frequency of hydrological surplus days during
its 1973-1998 high flow period relative to previous
years, and more than a 50% reduction in the mean
annual incidence of hydrological drought condition.”

In summarizing his findings, Mauget states that
the overall pattern of climate variation “is that of a
reduced tendency to hydrological drought and an
increased incidence of hydrological surplus over the
Corn Belt and most of the Mississippi River basin
during the closing decades of the 20th century,”
noting further that “some of the most striking
evidence of a transition to wetter conditions in the
streamflow analyses is found among streams and
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rivers situated along the Corn Belt’s climatologically
drier western edge.”

Mauget states that the streamflow data “suggest a
fundamental climate shift, as the most significant
incidence of high ranked annual flow was found over
relatively long time scales at the end of the data
record.” In other words, the shift is away from the
droughty conditions predicted by the IPCC to result
from COy-induced global warming in this important
agricultural region of the United States.

Additional information on this topic, including
reviews of newer publications as they become
available, can be found at http://www.co2science.org/
subject/d/droughtusacentral.php.
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6.1.4.3.2. Eastern United States

Cronin et al. (2000) studied the salinity gradient
across sediment cores from Chesapeake Bay, the
largest estuary in the United Sates, in an effort to
examine precipitation variability in the surrounding
watershed over the past millennium. Their work
revealed the existence of a high degree of decadal and
multidecadal variability between wet and dry
conditions throughout the 1,000-year record, where
regional precipitation totals fluctuated by 25 to 30
percent, often in “extremely rapid [shifts] occurring
over about a decade.” In addition, precipitation over
the past two centuries of the record was found to be
generally greater than it was during the previous eight
centuries, with the exception of the Medieval Warm
Period (AD 1250-1350) when the [local] climate was
found to be “extremely wet.” Equally significant was
the 10 researchers’ finding that the region had
experienced several “mega-droughts” that had lasted
for 60 to 70 years, several of which they judged to
have been “more severe than twentieth century
droughts.”

Building upon the work of Cronin et al. were
Willard et al. (2003), who examined the last 2,300
years of the Holocene record of Chesapeake Bay and
the adjacent terrestrial ecosystem “through the study
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of fossil dinoflagellate cysts and pollen from sediment
cores.” In doing so, they found that “several dry
periods ranging from decades to centuries in duration
are evident in Chesapeake Bay records.” The first of
these periods of lower-than-average precipitation (200
BC-AD 300) occurred during the latter part of the
Roman Warm Period, while the next such period
(~AD 800-1200), according to Willard et al.,
“corresponds to the ‘Medieval Warm Period’.” In
addition, they identified several decadal-scale dry
intervals that spanned the years AD 1320-1400 and
1525-1650.

In discussing their findings, Willard et al. note
that “mid-Atlantic dry periods generally correspond
to central and southwestern USA ‘megadroughts’,
which are described by Woodhouse and Overpeck
(1998) as major droughts of decadal or more duration
that probably exceeded twentieth-century droughts in
severity.” Emphasizing this important point, they
additionally indicate that “droughts in the late
sixteenth century that lasted several decades, and
those in the ‘Medieval Warm Period’ and between
~AD 50 and AD 350 spanning a century or more have
been indicated by Great Plains tree-ring (Stahle et al.,
1985; Stahle and Cleaveland, 1994), lacustrine diatom
and ostracode (Fritz et al., 2000; Laird et al., 19964,
1996b) and detrital clastic records (Dean, 1997).”
Their work in the eastern United States, together with
the work of other researchers in still other parts of the
country, demonstrates that twentieth century global
warming has not led to the occurrence of unusually
strong wet or dry periods.

Quiring (2004) introduced his study of the subject
by describing the drought of 2001-2002, which had
produced anomalously dry conditions along most of
the east coast of the U.S., including severe drought
conditions from New Jersey to northern Florida that
forced 13 states to ration water. Shortly after the
drought began to subside in October 2002, however,
moist conditions returned and persisted for about a
year, producing the wettest growing-season of the
instrumental record. These observations, in Quiring’s
words, “raise some interesting questions,” including
the one we are considering here. As he phrased the
call to inquiry, “are moisture conditions in this region
becoming more variable?”

Using an 800-year tree-ring-based reconstruction
of the Palmer Hydrological Drought Index to address
this question, Quiring documented the frequency,
severity, and duration of growing-season moisture
anomalies in the southern mid-Atlantic region of the
United States. Among other things, this work

revealed, in Quiring’s words, that “conditions during
the 18th century were much wetter than they are
today, and the droughts that occurred during the
sixteenth century tended to be both longer and more
severe.” He concluded that “the recent growing-
season moisture anomalies that occurred during 2002
and 2003 can only be considered rare events if they
are evaluated with respect to the relatively short
instrumental  record (1895-2003),” for when
compared to the 800-year reconstructed record, he
notes that “neither of these events is particularly
unusual.” In addition, Quiring reports that “although
climate models predict decreases in summer
precipitation and significant increases in the
frequency and duration of extreme droughts, the data
indicate that growing-season moisture conditions
during the 20th century (and even the last 19 years)
appear to be near normal (well within the range of
natural climate variability) when compared to the
800-year record.”

Additional information on this topic, including
reviews of newer publications as they become
available, can be found at http://www.co2science.org/
subject/d/droughtusaeast.php.
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6.1.4.3.3. Western United States

Is there evidence of more severe and longer-lasting
droughts in the western United States? We begin our
journey of inquiry just below Canada, in the U.S.
Pacific Northwest, from whence we gradually wend
our way to the U.S./Mexico border.

Knapp et al. (2002) created a 500-year history of
severe single-year Pacific Northwest droughts from a
study of 18 western juniper tree-ring chronologies
that they used to identify what they call extreme
Climatic Pointer Years or CPY's, which are indicative
of severe single-year droughts. As they describe it,
this procedure revealed that “widespread and extreme
CPYs were concentrated in the 16th and early part of
the 17th centuries,” while “both the 18th and 19th
centuries were largely characterized by a paucity of
drought events that were severe and widespread.”
Thereafter, however, they say that “CPYs became
more numerous during the 20th century,” although
the number of twentieth century extreme CPY's (26)
was still substantially less than the mean of the
number of sixteenth and seventeenth century extreme
CPYs (38), when the planet was colder. The data of
this study fail to support the IPCC’s claim that global
warming increases the frequency of severe droughts.

Gedalof et al. (2004) used a network of 32
drought-sensitive  tree-ring chronologies  to
reconstruct mean water-year flow on the Columbia
River at The Dales in Oregon since 1750. This study
of the second-largest drainage basin in the United
States is stated by them to have been done “for the
purpose of assessing the representativeness of recent
observations, especially with respect to low frequency
changes and extreme events.” When finished, it
revealed, in their words, that “persistent low flows
during the 1840s were probably the most severe of the
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past 250 years,” and that “the drought of the 1930s is
probably the second most severe.”

More recent droughts, in the words of the
researchers, “have led to conflicts among uses (e.g.,
hydroelectric production versus protecting salmon
runs), increased costs to end users (notably municipal
power users), and in some cases the total loss of
access to water (in particular junior water rights
holders in the agricultural sector).” Nevertheless, they
say that “these recent droughts were not exceptional
in the context of the last 250 years and were of shorter
duration than many past events.” In fact, they say,
“the period from 1950 to 1987 is anomalous in the
context of this record for having no notable multiyear
drought events.”

Working in the Bighorn Basin of north-central
Wyoming and south-central Montana, Gray et al.
(2004a) used cores and cross sections from 79
Douglas fir and limber pine trees at four different
sites to develop a proxy for annual precipitation
spanning the period AD 1260-1998. This
reconstruction, in their words, “exhibits considerable
nonstationarity, and the instrumental era (post-1900)
in particular fails to capture the full range of
precipitation variability experienced in the past ~750
years.” More specifically, they say that “both single-
year and decadal-scale dry events were more severe
before 1900,” and that “dry spells in the late
thirteenth and sixteenth centuries surpass both [the]
magnitude and duration of any droughts in the
Bighorn Basin after 1900.” They say that “single- and
multi-year droughts regularly surpassed the severity
and magnitude of the ‘worst-case scenarios’ presented
by the 1930s and 1950s droughts.” If twentieth
century global warming had any effect at all on
Bighorn Basin precipitation, it was to make it less
extreme rather than more extreme.

Moving further south, Benson et al. (2002)
developed continuous high-resolution &0 records
from cored sediments of Pyramid Lake, Nevada,
which they used to help construct a 7,600-year history
of droughts throughout the surrounding region.
Oscillations in the hydrologic balance that were
evident in this record occurred, on average, about
every 150 years, but with significant variability. Over
the most recent 2,740 years, for example, intervals
between droughts ranged from 80 to 230 years; while
drought durations ranged from 20 to 100 years, with
some of the larger ones forcing mass migrations of
indigenous peoples from lands that could no longer
support them. In contrast, historical droughts typically
have lasted less than a decade.
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In another study based on sediment cores
extracted from Pyramid Lake, Nevada, Mensing et al.
(2004) analyzed pollen and algal microfossils
deposited there over the prior 7,630 years that
allowed them to infer the hydrologic history of the
area over that time period. Their results indicated that
“sometime after 3430 but before 2750 cal yr B.P.,
climate became cool and wet,” but, paradoxically,
that “the past 2500 yr have been marked by recurring
persistent droughts.” The longest of these droughts,
according to them, “occurred between 2500 and 2000
cal yr B.P.,” while others occurred “between 1500
and 1250, 800 and 725, and 600 and 450 cal yr B.P,”
with none recorded in more recent warmer times.

The researchers also note that “the timing and
magnitude of droughts identified in the pollen record
compares favorably with previously published §'¢0
data from Pyramid Lake” and with “the ages of
submerged rooted stumps in the Eastern Sierra
Nevada and woodrat midden data from central
Nevada.” Noting that Bond et al. (2001) “found that
over the past 12,000 yr, decreases in [North Atlantic]
drift ice abundance corresponded to increased solar
output,” they report that when they “compared the
pollen record of droughts from Pyramid Lake with the
stacked petrologic record of North Atlantic drift ice ...
nearly every occurrence of a shift from ice maxima
(reduced solar output) to ice minima (increased solar
output) corresponded with a period of prolonged
drought in the Pyramid Lake record.” As a result,
Mensing et al. concluded that “changes in solar
irradiance may be a possible mechanism influencing
century-scale drought in the western Great Basin [of
the United States].”

Only a state away, Gray et al. (2004b) used
samples from 107 pifion pines at four different sites to
develop a proxy record of annual precipitation
spanning the AD 1226- 2001 interval for the Uinta
Basin watershed of northeastern Utah. This effort
revealed, in their words, that “single-year dry events
before the instrumental period tended to be more
severe than those after 1900,” and that decadal-scale
dry events were longer and more severe prior to 1900
as well. In particular, they found that “dry events in
the late 13th, 16th, and 18th Centuries surpass the
magnitude and duration of droughts seen in the Uinta
Basin after 1900.”

At the other end of the moisture spectrum, Gray
et al. report that the twentieth century was host to two
of the strongest wet intervals (1938-1952 and 1965-
1987), although these two periods were only the
seventh and second most intense wet regimes,

respectively, of the entire record. Hence, it would
appear that in conjunction with twentieth century
global warming, precipitation extremes (both high
and low) within northeastern Utah’s Uinta Basin have
become more attenuated as opposed to more
amplified.

Working in the central and southern Rocky
Mountains, Gray et al. (2003) examined 15 tree ring-
width chronologies that had been used in previous
reconstructions of drought for evidence of low-
frequency variations in five regional composite
precipitation histories. In doing so, they found that
“strong multidecadal phasing of moisture variation
was present in all regions during the late 16th-century
megadrought,” and that “oscillatory modes in the 30-
70 year domain persisted until the mid-19th century
in two regions, and wet-dry cycles were apparently
synchronous at some sites until the 1950s drought.”
They thus speculate that “severe drought conditions
across consecutive seasons and years in the central
and southern Rockies may ensue from coupling of the
cold phase Pacific Decadal Oscillation with the warm
phase Atlantic Multidecadal Oscillation,” which is
something they envision as having happened in both
the severe 1950s drought and the late sixteenth
century megadrought. Hence, there is reason to
believe that episodes of extreme dryness in this part
of the country may be driven in part by naturally
recurring climate “regime shifts” in the Pacific and
Atlantic Oceans.

Hidalgo et al. (2000) used a new form of
principal components analysis to reconstruct a history
of streamflow in the Upper Colorado River Basin
based on information obtained from tree-ring data,
after which they compared their results to those of
Stockton and Jacoby (1976). In doing so, they found
the two approaches to yield similar results, except that
Hidalgo et al.’s approach responded with more
intensity to periods of below-average streamflow or
regional drought. Hence, it was easier for them to
determine there has been “a near-centennial return
period of extreme drought events in this region,”
going all the way back to the early 1500s. It is
reasonable to assume that if such an extreme drought
were to commence today, it would not be related to
either the air’s CO, content or its temperature.

Woodhouse et al. (2006) also generated updated
proxy reconstructions of water-year streamflow for
the Upper Colorado River Basin, based on four key
gauges (Green River at Green River, Utah; Colorado
near Cisco, Utah; San Juan near Bluff, Utah; and
Colorado at Lees Ferry, Arizona) and using an
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expanded tree-ring network and longer calibration
records than in previous efforts. The results of this
program indicated that the major drought of 2000-
2004, “as measured by 5-year running means of
water-year total flow at Lees Ferry ... is not without
precedence in the tree ring record,” and that “average
reconstructed annual flow for the period 1844-1848
was lower.” They also report that “two additional
periods, in the early 1500s and early 1600s, have a
25% or greater chance of being as dry as 1999-2004,”
and that six other periods “have a 10% or greater
chance of being drier.” In addition, their work
revealed that “longer duration droughts have occurred
in the past,” and that “the Lees Ferry reconstruction
contains one sequence each of six, eight, and eleven
consecutive years with flows below the 1906-1995
average.”

“Overall,” in the words of the three researchers,
“these analyses demonstrate that severe, sustained
droughts are a defining feature of Upper Colorado
River hydroclimate.” In fact, they conclude from their
work that “droughts more severe than any 20th to 21st
century event occurred in the past,” meaning the
preceding few centuries.

Moving closer still to the U.S. border with
Mexico, Ni et al. (2002) developed a 1,000-year
history of cool-season (November-April) precipitation
for each climate division of Arizona and New Mexico
from a network of 19 tree-ring chronologies. They
determined that “sustained dry periods comparable to
the 1950s drought” occurred in “the late 1000s, the
mid 1100s, 1570-97, 1664-70, the 1740s, the 1770s,
and the late 1800s.” They also note that although the
1950s drought was large in both scale and severity, “it
only lasted from approximately 1950 to 1956,”
whereas the sixteenth century mega-drought lasted
more than four times longer.

With respect to the opposite of drought, Ni et al.
report that “several wet periods comparable to the wet
conditions seen in the early 1900s and after 1976”
occurred in “1108-20, 1195-1204, 1330-45, the
1610s, and the early 1800s,” and they add that “the
most persistent and extreme wet interval occurred in
the 1330s.” Consequently, for the particular part of
the world covered by Ni et al.’s study, there appears
to be nothing unusual about the extremes of both
wetness and dryness experienced during the twentieth
century.

Also working in New Mexico, Rasmussen et al.
(2006) derived a record of regional relative moisture
from variations in the annual band thickness and
mineralogy of two columnar stalagmites collected

298

from Carlsbad Cavern and Hidden Cave in the
Guadalupe Mountains near the New Mexico/Texas
border. From this work they discovered that both
records “suggest periods of dramatic precipitation
variability over the last 3000 years, exhibiting large
shifts unlike anything seen in the modern record.”

We come now to two papers that deal with the
western United States as a whole. In the first, Cook et
al. (2004) developed a 1,200-year history of drought
for the western half of the country and adjacent parts
of Canada and Mexico (hereafter the “West”), based
on annually resolved tree-ring records of summer-
season Palmer Drought Severity Index that were
derived for 103 points on a 2.5° x 2.5° grid, 68 of
which grid points (66 percent of them) possessed data
that extended back to AD 800. This reconstruction, in
the words of Cook et al., revealed “some remarkable
earlier increases in aridity that dwarf [our italics] the
comparatively short-duration current drought in the
‘West’.” Interestingly, they report that “the four driest
epochs, centered on AD 936, 1034, 1150 and 1253,
all occur during a ~400 year interval of overall
elevated aridity from AD 900 to 1300,” which they
say is “broadly consistent with the Medieval Warm
Period.”

Commenting on their findings, the five scientists
say “the overall coincidence between our
megadrought epoch and the Medieval Warm Period
suggests that anomalously warm climate conditions
during that time may have contributed to the
development of more frequent and persistent droughts
in the “West’,” as well as the megadrought that was
discovered by Rein et al. (2004) to have occurred in
Peru at about the same time (AD 800-1250); and after
citing nine other studies that provide independent
evidence of drought during this time period for
various sub-regions of the West, they warn that “any
trend toward warmer temperatures in the future could
lead to a serious long-term increase in aridity over
western North America,” noting that “future droughts
in the “West’ of similar duration to those seen prior to
AD 1300 would be disastrous.”

While we agree with Cook et al.’s conclusion, we
cannot help but note that the droughts that occurred
during the Medieval Warm Period were obviously not
COg-induced. If the association between global
warmth and drought in the western United States is
robust, it suggests that current world temperatures are
still well below those experienced during large
segments of the Medieval Warm Period.

The last of the two papers to cover the western
United States as a whole is that of Woodhouse
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(2004), who reports what is known about natural
hydroclimatic variability throughout the region via
descriptions of several major droughts that occurred
there over the past three millennia, all but the last
century of which had atmospheric CO, concentrations
that never varied by more than about 10 ppm from a
mean value of 280 ppm.

For comparative purposes, Woodhouse begins by
noting that “the most extensive U.S. droughts in the
20th century were the 1930s Dust Bowl and the 1950s
droughts.” The first of these lasted “most of the
decade of the 1930s” and “occurred in several
waves,” while the latter “also occurred in several
waves over the years 1951-1956.” More severe than
either of these two droughts was what has come to be
known as the Sixteenth Century Megadrought, which
lasted from 1580 to 1600 and included northwestern
Mexico in addition to the southwestern United States
and the western Great Plains. Then there was what is
simply called The Great Drought, which spanned the
last quarter of the thirteenth century and was actually
the last in a series of three thirteenth century
droughts, the first of which may have been even more
severe than the last. In addition, Woodhouse notes
there was a period of remarkably sustained drought in
the second half of the twelfth century.

It is evident from these observations, according to
Woodhouse, that “the 20th century climate record
contains only a subset of the range of natural climate
variability in centuries-long and longer paleoclimatic
records.” This subset, as it pertains to water shortage,
does not approach the level of drought severity and
duration experienced in prior centuries and millennia.
A drought much more extreme than the most extreme
droughts of the twentieth century would be required
to propel the western United States and adjacent
portions of Canada and Mexico into a truly
unprecedented state of dryness.

Additional information on this topic, including
reviews of newer publications as they become
available, can be found at http://www.co2science.org/
subject/d/droughtusawest.php.
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6.1.4.3.4. Entire United States

Andreadis and Lettenmaier (2006) examined
twentieth century trends in soil moisture, runoff, and
drought over the conterminous United States with a
hydro-climatological model forced by real-world
measurements of precipitation, air temperature, and
wind speed over the period 1915-2003. This work
revealed, in their words, that “droughts have, for the
most part, become shorter, less frequent, less severe,
and cover a smaller portion of the country over the
last century.”

Using the self-calibrating Palmer (1965) drought
severity index (SCPDSI), as described by Wells et al.
(2004), Van der Schrier et al. (2006) constructed
maps of summer moisture availability across a large
portion of North America (20-50°N, 130-60°W) for
the period 1901-2002 with a spatial latitude/longitude
resolution of 0.5° x 0.5°. This operation revealed, in
their words, that over the area as a whole, “the 1930s
and 1950s stand out as times of persistent and
exceptionally dry conditions, whereas the 1970s and
the 1990s were generally wet.” However, they say
that “no statistically significant trend was found in the
mean summer SCPDSI over the 1901-2002 period,
nor in the area percentage with moderate or severe
moisture excess or deficit.” In fact, they could not
find a single coherent area within the SCPDSI maps
that “showed a statistically significant trend over the
1901-2002 period.”

Going back considerably further in time, Fye et
al. (2003) developed gridded reconstructions of the
summer (June-August) basic Palmer Drought Severity
Index over the continental United States, based on
“annual proxies of drought and wetness provided by
426 climatically sensitive tree-ring chronologies.”
This work revealed that the greatest twentieth century
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moisture anomalies across the United States were the
13-year pluvial over the West in the early part of the
century, and the epic droughts of the 1930s (the Dust
Bowl years) and 1950s, which lasted 12 and 11 years,
respectively.

The researchers found the 13-year pluvial from
1905 to 1917 had three earlier analogs: an extended
16-year pluvial from 1825 to 1840, a prolonged 21-
year wet period from 1602 to 1622, and a 10-year
pluvial from 1549 to 1558. The 11-year drought from
1946 to 1956, on the other hand, had at least 12
earlier analogs in terms of location, intensity, and
duration; but the Dust Bowl drought was greater than
all of them, except for a sixteenth century
“megadrought” which lasted some 18 years and was,
in the words of Fye et al., “the most severe sustained
drought to impact North America in the past 500 to
perhaps 1000 years.”

In another long-term study, Stahle et al. (2000)
developed a long-term history of North American
drought from reconstructions of the Palmer Drought
Severity Index based on analyses of many lengthy
tree-ring records. This history also revealed that the
1930s Dust Bowl drought in the United States was
eclipsed in all three of these categories by the
sixteenth century megadrought. This incredible period
of dryness, as they describe it, persisted “from the
1540s to 1580s in Mexico, from the 1550s to 1590s
over the [U.S.] Southwest, and from the 1570s to
1600s over Wyoming and Montana.” In addition, it
“extended across most of the continental United
States during the 1560s,” and it recurred with greater
intensity over the Southeast during the 1580s to
1590s. So horrendous were its myriad impacts, Stahle
et al. unequivocally state that “the ‘megadrought’ of
the sixteenth century far exceeded any drought of the
20th century.” They state that a “precipitation
reconstruction for western New Mexico suggests that
the sixteenth century drought was the most extreme
prolonged drought in the past 2000 years.”

Last, we come to the intriguing study of
Herweijer et al. (2006), who begin the report of their
work by noting that “drought is a recurring major
natural hazard that has dogged civilizations through
time and remains the ‘world’s costliest natural
disaster’.” With respect to the twentieth century, they
report that the “major long-lasting droughts of the
1930s and 1950s covered large areas of the interior
and southern states and have long served as
paradigms for the social and economic cost of
sustained drought in the USA.” However, they add
that “these events are not unique to the twentieth
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century,” and they go on to describe three periods of
widespread and persistent drought in the latter half of
the nineteenth century—1856-1865 (the “Civil War”
drought), 1870-1877 and 1890-1896—based on
evidence obtained from proxy, historical, and
instrumental data.

With respect to the first of these impressive mid-
to late-nineteenth century droughts, Herweijer et al.
say it “is likely to have had a profound ecological and
cultural impact on the interior USA, with the
persistence and severity of drought conditions in the
Plains surpassing those of the infamous 1930s Dust
Bowl drought.” In addition, they report that “drought
conditions during the Civil War, 1870s and 1890s
droughts were not restricted to the summer months,
but existed year round, with a large signal in the
winter and spring months.”

Taking a still longer look back in time, the three
researchers cite the work of Cook and Krusic (2004),
who constructed a North American Drought Atlas
using hundreds of tree-ring records. This atlas reveals
what Herweijer et al. describe as “a ‘Mediaeval
Megadrought’ that occurred from AD 900 to AD
1300,” along with *an abrupt shift to wetter
conditions after AD 1300, coinciding with the ‘Little
Ice Age’, a time of globally cooler temperatures” that
ultimately gave way to “a return to more drought-
prone conditions beginning in the nineteenth
century.”

The broad picture that emerges from these
observations is one where the most severe North
American droughts of the past millennium were
associated with the globally warmer temperatures of
the Medieval Warm Period plus the initial stage of the
globally warmer Current Warm Period. Superimposed
upon this low-frequency behavior, however,
Herweijer et al. find evidence for a “linkage between
a colder eastern equatorial Pacific and persistent
North American drought over the last 1000 years,”
noting further that “Rosby wave propagation from the
cooler equatorial Pacific amplifies dry conditions
over the USA.” In addition, they report that after
using “published coral data for the last millennium to
reconstruct a NINO 3.4 history,” they applied “the
modern-day relationship between NINO 3.4 and
North American drought ... to recreate two of the
severest Mediaeval ‘drought epochs’ in the western
USA.”

But how is it that simultaneous global-scale
warmth and regional-scale cold combine to produce
the most severe North American droughts? One
possible answer is variable solar activity. When solar

activity is in an ascending mode, the globe as a whole
warms; but at the same time, to quote from Herweijer
et al.’s concluding sentence, increased irradiance
typically “corresponds to a colder eastern equatorial
Pacific and, by extension, increased drought
occurrence in North America and other mid-latitude
continental regions.”

An important implication of these observations is
that the most severe North American droughts should
occur during major multi-centennial global warm
periods, as has in fact been observed to be the case.
Since the greatest such droughts of the Current Warm
Period have not yet approached the severity of those
that occurred during the Medieval Warm Period, it
seems a good bet that the global temperature of the
Current Warm Period is not yet as high as the global
temperature that prevailed throughout the Medieval
Warm Period.

Additional information on this topic, including
reviews of newer publications as they become
available, can be found at http://www.co2science.org/
subject/d/droughtusa.php.
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6.2. Floods

In the midst of 2002’s massive flooding in Europe,
Gallus Cadonau, the managing director of the Swiss
Greina Foundation, called for a punitive tariff on U.S.
imports to force cooperation on reducing greenhouse
gas emissions, claiming that the flooding “definitely
has to do with global warming” and stating that “we
must change something now” (Hooper, 2002).
Cadonau was joined in this sentiment by Germany’s
environment minister, Jurgen Trittin, who implied
much the same thing when he said “if we don’t want
this development to get worse, then we must continue
with the consistent reduction of environmentally
harmful greenhouse gasses” (Ibid.).

The IPCC seems to agree with Cadonau and
Trittin. Its authors report “a catastrophic flood
occurred along several central European rivers in
August 2002. The floods resulting from
extraordinarily high precipitation were enhanced by
the fact that the soils were completely saturated and
the river water levels were already high because of
previous rain. Hence, it was part of a pattern of
weather over an extended period” (IPCC, 2007-1, p.
311). While admitting “there is no significant trend in
flood occurrences of the Elbe within the last 500
years,” the IPCC nevertheless says the “observed
increase in precipitation variability at a majority of
German precipitation stations during the last century
is indicative of an enhancement of the probability of
both floods and droughts” (Ibid.)

In evaluating these claims it is instructive to see
how flood activity has responded to the global
warming of the past century. In the sections below we
review studies of the subject that have been
conducted in Asia, Europe, and North America.

Additional information on this topic, including
reviews on floods not discussed here, can be found at
http://www.co2science.org/subject/f/subject_f.php
under the heading Floods.
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6.2.1. Asia

In a study that covered the entire continent, Cluis and
Laberge (2001) analyzed the flow records of 78 rivers
distributed throughout the Asia-Pacific region to see
if there had been any enhancement of earth’s
hydrologic cycle coupled with an increase in
variability that might have led to more floods between
the mean beginning and end dates of the flow records:
1936 + 5 years and 1988 + 1 year, respectively. Over
this period, the two scientists determined that mean
river discharges were unchanged in 67 percent of the
cases investigated; where there were trends, 69
percent of them were downward. In addition,
maximum river discharges were unchanged in 77
percent of the cases investigated; where there were
trends, 72 percent of them were downward.
Consequently, the two researchers observed no
changes in both of these flood characteristics in the
majority of the rivers they studied; where there were
changes, more of them were of the type that typically
leads to less flooding and less severe floods.

Two years later, Kale et al. (2003) conducted
geomorphic studies of slackwater deposits in the
bedrock gorges of the Tapi and Narmada Rivers of
central India, which allowed them to assemble long
chronologies of large floods of these rivers. In doing
s0, they found that “since 1727 at least 33 large floods
have occurred on the Tapi River and the largest on the
river occurred in 1837.” With respect to large floods
on the Narmada River, they reported at least nine or
10 floods between the beginning of the Christian era
and AD 400; between AD 400 and 1000 they
documented six to seven floods; between AD 1000
and 1400 eight or nine floods; and after 1950 three
more such floods. In addition, on the basis of texture,
elevation, and thickness of the flood units, they
concluded that “the periods AD 400-1000 and post-
1950 represent periods of extreme floods.”

What do these findings imply about the effects of
global warming on central India flood events? The
post-1950 period would likely be claimed by the
IPCC to have been the warmest of the past
millennium; it has indeed experienced some extreme
floods. However, the flood characteristics of the AD
400-1000 period are described in equivalent terms,
and this was a rather cold climatic interval known as
the Dark Ages Cold Period. See, for example,
McDermott et al. (2001) and Andersson et al. (2003).
In addition, the most extreme flood in the much
shorter record of the Tapi River occurred in 1837,
near the beginning of one of the colder periods of the
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Little Ice Age. There appears to be little correlation
between the flood characteristics of the Tapi and
Narmada Rivers of central India and the thermal state
of the global climate.

Focusing on the much smaller area of
southwestern  Turkey, Touchan et al. (2003)
developed two reconstructions of spring (May-June)
precipitation from tree-ring width measurements, one
of them (1776-1998) based on nine chronologies of
Cedrus libani, Juniperus excelsa, Pinus brutia and
Pinus nigra, and the other one (1339-1998) based on
three chronologies of Juniperus excelsa. These
reconstructions, in their words, “show clear evidence
of multi-year to decadal variations in spring
precipitation,” with both wet and dry periods of 1-2
years duration being well distributed throughout the
record. However, in the case of more extreme
hydrologic events, they found that all of the wettest
five-year periods preceded the Industrial Revolution,
manifesting themselves at times when the air’s carbon
dioxide content was largely unaffected by
anthropogenic CO, emissions.

Two years later, Jiang et al. (2005) analyzed
pertinent historical documents to produce a 1,000-
year time series of flood and drought occurrence in
the Yangtze Delta of Eastern China (30 to 33°N, 119
to 122°E), which with a nearly level plain that
averages only two to seven meters above sea level
across 75 percent of its area is vulnerable to flooding
and maritime tidal hazards. This work demonstrated
that alternating wet and dry episodes occurred
throughout the 1,000-year period, with the most rapid
and strongest of these fluctuations occurring during
the Little Ice Age (1500-1850).

The following year, Davi et al. (2006) developed
a reconstruction of streamflow that extended from
1637 to 1997, based on absolutely dated tree-ring-
width chronologies from five sampling sites in west-
central Mongolia, all of which sites were in or near
the Selenge River basin, the largest river in Mongolia.
Of the 10 wettest five-year periods, only two occurred
during the twentieth century (1990-1994 and 1917-
1921, the second and eighth wettest of the 10 extreme
periods, respectively), once again indicative of a
propensity for less flooding during the warmest
portion of the 360-year period.

The year 2007 produced a second study of the
Yangtze Delta of Eastern China, when Zhang et al.
(2007) developed flood and drought histories of the
past thousand years “from local chronicles, old and
very  comprehensive  encyclopaedia,  historic
agricultural registers, and official weather reports,”

after which “continuous wavelet transform was
applied to detect the periodicity and variability of the
flood/drought series” and, finally, the results of the
entire set of operations were compared with 1,000-
year temperature histories of northeastern Tibet and
southern Tibet. This work revealed, in the words of
the researchers, that “colder mean temperature in the
Tibetan Plateau usually resulted in higher probability
of flood events in the Yangtze Delta region.”

Contemporaneously, Huang et al. (2007)
constructed a complete catalog of Holocene overbank
flooding events at a watershed scale in the headwater
region of the Sushui River within the Yuncheng Basin
in the southeast part of the middle reaches of China’s
Yellow River, based on pedo-sedimentary records of
the region’s semiarid piedmont alluvial plains,
including the color, texture, and structure of the
sediment profiles, along with determinations of
particle-size distributions, magnetic susceptibilities,
and elemental concentrations. This work revealed
there were six major episodes of overbank flooding.
The first occurred at the onset of the Holocene, the
second immediately before the mid-Holocene
Climatic Optimum, and the third in the late stage of
the mid-Holocene Climatic Optimum, while the last
three episodes coincided with “the cold-dry stages
during the late Holocene,” according to the six
scientists. Speaking of the last of the overbank
flooding episodes, they note that it “corresponds with
the well documented ‘Little Ice Age,” when “climate
departed from its long-term average conditions and
was unstable, irregular, and disastrous,” which is
pretty much like the Little Ice Age has been described
in many other parts of the world as well.

The history of floods in Asia provides no
evidence of increased frequency or severity during the
Current Warm Period. Additional information on this
topic, including reviews of newer publications as they
become available, can be found at http://www.
co2science.org/ subject/f/floodsasia.php.

References

Andersson, C., Risebrobakken, B., Jansen, E. and Dahl,
S.0. 2003. Late Holocene surface ocean conditions of the
Norwegian Sea (Voring Plateau). Paleoceanography 18:
10.1029/2001PA000654.

Cluis, D. and Laberge, C. 2001. Climate change and trend
detection in selected rivers within the Asia-Pacific region.
Water International 26: 411-424.

303



Climate Change Reconsidered

Davi, N.K., Jacoby, G.C., Curtis, A.E. and Baatarbileg, N.
2006. Extension of drought records for central Asia using
tree rings: West-Central Mongolia. Journal of Climate 19:
288-299.

Huang, C.C., Pang, J., Zha, X., Su, H., Jia, Y. and Zhu, Y.
2007. Impact of monsoonal climatic change on Holocene
overbank flooding along Sushui River, middle reach of the
Yellow River, China. Quaternary Science Reviews 26:
2247-2264.

Jiang, T., Zhang, Q., Blender, R. and Fraedrich, K. 2005.
Yangtze Delta floods and droughts of the last millennium:
Abrupt changes and long term memory. Theoretical and
Applied Climatology 82: 131-141.

Kale, V.S., Mishra, S. and Baker, V.R. 2003. Sedimentary
records of palaeofloods in the bedrock gorges of the Tapi
and Narmada rivers, central India. Current Science 84:
1072-1079.

McDermott, F., Mattey, D.P. and Hawkesworth, C. 2001.
Centennial-scale Holocene climate variability revealed by a
high-resolution speleothem 30 record from SW Ireland.
Science 294: 1328-1331.

Touchan, R., Garfin, G.M., Meko, D.M., Funkhouser, G.,
Erkan, N., Hughes, M.K. and Wallin, B.S. 2003.
Preliminary reconstructions of spring precipitation in
southwestern Turkey from tree-ring width. International
Journal of Climatology 23: 157-171.

Zhang, Q., Chen, J. and Becker, S. 2007. Flood/drought
change of last millennium in the Yangtze Delta and its
possible connections with Tibetan climatic changes. Global
and Planetary Change 57: 213-221.

6.2.2. Europe

Nesje et al. (2001) analyzed a sediment core from a
lake in southern Norway in an attempt to determine
the frequency and magnitude of floods in that region.
The last thousand years of the record revealed “a
period of little flood activity around the Medieval
period (AD 1000-1400),” which was followed by a
period of extensive flood activity that was associated
with the “post-Medieval climate deterioration
characterized by lower air temperature, thicker and
more long-lasting snow cover, and more frequent
storms associated with the ‘Little Ice Age’.” This
particular study suggests that the post-Little Ice Age
warming the earth has experienced for the past
century or two—and which could well continue for
some time to come—should be leading this portion of
the planet into a period of less-extensive floods.
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Pirazzoli (2000) analyzed tide-gauge and
meteorological data over the period 1951-1997 for the
northern portion of the Atlantic coast of France,
discovering that the number of atmospheric
depressions and strong surge winds in this region “are
becoming less frequent.” The data also revealed that
“ongoing trends of climate variability show a
decrease in the frequency and hence the gravity of
coastal flooding,” which is what would be expected in
view of the findings of Nesje et al.

Reynard et al. (2001) used a continuous flow
simulation model to assess the impacts of potential
climate and land use changes on flood regimes of the
UK’s Thames and Severn Rivers; and, as might have
been expected of a model study, it predicted modest
increases in the magnitudes of 50-year floods on these
rivers when the climate was forced to change as
predicted for various global warming scenarios.
However, when the modelers allowed forest cover to
rise concomitantly, they found that this land use
change “acts in the opposite direction to the climate
changes and under some scenarios is large enough to
fully compensate for the shifts due to climate.” As the
air’s CO, content continues to rise, there will be a
natural impetus for forests to expand their ranges and
grow in areas where grasses now dominate the
landscape. If public policies cooperate, forests will
indeed expand their presence on the river catchments
in question and neutralize any predicted increases in
flood activity in a future high-CO, world.

Starkel (2002) reviewed what is known about the
relationship between extreme weather events and the
thermal climate of Europe during the Holocene. This
review demonstrated that more extreme fluvial
activity was typically associated with cooler time
intervals. In recovering from one such period (the
Younger Dryas), for example, temperatures in
Germany and Switzerland rose by 3-5°C over several
decades; “this fast shift,” in Starkel’s words, “caused
a rapid expansion of forest communities, [a] rise in
the upper treeline and higher density of vegetation
cover,” which led to a “drastic” reduction in sediment
delivery from slopes to river channels.

Mudelsee et al. (2003) analyzed historical
documents from the eleventh century to 1850, plus
subsequent water stage and daily runoff records from
then until 2002, for two of the largest rivers in central
Europe: the Elbe and Oder Rivers. The team of
German scientists reported that “for the past 80 to 150
years"—which the IPCC claims was a period of
unprecedented global warming—*“we find a decrease
in winter flood occurrence in both rivers, while
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summer floods show no trend, consistent with trends
in extreme precipitation occurrence.” As the world
has recovered from the global chill of the Little Ice
Age, flooding of the Elbe and Oder rivers has not
materially changed in summer and has actually
decreased in winter. Blaming anthropogenic CO,
emissions for the European flooding of 2002, then, is
not a reasoned deduction based on scientific evidence.

On September 8 and 9, 2002, extreme flooding of
the Gardon River in southern France occurred as a
result of half-a-year’s rainfall being received in
approximately 20 hours. Floods claimed the lives of a
number of people and caused much damage to towns
and villages situated adjacent to its channel. The
event elicited much coverage in the press; in the
words of Sheffer et al. (2003), “this flood is now
considered by the media and professionals to be ‘the
largest flood on record’,” which record extends all the
way back to 1890. Coincidently, Sheffer et al. were in
the midst of a study of prior floods of the Gardon
River, so they had data spanning a much longer time
period. They report that “the extraordinary flood of
September 2002 was not the largest by any means,”
noting that “similar, and even larger floods have
occurred several times in the recent past,” with three
of the five greatest floods they had identified to that
point in time occurring over the period AD 1400-
1800 during the Little Ice Age. Commenting on these
facts, Sheffer et al. stated that “using a longer time
scale than human collective memory, paleoflood
studies can put in perspective the occurrences of the
extreme floods that hit Europe and other parts of the
world during the summer of 2002.”

Lindstrom and Bergstrom (2004) analyzed runoff
and flood data from more than 60 discharge stations
scattered throughout Sweden, some of which provide
information stretching to the early- to mid-1800s,
when Sweden and the world were still experiencing
the cold of the Little Ice Age. This analysis led them
to discover that the last 20 years of the past century
were indeed unusually wet, with a runoff anomaly of
+8 percent compared with the century average. But
they also found that “the runoff in the 1920s was
comparable to that of the two latest decades,” and that
“the few observation series available from the 1800s
show that the runoff was even higher than recently.”
What is more, they note that “flood peaks in old data
are probably underestimated,” which “makes it
difficult to conclude that there has really been a
significant increase in average flood levels.” In
addition, they say “no increased frequency of floods

with a return period of 10 years or more, could be
determined.”

With respect to the generality of their findings,
Lindstrom and Bergstrom say that conditions in
Sweden “are consistent with results reported from
nearby countries: e.g. Forland et al. (2000), Bering
Ovesen et al. (2000), Klavins et al. (2002) and
Hyvarinen (2003),” and that, “in general, it has been
difficult to show any convincing evidence of an
increasing magnitude of floods (e.g. Roald, 1999) in
the near region, as is the case in other parts of the
world (e.g. Robson et al., 1998; Lins and Slack, 1999;
Douglas et al., 2000; McCabe and Wolock, 2002;
Zhang et al., 2001).”

It is clear that for most of Europe, there are no
compelling real-world data to support the claim that
the global warming of the past two centuries led to
more frequent or severe flooding. Additional
information on this topic, including reviews of newer
publications as they become available, can be found
at  http://www.co2science.org/subject/f/floodseuro.

php.
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6.2.3. North America

Lins and Slack (1999) analyzed secular streamflow
trends in 395 different parts of the United States that
were derived from more than 1,500 individual
streamgauges, some of which had continuous data
stretching to 1914. In the mean, they found that “the
conterminous U.S. is getting wetter, but less
extreme.” That is to say, as the near-surface air
temperature of the planet gradually rose throughout
the course of the twentieth century, the United States
became wetter in the mean but less variable at the
extremes, which is where floods and droughts occur,
leading to what could well be called the best of both
worlds, i.e., more water with fewer floods and
droughts.
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In a similar but more regionally focused study,
Molnar and Ramirez (2001) conducted a detailed
analysis of precipitation and streamflow trends for the
period 1948-1997 in the semiarid Rio Puerco Basin of
New Mexico. At the annual timescale, they reported
finding “a statistically significant increasing trend in
precipitation,” which was driven primarily by an
increase in the number of rainy days in the moderate
rainfall intensity range, with essentially no change at
the high-intensity end of the spectrum. In the case of
streamflow, there was no trend at the annual
timescale, but monthly totals increased in low-flow
months and decreased in high-flow months, once
again reducing the likelihood of both floods and
droughts.

Knox  (2001) identified an  analogous
phenomenon in the more mesic Upper Mississippi
River Valley, but with a slight twist. Since the 1940s
and early 1950s, the magnitudes of the largest daily
flows in this much wetter region have been
decreasing at the same time that the magnitude of the
average daily baseflow has been increasing, once
again manifesting simultaneous trends towards
lessened flood and drought conditions.

Much the same story is told by the research of
Garbrecht and Rossel (2002), who studied the nature
of precipitation throughout the U.S. Great Plains over
the period 1895-1999. For the central and southern
Great Plains, the last two decades of this period were
found to be the longest and wettest of the entire 105
years of record, due primarily to a reduction in the
number of dry years and an increase in the number of
wet years. Once again, however, the number of very
wet years—which would be expected to produce
flooding—"“did not increase as much and even
showed a decrease for many regions.”

The northern and northwestern Great Plains also
experienced a precipitation increase near the end of
Garbrecht and Rossel’s 105-year record, but it was
primarily confined to the final decade of the twentieth
century. And again, as they report, “fewer dry years
over the last 10 years, as opposed to an increase in
very wet years, were the leading cause of the
observed wet conditions.”

In spite of the general tendencies described in
these several papers, there still were some significant
floods during the last decade of the past century, such
as the 1997 flooding of the Red River of the North,
which devastated Grand Forks, North Dakota, as well
as parts of Canada. However, as Haque (2000)
reports, although this particular flood was indeed the
largest experienced by the Red River over the past
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century, it was not the largest to occur in historic
times. In 1852 there was a slightly larger Red River
flood, and in 1826 there was a flood that was nearly
40 percent greater than the flood of 1997. The
temperature of the globe was colder at the times of
these earlier catastrophic floods than it was in 1997,
indicating that one cannot attribute the strength of the
1997 flood to higher temperatures that year or the
warming of the preceding decades. We also note that
Red River flooding is also linked to snow melt and
ice jams because itflows northward into frozen areas.

Olsen et al. (1999) report that some upward
trends in flood-flows have been found in certain
places along the Mississippi and Missouri Rivers,
which is not at all surprising, as there will always be
exceptions to the general rule. They note that many of
the observed upward trends were highly dependent
upon the length of the data record and when the
trends began and ended. They say of these trends that
they “were not necessarily there in the past and they
may not be there tomorrow.”

Expanding the scope of our survey to much
longer intervals of time is Fye et al. (2003), who
developed multi-century reconstructions of summer
(June-August) Palmer Drought Severity Index over
the continental United States from annual proxies of
moisture status provided by 426 climatically sensitive
tree-ring chronologies. This exercise indicated that
the greatest twentieth century wetness anomaly across
the United States was a 13-year period in the early
part of the century when it was colder than it is now.
Fye et al.’s analysis also revealed the existence of a
16-year pluvial from 1825 to 1840 and a prolonged
21-year wet period from 1602 to 1622, both of which
anomalies occurred during the Little Ice Age, when,
of course, it was colder still.

St. George and Nielsen (2002) used “a ringwidth
chronology developed from living, historical and
subfossil bur oak (Quercus macrocarpa (Michx.)) in
the Red River basin to reconstruct annual
precipitation in southern Manitoba since A.D. 1409.”
Their analysis indicated, in their words, that “prior to
the 20th century, southern Manitoba’s climate was
more extreme and variable, with prolonged intervals
that were wetter and drier than any time following
permanent Euro-Canadian settlement.”

Also working with tree-ring chronologies, Ni et
al. (2002) developed a 1,000-year history of cool-
season (November-April) precipitation for each
climate division in Arizona and New Mexico, USA.
In doing so, they found that several wet periods
comparable to the wet conditions seen in the early

1900s and post-1976 occurred in 1108-20, 1195-
1204, 1330-45 (which they denominate “the most
persistent and extreme wet interval”), the 1610s, and
the early 1800s, all of which wet periods are
embedded in the long cold expanse of the Little Ice
Age, which is clearly revealed in the work of Esper et
al. (2002).

Doubling the temporal extent of Ni et al.’s
investigation, Schimmelmann et al. (2003) analyzed
gray clay-rich flood deposits in the predominantly
olive varved sediments of the Santa Barbara Basin off
the coast of California, USA, which they accurately
dated by varve-counting. Their analysis indicated that
six prominent flood events occurred at approximately
AD 212, 440, 603, 1029, 1418, and 1605,
“suggesting,” in their words, “a quasi-periodicity of
~200 years,” with “skipped” flooding just after AD
800, 1200, and 1800. They further note that “the
floods of ~AD 1029 and 1605 seem to have been
associated with brief cold spells,” that “the flood of
~AD 440 dates to the onset of the most unstable
marine climatic interval of the Holocene (Kennett and
Kennett, 2000),” and that “the flood of ~AD 1418
occurred at a time when the global atmospheric
circulation pattern underwent  fundamental
reorganization at the beginning of the ‘Little Ice Age’
(Kreutz et al., 1997; Meeker and Mayewski, 2002).”
As a result, they hypothesize that “solar-modulated
climatic background conditions are opening a ~40-
year window of opportunity for flooding every ~200
years,” and that “during each window, the danger of
flooding is exacerbated by additional climatic and
environmental cofactors.” They also note that
“extrapolation of the ~200-year spacing of floods into
the future raises the uncomfortable possibility for
historically unprecedented flooding in southern
California during the first half of this century.”
Consequently, if such flooding does occur in the near
future, there will be no need to suppose it came as a
consequence of what the IPCC calls the
unprecedented warming of the past century.

Once again doubling the Ilength of time
investigated, Campbell (2002) analyzed the grain
sizes of sediment cores obtained from Pine Lake,
Alberta, Canada, to provide a non-vegetation-based
high-resolution record of streamflow variability for
this part of North America over the past 4,000 years.
This work revealed that the highest rates of stream
discharge during this period occurred during the Little
Ice Age, approximately 300-350 years ago, at which
time grain sizes were about 2.5 standard deviations
above the 4,000-year mean. In contrast, the lowest
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rates of streamflow were observed around AD 1100,
during the Medieval Warm Period, when median
grain sizes were nearly 2.0 standard deviations below
the 4,000-year mean.

Further extending the temporal scope of our
review, Brown et al. (1999) analyzed various
properties of cored sequences of hemipelagic muds
deposited in the northern Gulf of Mexico for evidence
of variations in Mississippi River outflow over the
past 5,300 years. This group of researchers found
evidence of seven large megafloods, which they
describe as “almost certainly larger than historical
floods in the Mississippi watershed.” In fact, they say
these fluvial events were likely “episodes of
multidecadal duration,” five of which occurred during
cold periods similar to the Little Ice Age.

Last, in a study that covered essentially the entire
Holocene, Noren et al. (2002) employed several
techniques to identify and date terrigenous in-wash
layers found in sediment cores extracted from 13
small lakes distributed across a 20,000-km? region in
Vermont and eastern New York that depict the
frequency of storm-related floods. They found that
“the frequency of storm-related floods in the
northeastern United States has varied in regular cycles
during the past 13,000 years (13 Kkyr), with a
characteristic period of about 3 kyr.” Specifically,
they found there were four major peaks in the data
during this period, with the most recent upswing in
storm-related floods beginning “at about 600 yr BP
[Before Present], coincident with the beginning of the
Little Ice Age.” In addition, they note that several
“independent records of storminess and flooding from
around the North Atlantic show maxima that
correspond to those that characterize our lake records
[Brown et al., 1999; Knox, 1999; Lamb, 1979; Liu
and Fearn, 2000; Zong and Tooley, 1999].”

Taken together, the research described in this
section suggests that North American flooding tends
to become both less frequent and less severe when the
planet warms, although there have been some
exceptions to this general rule. We would expect that
any further warming of the globe would tend to
further reduce both the frequency and severity of
flooding in North America.

Additional information on this topic, including
reviews of newer publications as they become
available, can be found at http://www.co2science.org/
subject/f/floodsnortham.php.
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6.3. Tropical Cyclones

The IPCC contends that global warming is likely to
increase the frequency and intensity of hurricanes.
For example, it states “it is likely that future tropical
cyclones (typhoons and hurricanes) will become more
intense, with larger peak wind speeds and more heavy
precipitation associated with ongoing increases of
tropical sea surface temperatures [italics in the
original]” (IPCC, 2007-1, p. 15). However, numerous
peer-reviewed studies suggest otherwise. In the
following sections we examine such claims as they
pertain to hurricane activity in the Atlantic, Pacific,
and Indian Ocean basins, and the globe as a whole.
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6.3.1. Atlantic Ocean

6.3.1.1. Intensity

Free et al. (2004) write that “increases in hurricane
intensity are expected to result from increases in sea
surface temperature and decreases in tropopause-level
temperature accompanying greenhouse warming
(Emanuel, 1987; Henderson-Sellers et al., 1998;
Knutson et al., 1998),” but that “because the predicted
increase in intensity for doubled CO, is only 5%-
20%, changes over the past 50 years would likely be
less than 2%—too small to be detected easily.” They
report that “studies of observed frequencies and
maximum intensities of tropical cyclones show no
consistent upward trend (Landsea et al., 1996;
Henderson-Sellers et al., 1998; Solow and Moore,
2002),” and set out to find increases in what they call
“potential” hurricane intensity, because, as they
describe it, “changes in potential intensity (PI) can be
estimated from thermodynamic principles as shown in
Emanuel (1986, 1995) given a record of SSTs [sea
surface temperatures] and profiles of atmospheric
temperature and humidity.” Using radiosonde and
SST data from 14 island radiosonde stations in the
tropical Atlantic and Pacific Oceans, they compare
their results with those of Bister and Emanuel (2002)
at grid points near the selected stations. They report
that their results “show no significant trend in
potential intensity from 1980 to 1995 and no
consistent trend from 1975 to 1995.” What is more,
they report that between 1975 and 1980, “while SSTs
rose, Pl decreased, illustrating the hazards of
predicting changes in hurricane intensity from
projected SST changes alone.”

In the following year, some important new studies
once again promoted the IPCC’s claim that warming
would enhance tropical cyclone intensity (Emanuel,
2005; Webster et al., 2005), but a new review of the
subject once again cast doubt on this contention.
Pielke et al. (2005) began their discussion by noting
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that “globally there has been no increase in tropical
cyclone frequency over at least the past several
decades,” citing the studies of Lander and Guard
(1998), Elsner and Kocher (2000) and Webster et al.
(2005). They noted that research on possible future
changes in hurricane frequency due to global
warming has produced studies that “give such
contradictory results as to suggest that the state of
understanding of tropical cyclogenesis provides too
poor a foundation to base any projections about the
future.”

With respect to hurricane intensity, Pielke et al.
noted that Emanuel (2005) claimed to have found “a
very substantial upward trend in power dissipation
(i.e., the sum over the life-time of the storm of the
maximum wind speed cubed) in the North Atlantic
and western North Pacific.” However, they report that
“other studies that have addressed tropical cyclone
intensity variations (Landsea et al., 1999; Chan and
Liu, 2004) show no significant secular trends during
the decades of reliable records.” In addition, they
indicate that although early theoretical work by
Emanuel (1987) “suggested an increase of about 10%
in wind speed for a 2°C increase in tropical sea
surface temperature,” more recent work by Knutson
and Tuleya (2004) points to only a 5 percent increase
in hurricane windspeeds by 2080, and that Michaels
et al. (2005) conclude that even this projection is
likely twice as great as it should be.

By 2050, Pielke et al. report that “for every
additional ~ dollar in  damage that the
Intergovernmental Panel on Climate Change expects
to result from the effects of global warming on
tropical cyclones, we should expect between $22 and
$60 of increase in damage due to population growth
and wealth,” citing the findings of Pielke et al. (2000)
in this regard. Based on this evidence, they state
without equivocation that “the primary factors that
govern the magnitude and patterns of future damages
and casualties are how society develops and prepares
for storms rather than any presently conceivable
future changes in the frequency and intensity of the
storms.”

In concluding their review, Pielke et al. note that
massive reductions of anthropogenic CO, emissions
“simply will not be effective with respect to
addressing future hurricane impacts,” and that “there
are much, much better ways to deal with the threat of
hurricanes than with energy policies (e.g., Pielke and
Pielke, 1997).”

Michaels et al. (2006) subsequently analyzed
Emanuel’s (2005) and Webster et al.’s (2005) claims
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that “rising sea surface temperatures (SSTs) in the
North Atlantic hurricane formation region are linked
to recent increases in hurricane intensity, and that the
trend of rising SSTs during the past 3 to 4 decades
bears a strong resemblance to that projected to occur
from increasing greenhouse gas concentrations.” The
researchers used weekly averaged 1° latitude by 1°
longitude SST data together with hurricane track data
of the National Hurricane Center that provide
hurricane-center locations (latitude and longitude in
tenths of a degree) and maximum 1-minute surface
wind speeds (both at six-hour inte