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Executive Summary

This report examines the repeated claim that the climate of the 20th century was
unusual compared with those of the last 1,000 years. The claim takes several forms -
e.g., that the 20th ceniury has been warmer than any other century, that the 1990s
were the warmest decade of the millennium, or that 1998 was the warmest year of the
millennium.

These claims imply that the temperature of the past 1.000 years is known well enough
to allow a comparison of the 20th centyry with the previous centuries, decades and
individual years. This is not the case. A sufficiently complete set of direct temperature
measurements to allow computation of global average temperature is only available
since 1861 and there are many reasons o guestion the accuracy of the record.

For earlier periods it is possible to use proxy information, e.g., tree growth, the isotopic
composition of corals and ice cores, to € timate local climate information, sometimes

including local temperature.

However, the proxy data are far too i complete - both in spatial coverage and in
temperature information - to allow realistic estimation of a global surface
temperature. The most widely quoted effort to reconstruct the temperature of the
Northern Hemisphere [or the last 1,000 years depends heavily on a single set of tree
growth data from the Western U.S.. and the assumption that the differences in
temperature between the Western U.S. and the rest of the Narthern Hemisphere for
the last millennium were the same as|they were in the 20th century. This is an
unrealistic assumption, because it is well documented that such local climate trends are
not uniform over areas as large as a hemisphere.

While proxy data cannot be used to recpnstruct the global average climate of the last
1,000 years, they do provide a basis for| comparing the climate of the 20th century (o
the climate of the preceding 900 years within individual locations. A survey of the
scientific literature found that it was possible to identify a 50-year period in which
temperatures were warmer than any 504year period in the 20th century in most of the
locations of the climate proxies. These|results offer strong evidence that the climate
of the 20th century was not unusual, but fell within the range experienced during the
past 1,000 years.

The proxy data also offer strong suppott for the existence of:
the Medieval Warm Period, a period of warmer temperatures, which lasted from
about 800 to 1300 C.E.

@ the Little Ice Age, a period of colder temperatures, which lasted from about 1400
to as late as 1900 C.E in some regions.
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The recovery from the Little Ice Age |may account for some of the warming
experienced during the early 20th century) especially early in the century.

The existence of periods like the Medieval[Warm Period and the Liitle Ice Age suggests
that local climate varies on century-long| ime scales. a result that cannot be easily
inferred from the much shorter thermometry records.

The available scientific evidence does not suppott the claim that the climate of the 20th
century in many locations around the glabe was unusual when compared to the climate
of the previous 900 years.

Introduction

The Intergovernmental Panel on Climate Change (IPCC), the United Nations (UN)
_ body charged with assessing the state of knowledge about climate change, in its Third
Assessment Report (TAR) published in 2001 claimed that most of the warming of the
fast 50 years was likely aitributable to human emissions of greenhouse gases.! This
statement has been cited many times aj evidence of the need for drastic actions to
reduce human emissions of greenhousg gases. The Marshall Institute, in its recent
report, Climate Science and Policy: Mdking the Connection, examined this claim in
detail and raised many questions about the certainty with which it was presented.”

Claims have also been appearing in both scientific literature and popular media that the
20th century was warmer than any other century in the millennium, that the 1990s
were the warmest decade, and that 1998 was the warmest year in that period, A
December 1999 World Meteorologica Organization (WMQ) press release, which
was widely reported in the media, is titled: “1999 Closes the Warmest Decade and
Warmest Century of the Last Millennium According to WMO Annual Statement on the
Global Climate.”® The body of the press release identifies 1998 as the warrmest year.

e o

The IPCC TAR issued similar claims (p.[28):

® The rate and duration of warming (in the Northern Hemisphere during the 20th
century was greater than any of tha previous nine centuries, and

§ The 1090s were the warmest detade and that 1998 was the warmest year
since 1861."

) There is considerable cpnfusion Qpef the difference
.. between: weather.and cl imate. Some of what the IPCC .
‘and WMO discuss.js, climate, b t much 5 weather. .,
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Temperatures and rates of warming for the 20th century were based on the
instrumental temperature record, which cnl-liy extends back to 1861, Temperatures and
warming rates for earlier periods were inferred from climate proxies.

There is considerable confusion over the difference between weather and climate.
Some of what the IPCC and WMO distuss is climate, but much of it is weather.
Weather is what we all experience on a day-by-day or season-by-season basis. Climate
is ihe long term average of weather, defined as 30 - 50 years or longer. Climatologists
measure weather, and once sufficient data about weather are available, they can
calculate average climate. Also of interest are deviations from average climate. These
are known as anomalies. Warmer, coider, wetter, or drier year, several years, or other
periods compared to the climatic average is an anomaly.

Understanding past climate and the validity of the WMO or IPCC claims are an
important part of the scientific foundation on which wise and effective climate policy
should be based. For example, knowledge of inevitable and sustained climate
anomalies allows preparation for them.

If the IPCC conclusion were correct, then the climate of the 20th century, particularly

the 1951 - 2000 period, would have|been should have been both unusual and

unnatural. That would mean the latter [haif of the 20th century would have been

dramatically warmer, wetter, or drier thar earlier periods, when the small magnitude of

fluman emissions of greenhouse gases [would not have significantly affected global

climate. While a finding that the climate of the 20th century was similar to past
: climates does not disprove the [PCC contention about the role of human emissions, it
d would raise stilt more questions on the confidence or robustness of that conclusion.

This report examines the scientific information available to suppori or refute claims
that the climate of the 20th century was|unusual. We consider:

1. How the temperature of the Earth iy determined,

2. Temperature patterns over the last 1.000 years,

3. The WMO claim that the 20th century was the warmest of the millennium,
4

The IPCC claim that rate and duration of warming in the Northern Hemisphere
during the 20th century were unpretedented during the millennium,

5. The claims that the 1990s were the|warmest decade and 1998 the warmest year
of either the millennium or within the length of individual temperature record, and

6. What is known and unknown about [natural variability of climate.
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Measuring the Earth’s Temperature

The political debate over the potential for human activities to affect global climate often
focuses on global average surface temperature as a measure of climate change
because it conveys the global nature of| the potential problem and because global
averaging may make it easier to detect arly common, widespread change in climate.

Determining global average surface temperature is not easy. Surface temperatures
vary widely between the tropics and polar regions, and between lowlands and
mountains. Additionally, the range of temperatures experienced over the course of a
day, season, year or decades is significantly different depending on location. A lowland
tropical region experiences far fess difference in temperature over the course of a year
than does a highland temperate region. Determining year-to-year temperature change
in one location does not indicate how temperature would changes in a region with
different geography. Averaging annual temperature over a region, or ultimately over
the whole globe, can provide more meaningful information about climate change.
However, as will be detailed in this paper,|in most cases, the data needed to derive such
averages for historical times are limitgd or non-existent. The following sections
describe the methods available for estimating surface temperatures.

Direct Temperature Measurement

The most straightforward way of measuring global average surface ternperature is by
calculating the weighted average of th¢rmometer readings from the thousands of
weather stations distributed around the worid. Weighting is necessary because these
weather stations are not equally or optimally distributed. Far more of them exist in

developed countries than in deveioping c
surface temperature, data from a wea

represent the temperature of a few hund

station in Africa might be used to repre
miles.®> The more closely the weather
average will be. The situation is further
oceans, which cover 70% of the surface

untries. Thus, in determining global average
her station in the U.S. might be used to
red square miles, while data from a weather
ent the temperature of thousands of square
stations are spaced, the more accurate the
complicated by the scarcity of data from the
of the globe.®

Inevitably, these factors and others lead to questions of accuracy especially when
measurements are made over a long period of time. Two such questions arise on the
land temperatute record:

1. What is the impact of the urban heat island effect, the higher temperature in cities
due to the heat trapped in concrete, hsphalt, etc.? The IPCC claims that the urban
heat island effect could account for up to 0.12°C of the 20th century temperature
rise, one-fifth of the toial observed.’

2. What is the effect of the adjustmerts made to the temperature data during the
averaging process? These adjustments are made to compensate for changes in
weather station procedures and locdtion, missing data, etc., over the long period
of time for which temperature data hlave been collected. Balling and Idso analyzed

H-
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the effect of these changes on U.S. temperature history and found that these
adjustments led to “a significantly mrire positive, and likely spurious” trend in the
data.? While the U.S. represents orniy as smail portion of the Earth's surface, its
temperature data are generally consi ered among the best quality in the world.

The sea surface temperature (SST) record also is complicated by a change in
procedure. Prior to the 1940s, SST was! determined by measuring the temperature of
a dunked bucket of sea water with a thermometer. After the 1940s, SST was taken
by measuring the temperature of the séa water at the intake to the engine cooling
system. Large adjustments had to be njade to the older data to make it compatible
wiih the new dara. These adjustment affected average SST by 0.1 - 0.45°C;® The
upper end of this range is three quarters of the observed change in global average
surface temperature for the 20th century. Problems with defining a global-scale mean
climatology for SST still exist. Hurrell aild Trenberth showed significant differences in
four SST databases, even for periods as late as 1961-1990.1

Keeping these concerns

While analysis of weather station ~ about the accuracy of the

Y e 3 - IS temperature record in mind,
data indicates that a gllobal we now address the tem-

| warmmgtr end OCCUWEd dyf:ing ... perawre record itself. The
-“the 20th century, they*cannottel ['" most up-to-date summaries
$e® " e f AFTOIERNIPH L Wi of global average surface
temperature since 1861,
the first date for which
g w37 researchers are willing to
calculate a global average surface temperature from direct surface measurements, have
been published by Jones, et al.” These show that global average temperature
fuctuated between 1861 and 1910, |warmed betweeén 18910 and 1940, cooled
berween 1940 and 1975, then warme} through 2000. Using these data, the [PCC

B M o

concluded that gobal average temperatyre increased 0.6 + 0.2°C (1.1 + 0.4°F) during
the 20th century.'? The uncertainty band on this average is an indication of the
statistical uncertainty in the weather |station measurements and does not reflect
systematic errors such as the urban heat island effect or errors in ocean temperature
measurements. '

Proxy Measurements of Temperdture

While analysis of weather station data indicates that a global warming trend occurred
during the 20th century, they cannot tell us whether this warming was unusual or
unnatural. A longer record is needed to answer this question. Changes in temperature
cause many changes in the biological and physical world. Some of these changes are
regular enough to be used as quangtative proxy measurements for temperature
change. For example, in some (rees pach year's growth creates a measurable ring.
Since tree growth tends to hasten in warm weather compared to cald weather, the
width and density of tree rings may be [proxies for average temperature. Tree growth
measurements can be made by taking|cores out of living trees, or by examining the
cross-section of cut, dead or fossilized frees.

10
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Besides tree growth, proxy climate data, including temperature, have also been
obtained from a wide variety of sources. | This report focuses on the most commonly
used of these additional proxy measures: layers in corals, ocean sediments, and ice
cores; the temperature profile in boreholis. i.e.. holes drilled deep into the Earth; and
the rate and pattern of glacier movements. Techniques for developing proxy
temperature information from all of thdse sources except boreholes are described
by R. S. Bradley in his book, Paleocli:!nato!ogy: Reconstructing Climates of the
Quaternary.’® Huang, et al. look at wag(s of deriving century-long trends of surface
temperature change from borehole temp eratures. '

Two major questions must be answered in using climate proxy measurements (o
determine temperature histories:

1. Does the proxy change being measured mainly owe to one climate variable, e.g.,
temperature? In the case of tree growth, other factors that affect tree grawth must
either be known to have a very small effect or their efféct must be separable from
that of temperature.

2. What is the quantitative relationship between the proxy change and the change in
temperature, i.e., how much fasigr does a (ree grow when local seasonal
temperature increases? A period duging which both good records of local weather
conditions and good measures of the tree growih are available is needed to
establish this correlation.

A discussion of the types of quantitative proxy temperature data available and the
cautions to be applied in their use follovJs.

Tree Rings

As Bradley points out, tree growth, and hence the width and latewood density of tree
rings. depends on many factors, including the tree species and age, the availahility of
stored food in the tree and nutrients irf the soil, the full range of climatic variables
(sunshine. precipitation, temperature, wind speed, humidity); and their distribution
throughout the year.'®

Of these factors, precipitation is probably the most important. since low water
availability will lead to low tree growth, €ven at high temperature. Research has shown
that the density of the wood in individgal tree rings is a better indicator of average
temperature in the growing season thag the width of the tree ring, and most recent
proxy temperature studies use this approgch.'® Also, most tree ring studies use multiple
samples from each tree and a number|of trees (o minimize the effect of variations
within and between irees.

Once tree ring width and/or density dala have been collected, it has to be calibrated
against climate variables. typically temperature and precipitation. Temperature and
precipitation effects can be separated only if more than one measure of tree growth is
available. In the typical situation, both free ring width and density might be available
for 500 years, but data for temperaturg and precipitation might be available for only
100 years. For that 100 years, standard regression analysis techniques can be used to

i1

-
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separate the effects of annual {or growing season) average lemperature and
precipitation on tree growth. The resultihg information can be used to estimate annual
for growing season} average tempergture and precipitation for the remaining
400 years.

i

<

While the approach described above seems simple and mechanical, it is neither.
Several problems arise. First, for the same weather conditions, young trees grow faster
than older trees. The effects of this eafly growth must be removed statistically. The
statistical approaches used smooth the ypar-to-year variability due to weather from the
growth record when the tree was young 17 and even the true year-to-year variability of
weather may be lost through the procedure. Next, average values from the multiple
samples per tree and multiple trees in the study must be calculated. This can further
decrease the size of year-to-year variabiljty in the final results. Also, the steady rise of
atmospheric carbon dioxide (CO,) concentration is a complicating factor in interpreting
tree ring data. Plants grow better at higher CO, concentration, and there is growing
evidence that this has already begun to affect trees growing natural conditions.'® Since
€O, concentration has been rising for the same pericd as weather data are available
to calibrate tree ring data, a non-linear error ol unknown size has been introduced.
Finally, since few trees yield good data for many centuries, it is usually necessary to
combine data from several trees to get a multi-century record. The statistical tech-
niques used to combine data filter out the century-scale climate variability. The effect
of all of these problems is to make tree| growth studies highly suspect as a continuous
recorder of temperature histories over many centuries or as long as a millennium

Corals
Coral reefs do not exhibit the finely defined layers trees do, but their growth varies with
sea water temperature; the higher the sea waler temperature, the more dense the
coral. As is the case with tree rings, many other factors also affect the density of coral
reefs. However, several aitempts have peen made to develop a proxy record from the
growth layers in coral reefs.”

A proxy temperature approach makes use of the fact that corals extract calcium

carbonate (CaCQ;) from sea water to
exists in three stable isotopes®®: 99.769
these are the typical proportions that
calcium carbonate that corals extract

form their reefs. In the atmosphere, oxygen
' is 180, 0.04% is 70, and 0.2% is as **0, and
hre also present in CaCOj in sea water. The
s slightly enriched in O compared with sea

water, with the degree of enrichment decreasing as temperature increases. However,

the relationship between the amount

because the amount of 0 in sea watef is not constant. Rainwater is depleted in
the concantration of '®Q at the surface of the ocean.

so heavy rainfall will lower
Conversely, a long dry period, with hig
at the ocean's surface. Despite these
records have been developed based on)

f 50 in corals and temperature is not simple
130

evaporation rates, can raise 180) concentration
difficulties, several reconstructed lemperature
B0 in coral reefs®

12
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Ocean Sediments

a variety of invertebrates. Variations in the
establish a proxy temperature record using
many of the same techniques as are used for corals. There are, however, severai
additional complications. Corals grow at the ocean surface, but the invertebrates
deposited in ocean sediments live at differ¢nt depths in the oceans. Water temperature
changes rapidly with depth in the first few hundred feet below the ocean surface, so
the knowledge of the depth at which fhe invertebrate species lived is of critical
importance. Also, not all families of invertebrates concentrate '*Q with the same
efficiency, a fact that must be taken intp account when calibrating ocean sediment
proxy data.” :

Ocean sediments contain the skeletons of
18} content in their shells can be used ta

Ice Cores ,
The ice sheets that cover Antarctica, Greenland, the islands north of Canada and
Russia, and the tops of some mountaingus areas, represeﬁt the accumulation of as
much as several hundred thousand years jof snow fall. In very cold, dry areas, such as
the interior of Greenland and Antarctica, |the record is particularly good because there
is little year-to-year evaporation or melt, and snow compresses into annual layers of
ice. The thickness of these layers is an indication of the amount of precipitation that
fell at that location during the year the layer was deposited, and the isotopic make-up
of the water in the ice can provide a proky for temperature.

e stable forms, °0, 0, and *0. Hydrogen
'H is designated H, while “H is known as
D. Almost all water is Hp'*O, but two heavier
sufficient quantities to provide a basis for a
vier HDO and H,"0 molecules will condense
ration of D and O in the ice sampie is &
measure of the temperature at which the snow that formed that ice fell. As more
precipitation falls, the water vapor in the atmosphere becomes depleted in D and "0,
so the last snow to fall will have a different D and '*0 concentration than the first snow
that fell. In areas of heavy snowfall this can cause significant differences in proxy
temperature estimates.”

As discussed above, oxygen exists in thre
exists in two stable forms, ‘H and “H.
deuterium, and designated by the symbol
forms, HDO and 1,0, are present in
proxy temperature record. Both the hea|
more quickly than H"*0. The concent

Boreholes

Temperature changes at the surface of
long-term temperature patterns below

surface, and the heat transfer properties
the point of temperature measuremen,

surface temperature. The calculation i
assumptions made about the rate of he

he earth diffuse through the earth and affect
the surface. If the temperature below the
of the soil and rock between the surface and
are known it is possible to calculaie average
5 not an easy one, and is very sensitive to
transfer.

¢
This technique cannot provide informa:lxon about annual temperature changes or for

times near the present.
longer times the effect of changes in
interpret. However, researchers have
temperature trends at numerous points

It is lirnited tg

periods of about a thousand years, since at
surface temperatire becomes too weak to
used this technique to estimate century-long
around the globe.™

13
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Glacier Movements

Mountain glaciers grow and advance during colder (and moist) periods. They shrink
and retreat during warmer periods. Bedause of the large mass of ice in glaciers, it
takes a significant period of time for a gldcier to tespond to a change in climate. This
lag in response times means glacier movements cannot be used to determine annual
changes in temperature. However, glacigrs are good indicators of longer term trends,
because their movements reflect averagg climate conditions over decades or longer.
The rate of movement of glaciers can be determined from historical records. or from
dating the moraines {rock deposits) they leave at their furthest poini of advance.”
Because glacier movements
ptovide an integration of

Considerable scientific ingenuity climate over an extended
has gone into efforts to nbtain period of time, they pro-
proxy climate data from vide gualitative information

- biological dnd physical. spurces: . about the centurylong cli-
P e ST I A mate trends we will be dis-
' Howeuer, ‘the .#QSkf.—l-“.s“thgUeﬂglnq cussing in the eminder of

pﬁnei"-'arid the resultsobtamed - this report. However, they
ubject 5 ANy oM y cannot provide quantitative
p measures of century-scale
climate variability.

Summary: Proxies .
Considerable scientific ingenuity has gqne into efforts to obtain proxy climate data
from biological and physical sources. Hpwever, the task is a challenging one and the
results obtained subject to many compllications and potential uncertainties. Proxy
results are best used to indicate climate tendencies or trends. A high proportion of
proxy results indicating the same climalic trend is a strong indicator that that trend
occurred, even if the magnitude of the dhange cannot be quantified.

Temperature Patterns of the Last 1,800 Years'

Historical records provide a great deal of information about the climate of Furope and
the North Atlantic for the last 1,000 ypars. A thousand years ago, it was relatively
warm in this part of the world; wine grapes grew in Southern England and the Vikings
could sail to Iceland and Greenland in ppen hoats. This warm period, referred to as
the Medieval Warm Period or Medieval Optimum, lasted from about 800 to 1300.
From 1300 to 1900 it was colder, a pe;liod referred to as the Little lce Age. Historical
records of this latter period are documented in detail by Fagan® Since 1900 the world
has been getting warmer. '

14
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Weather and climate were not uniform du
periods during the Medieval Warm Perio
Age. And while direct measurements o
warmed since 1900, it has not done so
period of cooling. Also, while we have gi

b

ring any of these periods; there were colder
d and warmer perjods during the Little Ice
temperature indicates that the world has
continuously — from 1940 to 1975 was 2
en specific dates for the beginning and ends

of these periods, the transition between tfrem was diffuse. Finally, there were regions

that showed different trends from the glok
one of the coldest periods of the Little Ice
Antarctic, and Captain Cook was abie t0 s

al average. For example, during the 1770s,
Age in Europe, it was relatively warm in the
ail further south than ships have usualty been

able to reach in this century.” More receqptly the Eastern U.S. has cooled, even though

the global average temperatures have risgn

28 .

Climate records are more limited from other portions of theiworld, but it appears that

the same overall pattern of warm and o
were also present in China,® Japan,® *

The complexity and variability of climate
Medieval Warm Period and Little Ice Age
being global phenomena. (See, for ex
Jones.® To answer this question we
reported in the scientific literature to ans

1. Was there a 50-year or longer peri
average climate during the 1300 - 1

2. Was there a 50-year or longer pe
than average climate during the 8
Warm Period?

3. [sthere a 50 year period in the proxy
We limited our consideration to proxy

about one or more of these three questid
- 500 years. Full details of this analysis

ol periods that dominated the North Atlantic
ind New Zealand.™

lecords has led some to question whether the
were limited to the North Atlantic rather than
.mple. Hughes and Diaz”® and Bradley and
surveyed the proxy climate measurements
wer three questionf:

hd of sustained colder, wetter, or drier than
900 period known as the Litde Ice Age?

riod of sustained jwarmer, drier, or wetter
N0 - 1300 period known as the Medieval

. record that is warmer than the 20th century?

records which either contained information
ns or had a continuous record of at least 400
are available in our papers.”

15
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Figure 1
Geographical distribution of local|answers to the fpllowing question: s
there an abjectively discernible climatic anomaly during the Little Ice Age
interval {1300-1900) in this proxy record?

o i‘. ! é“...t““ — ; ) { < L

We found 124 studies that addressed the question of whether there was a Little Ice
Age; all but two of which contained evidence confirming the existence of the Little ice

Age. Thirty of the studies were in the Southern Hemisphelre. of which 26 showed the

anequivocal presence of the Little Ice Ape, and two records that did not. These results

are summarized in Figure 1.

R,
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Figure 2 |

Geographical distribution of local

there an objectively discernible climatic anomaly during the Medieval
Warm Period (800-13150) in this proxyi_ record? :
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One hundred twelve studies contained i
Of these, 103 showed evidence for the
equivocal answers. Looking just at the §

| formation about the Medieval Warm Period. ‘
Medieval Warm Pt:ariod, 2 did not, and 7 had
outhern Hemisphere, we found 22 studies, 21

of which showed evidence of a Medieval Warm Period and one which did not. These

results are summarized in Figure 2.
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Figure 3 !

Geographical distribution of local answers to the following question: Is
there an objectively discernible climatic anomaly within the 20th century
that may validly be considered the most extreme (the warmest, if such
information is available) period in the record?

An answer of 'Yes™, indicated by yellow filled-diamonds or unfilled boxes, marks an
early to middle 20th century warming gather than the post-1970s warming.

One hundred two studies contained intprmation about whether the 20th century was
the warmest or most anomalous on recprd. Three of these studies answered yes, 16
had equivocal answers, and of the remajning 83, 79 show periods of at least 50 years
which were warmer than any 50 year period in the 20th century. The final 4 show
the warmest or most anomalous conditions during the first half of the 20th century,
when human contribution to atmospheric concentrations of greenhouse gases was still

negligible. These resuits are summarizefl in Figure 3. j
1
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Proxy studies yield information on thg immediate locality for which they are made.
Data from approximately 100 locationts do not fully characterize the globe, but the
overwhelming trend in the data strongly suggests that the Medieval Warm Period and
the Little Ice Age were widespread phenomena that affected the entire Earth.

t

Was the 20th Century the Warmest or '
Most Extreme of the Last Millegnnium?

Individual proxies represent local climate information, bit they have been used to
reconsiruct past regional climate. Ong of the more ambitious of these attempts, a
reconstruction of the temperature histgry of the Northern Hemisphere for the past
millennium using a variety of proxy measurements, was pubhshed in 1999 by Mann -
et al.® This reconstruction
was highlighted in the IPCC

Data from approximately 100 TAR and used as the basis
, locations do not fully chdracterize  for the IPCC's claim that
the globe, but the overwf elming the rate and duration of

warming of the 20th
century was greater than
any of the previous nine
centuries.? The WMO
ctalm that the 20th century
was the warmest of the
rlmllenmum is likely to have

been the same reconstruction.
‘.

1

rend in:the data str" ngly_: s
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Figure 4

UN IPCC TAR record of Northern Hemisphere temperature change

estimated from proxies (1,000-1

980) and thermometers (1902-1999)

adopted from |Mann et al. (1999).
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The Mann et al. reconstruction as published in the [PCC TAR is reproduced as Figure

4. It shows a “range” around the recons
in the 20th century. The “range” is meg
does not account for systematic errars
larger for the following reasans:

1. The reconstruction for the millenniur
reconstruction Mann, et al. publishe
addition of just 12 proxy records.

tructed temperature that is exceeded only [ate
nt to indicate uncertainty or error-band, but it
and biases. The actual uncertainty is much

h is an extension of the 600 year temperature
i in 1998.% The extension was based on the
We doubt that 12 proxies can adequately

represent the compiexity of the no

thern Hemisphere’s climate for 400 years,

especially since the authors “range” pf uncertainty for the reconstruction depends

on a single proxy, tree-ring data fro
is removed from the reconstruction,
verification procedures they used wo

Western North America. If this set of data
Mann, et al. admii that the calibration and
uld fail.
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The importance of this one data set
history of the millennium can be see
figures showing the temperature his
growth proxies with the temperature
for the last millennium.

2. The temperature reconstruction dep
of climate patterns for the whole p
century direct measurement record.
were cooler than in the U.S. during
Europe would have been cooler
millennium. Given the observed sp
too simplistic.

As demonstrated in Figure 3, the
preponderance of proxy measure-
ments show that there were periods
of 50 years or longer in a wide variety
of locations around the world that had
warmer temperatures than the 20th
century. The claim that the 20th
century was the warmest or most
exiremne of the millennium depends
on a reconstruction of Northern
Hemisphere temperature over the
past 1,000 years that seems to depend
proxy measurements, and is therefore

.

in determining the reconstructed temperature
n in a later Mann publication® by comparing
tory of Western North America from the tree
reconstruction for the Northern Hemisphere

ends on assuming that the spatial distribution
eriod was the same as ohserved in the 20th
Put ancther way, 'if temperatures in Europe
the 20th century, Mann, et al. assumed that
han the U.S. at all times during the last
atial variations of climate, this assumption is

We conclude that the
auailable scientific data do
. not. support the claim. that

the 20th cen ury,:was rhe

1o an inordinate degree, on a single set of
unreliable. We conclude that the available

scientific data do not support the claim that the 20th century was the warmest or maost

unusuai of the millennium.

Was the Rate and Duration of Iﬁorthem Hemisphere
Warming during the 20th CemuEry Greater

than ﬁndt of the Previous Nine

enturies?

Climate warmed both on a global level gnd in the Northern Hemisphere during the
. 20th century. However, to make a judgment, as the IPCC has, about whether the rate
and duration of this warming was unptecedented in the past millennium requires a
detailed knowledge of the temperature|history over the millennium. That incfudes
knowing the range of variations, especially on century-long periods, and sampled for

centuries, over many regions of the world.

al. reconstruction of Northern Hemisp
discussed above. Given its uncertainties,
sweeping statement about the rate and d
Hewmisphere warming during the 20th ¢

years is not supported by the available sdientific data. :

The IPCC claim depends on the Mann, et
ere temperatures for the past 1,000 years
this reconstruction cannot be used to make a
uration of warming. The claim that Northern

entury was unprecedented in the past 1,000
|
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Were the 1990s the Warmest lecade and 1998
ithe Warmest Year of the Mxlleﬁmum"

While proxy data tell us much about past climate, they do not have the accuracy or
resolution to support statements about a specific decade or year being the warmest in
the millennium. :

The direct temperature measurement record, despite thé concerns about accuracy
discussed eaclier in this report, represents the best information available about global
temperature trends since 1861. During| this limited period, it appears that the 1990s
were the warmest decade and 1998 thel warmest year. However, care must be taken
in interpreting these statements. i

Globat climate since 1861 has been detérmined by at least two factors: recovery from
the Little lce Age, which ended about the same time and an increase in atmospheric
concentrations of greenhouse gases. THe split between these two factors is unknown,
but the significant increase in global avprage temperature between 1910 and 1940,
before most of the increase in greenhouse gas concentration, would argue strongly that
the recovery from the Little Ice Age has played a major role. And since cyclical
changes in climate such as the Medieva] Warm Period and the Little Ice Age last for
hundreds of years, there seems little repson to limit the e:ffect of recovery from the
Little Ice Age to the 30 years of warming between 1910 and 1940.

The cooling that occurred

between 1940 and 1975 did While we know that climate
not necessarily mark the end of L. o e tps
recovery from the Lidle Ice - .exhibits natural tariability, we
Age. Climatic change is not dC nOt haue a QOOd meqgsure Of

uniform, and there may be
periods of cooling in a
generally warming trend. and
periods of warming in a
generally cooling trend. The
most famous example of
cooling during a generaily
warming  trend  occurred ) )[
10,000 - 11,000 years ago during the Y

ounger Dryas period, when, after the start of
a recovery from the last lce Age, the |glaciers again advanced and the world was
subjected to a millennium of renewed ite age conditions.: The mechanics of these
changes are not understood, but the geolpgic record clearly indicates that they occurred.
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The Natural Variability of Climate

Climate varies. It varies on a timesc:ge of many millennia between ice ages and
interglacial periods. It also varies on much short timescales, measured in terms of a
few centuries, between periods like the Medieval Warm Period and the Little Ice Age.
And it varies on still shorter periods, measured in terms of a few decades, as indicated
in the temperature history of the early 20th century. Al c}f these variations occurred
before any suggestion of a human influence on the climate system. They represent the

naturaf variability of climate.
|

While we know that climate exhibits natﬁ.ral variability, we do not have a good measure
of that variabiiity, especially on multi-decades- to century-long timescales. This is one
of the great unresolved issues of climatg science. If we knew the natural variability of
climate on muitidecadal or centennial |timescaie, it would be easier to answer the
question “Was the climate of the 20th century unusual?” It would be a matter of
running the correct statistical analysis. We also would have'better tools for judging the
performance of climate models. Those that correctly modeled natural variability would
be better models than that which didn’t] And, perhaps most importantly, if we knew
the matural variability of climate, we woulld have a better guide to judging whether the
changes projected by climate models were significantly different from what might be
expect naturally.

The 140 year-long direct temperature measurement record is too short, and the longer
time-frame proxy measures are too limited (in terms of their geophysical, chemical, and
biological sensitivities to climatic varigbles) to provide good measures of natural
variability in its full dynamic range. In addition, not all proxy measures are suitable for
estimating natural variability. Some pf them, e.g., borehole data and glacier
movements, do not provide annual estimhates of temperature, but only indicate longer-
term average changes. Others, e.g. tree growth proxies are able to resolve year-ta-
year changes but involve the use of statistical techniques that lose much of the longer-
term temperature detail in parts of the fecord.

The climate system is highly non-linear, which may not exhibit simple modes of
variability. A characteristic of non-linear systems is that it can switch from one stable

mode {e.g., ice age} to another {e.g., in
modes could be different, with still an
during the transition. Climate models hd
ice age and interglacial conditions, buf

ergiacial). The natural variability in these two
bther, presumably higher, level of variability
ve been run to simulate the iransition between
there is no way of knowing whether these

simulations are a reasonable representdtion, let alone the projection, of the Earth's
climate system.
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Summary: Was the Climate of the 20th Century Unusual?

We know that global average surface t

perature rose during the 20th century, and

that the 1990s were the warmest perjod in the 140 year-long direct temperature
measurement record. However, these facts, alone, do not support a claim that the

climate of the 20th century was unusuai

Support for a claim that the climate of the 20th century was unusual could come from
either a valid reconstruction of the climate of the past 1,000 years or from a valid

estimate of natural climate variability. Ng

ither is available. Lacking this knowledge, the

claim that the temperature of the 20th gentury was unusual cannot be supported.

Proxy information (tree growth, isotopsg

etc.) can be used to estimate past local temperatures.

concentrations in. coral reefs and ice cores,
A survey of the scientific

literature shows that 79 of the 102 proxy temperature studies identified a 50-year

periad during the past millennium that

was warmer than any 50 years in the 20th

century. While these results do not gliow estimation of globally-averaged surface

temperature for the past 1,000 years, th
experienced during the 20th century wer

ey are strong evidence that the temperatures
€ not unusual.
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