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>NOTE TC EDITORS: Photos of key climate |indicators are available cnline at
>http://cfa—www.harvard.edu/press/prOBlOimage.html

>
>20th CENTURY CLIMATE NOT SO HOT

>

>Cambridge, MA -- A review of more than 200 climate studies led by
>researchers at the Harvard-Smithsonian |[Center for Agtrophysics has
»determined that the 20th century is neilther the warmest century nor
>the century with the most extreme weather of the past 1000 years. The
>review also confirmed that the Medieval| Warm Period of 800 to 1300
>A.D. and the Little Ice Age of 1300 to [1900 A.D. were worldwide
>phencrena net limited to the European and North American continents.
>While 20th century temperatured are much higher than in the Little
»>Ice Rge period, many parts of the world show the medieval warmth to

>be greater than that of the 20th centurjy.
>

>Smithsonian astreonomers Willie Soon and| Sallie Baliunas, with
>co-authors Craig Idso and Sherwood Idso| (Center for the Study of
>Carbon Dioxide and Global Change) and Dhvid Legates {(Center for

), compiled and examined
>results from more than 240 research papgrs published by thousands of
>researchers over the past four decades.| Their report, covering a
>multitude of geophysical and biclogical| climate indicators, provides
»>a detailed lock at climate changes that|occurred in different regions
raround the world over the last 1000 years.

>Climactic Research, University of Delawale

>

>"Many true research advances in reconstructing ancient climates have
>occurred over the past two decades," Sobn says, "so we felt it was
>time to pull together a large sample of|recent studies from the last
>5-10 years and lcok for patterns of varyability and change. In fact,
>clear patterns did emerge showing that regions worldwide experienced
>the highs of the Medieval Warm Period and lows of the Little Ice Age,
>and that 20th century temperatures are generally cooler than during

>the medieval warmth."
>

>Soon and his cclleagues concluded that the 20th century is neither

>the warmest century over the last 1000 ve

ars,

nor is it the most

>extreme. Their findings about the patteyn of historical climate
>variations will help make computer climate modelsg simulate both
>natural and man-made changes more accurgtely,
>climate forecasts especially on local and regional levels. This is
>especially true in simulations on times¢ales ranging from several

>decades tc a century,
>

>--Historical Cold, Warm Periods Verified-
>

and lead to better

>Studying climate change is challenging for a number of reascns, not
>the least of which is the bewildering vdriety of climate indicators -
>all sensitive to different climatic variables,

>slightly overlapping yet distinct scaled

>

and each operating on

of space and time. For
>example, tree ring studies can yield yedrly records of temperature
>and precipitation trends, while glacier |ice cores record those
>variables over longer time scales of several decades to a century.

»Soon, Baliunas and colleagues analyzed numerous climate indicators
glacier advsnces or
>retreats; geomorphology; iscotopic analysis from lake sediments or ice
»cores, tree or peat celluloses (carbohydrates), corals, stalagmite or

>including: borehole data; cultural data;

>biological fossils; net ice accumulation
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>chemical counts:

lake fossils and sediments; river sediments; melt

>layers in ice cores; phenological (recukrring natural phenomena in

>relation to climatg) and paleontologicall fossils; pollen;
>sediments; luminescent analysis; tree ring growth,
>ring width or maximum late-wocd density}

seafloor
including either
and shifting tree line

>positions plus tree stumps in lakes, mapshes and streams.

4
>"Like forengic detectives, we assembled

these series of clues in

>order to answer a specific question abolt local and regional climate

>change:

Is there evidence for notable climatic anomalies during
>particular time periods over the past 1000 vears?" Soocn savs.

"The

>cumulative evidence showed that such antmalies did exist. "

>
>The worldwide range of climate records

>climate periods in the last thousand years,

ronfirmed two significant
the Little Ice Age and

>the Medieval Warm Period. The climatic notion of a Little Ice Age

>interval from 1300 tol9C0 A.D.
>1300 A.D.
>despite some differences from cne regioj

and a Medgieval Warm Period from 800
appears to be rather well-confirmed and wide-spread,

1 to ancther as measured by

>other climatic variables like precipitation, drought cycles, or

>glacier advances and retreats.
-

>"For a long time, researchers have posss
>supporting the existence of these climaf
>"For example, the Vikings established cd
>beginning of the second millennium that
>years later when the climate turned cold
>had flourished during the medieval warmd
raccumulation of objective data to back 1
>

>The different indicators provided clear
>the Middle Ages. Tree ring summer tempe:
>from 950 A.D. to 1100 A.D. in the northd
>Corresponds to the
>growth from 14 different locations over
>showed a similar early warm period. Many

>madieval warmth to be greater than that
>

essed anecdotal evidence
te extremes, " Baliunas says.
plonies in Greenland at the
died out geveral hundred

th. Now, we have an
1p these cultural indicators

Ancther database of tree

of the 20th century.

>The study -- funded by NASA, the Air Fofce Cffice of Scientific

>Research,

=appeared in the January 31,
>journal.

>

>Headquartered in Cambridge, Massachusetty
>Center for Astrophysics (CfA} is a joint

the National Oceanic and Atmosgpheric Administration,
>the American Petroleum Institute -- will
»and Environment journal. A shorter papet

and
be published in the Energy
by Soon and Baliunas

2003 igsue 9f the Climate Research

s, the Harvard-Smithsonian
collaboration between the

>Smithsonian Astrophysical Observatory and the Harvard College
>0Observatory. CfA scientists organized inte six research divisions

»study the origin, evolution, and ultimat

>IF YOU DC NOT WISH TO CONTINUE RECEIVING
>FORWARDED TO THE NEWS MEDIA VIA THE AMER
>PLEASE REPLY ACCORDINGLY T0O ANY INCOMING
>TO hrsmaran@eclair.gsfc.nasa.gov. Requd
»should be sent to the same address.

Anne L. Kinney
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Proxy climatic and environmental changes of the
past 1000 years

Willie Soon''%*, Sallie Baliunas!-?

1Harvard-Smithsonian Center for Astrophysics, 604 Garden Street, MS 16, Cambridge, Massachusetts 02138, USA
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ABSTRACT: The 1000 yr climatic and environmental history of the Earth contained in various proxy
records 1s reviewed. As indicators, the proxies duly represent local climate. Because each is of a

“from historical records, as well as archaeological,

different nature, the results from the proxy
global quantitative composite. However, con
the assemblage of local representations of c
Warm Penod as climatic anomalies with worl
al. (1963), Lamb (1965), and numerous inte

dicators cannot be combined into a hemispheric or
idered as an ensemble of individual expert opinions,
ate establishes both the Little Ice Age and Medieval
wide imprints, extending earlier results by Bryson et
ening research efforts. Furthermore, the individual

proxies can be used to address the question gf whether the 20th century is the warmest of the 2nd
millennium locally. Across the world, many records reveal that the 20th century is probably not the
warmest nor a uniquely extreme climatic penad of the last millennium.

KEY WORDS: Paleochmate proxies - Climate change - Environmental change - Little Ice Age -

Medieval Warm Period

1. INTRODUCTION

Are the Little Ice Age and Medieval Warm Perno
widespread climatic anomahes? Lamb (1965) wrot
‘[M]ultifarious evidence of a meteorological natur

botanical and glaciological evidence in various parts
of the world from the Arctic to New Zealand ... hals
been found to suggest a warmer epoch lasting severd
centuries between about A.D. 900 or 1000 and aboy
1200 or 1300. ... Both the "Little Optimum® in th
early Middle Ages and the cold epochs [i.e. "Little Ic
Age"], now known te have reached its culminatin
stages between 1550 and 1700, can today be substanti
ated by enough data to repay meteorological investi
gation. . .. It is high time therefore to marshal the clj
matic evidence and attempt a quantitative evidencd
(p. 14-15). Research on large-scale patterns of climat
change continued with vigor,

Jones et al. (1998) tentatively concluded that whal
a Liitle Ice Age cooling existed, little evidence could

G Nl T e
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Resale or republication not permiffed without written consent of the publisher

be found to support or reject a medieval warming. But
the updated composite tree-ring summer temperature
curve in Fig. 1 of Briffa (2000) shows evidence for an
anomalously warm mterval from about 950 to 1100 in
the northern high-latitude zone, which coincides with
Lamb's Medieval Warm Period. Alsc, a similar early
warm period appears prominently in the averaged
tree ring chrenologies carefully selected and processed
from 14 sites spreading over 30 to 70°N (Esper et al.
2002).

Those results are but a few of many that have be-
come available since Lamb’s analysis. Given advance-
ments in retrieval of information from and extension of
surface coverage for the proxies, we review the accu-
mulated evidence on regional climatic anomalies over
the last 1000 yr. We also recommend Qgilvie & Jénsson
(2001), who recently provided the most authoritative
discussion on the historical development of the long-
standing debates on the climatic nature of the Medi-
eval Warm Period and Little Ice Age, especially con-
cerning the North Atlantic, including Iceland.

@ Inter-Research 2003 - www.int-res.com
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2. WORKING DEFINITIONS

What are the regional patterns of chmatic change
over the last 1000 y1? Accurate results could serve jas
benchmarks for 20th century global average warminpg
seen in the surface thermometer records and as physi-
cal constraints for theories or mechanisms of climafte
change on timescales of decades o centuries.

The proxies used to study climatic change over t
last 1000 yr are addressed individually and therefo
locally because they differ in nature too greatly to
quantitatively averaged or compared. To make pro
ress, we consider 3 questions of many individ
climate proxies:

{1) Is there an objectively discernible climatic ane
aly during the Little Ice Age interval, defined
1300-19002 This broad pertod in our defimition deriv
from historical sea-ice, glaciological and geomorph
logical studies synthesized in Grove (2001a,b) a
Ogqilvie & Jonsson (2001),

(2) Is there an objectively discermble climatic ano
aly during the Medieval Warm Period, defined
800-1300? This definition is motivated by e.g. Pfister
al. (1998) and Broecker (2001), and 1s a slight modific
tion of Lamb's original study (1965).

(3) Is there an objectively discernible climatic ano
aly within the 20th century that is the most extre
(the warmest, if such information is retrievable) pen
in the record? An important consideration in answe
ing this question is to distinguish the cases for whi
the 20th century warming began early m the centu
versus after the 1970s, as recorded by surface the
mometers, This 1s necessary if temperature chang
are to be related to anthropogenic forcing inputs 1i
increased atmospheric carbon dioxide content.

Anomaly is simply defined as a period of more th
50 yr of sustained warmth, wetness or dryness, withi
the stipulated interval of the Medieval Warm Period,
a 50 yr or longer period of cold, dryness or wetne
within the stipulated Little Ice Age. We define anoma
in the 20th century within each proxy in the same way.
The surface instrumental record of the 20th centu
contains 3 distinct, multidecadal trends: early-centu
warming, mid-centuly cooling and late-century wa
ing. But that knowledge comes from instrumental the
momelry with its high time resclution and other biase
which preclude a direct comparison to the proxies
{which have their own biases). Our goal here is to co:
pare the 20th century objectively with more extende
past changes than is available from thermometry
Given the biases of each proxy, Question (3) wq
answered by asking if, within each proxy record, ther
was an earlier (pre-20th century) 50 yr interval warms
(or more extreme, in the case of precipitation) than an|
50 yr average within the 20th century.

e (0w o

Question (3) differs from Questions (1) and (2). Ques-
tion (3) looks for a 50 yr anomaly within the 20th cen-
tury compared to any other anomaly throughout the
period of a proxy record. Questions (1) and (2) look for
a 50 yr anomaly within the previcusly suggested 500
and 600 yr intervals of the Medieval Warm Penod and
Little Ice Age, respectively. Note that in the case of
Question (3), we treat the definition of a 50 yr or more
period of sustained anomaly in the 20th century no dii-
ferent from that of any prior century. Thus, if a sus-
tained warm anomaly were identified and happened to
reside in the Medieval Warm Period and appeared
warmer than an anomaly found in the 20th century,
then we would assign 'No’ to Question (3). Similarly, a
proxy record may show both that the 20th century
anomaly is the most extreme (warmest) and that the
Medieval Warm Peniod exists. In answering Ques-
tion (3), the existence of the Medieval Warm Period or
Little Ice Age is not considered, because they are
assessed mdependently, in Questions (1) and (2).

We started with the framework of past researchers,
namely, the suggested existence of the Medieval
Warm Penod and Little Ice Age. The goal of the study
is to deduce the geographical nature of chmatic and
environmental conditions during these penods. Distin-
guishing the 20th century as a separate period is
largely a practical bias because of the interest n the
role of human activity on Earth's climate and environ-
ment. ’

Another important consideration is that temporary
regional cooling (or shift between wet and dry condi-
tion) may occur on decadal, but not multidecadal,
timescales dunng the Medieval Warm Period, and
similarly, occasional, short-lved regional warming (or
shift between wet and dry condition) may occur during
the Little Ice Age, as indicated by Grove (2001a,b).
Thus the terms Medieval Warm Period and Little Ice
Age should indicate persistent but not necessarily
constant warming or cooling, respectively, over broad
areas (see also Stine 1998, Luckman 2000, Grove
2001a,b, Ogilvie & Jénsson 2001, Esper et al. 2002).
Stine (1898) suggests that more appropriate terms may
be ‘Little Ice-Age Chmatic Anomaly' and ‘Medieval
Climatic Anomaly’. It is also noteworthy that the defin-
itions of discernible, persistent climate anomalies for
the Little Ice Age and Medieval Warm Period may
include not only distinct changes in the mean but also
changes in the muitidecadal variance (QO¢gilvie & Jéns-
son 2001}). Through the microscope of daily and re-
gional spatial scale variability, 1t 1s important to recog-
nize that even the relation between multidecadal mean
temperature and its daily vanability may undergo sig-
nificant non-stationary changes (e.g. Knappenberger et
al. 2001, who document those time-dependent changes
in temperature variability across the United States).
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Also, from a combination of field evidence and modgl-
ing based on the understanding from synoptic chma-
tolegy, Bryson & Bryson (1997) demonstrated how local
and regional factors (for honzontal spatial distances §s
small as 100 km} can produce significantly different
precipitation histonies for 2 Near East stations
{Jerusalem and Kameshli, Syria) and for 2 stations |n
the Cascade Range of Oregon (mountainous versuys
coastal-like microclimate sites).

Our classification of a widesf)read anomaly basgd
on multidecadal persistence at many locales rests gn
good precedent. For example, the modern globally
averaged surface warming inferred from thermo-
meter readings includes large-scale cooling trends
over both the Greenland/Labrador Sea area and the
eastern region of the United States (30 to 45°N; 80 to
110°W; see Hansen et al. 1999, Robinson et al. 2001)
or the Antarctic continent {e.g. Doran et al, 2002) i
the last 30 to 50 yr. Another example is relative
warmth dunng the Little Ice Age and relative cool
during the Medieval Warm Perntod seen in the
borehole record of reconstructed temperature at Tay-
lor Dome, Antarctica (77.8°S, 158.72°E, elevation
2374 m), compared to results from Greenland's bore
hole (see Clow & Waddington 1999), which do ng
show those features. These variations are of sho
duration compared to the anomaly, and of limite
regional extent.

[ PR

3. APPROACH

Table 1 and Figs. 1 to 3 summarize the answers to the
questions posed here about local climatic anomalies.
For Questions (1) and (2), we answered ‘Yes' if th
proxy record showed a period longer than 50 yr g
cooling, wetness or dryness during the Little Ice Age
and similarly for a period of 50 yr or longer for warm
ing, wetness or dryness during the Medieval Wari
Period. A dash indicates that either there is no expet
opinion, or that the proxy record does not cover th
period in question. A "Yes?' or '‘No?' answer means thg
the origmal expert opinion was Yes or No, but that
does not match our criteria; for example, if the intervg
of warmth during the Medieval Warm Period were to
short by our definition to be ‘Yes', it would merit ‘Yes?.
In several cases 1n the 20th century, a ‘Yes® designa
tion was assigned for the answer to Question (3) in
order to highlight the fact that the 20th century warm
ing first occurred early in the century, ca. 1920-1950,
when the air's content of anthropogenic CO, was sti
cumulatively small.

A global association for the Little Ice Age o
Medieval Warm Period is premature because proxy
data are geographically sparse and either or both phe

=N 1]

U v + P = ¥

=

L}

nomena could be multi-phased events acting under
distinct local and regional constraints and modes.
Bradley & Jones (1993) and Hughes & Diaz {1994) initi-
ated and strongly held the view that the phenomena
were not global, but Grove (1996; see especially p. 51
to 54) disagrees. However, in the traditicnally data-
rich areas of Western Europe or the Northern Atlantic
including Iceland and Greenland, both the Little Ice
Age and Medieval Warm Period do exist as distinct
climate anomalies (Pfister et al. 1998, Grove 2001a,
Ogilvie & Jonsson 2001). No objective proof discredits
the existence of those phenomena in other regions.
Thus, like other researchers (Lamb 1965, Porter 1986,
Grove 1996, Kreutz et al. 1997), we start with previ-
ously indicated periods of Little Ice Age and Medieval
Warm Period, and ask whether they are widespread,
teleconnected events that need not necessarily last
throughout the defined penods. The terms Medieval
Warm Period and Little Ice Age remain practical and
viable, especially considering the potential extension
of the concept to past and future climatic events that
are ‘similar or equivalent’ in physical scope (e.g. Bond
et al. 1997, 1999).

Current knowledge on the diverse range of local
climatic behavior suggests that the Medieval Warm
Period and the Little Ice Age are not expected to be
homogeneous and sustained. To define the beginning
and end dates of these climate anomalies requires bet-
ter understanding (for the Little Ice Age see Porter
1981, 1986, Kaser 1999, Grove 2001a,b, Luckman 2000,
Schuster et al. 2000, Winkler 2000, Ogilvie & Jénsson
2001, Hendy et al. 2002). Imprecise data on the begin-
ning and end of both events contributes in part to con-
fusion about the phenomena. For example, Ogilvie &
Farmer (1997) have commented that Lamb's sugges-
tion of a Medieval Warm Period may not be supported
by documentary data even for England because their
extensive studies based on a historical dataset showed
that England suffered relatively cold winters from 1260
to 1360. However, as that period is near the transition
between the Medieval Warm Period and Little Ice Age
defined in this study, this fact does not strongly contra-
dict our results. Evidence based primarily on glacier
activity points to both a poorly defined beginning and
end of the Medieval Warm Period, while the Little Ice
Age interval seems to have had a gradual beginning
but more abrupt end. Although the notion of the
Medieval Warm Period or Little Ice Age with sharply
defined transitions may be a convenient one, it is prob-
ably a non-physical construct because of large regional
differences in the timing of both phenomena. As sug-
gested by Grove (2001a), an inhomogeneous climate
pattern (though not necessarily an analog) can already
be identified in the 20th century warm intervals as
defined by instrumental records.
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Table 1. A full list of paleoclimatic proxies that have suffic|

ent length of continuous records to entertain the 3 specifc questions:

(1) Is there an objectively ciscernible climatic anomaly during the Little Ice Age interval (A.D. 1300-1900) in this proxy record?
(2) Is there an objectively discernible ¢limatic anomaly during the Medieval Warm Period (A.D. 800-1300) in this proxy record?

(3) Is there an objectively discernible climatic anomaly with
formation is available} penod in the record? A question mar
type of climate proxy used include B: borehole; Cl: cultural
In: instrumental; Is: isotopic analysis from lake sedimentar|

layers in ice cores; Mp: multiprexy (any combination o

lin the 20th century that is the most extreme (the warmest, if such in-
k after an answer indicates uncertainty or indecision. Symbols for the
D: documentary; G: glacier advance or retreat; Gm: geomorphology;

or ice cores, tree or peat celluloses, corals, stalagmite or biclogical

proxies listed here); Pf: phenological and paleontological fossils;

fossils; Ic: net ice accumulation rate, including dust or che{.\cal counts; Lf: lake fossils and sediments; river sediments; ML melt

Po: pollen; Sd: seafloor sediments; Sp: speleothem isotopi
maximum latewood density, tncluding shifting tree]

of luminescent analysis; T: tree ring growth, either nng width or
line positions; Ts: tree stumps in lakes, marshes and streams

Location Latitude Longitude Type Source Answer
m @ 3

Worldwide - - Mp Mann et al. (1999) Yes No Yes?
Arctic wide - - Mp Overpeck et al. (1997) Yes - Yes?
Worldwide - - Mp Crowley & Lowery (2000) Yes No Yes?
Worldwide - - Mp Jones et al. (1998) Yes No Yes®
Worldwide - - T Briffa (2000) Yes No Yes®
Worldwide - - T Bnffa et al. (2001) Yes - Yes®
Worldwide - - T Jones et al. (2001) Yes - Yes®
NH mid-lattude - - T Esper et al. (2002) Yes Yes No
Worldwide - - Mp Lamb (1977, 1982) Yes Yes -
Waorldwide - - G+Is  Porter (1986) Yes Yes -
Worldwide - - G Grove & Switsur (1994) - Yes -
Worldwide - - T+G+D  Hughes & Diaz (1994) Yes No?® Notb
Worldwide - - Mp Grove (1996) - Yes -
Worldwide - - B Huang et al. (1997) Yes Yes No
Worldwide - - D Perry & Hsu (2000°) Yes Yes No
Worldwide - - D deMenocal (2001) Yes Yes -
Atnerncas - - Ts+Gm+Mp Stine (1998} - Yes -
N. Atlantic (Iceland} 63-66°N 14-24°W Mp Ogilvie et al. (2000)

Qgilvie & Jénsson (2001) Yes Yes No
N. Atflantic (S. Greenland) 60-70°N 20-55°W Mp Ogilvie et al. (2000) Yes Yes No
W. Europe 45-54°N 0-15° Mp Pfister et al. (1998) Yes Yes No
N. Atlantic (Europe) 35-70°N 25°W-30°E In+D Luterbacher et al. (2000) Yes - -
Central England 52°N 2°E In+D Lamb 65, Manley (1974) Yes Yes No
S. Spain 37.30°N 4.30° In+D Rodrigo et al. (2000) Yes - No
Crete Is. 35.15°N 25.00° D Grove & Conterio (1995) Yes - No
Mid-Russia 50-60°N 30-50° In+D Borisenkov (1995) Yes - -
Czech Republic 48.5-51.2°N 12-19° In+B Bodn & Cermék (1999) Yes Yes Yes?
5. USA 37-38°N  107.5-109.5°W Pi+Cl+D  Petersen (1994) Yes Yes -
E. China (Guang Dong Prov.} 22-25°N 112-114.3°E D Chan & Shi (2000} Yes - -
E. China-wide 20-40°N 90-120° D Song (2000) Yes - No?
Japan 30-40°N 125-145¢E D Tagami (1993, 1996) Yes Yes No
5. Africa 22.2°8 28.38° 1 Huffman (1996) Yes Yes -
E. Greenland (Nansen Fjordj 68.3°N 20.7° Is Jennings & Weiner (1996) Yes Yes No
C. Greenland (Créte) FL12°N 37.32° Is Dansgaard et al. {1975) Yes Yes No
C. Greenland (GRIP) 726°N 37.6° B Dahl-Jensen et al. (1998) Yes Yes No
S. Greenland (Dye 3) 652°N 43.8° B Dahl-Jensen et al. (1998) Yes Yes No
C. Greenland (GISP2) 72.58°N 38.5° Ic+Mi1 Meese et al. (1994) Yes Yes No
C. Greenland (GISP2) F2,58°N 38.5° Is Stuiver et al. (1995) Yes Yes No
Svalsbard 79°N 15°E Ml Tarussov (1995) Yes Yes No
Devon Island 75°N 871 W ML Koetner (1977) Yes - Yes®
Ellesmere Island 80.7°N 73.1° Ml Koerner & Fisher (1990) Yes Yes No
Ellesmere Island 80.7°N 73.1° B+ls Beltrami & Taylor (1995) Yes Yes No
Gulf of Alaska 60-61°N 149° G+T Calkin et al. (2001) Yes Yes -
Swiss Alps {(Gorner Glacier) 45.8-46.5°N  7.75-B.16FE G+Gm  Holzhauser (1997) Yes Yes No
(Grosser Aletsch Glacier) 45.8-46.5°N  7.75-8.16FE Is+T Holzhauser (1997) Yes Yes No
South Georgia Island 54-55°S 36-38° G+Gm  Clapperton et al. (1989) Yes Yes -
Southern Alps (Mueller Glacier) 43.44°8 170.06° G+Gm  Winkler (2000} Yes - -
Antarctica (James Ross Island) 64.22°S 57.68° Is Aristarain et al. (1990) Yest - No
Antarctica (Law Daome) 66.73°S 112.83° Is Morgan (1985) Yes Yes No
Antarctica (Victoria Land) 74.33°S 165.13° G+Gm+Is Baroni & Orombelli (1994) Yes Yes -
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Tablg 1 {continued)
Location Latitude Longitude Type Source Answer
1 @ @
Antarctica (Pome C) 74.65°8 124.179E Is Benoist et al. (1982) Yes Yes No
Prince William Scund, Alaska 60°N 149°W T+G Barclay et al. (1999) Yes Yes? -
Alberta, Canada

Columbia Icefield 52.2°N 117.8°W T+In+G Luckman et al. {1997) Yes Yes Yes?
N. Québec 57.73°N F6.17°W T Arseneault & Payette (1997) - Yes -
Central US 33-49°N 91-1099W T+Mp Woodhouse & Yes Yes Yes®

Overpeck (1998)

E. Idaho 44.1°N 114°W T Biondi et al. {1999) Yes - No
N. Carclina 345°N 78.3°W T Stahle et al. (1988) Yes Yes No?
California (SN} 36.5-37.5°N 118.5-120{5°W T Graurmlich (1993) Yes Yes No
California (SN) 36.5-37.5°N 118.5-120{(5°W T Scuderi (1993) Yes Yes No
California (SN) 36-38°N 118-120f W T Swetnam (1993) Yes Yes No
New Mexico 34.5°N 108°W T Grissino-Mayer (1996) Yes Yes No
Central Eq. Pacific (NINO 3.4) 5°N-5°8 160°E-150°W T+In Evans et al. (2000) Yes Yes? No
C. Siberia (Taymir + Putoran} F247°N 102° H T Naurzbaev & Vaganov (2000)Yes Yes No
Kola Peninsula 67-68°N J3-34°E T+Is Hiller et al. (2001) - Yes -
N. Fennoscandia 68°N 22°E T Briffa et al. (1992) Yes Yes No
NE. Italy 45°N 10°E T Serre-Bachet (1994} Yes Yes No?
Morocco 28-36°N 2-12° T Till & Guioct (1990) Yes Yes? No
Mongelia (Tarvagatay Mits.) 48.3°N 98.93° T Jacoby et al. (1996) Yes - Yes
Mongolia {Tarvagatay Mits.) 48.3°N 98.93° T+D D'Ammgo et al. (2001) Yes Yes Yes
N. Patagonia (Rio Alerce,

Argentina) 41.17°8 FLFI?® T Villalba (1990) Yes Yes No
S. Chile {Lenca) 41.55°8 72.6° T Lara & Villalba (1993} Yes No No
S. South Amenca 33-55°8 60-75° T+G Villalba (1994) Yes Yes No
W, Tasmania 42°8S 146.5° T Cook et al. (2000) No Yes Yes?
New Zealand 35-48°S 167-1777E T D'Arrigo et al. (1928) Yes - No
N. Scandinavia 68°N 20° T+G Karlén (1998) Yes Yes No
California (SN) 38°N 110° Ts Stine (1994) - Yes No
California (SN) 37.5°N 119.45° Ts Stine (1994) - Yes No
California (SN) 38.38°N 119.45° Ts Stine (1994) - Yes No
California {SN) 38.85°N 120.47° Ts Stine (1994) - Yes No
Patagonia 48.95°8 71.43° Ts Stine (1994) - + Yes -
Patagonia 50.47°S 72.97° Ts Stine {1994) - Yes -
NW Michigan (L. Marion) 45°N 85°wW Po Bernabo (1981) Yes Yes Yes?
Qinghai-Tibetan Plat.

{Dunde Ice Cap) 38.1°N 96.4°E| Po Liu et al. {1998) Yes Yes Yes?®d
NE China (Maili) 42.87°N 122.87° Po Ren (1998) - Yes -
NE China (Hangzhou) 30-33°N 105-1221E Pf Zhang (1994} - Yes -
China (Taibai Mt.) 3397°N 107.73° Pif+Po Tong et al. (1996) Yes Yes No
Himalaya 28.38°N 85.72° Is Thempson et al, (2000) Yes No Yes
Himalaya (Dasuopu Glacer) 28.38°N 85.72° Ie Thompson et al, (2000) Yes - Yes
Guliya Ice Cap 35.2°N 81.5°E Ic+ls Thompson et al. (1995) Yes Yes No
E. China 30-40°N 100-120E Ic+D Shi et al, (1999} Yes Yes Yes?
W. China (Guliya Cap) 352°N 81.5°E Ic+D Shi et al. {1939) Yes Yes Yes?
Quelccaya Ice Cap 13.93°8 70.83° Is+lc Thompson et al. (1986) Yes Yes? No
Antarctica (Siple Station) 75.92°8 84.25° Ie+is Mosley-Thompson (1995) No - No
Antarctica {Dyer Plateau) 70.67°S 64.88° Ic+ls Thompson et al. (1994) Yes? - Yes
Antarctica

{Dronning Maud Land) 76°S 8.05° Ic+ls Karldf et al. {2000) Yes Yes? No?
South Pole 90°S - Ic Mosley-Thompsen & Yes Yes?t No

Thompscn (1982)
N, Aflantic 54 27N 16.78° Sd Bond et al, {1997) Yes Yes No?
N. Atlantic 44.5°N 46.33° Sd Bond et al. (1999) Yes Yes No
N. Atlantic 56.37°N 27.81¢ Sd Bianchi & McCave {1999) Yes Yes No?
N. Ellesmere Island 81°N 80°W Sd+Lt Lamoureux & Bradley (1996} Yes  Yes -
SW Baltic Sea

(Bornholm Basin) 55.38°N 154°E Sd+ls Andrén et al. (2000} Yes Yes No
N. Fennoscandia

(L. Tsuolbmajavri) 68.68°N 22.08° Lf Korhola et al. (2000) Yes Yes No
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Table 1 (continued)
Location Latitude Longitude Type Source Answer
m @ 3

Switzerland (L. Neuchdtel) 47°N 6.55°W Li+ls Filippi et al. (1999) Yes Yes Yes?
NW Scotland {Assynt) 58.11*N 5.06°W Sp Proctor et al. (2000} Yes Yes No
W.Ireland 53.53°N 9.93°W Is Blackford & Chambers (1995} Yes  Yes -
SW Ireland 52.5°N 9.25° W Sp McDermott et al. (2001) Yes Yes -
Bermuda Rise 3217°N 64.5°W Is Keigwin (1996) Yes Yes No
Chesapeake Bay 37-384°N 76.1°W Sd Verardo et al. (1998) Yes Yes -
NW Alaska (Farewell L.} 62.55°N 153.63°W Lf+Is Hu et al. {2001) Yes Yes No
S. Dakota (Pickerel L.) 45.51°N 97.27°W Lf Dean & Schwalb (2000) Yes Yes No
N. Dakota {(Moon L.) 46.85°N 98.16°W Lf Laird et al. (1996) Yes Yes No
N. Dakota (Rice L.) 48.01°N 101.53°W Lf Yu & Ito {1999} Yes Yes No
Yellowstone P. (Lamar Cave) 44.56°N 110.24°W Pf+ls Hadly (1996) Yes Yes No
Colorado Plateau (L. Canyon) 3742°N 110.67°W Li+Gm+Is  Pederson {2000) Yes Yes -
NE Colorado 40-41°N 102-1057W Gm+Is+D  Madole (1994) - Yes No
SWUS (Colorado + Arizona) 34-37.5°N 105-1127W Li+ls ° Davis (1994} - Yes No?
SWus 32-39°N 109-1147W Li+Gm Ely et al. (1993) Yes Yes No
California {White Mts.) 37.43°N 118.17°W Is Feng & Epstein (1994) Yes Yes -
California (L. Owen) 36°N 118.17°W Is Li et al. (2000) Yes Yes No
Yucatan Peninsula

(L. Chichancanab) 20°N 88.4°W Lf+ls Hodell et al. {2001) Yes Yes -
Cariace Basin 11°N 65° Wk{ Sd Black et al. {1999) Yes Yes No
Cariaco Basin 10.71° N 65.17°Y Sd+Is Haug et al. (2001} Yes Yes -
S. Florida 24.95°N 80.55°W Is Druffel (1982) Yes - -
SW Puerto Raco 18.12°N 67.09°W Is Winter et al. (2000) Yes - -
NE China {Jinchuan) 42.3°N 126.37°E Is Heng et al, (2000) Yes Yes No
$. Japan (Yakushima Is.} 30.33*°N 130.5°E Is Kitagawa & Yes Yes No

Matsumoto (1995)

N. India (Pahalgam) 34.02°N 75.20°E Is Ramesh (1993) Yes - -
S, India (Nilguris) 10-10.5°N F7°E Is Ramesh (1993) - Yes -
E. Africa (L. Malawi) 10°S 35°E Lf Johnson et al. (2001) Yes - No
E. Africa (L. Naivasha) 0.46°S 36.21°F Lt Verschuren et al. (2000) Yes Yes No
W. Africa (Cap Blanc) 20.75°N 18.58°W Is deMenocal et al. {2000) Yes Yes No
S. Africa 19-35°% 10-33°E Mp Tyson & Lindesay (1992) Yes Yes No
5. Africa (Nelson Bay Cave) 34°S 23°E Is Cohen & Tyson (1995) Yes - No
S. Africa {(Makapansgat) 24.54°8 29.25°K Sp Tyson et al. (2000) Yes Yes No
N. New Zealand (Waitomo) 38.27°S 175°E Sp Williams et al. {1999) Yes - -
5. New Zealand (Nelson) 40.67°S 172.43°E Sp Wilson et al. (1979) Yes Yes No
3. America (several regions) 33-38°S 58.3-67(W Mp Inondo (1989) Yes Yes -
C. Argentina 29.5-35°S  61.75-65.75°W Gm+D Carignanoe (1999) Yes Yes No
C. Argentina 28-36°S 61-67°W G+Mp Cioccale (1999) Yes Yes No
NW Argentina 26.5°8 68.09°W Sd+Is Valero-Garcés et al. (2000) Yes - -
W. Antarctica (Palmer Deep) 64.86°5 64.21°W Sd Domack et al. (2001) Yes Yes No
W. Antarctica (Siple Dome) 81.65°S 148.81° W Is Kreutz et al, (1997) Yes - No

“Warming or extreme excursion peaked around 1920

Sierra Nevada in California, the Canadian Rockies, and
been higher during some parts of this period than those 1
century. These regional episodes were not strongly sync
United States, southern Europe along the Mediterranean,
time was little different to that of later times, or that warg
sumed. . . . To the extent that glacial retreat is associated v
tent with a warmer period in A.D. 900-1250 than immedy
main conclusion of Hughes & Diaz (1994) may be in
“Only documentary, historical and archaeological researc
were referred to
dFor the Dunde ice cap, Thompson et al. (1989) noted that,
at least as warm as the Holocene maximum 6000 to 8000 B
because the claim that 1930s-1980s are the warmest of t
al. (1989), But the main warming of the 1940s--1850s od

1950 before any signifcant anthropogenic CO, release to air

"Hughes & Diaz concluded that '[our] review indicates thal for some areas of the globe {for example, Scandinavia, China, the

Tasmania), temperatures, particularly in summer, appear to have
(hat were to prevail until the most recent decades of the twentieth
hronous. Evidence from other regions (for example, the Southeast
and parts of South America) indicates that the climate during that
ning, if it occurred, was recorded at a later time than has been as-
with warm summers, the glacial geology evidence would be consis-
htely before or for most of the following seven hundred years.’ The
Ictual agreement with the qualitative classifcation in our paper
h results, rather than the solar-output model results, of this paper

according to the 3'80 climate proxy, the 1340s, 19505 and 1980s are
P. To confrm Thompson et al. {(1989) cf. Fig. 6 in Thompson {2000),
he last 6000-8000 yT 1s not clear from any figure in Thompsen et
curred before a significant rise of anthropogenic CO, in the arr
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Fig. 1. Geographical distribution of local answers to the following question: Is there an objectively discernible chmatic anomaly
during the Little Ice Age interval (A.D. 1300-1900) in this pfoxy record? ‘Yes' is indicated by red filled squares or unfilled boxes,

‘No' is indicated by green filled circles and ‘Yeq?
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Fig. 2. Geographical distribution of local answers to the follg
during the Medieval Warm Period (A.D, 800-~1300) in this pr
‘No' is indicated by green filled circles and ‘Yes? or No?'

or No?' (undecided} is shown with blue filled triangies

wing question: Is there an objectively discernible chmatic anomaly
bxy record? ‘Yes' is indicated by red filled squares or unfilled bozxes,
(undecided) 15 shown with blue filled triangles or unfilled boxes
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Fig. 3. Geographical distribution of local answers to the fol] owing question: Is there an objectively discermble climatic anormaly

within the 20th century that is the most extreme {the warnest, if such information 1s available) penod in the record? ‘Yes' is

indicated by red filled squares, ‘No' 1s indicated by green filled circles or unfilled boxes and ‘Yes? or No?' {undecided) is shown

with blue filled triangles or unfilled boxes, Answer of ‘Yes* |s indicated by. yellow filled diamonds to mark an early to middle-20th
century warming rather than the post-1970s warming

The climate indicators considered here mclude infor-
mation from documentary and cultural sources, ite
cores, glaciers, boreholes, spelecthems, tree-growth
limits, lake fossils, mammalian fauna, coral and tree-
ring growth, peat celiulose; and pollen, phenological
and seafloor sediments. In a rather inhomogeneous
wéy, each proxy is influenced by both climatic and
non-climatic factors. We rely on individual researchers
for their best judgments in interpreting chmatic sig-
nals. The 3 questions are addressed in the context pf
local or regional sensitivity of the proxies to relevant
climatic variables, including air temperature, sea suf-
face temperature, precipitation, and any combinatian
of large-scale patterns of pressure, wind and oceanic
circulation.

4. UNCERTAINTIES IN INFERRING CLIMATE
FROM PROXIES

The accuracy of climate reconstruction from proxies,
including the awareness of anthropogenic interver
tions that could pose serious problems for a qualitativie
and quantitative palecclimatology, has been discussed
by Bryson (1985), Idso (1989) and others. The temperd-

ture changes inferred for the Medieval Warm and
Little Ice Age Climalic Anomalies are generally
accepted to be no more than 1 to 2°C when averaged
over hemisphenc or global spatial scale and over
decades to a century. Broecker (2001} deduced that
only the results from mountam snowline and borehole
thermometry are precise to within 0.5°C in revealing
changes on a centennial timescale. But the quantifica-
tion of errors is complex, and both Bradley et al. (2001)
and Esper et al. (2002) have challenged Broecker's
statement. Earlier, Jones et al. (1998) provided an
enlightening review of the quantitative and qualtative
limitations of paleoclimatology. Others like Ingram et
al. (1978) and Cgilvie & Farmer (1997) had cautioned
against the use of quantitative nterpretations of
climatic results that are based on histornical documenta-
tion.

In our survey of the hterature we have observed 3
distinct types of warnings (Bryson 1985, Clow 1992,
Grayhill & Idso 1993, Huang et al. 1996, Briffa et al.
1998, Cowling & Skyes 1999, Schleser et al. 1999,
Evans et al. 2000, Schmutz et al. 2000, Aykroyd et al,
2001, Ogilvie & Jénsson 2001):

{1) the lack of timescale resolution for the longest-
term component of climate signals, e.g. in tree nng and
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coral records, or the loss of short-term climate informfa-
tion in borehole temperature reconstructions;

(2) the nonlinearities (related to age, threshold, dis-
contmuous or insufficient sampling, saturated responge,
limited dynamic range of proxy, etc.) of biological,
chemical and physical transfer functions necessary fpr
temperature reconstruction;

(3) the time dependence or nonstationarity of the
climate-proxy calibration relations.

Estimates of ground tetnperature trends from bor
hole data can be comphcated by non-climatic facto
associated with changes in pattern of landuse and lar
cover over time (Lewis & Wang 1998, Skinner
Majorowicz 1999). In general, climate proxies fro|
floral and faunal fossils in lake and bog sediments a
only sensitive enough to resolve change to within 1
to 1.8°C {e.g. Lotter et al. 2000). Isotope-coral proxies
lack the climate-sensitivity resolution and the con-
tinuous length of record to address millennial climatjc
change. Jones et al. (1998) showed that both coral- and
ice-core-based reconstructions performed more poorly
than tree-nng records when calibrated again
thermometer data since A.D. 1880. On the other han
tree ring proxies, which usually have annual ti
resolution, suffer from the loss of information on multi-
decadal to centenmal and longer components
climate change.

The amplitude of large-scale surface temperatuge
change denved from tree-ring proxies can be substan-
tially underestimated —by a factor of 2 to 3 compared
to resulis from borehole thermometry (Huang et
2000, Harris & Chapman 2001). It is surprising that the
amplitude of climate variability broadly resolved hy
borehole reconstruction on timescales of at least 50 {o
100 yr is larger, rather than smaller, than the high t
resolution results from tree-ring proxies, because
short-term climate fluctuations are smoothed out
the geothermal heat-flow that acts as a low-pass filte
The different amplitudes found from borehole a
tree-ring climate proxies suggest that longer timescale
(multi-decades and century) variability is more faith-
fully captured by borehole results, while the sa
information can be irretrievably lost from tree-rin|
records (see e.g. Collins et al. 2002) because of th
standardization procedure (to remove bias due 4
aging of trees). This is why Jones et al. (1998) com
mented that although one may be confident of intei
comparing year-to-year and decade-to-decade (limite
to periods shorter than 20 to 30 yr) variability, whic
should be more sensitively imprinted in tree-nn
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IThere are exceptons in careful tree-ring results like thos
of Esper et al. (2002) that are optimized to capture longs
timescale vanability
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records, it requires ‘considerable faith' to compare, for
example, the chmate of the 12th and 20th centuries
from tree-ring proxies. To date, the practical goal of
combining information from borehole and tree-ring
proxies, or even comparing borehole and thermometer
data, to yield an accurate proxy record that simultane-
ously resolves timescales of years to centuries, remains
unfulfilled.

Despite complicating factors such as the mismatch of
climate sensitivities among proxies, a first step has
been taken by Beltrami et al. (1995) and Harns &
Chapman (2001). Also, Beltrami & Taylor (1995) suc-
cessfully calibrated a 2000 yr oxygen isotope record
from an ice core (near Agassiz) with the help of bore-
hole temperature-depth data (near Neil) for the
Canadian Arctic region. Such careful research may
help resolve the difficulty of interpreting chimate sig-
nals that degrade with borehole depth or time. This
depth-dependent, increasing degradation has led to
the false mpression that reconstructed temperatures
from geothermal heat flows contained a significantly
smaller variability m the distant past than at present.

The approach used here relies on local representa-
tions of climate change, which is an advantage
because understanding local proxies is the prerequi-
site for constructing reqgional and global patterns of
change. Another advantage 1s that by working with a
local or regional perspective, we avoid the difficult
questions concerning the spatio-temporal coupling of
observed changes among various regions and any
specific large-scale pattern responsible for those
climatic anomalies. Our study has the disadvantage
of being non-quantitative. Thus, our assessment falls
short of Lamb’s {1965) origina! call for quantitative
answers.

An early attempt to study the interlinkage of geo-
graphically separated and different proxies, e.g. be-
tween marine sediments at Palmer Deep, Antarctica,
and atmospheric signals in Greenland ice cores, has
been reported by Domack & Mayewski (1999). But
many chronologies depend on radiocarbon dating and
are too limited in accuracy to allow for reliable inter-
pretation of the timing of events from different areas
(e.g. Stine 1998, Domack & Mayewski 1999). The diffi-
cult task of areal weighting of different proxy records
has been attempted; for the Arctic region by Over-
peck et al. (1997), the Northern Hemisphere by Crow-
ley & Lowery (2000), Northern Hemisphere extratrop-
ics by Esper et al. (2002) and both Northern
Hemisphere and glebal doinains by Mann et al. (1998,
1999, 2000). However, Briffa et al. {2001) criticized the
lack of consideration of uncertainties in seme of these
reconstructions. For example, the composite series in
Overpeck et al.'s (1997) reconstruction is not even cal-
1brated with instrumental data.
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5. RESULTS

Table 1 lists the worldwide proxy climate recor
we have collected and studied. We restricted the i

reconstructions. In a few cases we elaborated
their results in order to remain consistent to
framework.

Little Ice Age (Fig. 1), Medieval Warm Period (Fig.
and the nature of the 20th century's change (Fig.

Australian and Indian continents, the SE Asian arc
pelago, large parts of Eastern Europe/Russia, t
Middle Eastern deserts, the tropical African a
South American lowlands (although the large nu
ber of available borehole-heat flow measurements
Australia seems adequate for the reconstruction
ground temperatures back to medieval times; s
Huang et al. 2000). Therefore, our conclusions a
provisional.

Fig. 1 indicates that Little Ice Age exists as a dist
guishable climate anomaly from all regions of t
world that have been assessed. Only 2 records—tr
ring growth from western Tasmania and 1sotopic me
surements from ice cores at Siple Dome, Antarctica
do not exhibit any persistent climatic change over thij
period (although the western Tasmania reconstructi
contains an exceptionally cold decade centered around
1800; Cook et al. 2000). ;

Fig. 2 shows the Medieval Warm Period with only
2 negative results, The Himalayan ice core result
(Thompson et al. 2000) seems unambiguous, but tHe
tree-ring proxy data from Lenca, southern Chile (Lata
& Villalba 1993} is countered by nearby evidence of the
Medieval Warm Period (Villalba 1990, 1994).

Fig. 3 shows that most of the proxy records do not
suggest the 20th century to be the warmest or the
most extreme in their local representations. There age
_only 3 unambiguous findings favoring the 20th cen-
tury as the warmest anomaly of the last 1000 yr-—
the records from the Dyer Plateau, Antarctica, th
Himalayas and Mongolia (Thompson et al. 199
2000, D'Arrigo et al. 2001). An important, seeming
counter-intuitive, feature of Fig. 3 is the large numbe
of uncertain answers compared to the 2 prior que
tions, perhaps partly owing to inaccurate calibratio
between proxy and instrumental data. Also, ancthe
feature of the result is the many cases in which th
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warmest or most extreme climatic anomalies in the
proxy indicators occurred in the early to mid-20th
century (‘'Yes®), rather than sustaining throughout
the century.

5.1. Glaciers

Broadly, glaciers retreated all over the world dunng
the Medieval Warm Period, with a notable, but minor,
re-advance between 1050 and 1150 (Grove & Switsur
1994}, Large portions of the world's glaciers, both in
the Northern and Southern Hemispheres, advanced
during the 1300 to 1900s {Grove 2001b, see also Win-
kler 2000). The world's small glaciers and tropical glac-
iers have simultaneously retreated since the 19th cen-
tury, but some glaciers have advanced (Kaser 1999,
Dyurgerov & Meier 2000, D. Evans 2000). Kaser (1999)
reemphasized the key role played by atmospheric
humidity in controlling the net accumulation and abla-
tion of glaciers by modulating the sublimation and
long-wave radiative forcing-feedback budgets in both
dry and humid areas. So far, the proposition of the
20th century warming as a natural recovery simce
the Little Ice Age, together with an amplification by
anthropogenic CQO;, is plausible but not defimtive
{(Bradley & Jones 1993, Kreutz et al. 1997, Kaser 1999,
Beltrami et al. 2000, Dyurgerov & Meier 2000). On the
other hand, D. Evans (2000) discussed the possibility of
recent widespread recession of glaciers as a glacio-
climatic response to the termination of the Little Ice
Age and commented that significant warnmung phases
during interglacials, especially those accompanied by
relatively warm winters and cool summers, may lead to
the onset of another global glaciation. -

Additional proxy records used here reveal that the
climatic anomaly patterns known as the Medieval
Warm Period (ca. A.D. 800-1300) as well as the Little
Ice Age interval (A.D. 1300-1900) occurred across the
world. The next 2 subsections describe detailed local
changes in the Northern and Southern Hemispheres.

5.2. Northern Hemisphere

A composite reconstruction of summer temperature
anomaly assuming a simple, umiform weighting of
proxy records by Bradley & Jones {1993) showed that
the 1530-1730 interval was the coldest period for the
Northern Hemisphere, and the 19th century was the
second coldest interval in the last 500 yr.

5.2.1. Western Europe

Cold winters and wet summers prevailed during the
Little Ice Age 1n Switzerland, a location with detailled
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and reliable information (Pfister 1995). A careful co
panson of the Swiss and central England temperature
records (Manley 1974) from 1659-1960 reveals|a
general correspondence of climatic conditions between
the 2 regions. In the Andalusia reqion of southern
Spain, rainfall appears to have alternated between
and wet century-long spells (wet periods persisted
1590-1649 and 1776-1937,; dry periods 1501-1589 and
1650-1775) throughout the Little Ice Age, and with ho
significant difference to the modern dry period |of
1938-1997 (Rodrigo et al. 2000). Enhanced fluvial
activity was documented in river basins of North,
Western and Central Europe for 1250-1550 and
1750-1900 (A. T. Grove 2001). Over Western Europe,
Pfister et al. (1998) concluded that severe winters wefe
less frequent and less extreme durmng 900-1300 th
those during 1300-1900. The mmld-winter conditi
was hypothesized by Pfister et al. {1998) to ha
caused the northward migration of Mediterrane
subtropical plants, where St. Albertus Magnus not
the abundance of pomegranates and fig trees in t
13th century around Cologne and parts of the Rhi
valley. Olive trees, which, like fig trees, are also sen
tive to prolonged periods of air temperature belo
freezing, must have grown 1n ltaly (Po valley), Frange
and Germany because a chronicler documented the
damage to the olive trees by the bitter frost in January
1234. Lamb (1965) noted generally wet winters bfit
drier summers for the lowlands in England, Treland,
the Netherlands, Denmark, Sweden and NW Germarny
from about 1200 to 1400. Those conditions are sup-
ported by documentary records that describe frequent
flocding and storms around those regions during the
transitional period between Medieval Warm Pendd
and Little Ice Age.

Is the warmth of the 20th century for western Europe
exceptional or unusual? Weather reconstruction results
for the Low Countiies, the present-day Benelux regio
suggest that in order to compare the 20th century to
brevious centuries, seasonal information in a proxy-
climate relation will be required (van Engelen et 4l
2001). For example, van Engelen et al. (2001) showed
that when the histoncal reconstructed series fro
about 800 to 2000 were calibrated to the instrumental
temperature records at De Bilt, the 20th century winter
temperatures may have been slightly higher (about
0.5°C—the quantitative information on the 20th cen
tury warmth is certainly within the margin of un-
certainties) than the high winter temperatures of
1000-1100 but that recent warming began 1n the 18th
century. In contrast, the 20th century summer temper-
atures are neither unusual nor extraordmnarily warm
when compared to summer temperature variahilitias
during other times of the 2nd millennium (see Figs. [1
& 2 of van Engelen et al. 2001).

5.2.2. North Atlantic and other oceans

During the Little Ice Age, extensive areas around
Mediterranean Europe and the North Atlantic, includ-
ing Western and Northern Europe, Greenland and Ice-
land, were experiencing unusually cold and wet con-
ditions as well as many extreme weather events,
mchuding deluges, landslides and avalanches (Grove
1996, Ogulvie et al. 2000, A. T. Grove 2001). Climate
over Iceland was found, based on varnous proxies, to be
mild from 870 to 1170, with cold penods setting 1n after
1200. Instead of being a period of unrelenting cold,
Ogilvie (1984) emphasized that the most notable
aspect of climate over Iceland during the 17th to 19th
centuries, with 1ts very cold decades during the 1690s,
1780s, 1810s and 1830s, was its large year-to-year vari-
ability (see also Ogilvie & Jénsson 2001).

The viking colonization of Greenland's coastal area
starting 1n 986 is well documented, and the gener-
ally mild and bemgn climatic conditions from about
800 to 1200 that helped to sustain the settlement, are
also well supported by ice core and borehole proxy
mformation (Dansgaard et al. 1975, Dahl-Jensen et al,
1998). The Norsemen's ‘Western Settlement’ {around
the Godthab district) was mysteriously abandoned
sometime between 1341 and 1362, while the 'Eastern
Settlement’, actually near the southernmost tip of west
Greenland, around the Narssaq and Juhanehab dis-
tricts, died out between 1450 and 1500 (Grove 1996,
Ogilvie et al. 2000). It also seems that both cultural and
political factors contributed in making the Norse
Greenlanders at the Western Settlement more vulner-
able to the harsh climatic conditions (Barlow et al.
1997). The timing for the abandonment of these settle-
ments coincided with the general cooling over Green-
land, as established by both ice-core isotopic and bore-
hole thermometry (Dansgaard et al. 1975, Stuiver et
al. 1995, Dahl-Jensen et al. 1998). From sediment
cores near Nansen Fjord, East Greenland, Jennings &
Weiner (1996) confirmed an initial cooling between
1270 and 1370, together with the most severe and vari-
able chmatic conditions around the East Greenland
region from 1630 to 1900, The results of QOgilvie et al.
(2000) and Ogilvie & Jénsson (2001) suggest that the
overall climatic conditions in the North Atlantic
(50-B0°N, 0-60°W), especially near Iceland during
the 20th century, including the 1970s to 1990s, were
neither unusual nor extreme.

In the Mediterranean basin, the island of Crete ex-
perienced many severe winters and prolonged droughts
during the winter and spring seasons between 1548
and 1648 (Grove & Conterio 1995). In Morocco, the ch-
mate during the 16th, 17th and 18th centunes was gen-
erally more variable, with frequently drier conditions,
than in the early to mid-20th century (Till & Guiot
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1990). But no distinctive precipitation anomaly was
observed for Morocco during the Medieval Waim
Period, although just like conditions during the Little
Ice Age, an episode of notable drought occurred frdm
1186 to 1234. Thus, precipitation anomalies for the
Little Ice Age and Medieval Warm Period do not diff

was ajso cooler by 3 to 4°C between 1300 and 1850 than
at present. During the Medieval Warm Period, the Sar-
gasso sea surface temperature was about 1°C warmper
than the present-day value (Keigwin 1996}, while the sea
surface temperature off the coast of Mauritania was only
marginally warmer than at present (DeMenocal et al.
2000). High-resolution coral skeletal $'°0 and Sr/Ca ra-
tio records from Bermuda indicate sea-surface tempera-
ture standard deviations of about +0.5°C on interannuf
and +0.3°C on decadal timescales during the 16th
century, and those ranges of variability are comparable

wide proxy reconstructions because of large spatig
differences in climate variability.

vely wetter conditions in the Medieval Warm Period.
Over the equatorial Central Pacific, arcound the
NINO3.4 (5°N~5°5, 160°E-150° W)} region, Evans ¢t
al. (2000), in their skillful reconstruction of the ENSQ-
like decadal variability of the NINO3.4 sea surfage
temperature {SST), showed that there appeared to bela
sustained cool phase of the proxy NINO3.4 SST vaij-
ability from about 1550 to about 1895, hence extending
the geographical area covered by the Little Ice Ade
Climate Anomaly. Evans et al. (2000) alsc added that
the reconstructed NINO3.4 decadal-scale SST varj-
ability prior to the 17th century 1s similar to that of the
20th century, thus suggesting that the recent 20th cen-
tury decadal-scale changes in the equatorial Pacific
Ocean are neither unusual nor unprecedented.

5.2.3. Asia and Eastern Europe

From 49 radiocarbon-dated subfossil wood samples,
Hiller et al. (2001) found that the alpine tree-limit on
the Khibiny low meountains of the Kola Peninsula was
located at least 100 to 140 m above current tree-hmit
elevation during the relatively warmer time between
1000 and 1300. The summer temperatures correspond-
ing to this tree-line shift during this warm time are esti-
mated to have been at least 0.8°C warmer than today.
Based mostly on documentary evidence, Borisenkov
(1995) noted that Little Ice Age conditions began as
early as the 13th century in Russia with the character-
1stic of frequent chmate extremes both in terms of
severe winters, rainy and cool summers, and sustained
droughts (up to a decade long). Middle Russia (around
90-60°N and 30-50°E) seems to have experienced the
coolest winters around 1620-1680, the coolest sum-
mers-springs around 1860-1900, as well as distinc-
tively warm conditions during the furst half of the 16th
century, similar to conditions for Western Europe
descnbed above. The ground surface temperature his-
tories deduced from boreholes around the Czech
Republic suggest that winters during 1600 and 1700
were the most severe compared to any other winters
since at least 1100 {Bodri & Cermdk 1999). The tem-
perature-depth borehole records also yield a clear
signature of an anomalously warm period for central
Bohemia, especially around 1100-1300.

Bradley and Jones (1993) showed that the mid-17th
centiry was the coldest in China. In NE China, fre-
quent occurrences of extremely dry conditions pre-
vailed during the 16th and 17th centuries (Song 2000).
The dry conditions returned again in the 20th century,
and now cover a wider area (with indications including
the increasing number of days with no discharge from
the Yellow River; but these 20th-century events are
likely to be confused with other man-made factors).
Chan & Shi (2000) further documented the notably
larger number of land-falling typhoons over Guandong
Province in the early-to-mid-19th century based on a
homogeneous set of typhoon records from 1470 to
1931. Using a 8§'0 proxy record from peat cellulose
with 20 yr resolution and various Chinese historical
records, Hong et al. {2000) showed the general cooling
trend in the surface ar temperature during the Little
Ice Age interval in NE China. Hong et al. found 3 of
the coolest minima in the record centered around
1550, 1650 and 1750. An obvious warm period peaked
around 1100-1200, coinciding with the Medieval
Warm Period. The study of documented cultivation of
Citrus reticulata Blanco (a citrus tree) and Boehmeria
nivea (a perennial herb), both subtropical and temper-
ature-sensitive plants, during the last 1300 yr showed
that northern boundaries for these plants had
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shifted and expanded; their northernmost location wias
reached around 1264 (Zhang 1994). Zhang then
deduced that temperature conditions in the 13th cen-
tury around central China must have been about 17C
warmer than present. Ren (1998) found further eyi-
dence from a fossil pollen record at Maili Bog, NE
China, that summer monsoon rainfall from 950 to 12¢0
must have been generally more vigorous in order [to
explain the high deposition of several pollen taxa,
which are otherwise unexplainable by human activity
at those times.

Based on the less precise climate proxies like
cherry blossom viewing dates, lake freezing dates
and historical documentation of climate hazards a

Japan. From the study of number of days with sno
fall relative to days with rainfall, Tagami (19
concluded that the 1ith and 12th centuries were
unusually warm in Japan. During the Little Ice Age,
summers were relatively cool from the 1730s
1750s, in the 1780s, from the 1830s to the 1840s and
in the 1860s, and winters were cold through the
1680s to 1690s, and in the 1730s and 1810s. From the
tree-cellulose 83C record of a giant Japanese cedgr
Cryptomeria japonica grown on Yakushima Island pf
southern Japan, Kitagawa & Matsumoto (1995)
inferred a cool temperature of 2°C below avera
from 1600 to 1700 and a warm period of about 1
above average hetween 800 and 1200.

5.2.4. North America

Overall, the composite summer temperature ano
aly from Bradley & Jones (1993) showed that over
North America the temperature during the 15th to 17th
centuries was 1°C cooler than the average of the r
erence period 1860-1959. Over the southern Sierra
Nevada, California, Graumlich (1993) found that the
coolest 50 y1 interval in the 1000 yr tree-ring proxy
record was around 1595-1644, while the wettest 50 yr
period was 1712-1761. These periods are consistent
with our definition of a discernible climatic anomaly as-
sociated with the Little Ice Age interval of 1300-190D.
Ely et al. (1993) noted from river records in Arizona
and Utah that the most extreme flooding events
occurred during transitions from cool to warm chmate
conditions, especially during the late 1800s to early
1900s. For the Central U.S.A. (33-49°N, 91-109°Wy}),
drought episodes were noted for the 13th to 16th ceuh-
turies (Woodhouse & Overpeck 1998). These drough}s
were of longer duration and greater extent than the

19305-1950s drought. Additionally, both Yu & Ito
{1999) and Dean & Schwalb {2000) pointed to the
cycles of aridity lasting about 400 yr from lake records
of the Northern Great Plamns, where the last dry con-
dition peaked around 1550-1700,

From an extensive collection of multiproxy evi-
dence, Stine (1998) concluded that during the Medi-
eval Warm Peneod prolonged intervals of extreme
drought wisited California, the NW Great Basin,
the northern Rocky Mountains/Great Plains, while
markedly wetter regimes persisted in the upper Mid-
west/sub-Arctic Canada and Southern Alaska/British
Columbia areas. There was also a significant but
brief interval around 1110-1140 when moisture con-
ditions switched from dry to wet in California, the
NW Great Basin, the northern Rocky Mountains/
Great Plains, and from wet to dry in the upper Mid-
west/sub-Arctic Canada and southern Alaska/British
Columbia. The most likely explanation for this rapid
and dramatic switch from wet to dry conditions in
the upper Midwestern U.S. around 1100 is the con-
traction and subsequent expansion of the circumpo-
lar vortex. Summer polar fronts shifted significantly
southward, and stopped the penetrahon of moisture-
laden arr from the Gulf of Mexico (Bryson et al
1965), Stme (1998) added the requirement of a con-
comitant jet-stream change, from zenal to azonal, in
order to explain the distinct observed differences of
the moisture patterns between the upper Midwest
and southern Alaska/British Columbia. Graumlich
(1893)'s reconstruction of summer temperature and
winter precipitation from trees in the Sierra Nevada
confirmed the overall warm and dry conditions
for California durning medieval times, when the 2
warmest and the 2 driest 50 yr intervals occurred,
at 1118-1167, 1245-1294 and 1250-1299, 1315-1364,
respectively.

Hu et al. (2001), based on their high-resolution (mul-
tidecadal) geochemical analysis of sediments from
Farewell Lake by the NW foothills of the Alaska
Range, also found pronounced signatures of the
Medieval Warm Period around 850-1200. Dunng the
Little Ice Age the surface water temperature of
Farewell Lake suffered a low in 1700 calibrated to be
about 1.75°C cooler than present. They also noted
that colder periods were in general wetter {in contrast
to dner conditions during Little Ice Age in the Central
U.S. region described above) than the warm periods
mn this part of NW Alaska. On the Yucatan Penin-
sula, prolonged drought episedes recur approximately
every 208 yr, with the 2 most significant recent peaks
centered around 800 and 1020 {(Hodell et al. 2001). The
timing of severe droughts also seems to fit several
known discontinuities in the evolution of the Mayan
culture.
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5.3. Southern Hemisphere

Figs. 1-3 highlight the sparse coverage of the South-
ern Hemisphere by proxy climatic information through
the 2nd millennium.

5.3.1. New Zealand

In New Zealand, the §'®0 concentration 1 a stalag-
mite record from a cave mm NW Nelson showed t
coldest times during the Little Ice Age to be around
1600-1700, while exceptionally warm temperaturgs
occurred around 1200-1400, 1 association with the
general phenomenology of the Medieval Warm Peried
(Wilson et al. 1979). The cooling anomaly around
1600-1700 apparent in the $'¥Q stalagmite record
comcides with the smallest growth ring (1.e. coolest
penod) for the silver pine Lagarostrobus colensoi fro
Mangawhero of the North Island. However, at Ahaura
in the South Island, the smallest ring width index of the
600 yr record occurred about 1500-1550 (D'Arrigo gt
al. 1998). Williams et al. (1999) advise caution in int;
preting stable isotope data from New Zealand, espe-
cially the correctional functional relations among
temperature, precipitation and §%0 data (which are
strongly influenced by oceans surrounding Ne
Zealand) from Waitomo, North Island’s speleothems.
The mean annual temperatures at Waitomo fro
1430-1670 were deduced, based on the analysis
50 data from Max's cave stalagmite, to be aboiit
0.8°C cooler than today.

5.3.2. South Africa

Tyson et al. (2000) showed through isotopic measure-
ments in speleothem that the intenor region of South
Africa, near the Makapansgat Valley (eastern part pf
South Africa), had a maximum cooling of about 1°
around 1700 compared to the present. This cooling fea-
ture corresponds well with the maximum cooling signeal
contained in a coral record from SW Madagascar
(Tyson et al. 2000). Tyson & Lindesay (1992) showad
that the Little Ice Age in Scuth Africa had 2 major cooll-
ing phases, around 1300-1500 and 1675-1850, wath|a
sudden warming interval between 1500 and 1675. In
addition, Tyson & Lindesay suggested a weakening of
the tropical easterhes that increased the incidence of
drought during the Little Ice Age in South Africa—with
a relatively drier condition for the summer ramnfall re-
gion m the northeast, but a wetter condition for the
winter rainfall region near the coastal Mediterranean
zone in the southwest. At Makapansgat Valley, the
Medieval Warm Period peaked with a temperatuge

about 3-4°C warmer than present around 1200-1300
(Tyson et al. 2000). The multiproxy review by Tyson &
Lindesay (1992) showed evidence for a wetter South
Afnca after 1000, when forest and wetland become
more extensive, mcluding the development of a nver-
ine forest in the northern Namib desert along the
Hoanib nver during the 11th-13th centuries.

5.3.3. South America

Over southern Scuth America's Patagonia, the Little
Ice Age's climatic anomalies, as deduced from tree ring
records, were manifest as cold and meist summers with
the most notable, persistent century-long wet intervals
centered around 1340 and 1610 (Villalba 1994). From
a multiproxy study of lacustrine sediments at Lake
Aculeoc (about 34°5; 50 km southeast of Santiago,
Chile), Jenny et al. (2002) found a period of greatly
mcreased flood events centered around 1400-1600
(and in 3 other intervals: 200-400, 500-700 and
1850-1998), which could be interpreted as increased
winter rains from enhanced mid-latitude westerlies
that ushered in more frontal system activities. In con-
trast, during the Medieval Warm Period, the southern
Patagonia region at latitudes between 47 and 51°S be-
came abnormally dry for several centuries before 1130
when water levels in several lakes (Lake Argentino,
Lake Cardiel and Lake Ghio) dropped significantly.
Also, trees like the southern beech Nothofagus sp.
grew as old as 100 yr in the basin of these lakes before
being killed by reflooding of the lakes (Stine 1994).

Slightly north toward the central region of Argentina
(around Cérdoba Province), Carignane (1999), Cioccale
(1999) and Iriondo (1999) noted the prevailing conditions
for the advancement of the Andean glaciers during the
Little Ice Age, with 2 distinct cold and dry intervals
around the 15th to 16th, and the 18th to the early 19th
centuries. The significant climate aridification and de-
terioration in central Argentina (in contrast to the more
humid conditions and increased flood frequency in cen-
tral Chile near Lake Aculeo) during the Little Ice Age -
terval is supported by the formation of large, parabolic
sand dunes 150-200 m long, 60-80 m wide, and 2--3m
high in the Salinas Grandes basm {Carignanc 1999).
Meanwhile the Mar Chiquita Lake was transformed into
a swamp surrounded by dunes in the 18th century. Today
Mar Chiquita is the largest lake 1 Argentina, covering a
surface area of 6000 km? and with a depth of 13 m (Iri-
ondo 1998). The climatic conditions during the Medieval
Warm Period around Central Argentina were generally
warmer and more humid than at other times in the 2nd
millennum, when the dune fields were conquered by
lakes and the Mar Chiquita Lake expanded beyond its
present dimensions. Precipitation exceeded current val-
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ues, and the mean local temperature may have bepn
about 2.5°C warmer, perhaps because of the southward
shift of the tropical climate belt into this area (Iricndo
1999). The northern part of Cérdoba Province was in-
vaded by the eastern boundary of the Chaco Forest,
which is located hundreds of kms to the northwest today
(Carignano 1999}. Cioccale (1999) noted evidence of ];Iu-
man cultivation of hillside areas in Central Andes, Peru,
at places as high as 4300 m above sea level around 1000,

5.3.4. Antarctica

The last important source of geographical informa-
tion for conditions during the Medieval Warm Penpd
and the Little Ice Age in the southern hemisphere|is
obtained from glaciers, ice cores and sea sediments
studies on and around Antarctica. Although many
notable physical, biological and environmental changes
have recently occurred there, especially around the
Antarctic Peninsula during the last 50 yr (Mercer 1978,
Thomas et al. 1979, Rott et al. 1996, Vaughan & Doake
1996, Smith et al. 1999, Doran et al. 2002, Marshall et
al. 2002), most of the 20th-century changes contained
in the proxy records discussed here cannot be consid-
ered extreme or unusual {see Fig. 3, also Vaughan |&
Doake 1996, D. Evans 2000).

For the Little Ice Age, advances of glaciers in South
Georgia Island, which is currently half-covered by
glaciers, began after the late 13th century, with a peak
advancement around the 18th-20th centuries (Clap-
perton et al. 1989). Glacier retreats occurred after
about 1000, which corresponds to the timing for the
Medieval Warm Period. Baroni & Orombelli (1994)
described a similar sequence for glacier advances and
retreats during the Little Ice Age and Medieval Warm
Penod for the Edmonson Point glacier at the Terra
Nova Bay area of Victoria Land on the Antarctic confi-
nent (East Antarctica). The Edmonson Pomt glacier
retreated in 2 distinct phases, around 920-1020 and
1270-1400, and then advanced at least 150 m after the
15th century. Isotopic thermometry from ice cores at
Dome C (74.65°5, 124.17°E, elevation 3240 m) and
Law Dome (66.73°5, 112.83°E, elevation 1390 m) both

e
t

indicate cooler and warmer anomalies for the Little Ig
Age and Medieval Warm Period respectively {Benoi
et al. 1982, Morgan 1985). High-resolution records of
magnetic susceptibility from deep sea cores (Domack
& Mayewski 1999, Domack et al. 2001) drilled near
Palmer Deep site (64.86°S, 64.21°W) off the Anf-
arctic Peninsula also show a marked increased, in bio-
productivity, hence a decrease in magnetic suscepti-
bility because of dilution of the magnetite, with a pedk
centered around 1000-1100 yr BP. This observatign
probably implied warm temperatures and minimal

sea-ice conditions, comnciding with the Medieval Warm
Penod. In the same record, Domack and colleagues
found a decrease in bic-productivity, hence an in-
crease in magnetic susceptibility owing to less dilution
of the magnetic minerals by biogenic materials, from
about 700 to 100 yr BP. This ime period corresponds to
the Little Ice Age of ca. 14th—19th centuries and is
Iikely to have been accompanied by cool and windy
conditions. Abundance analyses of Na+ sea salt in the
ice core from Siple Dome (81.65°S, 148,81°W) also
confirm the Little Ice Age anomaly characterized by
substantial variability in the strength of meridional cir-
culation that extended between 1400 and 1900 {Kreutz
et al. 1997),

But there are also indications for significant regional
ditferences in climatic anomalies associated with the 2
phenomena at Antarctica. The temperature at Siple
Station (75.92°S, 84.25°W, elevation 1054 m) was
relatively warm froin the 15th to early 19th centunes
{although there were also noticeable decade-long
cooling dips centered around 1525, 1600 and 1750;
Mosley-Thompson 1995). The 400 yr isotopic tem-
perature inferred from a core at the Dalinger Dome
(64.22° 8, 57.68°W, elevation 1640 m) on James Ross -
Island, off the Antarctic Penmsula, alse showed
1750-1850 to be the warmest interval, iollowed by a
cooling of about 2°C since 1850 and continuing to 1980
{Aristarain et al. 1990). A recent borehole tempera-
ture reconstruction from Taylor Dome, east Antarctica
(77.8°S, 158.72°E, elevation 2374 m), also reported the
same inverted temperature anomahes, during which
the Little Ice Age interval was about 2°C warmer, while
the coldest temperature of the past 4000 yr was reached
around 1000 (Clow & Waddington 1999); note that we
have omitted these discussions in our Table 1 or Figs. 1
to 3 because the results are claimed as prelininary and
they were only presented in a conference abstract.

6. DISCUSSION

The widespread geographical evidence assembled
here supports the existence of both the Little Ice Age
and the Medieval Warm Period, and should serve as
useful valhdation targets for any reconstruction of
global climate history of the last 1000 yr. Our results
suggest a different interpretation of the multiproxy cli-
mates compared to recent conclusions of Mann et al.
(1998, 1999, 2000). Because the calibration of proxy
indicators to instrumental data 1s still a matter of open-
ended research (with differing sensitivities not only for
the same proxy at different locations but also for differ-
ent proxies at the same location), it is premature to
select a year or decade as the warmest or coldest in a
multiproxy-based record.
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Barnett et al. (1999) has pointed out that 1t is impgs-
sible to use available instrumental records to provige
estimates for the multi-decadal and century-long type
of natural climatic variations, owing to the specific
period and short duration of instrumental recor
Thus, paleo-proxies remain the only hope for assessi
the amplitude and pattern of climatic and environm
tal change in the pre-anthropogenic era. We agr
with Barnett et al. (1999) that each proxy should be
studied first in terms of local change before sevetal
records can be combined for regional and larger spa-
tial-scale analyses and interpretations. The conclusipn
denves mainly from the real possibility of non-statiop-
arity in the proxy-climate calibration to mstrumental
records, the lack of adequate superposition rules given
variability in each type of proxy, as well as the lack pof
clear physical understanding on the multidecadal cli-
mate variability from theoretical or empirical studigs.

All current calibration of proxies to large-scale instrp-
mental measurements have been mamly valid over
phases of rising temperature (Ogilvie & Jénsson 2001).
The concern is that a different calibration response arisgs
when the procedure is extended to an untested climate
regime associated with a persistent cooling phase. Evans
et al. (2002) worried about the reality of spunous
frequency evolution that may contaminate a multiproxy
reconstruction, in which the type of proxy data changes
over time and no sufficient overlap of proxy data exists
for a proper inter-proxy calibration/validation procg-
dure, In other words, each proxy may have its distnct
frequency response function, which could confuse the
interpretation of climate variability. Finally, another
concern is the lack of understanding of the air-se¢a
relationship at the multidecadal timescale, even in the
reasonably well observed region of the North Atlantic
(Hékkinen 2000, Seager et al. 2000, Marshall et al. 200
Slonosky & Yiou 2001, von Storch et al. 2001).

Briffa (2000) concluded that dendroclimatological
records may support ‘the notion that the last 100 years
have been unusually warm, at least within the context
of the last two millenma’ Slightly later, Briffa et 4l.
(2001), by adopting a new analysis procedure that
secks to preserve greater, long timescale vanability
(which shows a notable increase 1n variance at tHe
24-37 yr timescale compared with a previous stan-
dardization procedure) in their tree-ring density data
than previously possible, stated that the 20th century |s
the globally warmest century of the last 600 yr. This
conclusion is consistent with the borehole reconstruc
tion results of Huang et al. (2000). However, longer
and more carefully reconstructed tree-ring chronol
gies from Esper et al. {2002) showed that the Medieval
Warm Period was as warm as the 20th century for at
least a region covenng the Northern Hemuspher
extratropics from about 30 to 70°N,

U]

An important aspect of both the Briffa et al. (2001)
and Esper et al. {2002) studies is the new derivation of
formal, time-dependent standard errors for their tem-
perature reconstructions, amounting to about +0.1 to
0.3°C from 1000 through 1960 (see also Jones et al.
1999, 2001). This assignment of standard errors con-
trasts with those assigned in Mann et al.'s (1999) an-
nually-resolved series, where the uncertainties were
assigned only for pre-instrumental data points in their
original publication (that assumption of ‘error-free’ in-
strumental thermometer data is incorrect—see Jones
et al. 1999, Folland et al. 2001). Over the full 2nd mil-
lennium, Esper et al. (2002) deduced a slightly larger
range in their confidence limits after 1950 (compared
to the pre-1950 interval extending back to 800) and
attributed those mgher uncertamties to the accounting
for the anomalous modern rning-growth problem (Gray-
bill & Idso 1993, Jacoby & D'Arrigo 1995, Briffa et al.
1998, Feng 1999, Barber et al. 2000, Jacoby et al. 2000,
Knapp et al. 2001).

7. CONCLUSION

‘Many wnteresting questions on the geographical
nature and physical factors of surface temperature
or precipitation changes over the last 1000 yr cannot
be quantitatively and conclusively answered by cur-
rent knowledge. The adopted period of 1000 yr is
strictly a convenience that merits little scientific
weight.

Climate proxy research provides an aggregate, broad
perspective on questions regarding the reality of Little
Ice Age, Medieval Warm Period and the 20th century
surface thermometer glebal warming. The picture
emerges from many localities that both the Little Ice
Age and Medieval Warm epoch are widespread and
near-synchronous phenomena, as conceived by Bryson
et al. (1963), Lamb (1965) and numerous researchers
since. Overall, the 20th century does not contain the
warmest anomaly of the past millennium in most of the
proxy records, which have been sampled world-wide.
Past researchers implied that unusual 20th century
warming means a global human impact. However, the
proxies show that the 20th century is not unusually
warm or extreme.

The lack of unusual warmth in the 20th century does
not argue against human impacts on local and regional
scales (perhaps on scales as small as 10 to 1000 km? for
precipitation and 10! to 10° km® for temperature).
Recently, Lawton et al. {2001) demonstrated how the
deforested areas of tropical lowlands can, in com-
bination with faverable topegraphical conditions and
altered atmosphernc aur flow across the landscape, sig-
nificantly raise the bases of convective and orographic
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clouds around the Monteverde montane cloud forests
of Costa Rica during the dry season, and thus drasti-
cally impact local ecosystems. It 1s thus clear that
human activity affects local environment and climate.
On the other hand, A. T. Grove (2001) advised cautipn
when interpreting dubious claums about the demingnt
role played by human activity such as in deforestatign,
agricultural expansion and population growth on gdo-
morphological changes in Mediterranean Europe. |In
particular, A. T. Grove (2001) showed that the wie
spread occurrence of the medieval fluvial terrace
called the 'younger fill' around Mediterranean Europe
was more powerfully influenced by increased fre-
quency of deluges durning Alpine glacier advanges
associated with the Little Ice Age than by seil erosi bn
and rapid sedimentation caused by deforestation.

Acknowledgements. This work was supported by funds from
the American Petroleum Institute (01-0000-4579), the Adr
Force Office of Scientific Research (Grant AF49620-0211-
0194) and the National Aeronautics and Space Administration
(Grant NAGS5-7635). The views expressed herein are those|of
the authors and are independent of the sponsoring agencigs.
We have benefitted greatly from the true and kind spint|of
research communications (including a preview of their
thoughts) with the late Jean Grove {(who passed away on Jan-
uary 18, 2001), Dave Evans, Shaopeng Huang, Jiun Kennett,
Yoshio Tagami and Referee #3. We thank John Daly, Diape
Douglas-Dalziel, Craig and Keith Idse for their unselfish can-
tributions to the references. We also thank the Editor, Chps
de Freitas, for very helpiul editonal changes that improved
the manuscript. We are very grateful to Maria McEachein,
Melissa Hilbert, Barbara Palmer and Will Graves for invalu-
able library help, and both Philp Gonzalez and Lisa Linafte
for cructal all-around help.

LITERATURE CITED

Andrén E, Andrén T, Sohlenius G (2000) The Holocene hjs-
tory of the southwestern Baltic Sea as reflected in sedi-
ment core from the Bornholm Basin. Boreas 29:233-250

Aristarain AJ, Jouzel J, Lorius C (1990) A 400 years isotope
record of the Antarctic Peminsula climate. Geophys Res
Lett 17:2369-2372

Arseneault D, Payette S (1997) Reconstruction of millennjal
forest dynamics from tree remains in a subarctic tree lipe
peatland. Ecolegy 78:1873-1883

Aykroyd RG, Lucy D, Pollard AM, Carter AHC, Robertsof [
{2001} Temporal vanability in the strength of the proxy-
climate correlations. Geophys Res Lett 28:1559-1562

Barber VA, Juday GP, Finney BP (2000) Reduced growth|of
Alaskan white spruce in the twentieth century from tem-
perature-induced drought stress. Nature 405:668-673

Barclay DJ, Wiles GC, Calkin PE (1999) A 1119-year trge-
ring-width chronology from western Prince Willigm
Sound, scuthern Alaska. Holocene $:79-84

Barlow LK, Sadler JP, Ogilvie AEJ, Buckland PC and 5 others
{1997} Interdisciplinary investigations of the end of the
Norse Western Settlement in Greenland. Holocepe
7:489-499

Barnett T, Hasselmann K, Chelliah M, Delworth T and 7 oth-
ers (1999) Detection and attnbution of recent clitmgte

change: a status report. Bull Am Meteor Soc 80:2631-2659

Bareni C, Orombelli G {1994} Holocene glacier variations in
the Terra Nova Bay area (Victoria Land, Antarctica).
Antarctic Sci 6:497-505

Beltramu H, Taylor AE (1995) Records of climatic change in
the Canadian Arctic: towards calibrating oxygen iso-
tope data with geothermal data. Glob Planet Change 11:
127-138

Beltrami H, Chapman DS, Archambault S, Bergeron Y (1995)
Reconstruction of high resclution ground temperature
histeries combining dendrochronological and geothermal
data. Earth Planet Sci Lett 136:437-445

Beltramu H, Wang J, Bras RL {(2000) Energy balance at the
Earth's surface: heat flux history in eastern Canada. Geo-
phys Res Lett 27:3385-3388

Benoist JP, Jouzel J, Lorius C, Merlivat L, Pourchet M (1982)
Isotope climatic record over the last 2.5 Ka from Dome C,
Antarctica, ice cores. Ann Glaciology 3:17-22

Bernabo JC {1981) Quantitative estimates of temperature
changes over the last 2700 years in Michigan based on
pollen data. Quat Res 15:143-159

Bianchi GG, McCave IN (1999) Holocene periodicity in North
Atlantic climate and deep-ocean flow south of Ireland.
Nature 397: 515-51%7

Biondi F, Perkins DL, Cayan DR, Hughes MK (1999) July tem-
perature during the second millennium reconstructed
from Idaho tree rings. Geophys Res Lett 26: 1445-1448

Black DE, Peterson LC, Overpeck JT, Kaplan A, Evans MN,
Kashganan M (1998) Eight centuries of North Atlantic
Ocean atmosphere variability. Science 286: 1709-1713

Blackford JJ, Chambers FM (1995) Proxy climate record for
the last 1000 years from Irish blanket peat and a possible
Iink to solar vanability. Earth Planet Sci Lett 133:145-150

Bodri L, Cermak (1999) Climate change of the last millennium
inferred from borehole temperatures: regional patterns of
climatic changes in the Czech Republic. Part III. Glob
Planet Change 21:225-235

Bond G, Showers W, Cheseby M, Lotti R and 6 others (1997) A
pervasive millennial-scale cycle in North Atlantic
holocene and glacial chmates. Science 278:1257-1266

Bond G, Showers W, Elliot M, Evans M, Lotti R, Hajdas [,
Bonani G, Johnson S {1999) The North Atlantic's 1-2 kyr
chmate rhythm: relation to Heinrich events, Dansgaard/
Oeschger cycles and the little ice age. In Clark PU, Webh
RS, Keigwin LD (eds) Mechanisms of global climate
change at millennial time scales, Vol 112. American Geo-
physical Union Press, Washington DC, p 35-58

Borisenkov YeP (1995) Documentary evidence from the
U.5.8.R. In: Bradley RS, Jones PD (eds) Climate since A.D.
1500. Routledge, New York, p 171-183

Bradley RS, Jones PD {1993) ‘Little Ice Age' summer temper-
ature variations: their nature and relevance to recent
global warming trends. Holocene 3:367--376

Bradley RS, Briffa KR, Crowley TJ, Hughes MK, Jones PD,
Mann ME (2001} The scope of Medieval Warming, Sci-
ence 292:2011-2012

Bnita KR (2000) Annual climate variability in the Holocene:
interpreting the message of ancient trees. Quat Sc1 Rev 19:
87-105

Briffa KR, Jones PD, Bartholin TS, Eckstein D, Schweingruber
FH, Karlen W, Zetterberg P, Eronen M (1992) Fennoscan-
dian summers from AD 500: temperature changes on short
and long timescales. Clim Dyn 7:111-119

Bnffa KR, Schweingruber FH, Jones PD, Osborn TJ, Harris
IC, Shiyatov SG, Vaganov EA, Grudd H {1998) Trees tell of
past climates: but are they speaking less clearly today?
Phil Trans R Soc Lond B 353:65-73




106 Clim Res 23: 89-110, 2003

Briffa KR, Osborn TJ, Schweingruber FH, Harris IC, Jonhes
PD, Shiyatov SG, Vaganov EA {2001) Low-frequency tgm-
perature variations from a northern tree-ring density rjet-
work. J Geophys Res 106:2929-2041

Broecker WS (2001} Was the medieval warm period glohal?
Science 291:1497-1499

Bryson RA (1985) On climatic analogs 1n paleoclimatic recon-
struction. Quat Res 23:275-286

Bryson RA, Bryson RU (1997) High resclution simulations of
regional holocene climate: North Africa and the Near East.
In: Dalfes HN, Kukla G, Weiss H (eds) Third millenium BC
climate change and the Old World collapse. NATO ASI
Series, Vol. 149. Springer-Verlag, Heidelberg, p 565-593

Bryson RA, Arakawa H, Aschmann HH, Baerris DA and|36
others (1963) NCAR Technical Note In: Bryson RA, Julian|PR
{eds} Proc Conf Climate of the 11th and 16th Centuries, As-
pen CO, June 16-24 1962, National Center for Atmosphgric
Research Technical Notes 63-1, Boulder CO

Bryson RA, Irving WN, Larsen JA (1965) Radiocarbon and goil
evidence of former forest in the Southern Canadian Tyin-
dra. Science 147:46-48

Calkin PE, Wiles GC, Barclay DJ (2001) Holocene coastal

glaciation of Alaska. Quat Sc1 Rev 20:449-461
Carignano CA (1899) Late Pleistocene to recent climatic
chance in Cérdoba Province, Argentina; geomorpholog-
cal evidence. Quat Int 57-58:117-134
Chan JCL, Shi JE (2000) Frequency of typhoon landiall
over Guangdong province of China during the period
1470-1931. Int J Clim 20:183-190
Cioccale MA (1999) Climatic fluctuations in the central region
of Argentina in the last 1000 years. Quat Int 62:35-47
Clapperton CM, Sugden DE, Birmte J, Wilson MJ (1889) Late-
glacial and holecene glacier fluctuations and environmen-
tal change on South Georgua, Southern Ocean. Quat Res
31:210-228
Clow GD {1992) The extent of temporal smeanng in surfage-
temperature histories derived from borehcle temperature
measurements. Palaeogecgr Palaeoclim Palaeoecol P8:
81-86
Clow GD, Waddington ED (1999} Quantification of natural ¢li-
mate vanabilhty in Central Greenland and East Antarctjca
using borehole paleothermometry (abstract). International
Union of Geodesy and Geophysics XXII General Assem-
bly Abstract Book: B249, Birmingham UK
Cohen AL, Tyson PD (1995) Sea-surface temperature fluctya-
tions during the Holocene off the socuth coast of Afnca: im-
plications for terrestrial climate and rainfall. Holocene| 5:
304-312
Collins M, Osborn TJ, Tett SFB, Briffa KR, Schweingruber FH
(2002) A comparison of the variability of a climate moglel
with palectemperature estimates from a network of tree-
ring indices. J Clim 15:1497-1515
Cook ER, Buckley BM, D'Arrigo RD, Peterson MJ (2000)
Warm-season temperatures since 1600 BC reconstructed
from Tasmanian tree rings and their relationship to large-
scale sea surface temperature anomales. Chim Dyn ]6:
79-91
Cowling SA, Skyes MT (1999) Physiological sigmficance|of
low atmospheric CO,; for plant-climate interactions. Quat
Res 52:237-242 (See additional research exchanges|in
Quat Res 53:402-404 and Quat Res 53:405-406)
Crowley TJ, Lowery TS (2000) How warm was the medieyal
warm period? Ambio 29:51-54
Dahl-Jensen D, Mosegaard K, Gundestrup N, Glow QD,
Johnsen 5J, Hansen AW, Balling N (1998} Past tempeta-
tures directly from the Greenland ice sheet. Science
282:268-271

Dansgaard W, Johnsen SJ, Reeh N, Gundestrup N, Clausen
HE, Hammer CU (1975) Climatic changes, Norsemen and
modern man. Nature 255:24-28

D’Arrigo RD, Cook ER, Salinger J, Palmer J, Buckley BM,
Krusic PJ, Villalba R (1998} Tree-ring records from New
Zealand: long-term context for recent warming trend.
Chim Dyn 14:191-199

D'Arrigo RD, Jacoby G, Frank D, Pederson N and 5 others
(2001) 1738 years of Mongolian temperature variability
inferred from a tree-ring width chronology of Siberian
Pine. Geophys Res Lett 28:543-546

Dawvis OK (1994) The correlation of summer precipitation in
the southwestern USA with 1sotopic records of solar activ-
ity during the Medieval Warm Penod. Clim Change 26:
271-287

Dean WE, Schwalb A (2000) Holocene environmental and cli-
matic change 1 the Northern Great Plains as recorded
the geochemistry of sediments in Pickerel Lake, South
Dakota. Quat Int 67:5-20

deMenocal P (2001) Cultural responses to climate change
during the late Holocene, Science 292:667-673

deMenocal P, Ortiz J, Guilderson T, Sarnthemn M (2000)
Coherent high- and low-latitude climate variabilty dunng
the Holocene warm period. Science 288;2198-2202

Domack EW, Mayewski PA (1999) Bi-polar ocean linkages:
evidence from late-holocene Antarctic marine and Green-
land ice-core records. Holocene 9:247-25%

Domack E, Leventer A, Dunbar R, Taylor F, Brackfeld S, Spun-
neskog C plus ODP Leg 178 Team (2001} Chronology of
the Palmer Deep site, Antarctic Peninsula: a holocene
palaecenvironmental reference for the circum-Antarctic.
Holocene 11:1-9

Deran PT, Priscu JC, Lyons WB, Walsh JE and 9 others (2002)
Antarctic climate cooling and terrestrial ecosystem
response., Nature 415:517-520 (see also exchanges
between Turner et al. and Walsh, Doran et al. (2002) in
Recent temperature trends in the Antarctic. Nature
418:291-292)

Druffel EM (1982} Banded corals: Changes in Oceanic car-
bon-14 during the Little Ice Age. Science 218:13-19

Dyurgerov MB, Meiler MF (2000) Twentieth century climate
change: evidence from small glaciers. Proc Natl Acad Sa
USA 97:1406-1411

Ely LL, Enzel Y, Baker VR, Cayan DR {1993) A 5000-year
record of extreme floods and climate change in the south-
western United States. Science 262:410-412

Esper J, Cook ER, Schweingruber FH (2002) Low-frequency
signals in long tree-ring chronologies for reconstructing
past temperature vanability. Science 295:2250-2253

Evans DJA (2000) Ice 1n a greenhouse: the impacts of global
warming on world glacier cover. Trans Inst Engineers and
Shipbuilders in Scotland 143:11-19

Evans MN, Kaplan A, Cane MA, Villalba R {2000) Globality
and optimality in chimate field reconstructions from proxy
data. In: Markgraf V (ed) Inter-hemispheric climate link-
ages. Academic Press, San Dhego, CA p 53-72

Evans MN, Kaplan A, Cane MA (2002) Pacific sea surface
temperature field reconstruction from coral §'®0 data using
reduced space objective analysis. Paleocean 17:10.1029/
2000PA000590

Feng X (1999) Trends m intrinsic water-use efficiency of
natural trees for the past 100-200 years. Geochimica et
Cosmochim Acta 63:1891-1903

Feng X, Epstein 5 (1994) Climatic implications of an 8000-
year hydrogen isotope time series from Bristlecone Pine
trees, Science 265:1079-1081

Filippr ML, Lambert P, Hunziker J, Kiibler B, Bernasconi S




Soon & Baliunas: Climatic and erfvironmental changes of the past 1000 years 107

(1999) Climatic and anthropogenic influence on the stable
isotope record from bulk carbonates and ostracodes|in
Lake Neuchdtel, Switzerland, during the last two millerjia.
J Paleohm 21:19-34
Folland CK, Raynher NA, Brown 5J, Smith TM and 7 others
(2001) Global temperature change and its uncertaintjes
since 1861. Geophys Res Lett 28:2621-2624
Graumlich LJ (1993) A 1000-year record of temperature and
precipitation in the Sierra Nevada. Quat Res 39:249-255
Graybill DA, Idso SB (1993) Detecting the aerial fertihzation
effect of atmospheric CO; enrichment in tree-ring chrono-
logies. Glob BioGeoChem Cyc 7:81-95
Grissino-Mayer HD {1996} A 2129-year reconstruction of pre-
cipitation for northwestern New Mexico, USA. In Dean
JS, Meko DM, Swetnam TW (eds}) Tree rings, envirgn-
ment and humanity , Radiocarbon (U Arizona Press), Tuc-
son, p 191-204°
Grove AT (2001) The ‘'Little Ice Age' and its geomorphologital
consequences in Mediterranean Europe. Clim Change 48:
121-136
Grove JM (1996) The century time-scale. In: Dnver TS, Chap-
man GP (eds) Time-scales and environmental change.
Routledge, London p 39-87
Grove JM (2001a) The mmtfiation of the Little Ice Age|in
regions round the Nerth Atlantic. Clim Change 48:53-82
Grove JM (2001b) The onset of the Little Ice Age. In: Jories
PD, Ogilvie AEJ, Davies TD, Briffa KR (eds) History apd
chmate—memeories of the future? Kluwer Acadenuc
Publishers, New York p 153-185
Grove JM, Conterio A (1995) The climate of Crete in the
sixteenth and seventeenth centuries. Clim Change 30:
223-247
Grove JM, Switsur R {1994) Glacial geclogical evidence for
the medieval warm period, Clim Change 26:143-169
Hadly EA (1996) Influence of late-Holocene chmate on North-
ern Rocky Mountain mammals. Quat Res 46:289-310
Hikkinen S (2000} Decadal air-sea interaction in the Notth
Atlantic based on observaticns and meodeling results.
J Clim 13:1195-1219
Hansen J, Ruedy R, Glascoe J, Sato M (1999) GISS analypis
of surface temperature change. J Geophys Res 104:
3099731022
Harris RN, Chapman DS (2001) Mid-latitude (30° to 60° N) qli-
matic warming inferred by combining borehole tempera-
tures with surface air temperatures. Geophys Res Lptt
28:747-750
Haug GH, Hughen KA, Sigman DM, Peterson LC, R6hk| U
{2001) Southward migration of the interiropical conver-
gence zone through the holocene. Science 293:1304-1308
Hendy EJ, Gagan MK, Alibert CA, McCulloch MT, Lough
JM, Isdale PJ (2002) Abrupt decrease in tropical Pacific
sea surface sahnity at end of Little Ice Age. Scierjce
295:1511-1514
Hiller A, Boettger T, Kremenetski C (2001) Mediaeval ¢li-
matic warming recorded by radiocarbon date alpine tre¢e-
lne shift on the Kola Peninsula, Russia. Holocene ]1:
491-497
Hodell DA, Brenner M, Curtis JH, Guilderson T (2001) Solar
forcang of drought frequency in the Maya lowlangs.
Science 292:1367-1370
Holzhauser H (1997) Fluctuations of the Grosser Aletdch
Glacier and the Groner Glacier during the last 3200 yedrs:
New results. In Frenzel B, Boulton GS, Glser B, Huckriede
U (eds) Glacier fluctuations during the Holocene,
Akademie der Wissenschaften und der Literatur, p 35458
Hong YT, Jiang HB, Liu TS, Zhou LP and 5 others (2000)
Response of climate to solar forcing recorded 1n a 6040-

year 8'%0 time-series of Chinese peat cellulose. Holocene
10:1-7

Hu F§, Ito E, Brown TA, Curry BB, Engstrom DR (2001} Pro-
nounced climatic variations in Alaska dunng the last two
mullema. Proc Natl Acad Sci USA 98:10552-10556

Huang S, Shen PY, Pollack HN (1996} Deriving century-long
trends of surface temperature change from borehole tem-
peratures. Geophys Res Lett 23:257--260

Huang S, Pollack HN, Shen PY (1997) Late Quaternary tem-
perature changes seen in the world-wide continental heat
flow measurements. Geephys Res Lett 24:1947-1950

Huang S, Pollack HN, Shen PY (2000) Temperature trends
over the past five centuries reconstructed from borehole
temperatures, Nature 403:756-758

Huffman TN (1996) Archaeological evidence for climatic
change during the last 2000 years in Southern Africa, Quat
Int 33:55-60

Hughes MK, Diaz HF (1994) Was there a 'Medieval Warm
Period', if so, where and when? Clim Change 26:109-142

Idso SB (1989) Letter to the editor—a problem for paleo-
climatology? Quat Res 31:433-434

Ingram MJ, Underhill DJ, Wigley TML {1978) Historical cli-
matelogy. Nature 276:329-334

Iricnde M (1999) Chmatic changes i the South American
plains: records of a continent-scale oscillation. Quat Int
57-38:93-112

Jacoby GC, D'Arrigo RD (1995) Tree-ring width and density
evidence for clmatic and potential forest change in
Alaska. Glob Biogeochem Cyc 9:227-234

Jacoby GC, D'Arrigo RD, Davaajamts T (1996) Mongolian
tree rings and 20th-century warming. Science 273:
FF1-773

Jacoby GC, Lovelius NV, Shumilov OI, Raspopov OM, Kar-
bainov JM, Frank DC (2000) Long-term temperature
trends and iree growth in the Taymir region of northern
Siberia. Quat Res 53:312-318

Jennings AE, Wemer NJ (1996) Environmental change 1n
eastern Greenland during the last 1300 years: evidence
from foraminifera and lithofacies in Nansen Fjord, 68°N.
Holocene 6:171-191

Jenny B, Valero-Garces B, Urrutia R, Kelts K, Veit H, Appleby
PG, Geyh M (2002} Moisture changes and fluctuations of
the Westerlies in Mediterranean Central Chile during the
last 2000 years: the Laguna Aculeo record (33°-50°S).
Quat Int 87:3-18

Johnson TC, Barry S, Chan Y, Wilkinson P {2001} Decadal
record of climate variability spanning the past 700 yr in
the Southern tropics of East Africa. Geology 29:83-86

Jones PD, Briffa KR, Barnett TP, Tett SFB (1998} High-
resclution palaeocclimatic records for the last millennium:
interpretation, integration and comparison with General
Circulation Model control-run temperatures. Holocene 8:
455-471

Jones PD, New M, Parker DE, Martin S, Rigor IG (1999) Sur-
face air temperatures and its changes over the past 150
years. Rev Geophys 37:173-19%

Jones PD, Osborn TJ, Briffa KR {2001) The evolution of ch-
mate over the last millenmum. Science 292:662-667

Karlén W (1998) Climate vanations and the enhanced green-
house effect. Ambio 27: 270274

Karldf L, Winther JG, Isaksson B, Kohler JF and 10 others
(2000} A 1500 year record of accumulation at Armund-
senisen western Dronning Maud Land, Antarctica,
derived from electrical and radioactive measurements on
a4 120 mice core. J Geophys Res 105: 12471—12483

Kaser G (1999) A review of the modern fluctuations of tropical
glaciers. Glob Planet Change 22:93-103




108 Chin Res 23:

85-110, 2003

Keigwin LD (1996} The httle 1ce age and medieval warm
period in the Sargasso Sea. Saence 274:1504-1508
Kitagawa H, Matsumoto E (1995) Climatic implications of §{*C
variations in a Japanese cedar Crypfomeria japonica during
the last two millenia, Geophys Res Lett 22:2155-2158
Knapp PA, Soulé PT, Grissino-Mayer HD (2001) Post-drought
growth responses of western jumper (Juniperus occiden-
talis var, occidentalis) in central Oregon. Geophys Res Lett
28:2657-2660
Knappenberger PC, Michaels PJ, Davis RE (2001} Naturg of
observed temperature changes across the United States
during the 20th century. Clim Res 17:45-53
Koerner RM (1977) Deven Island ice cap: core stratigraphy
and paleoclimate. Science 196:15-18
Koerner RM, Fisher DA (1990) A record of Holocene summer
climate from a Canadian high-Arctic ice core. Nature 343:
630-631
Korhola A, Weckstrom J, Holmstréom L, Erdstd P (2000} A
quantitative Holocene climatic record from diatoms|in
Northern Fennoscandia. Quat Res 54:284-294
Kreutz KJ, Mayewski PA, Meeker LD, Twickler MS, Whitlow
SI, Pittalwala II (1997) Bipolar changes in atmosphe-
ric circulation during the Little Ice Age. Scence 277:
1294-1296
Kuhnert H, Pitzold J, Schnetger B, Wefer G (2002) Sea-
surface temperature vanability in the 16th century| at
Bermuda inferred from coral records. Palaesogeogr Palago-
clim Palaececol 179:159-171
Laird KR, Fntz SC, Maasch KA, Cumming BF (1996) Greater
drought intensity and frequency before AD 1200 in the
Northern Great Plains, USA. Nature 384:552-554
Lamb HH (1965) The early medieval warm epoch and |its
sequel. Palaeogeogr Palaeochm Palaeoecol 1:13-37
Lamb HH (197%) Climate—Past, Present and Future Vol. 2
Climatic History and Future, Methuen
Lamb HH (1982) Clumate history and the modern world,
Methuen
Lamoureux SF, Bradley RS (1996} A late Holocene varyed
sediment record of environmental change from northern
Ellesmere Island, Canada. J Paleolim 16:239-255
Lara A, Villalba R (1993) A 3260-year temperature record
from Fitzroya cupressoides tree nngs in southern Sonth
America. Science 260:1104-1106
Lawton RO, Nair US, Pielke RA Sr, Welch RM (2001) Ciimahc
impact of tropical lowland deforestation on nearby mon-
tane cloud forests. Science 294:584-587
Lewis TJ, Wang K (1998) Geothermal evidence for deforesta-
tion induced warnming: implications for the chmatic impact
of land development. Geophys Res Lett 25:535-538
Li HC, Bischoff JL, Ku TL, Lund SP, Stot 1D (2000) Climate vari-
ability in East-Central California durnng the past 1000 years
reflected by high-resolution geochemical and isotopic
records from Owens Lake sediments. Quat Res 54: 189-197
Liu K, Yao Z, Thompson LG (19398) A pollen record| of
Holocene climatic changes from Dunde ice cap, Qinghai-
Tibetan Plateau. Geology 26:135-138
Lotter AF, Birks HJB, Eicher V, Holmann W, Schwander J,
Wick L {2003) Younger Dryas Allered summer tempera-
tures at Gerzensee (Switzerland) inferred from fopsil
pollen and cladoceran assemblages. Palaeogeogr Palapo-
clim Palaeoecal 159:349-361
Luckman BH (2000) The Little Ice Age in the Canadian Rogk-
ies. Geomorph 32:357-384
Luckman BH, Briffa KR, Jones PD, Schweingruber FH (1997)
Tree-ring based reconstruction of summer temperatures at
Columhyia Icefield, Alberta, Canada, AD 1073-1983.
Holocene 7:375-389

Luterbacher J, Rickli R, Tinguely C, Xoplaki E and 30 others
{2000) Monthly mean pressure reconstruction for the late
Maunder Minimurn penod (AD 1675-1715). Int J Chun
20:1049-1066 -

Madole RF (1994) Stratigraphic evidence of desertification in
the west-central Great Plains within the past 1000 yr.
Geology 22:483-486

Manley G (1974} Central England temperatures: monthly
means 1659 to 1973, Quart J Roy Meteorol Soc 100:
389-405

Mann ME, Bradley RS, Hughes MK (1998} Global-scale tem-
perature patterns and climate forcing over the past six
centuries. Nature 392:779-787

Mann ME, Bradley RS, Hughes MK (1999) Northern Hemi-
sphere temperatures during the past millennium: infer-
ences, uncertainties, and limitations. Geophys Res Lett
26:759-762

Mann ME, Gnlle E, Bradley RS, Hughes MK, Overpeck J,
Keimig FT, Gross W {2000) Gleobkal temperature patterns
past centuries: an interactive presentalon. Earth Interact
4:1-29 [available online http://Earthinteractien.org]

Marshall GJ, Lagun V, Lachlan-Cope TA (2002) Changes in
Antarctic Peninsula tropospheric temperatures from 1956
to 1999: a synthesis of observations and reanalysis data.
Int J Clim 22:291-310

Marshall J, Johnson H, Goodman J (2001) A study of the inter-
action of the North Atlantic Oscillation with ocean circula-
tion. J Clim 14:1399-1421

McDermott F, Mattey DP, Hawkesworth C (2001) Centen-
nial-scale Holocene climate variability revealed by a high-
resolution speleothem 8'%0 record from SW Ireland. Sei-
ence 294:1328-1331

Meese DA, Gow AJ, Grootes P, Mayewski PA and 5 others
(1994} The accumulation record from the GISP2 core as an
indicator of the climate change throughout the Holocene.
Science 266: 1680—1682

Mercer JH (1978} West Antarctic ice sheet and CO, green-
house effect: a threat of disaster. Nature 271:321-325

Morgan VI (1985) An oxygen isotope climate record from the
Law Dome, Antarctica. Clim Change 7:415-426

Mosley-Thompson E {1985) Palecenvironmental conditions in
Antarctica since A.D, 1500: ice core evidence. In: Bradley
RS, Jones PD [eds) Climate since A.D. 1500, Routledge,
New York, p 572-591

Mosley-Thompson E, Thompson LG {1982) Nine centuries of
microparticles deposition at the South Pole. Quat Res
17:1-13

Naurzbaev MM, Vaganov EA (2000) Vanation of early sum-
mer and annual temperature in east Taymir and Putorian
(Siberia) over the last two millenia. J Geophys Res 105:
73177326

QOgilvie AEJ (1984) The past climaté and sea-1ce record from
Iceland. Part 1. Data to A,D. 1780. Chim Change 6:131-152

Qgilvie A, Farmer G {1997) Documenting the medieval cli-
mate. In: Hulme M, Barrow E (eds} Climate of the Bnitish
Isles—present, past and future. Routledge, London,
p112-133

QOgqilvie AEJ, Jénsson T (2001) ‘Little Ice Age' research: a per-
spective from Iceland. Clim Change 48:9-52

Qgilvie AEJ, Barlow LK, Jennings AE (2000) North Aflantic
climate c. A.D. 1000; millennial reflecticns on the Viking
discoveries of Iceland, Greenland and North America,
Weather 55:34-45

Overpeck J, Hughen K, Hardy D, Bradley R 14 others {1997)
Arctic environmental change of the last four centuries.
Science 278:1251-1256

Pederson JL (2000) Holocene paleolakes of Lake Canyon,




Soon & Baliunas: Climatic and efvironmental changes of the past 1000 years 109

Colorado Plateau: Paleoclimate and landscape response
from sedimentology and allostratigraphy. Geol Soc Amer
Bull 112:147-158
Perry CA, Hsu KJ (2000) Geophysical, archaeological, and
historical evidence support a sclar-output model for ¢li-
mate change. Proc Natl Acad Sa USA 97:12433-12438
Petersen KL (1994) A warm and wet little climatic optimyim
and a cold and dry httle i1ce age in the Southern Rodky
Mountains, USA. Chm Change 26:243-269
Pfister C (1995) Monthly temperature and precipitation in cen-
tral Europe 1525-1979: quantifying documentary eviderice
on weather and its efiects. In: Bradley RS, Jones PD (edls)
Chmate since A.D. 1500. Routledge, New York, p 118-142
Pfister C, Luterbacher J, Schwarz-Zanetti G, Wegmann (M
{1998) Winter air temperature vanations in westdrn
Eurcpe during the early and high Middle ages (AD
750-1300). Holocene 8:535-552
Pisias NG (1978) Paleoceanography of the Santa Barbqra
Basin during the last 8000 years. Quat Res 10:366-384
Porter SC {1881} Glaciological evidence of holocene clim
change. In: Wigley TML, Ingram MJ, Farmer G (eds) Qli-
mate and history—studies in past climates and thgir
impact on man. Cambridge Umversity Press, Cambridge,
p 82-110
Porter SC {1986) Pattern and forcing of the Northern He
sphere glacier variations during the last miilennium, Quat
Res 26:27-48
Proctor CJ, Baker A, Barnes WL, Gilmour MA {2000) A thqu-
sand year speleothem proxy record of North Atlantic qli
mate from Scotland. Clim Dyn 16:815-820
Ramesh R (1993} First evidence for Little Ice Age apd
Medieval Warnung in India (abstract). EOS Trans AGU
suppl 74: 118
Ren G (1998) Pollen evidence for increased summer rainfpll
1n the Medieval Warm Peried at Maili, Northeast China.
Geophys Res Lett 25:1931-1934
Robinson WA, Hansen J, Ruedy R (2001} Where's the heat?
Insights from GCM expenments into the lack of Eastern
U.S. warming. American Meteor Soc 815t Annual Meet-
ing, Albuguerque NM, January 14-19 2001 (abstraft)
American Meteorological Society, Washington DC
Rodrigo F5, Esteban-Parra MJ, Pozo-Vazquez D, Castro-Diez
Y (20600} Rainfall variability in southemn Spain on decadal
to centennial time scales. Int J Clirn 20:721-732
Rott H, Skvarca P, Nagler T (1996) Rapid collapse of northern
Larsen ice shelf, Antarctica, Science 271:788-792
Schleser GH, Helle G, Licke A, Vos H (1999} Isotope signals
as climate proxies: the role of transfer functions i1n the
study of terrestrial archives. Quat Sci Rev 18:927-943
Schmutz C, Luterbacher J, Gyalistras D, Xoplaki E, Wanney H
(2000) Can we trust proxy-based NAQ ndex reconstrje-
tions? Geophys Res Lett 27:1135-1138
Schuster PF, White DE, Naftz DL, Cecil LD {2000} Chronolqg-
ical refinement of an ice core record at Upper Fremant
Glacier in south central North Amenca. J Geophys Res
105:7317-7326
Scuderi LA (1993} A 2000-year tree ring record of annual tem-
peratures in the Sierra Nevada mountaimns. Science 239:
1433-1436
Seager R, Kushnir Y, Visbeck M, Naik N, Miller J, Krahmahn
G, Cullen H (2000) Causes of Atlantic ocean climate vari-
ability between 1958 and 1998. J Clim 13:2845-2862
Serre-Bachet F (1924) Middle ages temperature reconstryc-
tions in EBurope, a focus on Northeastern Italy. Clim
Change 26:213-240
Sh1 Y, Yao T, Yang B (1999) Decadal climatic vanatigns
recorded in Guliya ice core and comparison with the hjis-

torical documentary data from East China dunng the last
2000 years. Sci in China Ser D (suppl) 42:91-100

Skinner WR, Majorowicz JA (1999) Regional cimatic warm-
ing and associated twentieth century land-cover changes
in north-western North America. Clim Res 12:39-52

Slonosky VC, Yiou P (2001) The North Atlantic Oscillation
and its relationship with near surface temperature. Geo-
phys Res Lett 28:807-810

Smith RC, Ainley D, Baker K, Domack E and 7 others {1999)
Marine ecosystem sensittvity to climate change. Bio-
science 49:393-404

Song J {2000) Changes in dryness/wetness in China during
the last 529 years. Int J Clim 20:1003-1015

Stahle DW, Cleaveland MK, Hehr JG (1988) North Carolina
climate changes reconstructed from tree nngs: A.D. 37210
1985, Science 240: 1517-1519

Stine S (1994) Extreme and persistent drought in Calfornia
and Patagonia during medieval tune. Nature 369:546-549

Stine S (1998) Medieval climatic ancmaly in the Americas. In:
Issar AS, Brown N {eds) Water, environment and society in
times of climatic change. Kluwer Academic Press, Dord-
recht, p 43-67

Stuiver M, Grootes PM, Braziunas TF {1995) The GISP2 §'%Q
climate record of the past 16,500 years and the role of the
Sun, ocean and volcanoes. Quat Res 44:341-354

Swetnam TW (1993) Fire listory and cimate change in Giant
Sequoia groves. Science 262:885-889 .

Tagami Y (1993} Climate change reconstructed from histori-
cal data in Japan. In: Proc Int Symp Global Change by
IGBP March 27-29 1992, Tokyo. International Geosphere-
Brosphere Programme-IGBP, Tokyo, p 720-729

Tagami Y (1996) Some remarks on the climate in the
Medieval Warm Period of Japan. Im: Mikami T,
Matsumoto E, Ohta 5, Sweda T (eds) Palecclimate and
environmental variability in Austral-Asian transect
during the past 2000 years (IGBP Proceedings). Interna-
tional Geosphere-Biosphere Programme-IGBP, Nagovya,
p 115-119

Tarussov A (1995) The Arctic from Svalbard to Severnaya
Zemlya: chmatic reconstructions from ice cores. In Bradley
RS, Jones PD (eds) Climate Since A.D. 1500, Routledge,
New York, p 505-516

Themas RH, Sanderson TJO, Rose KE (1979) Effect of climatic
warming on the West Antarctic ice sheet. Nature 277
355-358

Thompson LG (2000) Ice core evidence for climate change in
the Tropics: implications for our future. Quat Sci Rev 19:
19-35

Thompson LG, Mosley-Thompson E, Dansgaard W, Grootes
PM (1986) The little ice age as recorded in the stratigraphy
of the tropical Quelccaya ice cap. Saience 234:361-364

Thompson LG, Mosley-Thompson E, Davis ME, Bolzan JF
and 6 others (1989} Holocene-Late Pleistocene climatic
1ce core records from Qinghai-Tibetan plateau. Science
246:474-477

Thompson LG, Peel DA, Mosley-Thompson E, Mulvaney R,
Dai J, Lin PN, Davis ME, Raymond CF (1994) Climate
since AD 1510 on Dyer Plateau, Antarctic Peninsula: evi-
dence for recent chmate change. Ann Glaciol 20:420-426

Thompson LG, Mosley-Thompson E, Dawnis ME, Lin PN, Dai J,
Bolzan JF, Yao T (1995} A 1000 year chmate 1ce-core
record from the Guliya ice cap, China: its relationship to
global climate variability. Ann Glaciol 21:175-181

Thompson LG, Yao T, Mosley-Thompson E, Davis ME, Hen-
derson KA, Lin PN (2000) A high-resolution millennial
record of the South Asian Monsoon from Himalayan ice
cores. Science 289:1916-1919




110 Clim Res 23: 89-110, 2003

Till C, Guot J (1990) Reconstruction of precipitation|in
Morocco since 1100 A.D, based on Cedrus atlantica tree-
nng widths. Quat Res 33:337-351

Tong G, Zhang J, Fan S, Zhao J, Wang G, Wang Y, Wang L.
Cu1 J (1996) Environmental changes at the top of Taipa
Mountain, Qinling since 1ka ago. Mar Geol Quat Geol 16:
95—104

Tyson PD, Lindesay JA (1992} The chmate of the last 2000
years in southern Africa. Holocene 2:271-278 ’

Tyson PD, Karlén W, Holingren K, Heiss GA (2000} The Liftle
Ice Age and medieval warming in South Africa. Sojith
African J 5ci 96:121-126

Valerc-Garcés BL, Delgado-Huertas A, Ratto N, Navas| A,
Edwards L (2000) Palechydrology of Andean saline lakes
from sedimentological and isotopic records, Northwestern
Argentina. J Paleolimnology 24:343-359

van Engelen AFV, Buisman J, Ijnsen F (2001) A millennium of
weather, winds and water in the low countries. In: Jopes
PD, QOgilvie AEJ, Davies TD, Briffa KR {eds} History and
climate —memories of the future? Kluwer Academic Pub-
lishers, New York, p 101-124

Vaughan DG, Doake CSM (1996) Recent atmospheric warm-
ing and retreat of 1ce shelves on the Antarctic Peninspla,
Nature 379:328-331

Verardo S, Cronin T, Willard D, Kerlun R (1998) Chumate and
environmental changes recorded by Chesapeake Bay
Dinoflagellate cysts in the last mllennium. Geol Soc Afner
Abs 74: 284

Verschuren D, Laird KR, Cumming BF (2000} Rainfall and
drought in equatorial east Africa during the past 1,100
years. Nature 403:410-414

Editorial responsibility: Chris de Freitas,
Auckland, New Zealand

Villalba R (1990) Climatic fluctuations in northern Patagoma
during the last 1000 years as inferred from tree-ring
records. Quat Res 34:346--360

Villalba R {1994) Tree-ring and glacial evidence for the
medieval warm epoch and the little ice age 1n southern
South America. Clim Change 26:183-197

von Storch JS, Muller P, Bauer E (2001) Climate variability in
millennium integrations with coupled atmosphere-ocean

" GCMs: a spectral view. Clim Dyn 17:375-389

Williams PW, Marshall A, Ford DC, Jenkinson AV (1999)
Palaeoclimatic interpretation of stable isotope data from
helocene speleothems of the Waitomo district, North
Island, New Zealand. Holocene 9:649-657

Wilson AT, Hendy CH, Reynolds CP (1979) Short-term cli-
mate change and New Zealand temperatures during the
last millennium. Nature 279:315-317

winkler S (2000} The ‘Little Ice Age’ maximum in the south-
ern Alps, New Zealand: preliminary -results at Mueller
Glacier. Holocene 10:643-647

‘Winter A, Ishioroshi H, Watanabe T, Oba T, Chnsty J (2000}
Carribean sea surface temperatures: two-to-three degrees
cooler than present during the Little Ice Age. Geophys Res
Lett 27:3365-3368

Woodhouse CA, Overpeck JT {1998) 2000 years of drought
variability in the central United States. Bull Am Meteor
Soc 79:2693-2714

Yu Z, Ito E (1999) Possible solar forcing of century-scale
drought frequency in the northern Great Plains, Geology
27:262-266

Zhang D (1994) Evidence for the existence of the medieval
warm period in China. Chim Change 26:289-287

Submitted: April 11, 2002; Accepted: August 29, 2002
Proofs received from author(s): January 3, 2003




A Preprint for Energy

Contact: wso

Reconstructing Climatig
of the Past 1000

Willie Soon
Harvard-Smithsonian Center for As

Mount Wilson Observa

Craig Idso
Center for the Study of Carbon Di

Davi
Center for Climatic Research, U

AB

The 1000-year climatic and.envil
various proxy records is examined.
or tecord aspects of local climate. ¢
the locality paradigm for climatolog
climatic changes on timescales of 5(
because thermal and dynamical con
increasingly important as the air-se
increase. Because the nature of the
different, the results cannot be com
quantitative composite. However,
observations, an assemblage of the
the reality of both the Little Ice Ag
anomalies with world-wide imprint

these individual proxies are used t
the warmest century of the 2nd Mij

KEY WORDS: Paleoclimate proxies
Ice Age ® Medieval Warm Period

ARMS 37 AT 2

& Environment (March 2003)

pn@cfa.harvard.edu

and Environmental Changes
Years: A Reappraisal
and Sallie Baliunas

trophysics, Cambridge, Massachusetts and
Lory, Mount Wiison, California

hnd Sherwood Idso
hxide and Global Change, Tempe, Arizona

d R. Legates
niversity of Delaware, Newark, Delaware

STRACT

ronmental history of the Earth contained in
As indicators, the proxies duly represent
Duestions on the relevance and validity of
ical research become sharper as studies of
-100 years or longer are pursued. This is
straints imposed by local geography become
h-land interaction and coupling timescales

» various proxy climate indicators are so
bined into a simple hemispheric or global
sonsidered as an ensemble of individual
local representations of climate establishes
e and the Medieval Warm Period as climatic
;. extending earlier results by Bryson et

al. (1963), Lamb (1965), and numérous other research efforts. Furthermore,

determine whether the 20th century is
llennium at a variety of globally dispersed

locations. Many records reveal that the 20th century is likely not the warmest
nor a uniquely extreme climatic period of the last millennium, although it is
clear that human activity has significantly impacted some local environments.

e Climate change o Environmental change e Little




-2

1. ntroduction

=

Are the Little Ice Age and Medieval|Warm Period widespread climatic anomalies?
Nearly four decades ago, H. H. Lamb (1965, pp. 14-15) wrote, “[M]ultifarious evidence of
a meteorological nature from historical records, as well as archaeological, botanical and
glaciological evidence in various parts of the world from the Arctic to New Zealand - - - has
been found to suggest a warmer epoch lagting several centuries between about A.D. 900 or
1000 and about 1200 or 1300. - - - Both the “Little Optimum” in the early Middle Ages and
the cold epochs [i.e., “Little Ice Age”], now known to have reached its culminating stages
between 1550 and 1700, can today be substantiated by enough data to repay meteorological
investigation. --- It is high time therefor¢ to marshal the climatic evidence and attempt a
quantitative evidence.” In response to Lathb’s call to action, research on large-scale patterns
of climate change continued with vigor.

Thirty-three years later, however, Jones et al. (1998) tentatively concluded that
“[w]hile the ‘Little Ice Age’ cooling (with the seventeenth century being more severe over
Eurasia and the nineteenth century morg severe over North America) is clearly evident

. we can only concur - - - that there is little evidence for the ‘Medieval Warm Period’ -
although the fact that we have only four|series before 1400 and the timescale limitations
described earlier [i.e., not resolving timescales of multidecades to century with tree ring
proxies used in their study] caution against dismissing the feature.”

Overpeck et al. (1997) had previously commented that “[t]he annually dated record of
Arctic climate variability encompassing the last 1000 years has less spatial coverage than
does the multiproxy record of the last 400 years. Sediment, ice core, historical, and tree
ring data for this earlier period indicate phat although Arctic summers of the 20th century
were generally the warmest of the last 400 years, they may not be the warmest of the last
millennium[ ! ] --- The few time series of climate change spanning the last millennium also
suggest that the Arctic was not anomaloysly warm throughout the so-called Medieval Warm
Period of the 9th to 14th centuries.” Nevertheless, the updated composite tree-ring summer
temperature curve in Figure 1 of Briffa |(2000) shows clear evidence of an anomalously
warm interval from about 950 to 1100 A.D. in the northern high-latitude zone, which
coincides with the Medieval Warm Peripd discussed here. Also, an early warm period

1When considering the possible link of eafly 90th century warming to the rise in atmospheric CO2
concentration, it should be noted that the Arctic-wide temperatures of Qverpeck et al. began rising in the
mid-19th century and peaked around 1940-196p, when the increase in the air’s COy content was less than
20-30% of the cumulative CQOz increase to date; see Etheridge et al. (1996) for the preindustrial level of
COs.
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appears prominently in the averaged tree ring chronologies carefully selected and processed
from 14 sites spread over 30-70°N latitude (Esper et al. 2002a).

These results are but a few of the many that have become available since Lamb’s
pioneering analysis. Given advancements in retrieval of information from climate proxies,
as well as their extensive surface coverage| we review the accumulated evidence on climatic
anomalies over the last 1000 years. We also recommend the study of Ogilvie and Jonsson
(2001), which provides the most authoritative, up-to-date discussion of the historical
development of the long-standing debates over the climatic nature of the Medieval Warm
Period and Little Ice Age, especially in the regions surrounding the North Atlantic,

including Iceland.

2. Working.deﬁnitions

First, working: definitions of the Medieval Warm Period and Little Ice Age must be
established in order to assess the various ¢limate proxy records. For example, Grove (2001a)
captures the difficulty in deciphering thelnature of the Medieval Warm Period and Little
Ice Age: “The term “Little Ice Age” doss not refer directly to climate but to the most
recent period during which glaciers exten ded globally and remained enlarged, while their
fronts fluctuated about more forward pogitions. --- The term Medieval Warm Period has
been the subject of considerable controversy. Its nature and even its existence has been
queried, -- - as has that of the Little Ice |Age - - - They were not periods of unbroken cold
and warmth respectively. Climate varied| on small scales both spatially and temporally, as
it has also in the twentieth century. Nevertheless, climatic conditions were such during the
Little Ice Age that mass balances were sufficiently predominant for the glaciers to remain
enlarged, although their fronts oscillateq. Similarly during the Medieval Warm Period
climatic conditions caused mass balances to be negative, and volumes of glaciers to be
reduced, so that they retracted substantjally, though their fronts no doubt fluctuated, as
they have been observed to do during the warming of the twentieth century.”

Lamb (1982, 1997a), also mindful of the complex nature of weather and climate, noted
that: “within the last thousand years, the development of what has been reasonably called
the Little Ice Age seems to have affectefl the whole Earth, as has the twentieth-century
recovery from it; but when the ice on t Arctic seas extended farthest south, particularly
in the Atlantic sector, all the climatic Zones seem to have shifted south, including the
storm activity of the Southern Ocean and the Antarctic fringe. This apparently broke up
much of Antarctic sea ice, enabling Cappain Cook in the 1770s and Weddell in 1823 to sail
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) able to reach in this century.[ ? | The southward
v result in some mildening of the regime not only

further south than ships have usually beer
extension of open water would presumabl
brior of Antarctica, and this just when the world
' a notably cold regime. Amongst the evidence

the winter rains failed to reach so far north over

over the ocean but some way into the int
in general north of 40°S was experiencing
which builds up this picture, at that time
Chile. And radiocarbon dating of abandoj
77.5°S, in the southernmost part of the Ri
climate there about AD 1250-1450 and 1
phases of development of the Little Ice Al
of Lamb 1997a)}

ned penguin rookeries on the Antarctic coast near
hss Sea, suggests that there were periods of milder
670-1840. These periods include the sharpest

ge climate in the northern hemisphere.” {page 39

What are the regional and global p
years? Accurate answers to these questi
20th century global average warming exl

©tterns of climatic change over the last 1000
hns are important, both as benchmarks for the
\ibited by surface thermometer records and as

physical constraints for theories or mechanisms of climate change on timescales of decades

to centuries.

To make progress towards this undg
individual climate proxies that differ too

rstanding, we address three questions of many
widely to be quantitatively averaged or compared:

(1) Is there an objectively discernible clifnatic anomaly occurring during the Little Ice Age,

defined as 1300-1900 A.D.? This broad
sea-ice, glaciological and geomorphologic
Ogilvie and Jonsson (2001).

period in our definition derives from historical
5| studies synthesized in Grove (2001a, 2001b) and

(2) Is there an objectively discernible climatic anomaly occurring during the Medieval

Warm Period, defined as 800-1300 A.D.
(1998) and Broecker (2001) and is slight

? This definition is motivated by Pfister et al.
y modified from Lamb’s original study (1965).

matic anomaly occurring within the 20th century
extreme (i.e., the warmest) period in the record?
v this question is to distinguish the case in which

) the century versus after the 1970s, as recorded by
necessary in order to judge the influence of 20th
ng inputs such as increased atmospheric carbon

(3) Is there an objectively discernible cli
that may validly be considered the most
An important consideration in answerin
the 20th century warming began early iy
surface thermometers. This criterion is
century warming by anthropogenic forci
dioxide content.

for relative warmth in the reconstructed coral-isotopic sea
I8th and 10th centuries at the central Great Barrier Reef,
b this single proxy result does not imply uniform warmth
antic and Indian Oceans. For historical accounts of sea ice
Clook’s second voyage, sce e.g., Forster (2000).

2See e.g., the evidence (Hendy et al. 2002
surface temperature throughout most of the
Australia. It should be noted, however, tha
throughout the whole south Pacific, south Atl
conditions and harsh weather extremes during
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Anomaly, in our context, is simply defined as a period of 50 or more years of sustained
warmth, wetness, or dryness within the Me dieval Warm Period, or a 50-year or longer period
of cold, dryness, or wetness during the Little Ice Age. Definition of the 20th century anomaly
is more difficult to establish. The 20th century surface instrumental temperature record
contains three distinct, multidecadal trengls: early-century warming, mid-century cooling
and late-century warming. But that knowledge comes from instrumental thermometry with

its high time resolution and other biases t
(proxies have their own biases). Hence, a
the 20th century objectively with more e
than are available from instrumental recot
answered by asking if, within each proxy

hat preclude a direct comparison with the proxies
further aspect of our research goal is to compare

ktended temperature and precipitation histories

ds. Civen the biases of each proxy, question 3 was
record, there were an earlier (pre-20th century)

5(0-year interval warmer (or more extreme, in the case of precipitation) than any 50-year

average within the 20th century.

The third question differs from the first two. Question 3 seeks a 50-year anomaly
within the 20th century compared to any other anomaly throughout the period of a

suggested 500-year and 600-year interval

of the Medieval Warm Period and Little Ice Age,

proxy record while Questions 1 and 2 se{rch for 50-year anomalies within the previously

respectively. But note that in the case o

the third question, we treat the definition of a

50-year or more period of sustained anomaly in the 20th century no differently from that of
any prior century. Thus, if a sustained warm anomaly were identified during the Medieval

Warm Period and appeared warmer than

an anomaly found in the 20th century, then we

would assign ‘No’ to question 3. Similarly, a proxy record may show, for example, both

that the 20th century anomaly is the mogt extreme (warmest) and that the Medieval Warm
Period exists. In answering the third qué¢stion, the existence of the Medieval Warm Period
or Little Ice Age is not considered as they are assessed independently in answering the first

two questions.

We begin with the framework of past researchers; namely, the suggested existence of

the Medieval Warm Period and Little Icg

Age. Our goal is thus to deduce the geographical

nature of climatic and environmental conditions during these periods. Distinguishing the
20th century as a separate period is a rasult of the interest in the role of human activity on

Earth’s climate and environment.

Another important consideration is|that temporary regional cooling may have occurred
on decadal, but not on multidecadal, tilmescales during the Medieval Warm Period, and
that occasional, short-lived regional waiming may have occurred during the Little Ice Age,

as indicated by J. Grove (2001a, 2001b).

Use of the terms Medieval Warm Period and

Little Ice Age should suggest persistent but not necessarily constant, warming or cooling,




respectively, over broad areas {(see Stine 19
and Jénsson 2001; Esper et al. 2002a). A
appropriate terms may be the ‘Little Ice-Ag
Anomaly’. Also note that the definitions ¢
the Little Ice Age and Medieval Warm Pé

climatic mean but also changes in multide

the context of daily and regional spatial sqg
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98, Grove 2001a, 2001b, Luckman 2000, Ogilvie
s suggested by Stine (1998), therefore, more

re Climatic Anomaly’ and the ‘Medieval Climatic
f discernible, persistent climate anomalies for
riod include not only distinct changes in the
cadal variations (Ogilvie and J6nsson 2001). In
ale variability, it is important to recognize that

the relationship between multidecadal mean temperature and its daily variability may

undergo significant non-stationary changes

those specific time-dependent changes in t¢

Also, from a combination of field evidence

from synoptic climatology, Bryson and Bry

factors (for horizontal spatial distances as

(see Knappenberger et al. 2001, who document
mperature variability across the United States).
and modeling based on an understanding derived
son (1997) demonstrated how local and regional
small as 100 km) have produced significantly

different precipitation histories for two Near East stations (e.g., Jerusalem and Kameshli,

Syria) and for two stations in the Cascads

coastal-like microclimate locations).

Qur classification of a widespread an
many locales rests on good precedent. For

warming inferred from thermometer readin
the Greenland/Labrador Sea area and the ¢

80-110°W; see Hansen et al. 1999, Robins
Doran et al. 2002) in the last 30-50 years.
the Little Ice Age and relative coolness ds
borehole record of reconstructed temperaty
elevation 2374 meters), as compared to re
Waddington 1999), which do not show tho

Assessing and confirming the global &
Warm Period is premature because proxy
or both phenomena could be multi-phased|
constraints and modes. Bradley and Jones
championed the position for a non-global ¢
51-54 of Grove 1996 for an important clari
evidence for the Little Ice Age from glacial
areas of Western Europe and the Norther
both the Little Ice Age and Medieval Warz
e.g., Plister et al. 1998; Grove 2001a; Ogi
discredits the existence of those phenomen

> Range of Oregon (e.g., mountainous versus

»maly based on multidecadal persistence at
example, the modern globally averaged surface
gs includes large-scale cooling trends over both
astern region of the United States (e.g., 30-45°N;
on et al. 2002) or the Antarctic continent {e.g.,
Another example is the relative warmth during
iring the Medieval Warm Period seen in the

re at Taylor Dome, Antarctica (77.8°S, 158.72°E,
ults from Greenland’s borehole (see Clow and
se features.

xtent of the Little Ice Age and the Medieval
data are geographically sparse and either one
events acting under distinct local and regional
(1993) and Hughes and Diaz (1994) initiated and
oncomitance of the phenomena (but consider pp.
fication regarding this discourse, in light of the
geology). However, in the traditionally data-rich
n Atlantic, including Iceland and Greenland,

m Period were distinct climate anomalies (see

lvie and Jénsson 2001) and no objective proof

a in other regions. Thus, consistent with other
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researchers (e.g., Lamb 1965; Porter 1986:| Grove 1996; Kreutz et al. 1997), we assume
that both the Little Ice Age and the Medi val Warm Period may be globally distributed
and teleconnected events that need not n cessarily imply an extended period of global
cooling or warming that persisted uniformly throughout the defined durations. The terms
Medieval Warm Period and Little Ice Age till appear practical and viable, especially when
considering their extension to past and future climatic events that are ‘similar or equivalent’
in physical scope (e.g., Bond et al. 1997, 1999; Khim et al. 2002; Stott 2002; Stott et al.
2002).

Even with limited knowledge of the diverse range of local climatic behavior, the
Medieval Warm Period and the Little Ice Age are not expected to be spatially homogeneous
or temporally synchronous. The beginning and end dates of these climate anomalies require
a better understanding (e.g., for the Little|Ice Age see Porter 1981, 1986; Kreutz et al. 1997,
Kaser 1999; Grove 2001a, 2001b; Luckman 2000; Schuster et al. 2000; Winkler 2000; Ogilvie
and Jénsson 2001; Hendy et al. 2002; M vewski and White 2002; Qian and Zhu 2002,
Paulsen et al. 2003). Also, the imprecisio of the timing of both events contributes, in part,
to confusion about the phenomena. For example, Ogilvie and Farmer (1997) commmented
that Lamb’s suggestion of a Medieval Warm Period may not be supported by documentary
data even for England, because Ogilvie a d Farmer’s extensive and careful research using
an historical dataset showed that Englan suffered relatively cold winters from 1260 to 1360
A.D. However, that period is near our tr nsition between the Medieval Warm Period and
Little Ice Age, so this fact does not strongly challenge our working definition and research.
Collected evidence, especially that based on glacier activity, points to both a diffuse
beginning and end of the Medieval Warm| Period, while the Little Ice Age interval seems to
have had a diffuse beginning but a more abrupt end. Based on Nat concentration records
from annually dated ice cores from centrhl Greenland and Siple Dome, West Antarctica,
Kreutz et al. (1997) showed that the onget of Little Ice Age conditions around both poles
seems to be abrupt and near-synchronous, starting about 1400 A.D. Although the notion
of a Medieval Warm Period or a Little Ige Age with sharply defined transitions may be a
convenient orne, it is probably a non-physical construct, because regional differences in the
timing of both phenomena could be quitle large. As hinted by Grove (2001a), a similarly
inhomogeneous climate pattern also can be identified in the 20th century warm interval.

We offer an overview of a multitude| of research results within our idealized framework

3Note that we refer to distinct cold and warkm phases together with cotresponding expressions of glacial
changes but without the acceptance or refutatiqn of the important “sharp spectral line” controversy related
to climate system variability on imillennial timebcale discussed between Wunsch (2000, 2001) and Meeker et
al. (2001).
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to address our three questions about the existence of climate anomalies at individual
locations. Climate indicators considered i clude information obtained from documentary
and cultural sources, ice cores, glaciers, bgreholes, speleothems, tree-growth limits, lake
fossils, mammalian fauna, coral and tree-ring growth, peat cellulose, pollen, phenological
data, and seafloor sediments. In its own why, each proxy provides a unique view of climate
variability in terms of its relative sensitivitly to the planet’s thermal and hydrological fields,
as well as nonclimatic factors. We rely on ihdividual researchers for their best judgements in
identifying the most significant climatic signals in their studies. Thus, our three questions
are addressed within the context of local or regional sensitivity of the proxies to relevant
climatic variables, including air temperatyre, sea surface temperature, precipitation and
any combination of large-scale patterns of|pressure, wind and oceanic circulation.

3. Uncertainties in inferring climate from proxies

The accuracy of climate reconstruction from proxies, including the awareness of
anthropogenic interventions that could pose serious problems for a qualitative and
quantitative paleoclimatology, was discussed by several researchers, including Bryson (1985)
and Idso (1989). Temperature changes inferred for the Medieval Warm Period and Little Ice
Age Climatic Anomalies are generally accepted to be no more than 1 to 2°C when averaged
over hemispheric or global spatial scales pnd over decades to a century. Broecker (2001)
deduced that only the results from mountain snowline and borehole thermometry are precise
to within 0.5°C in revealing changes on tentennial timescales. But the quantification of
errors is complex, and both Bradley et al. (2001) and Esper et al. (2002a) have challenged
Broecker’s statement. In addition, Jones|et al. {1998) have provided an excellent review
on the quantitative and qualitative limitations of paleoclimatology; and Henderson (2002)
provides more detailed cautions on the lmitations of various climate proxies, as well as
an excellent overview on potential new ceanic proxies. Others, such as Ingram et al.
(1978) and Ogilvie and Farmer (1997), have cautioned about quantitative interpretations of
climatic results based on historical documentation.

In our independent survey of the literature, we have observed three distinct types of
warnings (see Bryson 1989; Clow 1992; Giraybill and Idso 1993; Huang et al. 1996, Briffa et
al. 1998; Cowling and Skyes 1999; Schleker et al. 1999; Evans et al. 2000; Schmutz et al.
2000; Aykroyd et al. 2001; Ogilvie and Jénsson 2001): (i) lack of time-scale resolution for
the longest-term component of climate signals; for example, in tree ring and coral records,
or the loss of short-term climate information in borehole temperature reconstructions;
(ii) nonlinearities (i.e., related to age, threshold, discontinuous or insufficient sampling,
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saturated response, limited dynamic range of proxy, etc.) of biological, chemical and
physical transfer functions necessary for tpmperature reconstruction; and (iii) time
dependence or nonstationarity of the climate-proxy calibration relations.

Estimates of ground temperature tremn ds from borehole data can be complicated -by

non-climatic factors associated with changes in patterns of land-use and land cover over

* time (Lewis and Wang 1998; Skinner and [Majorowicz 1999). In general, climate proxies
from floral and faunal fossils in lake and bog sediments are only sensitive enough to
resolve change to within + 1.3°-1.8°C (e.g}, Lotter et al. 2000). Isotope-coral proxies lack
the climate-sensitivity resolution and the continuous length of coral growth to address
millennial climatic change. Jones et al. (1998) demonstrated that both coral- and ice-core
based reconstructions performed more poarly than tree-ring records when calibrated against
thermometer data since 1880 A.D. In confrast, the tree ring proxy that has the best annual
time-resolution is limited by the loss of idformation on centennial components of climate

change (see further discussion in section 5.1).

Amplitudes of large-scale surface temjperature change derived from tree-ring proxies
can be substantially underestimated — by a factor of two to three as compared to results
from borehole thermometry (Huang et al 2000; Harris and Chapman 2001; Huang and
Pollack 2002). It seems surprising that the amplitude of climate variability broadly resolved
by borehole reconstruction on timescales|of at least 50 to 100 years is larger than the
high time resolution results from tree-ring proxies, rather than lower, because short-term
climate fluctuations are smoothed out by|the geothermal heat-flow that acts as a low-pass
filter.* Differing amplitudes resulting frofn borehole and tree ring climate proxies suggest
that longer time scale (multidecadal and century) variability is more faithfully captured by
borehole results, while the same information can be irretrievably lost in tree ring records
(e.g., Cook et al. 1995; Briffa et al. 2001; Collins et al. 2002; Esper et al. 2002a) because of
the standardization procedure (to remove nonclimatic biases related to changing tree size,
age and tree-stand dynamics).®> This is why Jones et al. (1998) commented that although

4There are exceptions in careful tree-ring st Ldies like those of Esper et;al. (2002a), which employ new
databases and strategies that are optimized to dapture longer timescale variability; see further discussion in

section 5.1.

5Cook et al. (1995) cautioned that such standard detrending methodology, typically done by fitting the
biology-related trend with a modified negative [exponential curve or line of zero or negative slope (for the
purpose of tree-ring dating, & high-pass filter i§ typically used), implicitly ignored the fact that a climatic
signal could involve timescales exceeding the length of any individual segments of the full tree-ring chronology
and even the maximum lifespans of tree specjes studied. In essence, the standardization process would
indiscriminately remove both the biological trenfls and the variabilities driven by any slow changes in climate.
There is thus a maximum climatic timescale that is resolvable by tree-ring proxy which in turn is related

A}
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one may be confident of comparing year-to-year and decade-to-decade (limited to periods
shorter than 20-30 years) variability, which lshould be more sensitively imprinted in tree ring
records, it requires “considerable faith” to pompare, for example, the climate of the twelfth
and twentieth centuries from tree ring proxies. To date, the goal of combining information
from borehole and tree-ring proxies, or even between borehole and thermometer data, to
arrive at a true proxy that simultaneously resolves timescales of years to centuries, has not

been realized.

Despite complicating factors such as the mismatch of climate sensitivities among
proxies, Beltrami et al. (1995) and Harrid and Chapman (2001) have begun to address
the issue. Beltrami and Taylor (1995) alsg have successfully calibrated a 2000-year oxygen
isotope record from an ice core near Agas£iz with the help of borehole temperature-depth
data near Neil for the Canadian Arctic. Their procedure avoids reliance on the circular
approach of tuning a composite record from two different efforts to forcibly agree with each
other (as illustrated in Figure 3 of Mann 9001a). Careful research such as that of Beltrami,
Harris, Chapman and their colleagues may solve the difficulty of interpreting climate
signals that degrade with borehole depth ¢r time, which has led to the false impression that
reconstructed temperatures contain a sigy ificantly smaller variability in the distant past
than at present.

As long as no testable climate theorly capably incorporates all relevant thermal,
hydrological, geological; chemical, biologi¢al and other environmental responses during the
Little Ice Age and Medieval Warm Period, local climatic proxies remain the most powerful
benchmarks or measures of reality. Adopting the simplest classification that provides an
objective answer to each of the three questions posed yields three advantages:

(a) the classification relies on local represeptations of climatic change, which are prerequisites
for the construction of regional and global patterns of climate signals.

(b) the current application of mathematical decomposition techniques, such as empirical
orthogonal functions (EOFs), to the wor -wide reconstruction of a 1000-year temperature
history is strongly limited by both the ighomogeneous spatio-temporal sampling gaps in
proxy records (e.g., Evans et al. 2002; Schneider 2001) and the very short length of surface
thermometer record available for calibra ion-verification purposes {discussed further in
sections 5.1 and 5.4). The classification f proxies in this study is complementary to the
mathematical decompositidn processes but avoids some of their difficulties (albeit at the

expense of quantitative results).
(c) the different sensitivities of proxies to climate variables and the time-dependence of the

to the lengths of the individual tree-ring series. |Such a general problem in the development of millenia-long
tree-ring chronology has been labeled the ‘segment length curse’ by Cook et al. (1995).
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1998; Shabalova and Weber 1998; Schmutz et
eful calibration and verification on a location
is on local results avoids the difficulty of
emphasis on

proxy-climate correlation (e.g., Briffa et al

al. 2000; Aykroyd et al. 2001) require cal

by location basis; the classification’s emphas

parate proxies. In otheiwords, we are avoiding the over-
d that even for the same location, different

intercomparing dis

quantitative synthesis while keeping in mi
proxies may yield diflerent climate express
to local climatic variables (e.g., Fritz et al.

The combination of these three adval
representation of individual proxy variatiq
calibration relations, may yield overconfid
and Dommenget and Latif (2002) studied
Oscillation (NAQ) air pressure pattern dg
in contrast to the pattern derived from a
centers of action in the Eurc-Atlantic reg
could not be found in the EOF represents
examples of mismatches in the dominant
one-point correlation analyses over the trg
illuminating synthetic example shown in§
the family of EOF analyses may artificiall
over a region with large variance. They s
“to extract a widespread variability over {
equally significant signals of DSV [Decad
extratropical oceanic frontal zones.” In ot
characterizing (and then deducing inforn
e.g., Mann et al. 1998, 1999, 2000a) do
variability, but they do not guarantee phj

Our study has the disadvantage of }
our assessment falls short of Lamb’s (19
addition, by enforcing our simple rule of
difficult questions about the spatio-temp
regions, as well as questions about specif
those climatic anomalies (see e.g., & parf
the primary role of the “Mobile Polar Hi
in the troposphere low levels” in Leroux
stratospheric polar vortex in D. Thomp
interlinkage of widely separated proxies,

Deep, Antarctica and atmospheric signals

Lt results. For example, Ambaum et al. (2001)
| the physical nature of the North Atlantic
rived from local one-point correlation analysis, -
n EOF analysis. A direct association to local
on, which establishes the phenomenon of NAO,

y over-emphasize standing or propagating features
pecifically pointed out that EOF analysis tends
he tropics - - and may fail to identify smaller but
5| Scale Variability] in coastal regions and/or the
her words, EOFs may be convenient measures for
lation for data-poor regions back to 1000 AD.,
hinant spatial-temporal components of climate
ysical meaning and, hence, physical reality.

jons simply because of their different sensitivities
2000; Betancourt et al. 2002).

wtages suggests that a compact mathematical
ns, without full understanding of proxy-climate

tion. Dommenget and Latif (2002) showed more
modes of variability deduced from EOF and

pical Atlantic and tropical Indian Ocean (see the
hat paper). Tomita et al. (2001) cautioned that

eing non-quantitative and very ‘low-tech’. Thus,
65) original call for quantitative answers. In
employing a local or regional perspective, we avoid
oral coupling of observed changes over Various

ic large-scale patterns that may be responsible for
icular framework/viewpoint, with the emphasis on
shs” which “organize migratory units of circulation
1993 and further insights on the role played by
bon et al. 2002). An early effort to study the
for example, between marine sediments at Palmer

in Creenland ice cores, was reported by Domack
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nologies produced by radiocarbon dating have
. o reliable discussion on the timing of events
'k and Mayewski 1999; Khim et al. 2002). The
it proxy records was attempted, for example,
for the Arctic region by Overpeck et al. (1997), the Northern Hemisphere extratropics by
Esper et al. (2002a), and both the Northérn Hemisphere and global domains by Mann
et al. (1998, 1999, 2000a). However, Briffh et al. (2001) criticized the lack of discussion
of uncertainties in most {except in Mann ¢t al. and Esper et al.) of these reconstruction
efforts. For example, the composite series [in the Overpeck et al. (1997) reconstruction is
not even calibrated directly to instrumental data.

and Mayewski (1999). Bowever, many chrg
an accuracy that is too limited to allow fo
from different areas (see Stine 1998; Doma
difficult effort of areal weighting of differer

xies may help to clarify the existing confusion
struction of global temperature by Mann et al.,

which often seems to differ from many lochl temperature proxy indicators (e.g., Bradley et
al. 2000; but see also the reply to that commentary by Barnett and Jones 2000). We differ
that we believe that the spatial and temporal '

from Bradley et al’s (2000) conclusion in
sampling of the available proxy network is|not adequate for a robust capturing of the spatial
sion in section 5.1).

pattern of changes on timescales greater than several decades (see discus

Our different approach to climate prg
concerning the non-local EQF-based reco

4.| Results

imate records we have collected and studied.
the list is restricted to records that contain

Table 1 lists the world-wide proxy ¢
In order to reduce the number of entries

either direct information about the three
continuous time series for at least 400-500
research in progress (e.g., the record of s
Basin with 25-year data resolution by J.
early results that may need other indepe
of marine microfossils, Radiolaria, from Y
the majority of cases, we strictly followe(
paleoclimatic reconstruction efforts; but
imposed, based on requirements of consig

Table 1 and Figures 1-3 summarize
questions 1 and 2, we find the answer tdg
of 50 years or longer of cooling, dryness
of 50 years or longer of warming, wetne
A dash indicates that either the expert

specific questions posed earlier or that provide a
years. In addition, information was excluded from
Lo, surface conditions around the Santa Barbara

Kennett, private communication 2001), as well as
hdent reexamination (e.g., Pisias’s [1978) analysis
arve sediments of the Santa Barbara basin). For

| the individual researchers’ statement about their
5, few cases exist where our own judgements were

Lency. -

the answers to the three questions we posed. For

be ‘Yes’ when the proxy record shows a period

or wetness during the Little Ice Age and a period
ss or dryness during the Medieval Warm Period.

opinion or its logical extension is inconclusive,




provides no information, or does not cover
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the period in question. A ‘Yes?' or ‘No?’ answer

means that the original expert opinion made a claim that does not match our criteria.
For example, the interval of warmth during the Medieval Warm Period may be too short
by our definition to be a “Yes’ and so we provide a ‘Yes?’ Finally, in several cases in the

20th century, a ‘Yes*’ designation was assi

med for the answer to question 3 when the 20th

century warming in the proxy records firs] occurred early in the century (ca. 1920-1950),

when the air’s anthropogenic CO; content
lower limit of 50 years for the recognition
as it grossly represents the longer periods
multiregression analyses.

Our figures show the results of Table]
Warm Period (Figure 2) and the nature o
graphically emphasize the general lack of
Medieval Warm Period for at least seven
continents, South East Asian archipelago,
Eastern deserts, the tropical African and

was still cumulatively small. Our choice for the
of a climatic anomaly is not entirely arbitrary
hnresolved by Mann et al.’s (1998, 1999, 2000a)

1 for the Little Ice Age (Figure 1), Medieval

F 90th-century’s change (Figure 3). These figures
climatic information extending back to the
geographical zones: the Australian and Indian
large parts of Eastern Europe/Russia, the Middle
South American lowlands (although the large

number of available borehole-heat flow measurements in Australia seems adequate for the
reconstruction of ground temperatures hack to Medieval times; e.g., Huang et al. 2000).

Therefore, our conclusions are provisional.

Figure 1 indicates the Little Ice Age

oxists as o distinguishable climatic anomaly in

all regions of the world that have been agsessed. Only two records —tree-ring growth from

western Tasmania and isotopic measuremn

ents from ice cores at Siple Dome, Antarctica—-

do not exhibit any persistent or unusual|climatic change over this period (although the
western Tasmanian reconstruction contains an exceptionally cold decade centered around

1900 A.D.; Cook et al. 2000).°

Figure 2 shows the Medieval Warm Period with only two unambiguous negative results.
The Himalayan ice core result of Thompson et al. (2000) seems unambiguous, but the
tree-ring proxy data from Lenca, Southetn Chile (Lara and Villalba 1993) is countered by

nearby evidence of the Medieval Warm Period (Villalba 1990; Villalba 1994).

6Cook et al. (2000) attempted to show that|t

he warm-season climate retrieved from their Mount Read-

Lake Johnston Huon pine tree-ring data is ass ciated with the inter-decadal (>10-year) component of sea
surface temperature in the southern Indian Qckan and southwestern sector of the Pacific ocean. However,
it may not be appropriate to calibrate ring-grpwth occurring in the heavy rainfall region of the Western
Tasmanian climatic zone by using the three meteorological stations— Hobart, Launceston, and Low Head
Lighthouse—that are situated in the warmer and drier Eastern Tasmanian climatic zone (see also Cook et
al. 1991, as communicated by John L. Daly of [Tasmania).
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Figure 3 shows that most of the proxy records do not suggest the 20th century to
be the warmest or the most extreme in its|local representations, which seems surprising
until one realizes the more limited and contrary view was drawn primarily from familiar
instrumental thermometer records that yigld no information on centennial-scale climate
variability. There are only three unambighous findings favoring the 20th century as
the warmest of the last 1000 years—the records from the Dyer Plateau, Antarctica, the
Himalayas and Mongolia (Thompson et all 1994, Thompson et al. 2000; DY’ Arrigo et al
2001). An important feature of Figure 3 is|the large number of uncertain answers compared
to the two prior questions. This feature is|not easily explained, but it could be related to
inaccurate calibration between proxy and instrumental data. Another interesting feature of
the result is that the warmest or most extreme climatic anomalies in the proxy indicators
often occurred in the early-to-mid 20th century, rather than throughout the century.

4.1. Glacjers—Worldwide

Broadly, glaciers retreated all over thé world during the Medieval Warm Period, with a
notable but minor re-advance between 1050 and 1150 A.D. (Grove and Switsur 1994). Large
portions of the world’s glaciers, both in tHe Northern and Southern Hemispheres, advanced
during the 1300-1900 A.D. period (Grove 2001b; see also Winkler 2000). The world’s small
glaciers and tropical glaciers have simultaeously retreated since the 19th century, but some
glaciers have advanced (Kaser 1999; Dyurgerov and Meier 2000; D. Evans 2000). Kaser
(1999) has reemphasized the key role played by atmospheric humidity in controlling the
net accumulation and ablation of glaciers by modulating the sublimation and long-wave
radiative forcing-feedback budgets in both dry and humid areas. So far, the proposition

of 20th century warming being a natural
possible amplification by anthropogenic (
and Jones 1993; Kreutz et al. 1997; Kas
Meier 2000). By contrast, D. Evans (200
recession of glaciers as a glacioclimatic r¢
and commented that significant warming
warm winters and cool summers, during
global glaciation.

recovery from the Little Ice Age, together with a

10, is plausible but not definitive (e.g., Bradley

er 1999; Beltrami et al. 2000; Dyurgerov and

D) discussed the possibility of recent widespread
»sponse to the termination of the Little Ice Age

phases, especially those accompanied by relatively
interglacials may lead to the onset of another

Additional proxy records used here feveal that the climatic anomaly patterns known as
the Medieval Warm Period (circa 800-13p0 A.D.) and the Little Tce Age (1300-1900 A.D.)
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attested in Europe— of the year 1540, shortly before the sharpest onset of the so-called
Little Ice Age. Pfister records that for severil decades before 1564 the climate in Switzerland
_ and this seems to be in line with the implications of other European chronicles — was
on average about 0.4°C warmer, and slightlly drier than today. The summers in the 1830s
were at least as warm as in the warmest tep years of the present century, between 1943 and
1952. And the year 1540 outdid the warm) dry year 1947 appreciably. From February till
mid-December rain fell in Basle on only ten days. And young people were still bathing in
the Rhine on the Swiss-German border at Schaffhausen in the first week of January 1541
after a ten-months-long bathing season. The warm anomaly of 1540 is the more remarkable
because the weather then became severely| wintry, and spring came late in 1541. Moreover,
only twenty-four years later the 1564-5 winter was one of the longest and severest in the
whole millennium in most parts of Europe and marked the arrival of the most notable cold
climate period of the Little Ice Age, with [ten to twenty historic winters, very late springs
and cool summers and advancing glaciers.|

Updated weather reconstruction results for the Low Countries (the present-day
Benelux region) suggest that a meaningful answer to the question of whether the 20th
century has the warmest extremes may He quite elusive until the seasonal dependence
and resolution of a proxy-climate relation can be affirmed. For example, van Engelen et
al. (2001) demonstrated that when the hiistorical reconstructed proxy series from about
800-2000 A.D. was calibrated to instrume tal temperature records at De Bilt, 20th century
winter temperatures may have been slightly higher” than the high winter temperatures
of 1000-1100 A.D.; but the 20th century |summer temperatures are neither unusual nor
extra-ordinarily warm when compared to|natural summer temperature variabilities during
other times of the second millennium (seg Figures 1 and 2 of van Engelen et al. 2001).

4.2.2. North Atlantic and other oceans

During the Little Ice Age, extensive preas around Mediterranean Europe and the North
Atlantic, including western and northernt Europe, Greenland and Iceland, experienced
unusually cold and wet conditions, as well as many extreme weather events, including
deluges, landslides and avalanches (Grove 1996; Ogilvie et al. 2000; A. T. Grove 2001).
From various proxies, the climate over I eland was mild from 870 to 1170 A.D., with cold

7 About 0.5°C—but such warming was also clgarly initiated earlier in the 10th century and the quantitative
information of the 20th century warmth is certainly within the margin of uncertainty of this careful

reconstruction effort.
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periods setting in after 1900 A.D. Instead of being a period of unrelenting cold, however,
Ogilvie (1984) emphasized that the most nbtable aspect of climate over Iceland during the
17th to 19th centuries, with its very cold décades during the 1690s, 1780s, 1810s and 1830s,
was its large year-to-year variability (see also Ogilvie and Jénsson 2001}. The colonization
of Creenland’s coastal area by the Vikings starting in 986 A.D. is well documented; and
the generally mild and benign climatic congitions from about 800-1200 A.D. that helped to
sustain the settlement are also well supported by ice core and borehole proxy information
(Dansgaard et al. 1975; Dahl-Jensen et al| 1998). The Norsemen’s ‘Western Settlement’
(around the Godthab district) was mysterjously abandoned sometime between 1341 and

. 1362 A.D., while the ‘Eastern Settlement’| (actually near the southernmost tip of west
Greenland, around the Narssaq and Julian ehab districts) died out between 1450 and 1500
A.D. (Grove 1996; Ogilvie et al. 2000).% The timing of the abandonment of the settlements
coincided with a general cooling over Greénland, as established by both ice-core isotopic
and borehole thermometry (Dansgaard et al. 1975; Stuiver et al. 1995; Dahl-Jensen et
al. 1998). From sediment cores near Nangen Fjord, East Greenland, Jennings and Weiner
(1996) confirmed an initial cooling betwegn 1270 and 1370 A D., together with the most
severe and variable climatic conditions ar Lund the Bast Greenland region from 1630-1900
AD. The results of Ogilvie et al. (2000} and Ogilvie and Jénsson (2001) suggest that the
overall climatic conditions in the North Atlantic (50-80°N; 0-60°W), especially near Iceland
during the 20th century, including the 1970s-1990s, were neither unusual nor extreme.

Tn the Mediterranean basin, the islar d of Crete experienced many severe winters and
prolonged droughts during the winter an{l spring seasons between 1548 and 1648 A.D.
(Grove and Conterio 1995). In Morocco| the climate during the 16th, 17th and 18th
centuries was generally more variable, with frequently drier conditions, than in the early
to mid-20th century (Till and Guiot 1990). But no distinctive precipitation anomaly was
observed for Morocco during the Medieval Warm Period, although just like conditions
during the Little Ice Age, an episode of potable drought occurred from 1186-1234 A.D.
Thus, precipitation anomalies for the Liftle Ice Age and Medieval Warm Period are not
distinct from each other. For this reason, we designated the occurrence of a distinct climatic
anomaly associated with the Medieval Warm Period for Morocco in Figure 2 as uncertain

or ‘Yes?’.
Distinctly cooler conditions prevailed over the oceans — in the Carribean Sea by

about 2-3°C (Winter et al. 2000) and ig the Sargasso Sea by about 1°C (Keigwin 1996},
especially during the 17th and 18th centiuries relative to the present. Likewise, deMenocal

8Barlow et al. (1997) emphasized that bot}} cultural and political factors combined to make the Norse
Greenlanders at the “Western Qettlement’ mord vulnerable to the harsh climatic conditions.
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et al. (2000) found that the subtropical Ngrth Atlantic’s sea surface temperature off Cap
Blanc of Mauritania also was cooler by 3.4°C between 1300-1850 A.D. than at present.
Similarly, during the Medieval Warm Perigd, the Sargasso sea surface temperature was
about 1°C warmer than it is currently, while the sea surface temperature off the coast of
Mauritania (west Africa) was only margindlly warmer than at present. Based on Mg/Ca
paleothermometry of the calcitic shells of microfossils, Cronin et al. (2003) found large
(about 2 to 4°C warming or cooling) and|rapid (< 100 years) shifts of spring water
temperature of the Chesapeake Bay at 2100, 1600, 950 (1050 A.D.), 650 (1350 A.D.),
400 (1600 A.D.) and 150 (1850 A.D.) years before present. This Chesapeake Bay proxy :
temperature record of Cronin et al. (2003) recognizes five distinct climatic periods: the r
20th century warm period,® the early Medieval Warm Period (from 450-900 A.D)), the
conventional Medieval Warm Period (from 1000-1300 A.D), the early Little Ice Age (from
1450-1530 A.D.) and the late Little Ice Agp (1720-1850 A.D.). High-resolution coral skeletal
&80 and Sr/Ca ratio records from Bermy ds indicated sea-surface temperature standard
deviations of about £0.5°C on interannual and £0.3°C on decadal timescales during the
16th century, the ranges of variability ar¢ comparable to estimates from modern -20th
century instrumental data (Kuhnert et al 2002). However, these sub-annual resolution
coral proxy data also show that although there may be large-scale climate signals like
the North Atlantic Oscillation detectable |at Bermuda, no correlation can be found with
other Northern-Hemispheric-wide proxy reconstructions {i.e., in Kuhnert et al.’s case, they
compared with Mann et al. 1998’s temperature series) because of large spatial differences
in climate variability. From sedimentary Loncentrations of titanium and iron, Haug et al.
(2001) inferred a very dry climate for the Cariaco Basin during the Little Ice Age and
relatively wetter conditions during the Medieval Warm Period.

Over the equatorial Central Pacific, |around the NINO3.4 (5N-5°8; 160°E-150°W)
region, Evans et al. (2000), in their skillful reconstruction of the ENSO-like decadal
variability of the NINO3.4 sea surface temperature (SST), found an apparent sustained
cool phase of the proxy NINO3.4 SST vdriability from about 1550 A.D. to approximately
1805 A.D., thereby extending the geographical area covered by the Little Ice Age Climate
Anomaly. Evans et al. (2000) also addetl that the reconstructed NINO3.4 decadal-scale
QST variability prior to the 17th century is similar to that of the 20th century, thus

9 Although Cronin et al. (2003) suggested that “yecent decadal climate variability in the North Atlantic
[with similar suggestion for their Chesapeake Bay record] region is extreme relative to long-term patterns
may be 1 part anthropogenic in origin”, we nbted that these authors admitted to the possible bias from
greater sampling resolution in the last two centuries and “rapid regional warming ~ 1800 AD [at Chesapeake
Bay] was accompanied by accelerated sea level|rise at the end of the Little Ice Age, about 1750-1850 AD,
thus preceding large-scale fossil fuel burning”. Thus we assigned “YVes?’ as answer to Question 3 in Table 1.
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suggesting that recent 20th century Pacifid ocean decadal changes are neither unusual nor

unprecedented.

From the analysis of 6*%0 (for proxy of sea surface salinity) and Mg/Ca (for proxy of
sea surface temperature) compositions of planktonic foraminefera Globigerinoides ruber'®
from cores retrieved from deep ocean near| the eastern edge of the Indonesian archipelago,
Stott (2002) and Stott et al. (2002) confirms that sea surface temperature and salinity
around this area of Western Pacific Warm Pool were significantly anomalous around the
Medieval Warm Period and the Little Ice Age. During the peak of the Medieval Warm
Period from about 900 to 1100 AD, the s¢a surface temperatures were estimated to reach
as high as 30°C, although Stott (2002) enjphasizes that the primary signal of the climatic
fingerprint in this deep sea core is manifested through the sea surface salinity rather than
sea surface temperature. Stott (2002) further suggests that the warm and more saline
sea surface condition during the Medieval] Warm Period and the cooler and less saline sea
surface condition during the Little Ice Age are not unique throughout the Holocene but
instead represent a pattern of millennial ¢limate variability in the Western Pacific Warm

Pool region.

1.2.3. Asid and Eastern Europe

From 49 radiocarbon-dated subfossill wood samples, Hiller et al. (2001) determined
that the alpine tree-limit on the Khibiny low mountains of the Kola Peninsula was located
at least 100-140 meters above the current tree-limit elevation during the relatively warmer
time between 1000 A.D. and 1300 A.D. The summer temperatures corresponding to the
tree-line shift during this warm time are éstimated to have been at least 0.8°C warmer than
today. Based mostly on documentary evillence, Borisenkov (1995) noted that Little Ice Age
conditions began as early as the 13th certury in Russia, with the characteristic of frequent
climate extremes both in terms of severg winters, rainy and cool summers, and sustained
droughts (up to a decade long). Middle Russia (around 50-60°N and 30-50°E) seems to have
experienced its coolest winters around 1520-1680 A.D., its coolest summers and springs
around 1860-1900 A.D., and distinctively warm conditions during the first half of the 16th
century, similar to conditions for westerp Europe described above. In addition, ground
surface temperature histories deduced from boreholes around the Czech republic suggest

10This surface-dwelling species is abundant nder warm summer surface waters of the Western tropical
Pacific while the species Globigernoides saccu Wfer is noted by Stott et al. (2002) to be present in smaller
amount because it cannot form shells at tempgrature higher than 27°C—thus was analyzed to deduce ses
surface temperatures during the cooler winter onths for the Warm Pool region.
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that winters during 1600-1700 A.D. were the most severe since at least 1100 A.D. (Bodri
and Cermak 1999). The temperature-depth borehole records also yield a clear signature of
an anomalously warm period for central Bdhemia, especially around 1100-1300 A.D.

Yadav and Singh (2002) note that clitnate over the Himalaya region tends to vary
greatly over short distances because of forcing by topography. However, temperature
variations may have a better spatial coherfnce when compared to precipitation changes
over these high-elevation areas. Based on & network of twelve tree-ring width chronologies
from the western Himalaya region of India, Vadav and Singh (2002) found that the warmest
spring temperatures of the 20th century around 1945-1974 A.D. were not the warmest of
the last four centuries in their tree-ring proxy temperature record, nor was the character of
90th century warming found to be unusua. Esper et al. (2002b), ini a study based on more
than 200,000 ring-width measurements frgm 384 trees over 20 individual sites extending
over the Northwest Karakorum of Pakistdn and the Southern Tien Shan of Kirghizia,
compiled a 1300-year long record of proxy temperature data that resolved decadal-scale
variations. This record shows that the wakmest decades since 618 A.D. in Western Central
Asia occurred between 800 and 1000 A.D. while the coldest periods occurred between 1500

and 1700 A.D.

In China, Bradley and Jones (1993} found that the mid-17th century was the coldest
period of the last millenium. New China-wide composite temperature averages recompiled
by Yang et al. (2002) confirm this fact abbut the coolest period during the Little Ice Age in
China. Yang et al.’s (2002) records further suggest the warm period in China from 800-1400
A.D., which roughly corresponds to the Nedieval Warm Period defined in this paper. Yang
et al. (2002) also note that large regional temperature variations are found for the warm
period in China—in Eastern China and in the northeastern Tibetan Plateau, the warm
conditions prevailed from 800-1100 A.D.|while in Southern Tibetan Plateau, the warmest
period occurred in 1150-1380 A.D. In cqntrast, Yang et al. (2002) found that the cool
conditions during the Little Ice Age are more homogeneous and consistent among various
climate proxies. Although not an emphagis in their work, Yang et al. (2002) further noted,
from their “weighted” reconstruction cugve, that the warmest period in China of the last
two millenia occurred in 100-240 A.D. su rpassing even the warming of the 20th century.

In northeastern China, frequent ocgurrences of extremely dry conditions prevailed
during the 16th and 17th centuries (Sonig 2000). The dry conditions returned again in the
20th century and now cover a wider ar(?f (with indications of an increasing number of days
with no discharge from the Yellow River; but these 20th century events are likely to be
confused with other man-made factors). Based on a combination of subdecadal (< 10 years)
and longer-term (> 50 years) isotopic regords from stalagmites retrieved from Buddha Cave
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(80 km south of Xian, central China), Paulsgn et al. (2003) showed that although there were
general cool and warm period during the Little Ice Age interval and Medieval Warm Period,
respectively, the patterns of precipitation around the area were considerably more variable.
For example, the region around Buddha Cave were generally dry from ca. 1640-1825 AD
but the interval 1475-1640 AD were 2 relatively wetter period. Based on a homogeneous
set of typhoon records from 1470-1931 A.I}., Chan and Shi (2000) documented the notably
larger number of land-falling typhoons over Guandong Province in the early-to-mid 19th
century. Using a 5180 proxy record from peat cellulose with 20-year resolution and various
Chinese historical records, Hong et al. (2000) showed the general cooling trend in surface
air temperature during the Little Ice Age interval in northeastern China. Hong et al. found
three of the coolest minima in the record entered around 1550, 1650 and 1750 AD. An
obvious warm period peaked around 1100 o 1200 A.D., coinciding with the Medieval Warm
Period. The study of documented cultivation of Citrus reticulata Blanco (a citrus tree) and
Boehmeria nivea (a perennial herb), both subtropical and temperature-sensitive plants,
during the last 1300 years showed that ngrthern boundaries for these plants had shifted
and expanded; their northernmost location was reached around 1264 A.D. (Zhang 1994).
Zhang then deduced that temperature conditions in the 13th century around central China
must have been about 1°C warmer than pt present. Ren (1998) found further evidence
from a fossil pollen record at Maili Bog, northeast China, that summer monsoon rainfall
from 950-1270 A.D. must have been generally more vigorous in order to explain the high
deposition of several pollen taxa, which are (otherwise) unexplainable by human activity at

those times.

Based on less precise climate proxies like cherry-blossom-viewing dates, lake freezing
dates and historical documentation of climate hazards and unusual weather, Tagami (1993,
1996) found that a warm period prevailed between the 10th and 14th centuries, and’a cold
period between the late 15th and 19th cénturies, over large parts of southern Japan. From
a study of the number of days with snowfall relative to days with rainfall, Tagami (1996)
concluded that the 11th and 12th centuties were unusually warm. During the Little Ice
Age, Japanese summers were relatively ¢ool from the 1730s to 1750s, in the 1780s, from
the 1830s to 1840s, and in the 1860s, while winters were cold from the 1680s to 1690s
and in the 1730s and 1810s. From the tree-cellulose 8'3C record of a giant Japanese cedar
(Cryptomeria japonica) grown on Vakughima Island of southern Japan, Kitagawa and
Matsumoto (1995) inferred a temperatutre of 2°C below average from A.D. 1600 to 1700
and a warm period of about 1°C above average between A.D. 800 and 1200.
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4.2.4. North America

Overall, the composite summer tempgrature anomaly of Bradley and Jones (1993)
shows that, over North America, mean tenperature of the 15th-17th centuries was 1°C
cooler than the average of the reference period 1860-1959.

Over the southern Sierra Nevada, Caljfornia, Graumlich (1993) found that the coolest
50-year interval in her 1000-year tree-ring |proxy record occurred around 1595-1644 AD,
while the wettest 50-year period was 1712-1761 A.D. Those occurrences are consistent
with our definition of a discernible climatjc anomaly associated with the Little Ice Age
interval of 1300-1900 A.D. Ely et al. (19 H3) noted from river records in Arizona and
Utah that the most extreme flooding events occurred during transitions from cool to
warm climate conditions, especially during the late 1800s to early 1900s. For the Central
U.S.A. (33-49°N and 91-109°W), drought |episodes were noted for the 13th-16th centuries
(from data compiled by Woodhouse and QOverpeck 1998). These droughts were of longer
duration and greater spatial extent than the 1930s-1950s drought (i.e., the ‘Dust Bowl’
drought). Additionally, both Yu and Ito [1999) and Dean and Schwalb (2000) identified
cycles of aridity lasting about 400 years from lake records of the Northern Great Plains,
where the last dry condition peaked arouhd 1550-1700 A.D. Based on the tree ring proxy
of hydroclimatic conditions in Southern Manitoba, George and Nielsen (2002) found that
the Red River basin had experienced extiemely dry conditions between 1670 and 1775 AD.
These authors also concluded that the my ltidecades-scale change of the hydroclimate across
the northeastern Great Plains during the last 600 years had been remarkably coherent upon
comparing their tree-ring results with the limnological records from North Dakota and

Minnesota.

From an extensive collection of multiproxy evidence, Stine (1998) concluded that during
the Medieval Warm Period prolonged in ervals of extreme drought affected California,
the northwestern Great Basin, and the orthern Rocky Mountains/Great Plains, while
markedly wetter regimes persisted over the Upper Midwest/sub-arctic Canada and Southern
Alaska/British Columbia regions. There was also a significant but brief interval around
1110-1140 A.D. when moisture conditions changed from dry to wet in California, the
northwestern Great Basin, the northern| Rocky Mountains/Great Plains, and from wet
to dry in the Upper Midwest Jsub-arctic| Canada and Southern Alaska/British Columbia.
The most likely explanation for this rap d and dramatic switch from wet to dry conditions
around the Upper Midwestern U.S. arofnd 1100 A.D. is the contraction and subsequent
expansion of the circumpolar vortex. Symmer polar fronts shifted significantly southward,
stopping the penetration of moisture-laden air from the Gulf of Mexico (based on early ideas
of Bryson et al. 1965). Stine (1998) added the requirement of a concomitant jet-stream
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change, from zonal to azonal, in order to ¢xplain the distinct observed differences of the
moisture patterns between the Upper Midwest and Southern Alaska/British Columbia.
Graumlich’s (1993) reconstruction of sumther temperature and winter precipitation from
trees in the Sierra Nevada confirmed the dverall warm and dry conditions for California
during Medieval times, when two of the warmest and driest 50-year intervals occurred — at
1118-1167, 1245-1294 A.D. and 1250-1299,|1315-1364 A.D., respectively.

Hu et al. (2001), based on their high resolution (multidecadal) geochemical analysis
of sediments from Farewell Lake by the n rthwestern foothills of the Alaska Range, also
found pronounced signatures of the Medieiral Warm Period around 850-1200 A.D. During
the Little Ice Age, the surface water temyj erature of Farewell Lake fell to a low in 1700
A.D. that was estimated to be about 1.75PC cooler than at present. They also noted that
colder periods were in general wetter (in ¢ontrast to drier conditions during the Little Ice
Age in the Central United States region described above) than the warm’periods in this
part of Northwest Alaska. On the Yucatdn Peninsula, prolonged drought episodes recur
approximately every 200 years, with the two most significant recent peaks centered around
800 and 1020 A.D. (Hodell et al. 2001). Timings of these severe droughts also seem to fit
several known discontinuities in the evolution of the Mayan culture.

4.3. Southern Hemisphere

Figures 1, 2 and 3 highlight the scarpeness of Southern Hemisphere coverage by proxy
climatic information through the second millennium A.D.

4.8.1| New Zealand

In New Zealand, the §'30 concentration in a stalagmite record from a cave in northwest
Nelson shows the coldest times during the Little Tee Age to be around 1600-1700 AD,
while exceptionally warm temperatures becurred around 1200-1400 AD., in association
with the general phenomenology of the Medieval Warm Period (Wilson et al. 1979). The
cooling anomaly around 1600-1700 A.D.| apparent in the 6180 stalagmite record, coincides
with the smallest growth rings (i.e., thg coolest period) for silver pine (Lagarostrobus
colensor) from Mangawhero of North Island. However, at Ahaura, South Island, the
smallest ring width index of the 600-year record occurred about 1500-1550 A.D. (D’Arrigo
et al. 1998). Williams et al. (1999) issugd important cautions concerning the interpretation
of stable isotope data from New Zealanf, especially the correctional functional relations
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among temperature, precipitation and 518() data (which are strongly influenced by oceans
surrounding New Zealand) from Waitomo, North Istand speleothems. The mean annual
temperatures at Waitomo from 1430-1670 A.D. were deduced, based on the analysis of §¥0
data from Max’s cave stalagmite, to be abput 0.8°C cooler than at present.

4.8.2. | South Africa

Tyson et al. (2000) showed, through|isotopic measurements of a stalagmite, that
the interior region of South Africa, near the Makapansgat Valley (eastern part of South
Africa), had a maximum cooling of about [1°C around 1700 A.D compared to the present.
This cooling corresponds well with the mlaximum cooling signal contained in a coral
record from southwestern Madagascar (Tyson et al. 2000). Tyson and Lindesay (1992)
demonstrated that the Little Ice Age in Shuth Africa exhibited two major cooling phases,
around 1300-1500 A.D. and 1675-1850 AD., with a sudden warming interval occurring
between 1500 and 1675 A.D. In addition, Tyson and Lindesay suggested a weakening of the
tropical easterlies that increased the incidence of drought during the Little Ice Age in South
Africa—with a relatively drier condition for the summer rainfall region in the northeast,
but a wetter condition for the winter rain fall region near the coastal Mediterranean zone
in the southwest. At Makapansgat Valley, the Medieval Warm Period peaked with a
temperature about 3-4°C warmer than at present around 1200-1300 A.D. (Tyson et al.
2000). The multiproxy review by Tyson and Lindesay (1992) showed evidence for a wetter
South Africa after 1000 A.D., when foresf and wetland become more extensive, including
the development of a riverine forest in tHe northern Namib desert along the Hoanib river
during the 11th-13th centuries.

4.8.8. | South America

Over southern South America’s Patagonia, the Little Ice Age’s climatic anomalies, as
deduced from tree ring records, were manifest as cold and moist summers with the most
notable, persistent century-long wet intex vals centered around 1340 and 1610 A.D. (Villalba
1994). From a multiproxy study of lacustrine sediments at Lake Aculeo (about 34°5; 50
km southeast of Santiago, Chile), Jenny|et al. (2002) found a period of greatly increased
flood events centered around 1400-1600 A.D. (and in three other intervals: 200-400, 500-700
and 1850-1998 A.D.), which could be inf erpreted as increased winter rains from enhanced
mid-latitude westerlies that usher in more frontal system activities. In contrast, during the
Medieval Warm Period, the southern Patagonia region at latitudes between 47-51°S became
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Medieval Warm Period and the Little Ic
glaciers, ice cores and sea sediments on
physical, biological and environmental d
around the Antarctic Peninsula during {
1979; Rott et al. 1996; Vaughan and D
Marshall et al. 2002), most of the 20th
discussed here cannot be considered ext

Af.-

warmer, perhaps because of the southward shift
(Iriondo 1999). The northern part of Cérdoba
indary of the Chaco Forest, which is located
today (Carignano 1999). Cioccale (1999) further
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d 1000 A.D.

Antarctica

hphical information for conditions during the

> Age in the Southern Hemisphere is obtained from
and around Antarctica. Although many notable
hanges have recently occurred there, especially
he last 50 years (e.g., Mercer 1978; Thomas et al.

hake 1996; Smith et al. 1999; Doran et al. 2002;

century changes contained in the proxy records

reme or unusual (see Figure 3, also Vaughan and




{926 -

Doake 1996; D. Evans 2000). For examplg, Vaughan and Doake (1996) deduced that a
further warming of 10°C would be required to destabilize the Filchner-Ronne and Ross ice
shelves that support the West Antarctic Iceé Sheet. Under an even more extreme parametric
study using a coupled thermo-mechanical jce sheet and climate model, Huybrechts and de
Wolde (1999) concluded that their results|do not support a catastrophic collapse or even
strongly unstable behavior of the marine-based ice sheet on West Antarctica. Extended
studies based on geological proxy evidencd appear to support the very-long-term stability
of the Antarctic Ice Sheets (e.g., Kennett ind Hodell 1995; Sugden 1996).

For the Little lce Age, advances of glaciers on South Georgia Island (which is
half-covered by glaciers') began after the late 13th century, with a peak advancement
around the 18th-20th centuries (Clapperton et al. 1989). Glacier retreats occurred after
about 1000 A.D., which cotresponds to tHe timing for the Medieval Warm Period. Baroni
and Orombelli (1994) noted a similar scehario for glacier advances and retreats during
the Little Ice Age and Medieval Warm Heriod for the Edmonson Point glacier at the
Terra Nova Bay area of Victoria Land on the Antarctic continent {East Antarctica).
The Edmonson Point glacier retreated in|two distinct phases, around 920-1020 A.D. and
1270-1400 A.D., and then advanced at lehst 150 meters after the 15th century. Isotopic
thermometry from ice cores at Dome C (74.65°S; 124.17°E; elevation 3240 meters) and
Law Dome (66.73°S; 112.83°E; elevation [1390 meters) both indicate cooler and warmer
anomalies for the Little Ice Age and Meldieval Warm Period, respectively (Benoist et
al. 1982, Morgan 1985). High-resolutior] records of magnetic susceptibility from deep
sea cores (Domack and Mayewski 1999; Domack et al. 2001) drilled near the Palmer
Deep site (64.86°5; 64.21°W) off the Antpretic Peninsula also show a marked increased in
bio-productivity and corresponding decrgase in magnetic susceptibility because of dilution
of the magnetite, with a peak centered hround 1000-1100 years BP. This observation
probably implies warm temperatures and minimal sea-ice conditions, coinciding with the
Medieval Warm Period. In the same re ord, Domack and colleagues found a decrease
in bio-productivity and a corresponding [increase in magnetic susceptibility owing to less
dilution of the magnetic minerals by bio enic materials, from about 700 to 100 years BP.
This time period corresponds to the Little Ice Age of the 14th to 19th century and is likely
to have been accompanied by cool and indy conditions. A similar interpretation of low
magnetic susceptibilty and high bio-productivity and, high magnetic susceptibilty and low
bio-productivity for the warmer and coolier climates during the Medieval Warm Period and
Little Ice Age interval, respectively, by Khim et al. (2002) based on their analyses of the

1Based on Clapperton et al. (1989) with ipdates from an October 8, 2002’s email testimony of Mr.
Gordon M. Liddle, Operations Manager, Covetnment of South Georgia and the South Sandwich Islands.
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5. IDiscussion

The widespread, but not truly global, geographical evidence assembled here argues
for the reality of both the Little Tce Age and the Medieval Warm Period, and should
serve as a useful validation target for any reconstruction of global climate history over the
last 1000 years. Our results suggest a diffprent interpretation of multiproxy climate data
than argued by Mann et al. (1998, 1999, D000a). Since calibration of proxy indicators to
instrumental data is still a matter of oper investigation, it is premature to select a year
or decade as the warmest or coldest of the past millennium. However, we now present a
scientific examination on the quality of the Mann et al. (1998, 1999, 2000a) reconstruction,
focusing on its limitations, especially becg usel? these results are prominently featured and
promoted in the Third Assessment Report of the Intergovernmental Panel on Climate

Change (Albritton et al. 2001).

5.1. An examination of Mann et al.’s analyses and results

Mann, Bradley and Hughes (1998, 1999) and Mann et al. (2000a) conducted one of the
most ambitious attempts to reconstruct global temperature variability and its pattern over
the past millennium. Based on many long proxy records and their match with five leading
spatial—temporal EOFs from modern surface thermometer records, Mann and colleagues
developed a quantitative temperature history of the Northern Hemisphere dating as far

back as 1000 A.D.

That non-local view and representafiion of climate variability is also echoed by Bradley
et al. (2000). But the mathematics of|EOFs introduces & potential and significant

bias, as mentioned above. More importpntly the non-local view of climate change has
ility. Yet, even for interannual variation, careful

limited application to interannual variak
studies like Lau and Nath (2001) have shown that changes in heat anomalies at an open,
maritime site in the Central Pacific are|more likely responses to Jocal variations in wind
dissipation, while balances of energetics|in a coastal region like the Gulf of Alaska are more
dependent on non-local atmospheric adyection of temperature and heat anomalies. As the
interaction timescale increases, crucial but currently unresolved questions on the thermal
and dynamical constraints of local geography and the nature of air-sea coupling will become
more important (see Hakkinen 2000; Seager et al. 2000; Marshall et al. 2001 for updated
discussions on the nature of air-sea-ice |coupling for generating interannual, decadal and

12This rationalization was suggested and re ommended by an anonymous referee.




multidecadal climate variability over the
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order of about 50-100 years are pursued.

Several facts regarding Mann et al.’s
are germane to these issues. First, Man

assumption in their multi-proxy reconstrug
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(c) the notion of the Little Ice Age as a glopally synchronous cold period can be dismissed.
(d) the notion of the Medieval Warm Epoch, according to Lamb (1965), applies mainly to
western Europe and was not a global phengmenon (see our perspectives in section 6).

In contrast to the first claim above afe the earlier borehole-heatflow temperature
results of Huang et al. (1997), who utilized more than 6000 heatflow-depth measurements
distributed worldwide to deduce a compogite ground temperature record over the last
20,000 years. Over the last 1000 years, Hpang et al. found that the composite ground
temperature 500-1000 years ago was warnjer by 0.1-0.5°C than the present.'® After the
early warmth, the temperature cooled to 3 minimum of 0.2-0.7°C below today's level about
200 years ago. Unlike tree-ring proxy climpte results, borehole temperature reconstructions
Jose high frequency climate information, thus making the direct calibration and comparison
with surface thermometer results difficult |(see, however, an inter-calibration attempt by
Harris and Chapman 2001).

Post-Mann et al. (1998, 1999) tree-ripg reconstruction (re)analyses, like Briffa (2000)
and Esper et al. (2002a), have also clearly|shown evidence for a Medieval Warm Period that
is at least as warm as the 20th century, fdr at least up to 1990. This is why many authors,
including Broecker (2001), cautioned agaihst any definitive conclusion on the nature of true
climatic change from proxy records or from EOF mathematical reconstructions.

Three existing criticisms of, and significant challenges to, the conclusions of Mann and

colleagues by several other researchers arg:

(1) The majority of the tree-ring records yised by Mann et al. {1999) have been standardized
(see footnote 5). That process removes ndnclimatic tree growth factors; and as a result, most
of the climate variability information on|timescales longer than about thirty years is lost
(see Briffa and Osborn 1999; Briffa et al.| 2001 and our deduction of the upper limit below).
Briffa and Osborn also emphasized the significance of the lack of good time-resolution
paleo-records in contrast to Mann et al.’s-claim of a large number of independent datasets

warmth to the well-noted 1997/98 El Nino everft in that paper.

150ur own private communications with SP. [Huang and between M. MacCracken and H. N. Pollack, and
in turn kindly shared with us by M. MacCraken on June 7, 2001, confirm that the warm feature during
the Medieval Warm Period derived using this [relatively “lower-quality” heatflow data, rather than direct
borehole temperature profilings, is robust. In [fact, H. N. Pollack carefully explained that “We do have a
paper in Geophysical Research Letters (v. 24, n| 15, pp. 1947-1950, 1997) that uses lower-quality geothermal
data (note carefully: this does not mean bor¢hole temperature profiles!) from some 6000 sites, and this
analysis does show a MWP when analyzed as| a global dataset. When analyzed as separate high latitude
(>45 degrees) and low latitude (<45 degrees),|the amplitude is greater at high latitudes and smaller at low
latitudes, but [the Medieval Warm Period featfire is] still present.”
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that can be used for multi-proxy reconstrugtion.’t

(2) Strong evidence has been accumulating that tree growth has been disturbed in many
Northern Hemisphere regions in recent depades (Graybill and 1dso 1993; Jacoby and
D’Arrigo 1995; Briffa et al. 1998: Feng 199D; Barber et al. 2000; Jacoby et al. 2000; Knapp
et al. 2001) so that atter 1960-1970 or so, the usual, strong positive correlation between the
tree ring width or tree ring maximum lateood density indices and summer temperatures
have weakened (referred to as «gnomalous reduction in growth performance” by Esper et al.
2002a). The calibration period of Mann et al. (1998, 1999, 2000a) ended at 1980, while 20
more years of climate data post-1980 (cordpared to the 80 years length of their calibration

interval, 1902-1980) exist. If the failure of
records over last two to three decades sug
from COs, nitrogen fertilization or land-ul
in the length of growing seasons and cha
and so on), then no reliable quantitative

: hter-calibration of instrumental and tree growth
yests evidence for anthropogenic influences (i-e.,
e and land-cover changes or through changes
ges in water and nutrient utilization efficiencies
‘nter-calibration can connect the past to the

future (Idso 1989). Briffa and Osborn (1999) have also criticized the impact of unusual tree
growth on the calibration procedure of tr¢e-ring climate proxies (see additional discussions

in Jacoby and D’Arrigo 1995; Briffa et al
al. 2000). This matter has largely been

1998; Barber et al. 2000; Briffa 2000; Jacoby et

nresolved, which means that global or Northern

Hemisphere-averaged thermometer records of surface temperature cannot be simply
attached to reconstructed temperature rdcords of Mann et al, based mainly on tree-ring
width, which cannot yet be reliably calibfated, to the latter half of the 20th century.

(3) Broecker (2001} tentatively concluded
event, although the hypothesized climate

that the Medieval Warm Period was a global-scale

responses may bel” anti-phased between the

northern and southern high-latitude or pplar regions. In terms of Broecker’s hypothesis, the
strength of the Atlantic ocean’s thermohpline circulation oscillates naturally on a timescale
of about 1500 years, based on the origirlal findings of Bond et al. (1997, 1999) and its

bipolar seasaw imprints on climate (see also the quote from Lamb [1982, 19973} in section

2).

The 1902-1980 period of surface th ermometer records adopted by Mann et al.

(1999) as the calibration interval at besf

samples two to four repeatable or characteristic

16But see updated attempts by Briffa et al. |(2001) and Esper et al. (2002a) to retrieve longer timescale

climatic information from tree-ring data thaj

are fundamentally lmited by actual segment lengths of

individual tree-ring series, dead or living, condatenated to produce the composite tree-ring chronology. In
Esper et al.’s case, the segment lengths of theit individual tree-ring series are about 200 to 400 years.

17The tentativeness arises because we do not|know the precise mechanism of change Broecker proposed: it
can be either thermohaline circulation mediatefl type of change or tropical ocean-induced changes with large

amplification and northern-southern hemisphere

synchronization effects through the water vapor feedback.
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“multi-decadal” (say, 20-t0-30-year) eventg. Therefore, the base spatial pattern adopted
by Mann et al. (1998, 1999, 2000a) does pot account for any relevant climate changes
that may recur over 40-year and longer, eg., centennial timescales. There may be skill in
resolving > 40-year changes for limited regions like the North Atlantic for as far back as
1700 A.D. (e.g., as studied in Baliunas et |al. 1997; Delworth and Mann 2000; Cullen et
al. 2001}, but a similar conclusion cannol be reached for global-scale changes spanning
the last millennium. A direct comparison|of > 40-year temperature variability by Esper
et al. (2002a) confirmed that Mann et al's Northern Hemispheric mean reconstruction has
significantly underestimated the multidecaTia,l ax}d centennial scale changes!® (see Figure 3 of
Esper et al. 2002a). Another reason we dol not accept the conclusions of the two most recent
studies by Mann and colleagues in claimipg that both GCM and proxy reconstructions
have skill for the study of multidecadal climatic changes (see also contradictions of claims
by Mann and colleagues in Collins et al.| 2002) is the fact that various proxy-based
reconstructions of the North Atlantic Osdillation (NAO) index back to 167 5 demonstrated
little verification skill, especially around the late 18th- to mid-19th-century as compared to
NAO results based on available instrumental records (Schmutz et al. 2000). Evans et al.
(2002) demonstrateded similar problems jn inter-calibration gkill when comparing various
paleo-reconstructions of ENSO-mode varjability over the 19th century; and, hence, they

18 There is an internal inconsistency in the claiin by Mann and Hughes (2002) that the differences between
their results (Mann et al, 1998, 1999, 2000) and Esper et al. (2002a) may be partly explained by the fact
that “[h]alf of the surface area of the NH temperature record estimated by Mann et al. lies at latitudes below
30°N, where as the Esper et al. estimate is based entirely on latitude above 30°N.” Figure 9 of Mann et al.
(2000) clearly show that the reconstruction record of Mann et al. yields similar amplitude and time variability
for both the NH-wide and NH extratropical {30-T0°N) averaged temperatures. Huang and Pollack (2002), by
comparing their borehole temperature results with the synthetic subsurface temperatures generated by both
Mann et al. and Esper et al. reconstructions, argued that it would require “an extraordinary contrast between
the tropics and the extra-tropical continents at the hemispheric scale to account for the subtantial difference
between the negative transient predicted by the MBI [Mann et al.] reconstruction and the positive transients
predicted by the ECS [Esper et al] reconstrugtion and observed in boreholes.” By further studying both
the instrumental and reconstructed temperaturg dataset of Mann et al. (2000) [results of this independent
checking are available from wsoon@cfa.harvarfl.edu|, we find neither verification nor independent support
for the claims by Mann (2002) and Mann et al. [2003) that “[njearly all of the proxy reconstructions are seen

" to be internally consistent (i.e., well within|the uncertainties of the Mann et al. reconstruction). [sic.]”
The argument by Mann and colleagues is that ¢oncensus to the wide variety of proxy results can be reached
by “simply” re-scaling all proxy datasets according to thelr sensitivities to different: (1) spatial sampling
patterns, (2) seasons and (3) latitude bands. By contrast, we suggest that the large differences in the results
from different proxy reconstruction efforts (i.e} Esper et al. [2002] versus Mann et al. [1999] and Huang et
al. [2000] versus Mann et al. [1999]) are real, owing to the differences in the long-term variance captured by
the different proxies or internal biases of each proxy (with respect to their climatic information contents) or

both.
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cautioned about over-confidence in all proxy reconstructed versions of ground-truth.

Ogilvie and Jénsson (2001) have further noted that all current calibrations of proxies
to large-scale instrumental measurements|have been mainly valid over phases of rising
temperature. The concern ‘s that a different calibration response arises when the procedure
‘s extended to an untested climate regime associated with a persistent cooling phase.
Evans et al. (2002) worried about the reality of spurious {requency evolution that may
contaminate a multiproxy reconstruction in which the type of proxy data changes over time
and no sufficient overlap of proxy data exists for a proper inter-proxy calibration/validation
procedure. In other words, each proxy mpy have its distinct frequency response function,
which could confuse the interpretation of climate variability. Finally, another concern is the
lack of understanding of the air-sea relati bnship at the multidecadal time scale, even in the
reasonably well observed region of the Ndrth Atlantic (Hikkinen 2000; Seager et al. 2000,
Marshall et al. 2001; Slonosky and Yiou 2001: JS. von Storch et al. 2001).

Taking all the physical criticisms and technical problems together, we conclude that
the answers proposed for several key que .tions on climate behavior of the past millennium
in Mann et al. (1998, 1999, 2000a) are uncertain because of the unverifiable assumptions
implicit in the mathematical extrapolatipn of the observed pattern of climatic changes
_ valid in the sampling of the 20-30 year scale of variability at most— to the full historical

changes of the last 1000 years.

The Mann et al. (1998, 1999, 20004) large-scale proxy temperature reconstruction is
not capable of resolving the three specific questions we pose in this paper about the local
reality of the Little Ice Age, Medieval Warm Period and 20th century warming (e.g., the
mismatches between the local sea-surface temperature reconstruction from Bermuda and
Mann et al. Northern-hemispheric proxy temperature shown in Figure 7 and additional
comparative studies discussed on page 167 of Kuhnert et al. 2002). We have found
that although the Mann et al. (1998, 1099, 2000a) reconstructed temperature seems to
be well-calibrated for the annual-mean Northern-hemisphere-wide (or globally averaged)
instrumental temperatures, but we werg not able to ind any satifactory calibrations for
seasonal averages and/or for smaller regional averages (see also footnote 18). Thus, the
composite time series of Mann et al. cannot yet be considered a realistic constraint for
both timing and amplitude for global- pr hemisphere-scale climatic changes of the past
millennium, as further applied by, for eample, Crowley (2000) to deduce causes of those

changes in proxy-based reconstructions.
Briffa (2000, page 87) concluded that dendroclimatological records in general support

“he notion that the last 100 years have been unusually warm, at least within the context of
the last two millennia, [h]owever, this eyidence should not be considered [unlequivocal [NB:
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our correction to Briffa’s statement].” Later, Briffa et al. (2001), by adopting a new analysis
procedure that seeks to preserve greater, long timescale variability (which shows a notable
increase in variance at the 24-37 year time|scale compared with a previous standardization
procedure) in their tree ring density data phan previously possible, stated that the 20th
century is the globally warmest century of|the last 600 years. This conclusion is consistent
with the borehole reconstruction results off Huang et al. (2000). (Both Briffa et al. [2001]
and Huang et al.’s [2000] new reconstruction did not extend back to 1000 A.D.) However,
longer and more carefully-reconstructed tijee-ring chronologies from Esper et al. (2002a)
show that the Medieval Warm Period is injdeed as warm as, or possibly even warmer than,
the 20th century for at least a region covering the Northern Hemisphere extratropics from
about 30°N to 70°N.

An important aspect of both the Briffa et al. (2001) and Esper et al. (2002a) studies
is the new derivation of formal, time-dependent standard errors for their temperature
reconstructions, amounting to about £ 0|1 to 0.3°C from 1000 through 1960 (see also
Jones et al. 1999; Jones et al. 2001). THis assignment of standard errors contrasts with
those assigned in Mann et al.’s (1999) a nually-resolved series, where the uncertainties
ata points in their original publication (their
assumption of ‘orror-free’ instrumental thermometer data is incorrect—see Jones et al.
1999, Folland et al. 2001 and the discussipn of systematic adjustments and issues of surface
temperature measurements in section 5.4). Over the full second millennium, Esper et al.
(2002a) deduced a slightly larger range ih their confidence limits after 1950 (compared to
the pre-1950 interval extending back to 800 AD.) and attributed those higher uncertainties
to the anomalous modern ring-growth prpblem.

were assigned only for pre-instrumental

——

The accumulation of wide-spread p oxies and the need to augment results like those
from EOFs require a systematic re-exam nation of the qualitative results from many climate
proxy indicators. The conservative view| about standard errors (Briffa et al. 2001; Esper
et al. 2002a) is adopted as a guide for fa lower bound of errors {i.e., an error as large
as 0.6-1.0°C for a confidence level of thiee standard deviations) in our analysis. This
approach is guided by Jones et al. {2001), who emphasize the poor quality of paleoclimatic
information over the Southern Hemisphere and say “it is dangerous to place too much
reliance on these curves [NB: referring fo the multiproxy summer temperatures for the
Southern Hemisphere|, because the assdciated errors are likely greater than those for the
NH [Northern Hemisphere].” In addition, we ignore all systematic errors.
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5.2. On links between hemispherictscale climate and tropical Pacific ENSO

The observed global warming of the 1990s as a decade, or even 1098 as a single year
(which has been claimed to be the warmest of the Second Millennium), may be tied to
strong E! Nino-related events. Yet there i$ no clear sign that recent El Nino events are
deterministically unusual compared to thoge of the last 350-400 years (Wunsch 1999; Cane
2001; Evans et al. 2002; or see Figure 14 [n Mann et al. 2000a or Figures 17 and 18 in.
Mann et al. 2000b). To compare the phygical extent of recent to past El Nino events,
consider, for example, the historical results on the severity and wide-ranging impacts of the
1789-1793 ENSO by R. H. Grove (1998).1 Kiladis and Diaz (1986) conciuded, based on
careful studies of historical and instrumental data, that the very-strong El Nino of 1982/83
was really not so exceptional in terms of its climatic anomalies when compared to the

1877/78 El Nino event.

The direct link between tropical ENSDO events and global or hemispheric-scale climate
parameters like temperature and rainfall is drawn from reasonably well-observed air and
sea conditions and their hemisphere-wide teleconnection influences seen for the very-strong
El Nino events of 1982/83 and 1997/93 (¢.g., Harrison and Larkin 1998; Bell et al. 1999;
Krishnamurti et al. 2000; Ueda and Matsumoto 2000; Hsu and Moura 2001; Kumar
et al. 2001; Lau and Weng 2001). In thiat respect, it is noteworthy to contrast the a
posteriori reasoning of Mann et al. (2000b) to achieve an internal consistency of their
claim of the 1990s having been the warm est decade and 1998 the warmest single year of
the past millennium (claimed by Mann et al. 1999) from the paleo-reconstructed Northern
Hemispheric temperature with their Ning-3 (5°N-5°5; 90-150°W) sea surface temperature
reconstruction, which showed no unusual ranking of those two events to mean that ENSO
variability is very weakly coupled to glopal or hemispheric mean temperatures. That
interpretation of Mann and colleagues is not internally consistent with what is known about
robust teleconnection effects by ENSO during the 1980s and 1990s. A likely resolution
might simply be that their paleo-reconstpuction efforts are only calibrated by instrumental

data up to 1980.

19Historical evidence related to the 1789-1733 ENSO points to severe drought conditions around south
India, Australia, Mexico, Southern Africa and egions around St. Helena (South Atlantic) and Montserrat
(Carribean). But there is scarcely any indication of anything unusual in the 1791 global temperature anomaly
pattern reconstructed by the multiproxy regresstton method of Mann et al. (2000D, Figure 25a) in those areas.
On the other hand, the reconstruction of the raipfall anomaly field for the past 1000 years could be an entirely
different problem altogether (Mann et al’s efforls focused solely on temperature reconstruction). For a careful
dizcussion of recent observational evidence in [terms of the ‘“trigger’ and ‘mature-enliancing’ phases in the
coupling between El Nino and the equatorial Ipdian Ocean, see for example Ueda and Matsumoto (2000).
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5.3. On criticisms of the Crowley and Lowery (2000) composite proxy curve

e not directly comparable to those of Mann
ompared with the results of Crowley and

) superposition of these diverse indicators of
hsitivities to temperature and other climatic

e calibration steps of using a renormalization
.n calibration with instrumental data for only
hted by Crowley and Lowery (2000) to produce 2
tion exercises. A selective set of proxy records,
ion and differing in climate sensitivity cannot be
readily as Crowley and Lowery (2000) assume.

Although our approach and results af
et al. (1998, 1999, 2000a), they can be g
Lowery (2000). We have decided against
climate proxies because their individual s€
variabilities are not well defined. Thus, th
and an arbitrary arithmetic mean, and th
selective time-intervals (see below), as adoj
composite curve, are simply biased correla
each with unequal spatial-temporal resolut
combined to produce a composite curve as

Lowery (2000) yields results inconsistent with its
od here. The authors conclude that “{djespite
er than present in some individual records,

the principal conclusion of earlier hemispheric

s that maximum Medieval warmth was restricted
d by the authors as 1010-1040, 1070-1105, and
uring these times being only comparable to the

The composite curve of Crowley and
underlying proxies as well as those discus
clear evidence for Medieval warmth greal
the new hemispheric composite supports
reconstructions and, furthermore, indicatd
to two-three 20-30 year intervals [identifig
1155-1190 A.D.], with composite values d
mid-20th century warm time interval.”

o recalibrate the composite, non-dimensional
temperatures by using selective intervals, namely
/al of 1880-1920 was claimed to be contaminated
\e 19th century rise in CO,.” In contrast, Bradley
posite Northern Hemisphere temperature curve
ce by examining the potential problem of spatial
“there are still extremdly large areas for which we have no data.” Bradley
and Jones checked their composite result$ against the entire record of available instrumental
summer temperature anomalies from abbut 1850 to 1980, as shown in Figure 7 of their
paper. This approach is in sharp contragt to that of Crowley and Lowery, who calibrate
overage to Northern-Hemisphere-wide
tervals and then claim the composite
rn Hemisphere and for the

Crowley and Lowery later proceed {
curve to hemispheric-mean thermometer
1856-1880 and 1925-1965 A.D. The inten
by “anomalous tree-ring growth due to tl
and Jones (1993) first produced their co
and then proceeded to improve its confiden

sampling because

their composite proxy curve based on limited areal ¢
a for only selective time-in
t for the whole Northe

averaged instrumental dat
proxy temperature to be valid or releva

full time interval covered by the instrum

The omission of the 1880-1920 peric
its explanation by Crowley and Lowery
effect, suspected as an influence after tl

ental and proxy records.

d in the instrumental calibration is problematic and
s insufficient. The anthropogenic CO, fertilization

he 1960s, could not already have been occurring




between 1880 and 1920 and not afterward

the impact of the post-1960s CQ, rise on western juniper growth rates under water-stressed

conditions in Central Oregon®”). More puz
(from the White Mountains of the Sierra ]
western Siberia, Qilian Shan of western Ch
China) out of 15 of their proxy series wers
four other tree ring proxy records (those frq

southern France; and the Black Forest in (termany) utilized in their composite curve were

unaffected (see, however, the notable exan

the forests of interior central Alaska and western Canada by Jacoby and D’Arrigo 1995;

Barber et al. 2000)

A more promising explanation for a non-climatic growth response may be related to

land-use, landscape and soil nutrient chan
fertilization effect in the late 19- and earl

of the mismatch between instrumental data and Crowley and Lowery’s composite curve

around 1880-1920 could simply be a real
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see e.g., Knapp et al. 2001 for a discussion on

zling, Crowley and Lowery claim that only five
Nevada, central Colorado, Ural Mountains of
ina, as well as a ‘phenological’ record from East
affected by this CO, fertilization effect, while
m Jasper, Alberta; northern Sweden; the Alps of

ples of late-20th-century reduced tree growth in

res, rather than a direct and too early CO; aerial
y 20th century. Even more likely, the problem

lifference between individual local proxy change

and Northern-Hemisphere-averaged tempgrature variation that cannot be remedied by the
ad hoc re-justification scheme proposed in| Crowley and Lowery (2000).

The composite curve of Crowley angd Lowery was calibrated against Northern
Hemisphere-mean instrumental temperatiire anomalies and that calibration suggests a
Northern Hemisphere temperature recongtruction. But equally well, the composite curve
could be calibrated against global temperature to produce a similar claim of statistical
association. After all, the correlation befween the Northern Hemisphere-mean and the
global-mean annual temperatures over 1866-2000 is about 0.94. However, such a process
may shed no new information because modern thermometer data, when averaged over
hemispheric scales, are relatively insensitjve to regional details. Thus, the information from
the largest-scale of change has, ultimately, very limited value for the practical problem of
understanding local- and regional-scale ¢hanges. (Both Briffa et al. 2001 and Esper et
al. 2002a provide a similar discussion orl the difficulty of distinguishing among large-scale

spatial averages when calibrating regiongl proxy data).

As a result, the composite curve presented by Crowley and Lowery (2000) contains

little physical information, especially for] objective tests relative to the nature of the Little

Ice Age, the Medieval Warm Period and| the 20th century warm period.

20The evidence for anthropogenic COo-fertilization seems to be much weaker in Tasmania and New Zealand

(see e.g., D’Arrigo et al. 1998).
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5.4, On problems of calibrating proxy indices to instrumental data

Thus far, we have avoided discussion bf attribution of suspected climatic factors to
observed changes over the last 1000 years; there remain several barriers in the way of
achieving this goal. Barnett et al. (1999)|made an important point; namely, that it is
impossible to use available instrumental records to provide estimates of multi-decadal and
century-long natural climatic variations. Thus, paleo-proxies remain our only hope for
assessing the amplitude and pattern of climatic and environmental change in the pre-human
era. We argue with Barnett et al. (1999) |that each proxy should be studied in terms of
local change before several records can be| combined for regional and larger spatial-scale
analyses and interpretations. Our concluslon derives mainly from: (1) the real possibility
of non-stationarity in the proxy-climate cg libration to instrumental records, (2) the lack of
adequate superposition rules, given the existence of variability in each type of proxy, and
(3) the lack of a clear physical understanding of the multidecadal climate variability from

theoretical or empirical studies.

Although instrumental temperature decords are believed to have passed quality-control
tests (Jones et al. 1999; Folland et al. 200]: Jones and Moberg 2003), most of the ship-based
measurements of bulk sea surface temperature exhibit large systematic adjustments. These
adjustments range from 0.1°C to 0.45°C |between 1856 and 1941 in hemispheric-scale
averages, owing to the attempt to homoggnize old water bucket-based measurements with
modern ship engine intake measurements (see Figures 6 and 7 and the discussion on pp.
570-576 of Parker et al. 1993, Folland ef al. 2001). Thus, difficulty seems unavoidable
when merging measurements using instruments of different sensitivities and responses, and
warrants a warning added to the phrase “ealibration and independent cross-validation using
instrumental data” in any reconstructior efforts (e.g., Mann et al. 1998, 1999, 2000a).
The corrupted part of the early records [is likely to set the ultimate constraint on the
limited use of the verification procedure|— for example, over the 1854-1901 interval in
Mann et al. (1998, 1999, 2000a). Furthgrmore, Hurrell and Trenberth (1999) have shown
significant differences among four sea sunface temperature datasets,?* even for climatologies
as late as 1961-1990. Those differences not only have important consequences for the

2 Emery et al. {2001a, 2001b) elaborated on the distinction between bulk sea surface temperature measured
at depths from 0.5 m to 5.0 m below sea surfade from buoys and ships and “skin” sea surface temperature
inferred from infrared satellite measurements that sample only the top 10 pm of the oceanic layer. Overall,
bulk minus skin sea surface temperature differehces have mean values of about 0.3°C with an rms variability
of up to 0.4°C, but the distinction is not a mptter of constant adjustment to account for the cooler skin
temperatures. The skin temperature has the important distinction of pertaining to the molecular layer that
controls the air-sea exchanges of heat, momentim and gases.
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proxy-calibration process, but also for the interpretation of atmospheric circulation, moist
convection, and precipitation fields over the tropics. In addition, Christy et al. (2001)
found a significant relative warming of the|decadal trend in bulk sea surface temperature
compared to nighttime marine air (sampled on ship decks at a few meters height) and lower
tropospheric temperature over the tropics [20°N to 20°S). Any calibration of paleo-proxy
indicators to a “surface temperature” that does not distinguish between the air and the sea
includes such differences as unquantifiable uncertainties.

Another significant problem is the indication that an anthropogenic influence may have
already left its fingerprint on the recent growth of trees across the Northern Hemisphere. If
this anthropogenic effect were present in tree ring data, then the calibration and verification
procedure designed for extended paleoclimhatic reconstructions would be significantly
corrupted by further uncertainties (Idso 1P89). Even with the convincing calibration of
the proxy and instrumental data within their overlap interval, the calibration failure in
the last 2 to 3 decades obscures climatic information from the proxy recorders. Another
major concern is the inherently very long |delay, including stases, between climatic forcing
anomalies and responses. For example, in the biological and glaciological proxies a long
temporal inertia exists in the forcing-feedlpack system (e.g., Bryson 1985; Cole 1985; Calkin
et al. 2001; Hormes et al. 2001 for vegetiational and glacial changes and their physical
delays). The suggested time lags are as lopg as a few thousand years!

Enormous difficulties remain before an adequate sampling of historical changes can
be amassed for conclusions on the largest spatial scales. Also, the assumption of global
coherence is likely incorrect (and that assyumption can be shown to be incorrect even for the
anthropogenic COz-influenced 20th century). This is why the core result of Mann et al.,
based mostly on the 600-1000 yr long trep-ring proxy records, through the EOQF-calibrated
pattern of temperature change over the 1902-1980 interval {or the later procedure using the
1902-1993 interval), does not address important questions about the context of the recent
90th century change relative to the variability of the last millennium. Refocusing on local
changes from multiple proxy records can|yield important information on the scope of 20th
century changes relative to changes of past centuries.

Finally, a reiteration of the charge of Ogilvie and Jénsson (2001) is in order: “climate
researchers should continue to seek to cHart the climate of the past thousand years with a
fresh approach rather than attempting tq fit their findings into the convenient straightjacket
of those hackneyed labels, the ‘Medieval| Warm Period” and the ‘Little Ice Age’.” In fact,
Kreutz et al. (1997) and the follow-up effort by Mayewski and White (2002), based
mainly on mismatches of the nature of 20th century climatic change between various proxy
indicators (i.e., from their polar ice core analyses while citing sea surface records from the
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Sargasso Sea and Santa Barbara basin) and instrumental thermometers, suggest that the
Little Ice Age has not yet ended. These authors argue it is possible that many components
of the climate system, besides temperature, are still responding to perturbations from the
Little Ice Age. Adopting this unique persp bctive, Mayewski and White remark that “When
the recent rise in temperature seen in the Mann record [see our discussion in section 5.1
for details] is compared with our ice core-generated records of atmospheric circulation, a
curious conclusion arises: Atmospheric cir¢ulation patterns appear to be within the range
of variability of the LIA [Little Ice Age), but temperatures over the last few decades are
markedly higher than anything during the LIA ... We are forced to conclude that the
LIA is not yet over and therefore human-induced controls on temperature are at play.
While natural climate remains the baseline, human factors [the authors, Mayewski and
White, are referring mainly to anthropogenic emissions of greenhouse gases and sulfur] may
now be overpowering the trends that natiral climate would follow if left undisturbed.”
But such an interpretation of the 20th century surface thermometer warming is similarly
contentious. Karlén (2001), for example, notes that according to the Vostok ice core record
of atmospheric carbon dioxide, the presenf concentration of atmospheric COz is about 100
ppmv higher than it was during any previous interglacial during the last 400,000 years.
Thus, if climate were to respond sensitively to carbon dioxide, global temperatures, or at
least Vostok temperature, today ought to be considerably higher than previous interglacials.
Yet evidence exists to suggest that the “gresent interglacial [at least for conditions around
Vostok]?? has been about 9°C cooler thar the previous one and the climate is now, in spite
of the recent warming, cooler than it WELL at the beginning of this interglacial” (Karlén

2001).

6. |[Conclusions

This paper presents a survey of site-specific paleoclimatic reconstructions, then
considers whether they indicate that thd Medieval Warm Period and the Little Ice Age
were observed on broad area of the globp. We conclude that the Medieval Warm Period
and Little Ice Age are widespread climaf ic anomalies, although we emphasize the complex
nature of translating the proxy changes into convenient measures like temperature and

220ther paleoclimatic reconstructions, e.g., of{tropical sea surface temperatures during the last and present
interglacials, using the Mg /Ca. ratios of foraminiferal shells from sediment near the Indo-Pacific Warm Pool
region (around the Makassar strait, Indonesia}, led to a similar conclusion about ihe relative warmth (about
1°C warmer) of the previous interglacial, ca. 1§0-124 kyr BP (Visser et al. 2003).
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precipitation as well as confirming their spatio-temporal representation and resolution.??

The procedures and emphases of our gtudy contrast with those of Mann et al. (1998,
hthematical construct. Also in contrast t0 them,

1999, 2000a), whose results are mainly a m|
our assessment maintains the wide view of including many local climatic and environmental

changes over the last 1000 years rather than relying on a mathematical filter to sieve only
temperature changes. The wider views may be more appropriate when one seeks a broader
perspective on the nature of climatic and jenvironmental changes of the past millennium

(e.g., Bryson 1985). _

e has been a misleading speculation: “that

Oth century global warming] even further back,
mb (1965) as the Medieval Warm Epoch (though
Lstern Europe never [emphasis added] suggested
statement has also been made by Bradley {2000).

Mann et al. (1999) suggest that the

" temperatures were warmer lthan current 2
~1000 years ago—a period described by La
Lamb, examining evidence mostly from w|
this was a global phenomenon).” A similay

esent Lamb’s statements——the restatement by

' to Lamb’s original statements and published

Mann, Bradley and colleagues is contrary
ideas (in several of H. H. Lamb’s popular and semi-technical books; e.g., Lamb 1977;
hetorical confusion about whether

Lamb 1982; Lamb 1997b). (A useful verification of this r
Lamb utilizes any evidence from outside Lf western Europe may be found in Lamb [1963],
a preamble to Lamb’s [1965] more well-cited paper, where Lamb discussed evidence for

We correct those claims that misrept

climatic anomalies from all over the worl
to this paper.) However, criticism on thy
another matter; see, for example, update

Unfortunately, current knowledge of
and conclusive answers on many straig
nature and physical causes of surface tei
1000 years. Note also that the adopted |
merits little scientific meaning.

231y, this sense, we are forced to reject the t
large-scale or hemispheric-scale averages of the
large sampling errors introduced by various ki
Sakamoto and Masuda (2002) showed that wh
distribution of the proxy data points across th
temperature (with actual accounting of the ele
the current topography and climatology) and
2°C, :

hitforward questions reg

bmptation to come up with a
temperature anomalies. A practical reaso
lhds of inhomogeneity. One useful gquantitative estimate by
bn there is no a priori cho

vation at e
h 100-point average sea-level temper

d. See also the first quote in the Introduction
» actual quality of data at Lamb’s time is quite
4 comments in Pfister et al. (1998).

Earth’s climate system does not yield quantitative
arding the geographical
nperatufe or precipitation changes over the last
beriod of 1000 years is strictly a convenience that

“best-guess” depiction of the
1 is the potentially

ice to.the selection of the spatial
e globe, the difference between a 100-point average surface
ach of the 100 irregularty-distributed points given

ature can be more than
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Climate proxy research does yield an pggregate and broad perspective on questions
regarding the reality of the Little Ice Age, the Medieval Warm Period and the 20th century
surface thermometer global warming. The picture emerges from many localities that both
the Little Ice Age and Medieval Warm Petiod are widespread and perhaps not precisely
timed or synchronous phenomena, easily within the margin of viewpoints conceived by
Bryson et al. (1963}, Lamb (1965) and nymerous other rescarchers like J. Grove (1996,
2001a, 2001b). Our many local answers copfirm that both the Medieval Climatic Anomaly
and the Little Ice Age Climatic Anomaly afe worthy of their respective labels. Furthermore,
thermometer warming of the 20th century across the world seems neither unusual nor
unprecedented within the more extended jiew of the last 1000 years. Overall, the 20th
century does not contain the warmest or rnost extreme anomaly of the past millennium in

most of the proxy records.

However, it is also clear that human pctivity has shaped almost every aspect of past
environmental and climatic changes on local and regional spatial scales (perhaps on scales
as small as 10 to 1000 km? for precipitatjon and 10¢ to 10° km? for temperature). For
example, palynological analyses of two cofes from the Huanghe (Yellow River) delta, with
evidence for a major reduction in arboregl pollen [Quercus (Lepidobalamus)) followed by
sudden increases in sediment discharge, cpnifer [Pinus (Dz’ploa:ylon)] and buckwheat pollen
[Fagopyrum] around 4 kyr to 1.3 kyr BP, suggested significant human-induced vegetational
changes through deforestation and agricyltural cultivation (Yi et al. 2003). Lawton et
al. (2001) showed how the deforested ardas of tropical lowlands can, in combination with
favorable topographical conditions and altered atmospheric air flow across the landscape,
significantly raise the bases of convectivd and orographic clouds around the Monteverde
montane cloud forests of Costa Rica during the dry season, and thus drastically impact
local ecosystems. However, see A. T. Grove (2001) for a clarification on the imprecise and
misleading claim of the dominant role played by human activity (deforestation, agricﬁltural
expansion and population growth) on geomorphological changes (soil erosion or rapid
sedimentation in river valleys and deltag to form the ‘younger £1I’ of the Mediterranean
Europe’s fluvial terraces) in Mediterrangan FEurope, instead of the more powerful influences
from Alpine glacier advances associated with the Little Ice Age.

Yet, subjective exercises to superpgse the two not-entirely-compatible instrumental
temperature and proxy climate time sefies need a lot more attention. It might seem
surprising or frustrating that paleoclimartic reconstruction research has not yet provided
confident and applicable answers to the role of anthropogenic forcing on climate change.
This point is particularly sharp when chnsidering the fact that even though some proxy
records (e.g., those from Overpeck et al. 1997) show unprecedented 20th century warmth
with most of the increase occurring in the early to mid-decades of the 20th century, when




the amount of anthropogenic CO, in the
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air was less than 20-30% of the total amount

there now. Unless there are serious flaws ifp the timing of the early-to-middle 20th century
surface thermometer warming, or unknowt anthropogenic mechanisms that caused a large
amplification of surface temperature of the ' hen-small increase in anthropogenic atmospheric
CO, then the early part of the 20th centyry warming must be largely dissociated from
anthropogenic COg emissions. Other anth opogenic factors still need to be studied on a

case by case basis.

Thus, a resolution of the pattern an amplitude of natural climate variability on
multidecadal and centennial timescales through a multiproxy approach remains extremely
important. The results may help quantif the relative apportionment of natural versus

anthropogenic factors of recent climate ¢

ange (i.e., the last three decades or so). The

other avenue to quantify natural and anthiropogenic climate variability using sophisticated
general circulation models (GCMs) still syifers from the following problems: (i} the GCMS’

underestimation of climate variance on I

Lultidecadal and centennial timescales (e.g.,

Barnett et al. 1999; von Storch et al. 2001; Collins et al. 2002), (i) large differences
among model-generated variability on boph local and regional scales (e.g., Raisénen 2001),

and (iii) unrealized climate variability if

based only on one or two realizations®* of a

forcing scenario (e.g., Delworth and Knitson 2000; Andronova and Schlesinger 2001)
or because of the GCM’s inability to acpount for certain biochemical and biophysical
feedbacks and nondeterministic compongnt of the earth’s climate system (1dso 1998; Ou

2001; Pielke 2001). JS. von Storch et al.

(2001), for example, present a critical discussion

on the lack of confidence in the represe

ation by current GCMs of low-frequency climate

variability related primarily to the ina ility of models to resolve small-scale oceanic
eddies. In addition, natural climate variations on multidecadal, centennial and millennial
timescales could be highly non-stationary with complex spatio-temporal phasing (i.e-, with
part of such characteristics documented| in the present study) that would be difficult for
GCMs to emulate robustly. Such naturpl climatic factors likely operate in the real world

together with further complications sugh

as forcing by anthropogenic greenhouse gases

and multi-component (rather then sulfgte aerosol alone) acrosols. From the longer term
perspective offered by paleoclimatic stullies, one can at least conclude that large and rapid
climatic and environmental changes haye been common OVer the past millennium. Such

natural changes impacted human societly

significantly, so further climate research, including

adaptation strategies, rather than mitigation, seems to be pertinent (e.g., chapter 18 of

24For example, Cherchi and Navarra (2008)

showed that a minimum ensemble size of 16 members is

needed in order to capture the observed interpnnual (1979-1993) variability for their focus on the nature of
sea.-surfa.ce-temperature-forced responses of the South Asian sumimer monsoon system.




Lamb 1982; Pielke 1998).

The quest in paleoclimate reconstruc
physical mechanisms associated with the
That goal requires careful and systematiq
logistic and technical feasibility for the im
global warming due to the enhanced atmd

Y.

tion efforts is to decipher and understand the
widest possible range of climate variabilities.

observation of the present-day Earth. The

portant objective and bias-free strategy to detect
spheric concentration of carbon dioxide has been

elaborated by Goody et al. (1998) and Keith and Anderson (2001).
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Table 1: A full list of paleoclimatic proxies that have sufficient length of continuous records to
entertain the three specific questions:
(1) Is there an objectively discernible climatic anomaly during the Little Ice Age interval (1300-1900
AD.) in this proxy record?
(2) Is there an objectively discernible climatic anomaly during the Medieval Warm Period (800-1300
A.D.) in this proxy record?
(3) Is there an ob jectively discernible climatic hnomaly within the 20th century that may validly be
considered the most extreme (the warmest, if such information is available) period in the record?
We list the location, type of proxies, reference and the logical answers to the three specific questions

posed in this study.

Location Lat Long. Type Reference Ans {1} Ans (2) Ans {8)
World-wide - - Mp Mann et al, 99 yes ne yos*
Arctic-wide - - Mp Owverpeck et al 97 yes — yes™
World-wide - - Mp Crowley & Lowery 00 yes no yes®
World-wide - - Mp Jones et al, 98 yes no yes™
World-wide - - T Briffa 00 yes no yes*
World-wide - - T Briffa et al ©1 yca — yoa®
World-wide - - T Jones ct al. 01 yes —_ ves*
NH Mid-Latitude - - T Esper et al 02a yes ves no
World-wide - — Mp Lamb 77, 82 yes yes —
World-wide - - G +1s Porter 86 ves yes —_
World-wide - - G Grove & Switsur 94 — yes —_
World-wide - - T+G+D Hughes & Diaz 64 yes nott no?t
World-wide - - Mp Grove 96 — yes —
World-wide - - B Huang et al. 97 ' ves yes no
World-wide - - D Perry & Hsu oot yes yes no
World-wide - - D dcMenocal 01 ¥es yes —
China-wide - - Mp Yang et al. G2 yes yes —
Americas - = Ts+Gm+Mp| Stine 98 — yes —

+1n reality, Hughes & Diaz concluded that “[a]ur review indicates |that for some areas of the globe (for cxample, Scandinavia, China, the Sierra
Nevada in California, the Canadian Rockies and Tasmania), temppratures, particularly in summer, appear ta have becn higher during some
parts of this period than those that were to prevail until the mosy rccent decades of the twentieth century. These regional episodes were not
strongly synchronous Evidence from other regions (for example, the Southeast United States, southern Europe along the Mcditerranean, and
parts of South America) mndicates that the climate during that tithe was little different to that of later times, or that warming, if it occurred,
was recorded at a later time than has been assumed . To the eftend that glacial retreat is associated with warm summers, the glacial geology
evidence would be consistent with a warmer period in A D, 900-1250 than immediately before or for most of the following seven hundred years.”
We simply note that the main conclusion of Hughes & Diaz (1994) may be in actual agrecment with the qualitetive classification in our paper

{We refer only to the documentary, historical and srchacological rhsearch results, rather than the salar-output model results, of this paper.




Table 1 {continued}
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Location Lat. Long. Type Reference Ans (1) Ans (2) Ans {3)
N. Atlantic {[celand} 63-86°N 14-24°W Mp Ogilvie et al. 00, yes yes no
Ogilvie and Jénsson 01
N Atlantic (S. Greenland) 60-70°N 20-55°W Mp Ogilvie et al. 00 yes yes no
W, Europe 45-34°N 0-15°E Mp Pfister st al 98 yes yes no
N. Atlantic {Europe) 35-7T0°N 25W-30°E In+D Luterbacher ct al. 00 yes — —
Central England 52°N 2°E IntD Lamb 65, Manley 74 yes yes no
S Spamn 37.30°N 430°W In+D Rodrigo et al 00 yes — no
Crete Is. 35 159N 25 00°E D Grove & Conterio 95 ves — ne
Mid-Russia A 50-60°N 30-50°E In+D Borisenkov 95 yes — —
Czech Republic 48.5-51 2°N 12-19°E In+B Bodri & Cermak 89 yes yes yes?
S. USA 37-38°N 107 5-109 5° W P{+CIHD Petersen 94 yes yes —
E China 22-25°N 112-114 3°E D Chan & Shi 00 yes — —_
(GuangDong Prov.)
E China-wide 20-409N 90-120°E D Song 00 yes — not
Japan 30-40°N 125-145°E D Tagam 3, 96 yes yes no
5. Africa 22.2°8 28 38°E Ci Huffman 96 yes yes —
E. Greenland 68 3°N 29.7°W Ia Jennings & Weiner 96 ves yes no
(Nansen Fiord)
C. Greenland (Créte) 71 12°N 37.32°W Is Dansgaard ot al 75 yes yes no
¢ Greenland (GRIP) 72.6°N 37 6°W B Dahl-Jensen et al 98 yos ves no
g, Greenland {Dyo 3) 65 2°N 43.8°W B Dahl-Jensen et al. 98 yes yes no
C Greenland (GISP2) 72 587N 38 5°W Ic+Ml Mecese et al. 94 yes yos no
C. Greenland (GISP2) 72.58°N 38.5°W Is Stujver ot al 85 yes yes no
Svalsbard 76°N 15°E Ml Tarussov 95 yes yes na
Devon Island 75°N B879W Ml Koerner 77 yos —_ yes®
Ellesmere [sland 80 7°N T3 1°W M1 Koerner & Fisher B0 yes yos no
Ellesmere Island 80.7°N 73 1°W B+ls Beltrami & Taylor 95 yes yes no
Gulf of Alaska 60-61°N 149°W G+T Calkin et al. 01 yes yes —
Swiss Alps (Gorner+ 45.8-46.5°N 7.75-8.16°E G4+Gm Holzhauser 97 yes yes no
Grasser Aletsch Clacier) +1s+T
South Georgia Island 54-35°S 36-38°W G+Gm Clapperton et al. 83 yes yes —
Southern Alps 43.44°8 170 06°E G+Gm Winkler 00 yes — —
{Mueller Glacier)
Antarctica 64.22°8 57 68°W Is Aristarain et al 90 yes? —_ no
{James Ross Island)
Antarctica 66.73°3 112.83°E Is Mergan B5 yes yes no
(Law Dome)
Antarctica 74 33°S 165 13°E G+Gm+ls Baroni yes yes —
(Victoria Land) & Orombelli 94
Antarctica 74.65°8 124.17°E Is Benoist ct al. 82 yes yes no

(Dome C)
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Location Lat. Long. Type Reference Ans {1} Ans. {2) Arps. (3)
Prince William 60°N 140°W T+G HBarclay et al 99 yes yes? —
Sound, Alaska
Alberta, Canada 52.2°N 117.8°W T+In+C Luckman et al. 97 yes yes yes™
Columbia Icefield
N. Québec 57.73°N 76 17°W T Arseneault & Payette 97 —_ yes —
S. Manitoba 49 8°N 97.17°W T St George & Nielsen 02 yes — —
Central US 33-49°N 91-109°W T+Mp Woaodhouse & yes yes yes*
Overpeck 98
E Idaho 44 1°N 114%W T Biondi et al. 99 yes — no
N. Carolina 34.5°N 18 3°W T Stahle ot al 88 yes ves na?
California (SN) 36 5-37.5°N 118.5-120.5°W T Graumlich 93 ves yes ne
California (SN) 36.5-37 5°N 118.5-120.5° W T Scuderi 93 yes yes no
California (SN) 36-38°N 118-120°W T Swetnam 83 yes yes no
New Mexico 34 5°N 108°W T Grissino-Mayer 96 yes yes no
Central Eq Pacific 59N-5°8 160°E-150°W T+In Evans et al, 00 yes yes? no
(NINO3 4)
C Siberia 72 479N 102°E T Naurzbaev yes yes no
{Taymir+Futoran) & Vaganov 00
Kola Peninsula 67-68°N 33-34°E T+1s Hiller ¢t a}l 01 —_ yes —
N Fennoscandia 88°N 22°E T Briffa et al. 92 yes yes no
NE [taly 45°N 10°E T Serre-Bachet 64 yes yes no?
Morocco 28-36°N 2-12°W T Thl & Guiot 80 yes yes? no
W. Central Asia 35-41°N 72-T7T°E T Esper et al 02b yes yes no
Western Himalaya 30 5-31 2°N 78 5-80°E T Yadav & Singh 02 yes — no
Mongolia 48 3°N 98 93°E T Jacoby ct al 96 yes — yea
(Tarvagatay Mts )
Mongolia 48 3°N 98,93°E T+D D Arrigo ot al 01 yes yes yes
(Tarvagatay Mss.)
N. Patagoma 41.17°8 7LTTCW T Villalba 90 ves ves no
(Rio Alercc, Argentina)
S Chile {Lenca) 41.55°8 72.6°W T Lara & Villalba 93 ycs ne o
S. South America 33-55°8 60-75°W T4C Villaiba 94 yos yes no
W. Tasmania 42°8 146 5°E -T Cook et al, 00 no yes yos?
New Zealand 35-48°8 187-17T7°E T D'Arrige ¢t al 98 yes — no
N. Scandinavia 68°N 20°E T+G Karlén 98 yes yes no
California (SN) 38°N 110°W Ts Stine 94 — yes no
California (SN) 37.5°N 119 45°W Ts Stine 64 — yes no
California (SN) 38.383°N 119.45°W Ts Stine 94 —_ yes no
California (SN} 38 85°N 120.47°W Ts Stine 94 — yes no
Patagonia 48.95°8 T1.43°W Ts Stine 94 — yes —
Patagonia 50 47°S 72.07°W Ts Stine 94 — yes —




Table 1 (continued)

Location 7 Lat. Long Type Reference Ans. (1) Ans. (2) Ans. (3)
NW Michigan 45°N 85°W Ho Bernabo 81 yes yos yes?
{L. Marion)

Qinghai-Tibetan P 38 1°N 96.4°E Ao Lin et al 98 yes yes yes*7i
{Dunde Ice Cap)

NE China {Maili) 42 87N 122.87°E Ho Ren 98 — yeu —
NE China (Hangzhou) 30-33°N  105-122°E Pf Zhang 94 — yes —
China {Taibai Mt.) 33 97°N 107.73°E Pi}Po Tong ct al 96 yes 7 yes no
Himalaya 28.38°N 85.72°FE 5 Thompson et al. 00 yes no yes
Himalaya 28 38°N 85.72°E c Thompson et al 00 yes — yes
(Dasuopu Glacier)

CGuliya Ice Cap 35 2°N 81 5°E IcH1s Thompson et al. 95 yes yes no
E. China 30-40°N 100-126°E IcH+D Shi ct al 99 yos yes yes?
W, China (Guliya Cap) 35 2°N 81.3°E Id+D Shi et al 99 yes yes yes?
Quelccaya Iee Cap 13.93°8 70.83°W Ist1c Thompson et al &6 yes yes? no !
Antarctica 75.52°8 B4 25°W 14+1Is Maosley-Thompson 85 no —_ no
(Siple Station)

Antarctica 70 67°8 64 B8°W Id+Is Thompson ot al 94 yes? — yes
(Dyer Platesu)

Antarctica 76°8 8 05°W 14+Is Karlsf et al. 00 yes yes? no?
{Dronning Maud Land)

South Pole 80%8 — Ic Mosley-Thompsen yes yes? no

& Thompsen 82

tFor the Dunde ice cap, Thompson et al. (1989) noted that, according to the 5180 climato proxy, the decades of the 1940s, 19508 and 1980s are
at least as warm as the Holocene maximum of 6000 to 8000 years ago. In order te confirm Thompson et al. (1889)'s ariginal statement, please
consider Figure 6 of Thompson (2000), because the claim that 103(s-1980s is the warmest of the last 6000-8000 years aga 1s not clear from any
figure in Thompson et al {1989). But the main warming of the 1940s-1960s occurred before significant rise of anthropogenic COg in the air Ths
is why we added a question mark plus an asterik to this entry.




Table 1 {continued)

L 71 —

Location Lt Long Type Reference Ans, (1) Ans. (2) Ans (3)
N Atlantic 54 277N 16 78°W Sd Bond et al 87 yes yes no?
N Atlantic 44 5°N 46.33°W Sd Bond et al. 99 yes yes no
N. Atlantic 56 37°N 27 81°W sd Bianchi & McCave 99 ves yes na?
N Ellesmere Island 819N 80°W Sd4-L{ Lamoureux yes yes —
& Bradley 96
SW. Baltic Sea &5 38°N 15 4°E Sd+1s Andrén et al 00 yes yes no
{Bornholm Basin)
S. China (Huguangyan L} 21.15°N 110.28°E Lftls Cku et al 02 yen yos —
NW. Finland 89.29N 21.47°E Li4Po-+T Sepp# & Birks 02 yes yes —
(L Toskaljavri)
N, Fenncscandia 58.68°N 22 0B°E Lf Korhola et al 0C yes yes ne
(L. Tsuolbmajavri}
S Finland 61.49°N 26 08°E Lf+Po Heikkilsa & Seppé 03 — no? no
(L. Laihalampi)
Switzerland 47°N 6 55°W Li+1s Filippi et al. 99 yes yes yes?
(L Neuchkatel)
W, Ireland 53.53°N 9.93°W Is Blackford yes yes —
& Chambers 95
Bermuda Rise 32 17°N 64 59W Is Keigwin 96 yes yes no
Chesapcake Bay 37-38.4°N 76 1°W Sd Verardo et al 98 yes ves —_
Chesapeake Bay 38-38 9°N 76 22-T6.4°W Sd+1s Cronin et al. 03 ycs yes yes?
NW Alaska (Farewell L) 62 55°N 153.63°W Li4Is Hu et al 01 yes yes no
W Canada (Pine L) 52 07°N 113 45°W Lf Campbell et al. 98 ves yes no
S. Dakota (Pickerel L.) 45 51°N a7 27°W Lf Dean & Schwalb 00 yes yes no
N Dakaota (Moon L) 46 85°N 98 16°W Lf Laird et al 96 yes yes no
N Dakota (Rice L) 48.01°N 101.53°W Lf Yu & Ito 98 yos yes no
Yellowstone P (Lamar Cave) 44,56°N 110 24°W Pi+lIs Hadly %6 yes yes no
Calorado Plateau 37.42°N 110.67°W Li+Gm+Is Pederson 00 yes yes —
(L. Canyan)
NE Colorado 40-41°N 102-105° W Cm+1s4+D Madole 94 —_ yes no
SW US (Colerado 34-37 5N 105-112W Lit+ls Davis 94 — yes ne?
+ Arizona) Is —
SW UsS 32-39°N 109-114°W Lf+Gm Ely et al. 93 yes yes no
California {White Mts ) 37 43°N 118 17°W Is Feng & Epstein 94 yeu yes —
Califorma {L. Owen) 36°N 118 17°W Is Liet al 00 yes yes no
Yucatan Peninsula 20°N B8 4°W Lf+ls Hodell et al 1 yes yes —
(L Chichancanab) —_
Cariaco Basin 11°N 65°W 8d Black et al 9% yes yes no
Ceriaco Basin 10.71°N 85.17°W Sd+Is Haug et al 01 yes ves —_
S. Florida 24 95°N 80 55°W Is Drufiel 82 yes — —
NE. Carriboan 17 BO°N 66 60°W $d41s Nyberg et al. 02 yes yes no
SW. Puerto Rico 18.12°N 67.09°W Is Winter ct al. 00 yes — —




Table 1 (continuad)

L 79

Location Lat Long Type Reference Ans (1) Ans {2) Ans {3)
NW Scotland (Assynt} 58 11°N 5068°W Sp Proctor et al. 00 yes yes no
SW. Ireland 52.5°N 9.25°W Sp McDermott et al. 01 yes yes —
NW Germany [Sauerland Mtn) 51.43°N 7 TB°W Sp+ls Niggemann et 8l 43 yes yes —
NE China {Jinchuan} 42 3°N 126 37°E Is Hong et al. 00 yes yes ne
NE China {Shihua Cave) 39.8°N 115.6°E Sp+ls Li et al. 98, Ku & Li 98 yes yes no
C. China (Buddha Cave) 23.67°N 109.08°E Sp+ls Paulsen et al 03 yes yes not
§. Japan 30 33°N 130 5°E Is Kitagaws yes yes no
(¥akushima Is ) & Matsumoto 95
N India (Pahalgam) 34 02°N 75 20°E Is Ramesh 93 yes — —
S India (Nilgiris) 10-10.8°N 77°E Is Ramesh 93 — yes —
E Africa (L Malawi) 10°S 35°E L{ Johnson et al. 01 yes — ne
E. Africa (L. Najvasha) 0.46°8S 36.21°E Lf Verschuren et al. 00 yes yes no
W. Africa (Cap Blanc) 20 75°N 18.58° W 1s dcMenocal et al. 00 yes yes no
S Africa 19-35°8 10-33°E Mp Tyson yes yes no
& Lindesay 92
5. Africa’ 34°8 23°E Is Cohen & Tyson 95 yes — no
{Nelson Bay Cave) '
5 Africa 24.54°%5 29 25°E Sp Tyson et al 00 yes yes no
(Makapansgat)
8 Oman 16 83°N 54 D0°E Spils Burns et al 02 yes — ne
W Pacific 6.3°N 125 B3°E Sd+Is Stott 02, Stott et al. 02 yes yes no
N. New Zealand 38 2798 178°E Sp Williams et al. 9% yes — —
(Waitome)
§ New Zealand 40.67°8 172.43°E Sp Wilson st al. 79 ycs yes no
(Netson}
S. America 33-38°8 50 3-67°W Mp Iriondo 59 yes yes —
{multiple regions)
C Argentina 20 5-3578 61.75-65.75% W Gm+D Carignano 99 yes yes no
. Argentina 28-36°5 61-67°W G+Mp Cioccale 99 yes yes no
NW. Argentina 26.5%8 68 09°W Sd+1s Valero-Gareés et al 00 ves — —
W Antarctica 61 98°5 55 05° W Sd+1Is Khim et al 02 yes yes —
(E Bransfield Basin)
W. Antarctica 64 86°8S 64,21°W 5d Domack et al. 01 yes yes no
(Palmer Deep)
W Antarctica 81 65°8 14R.819W Is Kreutz et al 97 yes — no

(Siple Dome)




yes®* the warming or extreme excursion peaked around 1920s-1950=
anwers cnding with a question mark (?) refers to indecision
B: Borehole

Cl: Cultural

D Documentary

: Glacier advance or retreat

G Geomorphology

In Instrumental

Is- Isotopic anslysis from lake sedimentary or Ice cores, tree or peat
Te: Not ice accumulation rate, including dust or chemical counts
Li- Lake fossils and sediments, river sediments

Ml Melt layers in ice cores

Mp Multiproxy and can be any combination of the proxies List herq
Pi Phenological and Paleontological fossils

Po' Pollen

Sd: Seafloor sediments

Sp Spelecthem isotopic or Jjuminescent analysis
T. Tree ring growsth, either ring width or maximum latewood densit
Ts Tree stumps in lakes, marshes and streams

173

lbefore any significant anthropogenic CO4 release to air

celluloses, corals, stalagmite or biological fossils

v, including shifting tree line positions




Fig. 1.— Geographical distribution of loc
objectively discernible climatic anomaly durj
this proxy record? ‘Yes’ is indicated by red
green filled-circles and ‘Yes? or No?’ (undecig

- 74 —

bl answers to the following question: Is there an
ng the Little Tce Age interval (1300-1900 AD) in
filled-squares or unfilled boxes, ‘No’ is indicated by
ed) is shown with blue filled-triangles.




L 75 —

Fig. 2.— Geographical distribution of lodal answers to the following question: Is there an
objectively discernible climatic anomaly duting the Medieval Warm Period (800-1300 A.D.} in
this proxy record? ‘Yes’ is indicated by red|filled-squares or unfilled boxes, ‘No’ is indicated by
green filled-circles and “Yes? or No?’ (undecided) is shown with blue filled-triangles or unfilled

boxes.




- 76 —

Fig. 3.— Geographical distribution of lgcal 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 informatjon is available) period in the record? ‘Yes' is indicated
by red filled-squares, ‘No’ is indicated by gfeen filled-circles or unfilled boxes and ‘Yes? or No?
(undecided) is shown with blue filled-triangles or unfilled boxes. An answer of ‘Yes*’ is indicated
by yellow filled-diamonds or unfilled boxes t¢ mark an early to middle 20th century warining rather

than the post-1970s warming.
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