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ABSTRACT. Proxy data are our only source of knowledge of
temperature variability in the period prior to instrumental tem-
perature measurements. Until recently, very few quantitative
palaeotemperature records extended back a millennium or more,
but the number is now increasing. Here, the first systematic sur-
vey is presented, with graphic representations, of most quanti-
tative temperature proxy data records covering the last two mil-
lennia that have been published in the peer-reviewed literature.
In total, 71 series are presented together with basic essential in-
formation on each record. This overview will hopefully assist
future palaeoclimatic research by facilitating an orientation
among available palaeotemperature records and thus reduce the
risk of missing less well-known proxy series. The records show
an amplitude between maximum and minimum temperatures
during the past two millennia on centennial timescales ranging
from c. 0.5 to 4°C and averaging c. 1.5–2°C for both high and
low latitudes, although these variations are not always occurring
synchronous. Both the Medieval Warm Period, the Little Ice
Age and the 20th century warming are clearly visible in most
records, whereas the Roman Warm Period and the Dark Age
Cold Period are less clearly discernible.

Key words: palaeoclimatic records, temperature proxy data, cli-
mate variability, temperature reconstructions.

Introduction
The instrumental temperature record is unfortu-
nately too short to assess whether the observed
20th century global warming falls outside the
range of the natural variability of the last one or
two millennia in either magnitude or rate (IPCC
2007; NRC 2006). In order to place the recent cli-
mate change in the context of natural, long-term
variability of the climate system, and thus better
be able to estimate the contribution of natural ver-
sus anthropogenic forcing, information on cli-
mate variability for the period prior to the instru-
mental temperature measurements must be drawn
from proxy-based temperature reconstructions.
Proxy data with sensitivity to temperature varia-
tions can be extracted from various natural record-
ers of climate variability such as corals, fossil pol-

len, ice cores, lake and ocean sediments, spele-
othems, and tree ring width and density, as well as
from historical records. A good introduction to
different types of climate proxy data and proxy-
based temperature reconstructions is given in, for
example, Bradley (1999).

There exists no such thing as a perfect palaeo-
climate record, which without problem can be
converted to a temperature record, since all proxy
data contain ‘noise’, e.g. information not related
to the climate. Futhermore, different types of pal-
aeoclimate records reflect climate variability on
various timescales with different degrees of accu-
racy and can have anything from annual resolution
(e.g. tree rings) to multi-decadal to centennial
resolution (e.g. fossil pollen). Only proxy records
that can provide a quantitative estimate of past
temperatures are really useful when placing the
recent warming in a long-term perspective.

A number of attempts have been made in recent
years to reconstruct global or hemispheric mean
temperatures for the last one to two millennia with
the help of different sets of proxy data (e.g. Briffa
2000; Cook et al. 2004; Crowley and Lowery 2000;
D’Arrigo et al. 2006; Esper et al. 2002; Hegerl et
al. 2007; Jones et al. 1998; Jones and Mann 2004;
Juckes et al. 2007; Loehle 2007; Mann et al. 1999,
2008; Mann and Jones 2003; Moberg et al. 2005;
Osborn and Briffa 2006). The amplitude of the re-
constructed temperature variability in the pre-in-
dustrial period differs considerably due to the use
of different proxy data collections and different
methodological approaches. All reconstruction ef-
forts have furthermore been hampered by the rela-
tive scarcity of quantitative palaeoclimate records
extending back a millennium or more as well as by
the dominance of proxy records from high latitudes
among the millennia-long series. Another difficulty
in placing the recent warming in a longer perspec-
tive has been that many longer proxy records end
sometime during the 20th century and, hence, be-
fore the ‘extreme’ warming of the past few decades.
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For a more comprehensive discussion concerning
the problems with palaeotemperature reconstruc-
tions, we refer to IPCC (2007), Juckes et al. (2007)
and NRC (2006) and the literature cited there.

The present overview
The number of long quantitative temperature
proxy data records from different parts of the
world is growing. With such an increase follows a
greater risk of missing interesting records out of
pure ignorance of their existence. A systematic
survey of the available temperature proxy records
is therefore of value. So far, however, no such sur-
vey of the available records has ever been pub-
lished. It is hence with the intention of assisting
future palaeoclimatological research that this tab-
ular and visual overview of quantitative tempera-
ture proxy data records has been written.

Most of the records that, to our knowledge,
have been published in the peer-reviewed litera-
ture with at least centennial sample resolution
covering the last two millennia are presented here:
all in all 71 records. Only such records that have
been proved to quantitatively reflect a statistically
significant temperature signal, and where the
proxy values have been calibrated to temperature,
have been included in this overview. This rule has,
however, been departed from if a record has been
included as a temperature proxy in the northern
hemispheric respectively global temperature mul-
ti-proxy reconstructions by Moberg et al. (2005)
and Mann et al. (2008). Twelve records used here
are therefore not, in its proper sense, temperature
indicators: Record 29 from Dongge Cave, south
China (Wang et al. 2005); record 30 from the Ara-
bian Sea (Moberg et al. 2005); record 31 from So-
cotra Island, Indian Ocean (Burns et al. 2003);
record 35 from Agassiz Ice Cap, northern Canada
(Fisher et al. 1995); records 53, 55–56 from Indi-
an Garden, Methuselah Walk, and White Moun-
tain, southwest USA (Moberg et al. 2005); record
59 from Punta Laguna, Yucatan, Mexico (Curtis et
al. 1996); record 60 from Lake Chichancanab, Yu-
catan, Mexico (Hodell et al. 2005); record 62 from
Nicoa Cave, Nicoya, Costa Rica (Mann et al.
2008); record 64 from Lake Pallcacocha, Ecuador
(Moy et al. 2002); record 65 from western Argen-
tina (Mann et al. 2008). Record 19 from Galicia,
northwest Spain (Martínez-Cortizas et al. 1999),
is a temperature index and not a proper tempera-
ture record and as such shows relative and not ab-
solute temperature variations.

Data from some published quantitative temper-
ature proxy records have unfortunately, despite
efforts, been impossible to obtain and have con-
sequently been omitted from this overview: the
Finnish Lapland tree ring width record by Helama
et al. (2002); the Czech Republic merged bore-
hole temperature record by Bodri and ∏ermák
(1997); the Tagus River Estuary fossil and sedi-
ment record by Abrantes et al. (2005); the Sierra
Nevada tree ring width record by Scuderi (1993);
the Santa Barbara Basin seafloor sediment record
by Bemis et al. (1998); the south Chile tree ring
width record by Lara and Villalba (1993); the
Yakushima Island δ13C tree record by Kitagawa
and Matsumoto (1995).

Tabular representations
Essential information on each record is given in
Table 1: (1) name of the record and geographical
location; (2) exact latitude and longitude; (3) type
of proxy; (4) sample resolution; (5) season bias;
and (6) reference to the original publication where
the record first appeared. The proxy records are
presented in Table 1 in a strict geographical order,
continent by continent from north to south, and
have thus not been organized in accordance with
any criteria such as type of proxy or sample reso-
lution. The geographic location of each record is
shown on the map in Fig. 1. More detailed infor-
mation about a specific record, may be found in
the reference given for that record. When a record
has been published with various sample resolu-
tions, reference is always given to the publication
with the highest resolution.

The different records have been classified into
ten types of proxies: (1) borehole temperature
records (either from inland ice-sheets or bore-
holes drilled into the Earth crust); (2) chemical
records (e.g. atmospheric metal deposition); (3)
historical documentary data; (4) isotopic analysis
from ice-cores or lake/river sediments or seafloor
sediments; (5) lake/river fossils and sediments
records (e.g. diatom and chironomid data); (6)
fossil pollen records; (7) seafloor sediment
records; (8) speleothem isotopic records; (9) tree
ring width or maximum latewood density records;
(10) varved thickness sediment records.

Graphical representations
Each record is plotted graphically in Fig. 2 (1–71).
All records with a sample resolution less than annu-
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Table 1. Two-millennia long temperature proxy records

Proxy location Latitude Longitude
Proxy
type* Sample resolution Season Reference

Europe

1. Dalmutladdo, N
Fennoscandia

69°10'N 20°43'E Po Multi-decadal to cen-
tennial

Summer Bjune et al. 2004

2. Lake Toskaljavri,
N Fennoscandia

69°02'N 21°47'E Po Multi-decadal to cen-
tennial

Summer Seppä and Birks
2002

3. Lake Toskaljavri,
N Fennoscandia

69°02'N 21°47'E Lf Multi-decadal to cen-
tennial

Summer Seppä et al. 2002

4. Lake Tsuolbma-
javri, N Fennoscan-
dia

68°41'N 22°05'E Lf Multi-decadal to cen-
tennial

Summer Korhola et al. 2000

5. Lake Tsuolbma-
javri, N Fennoscan-
dia

68°41'N 22°05'E Po Multi-decadal to cen-
tennial

Summer Seppä and Birks
2001

6. Abisko Valley, N
Fennoscandia

68°21'N 18°49'E Po Multi-decadal to cen-
tennial

Summer Larocque and Halla
2004

7. Torneträsk, N
Fennoscandia

68°13'N 19°43'E T Annual Summer Grudd et al. 2002

8. Lake Sjuodji-
jaure, N Fennoscan-
dia

67°22'N 18°04'E Po + Lf Multi- centennial Summer Rosén et al. 2003

9. Søylegrotta, N
Fennoscandia

66°33'N 13°55'E Sp Multi-decadal Annual Lauritzen and Lund-
berg 1999

10. North Iceland
Shelf

66°33'N 17°42'W Sd Multi-decadal Summer Jiang et al. 2005

11. North Iceland
Shelf

66°33'N 17°42'W Sd Multi-decadal Winter Jiang et al. 2005

12. Off N Iceland 66°30'N 19°30'W Sd 2–5 years Summer Sicre et al. 2008

13. Stora Vi√arvatn,
Iceland

66°23'N 15°08'W Lf Multi-decadal to cen-
tennial

Summer Axford et al. 2008

14. Jämtland, C
Sweden

63°10'N 13°30'E T Annual Summer Linderholm and
Gunnarson 2005

15. Lake Spåime, C
Sweden

63°07'N 12°19'W Lf Multi-decadal to cen-
tennial

Summer Hammarlund et al.
2004

16. Lake Laihalam-
pi, S Finland

61°29'N 26°04'E Po Multi-decadal to cen-
tennial

Annual Heikkilä and Seppä
2003

17. Lake Flarken, C
Sweden

58°33'N 13°40'E Po Multi-decadal to cen-
tennial

Annual Seppä et al. 2005

18. Spannagel Cave,
C Alps

47°05'N 11°40'E Sp 1–10 years Annual Mangini et al. 2005

19. Penido Vello,
Galicia, NW Spain

43°32'N 7°34'W Ch Multi-decadal Annual Martínez-Cortizas
et al. 1999
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Table 1. Continued

Asia

20. Taimyr peninsula,
N Siberia

70°30'N–
73°00'N

105°E T Annual Summer Naurzbaev et al. 2002

21. Yamal, NW 
Siberia

66°92'N 69°17'E T Annual Summer Hantemirov and
Shiyatov 2002

22. Yamal, NW 
Siberia

66°92'N 69°17'E T Annual Summer Briffa 2000

23. Solongotyn 
Davaa, Mongolia

48°3'N 98°93'E T Annual Summer D’Arrigo et al. 2001

24. E China 27°N–40°N 107°E–
120°E

D 30 years Winter Ge et al. 2003

25. Shihua Cave, 
Beijing, China

39°54'N 116°23'E Sp Annual Summer Tan et al. 2003

26. Lake Qinghai, 
Tibetan Plateau

37°N 100°E Lf Multi-decadal to cen-
tennial

Annual Liu et al. 2006

27. NW North Pacific
Ocean

34°95'N 128°88'E Sd Multi-decadal to cen-
tennial

Annual Kim et al. 2004

28. Northern Okinawa
Trough, East China
Sea

29°13'N 128°53'E Sd Multi-decadal to cen-
tennial

Annual Fengming et al. 2008

29. Dongge Cave, 
S China

25°28'N 108°08'E Sp Annual to decadal Annual Wang et al. 2005

30. Arabian Sea 18°25'N 57°58'E Sd Multi-decadal to cen-
tennial

Summer
and win-
ter

Moberg et al. 2005

31. Socotra Island, 
Indian Ocean

12°29'N 53°54'E Sp Annual to decadal Annual Burns et al. 2003

32. W tropical 
Pacific Ocean

6°30'N 125°83'E Sd Multi-decadal Annual Stott et al. 2004

33. W tropical Pacific
Ocean

5°18'S 133°26'E Sd Multi-decadal Annual Stott et al. 2004

North America

34. Lower Murray
Lake, N Canada

81°21'N 69°32'W V Annual Summer Cook et al. 2008

35. Agassiz Ice Cap,
N Canada

80°70'N 73°10'W Is 25 years Annual Fisher et al. 1995

36. Agassiz Ice Cap,
N Canada

80°70'N 73°10'W Is 20 years Annual Vinther et al. 2008

37. Devon Ice Cap, N
Canada

75°33'N 89°W Is 5 years Annual Fisher et al. 1983

38. NorthGRIP, N
Greenland

75°10'N 42°32'W Is 20 years Annual Vinther et al. 2006

39. GRIP, C 
Greenland

72°58'N 37°63'W B Multi-decadal to cen-
tennial

Annual Dahl-Jensen et al.
1998

40. GRIP, C 
Greenland

72°58'N 37°63'W Is 20 years Annual Johnsen et al. 2001

41. GISP2, C 
Greenland

72°58'N 38°45'W Is Decadal Annual Grootes and Stuiver
1997
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Table 1. Continued

42. GISP2, C Green-
land

72°58'N 38°45'W Is Multi-decadal Annual Alley 2000

43. Victoria Island,
NW Canada

71°34'N 113°78'W Po Multi-decadal to cen-
tennial

Summer Peros and Gajewski
2008

44. Renland, E Green-
land

71°3'N 26°7'W Is 20 years Annual Vinther et al. 2008

45. Boothia Peninsu-
la, N Canada

69°54'N 95°42'W Po Multi-decadal to cen-
tennial

Summer Zabenskiea and
Gajewski 2007

46. Blue Lake, N
Alaska

68°08'N 150°46'W V Annual Summer Bird et al. 2008

47. Dye-3, S Green-
land

65°19'N 49°83'W B Multi-decadal to cen-
tennial

Annual Dahl-Jensen et al.
1998

48. Dye-3, S Green-
land

65°19'N 49°83'W Is 20 years Annual Vinther et al. 2006

49. Northwest Terri-
tories, N Canada

63°11'N 109°07'W Lf Multi-decadal to cen-
tennial

Summer MacDonald et al.
2008

50. Farewell Lake, C
Alaska

62°55'N 153°63'W Lf +
Is

Multi-decadal to cen-
tennial

Summer Hu et al. 2001

51. Hallet Lake, S
Alaska

61°49'N 146°24'W Lf Decadal Summer McKay et al. 2008

52. Conroy Lake, NE
USA

46°17'N 67°53'W Po Multi-decadal Summer Gajewski 1988

53. Indian Garden,
SW USA

39°08'N 115°43'W T Annual Summer Moberg et al. 2005

54. Chesapeake Bay,
E USA

38°89'N 76°40'W Sd Multi-decadal Spring Cronin et al. 2003

55. Methuselah Walk,
SW USA

37°43'N 118°1'W T Annual Summer Moberg et al. 2005

56. White Mountain,
SW USA

37°42'N 118°17'W T Annual Summer Moberg et al. 2005

57. S Colorado Pla-
teau, SW USA

35°20'N 111°40'W T Annual Summer Salzer and Kipfmuel-
ler 2005

58. Bermuda Rise,
Sargasso Sea

32°17'N 64°50'W Is Multi-decadal to cen-
tennial

Annual Keigwin 1996

59. Punta Laguna,
Yucatan, Mexico

20°63'N 87°50'W Is Decadal Annual Curtis et al. 1996

60. Lake Chichanca-
nab, Yucatan, Mexico

19°8'N 88°9'W Is Decadal Annual Hodell et al. 2005

61. NE Caribbean Sea 17°88'N 66°60'W Is Multi-decadal to cen-
tennial

Annual Nyberg et al. 2002

62. Nicoa Cave, 
Nicoya, Costa Rica

10°2'N 85°3'W Sp Annual to decadal Annual Mann et al. 2008
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al have been linearly interpolated to annual reso-
lution before being plotted graphically. Although
most records show quantitative temperature varia-
tions in degrees Celsius, some records are presented
as unit standard deviation (σ). The period prior to AD

1, in the case of records extending still further back,
has been excluded in the graphic presentations.

Some of the records plotted graphically consti-
tute the arithmetic mean of several different
records from the same site. Record 6 from Abisko
Valley, northern Fennoscandia (Larocque and
Halla 2004), is the arithmetic mean from three dif-
ferent pollen lake cores in the region. Another
northern Fennoscandia record, record 8 from
Lake Sjuodjijaure (Rosén et al. 2003), is the arith-
metic mean from the temperature interpretation of
three different variables: diatom, chironomid, and
pollen. Record 31, from Socotra Island in the In-
dian Ocean (Burns et al. 2003), consists of the
arithmetic mean of one δ13C and one δ18O record.
Three records from Latin America constitute the
arithmetic mean from several data series: record

59 from Punta Laguna, Yucatan, Mexico (Curtis et
al. 1996), consists of the arithmetic mean of two
δ13C and two δ18O records; record 60 from Lake
Chichancanab, Yucatan, Mexico (Hodell et al.
2005), consists of one calcium carbonate and one
δ18O record; record 62 from Nicoa Cave, Nicoya,
Costa Rica (Mann et al. 2008), consists of the
arithmetic mean of one δ13C and one δ18O record.
In cases when the data series consists of temper-
ature values, the arithmetic mean of temperature
values has simply been calculated. The records
have otherwise first been normalized to have zero
mean and unit standard deviation before an arith-
metic mean value in unit standard deviation has
been calculated.

Concluding remarks
Although this survey should be seen merely as a
tabular and visual overview of available tempera-
ture proxy records, some concluding remarks can
be made about the records included in this survey

Table 1. Continued

South America

63. Cariaco Basin,
Venezuelan Coast

10°42'N 64°56'W Sd Multi-decadal to cen-
tennial

Annual Goñi et al. 2004

64. Lake Pallcacocha,
Ecuador

2°76'N 79°23'W Lf Annual Annual Moy et al. 2002

65. W. Argentina 41°25'S 71°9'W T Annual Summer Mann et al. 2008

Africa

66. Subtropical 
Atlantic off W Africa

20°45'N 18°35'W Sd Multi-decadal to cen-
tennial

Annual deMenocal et al. 2000

67. Makapansgat 
Valley, S Africa

24°54'S 29°25'E Sp 5–10 years Annual Holmgren et al. 2001

68. SE South Atlantic 25°30'S 13°16'E Sd Multi-decadal to cen-
tennial

Annual Farmer et al. 2005

Australia/New 
Zealand

69. Mt. Read, W
Tasmania

42°52'S 146°50'E T Annual Summer Cook et al. 2000

Antarctica

70. Law Dome,
E Antarctica

66°73'S 112°83'E B Multi-decadal to cen-
tennial

Annual Dahl-Jensen et al.
1999

71. Dome C, E
Antarctica

76°06'S 123°21'E Is Decadal Annual Jouzel et al. 2001

*B, borehole; Ch,  chemical; D,  documentary; Is,  isotopic analysis; Lf,  lake/river fossils and sediments; Po, fossil pollen; Sd,  sea-
floor sediments; Sp,  speleothem isotopic analysis; T,  tree ring width or maximum latewood density; V,  varved thickness sediments
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and the climate picture they represent. First, it is
appropriate to point out that concern about the ac-
curacy of some records included here can be
raised. The Grudd et al. (2002) tree ring width
record used here shows a much smaller amplitude
in the long-term variability, and a considerably
colder climate c. AD 900–1100, than the new Tor-
neträsk maximum latewood density record AD

500–2004 by Grudd (2008). Doubts can also be
raised if the very pronounced 20th century warm-
ing in the Yamal, northwest Siberia, tree ring
width record by Briffa (2000) is actually reflecting
such a strong temperature increase since other cir-
cum-Arctic tree dendroclimatological records, es-
pecially the nearby Polar Urals record (Esper et al.
2002), show a much less pronounced 20th century
warming. The Dye-3 borehole temperature and
ice-core isotopic records must be considered very
uncertain for the more recent centuries because of
the problematic ice-flow conditions at this drilling
site; the magnitude of the mid-20th century warm-
ing is very likely artificially high (B. Vinther, per-
sonal communication). It should also be men-
tioned that the Makapansgat Valley speleothem
isotopic record by Holmgren et al. (2001) is pub-
lished as a preliminary temperature reconstruc-
tion and no definitive temperature reconstruction
has yet been published (K. Holmgren, personal
communication).

It is a heterogeneous picture of the temperature
development that appears in the different records

for the last two millennia. Some general trends
are, however, visible in most of the records and
five more or less distinct climate episodes can be
distinguished. The end of the Roman Warm Peri-
od, an episode not much discussed in the literature
but usually assumed to have occurred from c. 300
BC to AD 300, is visible in many, but far from all,
of the records. The supposed Dark Age Cold Pe-
riod, insufficiently discussed in the literature but
usually reported to have occurred sometime be-
tween c. AD 300 and c. AD 800, is also visible in a
considerable number of the records. In many of
the records included in this overview, two differ-
ent ‘Dark Age Cold Periods’ are discernible with
warmer conditions between them: a cold period c.
AD 400 and another c. AD 800. The much discussed
Medieval Warm Period (Broecker 2001; Esper
and Frank 2008; Hughes and Diaz 1994), usually
supposed to have occurred c. AD 800–1300, is
clearly visible in most of the records and is the
most pronounced warming episode in the majority
of the records during the last two millennia. The
likewise much discussed Little Ice Age (Grove
1988; Matthews and Briffa 2005) in the time in-
terval c. AD 1300–1900 is also clearly visible in
most of the records where it represents the coldest
and longest cold period. The 20th century warm-
ing (IPCC 2007) is apparent to different extents in
most, but far from all, records. Late 20th century
temperatures are in some of the records the high-
est for the last two millennia, although more

Fig. 1. Locations of the proxy records presented in Table 1
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Fig. 2.1–71. Graphical representations of the 71 proxy records presented in Table 1
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records seem to show peak medieval temperatures
exceeding the modern temperatures.

The Roman Warm Period and Dark Age Cold
Period are much less clearly discernible and seem
to show a more heterogeneous pattern than the
Medieval Warm Period, the Little Ice Age and the
20th century warming. In the records from the cir-
cum-North Atlantic region (including Europe,
Greenland and the North American eastern sea-
board), the Medieval Warm Period and the Little
Ice Age are perhaps most clearly revealed but
these climate episodes are also very distinctly
shown in the records from China and Alaska.
Thus, the Medieval Warm Period and the Little Ice
Age seem to have been as much a circum-North
Pacific phenomenon as a circum-North Atlantic
phenomenon. In fact, evidence of the Medieval
Warm Period and the Little Ice Age is to be seen
in places all around the world, such as the tropical
Pacific Ocean, Central America, the Caribbean
Sea, Ecuador and South Africa. The period around
c. AD 1000 seems, in many of the records, to have
been the warmest in the past two millennia,
whereas the 16th and 17th centuries seem to have
been the coldest. In some records the 19th century
is also a very cold century.

The amplitude between maximum and mini-
mum temperatures during the past two millennia
on centennial timescales in the different records is
ranging from c. 0.5 to 4°C and averaging c. 1.5–
2°C. However, the different records do not, as dis-
cussed above, necessarily show an exact chrono-
logical consistency in the timing of the warm and
cold episodes. The 20th century warming is gen-
erally most pronounced in the higher latitudes, in
agreement with the instrumental record. Nonethe-
less, a surprising feature is – when considering the
entire two millennia period – that the range of cen-
tennial temperature variability is virtually the
same in high and low latitudes. The records hence
do not support the presumption that it is evident

that long-term temperature variability increases
with latitude.

Discussion
A quite clear cyclical climatic pattern on centen-
nial timescales between warm and cold periods
appears in some of the records, with both a Roman
Warm Period, a Dark Age Cold Period, a Medieval
Warm Period, a Little Ice Age and the 20th century
warming discernible. This is especially true for:
(1) record 7 from Torneträsk, northern Fennos-
candia, by Grudd et al. (2002); (2) record 12 from
northern Iceland by Sicre et al. (2008); (3) record
14 from Jämtland, central Sweden, by Linder-
holm and Gunnarson (2005); (4) record 18 from
Spannagel Cave, Central Alps, by Mangini et al.
(2005); (5) record 19 from Galicia, northwest
Spain, by Martínez-Cortizas et al. (1999); (6)
records 24–26 from China and Tibet by Ge et al.
(2003), Tan et al. (2003), and Liu et al. (2006) re-
spectively; (7) the Greenland isotopic ice-core
records 38, 40–42, 44 and 48 by Vinther et al.
(2006), Johnsen et al. (2001), Grootes and Stuiver
(1997), Alley (2000), Vinther et al. (2008),
Vinther et al. (2006) respectively; (8) record 50
from Lake Farewell, central Alaska, by Hu et al.
(2001); (9) record 58 from Bermuda Rise, Sargas-
so Sea, by Keigwin (1996).

Generally, the pollen, sediment and spele-
othem isotopic records show a greater amplitude
of long-term variability than the tree ring width
records. The Medieval Warm Period and the Little
Ice Age are, for example, more pronounced in the
former records. This cannot merely be a conse-
quence of the fact that the tree ring width records
reflect only summer temperatures (i.e. growth)
since many of the other records (such as diatom
and chironomid data and fossil pollen records)
also reflect only summer temperatures. It is an im-
portant task for further research to look more
closely into the different pictures of long-term cli-
matic variability that are expressed by different
kinds of proxy records. Only two of the records in
this overview primarily reflect a winter tempera-
ture signal and just one reflects a spring temper-
ature signal, while 32 records reflect a summer
temperature signal. Although 36 records reflect an
annual temperature signal there is a considerable
bias towards summer temperature variability in
the records. New records, reflecting winter, spring
or autumn temperature variability, would there-
fore be of value.
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It can also be concluded that the geographical
distribution of the available temperature records
for the last two millennia is still very uneven with
a strong concentration to the circum-North Atlan-
tic region and East Asia, as shown in Fig. 1. The
coverage for the southern hemisphere is still very
sparse. Records are also lacking for the interior of
the continents of Asia and North and South Amer-
ica as well as from, for example, the Sahara. Nev-
ertheless, considerable progress has been made in
the last few years. A far greater number of records
are available now than at the time the IPCC (2007)
report was written. An urgent task would therefore
be to use the new data to update existing global
and hemispheric multi-proxy temperature recon-
structions.
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Data have been made available from the World Data
Center for Paleoclimatology, 325 Broadway, Boul-
der, Colorado, Unites States.
website: http://www.ncdc.noaa.gov/paleo/paleo.html.
E-mail: paleo@noaa.gov.
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