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[1]1 High-resolution temperature reconstructions (typically annually to seasonally resolved) have played a
key role in understanding paleoclimate immediately prior to the beginning of the instrumental record,
especially when calibrated to form an extension of comparable instrumental data coverage (global,
hemispheric, and regional). Such calibration allows the information in the instrumental record to be
quantitatively extended backward in time in an objective way, enabling description of much longer term
fluctuations in climate than possible with instrumental data alone, although with significantly increased
uncertainties inherent in proxy-based reconstructions. This data brief describes a newly integrated archive
of nearly all the high-resolution temperature reconstructions of the past 2+ millennia included in NOAA’s
National Climatic Data Center, from small-regional to global scale, which also have been recalibrated to a
standard set of instrumental data. Examination of the spectral structure of the data is additionally provided.
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1. Introduction

[2] Annually resolved temperature reconstructions
over the last 2 millennia have played a critical role
in understanding the trajectory of climate change
before and into the modern period of instrumental
climate data [Jansen et al., 2007]. In particular,
some of these reconstructions have played a key
role in estimating the amplitude and rate of change
of the global/hemispheric energy balance response
to anthropogenic greenhouse emissions [cf. Jansen

Copyright 2010 by the American Geophysical Union

et al., 2007, Mann et al., 2008], although the
sensitivity of the response has yet to be fully
constrained due to uncertainties in both the paleo-
reconstructions and companion reconstructions of
the forcings that drive the energy balance on these
time scales (primarily the solar output and spec-
trum along with explosive volcanism) [Jansen et
al., 2007; Jones et al., 2009]. Another important
achievement of recent time paleoclimatology is the
development of systematic synoptic-scale recon-
structions of continental/subcontinental tempera-
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ture patterns at annual to monthly time scales [e.g.,
Luterbacher et al., 2004; Xoplaki et al., 2005],
along with independent reconstructions of associ-
ated fundamental pressure patterns [e.g., Kiittel et
al., 2010; Trouet et al., 2009]. Significant newly
recognized aspects of climate dynamics have been
indicated by some of these reconstructions in
relation to climatologies indicated by instrumen-
tal-only data, such as an extended period of largely
positive phase in the North Atlantic Oscillation
(NAO) pressure pattern during the later portion of
the Medieval Climate Anomaly period (~800—
1300+ A.D.) [Trouet et al., 2009]. This long
anomalous pattern resulted in relative warmth over
the North Atlantic/European sector that is the most
recent natural counterpart to modern warmth and
can thus be used to evaluate characteristic climatic
patterns that can be related to natural versus
anthropogenic forcings [Trouet et al., 2009]. Simi-
larly, MacDonald and Case [2005] reconstructed
multicentennial weakening and near-disappearance
of the instrumentally observed ~50 year periodicity
of the Pacific Decadal Oscillation (PDO) over
the past 1000 years (~1200—1300 and ~1500—
1850 A.D.), with important implications for the
need to exercise caution when using the 20th
century behavior of the PDO for climate change
impacts planning.

2. Data Archive

[3] An important accumulation of high-resolution
near-past temperature reconstructions is archived
by NOAA’s National Climatic Data Center-
Paleoclimatology Branch/World Data Center for
Paleoclimatology. In order to facilitate use of
these 92 records by both researchers and other
interested organizations and individuals, NOAA has
integrated the records into a single data product, the
Paleoclimatology Reconstructions Network (PCN,
Version 1.0.1), available at http://www.ncdc.noaa.
gov/paleo/pubs/pen/. The records come with many
categories of metadata, including (but not limited
to): complete citations to original publications,
seasonal period reconstructed (when applicable),
the type of proxy data used in the reconstruction
(derived from the original publication), the anomaly
period used (when provided, if the reconstruc-
tions are measured as anomalies), latitude/longitude
coverage, and URLs to the original NOAA Paleo-
climate web pages from which the data were
drawn. Each record is available as a separate ASCII
file with fixed header and data formats, allowing
machine reading of the data and time step infor-

mation. All the records together are also available
in netCDF, ASCII, and Excel™ formats, including
the complete metadata within the files themselves.
Sample scripts to open the netCDF versions in the
R programming environment are also provided.
Table 1 provides a list of the records, along with
the primary temporal and spatial metadata for each
reconstruction.

3. Recalibration

[4] Where possible, each of the records has been
recalibrated to the HadCRUT3v 5 x 5 degree
instrumental surface temperature data set, as appro-
priate to its spatial extent. (The recalibration
process used ordinary least squares (OLS) regres-
sion, fitted across all years that had both recon-
struction data and spatially averaged HadCRU data
appropriate to the spatial coverage of the recon-
struction. Description of the HadCRUT3v data set
can be found at http://www.cru.uea.ac.uk/cru/data/
temperature/.) Recalibration was done at annual
and four-seasonal time scales (both DJF/MAM/
JJA/SON and JFM/AMIJ/JAS/OND). This process
rescales the paleotemperature records to the same
basis as the instrumental data (anomalies relative to
a 1961-1990 reference period), thus allowing the
information in the instrumental record to be quan-
titatively extended backward in time in an objec-
tive way and thereby enabling description of much
longer term fluctuations in climate than possible
with the instrumental data alone, although with
significantly increased uncertainties that are inher-
ent in proxy-based reconstructions [cf. Jansen et
al., 2007]. Also, recalibration can facilitate cross
comparison of the reconstructions, which could
potentially result in detection of important pattern
similarities that are not now apparent. Detection of
synchronous anomaly patterns has been an impor-
tant contributor to development of dynamical un-
derstanding of near-past climate [Cook et al., 2007,
Graham et al., 2007; Trouet et al., 2009].

[s] Two example recalibrations are shown in
Figure 1. In Figure la [from Oerlemans, 2005],
the effect of recalibration can be seen to slightly
compress the overall amplitude of the recon-
struction, indicating that the excursion of the
HadCRUT3v data set is slightly less than that of the
original calibration over the common time period of
the regression. In Figure 1b [from Crowley, 2000]
(noted in the graphic by its PCN record name
“Crowley2000b’*), the effect of recalibration
significantly expands the amplitude of the re-
construction, indicating that the excursion of the

2 of 6



10.1029/2009GC002817

WAHL ET AL.. DATA BRIEF

Y
(:_JJ

ics

hys
Geogys);ems

]
wh—
2

g

o
<=

3]

=]

]
o

=]
]
O

‘san[ea *)'g 0} JuS[BAINDS are UWIN[Od  SIBK,, AU} UI SAN[eA "(I'Y dAneSau jeyy djoN ‘/uod/sqnd/ooed
/A0S "gROU-OPOUMMAY//:d13Y T PUNOY 9q UBD SIONIE [BUISLIO 0} SUOKENO [[1Y Surpnjoul ‘ejepeiow dR9[dwo) “uonedtqnd jo 1eak ayy Yy SUO[e “JOYINE IS Sy} JO SUIBU JSB] AY) Sty A10593ed  Joyny,, 9YL,,

M000°SY—Mo000°SCI
M000°S0T—Mo000°0LT
M000°00T —Mo000°SET

d,000°STT—H,000°09
H,000°STT—H,000°0€
M000'0LT—H,000°0€T
d,000°0€1—4,000°09
H,000°0€~Mo000°S T
H,000°09~M.000°S 1
H,000°081—M-000"081
H,000°0€—H,000°01
H,000°0€—H,000°01
d,000°0—d,000°0

Mo000'S6—M000°SCI

Mo000°56—Mo000°STIT

Mo000'S6—M000°STIT
Mo000°STT—Mo000°STI
Mo000°STT—M000°SET

d,008°6—d,008°6
d,008°6—d,008°6

MOSTYIT—M0SSTTT
H,000°081—M.000"081

No000°06—N,000"0%
No000"06—N,000"0¢
No0000S—N,000°0€
No000"0¥—No.000°SC
No000°09—N,000"0%
No000°06—N,000"09
No000"06—N,000"09
No000"€S—N,000°S€
No000"06—N,000°SS

No000'06—N,0000
No000"SS—No000°St
No000'0L—No000'09
No000°09—~N,000°0¢
No00S TS —N,005'C€
No00S'LE~NL00S°LT
No00S TS —N005°LE
No00SCF—No.00S"C¢
No00SLS—N.00S ¢y
NoOSY 9y —N0SY 9
NoOSY 9¥—N.0S¥ 9y

NoL TV ¥V —NoEET v
No00008—~No.000"0

‘a’v 8861—-00¥1
‘aA’v €861-00¥1
‘ad'V €861—-00¥1
A’V ¥661—-00¥1
A’V ¥661-00¥1
A’V ¥661-00¥1
‘ad’V 1661-00¥1
A’V 1861—-00¥1
‘d’V T661-00¥1
‘av ve6l—-00vI
A’V SL6TI—-0SLI
‘aA’V SL6T-0SLI
A’V SL6I-0SLI
‘d’V 2861—-0091
‘aA'V 861-0091
‘d'V ¢861-0091
‘ad’v 2861—-0091
‘ad’V ¢861-0091
AV SYel—LLST
A’V Svel—LLST

A’V T661-SC11
‘d’v 0861—0001

BpBUR)) [RNUIO UIISEH :}JOoM)dU AJSuop Full 221
UIOYMIOU B WO suoneleA armjeadwa) Aouonbai-mo
BOLIOWY [HON UIOISOMUMON JIomIou A)sudp Sull oan
UIOYMOU B WOy suonelea armeradwd) Aouonbaly-mo]
BOLIOWY UYMON UIQISOAN {Iomiou ANsudp Jull o1
UIOYMIOU B WOy suoneleA armeradwd) Aouonbaly-mo]
neoje[d Ue)qLL oMU A)suop Sulr 991
WIOUIOU & WOl suoneuea armjeradwd) Aouonbay-mo]
BISY [ENUQ)) I0MIdU ANSUSp Sull 991
UIOYMIOU B WOy suoneleA armeradwd) Aouonbaly-mo]
BLIOQIS UIOISEH NI0MIOU AJISuop Jull oom
UIOYMIOU B WO suoneleA armeradwa) Aouonbaly-mo]
BLIDQIS UIOYMON I0MIQU ANSudp Sull 991
UWIOUIOU B WOl suoneuea armjeradud) Aouonbay-mo]
odoing woynog :jromjou AJsusp Julr 991
UIOYMIOU B WOy suoneleA armeradwd) Aouonbaly-mo]
odomyg uIoYIION H0MIdU A)ISUSp Full 991}
WIOUIOU & WOl suoneuea armjeradwd) Aouonbay-mo]
SUONONNSU0IaI oImeIdduwo) aoydsIuoy UISYIION
odoing [enud) :suononnsuoodr anjerddud) duwuns [euoidar pue poppus ueadoinyg
BIABUIPUEOS :SUONONINSU0I2I drnjerodud) owwuns [euorsor pue pappus uedadomyg
wop3ury pAjIU[ :SUONONISU0AI dnjerddwd) Jowwns [euoidar pue pappud ueadoinyg
SOJe}S PANIU() UIGISOA\ :SUONONISU0DAI drnjeroduo)
Jowns [euor3al pue uIodpud eoLouWY YUON UIAISIAN
S}IOSOP ISOMIINOS SUOTONISU0AI dInjerodurd)
Jowuns [euordal pue Julodpud eououwy YUON UIAISIM
sure[d yS1y UIOYIIOU puE SO0 UISISeH :SUONONINSU0II oInjerddwoy
Jowwns [euordal pue urodpud eoLWy YMON UIAISIAN
BIUIOJI[RD) :SUONONNSU0AI drnjerodurd)
Jowuns [euordar pue Jurodpud eoLowy YMON UIAISIM
JSOMUION O1JI0ed OU) Pue BIQUIN[O) YSHLIE SUOONISU0AI dinjerodwa],
Jowns [euordal pue ulodpud eoLoWY YMON UIAISIM
uonoNNSuU0daI drmjeradwe) pue
BII[IS J1U0301q [enuue pue[lozimg ‘euedeAll§ oye]
IoquIDAON —Joquuoldag uononnsuodal ainjerddwso) pue
BOI[IS O1U0301q [enuue pue[IaziImg ‘eueldeA[lS aye]
uonoONNSU0odl Arnjeroduid) Anf oyep] [eNUad-Iseq
uonoNISu0oI drnjerddw) [enuue 95eIoAR AIAYASIUOY UIdYLON

1100TeH1q
q100zesuq
S100zeduq
J100zeHMq
2100TeHq
P100TEHHq
9100TeHq
q100zTeHHq
B100CEHLq

866 1EJLIq
0886 [elLq
q8861e1q
€886 [ BHLIq
9766 1e1q
pPTo6IRHIq
9766 TeLq
qze61eHHIq
BZ6618HLq
qL00TsseIq

BLOOTSSEq
66611puolq

L00ZuuBWWE

spunog opmiSuo

spunog opmne]|

SIBOX

S[LL

oyny

[o1onae siyy Jo uorsoA TNLH Ul Ul S[qe[ieAe SI | d[qe], [[NJ dYL] ,SHOMION SJeUI[003]ed Ul suononnsuoday “(ddwes) [ dqel,

30f6



¥ Geochemistry 3
|~ Geophysics >
Geosystems 1| °J

£

WAHL ET AL.: DATA BRIEF

10.1029/2009GC002817

Oerlemans (2005) Annual Reconstruction of Global Surface Temperature
(based on glacier-length records from 169 locations)
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Figure 1.

The effect of recalibration on two example time series from the NOAA/World Data Center for

Paleoclimatology Paleoclimate Network. Recalibration of the original record is done in relation to the HadCRUT3v
gridded instrumental data set, as appropriate for the spatial extent of the record. Data are from (a) Oerlemans [2005]
and (b) Crowley [2000], noted in the graphic by its PCN record name “Crowley2000b.”

HadCRUT3v data set is greater than that used in the
original calibration over the regression period.
These two examples demonstrate the importance
of recalibration to a common data standard before
making comparison of reconstruction amplitudes
[cf. Mann et al., 2008, Figure 3], which can poten-
tially be misleading if “raw” amplitudes are com-
pared. In Figure 1, the deepest extent of Little Ice
Age cooling in the two records is shown to be
relatively similar when compared in common terms,
rather than different by a factor of ~2 as the
originally published curves would suggest. The
smoothness of the Oerlemans [2005] reconstruction

in Figure la reflects relatively strong filtering
applied to the original data that effectively removes
all variability at less than decadal time scales,
whereas the Crowley [2000] reconstruction in
Figure 1b reflects a less strong smoothing that
retains some variability at subdecadal time scales.

4. Spectral Information

[¢] Description of the spectral structure of the PCN
records is also provided in terms of wavelet anal-
yses [cf. Torrence and Compo, 1998], for the
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longest continuous time period covered by each
record nearest to the present. This spectral infor-
mation is intended to help in cross comparison of
the records and potentially in identifying decadal
to multidecadal structures in the reconstructions
that appear to differ from those of the same record
in the 20th century, which potentially can be
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exploited for better understanding of possible
ranges of variability that might be anticipated in
the next 20—70 years [e.g., MacDonald and Case,
2005].

[7] Example wavelet graphics are provided in
Figure 2, for the same cases as the example
recalibrations in Figure 1, along with a third case.
As expected, the Oerlemans [2005] reconstruction
in Figure 2a generally has no power in the sub-
decadal time scale, reflecting the relatively strong
filtering of the data, but has distinguishably signif-
icant power in the ~40—50 year frequency band in
the latter 19th century. The more mildly smoothed
Crowley [2000] reconstruction in Figure 2b has
significant power at frequencies as high as the
3-year time scale during the 1870s. It also has
significant power at the bidecadal to tridecadal
time scale during the 12th—13th, early 16th, and
19th—20th centuries and at the half- to full-century
time scale during the 19th and 20th centuries. The
reconstruction of Ammann and Wahl [2007] in
Figure 2c (noted in the wavelet graphic by its
PCN record name ‘“Ammann2007°’’) has no
smoothing, and thus shows significant power down
to the annual time scale. In particular, it has
significant power centered on the centennial time
scale throughout much of the 13th—16th centuries,
which has no parallel in the Crowley [2000] record,
and at the ENSO time scale of 2—6 years. Intrigu-
ingly, the ENSO-scale power is greatly reduced or
absent for much of the 16th—18th centuries in this
reconstruction, along with overall higher-frequency
variability up to bidecadal time scales, a feature not
explored in the original article.

5. Updating

[8] The PCN archive will be updated on a periodic
basis with new records received by NOAA Paleo-

Figure 2. Wavelet graphics [cf. Torrence and Compo,
1998] showing relative spectral power at different time
scales across the period of reconstruction for three
example time series from the NOAA/World Data Center
for Paleoclimatology Paleoclimate Network. Cross
hatching denotes the “cone of influence”; during these
portions of the analyzed time period the wavelet
analysis is subject to edge effects. Note that the time
scale in each graph shows the years of the reconstruction
as a sequence from 1 to n, where n is the length of
the record. Data are from (a) Oerlemans [2005];
(b) Crowley [2000], noted in the graphic by its PCN
record name “Crowley2000b”’; and (c) Ammann and
Wahl [2007], noted in the graphic by its PCN record
name “Ammann2007.”
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climatology/WDC that are consistent with its
intended content.
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