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Figure 5 Example of field reconstruction performance: composite winter temperature anomalies for Europe after 15 tropical volcanic events over

the past 500 years (cf. Fischer et al., 2007). (a) Anomalies reconstructed from instrumental, documentary and proxy records using a truncated-

EOF method (multivariate PC regression, Luterbacher et al., 2004). (b) Anomalies from NCAR-CSM model (Ammann et al., 2007) over the same

time period. (c) Pseudo-proxy reconstructed anomalies in same model context as (b), using the Wahl and Ammann (2007) emulation of the MBH98

truncated-EOF inverse regression method



the positive anomaly focused on Fennoscandia and northwestern

Russia might be sufficient to reverse the sign of the European-

mean composite response to volcanic forcing in reasonably con-

ceivable reconstruction situations (eg, low-enough proxy SNR

and/or short-enough calibration period). This indicates that for

some situations (eg, where a spatial-mean represents the average

of two similar-magnitude but opposite sign anomalies) recon-

structing climate field anomaly patterns may be a more robust

overall capacity of the truncated-EOF CFR methods than recon-

structing spatially averaged climate. The level of noise does not

have a direct relationship with loss of amplitude fidelity in a

whole-field reconstruction simulation undertaken with the RegEM

method for the post-Tambora global temperature field (Mann

et al., 2007) (if anything the relationship may vary inversely),

although additional noise does have a detrimental effect on the

ability to resolve fine details of the field.

Finally, we note that quantitatively measuring the significance

of differences between model and reconstructed fields (and this is

relevant both to the evaluation of pseudo-proxy experiments and

to the comparison of models with real-world reconstructions)

raises a number of issues that apply more generally to measuring

(and determining the significance of) differences in ≥2 dimen-

sions. Statistics such as Reduction of Error (RE) and Coefficient

of Error (CE) (eg, Cook et al., 1994; MBH98; Mann et al., 2007)

and the Mann-Whitney Rank Sum Test (eg, Fischer et al., 2007)

have been used for this purpose, both at the level of the entire field

and on a grid-box by grid-box basis. However, such tests are not

able to capture the potential differential importance of parts of a

reconstructed field in terms of sensitivity to the direct effects of

forcings and the indirect effects of forcing-induced dynamical

changes. It is beyond the scope of this paper to address this issue

in detail, but it is an important area of analysis that needs signifi-

cant attention in order to more fully operationalize the quantitative

examination of field reconstruction fidelity.

Other considerations for use of model-based
experiments
Model-based examinations make possible the creation of ‘perfect-

pseudo-proxy’ cases, ie, situations in which the simulated proxy

values for a given grid box have no noise added and thus by defi-

nition have SNRs of ∞. In this kind of examination, once success-

ful performance is demonstrated for a reconstruction methodology

by an examination similar to the one shown in Figure 3b (ie, when

the full range of reconstructed variables is present in the calibra-

tion period), the question being addressed reduces to fidelity

losses driven solely by the spatial coverage of the proxies. A com-

bination of noisy-proxy and perfect-proxy analyses with the cus-

tom temporal ordering of model output in Figures 3e, f could be

used to separate the extent to which reductions of proxy richness

are related to the generation of amplitude loss and the extent to

which noise hastens the onset of this problem (ie, the extent to

which noise acts as a de facto reduction of proxy richness).

Examinations of this kind have already been started with the

RegEM CFR technique, showing that even a very reduced proxy

set leads to no low frequency amplitude loss for reconstruction of

the NH temperature series, although higher frequency variation is

significantly increased in this case (cf. Mann et al., 2007).

In a related vein, pseudo-proxy experiments can be used to

explore how the addition of one or more specific proxies can

affect reconstruction quality. Küttel et al. (2007), for example,

evaluated the impact of adding a single pseudo-proxy in northern

Finland on the amplitude fidelity for reconstruction of European

average winter surface temperatures. Their results show a strong

enhancement of reconstruction amplitude by addition of the single

predictor in this previously poorly reconstructed subregion, sug-

gesting that it would be an excellent investment of resources to

attempt to develop real-world ‘winter’ proxy data from this area.

Historical archives from southern Sweden (eg, Leijonhufvud

et al., 2008) or from the eastern Baltic (Tarand and Nordli, 2001)

might provide some of the documentary records being extended

back into the early sixteenth century, allowing the future develop-

ment of a southern Scandinavian or eastern Baltic winter temper-

ature reconstruction for the last approximately 500 years.

It is likely that many more applications may benefit from test-

ing within potentially realistic surrogate climates provided by

GCM simulations of recent centuries and millennia. Gonzalez-

Rouco et al. (2006), for example, used the pseudo-proxy method

to evaluate the recovery of surface temperature variations from

vertical profiles of ground temperature anomalies (ie, pseudo-

borehole temperatures) that were themselves generated using

models of vertical heat diffusion driven by GCM-simulated sur-

face temperatures. Their results indicate that the current distribu-

tion of borehole temperature records may be sufficient to provide

useful estimates of surface temperature change over recent cen-

turies, though with expected attenuation at the shorter timescales

during earlier times (e.g. Gonzalez-Rouco et al., 2008 and refer-

ences therein). The impact of different sources and magnitudes of

noise, the possible underestimate of Mediaeval warmth in situa-

tions with strong cooling between Mediaeval and ‘Little Ice Age’

periods (see Gonzalez-Rouco et al., 2006: figure 3c), and the pre-

cision with which the timing of maximum ‘Little Ice Age’ cooling

can be estimated (again, see their figure 3c), all deserve further

investigation.

In addition to providing opportunities for testing statistical

reconstruction methods, information from climate model simula-

tions can be combined, via data assimilation techniques, with

information derived from proxy records, to yield improved esti-

mates of past climate change. This approach has proved to be very

successful for ‘reanalysis’ of atmosphere and ocean states over the

last 60 years. The few studies performed so far for the pre-instru-

mental period have been mainly devoted to the testing of particu-

lar techniques (Goosse et al., 2006a) or to specific short periods

(van der Schrier and Barkmeijer, 2005). Nevertheless, these initial

studies have shown the potential advantages of combining infor-

mation from forcings, models and data in this way, to yield phys-

ically consistent reconstructions of variables that are difficult to

estimate on the basis of proxy records alone, such as the large-

scale oceanic and atmospheric circulation. Data assimilation exer-

cises should be pursued further, with a focus on the last

millennium, to adapt and test assimilation techniques to the spe-

cific problems that arise in the palaeoclimate context, such as

coarse time resolution and large uncertainties in proxy and forcing

data. This approach should thus be considered as a valuable com-

plement to statistical reconstruction of past climate.

Climate forcing and histories

Forcing and climate models
An important reason for improving climate reconstructions of the

past few millennia is that these reconstructions can help both eval-

uate climate model responses and sharpen understanding of

important mechanisms and feedbacks. Therefore, a parallel task to

improving the reliability of proxy climate data and climate recon-

structions is to assess and independently constrain forcings of the

climate system over that period.

Forcings can generically be described as external effects (also

called exogenous effects in other modelling communities, such as

economics) on a specific system. Responses within that system that

also have an impact on its internal state are described as feedbacks.

For the atmosphere, sea surface temperature changes could there-

fore be considered a forcing, but in a coupled ocean–atmosphere

model they could be a feedback to another external factor or be

intrinsic to the coupled system. Thus the distinction between forc-
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ings and feedbacks is not defined a priori, but is a function of the

scope of the modelled system. This becomes especially important

when dealing with the biogeochemical processes in climate that

affect trace gas concentrations (CO
2

and CH
4
) or aerosols. For

example, if a model contains a carbon cycle, then the CO
2

varia-

tions as a function of climate will be a feedback, but for a simpler

physical model, CO
2

is often imposed directly as a forcing from

observations, regardless of whether in the real world it was a feed-

back to another change, or a result of human industrial activity.

It is useful to consider the pre-industrial period (pre-1850) sep-

arately from the more recent past, since the human influence on

many aspects of atmospheric composition has increased dramati-

cally in the twentieth century. In particular, aerosol and land-use

changes are poorly constrained prior to the late-twentieth century

and have large uncertainties. Note, however, there may be a role

for human activities even prior to the nineteenth century owing to

early agricultural activity (Ruddiman, 2003; Goosse et al., 2006b).

In pre-industrial periods, climate forcings can be separated into

purely external changes (variations of solar activity, volcanic erup-

tions, orbital variations) and those that are intrinsic to the Earth sys-

tem (greenhouse gases, aerosols, vegetation, etc.). Such changes in

Earth system elements will occur predominantly as feedbacks to

other changes (whether externally forced or simply as a function of

internal climate ‘noise’). In the more recent past, the human role in

affecting atmospheric composition (trace gases and aerosols) and

land use have dominated over natural processes and so these

changes can, to large extent, be considered external forcings as well.

Traditionally, the ‘system’ that is most usually implied when

talking about forcings and feedbacks are the ‘fast’ components of

the atmosphere–land, surface–upper ocean system that, not coin-

cidentally, correspond to the physics contained within atmos-

pheric general circulation models (AGCMs) coupled to a slab

ocean. What is not included (and therefore considered as a forcing

according to the previous definition) are ‘slow’ changes in vege-

tation, ice sheets or the carbon cycle. In the real world these fea-

tures will change as a function of other climate changes, and in

fact may do so on relatively ‘fast’ (ie, multidecadal) timescales.

Our choice then of the appropriate ‘climate system’ is slightly

arbitrary and does not give a complete picture of the long-term

Earth system sensitivity.

These distinctions become important because the records avail-

able for atmospheric composition do not record the distinction

between feedback and/or forcing. They simply give, for instance,

the history of CO
2

and CH
4

(though for the industrial era, good

estimates of CO
2

emissions are available, based on fossil fuel con-

sumption). Depending on the modelled system, those records will

either be a modelling input, or a modelling target.

While there are good records for some factors (particularly the

well-mixed greenhouse gases such as CO
2

and CH
4
), records for

others are either relatively uncertain in magnitude (tropospheric

and volcanic aerosols, and solar activity), incomplete (dust, vege-

tation) because of poor spatial or temporal resolution or non-exis-

tent (eg, ozone). Estimates of the magnitude of these latter

forcings can only be made using a model-based approach. This

can be undertaken using GCMs that include more Earth system

components (interactive aerosols, chemistry, dynamic vegetation,

carbon cycles, etc.), but these models are still very much a work

in progress and have not been used extensively for palaeoclimatic

purposes. Some initial attempts have been made for selected feed-

backs and forcings (Gerber et al., 2003; Goosse et al. 2006b) but

a comprehensive assessment over the millennia prior to the pre-

industrial does not yet exist.

Even for those forcings for which good records exist, there is a

question of how well they are represented within the models. This

is not so much of an issue for the well-mixed greenhouse gases

(CO
2
, N

2
O, CH

4
) since there is a sophisticated literature and

history of including them within models (though some aspects,

such as minor short-wave absorption effects for CH
4

and N
2
O are

still not universally included; Collins et al., 2006).

Individual climate forcings
In this section, we discuss the major external forcing factors that

are important for the climate system and its palaeoclimatic mod-

elling. Human-caused changes to the atmosphere (well known for

greenhouse gases, but markedly less so for aerosols) are fully dis-

cussed in detail by Forster et al. (2007). We later illustrate how the

various forcings are prescribed and/or determined by one particu-

lar A/OGCM.

Solar irradiance
The most straightforward way of including solar irradiance effects

on climate is to change the solar ‘constant’ (more accurately

described as total solar irradiance – TSI). However, observations

show that solar variability is highly dependent on wavelength with

UV bands having about ten times as large amplitude changes than

TSI over a solar cycle (Lean, 2000). Thus including this spectral

variation for all solar changes allows for a slightly different behav-

iour (eg, larger solar-induced changes in the stratosphere where

the UV is mostly absorbed). Additionally, the changes in UV

affect ozone production in both the stratosphere and troposphere,

and this mechanism has been shown to affect both the total radia-

tive forcing and dynamical responses (Haigh, 1996; Shindell

et al., 2001, 2006). Within a chemistry–climate model this effect

would potentially modify the radiative impact of the original solar

forcing, but could also be included as an additional (parameter-

ized) forcing in standard GCMs.

Reconstructions of solar variability in past millennia are usually

based on cosmogenic isotopes whose production is modulated by

solar magnetic activity and whose concentrations can be found in

ice cores (ie,
10

Be) or tree rings (
14

C) (eg, Bard et al., 2000;

Solanki et al., 2004; Muscheler et al., 2005). Calibration of these

archives is based on the ~30 year series of satellite observations of

solar irradiance over three solar cycles and more recent observa-

tions of the spectral character of that variability. The main uncer-

tainty is the magnitude of any long-term secular trend in solar

forcing that is unconnected with the direct effects of sunspots and

faculae (Foukal et al., 2006) and the potential for climatic

contamination of the proxy archives (Field, C.V. et al., 2006).

It has also been argued that an indirect effect of solar magnetic

variability on the shielding of cosmic rays may affect the produc-

tion of cloud condensation nuclei (Dickinson, 1975). There have

been no quantitative calculations of the magnitude of this effect

(which would require a full study of the relevant aerosol and cloud

microphysics), and so its impact on climate has yet to be included.

Explosive volcanicity
Large volcanic eruptions produce significant amounts of sulphur

dioxide (SO
2
). If this is injected into the tropical stratosphere dur-

ing a particularly explosive eruption, the resulting sulphate

aerosols can persist in the atmosphere for a number of years (eg,

Pinatubo in 1991). Less explosive, but more persistent eruptions

(eg, Laki in 1783) can still affect climate though in a more

regional way and for a shorter period (Oman et al., 2005). These

aerosols have both a shortwave (reflective) and longwave (absorb-

ing) impact on the radiation and their local impact on stratospheric

heating can have important dynamical effects. It is therefore bet-

ter to include the aerosol absorber directly in the radiative transfer

code. However, in less sophisticated models (eg, Crowley, 2000)

or experiments (eg, von Storch et al., 2004), the impact of the

aerosols has been parameterized as an equivalent decrease in TSI.

Reconstructions of the volcanic forcing history are based on well-

dated sulphate layers in ice cores combined with calibration from
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historically observed eruptions. Magnitudes of effects, hemispheric

distribution and details of the aerosol microphysics that might be

unique to each eruption are the main sources of uncertainty (Naveau

and Ammann, 2005). Combining information from multiple ice-

core records, especially from both polar regions, is important to dis-

tinguish between local and large-scale events. Recent work (Gao

et al., 2008) has attempted to further improve both the accuracy and

detail of the estimated forcing history by utilizing sulphate records

from 54 ice cores (more than double that used by previous studies).

Not only do the additional records reduce the overall uncertainty,

but they also allow information from the patterns of aerosol deposi-

tion to be used in conjunction with analysis of seasonally dependent

atmospheric transport and deposition to estimate stratospheric sul-

phate loading from ice-core deposition. The resulting data set pro-

vides estimates of sulphate loading as a function of latitude, altitude

and month. This level of detail, though subject to a number of

caveats and uncertainties, is nevertheless useful for forcing the next

generation of GCM simulations.

Land surface characteristics and aerosols
Land-cover and land-use changes have occurred both due to delib-

erate modification by humans (deforestation, imposed fire

regimes, agriculture) as well as a feedback to climate change (the

desertification of the Sahara c. 5500 yr ago). Changing vegetation

in a standard model affects the seasonal cycle of albedo, the sur-

face roughness, the impact of snow, evapotranspiration (through

different plant rooting depths), etc. However, modelling of the

yearly cycle of crops, or incorporating the effects of large scale

irrigation, are both still very much work in progress.

Anthropogenic aerosol effects (through industrial emissions or

biomass burning) are a critical feature of modern climate change.

Increases in reflective aerosols (sulphates and nitrates), as well as

absorbing aerosols (black carbon) have direct radiative effects

as well as indirect impacts on cloud formation and lifetime as

well as snow albedo. There are natural components to these

aerosols as well (sulphates via planktonic emission of dimethyl

sulphide, black carbon from natural fires, etc.) but aerosol changes

over the few millennia prior to industrialization are very poorly

constrained. Changes might have arisen from climatically or

human-driven changes in dust emissions, ocean biology feedbacks

on circulation change or climate impacts on the emission of

volatile organics from plants (which also have an impact on ozone

chemistry). Some work on modelling a subset of those effects has

been undertaken for the last glacial maximum or the 8.2 kyr event

(LeGrande et al., 2006), but there have been no quantitative esti-

mates for the late Holocene.

Combining natural and anthropogenic
forcings in GCM simulations
Owing to the relative expense of doing millennial simulations

with state-of-the-art GCMs, existing simulations have generally

only included the minimum required to incorporate relevant solar,

GHG and volcanic forcings (Jansen et al., 2007: table 6.2 identi-

fies which forcings were used in most of the recent modelling

studies). Progress can be expected soon on more sophisticated

treatments of those forcings and the first quantitative estimates of

additional effects.

The combined impact of the individual natural and anthropogenic

forcings described in the previous sections – together with other

important forcings that we have not considered in detail here, such as

orbital changes and anthropogenic tropospheric sulphate aerosols –

can be estimated either directly or indirectly. Direct estimates rely on

calculations of the impact of each mechanism on the radiation bal-

ance of the Earth (eg, functions relating greenhouse gas concentra-

tions to radiative forcing), and these are then combined and provided

as input to some model simulations – especially for simpler models

(eg, Hegerl et al., 2003), because their formulation requires this. The

combined forcing can be estimated indirectly by forcing GCMs with,

for example, concentrations or emissions of the relevant forcing

agent, and then diagnosing the modification to the radiation balance

that the radiative transfer component of the GCM predicts. Figure 6

shows one such example, for the HadCM3 simulation of the last 250

years (Tett et al., 2007). In this case, for example, rather than pre-

scribing the volcanic forcing (eg, as an equivalent reduction in solar

irradiance as assumed by von Storch et al., 2004), time series of

volcanic aerosol loading were applied (with variations amongst four

latitudinal bands to allow for the different effects of high-latitude

and tropical eruptions). This approach is recommended for future
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Figure 6 The latitude–time evolution of zonal-mean forcing (W/m
2
, relative to the mean of the first 50 years, 1750–1799) diagnosed from the

ALL250 simulation with HadCM3 described by Tett et al. (2007). This simulation was forced by variations in solar irradiance, volcanic aerosol

loading, orbital forcing, land use, sulphate aerosol emissions and concentrations of well-mixed greenhouse gases and ozone. Values are smoothed

in the time dimension (by a 5-yr low-pass filter) but not in the latitude dimension



experiments, because more complex interactions with atmospheric

radiative transfer can be simulated, such as the stratospheric warm-

ing caused by absorption of both short- and long-wave radiation by

the sulphate aerosol which might have dynamical responses in the

atmosphere.

This particular example (Figure 6, from HadCM3) also high-

lights the potential importance of strong geographic variations in

forcing. The short-term impact of volcanic eruptions is clear,

influencing most latitudes, and there is a long-term trend towards

positive forcing arising mostly from greenhouse gas forcing (with

a small contribution from solar irradiance changes). The forcing

from sulphate aerosol emissions into the mid-latitudes of the

Northern Hemisphere, while rather uncertain in its magnitude, is

strong enough in this implementation to dominate the greenhouse

gas forcing throughout the simulation (even in the late-nineteenth

century, as pointed out by Tett et al., 2007), though the negative

forcing begins to reduce in recent decades. The negative forcing

from Antarctic stratospheric ozone depletion is also clear in the

last decade of this simulation. Forcings may have important sea-

sonal as well as geographic structure; Goosse et al. (2006b), for

example, suggest that land-use changes (with a minor influence

from orbital changes) might have contributed to warming during

the Mediaeval period (relative to the present day) but only in sum-

mer and only for some regions in the mid- and high-latitudes of

the Northern Hemisphere.

Conclusions

This article has reviewed the characteristics and current research

status of documentary and high-resolution proxy climatic sources

and addressed the various approaches by which they may be com-

bined to provide field reconstructions or large-area averages. We

have also extensively discussed the use of climate model simula-

tions and how they can inform the debate and take forward research

into the optimal combination and interpretation of the various data.

Finally, we summarize our principal findings and recommenda-

tions for the continued exploitation of palaeoclimatological data

for reconstructing large-scale averages and spatial patterns of cli-

mate variability over recent millennia. These recommendations are

ordered according to the section order in the review:

(1) In the area of tree-ring research the number of available

long chronologies is expanding but remains small, and although

potential sites with known subfossil data are limited, the effort in

developing these is fully justified: there remain large areas of the

terrestrial world where chronology network development is in its

infancy (much of the lower-latitudes and virtually all of the SH).

(2) It was widely believed 20 years ago that cross-dating trees

in tropical regions was not possible. Recent work has led to a

growing number of cross-dated chronologies being developed,

principally in southeast Asia in regions of marked seasonality in

rainfall. It is important this work continues.

(3) There have been recent and continuing improvements in

statistical methods for producing long chronologies, which can be

shown to retain low-frequency climatic variability more realisti-

cally than was previously the norm. Work is needed to further

assess the applicability of these methods in a wider range of situa-

tions than have been explored to date.

(4) Significant continued effort is required to provide the high

degree of intrasite and importantly intersite (ie, regional scale)

sample replication needed to demonstrate reliable long-timescale

chronology expression. Local and regional-average chronologies

and regression-based estimates of climate variability should be

routinely presented with explicit indications of their separate

timescale and time-dependent confidence limits.

(5) There is pressing need for further study of the likely prece-

dence and causes of the apparent ‘divergence’ between instru-

mentally recorded and some dendroclimatically estimated

temperature trends (typically some high-latitude NH regions) in
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Figure 7 The black curve and the x- and y-axes are a redrawn version of figure 7.1c from the First Working Group of IPCC Report (Folland et al.,

1990). The y-axis originally had only unnumbered tick markings and was labelled ‘temperature scale’. The red curve is from Lamb (1982: figure 30,

the upper (annual) curve). The amplitude of this curve has been scaled to correspond to that of the black curve. The Lamb (1982) time series does have

an explicit temperature scale, and the best-fit scaling between this curve and the IPCC curve indicates that one tick-mark interval on the IPCC figure

corresponds almost exactly with 1°C. The degree of smoothing for both these curves is unknown, but Lamb (1982) states that the red curve is based on

50-yr means (supported by earlier publications). The blue curve is a smoothed version of the annual instrumental Central England Temperature record

from Manley (1974, updated) including the last complete year of 2007. This has been smoothed with a 50-yr Gaussian weighted filter with padding

(Mann, 2004). The blue curve is plotted with the same scaling as used for the red curve, further supporting the conclusions that the red curve is based

on the same data after the start of the instrumental record in 1659. The red and blue curves illustrate the differences that can occur between a filtered

curve and one composed of non-overlapping 50-yr averages, and also that recent measured warming may be comparable with presumed earlier warmth



recent decades. This emphasizes the priority requirement for sys-

tematic updating of many existing tree-ring data, to continue in

parallel with efforts to expand the representation of data into new

areas.

(6) In coral proxy climate research, replication of important

single coral δ18
O and Sr/Ca records would allow quantification of

signal versus noise in coral reconstructions. Owing to the rarity of

long coral cores, however, this may only be possible over the late-

twentieth century.

(7) There should be greater effort to increase the number of

long coral climate reconstructions using both modern and subfos-

sil corals, taking full advantage of existing resources and by col-

lecting new materials.

(8) In situ monitoring of environmental variables (eg, SST,

salinity, seawater δ18
O etc.) is required to improve the interpreta-

tion of coral δ18
O and Sr/Ca records with respect to regional cli-

mate patterns.

(9) Standard calibration and verification procedures (as com-

monly used in dendroclimatology) should be developed for coral

records, with a focus on the interannual-to-decadal timescale,

rather than seasonal, calibrations.

(10) Coral Sr/Ca ratios should be routinely measured with

δ18
O to improve the climatic interpretation of both geochemical

tracers.

(11) All corals used for climate reconstruction should be care-

fully screened for diagenesis, and this information, along with

metadata related to the sampling location, methods and environ-

ment should be made available through an established data centre.

(12) Cross-dating of the many Greenland ice cores is reducing

dating uncertainties and improving understanding of the factors that

cause variations at interannual timescales. Volcanic horizons are

particularly important in this regard, especially known events in the

historic past such as Icelandic eruptions and Vesuvius in AD 79. This

cross-dating of ice cores in Greenland needs to extend to the

Antarctic, even though it will be much harder to achieve.

(13) Both analyses of time series of ice-core isotope data and

modelling approaches have shown that the traditional spatial cali-

bration of the isotopic thermometer may be unsuitable in many

cases. It needs to be supplemented by an improved, quantitative

understanding of processes.

(14) Calibration of ice-core isotopic series and of coral

records should be undertaken at the appropriate timescale for the

problem being studied whenever possible. Attempts to reconstruct

the annual cycle may give a false sense of calibration skill.

(15) Further intercomparison and process studies using model

and meteorological data are required to improve understanding of the

calibration of the ice-core thermometer, its seasonal biases, temporal

stability and geographical applicability. The processes controlling

isotopic content in non-polar ice cores require particular attention.

(16) Changes in ice sheet elevation and changes in climatic

conditions upstream of an ice-core drill site can introduce non-

climatic biases in isotopic series. Hence such effects should be

considered when interpreting isotopic records from ice cores.

(17) The full range of proxy information available from ice

cores has not been exploited. Approaches which use a wider range

should be pursued.

(18) Documentary data are limited to regions with long-writ-

ten histories, but archives from Turkey, Venice, the Vatican and

the Middle East have barely been exploited.

(19) In Europe, documentary information decreases signifi-

cantly once instrumental records commence. This is a severe

impediment to their use in CFR and CPS reconstructions, as the use

of degraded instrumental data to extend the series to the present

may give a false sense of their reliability.

(20) Extending early instrumental data is vital, particularly for

the calibration and verification of variability on decadal and

longer timescales. Longer instrumental records (than those readily

available in climatic data bases) can be found in many regions,

with some extending for more than 100 years before the founding

of NMSs.

(21) In Europe, there is a potential warm bias in pre-1860

summer temperatures (related to thermometer exposure), particu-

larly in central Europe and Scandinavia.

(22) Wind information from ship logbooks is a reliable source

for the reconstruction of past large-scale atmospheric circulation,

but has hardly been exploited. There are also numerous (particu-

larly British) logbooks yet to be digitized, which have the poten-

tial to improve and extend re-analyses of air or sea temperature as

well as sea-level pressure further back in time.

(23) Varved sediments and speleothem records are finding

increased palaeoclimatic utility, but a greater focus on quantitative

documentation of chronological accuracy and climate sensitivity

of both types of records is needed.

(24) Externally forced GCM simulations of the last millen-

nium provide useful test beds for assessing the characteristics of

the range of CPS and CFR techniques now available. A range of

standard experiments should be developed to test these tech-

niques, perhaps using common sets of pseudo-proxy networks,

which could be made widely available for extensive testing of cur-

rent and new methods.

(25) CPS-based reconstructions of NH temperature averages

at the decadal timescale are relatively independent of the recon-

struction approach. CFR-based reconstructions of internally con-

sistent climate fields can offer key additional insights into spatial

climate processes, but their reliability must be carefully tested (eg,

the individual reliability of specific patterns and regions) and

linked to the underlying proxy records. Issues regarding the poten-

tial underestimation of long-term variability in both CPS and CFR

reconstructions have not yet been fully resolved: however, initial

work in examining field fidelity for CFRs suggests that pattern

reproduction may be robustly resolvable even in the face of sig-

nificant amplitude loss.

(26) More realistic assessments of reconstruction uncertainty

are needed that consider all sources of error and which can power-

fully assess field fidelity. Methods need to be developed that incor-

porate uncertainties in individual proxies, the effect of proxy

selection and uncertainties in the regression/scaling models. The

ability of simple residuals between reconstructions and observations

during calibration or verification to represent the total error needs to

be further assessed.

(27) Further simulations with a hierarchy of climate models

(GCMs, EMICs and EBMs) are needed to quantify the uncertainties

associated with past forcings (eg, using a range of possible past forc-

ings, perhaps with separate simulations for some individual forc-

ings), with internal variability (eg, using ensembles) and varying

climate processes (eg, using multiple models and by perturbing

physical parameters with a model).

(28) Comparisons between simulations and climate recon-

structions must take these forcing/model-related uncertainties into

consideration, in addition to errors in the climate reconstructions.

Only then can robust conclusions be drawn from such model–data

comparisons.

We noted in the Introduction the dramatic improvements in

late-Holocene palaeoclimatology made since the early 1990s.

Interest in the subject and the large-scale reconstructions has mul-

tiplied over the same period. This development has, however, not

kept pace with the needs for a more reliable picture for the late-

Holocene climates. The questions that are now being asked are also

different and can only be adequately addressed with realistic con-

sideration of reconstruction uncertainty ranges. More realistic cli-

mate models are providing multiple simulations at higher-spatial
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resolution for assessing reconstructions and combination (CPS

and CFR) approaches, but improvements in reconstructions and

reductions in uncertainties in our understanding of late-Holocene

climate change will only come with better and more widespread

proxy climatic information from more diverse sources.
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Appendix A

Figure 7.1c of IPCC (1990)
In the first report of the Intergovernmental Panel on Climate

Change (IPCC, 1990) a ‘schematic’ diagram representing temper-

ature variations over the last millennium was used (Folland et al.,

1990: figure 7.1c, p. 202). The caption of part (c) of the figure

reads: ‘Schematic diagram of global temperature variations for

the last thousand years. The dotted line represents conditions near

the beginning of the twentieth century’. In the Supplementary

IPCC Report in 1992 (Folland et al., 1992), the diagram had been

dropped and the need for more data that would allow for the spa-

tial aspects of past changes acknowledged. Subsequent IPCC

reports included some of the first hemispheric reconstructions

based on the burgeoning proxy archives (Bradley and Jones, 1993,

in Nicholls et al., 1996 (Second IPCC Assessment Report, SAR)

and MBH98, 1999; Jones et al., 1998; Briffa, 2000 and Crowley

and Lowery, 2000 in Folland et al., 2001 (Third IPCC Assessment

Report, TAR)). Hence the original ‘schematic’ 1990 diagram

appeared to have been confined to history by subsequent IPCC

reports, although this was never specifically stated. It has contin-

ued to reappear in a number of guises – web pages, reports (eg,

Wegman et al., 2006), school teaching literature, sometimes with

phrases evoking reminders of warmer/colder periods in the past

(eg, vineyards in southern Britain, Vikings in Greenland in

Mediaeval times, Frost Fairs on the Thames and icebergs off

Norway in later centuries) – but as far as palaeoclimatologists

were concerned the diagram was nothing more than how it was

originally described in the caption: a schematic.

So where did the schematic diagram come from and who drew

it? It can be traced back to a UK Department of the Environment

publication entitled Global climate change published in 1989

(UKDoE, 1989), but no source for the record was given. Using

various published diagrams from the 1970s and 1980s, the source

can be isolated to a series used by H.H. Lamb, representative of

central England, last published (as figure 30 on p. 84) by Lamb

(1982). Figure 7 shows the IPCC diagram with the Lamb curve

superimposed – clearly they are the same curve. The ‘Central

England’ curve also appeared in Lamb (1965: figure 3 and 1977:

figure 13.4), on both occasions shown as an ‘annual’ curve

together with the extreme seasons: winter (December to

February) and high summer (July and August). The IPCC dia-

gram comes from the 1982 publication as the vertical resolution

of the annual plot is greater. The data behind the 1977 version are

given in table app. V.3 in Lamb (1977), but these are essentially

the same as previously given in Lamb (1965). All three versions

of the plot have error ranges (which are clearest in the 1982 ver-

sion and indicate the range of apparent uncertainty of derived ver-

sions). The 1982 version dispenses with the three possible curves

evident in Lamb (1965, 1977) and instead uses a version which

accounts for the ‘probable under-reporting of mild winters in

Medieval times’ and increased summer temperatures to meet

‘certain botanical considerations’. Lamb (1965) discusses the lat-

ter point at length and raised summer temperatures in his

Mediaeval reconstructions to take account of the documentary

evidence of vineyards in southern and eastern England. The

amount of extra warmth added during 1100–1350 was 0.3–0.4°C,

or about 30% of the range in the black curve in Figure 7. At no

place in any of the Lamb publications is there any discussion of

an explicit calibration against instrumental data, just Lamb’s

qualitative judgement and interpretation of what he refers to as

the ‘evidence’. Variants of the curves also appear in other Lamb

publications (see, eg, Lamb, 1969).

Many in the palaeoclimatic community have known that the

IPCC (1990) graph was not representative of global conditions

(even when it first appeared) and hence the reference to it as a

schematic. Lamb’s (1965, 1977, 1982) series has been used as one

of the series comprising the NH composite developed by Crowley

and Lowery (2000), representative of Central England. Various

authors (eg, Farmer and Wigley, 1984; Wigley et al., 1986;

Ogilvie and Farmer, 1997) have shown that such representative-

ness is only really the case for the instrumental part of the record

from 1659 which is based on the well-known Manley (1974)

series. Greater amounts of documentary data (than available to

Lamb in the early 1970s) were collected and used in the Climatic

Research Unit in the 1980s. These studies suggest that the sources

used and the techniques employed by Lamb were not very robust

(see, eg, Ogilvie and Farmer, 1997).

In summary, we show that the curve used by IPCC (1990) was

locally representative (nominally of Central England) and not

global, and was referred to at the time with the word ‘schematic’.

References

Adams, J.B., Mann, M.E. and Ammann, C.M. 2003: Proxy evi-

dence for an El Niño-like response to volcanic forcing. Nature 426,

274–78.

Alibert, C. and McCulloch, M.T. 1997: Strontium/calcium ratios in

modern Porites corals from the Great Barrier Reef as a proxy for sea

surface temperature: calibration of the thermometer and monitoring of

ENSO. Paleoceanography 12, 345–63.

Alley, R.B., Gow, A.J., Johnsen, S.J., Kipfstuhl, J., Meese, D.A.

and Thorsteinsson, T. 1995: Comparison of deep ice cores. Nature

373, 393–94.

36 The Holocene 19,1 (2009)



Ammann, C. 2008: The paleoclimate reconstruction challenge.

PAGES News 16, 4.

Ammann, C. and Wahl, E. 2007: The importance of the geophysical

context in statistical evaluations of climate reconstruction procedures.

Climatic Change 85, 71–88.

Ammann, C.M., Nychka, D., Berliner, L.M., Hoar, T., Evans, M.,

Hughes, M. and Wahl, E. 2007a: CMG collaborative research: devel-

opment of Bayesian hierarchical models to reconstruct climate over the

past millennium. National Science Foundation, NSF 0724828.

Ammann, C.M., Joos, F., Schimel, D., Otto-Bliesner, B.L. and

Tomas, R. 2007b: Solar influence on climate during the past millen-

nium: results from transient simulations with the NCAR Climate

System Model. Proceedings of the National Academy of Science 104,

3713–18.

Andersen, A., Koç, N. and Moros, M. 2004: A highly unstable

Holocene climate in the subpolar North Atlantic: evidence from

diatoms. Quaternary Science Reviews 23, 2155–66.

Andersson, C., Risebrobakken, B., Jansen, E., Dahl, S.O. and

Meland, M. 2003: Late Holocene surface-ocean conditions of the

Norwegian Sea (Vøring Plateau). Paleoceanography 18, 1044, doi:

10.1029/2001PA000654.

Antonioli, F., Silenzi, S. and Frisia, S. 2001: Tyrrhenian holocene

palaoeclimate trends from spelean sepulids. Quaternary Science

Reviews 20, 1661–70.

Appenzeller, C., Stocker, T.F. and Anklin, M. 1998: North Atlantic

Oscillation dynamics recorded in Greenland ice cores. Science 282,

446–49.

Argollo, J., Soliz, C. and Villalba, R. 2004: Potencialidad dendro-

cronológica de Polylepis tarapacana en los Andes Centrales de

Bolivia. Ecología en Bolivia 39, 5–24.

Bagnato, S., Linsley, B.K., Howe, S.S., Wellington, G.M. and

Salinger, J. 2004: Evaluating the use of the massive coral Diploastra

heliopora for paleoclimate reconstruction. Paleoceanography 19,

PA1032, doi:10.1029/2003PA000935.

Barber, V.A., Juday, P.G. and Finney, B.P. 2000: Reduced growth

of Alaskan white spruce in the twentieth century from temperature-

induced drought stress. Nature 405, 668–73.

Barclay, D.J., Wiles, G.C. and Calkin, P.E. 1999: A 1119-year tree-

ring-width chronology from western Prince William Sound, southern

Alaska. The Holocene 9, 79–84.

Bard, E., Raisbeck, G., Yiou, F. and Jouzel, J. 2000: Solar irradi-

ance during the last 1200 years based on cosmogenic nuclides. Tellus

Series B-Chemistry Physics Meteorology 52, 985–92.

Barlow, L.K., White, J.W.C., Barry, R.G., Rogers, J.C. and

Grootes, P.M. 1993: The North Atlantic Oscillation signature in deu-

terium and deuterium excess signals in the Greenland Ice Sheet Project

2 ice core, 1840–1970. Geophysical Research Letters 20, 2901–904.

Bartholin, T.S., Berglund, B.E., Eckstein, D., Schweingruber, F.H.

and Eggertsson, O., editors 1992: Tree rings and environment: pro-

ceedings of the international dendrochronological symposium, Ystad,

South Sweden. Lund University, Department of Quaternary Geology.

Batterbee, R.W., Monteith, D.T., Juggins, S., Simpson, G.L., Shilland,

E.W., Flower, R.J. and Kreiser, A.M. 2008: Assessing the accuracy of

diatom-based transfer functions in defining reference pH conditions for

acidified lakes in the United Kingdom. The Holocene 18, 57–67.

Beck, J.W., Edwards, R.L., Ito, E., Taylor, F.W., Recy, J.,

Rougerie, F., Joannot, P. and Henin, C. 1992: Sea-surface tempera-

ture from coral skeletal strontium/calcium ratios. Science 257, 644–47.

Becker, M. 1989: The role of climate on present and past vitality of

silver fir forests in the Vosges mountains of northeastern France.

Canadian Journal of Forest Research 19, 1110–17.

Beltrami, H. 2002: Paleoclimate: Earth’s long-term memory. Science

297, 206–207.

Beltrami, H. and Bourlon, E. 2004: Ground warming patterns in the

Northern Hemisphere during the last five centuries. Earth and

Planetary Science Letters 227, 169–77.

Berlage, H. 1931: On the relationship between thickness of tree rings

of Djati and rainfall on Java. Tectona 24, 939–53.

Bertler, N.A.N., Barrett, P.J., Mayewski, P.A., Fogt, R.L., Kreutz,

K.J. and Shulmeister, J. 2004: El Niño suppresses Antarctic warm-

ing, Geophysical Research Letters 31, L15207, doi:10.1029/2004

GL0207490.

Besonen, M.R., Patridge, W., Bradley, R.S., Francus, P., Stoner,

J.S. and Abbott, M.B. 2008: A record of climate over the last millen-

nium based on varved lake sediments from the Canadian High Arctic.

The Holocene 18, 169–80.

Betts, R.A., Cox, P.M., Collins, M., Harris, P.P., Huntingford, C.

and Jones, C.D. 2004: The role of ecosystem–atmosphere interactions

in simulated Amazonian precipitation decrease and forest dieback under

global climate warming. Theoretical Applied Climatology 78, 157–75.

Biondi, F. 2001: A 400-year tree-ring chronology from the tropical

treeline of North America. Ambio 30, 162–66.

Biondi, F. and Fessenden, J. 1999: Radiocarbon analysis of Pinus

lagunae tree rings: implications for tropical dendrochronology,

Radiocarbon 41, 241–49.

Biondi, F., Hartsough, P.C. and Galindo Estrada, I. 2005: Daily

weather and tree growth at the tropical treeline of North America.

Arctic, Antarctic, and Alpine Research 37, 16–24.

Black, D.E., Abahazi, M.A., Thunell, R.C., Kaplan, A., Tappa,

E.J. and Peterson, L.C. 2007: An 8-century tropical Atlantic SST

record from the Cariaco Basin: baseline variability, twentieth-century

warming, and Atlantic hurricane frequency. Paleoceanography 22,

PA4204, doi:10.1029/2007PA001427.

Boessenkool, K.P., Hall, I.R., Elderfield, H. and Yashayaev, I.

2007: North Atlantic climate and deep-ocean flow speed changes dur-

ing the last 230 years. Geophysical Research Letters 34, L13614,

doi:10.1029/2007GL030285.

Böhm, R., Jones, P.D., Hiebl, J., Brunetti, M., Frank, D. and Maugeri,

M. 2008: The early instrumental warm-bias: a solution for long central

European temperature series 1760–2007. Climate Change in press.

Borchert, R. 1995: Climatic periodicity, phenology and cambium

activity in tropical dry forest trees. IAWA Journal 20, 239–48.

Bradbury, P., Cumming, B. and Laird, K. 2002: A 1500-year record of

climatic and environmental change in Elk Lake, Minnesota – III: meas-

ures of past primary productivity. Journal of Paleolimnology 27, 321–40.

Bradley, R.S. and Jones, P.D. 1993: ‘Little Ice Age’ summer tem-

perature variations: their nature and relevance to recent global warm-

ing trends. The Holocene 3, 367–76.

––— 1995: Recent developments in studies of climate since A.D.

1500. In Bradley, R.S. and Jones, P.D., editors, Climate since A.D.

1500 2nd Edition. Routledge, 666–79.

Bradley, R.S., Vuille, M., Hardy, D.R. and Thompson, L.G. 2003:

Low latitude ice cores record Pacific sea surface temperatures.

Geophysical Research Letters 30, 1174–77.

Brázdil, R., Pfister, C., Wanner, H., von Storch, H. and

Luterbacher, J. 2005: Historical climatology in Europe – the state of

the art. Climatic Change 70, 363–430.

Brienen, R. and Zuidema, P. 2005: Relating tree growth to rainfall in

Bolivian rain forests: a test for six species using tree ring analysis.

Oecologia 146, 1–12.

Brienen, R.J.W. and Zuidema, P.A. 2006: The use of tree rings in

tropical forest management: projecting timber yields of four Bolivian

tree species. Forest Ecology and Management 226, 256–67.

Briffa, K.R. 1995: Interpreting high resolution proxy climate data –

the example of dendroclimatology. In von Storch, H. and Navarra, A.,

editors, Analysis of climate variability – applications of statistical

techniques. Springer, 77–94.

––— 2000: Annual climate variability in the Holocene: interpreting

the message of ancient trees. Quaternary Science Reviews 19, 87–105.

Briffa, K.R. and Jones, P.D. 1993: Global surface air temperature

variations during the twentieth century: part 2, implications for large-

scale high-frequency palaeoclimatic studies. The Holocene 3, 77–88.

Briffa, K.R. and Melvin, T.M. 2008: A closer look at Regional

Chronology Standardisation of tree-ring records: justification of the

need, a warning of some pitfalls, and suggested improvements in its

application. In Hughes, M.K., Diaz, H.F. and Swetnam, T.W., editors,

Dendroclimatology: progress and prospects. Developments in

Paleoenvironmental Research. Springer, in press.

Briffa, K.R. and Osborn, T.J. 2002: Blowing hot and cold. Science

295, 2227–28.

Briffa, K.R., Jones, P.D., Wigley, T.M.L., Pilcher, J.R. and

Baillie, M.G.L. 1986: Climate reconstruction from tree rings: part 2,

spatial reconstruction of summer mean sea-level pressure patterns

over Great Britain. Journal of Climatology 6, 1–15.

P.D. Jones et al.: High-resolution palaeoclimatology of the last millennium 37



Briffa, K.R., Jones, P.D. and Schweingruber, F.H. 1988: Summer tem-

perature patterns over Europe: a reconstruction to 1750 A.D. based on max-

imum latewood density indices of conifers. Quaternary Research 30, 36–52.

Briffa, K.R., Jones, P.D., Bartholin, T.S., Eckstein, D.,

Schweingruber, F.H., Karlen, W., Zetterberg, P. and Eronen, M.

1992: Fennoscandian Summers from AD 500: temperature changes on

short and long timescales. Climate Dynamics 7, 111–19.

Briffa, K.R., Jones, P.D. and Schweingruber, F.H. 1994: Summer

temperatures across northern North-America – regional reconstruc-

tions from 1760 using tree-ring densities. Journal of Geophysical

Research-Atmospheres 99, 25 835–44.

Briffa, K.R., Jones, P.D., Schweingruber, F.H., Karlen, W. and

Shiyatov, S.G. 1996: Tree-ring variables as proxy-climate indicators:

problems with low frequency signals. In Jones, P.D., Bradley, R.S.

and Jouzel, J., editors, Climatic variations and forcing mechanisms of

the last 2000 years. Springer-Verlag, 9–41.

Briffa, K.R., Schweingruber, F.H., Jones, P.D., Osborn, T.J.,

Shiyatov, S.G. and Vaganov, E.A. 1998: Reduced sensitivity of

recent tree-growth to temperature at high northern latitudes. Nature

391, 678–82.

Briffa, K.R., Osborn, T.J., Schweingruber, F.H., Harris, I.C.,

Jones, P.D., Shiyatov, S.G. and Vaganov, E.A. 2001: Low-fre-

quency temperature variations from a northern tree-ring-density net-

work. Journal of Geophysical Research 106, 2929–41.

Briffa, K.R., Osborn, T.J., Schweingruber, F.H., Jones, P.D.,

Shiyatov, S.G. and Vaganov, E.A. 2002a: Tree-ring width and den-

sity data around the Northern Hemisphere: part 2, spatio-temporal

variability and associated climate patterns. The Holocene 12, 759–89.

––— 2002b: Tree-ring width and density data around the Northern

Hemisphere: part 1, local and regional climate signals. The Holocene

12, 737–57.

Briffa, K.R., Osborn, T.J. and Schweingruber, F.H. 2004: Large-

scale temperature inferences from tree rings: a review. Global and

Planetary Change 40, 11–26.

Briffa, K.R., Shishov, V.V., Melvin, T.M., Vaganov, E.A., Grudd,

H., Hantemirov, R.M., Eronen, M. and Naurzbaev, M.M. 2007:

Trends in recent temperature and radial tree growth spanning 2000

years across northwest Eurasia. Philosophical Transactions of the

Royal Society B 362, doi:10.1098/rstb.2007.2199.

Brönnimann, S., Xoplaki, E., Casty, C., Pauling, A. and

Luterbacher, J. 2007: ENSO influence on Europe during the last cen-

turies. Climate Dynamics 28, 181–97.

Brook, E. and Wolff, E.W. 2006: The future of ice core science. EOS

87, 39.

Brunet, M., Saladie, O., Jones, P.D., Sigro, J., Aguilar, E.,

Moberg, A., Lister, D.H., Walther, A., Lopez, D. and Almarza, C.

2006: The development of a new dataset of Spanish daily adjusted

temperature series (SDATS) (1850–2003). International Journal of

Climatology 26, 1777–802.

Buckley, B.M., Barbetti, M., Watanasak, M., D’Arrigo, R.,

Boonchirdchoo, S. and Sarutanon, S. 1995: Dendrochronological

investigations in Thailand. IAWA Journal 16, 393–409.

Buckley, B.M., Tongjit, O., Pumijumnong, N. and Poonsri, R.

2001: Dendrometer band studies on Tectona grandis in northern

Thailand. The Palaeobotanist 50, 83–87.

Buckley, B.M., Wilson, R.J.S., Kelly, P.E., Larson, D.W. and

Cook, E.R. 2004: Inferred summer precipitation for southern Ontario

back to AD 610, as reconstructed from ring widths of Thuja occiden-

talis. Canadian Journal of Forest Research-Revue Canadienne De

Recherche Forestiere 34, 2541–53

Buckley, B.M., Cook, B.I., Bhattacharyya, A., Dukpa, D. and

Chaudhary, V. 2005: Global surface temperature signals in pine ring-

width chronologies from southern monsoon Asia. Geophysical

Research Letters 32, L20704, doi:10.1029/2005GL023745.

Buckley, B.M., Duangsathaporn, K., Palakit, K., Butler, S.,

Syhapanya, V. and Xaybouangeun, N. 2007a: Analyses of growth

rings of Pinus merkusii from Laos P.D.R. Forest Ecology and

Management doi:10.1016/j.foreco.2007.07.018.

Buckley, B.M., Palakit, K., Duangsathaporn, K., Sanguantham, P.

and Prasomsin, P. 2007b: Decadal scale droughts over northwestern

Thailand over the past 448 years: links to the tropical Pacific and

Indian Ocean sectors. Climate Dynamics 29, 63–71.

Büntgen, U., Frank, D.C., Nievergelt, D. and Esper, J. 2006:

Summer temperature variations in the European Alps, AD 755–2004.

Journal of Climate 19, 5606–23.

Büntgen, U., Frank, D.C., Grudd, H. and Esper, J. 2008: Eight

centuries of Pyrenees summer temperatures from tree-ring density.

Climate Dynamics 31, 615–31.

Bürger, G. 2007: Comment on ‘The spatial extent of 20th-century

warmth in the context of the past 1200 years’. Science 316, 1844a.

Bürger, G., Fast, I. and Cubasch, U. 2006: Climate reconstruction

by regression regression – 32 variations on a theme. Tellus 58A, 227–

35.

Calvo, E., Marshall, J.F., Pelejero, C., McCulloch, M.T., Gagan,

M.K. and Lough, J.M. 2007: Interdecadal climate variability in the

Coral Sea since 1708 A.D. Palaeogeography, Palaeoclimatology,

Palaeoecology 248, 190–201.

Camuffo, D. and Jones, P.D., editors 2002: Improved understanding

of past climatic variability from early daily European instrumental

sources. Kluwer Academic Publishers, 392 pp.

Carricart-Ganivet, J.P. and Merino, M. 2001: Growth responses of

the reef-building coral Montastrea annularis along a gradient of con-

tinental influence in the southern Gulf of Mexico. Bulletin of Marine

Science 68, 133–46.

Casty, C., Wanner, H., Luterbacher, J., Esper, J. and Böhm, R.

2005: Temperature and precipitation variability in the European Alps

since 1500. International Journal of Climatology 25, 1855–80.

Casty, C., Raible, C.C., Stocker, T.F., Wanner, H. and

Luterbacher, J. 2007: A European pattern climatology 1766–2000.

Climate Dynamics 29, 791–805.

Chalker, B.E. and Barnes, D.J. 1990: Gamma densitometry for the

measurement of coral skeletal density. Coral Reefs 9, 11–23.

Chapman, D.S., Bartlett, M.G. and Harris, R.N. 2004: Comment on

‘Ground vs. surface air temperature trends: implications for borehole sur-

face temperature reconstructions’ by M.E. Mann and G. Schmidt.

Geophysical Research Letters 31, L07205, doi:10.1029/2003GL019054.

Charles, C., Rind, D., Jouzel, J., Koster, R. and Fairbanks, R.

1995: Seasonal precipitation timing and ice core records. Science 269,

247–48.

Christie, D., Lara, A., Barichivich, J., Villalba, R., Morales, M.S.

and Cuq, E. 2008: El Niño-Southern Oscillation signal in the world’s

highest-elevation tree-ring chronologies from the Altiplano, Central

Andes. Special Issue on Regional high-resolution multiproxy climate

reconstruction for South America: state of the art and perspectives.

Palaeogeography, Palaeoclimatology, Palaeoecology doi:

10.1016/j.palaeo.2007.11.013.

Chuine, I., Yiou, P., Viovy, N., Seguin, B., Daux, V. and Le Roy

Ladurie, E. 2004: Grape harvest dates and temperature variations in

Eastern France since 1370. Nature 432, 289–90.

Clark, D.A. and Clark, D.B. 1994: Climate induced annual variation

in canopy tree growth in a Costa Rican tropical rain forest. Journal of

Ecology 82, 865–72.

Clark, D.A., Piper, S.C., Keeling, C.D. and Clark, D.B. 2003:

Tropical rain forest tree growth and atmospheric carbon dynamics

linked to interannual temperature variation during 1984–2000.

Proceedings of the National Academy of Sciences 100, 5852–57.

Cobb, K.M., Charles, C.D., Cheng, H., Kastner, M. and Edwards,

R.L. 2003a: U/Th-dating living and young fossil corals from the cen-

tral tropical Pacific. Earth and Planetary Science Letters 210, 91–103.

Cobb, K.M., Charles, C.D., Cheng, H. and Edwards, R.L. 2003b:

El Niño Southern Oscillation and tropical Pacific climate during the

last millennium. Nature 424, 271–76.

Cohen, A.L., Owens, K.E., Layne, G.D. and Shimizu, N. 2002: The

effect of algal symbionts on the accuracy of Sr/Ca paleotemperatures

from coral. Science 296, 331–33.

Cole, J.E. 2003: Holocene coral records: windows on tropical climate

variability. In Mackay, A., Battarbee, R., Birks, J. and Oldfield, F.,

editors, Global change in the Holocene. Arnold, 168–84.

Cole, J.E., Fairbanks, R.G. and Shen, G.T. 1993: Recent variability

in the Southern Oscillation: isotopic results from a Tarawa Atoll

Coral. Science 260, 1790–93.

Cole, J.E., Dunbar, R.B., McClanahan, T.R. and Muthiga, N.A.

2000: Tropical Pacific forcing of decadal SST variability in the west-

ern Indian Ocean over the past two centuries. Science 287, 617–19.

38 The Holocene 19,1 (2009)



Collins, M., Osborn, T.J., Tett, S.F.B., Briffa, K.R. and

Schweingruber, F.H. 2002: A comparison of the variability of a cli-

mate model with palaeo-temperature estimates from a network of tree-

ring densities. Journal of Climate 15, 1497–515.

Collins, W.D., Ramaswamy, V., Schwarzkopf, M.D., Sun, Y.,

Portmann, R.W., Fu, Q., Casanova, S.E.B., Dufresne, J.-L.,

Fillmore, D.W., Forster, P.M.D. Galin, V.Y., Gohar, L.K.,

Ingram, W.J., Kratz, D.P., Lefebvre, M.-P., Li, J., Marquet, P.,

Oinas, V., Tsushima, Y. Uchiyama, T. and Zhong, W.Y. 2006:

Radiative forcing by well-mixed greenhouse gases: estimates from

climate models in the IPCC AR4. Journal of Geophysical Research

111, D14317, doi: 10.1029/2005JD006713.

Cook, E.R. 1990: Bootstrap confidence-intervals for red spruce ring-

width chronologies and an assessment of age-related bias in recent

growth trends. Canadian Journal of Forest Research 20, 1326–31.

Cook, E.R. and Kairiukstis, L.A. 1990: Methods of dendrochronol-

ogy. International Institute for Applied Systems Analysis, Kluwer

Academic Publishers.

Cook, E.R. and Peters, K. 1997: Calculating unbiased tree-ring

indices for the study of climatic and environmental change. The

Holocene, 7, 361–70.

Cook, E.R., Briffa, K.R. and Jones, P.D. 1994: Spatial regression

methods in dendroclimatology: a review and comparison of two tech-

niques. International Journal of Climatology 14, 379–402.

Cook, E.R., Briffa, K.R., Meko, D.M., Graybill, D.A. and Funkhouser,

G. 1995: The segment length curse in long tree-ring chronology develop-

ment for paleoclimatic studies. The Holocene 5, 229–37.

Cook, E.R., Esper, J. and D’Arrigo, R.D. 2004a: Extra-tropical

Northern Hemisphere land temperature variability over the past 1000

years. Quaternary Science Reviews 23, 2063–74.

Cook, E.R., Woodhouse, C.A., Eakin, C.M., Meko, D.M. and

Stahle, D.W. 2004b: Long-term aridity changes in the western United

States. Science 306, 1015–18.

Cook, E.R., Buckley, B.M., Palmer, J.G., Fenwick, P., Peterson,

M.J., Boswijk, G. and Fowler, A. 2006: Millennia-long tree-ring

records from Tasmania and New Zealand: a basis for modelling cli-

mate variability and forcing, past, present and future. Journal of

Quaternary Science 21, 689–99.

Cook, E.R., Seager, R., Cane, M.A. and Stahle, D.W. 2007: North

American drought: reconstructions, causes and consequences. Earth-

Science Reviews 81, 93–134.

Correge, T. 2006: Sea surface temperature and salinity reconstruction

from coral geochemical tracers. Palaeogeography, Palaeoclimatology,

Palaeoecology 232, 408–28.

Craig, H. 1961: Isotopic variations in meteoric waters. Science 133,

1702–703.

––— 1965: The measurement of oxygen isotope paleotemperatures. In

Tongiorgi, E., editor, Stable isotopes in oceanographic studies and

paleotemperatures. Consiglio Nazionale delle Richerche, Laboratorio

do Geologia Nucleare, 9–130.

Cronin, T.M., Dwyer, G.S. Kamiya, T., Schwede, S. and Willard,

D.A. 2003: Medieval Warm Period, Little Ice Age and 20th century

temperature variability from Chesapeake Bay. Global and Planetary

Change 36, 17–29.

Crowley, T.J. 2000: Causes of climate change over the past 1000

years. Science 289, 270–77.

Crowley, T.J. and Lowery, T.S. 2000: How warm was the Medieval

Warm Period? A comment on ‘Man-made versus natural climate

change’. Ambio 39, 51–54.

Cuffey, K.M., Clow, G.D., Alley, R.B., Stuiver, M., Waddington,

E.D. and Saltus, R.W. 1995: Large Arctic temperature change at the

Wisconsin–Holocene glacial transition. Science 270, 455–58.

Curran, M.A.J., van Ommen, T.D., Morgan, V.I., Phillips, K.L.

and Palmer, A.S. 2003: Ice core evidence for Antarctic sea ice decline

since the 1950s. Science 302, 1203–206.

Dansgaard, W. 1964: Stable isotopes in precipitation. Tellus 16, 436–

68.

Dansgaard, W., Clausen, H.B., Gundestrup, N., Hammer, C.U.,

Johnsen, S.J., Kristinsdottir, P.M. and Reeh, N. 1982: A new

Greenland deep ice core. Science 218, 1273–77.

Dansgaard, W., Johnsen, S.J., Clausen, H.B., Dahl-Jensen, D.,

Gundestrup, N., Hammer, C.U., Hvidberg, C.S., Steffensen, J.P.,

Sveinbjörnsdóttir, Á.E., Jouzel, J. and Bond, G. 1993: Evidence for

general instability of past climate from a 250-kyr ice-core record.

Nature 364, 218–20.

D’Arrigo, R. and Smerdon, J.E. 2008: Tropical climate influences

on drought variability over Java, Indonesia. Geophysical Research

Letters 35, L05707, doi:10.1029/2007GL032589.

D’Arrigo, R., Jacoby, G. and Krusic, P. 1994: Progress in dendro-

climatic studies in Indonesia. Terrestrial Atmospheric and

Oceanographic Science 5, 349–63.

D’Arrigo, R., Barbetti, M., Watanasak, M., Buckley, B., Krusic, P.,

Boonchirdchoo, S. and Sarutanon, S. 1997: Progress in dendroclimatic

studies of mountain pine in northern Thailand. IAWA Journal 18, 433–44.

D’Arrigo, R.D., Kaufmann, R.K., Davi, N., Jacoby, G.C.,

Laskowski, C., Myneni, R.B. and Cherubini, P. 2004: Thresholds

for warming-induced growth decline at elevational tree line in the

Yukon Territory, Canada. Global Biogeochemical Cycles 18,

GB3021, doi:10.1029/2004GB002249.

D’Arrigo, R., Wilson, R., Deser, C., Wiles, G., Cook, E., Villalba,

R., Tudhope, A., Cole, J. and Linsley, B. 2005: Tropical–north

Pacific climate linkages over the past four centuries. Journal of

Climate 18, 5253–65.

D’Arrigo, R.D., Wilson, R.J., Palmer, J., Krusic, P.J., Curtis, A.,

Sakulich, J., Bijaksana, S., Zulaikah, S. and Ngkoimani, L.O. 2006a:

Monsoon drought over Java, Indonesia, during the past two centuries.

Geophysical Research Letters 33, L04709, doi:10.1029/2005GL025465.

D’Arrigo, R., Wilson, R. and Jacoby, G. 2006b: On the long-term

context for late twentieth century warming. Journal of Geophysical

Research 111, D03103, doi:10.1029/2005JD006352.

D’Arrigo, R., Wilson, R., Liepert, B. and Cherubini, P. 2008: On

the ‘divergence problem’ in northern forests: a review of the tree-ring

evidence and possible causes. Global Planetary Change 60, 289–305.

DaSilva, R., Santos, J., Tribuzy, E., Chambers, J., Nakamura, S.

and Higuchi, N. 2002: Diameter increment and growth patterns for

individual tree growing in Central Amazon, Brazil. Forest Ecology &

Management 166, 295–301.

Davi, N.K., Jacoby, G.C. and Wiles, G.C. 2003: Boreal temperature

variability inferred from maximum latewood density and tree-ring

width data, Wrangell Mountain region, Alaska. Quaternary Research

60, 252–62.

Dean, J.S., Meko, D.M. and Swetnam, T.W., editors 1996: Tree

rings, environment, and humanity. Proceedings of the international

conference. University of Arizona, Department of Geosciences.

Della-Marta, P.M. and Wanner, H. 2006: A method of homogeniz-

ing the extremes and the mean of daily temperature measurements.

Journal of Climate 19, 4179–97.

de Villiers, S., Nelson, B.K. and Chivas, A.R. 1995: Biological con-

trols on coral Sr/Ca and d
18

O reconstructions of sea surface tempera-

tures. Science 269, 1247–49.

DeWitt, E. and Ames, M. 1978: Tree-ring chronologies of eastern

North America. Chronology Series IV, 1, Laboratory of Tree-Ring

Research, University of Arizona, 42 pp.

Dickinson, R.E. 1975: Solar variability and the lower atmosphere.

Bulletin of the American Meteorological Society 56, 1240–48.

Dixon, D., Mayewski, P.A., Kaspari, S., Sneed, S. and Handley, M.

2005: Connections between West Antarctic ice core sulfate and cli-

mate over the last 200+ years. Annals of Glaciology 41, 155–56.

Dobrovolný, P., Brázdil, R., Valášek, H., Kotyza, Ol., Macková, J.

and Halí, M. 2008: New approach to climate reconstruction in histor-

ical climatology: an example from the Czech Republic, AD 1718–

2006. International Journal of Climatology in press.

Draschba, S., Patzold, J. and Wefer, G. 2000: North Atlantic cli-

mate variability since AD 1350 recorded in d
18

O and skeletal density

of Bermuda corals. International Journal of Earth Sciences 88, 733–

41.

Driscoll, W.W., Wiles, G.C., D’Arrigo, R.D. and Wilmking, M.

2005: Divergent tree growth response to recent climatic warming,

Lake Clark National Park and Preserve, Alaska. Geophysical

Research Letters 32, L20703, doi:10.1029/2005GL024258.

Druckenbrod, D., Mann, M.E., Stahle, D.W., Cleaveland, M.K.,

Therrell, M.D. and Shugart, H.H. 2003: Late 18th century precipi-

tation reconstructions from James Madison’s Montpelier Plantation.

Bulletin of the American Meteorological Society 84, 57–71.

P.D. Jones et al.: High-resolution palaeoclimatology of the last millennium 39



Druffel, E.R.M. and Griffin, S. 1993: Large variations of surface

ocean radiocarbon: evidence of circulation changes in the southwest-

ern Pacific Ocean. Journal of Geophysical Research 98, 20 249–59.

Dunbar, R.B., Wellington, G.M., Colgan, M.W. and Glynn, P.W.

1994: Eastern Pacific sea surface temperature since 1600 A.D.: the d
18

O

record of climate variability in Galapagos corals. Paleoceanography 9,

291–315.

Dünisch, O., Ribeiro Montóia, V. and Bauch, J. 2003:

Dendroecological investigations on Swietenia macrophylla King and

Cedrela odorata L. (Meliaceae) in the central Amazon. Trees 17, 244–50.

Dupouey, J., Denis, J. and Becker, M. 1992: A new method of stan-

dardisation for examining long term trends in tree-ring chronologies.

Lundqua Report 34, 85–88.

Enmar, R., Stein, M., Bar-Matthews, M., Sass, E., Katz, A. and

Lazar, B. 2000: Diagenesis in live corals from the Gulf of Aqaba. I.

The effct on paleo-oceanography tracers. Geochimica Cosmochimica

Acta 64, 3123–32.

Erlandsson, S. 1936: Dendrochronological studies. University of

Uppsala, 117 pp.

Esper, J., Cook, E.R. and Schweingruber, F.H. 2002: Low-fre-

quency signals in long tree-ring chronologies for reconstructing past

temperature variability. Science 295, 2250–53.

Esper, J., Frank, D.C., Wilson, R.J.S. and Briffa, K.R. 2005: Effect

of scaling and regression on reconstructed temperature amplitude for

the past millennium, Geophysical Research Letters 32, L07711,

doi:10.1029/2004GL021236.

Esper, J., Frank, D., Büntgen, U., Verstege, A., Luterbacher, J.

and Xoplaki, E. 2007a: Long-term drought severity variations in

Morocco. Geophysical Research Letters 34, L17702, doi:10.1029/

2007GL030844.

Esper, J., Frank, D.C. and Luterbacher, J. 2007b: On selected

issues and challenges in dendroclimatology. In Kienast, F., Wildi, O.

and Ghosh, S., editors, A changing world: challenges for landscape

research. Springer, 113–32.

Esper, J., Frank, D.C., Wilson, R.J.S., Büntgen, U. and Treydte,

K. 2007c: Uniform growth trends among central Asian low- and high-

elevation juniper tree sites. Trees-Structure and Function 21, 141–50.

Evans, M.N. and Schrag, D.P. 2004: A stable isotope-based approach

to tropical dendroclimatology. Geochimica et Cosmochimica Acta 68,

3295–305, DOI: 10.1016/j.gca.2004.01.006.

Evans, M.N., Kaplan, A. and Cane, M.A. 1998: Optimal sites for

coral-based reconstruction of global sea surface temperature.

Paleoceanography 13, 502–16.

––— 2000: Intercomparison of coral oxygen isotope data and histori-

cal sea surface temperature (SST): potential for coral-based SST field

reconstruction. Paleoceanography 15, 551–63.

––— 2002: Pacific sea surface temperature field reconstruction from

coral d
18

O data using reduced space objective analysis.

Paleoceanography 17, 10.1029/2000PA000590.

Fairbanks, R.G., Evans, M.N., Rubenstone, J.L., Mortlock, R.A.,

Broad, K., Moore, M.D. and Charles, C.D. 1997: Evaluating climate

indices and their geochemical proxies measured in corals. Coral Reefs

16 Supplement, S93–S100.

Farmer, G. and Wigley, T.M.L. 1984: The reconstruction of

European climate in decadal and shorter time scales. Final Report to

the Commission of the European Communities under Contract No.

CL-029-81-UK(H). Unpublished report, Climatic Research Unit.

February, E.C. 1996: Plant xylem anatomy, dendrochronology and

stable isotopes as tools in rainfall reconstruction in southern Africa.

Ph.D. dissertation, The University of Cape Town, 97 pp.

Feeley, K.J., Wright, J.S., Supardi, N.M.N., Kassim, A.R. and

Davies, S.J. 2007: Decelerating growth in tropical forest trees.

Ecology Letters 10, 461–69.

Felis, T. and Pätzold, J. 2003: Climate records from corals. In Wefer,

G., Lamy, F. and Mantoura, F., editors, Marine science frontiers for

Europe. Springer-Verlag, 11–27.

Felis, T., Patzold, J. and Loya, Y. 2003: Mean oxygen-isotope sig-

natures in Porites spp. corals: inter-colony variability and correction

for extension-rate effects. Coral Reefs 22, 328–36.

Felis, T., Lohmann, G., Kuhnert, H., Lorenz, S.J., Scholz, D.,

Patzold, J., Al-Rousan, S.A. and Al-Moghrabi, S.M. 2004:

Increased seasonality in Middle East temperatures during the last

interglacial period. Nature 429, 164–68.

Field, C.V., Schmidt, G.A., Koch, D. and Salyk, C. 2006: Modeling

production and climate-related impacts on 10Be concentration in ice

cores. Journal of Geophysical Research 111, D15107, doi:10.1029/

2005JD006410.

Field, D.B. and Baumgartner, T.R. 2000: A 900 year stable isotope

record of interdecadal and centennial change from the California

Current. Paleoceanography 15, 695–708.

Field, D.B., Baumgartner, T.R., Charles, C.D., Ferreira-Bartrina,

V. and Ohman, M.D. 2006: Planktonic foraminifera of the California

Current reflect 20th-century warming. Science 311, 63–66.

Fischer, E.M., Luterbacher, J., Zorita, E., Tett, S.F.B., Casty, C.

and Wanner, H. 2007: European climate response to tropical volcanic

eruptions over the last half millennium. Geophysical Research Letters

34, L05707, doi:10.1029/2006GL027992.

Fisher, D.A., Reeh, N. and Clausen, H.B. 1985: Stratigraphic noise

in time series derived from ice cores. Annals of Glaciology 14, 76–86.

Fisher, D.A., Koerner, R.M. and Reeh, N. 1995: Holocene climatic

records from Agassiz ice cap, Ellesmere Island, NWT, Canada. The

Holocene 5, 19–24.

Fisher, D.A., Koerner, R.M., Kuivinen, K., Clausen, H.B.,

Johnsen, S.J., Steffensen, J.P., Gundestrup, N. and Hammer, C.U.

1996: Inter-comparison of ice core d
18

O and precipitation records

from sites in Canada and Greenland over the last 3500 years and over

the last few centuries in detail using EOF techniques. In Jones, P.D.,

Bradley, R.S. and Jouzel, J., editors, Climatic variations and forcing

mechanisms of the last 2000 years. Springer-Verlag, 297–328.

Fleitmann, D., Burns, S.J., Mudelsee, M., Neff, U., Kramers, J.,

Mangini, A. and Matter, A. 2003: Holocene forcing of the Indian

monsoon recorded in a stalagmite from the Southern Ocean. Science

300, 1737–39.

Fleitmann, D., Burns, S.J., Neff, U., Mudelsee, M., Mangini, A. and

Matter, A. 2004: Palaeoclimatic interpretation of high-resolution oxygen

istotope profiles derived from annually laminated speleothems of high-

resolution oxygen profiles derived from annually laminated speleothems

from Southern Oman. Quaternary Science Reviews 23, 935–45.

Fleitmann, D., Dunbar, R.B., McCulloch, M., Mudelsee, M.,

Vuille, M., McClanahan, T., Cole, J.E. and Eggins, S. 2007: East

African soil erosion recorded in a 300 year old coral colony from

Kenya. Geophysical Research Letters 34, L04401, doi:10.1029/2006

GL028525.

Folland, C.K., Karl, T.R. and Vinnikov, K.Ya. 1990: Observed cli-

mate variations and change. In Houghton, J.T., Jenkins, G.J. and

Ephraums, J.J., editors, Climate change. The IPCC scientific assess-

ment. , Cambridge University Press, 195–238.

Folland, C.K., Karl, T.R., Nicholls, N., Nyenzi, B.S., Parker, D.E.

and Vinnikov, K.Ya. 1992: Observed climate variability and change.

In Houghton, J.T., Callander, B.A. and Varney, S.K., editors, Climate

change 1992. The supplementary report to the IPCC scientific assess-

ment., Cambridge University Press, 135–70.

Folland, C.K., Karl, T.R., Christy, J.R., Clarke, R.A., Gruza,

G.V., Jouzel, J., Mann, M.E., Oerlemans, J., Salinger, M.J. and

Wang, S.-W. 2001: Observed climate variability and change. In

Houghton, J.T., Ding, Y., Griggs, D.J., Noguer, M., van der Linden,

P.J., Dai, X., Maskell, K. and Johnson, C.A., editors, Climate change

2001: the scientific basis. , Cambridge University Press, 99–181.

Forster, P.M., Ramaswamy, V., Artaxo, P., Berntsen, T., Betts, R.,

Fahey, D.W., Haywood, J., Lean, J., Lowe, D.C., Myhre, G.,

Nganga, J., Prinn, R., Raga, G., Schulz, M. and Van Dorland, R.

2007: Changes in atmospheric constituents and in radiative forcing. In

Solomon, S., Qin, D., Manning, M., Chen, Z., Marquis, M., Averyt,

K.B., Tignor, M.and Miller, H.L., editor, Climate change 2007: the

physical science basis. Contribution of Working Group I to the Fourth

Assessment Report of the Intergovernmental Panel on Climate

Change, Cambridge University Press, 129–234.

Foukal, P., Fröhlich, C., Spruit, H. and Wigley, T.M.L. 2006:

Variations in solar luminosity and their effect on the Earth’s climate.

Nature 443, 161–66.

Frank, D., Esper, J. and Cook, E.R. 2007: Adjustment for proxy num-

ber and coherence in a large-scale temperature reconstruction.

Geophysical Research Letters 34, L16709, doi:10.1029/2007GL030571.

Fritts, H.C. 1976a: The statistics of ring-width and climatic data. In

Fritts, H.C., Tree rings and climate. Academic Press, 246–311.

––— 1976b: Tree rings and climate. Academic Press.

40 The Holocene 19,1 (2009)



––—1991: Reconstructing large-scale climatic patterns from tree-ring

data. The University of Arizona Press.

Fritts, H.C. and Swetnam, T.W. 1989: Dendroecology – a tool for

evaluation variations in past and present forest environments.

Advances in Ecological Research 19, 111–88.

Fritts, H.C., Lofgren, G.R. and Gordon, G.A. 1979: Variations in

climate since 1602 as reconstructed from tree rings. Quaternary

Research 12, 18–46.

Fritts, H.C., Shashkin, A.V. and Downes, G.M. 1999: A simulation

model of conifer ring growth and cell structure. In Wimmer, R. and Vetter,

R.E., editors, Tree-ring analysis. Cambridge University Press, 3–32.

Gaetani, G.A. and Cohen, A.L. 2006: Element partitioning during

precipitation of aragonite from seawater: a framework for understand-

ing paleoproxies. Geochimica et Cosmochimica Acta 70, 4617–34.

Gagan, M.K., Ayliffe, L.K., Beck, J.W., Cole, J.E., Druffel,

E.R.M., Dunbar, R.B. and Schrag, D.P. 2000: New views of tropi-

cal paleoclimates from corals. Quaternary Science Reviews 19, 45–64.

Gajewski, K. 1988: Late Holocene climate changes in eastern North

America estimate from pollen data. Quaternary Research 29, 255–62.

Gallego, D., García-Herrera, R., Ribera, P. and Jones, P.D. 2005:

Seasonal mean pressure reconstruction for the North Atlantic (1750–

1850) based on early marine data. Climate of the Past 1, 19–33.

Gao, C., Robock, A. and Ammann, C. 2008: Volcanic forcing of cli-

mate over the past 1500 years: an improved ice-core-based index for

climate models. Journal of Geophysical Research 113, doi: 10.1029/

2008JD010077.

García, R.R., Díaz, H., García Herrera, R., Eischeid, J., Prieto,

M.R., Hernández, E., Gimeno, L., Rubio, F. and Bascary, A.M.

2001: Atmospheric circulation changes in the tropical Pacific inferred

from the voyages of the Manila galleons in the 16th–18th centuries.

Bulletin of the American Meteorological Society 82, 2435–55.

García-Herrera, R., Können, G.P., Wheeler, D., Prieto, M.R.,

Jones, P.D. and Koek, F.B. 2005a: CLIWOC: a climatological data-

base for the world’s oceans 1750–1854. Climatic Change 71, 1–12.

García-Herrera, R., Gimeno, L., Ribera, P. and Hernandez, E.

2005b: New records of Atlantic hurricanes from Spanish documentary

sources. Journal of Geophysical Research 110, D03109, doi:10.1029/

2004JD005272.

García-Herrera, R., Diaz, H.F., Garcia, R.R., Prieto, M.R.,

Barriopedro, D., Moyano, R. and Hernández, E. 2008: A chronol-

ogy of El Niño events from primary documentary sources in Northern

Peru. Journal of Climate 21, 1948–62.

Ge, Q., Zheng, J., Fang, X., Man, Z., Zhang, X., Zhang, P. and

Wang, W.-C. 2003: Winter half-year temperature reconstruction for

the middle and lower reaches of the Yellow River and Yangtze River,

China, during the past 2000 years. The Holocene 13, 933–40.

Ge, Q.S., Zheng, J.Y., Hao, Z.X., Zhang, P.Y. and Wang, W.-C.

2005: Reconstruction of historical climate in China, high-resolution

precipitation data from Qing Dynasty archives. Bulletin of the

American Meteorological Society 86, 671–79.

Ge, Q., Zheng, J., Tian, Y., Wu, W., Fang, X. and Wang, W.-C. 2008:

Coherence of climatic reconstruction from historical documents in China

by different studies. International Journal of Climatology 28, 1007–24.

Gerber, S., Joos, F., Bruegger, P.P., Stocker, T.F., Mann, M.E. and

Sitch, S. 2003: Constraining temperature variations over the last mil-

lennium by comparing simulated and observed atmospheric CO
2
.

Climate Dynamics 20, 281–99.

Glaser, R. 2001: Kilmageschichte Mitteleuropas. 1000 Jahr Wetter, Klima,

Katastrophen. Primus Verlag, Wissenschaftliche Buchgesellschaft, 227 pp.

Gong, D-Y. and Luterbacher, J. 2008: Variability of the low-level

cross- equatorial jet of the western Indian Ocean since 1660 as derived

from coral proxies. Geophysical Research Letters 35, L01705,

doi:10.1029/2007GL032409.

González-Rouco, F., von Storch, H. and Zorita, E. 2003: Deep soil

temperature as proxy for surface air-temperature in a coupled model

simulation of the last thousand years. Geophysical Research Letters

30, 2116, doi:10.1029/2003GL018264.

González-Rouco, J.F., Beltrami, H., Zorita, E. and von Storch, H.

2006: Simulation and inversion of borehole temperature profiles in sur-

rogate climates: spatial distribution and surface coupling. Geophysical

Research Letters 33, L01703, doi:10.1029/2005GL024693.

González-Rouco, J.F., Beltrami, H., Zorita, E. and Stevens, M.B.

2008: Borehole climatology: a discussion based on contributions from

climate modelling. Climate of the Past Discussions 4, 1–80.

http://www.clim-past-discuss.net/4/1/2008/cpd-4–1-2008.pdf

Goodwin, I.D., van Ommen, T.D., Curran, M.A.J. and Mayewski,

P.A. 2004: Mid latitude winter climate variability in the south Indian

and south-west Pacific regions since 1300 AD from the Law Dome ice

core record. Climate Dynamics 22, 783–94.

Goosse, H., Renssen, H., Timmermann, A., Bradley, R.S. and

Mann, M.E. 2006a: Using paleoclimate proxy data to select optimal

realisations in an ensemble of simulations of the climate of the

past millennium. Climate Dynamics 27, 165–84, doi:10.1007/s00382–

006–0128–6.

Goosse, H., Arzel, O., Luterbacher, J., Mann, M.E., Renssen, H.,

Riedwyl, N., Timmermann, A., Xoplaki, E. and Wanner, H. 2006b:

The origin of the European ‘Medieval Warm Period’. Climate of the

Past 2, 99–113.

Gourlay, I. 1995: Growth ring characteristics of some African Acacia

species. Journal of Tropical Ecology 11, 121–40.

Grabner, M., Wimmer, R., Gindl, W. and Nicolussi, K. 2001: A

3474-year alpine tree-ring record from the Dachstein, Austria. In Tree

rings and people. An international conference on the future of den-

drochronology. Davos, Switzerland, Abstracts, 252–53.

Graf, W., Oerter, H., Reinwarth, O., Stichler, W., Wilhelms, F.,

Miller, H. and Mulvaney, R. 2002: Stable isotope records from

Dronning Maud Land, Antarctica. Annals of Glaciology 35, 195–201.

Grootes, P.M. and Stuiver, M. 1997: Oxygen 18/16 variability in

Greenland snow and ice with 10
-3

to 10
5
-year time resolution. Journal

of Geophysical Research 102, 26 455–70.

Grootes, P.M., Stuiver, M., Thompson, L.G. and Mosley-

Thompson, E. 1989: Oxygen isotope changes in tropical ice,

Quelccaya Peru. Journal of Geophysical Research 94, 1187–94.

Grottoli, A.G. and Eakin, M. 2007: A review of coral d
18

O and D
14

C

proxy records. Earth Science Reviews 81, 67–91.

Guiot, J. 1985: The extrapolation of recent climatological series with

spectral canonical regression. Journal of Climatology 5, 325–35.

Guiot, J., Nicault, A., Rathgeber, C., Edouard, J., Guibal, F.,

Pichard, G. and Till, C. 2005: Last millennium summer-temperature

variations in western Europe based on proxy data. The Holocene 15,

489–500.

Guzmán, H.M. and Tudhope, A.W. 1998: Seasonal variations in

skeletal extension rate and stable isotopic (13C/12C and 18O/16O)

composition in response to several environmental variables in the

Caribbean reef coral Siderastrea siderea. Marine Ecology Progress

Series 166, 109–18.

Haigh, J.D. 1996: The impact of solar variability on climate. Science

272, 981–84.

Hammer, C.U., Johnsen, S.J., Clausen, H.B., Dahl Jensen, D.,

Gundestrup, N. and Steffensen, J.P. 2001: The palaoclimatic record

from a 345m long ice core from the Hans Tausen Iskappe, Meddeleser

om Grønland. Geoscience 39, 87–95.

Hantemirov, R.M. and Shiyatov, S.G. 2002: A continuous multimil-

lennial ring-width chronology in Yamal, northwestern Siberia. The

Holocene 12, 717–26.

Harris, R.N. and Chapman, D.S. 2001: Mid-latitude (30°–60°N) cli-

matic warming inferred by combining borehole temperatures with sur-

face air temperatures. Geophysical Research Letters 28, 747–50.

Hart, S.R. and Cohen, A.L. 1996: Sr/Ca in corals: an ionprobe study

of annual cycles and microscale coherence with other trace elements.

Geochemica et Cosmochimica Acta 60, 3075–84.

Haug, G.H., Hughen, K.A., Peterson, L.C., Sigman, D.M. and

Röhl, U. 2001: Southward migration of the Intertropical Convergence

Zone through the Holocene. Science 293, 1304–308.

Haug, G.H., Günther, D., Peterson, L.C., Sigman, D.M., Hughen,

K.A. and Aeschlimann, B. 2003: Climate and the collapse of Maya

civilzation. Science 299, 1731–35.

Hegerl, G.C., Crowley, T.J., Baum, S.K., Kim, K.-Y. and Hyde,

W.T. 2003: Detection of volcanic, solar, and greenhouse gas signals

in paleo-reconstructions of Northern Hemispheric temperature.

Geophysical Research Letters 30, 1242 doi:10.1029/2002GL016635.

Hegerl, G.C., Crowley, T.J., Hyde, W.T. and Frame, D.J. 2006:

Climate sensitivity constrained by temperature reconstructions over

the past seven centuries. Nature 440, 1029–32.

Hegerl, G.C., Crowley, T.J., Allen, M.R., Hyde, W.T., Pollack,

H.N., Smerdon, J.E. and Zorita, E. 2007: Detection of human

P.D. Jones et al.: High-resolution palaeoclimatology of the last millennium 41



influence on a new, validated 1500 year temperature reconstruction.

Journal of Climate 20, 650–66.

Helama, S., Lindholm, M., Meriläinen, J., Timonen, M. and

Eronen, M. 2005: Multicentennial ring-width chronologies of Scots

pine along a north–south gradient across Finland. Tree-Ring Research

61, 21–32.

Helmle, K.P., Dodge, R.E. and Ketcham, R.A. 2002: Skeletal archi-

tecture and density banding in Diploria strigosa by x-ray computed

tomography. Proceedings 9th International Coral Reef Symposium,

Bali, Indonesia 23–27 October 2000 1, 365–71.

Helsen, M.M., van de Wal, R.S.W., van den Broeke, M.R.,

Masson-Delmotte, V., Meijer, H.A.J., Scheele, M.P. and Werner,

M. 2006: Modeling the isotopic composition of Antarctic snow using

backward trajectories: simulation of snow pit records. Journal of

Geophysical Research 111, D15109, doi:10.1029/2005JD006524.

Henderson, K.A., Thompson, L.G. and Lin, P-N. 1999: Recording

of El Niño in ice core d
18

O records from Nevado Huascarán, Peru.

Journal of Geophysical Research 104, 31 053–65.

Hendy, E.J., Gagan, M.K., Alibert, C.A., McCulloch, M.T.,

Lough, J.M. and Isdale, P.J. 2002: Abrupt decrease in tropical

Pacific sea surface salinity at end of Little Ice Age. Science 295,

1511–14.

Hendy, E.J., Gagan M.K. and Lough, J.M. 2003: Chronological

control of coral records using luminescent lines and evidence for non-

stationary ENSO teleconnections in northeast Australia. The Holocene

13, 187–99.

Hodell, D.A., Brenner, M., Curtis, J.H., Medina-Gonzalez, R.,

Rosenmeier, M.F., Guilderson, T.P., Chan-Can, E.I. and

Albornaz-Pat, A. 2005: Climate change on the Yucatan Peninsula

during the Little Ice Age. Quaternary Research 63, 109–21.

Hua, Q., Barbetti, M., Worbes, M., Head, J. and Levchenko, V.A.

1999: Review of radiocarbon data from atmospheric and tree ring

samples for the period 1945–1997 AD. IAWA Journal 200, 261–83.

Huang, S.P. and Pollack, H.N. 1998: Global borehole temperature

database for climate reconstruction. IGBP PAGES/World Data

Center-A for Paleoclimatology Data Contribution Series #1998–044,

NOAA/NGDC Paleoclimatology Program.

Huang, S.P., Pollack, H.N. and Shen, P.Y. 2000: Temperature trends

over the past five centuries reconstructed from borehole temperatures.

Nature 403, 756–58.

Hughen, K.A., Overpeck, J.T. and Anderson, R.F. 2000: Recent

warming in a 500-year palaeotemperature record from varved sedi-

ments, Upper Soper Lake, Baffin Island, Canada. The Holocene 10,

9–19.

Hughes, M.K. 2002: Dendrochronology in climatology – the state of

the art. Dendrochronologia 20, 95–116.

Hughes, M.K., Kelly, P.M., Pilcher, J.R. and LaMarche, V.C., edi-

tors 1982: Climate from tree rings. Cambridge University Press.

Intergovernmental Panel on Climate Change 1990: Climate

change. The IPCC scientific assessment, working group 1 report.

IPCC, WMO and UNEP, edited by Houghton, J.T., Jenkins, G.J. and

Ephraums, J.J. Cambridge University Press, 364 pp.

––— 1995: Climate change 1995; the science of climate change.

Contribution of working group 1 to the second assessment report of

the Intergovernmental Panel on Climate Change. Edited by

Houghton, J.T., Meira Filho, L.G., Callendar, B.A., Harris, N.,

Kattenbureg, A. and Maskell, K. Cambridge University Press, 572 pp.

––— 2001: Climate change 2001: the scientific basis. Contribution of

working group 1 to the third IPCC scientific assessment. Edited by

Houghton, J.T., Ding, Y., Griggs, D.J., Noguer, M., van der Linden,

P.J., Dai, X., Maskell, K. and Johnson, C.A. Cambridge University

Press, 881 pp.

—–– 2007: Climate change 2007: the physical science basis. Edited

by Solomon, S., Qin, D., Manning, M., Chen, Z., Marquis, M., Averyt,

K.B., Tignor, M. and Miller, H.L. Cambridge University Press,

996 pp.

Isdale, P. 1984: Fluorescent bands in massive corals record centuries

of coastal rainfall. Nature 310, 578–79.

Jacobeit, J., Glaser, R., Luterbacher, J. and Wanner, H. 2003:

Links between flood events in Central Europe since AD 1500 and

large-scale atmospheric circulation modes. Geophysical Research

Letters 30, 1172, doi:10.1029/2002GL016433.

Jacoby, G.C. 1989: Overview of tree-ring analysis in tropical regions.

IAWA Bulletin 10, 99–108.

Jacoby, G.C. and D’Arrigo, R.D. 1995: Tree-ring width and density

evidence of climatic and potential forest change in Alaska. Global

Biogeochemical Cycles 9, 227–34.

Jacoby, G.C., Lovelius, N.V., Shumilov, O.I., Raspopov, O.M.,

Karbainov, J.M. and Frank, D.C. 2000: Long-term temperature

trends and tree growth in the Taymir region of northern Siberia.

Quaternary Research 53, 312–18.

Jansen, E., Overpeck, J., Briffa, K.R., Duplessy, J.-C., Joos, F.,

Masson-Delmotte, V., Olago, D., Otto-Bliesner, B., Peltier, W.R.,

Rahmstorf, S., Ramesh, R., Raynaud, D., Rind, D., Solomina, O.,

Villalba, R. and Zhang, D. 2007: Palaeoclimate. In Solomon, S., Qin,

D., Manning, M., Chen, Z., Marquis, M., Averyt, K.B., Tignor, M.

and Miller, H.L., editors, Climate change 2007: the physical science

basis; contribution of working group I to the fourth assessment report

of the Intergovernmental Panel on Climate Change. Cambridge

University Press, 433–97.

Jansen, E., Andersson, C., Moros, M., Nisancioglu, K.H., Nyland,

B.F. and Telford, R.J. 2008: The early to mid-Holocene thermal opti-

mum in the North Atlantic. In Battarbee, R. and Binney, H.A., editors,

Natural climate variability and global warming: a Holocene perspec-

tive. Blackwell, 123–37.

Jiang, H., Eiriksson, J., Schulz, M., Knudsen, K.-L. and

Seidenkrantz, M.S. 2005: Evidence for solar forcing of sea-surface

temperature on the North Icelandic shelf during the late Holocene.

Geology 33, 73–76.

Johnsen, S.J. 1977: Stable isotope homogenization of polar firn and

ice. In Proceedings of the symposium on isotopes and impurities in

snow and ice. IUGG XVI, General Assembly, Grenoble, 1975.

International Association of Hydrological Sciences, 18, 210–19.

Johnsen, S.J. and Vinther, B.M. 2007: Stable isotope records from the

Greenland ice cores. In Elias, S.A., editor, Encyclopedia of Quaternary

Science. Elsevier, 1250–58, doi:10.1016/B0-444-52747-8/00345-8.

Johnsen, S.J., Dansgaard, W., Clausen H.B. and Langway, C.C.,

Jr, 1972: Oxygen isotope profiles through the Antarctic and

Greenland ice sheets. Nature 235, 429–34.

Johnsen, S.J., Clausen, H.B., Dansgaard, W., Gundestrup, N.S.,

Hansson, M., Jonsson, P., Steffensen, J.P. and Sveinbjörnsdóttir,

Á.E. 1992: A deep ice core from east Greenland. Meddelelser om

Grønland 29, 3–29.

Johnsen, S.J., Dahl-Jensen, D., Dansgaard, W. and Gundestrup,

N.S. 1995: Greenland palaeotemperatures derived from GRIP bore

hole temperature and ice core isotope profiles. Tellus 47B, 624–29.

Johnsen, S.J., Clausen, H.B., Dansgaard, W., Gundestrup, N.S.,

Hammer, C.U., Andersen, U., Andersen, K.K., Hvidberg, C.S.,

Dahl-Jensen, D., Steffensen, J.P., Shoji, H., Sveinbjörnsdóttir,

Á.E., White, J., Jouzel, J. and Fisher, D. 1997: The d
18

O record

along the Greenland Ice Core Project deep ice core and the problem of

possible Eemian climatic instability. Journal of Geophysical Research

102, 26 397–410.

Johnsen, S.J., Clausen, H.B., Cuffey, K.M., Hoffmann, G.,

Schwander, J. and Creyts, T. 2000: Diffusion of stable isotopes in

polar firn and ice: the isotope effect in firn diffusion. In Hondoh, T.,

editor, Physics of ice core records. Hokkaido University Press,

121–40.

Jones, P.D. and Briffa, K.R. 1996: What can the instrumental record

tell us about longer timescale paleoclimatic reconstructions? In Jones,

P.D., Bradley, R.,S. and Jouzel, J., editors, Climatic variations and

forcing mechanisms of the last 2000 years. Springer, 625–43.

––— 2006: Unusual climate in northwest Europe during the period

1730 to 1745 based on instrumental and documentary data. Climatic

Change 79, 361–79.

Jones, P.D. and Mann, M.E. 2004: Climate over past millennia.

Review of Geophysics 42, RG2002, doi: 10.1029/2003RG000143.

Jones, P.D. and Salmon, M.I. 2005: Preliminary reconstructions of

the North Atlantic Oscillation and the Southern Oscillation index from

wind strength measures taken during the CLIWOC period. Climatic

Change 73, 131–54.

Jones, P.D. and Thompson, R. 2003: Instrumental records. In

Mackay, A., Batterbee, R., Birks, J. and Oldfield, F., editors,Global

change in the Holocene. Arnold, 140–58.

42 The Holocene 19,1 (2009)



Jones, P.D., Briffa, K.R., Barnett, T.P. and Tett, S.F.B. 1998: High-

resolution palaeoclimatic records for the last millennium: integration,

interpretation and comparison with General Circulation Model control

run temperatures. The Holocene 8 455–71.

Jones, P.D., Briffa, K.R. and Osborn, T.J. 2003: Changes in the

Northern Hemisphere annual cycle: implications for paleoclimatol-

ogy? Journal of Geophysical Research 108, 4588, doi:10.1029/2003

JD003695.

Jouzel, J., Alley, R.B., Cuffey, K.M., Dansgaard, W., Grootes, P.,

Hoffmann, G., Johnsen, S.J., Koster, R.D., Peel, D., Shuman,

C.A., Stievenard, M., Stuiver, M. and White, J. 1997: Validity of

the temperature reconstruction for water isotopes in ice cores. Journal

of Geophysical Research 102, 26 471–87.

Jouzel, J., Vimeux, F., Caillon, N., Delaygue, G., Hoffmann, G.,

Masson-Delmotte, V. and Parrenin, F. 2003: Magnitude of iso-

tope/temperature scaling for interpretation of central Antarctic ice

cores. Journal of Geophysical Research 108, 4361, doi:10.1029/2002

JD002677,

Jouzel, J., Masson-Delmotte, V., Cattani, O., Dreyfus, G., Falourd,

S., Hoffmann, G., Minster, B., Nouet, J., Barnola, J.M., Chappellaz,

J., Fischer, H., Gallet, J.C., Johnsen, S., Leuenberger, M.,

Loulergue, L., Luethi, D., Oerter, H., Parrenin, F., Raisbeck, G.,

Raynaud, D., Schilt, A., Schwander, J., Selmo, E., Souchez, R.,

Spahni, R., Stauffer, B., Steffensen, J.P., Stenni, B., Stocker, T.P.,

Tison, J.L., Werner, M. and Wolff, E.W. 2007: Orbital and millennial

Antarctic climate variability over the last 800 000 years. Science 317,

793–96.

Juckes, M.N., Allen, M.R., Briffa, K.R., Esper, J., Hegerl, G.C.,

Moberg, A., Osborn, T.J. and Weber, S.L. 2007: Millennial tem-

perature reconstruction intercomparison and evaluation. Climate of

the Past 3, 591–609.

Kaspari, S., Mayewski, P.A., Dixon, D., Spikes, V.B., Sneed, S.B.,

Handley, M.J. and Hamilton, G.S. 2004: Climate variability in West

Antarctica derived from annual accumulation rate records from

ITASE firn/ice cores. Annals of Glaciology 39, 585–94.

Kaspari, S., Mayewski, P.A., Dixon, D., Sneed, S.B. and Handley,

M.J. 2005: Sources and transport pathways for marine aerosol species

into West Antarctica. Annals of Glaciology 42, 1–9.

Kinsman, D.J.J. and Holland, H.D. 1969: The co-precipitation of

cations with CaCO
3
– IV. The co-precipitation of Sr

2+
with aragonite

between 16°C and 96°C. Geochimica et Cosmochimica Acta 33, 1–17.

Kleypas, J.A., McManus, J.W. and Menez, L.A.B. 1999:

Environmental limits to coral reef development: where do we draw the

line? American Zoologist 39, 146–59.

Klingbjer, P. and Moberg, A. 2003: A composite monthly tempera-

ture record from Tornedalen in northern Sweden. 1802–2002.

International Journal of Climatology 23, 1465–94.

Kohn, M.J. and Welker, J.M. 2005: On the temperature correlation

of d
18

O in modern precipitation. Earth and Planetary Science Letters

231, 87–96.

Können, G.P., Zaiki, M., Baede, A.P.M., Mikami, T., Jones, P.D.

and Tsukuhara, T. 2003: Pre-1872 extension of the Japanese instru-

mental meteorological observation series back to 1819. Journal of

Climate 16, 118–31.

Krinner, G. and Werner, M. 2003: Impact of precipitation seasonal-

ity chnages on isotopic signals in polar ice cores: a multi-model analy-

sis. Earth and Planetary Science Letters 216, 525–38.

Knuston, D.W., Buddemeier, R.W. and Smith, S.V. 1972: Coral

chronometers: seasonal growth bands in reef corals. Science 177,

270–72.

Küttel, M., Luterbacher, J., Zorita, E., Xoplaki, E., Riedwyl, N.

and Wanner, H. 2007: Testing a European winter surface temperature

reconstruction in a surrogate climate. Geophysical Research Letters

34, L07710. doi:10.1029/2006GL027907.

Lachenbruch, A.H. and Marshall, B.V. 1986: Changing climate:

geothermal evidence from permafrost in the Alaskan Arctic. Science

234, 689–96.

Lamb, H.H. 1965: The earlier medieval warm epoch and its sequel.

Palaeogeography, Palaeoclimatology, Palaeoecology 1, 13–37.

––— 1969: Climatic fluctuations. In Landsberg, H.E., editor, World

survey of climatology. Volume 2: General climatology, edited by

Flohn, H. Elsevier, 173–249.

––— 1977: Climate, present, past and future: volume 2: climatic his-

tory and the future. Methuen, 835 pp.

––— 1982: Climate: history and the modern world. Methuen, 433 pp.

Lamoureux, S.F. 2001: Varve chronology techniques. In Last, W.M.

and Smol, J.P., editors, Developments in paleoenvironmental research

(DEPR) volume 2 – tracking environmental change using lake sedi-

ments: physical and chemical techniques. Kluwer, 247–60.

Langway, C.C., Jr 1967: Stratigraphic analysis of a deep ice core

from Greenland. CRREL, Research Report 77, 130 pp.

Langway, C.C., Jr., Oeschger, H. and Dansgaard, W. 1985: The

Greenland Ice Sheet Program in perspective. Geophysical Monographs

33, 1–8.

Lean, J. 2000: Evolution of the Sun’s spectral irradiance since the

Maunder Minimum. Geophysical Research Letters 27, 2425–28.

Le Bec, N., Juilett-Leclerc, A., Correge, T., Blamart, D. and

Delcroix, T. 2000: A coral d
18

O record of ENSO driven sea surface

salinity variability in Fiji (south-western tropical Pacific).

Geophysical Research Letters 27, 3897–900.

Lee, T.C.K., Zwiers, F.W. and Tsao, M. 2008: Evaluation of proxy-

based millennial reconstruction methods. Climate Dynamics 31,

263–81.

LeGrande, A.N., Schmidt, G.A., Shindell, D.T., Field, C., Miller,

R.L., Koch, D., Faluvegi, G. and Hoffmann, G. 2006: Consistent

simulations of multiple proxy responses to an abrupt climate change

event. Proceedings of the National Academy of Science 103, 837–42,

10.1073pnas.0510095103.

Leiberman, V. 2003: Strange parallels: southeast Asia in global con-

text c. 800–1830. Volume 1: integration on the mainland. Cambridge

University Press, 484 pp.

Leijonhufvud, L., Wilson, R. and Moberg, A. 2008: Documentary data

provide evidence of Stockholm average winter to spring temperatures in

the eighteenth and nineteenth centuries. The Holocene 18, 333–43.

Le Quesne, C., Stahle, D.W., Cleaveland, M.K., Therrell, M.D.,

Aravena, J.C. and Barichivich, J. 2006: Ancient Austrocedrus tree-

ring chronologies used to reconstruct Central Chile precipitation vari-

ability from A.D. 1200 to 2000. Journal of Climate 19, 5731–44.

Le Quesne, C., Acuña, C., Boninsegna, J., Rivera, A. and

Barichivich, J. 2008: Long-term glacier variations in the Central

Andes of Argentina and Chile, inferred from historical records and

tree-ring reconstructed precipitation. Special Issue on Regional high-

resolution multiproxy climate reconstruction for South America: state

of the art and perspectives. Palaeogeography, Palaeoclimatology,

Palaeoecology doi: 10.1016/j.palaeo.2008.01.039.

Le Roy Ladurie, E. 2004: Histoire humaine et comparée du climate.

Canicules et glaciers XIIIème–XVIIIème siècles, Editions Fayard, 740 pp.

Lewis, S.L., Phillips, O.L. and Baker, T.R. 2006: Impacts of global

atmospheric change on tropical forests. Trends in Ecology and

Evolution 21, 173–74.

Lilly, M.A. 1977: An assessment of the dendrochronological potential

of indigenous tree species in South Africa. Department of Geography

and Environmental Studies, University of the Witwatersrand,

Johannesburg, Occasional Paper No. 18.

Linsley, B.K., Dunbar, R.B., Wellington, G.M. and Mucciarone,

D.A. 1994: A coral-based reconstruction of intertropical convergence

zone variability over central America since 1707. Journal

Geophysical Research 99, 9977–94.

Linsley, B.K., Wellington, G.M. and Schrag, D.P. 2000: Decadal

sea surface temperature variability in the subtropical south Pacific

from 1726 to 1997 A.D. Science 290, 1145–48.

Linsley, B.K., Wellington, G.M., Schrag, D.P., Ren, L., Salinger,

M.J. and Tudhope, A.W. 2004: Geochemical evidence from corals for

changes in the amplitude and spatial pattern of South Pacific interdecadal

climate variability over the last 300 years. Climate Dynamics 22, 1–11,

Lloyd, A.H. and Fastie, C.L. 2002: Spatial and temporal variability

in the growth and climate response of treeline trees in Alaska.

Climatic Change 52, 481–509.

Lough, J.M. 2004: A strategy to improve the contribution of coral

data to high-resolution paleoclimatology. Palaeogeography,

Palaeoclimatology, Palaeoecology 204, 115–43.

––— 2007: Tropical river flow and rainfall reconstructions from coral

luminescence: Great Barrier Reef, Australia. Paleoceanography 22,

PA2218, doi: 10.1029/2006PA001377.

P.D. Jones et al.: High-resolution palaeoclimatology of the last millennium 43



Lough, J.M. and Barnes, D.J. 2000: Environmental controls on

growth of the massive coral Porites. Journal of Experimental Marine

Biology and Ecology 245, 225–43.

Luckman, B.H. 2007: Dendroclimatology. In Elias, S., editor,

Encyclopedia of Quaternary science. Elsevier, 465–76.

Luckman, B.H. and Wilson, R.J.S. 2005: Summer temperatures in

the Canadian Rockies during the last millennium: a revised record.

Climate Dynamics 24, 131–44.

Lund, D.C., Lynch-Stieglitz, J. and Curry, W.B. 2006: Gulf Stream

density structure and transport during the past millennium. Nature

444, 601–604.

Luterbacher, J., Xoplaki, E., Dietrich, D., Jones, P.D., Davies,

T.D., Portis, D., González-Rouco, F.J., von Storch, H., Gyalistras,

D., Casty, C. and Wanner, H. 2002a: Extending North Atlantic

Oscillation reconstructions back to 1500. Atmospheric Science Letters

2, 114–24 (doi:10.1006/asle.2002.0047).

Luterbacher, J., Xoplaki, E., Dietrich, D., Rickli, R., Jacobeit, J.,

Beck, C., Gyalistras, D., Schmutz, C. and Wanner, H. 2002b:

Reconstruction of sea level pressure fields over the eastern North

Atlantic and Europe back to 1500. Climate Dynamics 18, 545–61.

Luterbacher, J., Dietrich, D., Xoplaki, E., Grosjean, M. and

Wanner, H. 2004: European seasonal and annual temperature vari-

ability, trends, and extremes since 1500. Science 303, 1499–503.

Luterbacher, J., Xoplaki, E., Casty, C., Wanner, H., Pauling, A.,

Kuettel, M., Rutishauser, T., Broennimann, S., Fischer, E.,

Fleitmann, D., Gonzalez-Rouco, F.J., Garcia-Herrera, R.,

Barriendos, M., Rodrigo, F.S., Gonzalez-Hidalgo, J.C., Saz, M.A.,

Gimeno, L., Ribera, P., Brunet, M., Paeth, H., Rimbu, N., Felis, T.,

Jacobeit, J., Dünkeloh, A., Zorita, E., Guiot, J., Türkes, M.,

Alcoforado, M.J., Trigo, R., Wheeler, D., Tett, S., Mann, M.E.,

Touchan, R., Shindell, D.T., Silenzi, S., Montagna, P., Camuffo,

D., Mariotti, A., Nanni, T., Brunetti, M., Maugeri, M., Zerefos,

C.S., De Zolt, S., Lionello, P., Rath, V., Beltrami, H., Garnier, E.

and Le RoyLadurie, E. 2006: Mediterranean climate variability over

the last centuries: a review. In Lionello, P., Malanotte-Rizzoli, P. and

Boscolo, R., editors, The Mediterranean climate: an overview of the

main characteristics and issues. Elsevier, 27–148.

Luterbacher, J., Liniger, M.A., Menzel, A., Estrella, N., Della-Marta,

P.M., Pfister, C., Rutishauser, T. and Xoplaki, E. 2007: The excep-

tional European warmth of Autumn 2006 and Winter 2007: historical

context, the underlying dynamics and its phenological impacts.

Geophysical Research Letters 34, L12704, doi:10.1029/2007GL029951.

MacFarling Meure, C., Etheridge, D., Trudinger, C., Steele, P.,

Langenfelds, R., van Ommen, T., Smith, A. and Elkins, J. 2006:

Law Dome CO
2
, CH

4
and N

2
O ice core records extended to 2000 years

BP. Geophysical Research Letters 33, L14810, doi:10.1029/2006

GL026152.

Mangini, A., Spötl, C. and Verdes, P. 2005: Reconstruction of tem-

perature in the central Alps during the last 2000 years from a d
18

O sta-

lagmite record. Earth and Planetary Science Letters 234, 741–51.

Manley, G. 1974: Central England temperatures: monthly means

1659 to 1973. Quarterly Journal of the Royal Meteorological Society

100, 389–405.

Mann, M.E. 2004: On smoothing potentially non-stationary climate

time series. Geophysical Research Letters 31, L07214, doi:10.1029/

2004GL019569.

Mann, M.E. and Jones, P.D. 2003: Global surface temperatures over

the past two millennia. Geophysical Research Letters 30, 1820,

doi:10.1029/2003GL017814.

Mann, M.E. and Rutherford, S. 2002: Climate reconstruction using

‘pseudoproxies’. Geophysical Research Letters 29, 1501, doi:10.1029/

2001GL014554.

Mann, M.E. and Schmidt, G.A. 2003: Ground vs. surface air tem-

perature trends: implications for borehole surface temperature recon-

structions. Geophysical Research Letters 30, 1607, doi:10.1029/

2003GL017170.

Mann, M.E., Bradley, R.S. and Hughes, M.K. 1998: Global-scale

temperature patterns and climate forcing over the past six centuries.

Nature 392, 779–87.

––— 1999: Northern Hemisphere temperatures during the past mil-

lennium: inferences, uncertainties and limitations. Geophysical

Research Letters 26, 759–62.

Mann, M.E., Gille, E., Overpeck, J., Gross, W., Bradley, R.S.,

Keimig, F.T. and Hughes, M.K. 2000: Global temperature patterns in

past centuries: an interactive presentation. Earth Interactions 4, 1–29.

Mann, M.E., Rutherford, S., Bradley, R.S., Hughes, M.K. and

Keimig, F.T. 2003: Optimal surface temperature reconstructions

using terrestrial borehole data. Journal of Geophysical Research 108,

4203, doi: 10.1029/2002JD002532.

Mann, M.E., Rutherford, S., Wahl, E. and Ammann, C. 2005:

Testing the fidelity of methods used in proxy-based reconstructions of

past climate. Journal of Climate 18, 4097–107.

Mann, M.E., Briffa, K.R., Jones, P.D., Kiefer, T., Kull, C. and

Wanner, H. 2006: Past millennia climate variability. EOS 87,

526–27.

Mann, M.E., Rutherford, S., Wahl, E. and Amman, C. 2007:

Robustness of proxy-based climate field reconstruction methods.

Journal of Geophysical Research 112, D12109, doi:10.1029/2006

JD008272.

Mariaux, A. 1967: Les cernes dans les bois tropicaux africains, nature

et periodicite. Bois et Forets des Tropiques 113–114, 3–14.

Mayewski, P.A. and Goodwin, I.D. 1997: International trans-

Antarctic scientific expedition (ITASE), ‘200 years of past Antarctic

climate and environmental change’, science and implementation plan,

1996. PAGES Workshop Report, Series 97-1, 48 pp.

Mayewski, P.A., Frezzotti, M., Bertler, N., van Ommen, T.,

Hamilton, G., Jacka, T.H., Welch, B., Frey, M., Qin, D., Ren, J.,

Simoes, J., Fily, M., Oerter, H., Nishio, F., Isaksson, E., Mulvaney,

R., Holmlund, P., Lipenkov, V. and Goodwin, I. 2005: The interna-

tional trans-Antarctic scientific expedition (TASE): an overview.

Annals of Glaciology 41, 180–85.

McCarroll, D. and Loader, N.J. 2004: Stable isotopes in tree rings.

Quaternary Science Reviews 23, 771–801.

McConnaughey, T.A. 1989a:
13

C and
18

O isotopic disequilibrium in

biological carbonates: I. Patterns. Geochimica et Cosmochimica Acta

53, 151–62.

––— 1989b:
13

C and
18

O disequilibrium in biological carbonates: II. In

vitro simulation of kinetic isotope effects. Geochimica et Cosmochimica

Acta 53, 163–71.

––— 2003: Sub-equilibrium oxygen-18 and carbon-13 levels in bio-

logical carbonates: carbonate and kinetic models. Coral Reefs 22,

316–27.

McConnell, J.R., Lamorey, G.W. Lambert, S.W. and Taylor, K.C.

2002: Continuous ice-core chemical analyses using inductively cou-

pled plasma mass spectrometry. Environmental Science & Technology

36, 7–11.

McCulloch, M.T., Fallon, S., Wyndham, T., Hendy, E., Lough, J.

and Barnes, D. 2003: Coral record of increased sediment flux to the

inner Great Barrier Reef since European settlement, Nature 421,

727–30.

McGregor, H.V., Dima, M., Fischer, H.W. and Mulitza, S. 2007:

Rapid 20th-century increase in coastal upwelling off northwest Africa.

Science 315, 637–39.

McManus, J.F., Francois, R., Gherardi, J.-M., Keigwin, L.D. and

Brown-Leger, S. 2004: Collapse and rapid resumption of Atlantic

meridional circulation linked to deglacial climate changes. Nature

428, 834–37.

McMorrow, A., van Ommen, T.D., Morgan, V. and Curran,

M.A.J. 2004: Ultra-high-resolution seasonality of trace-ion species

and oxygen isotope ratios in Antarctic firn over four annual cycles.

Annals of Glaciology 39, 34–40.

Meier, N., Rutishauser T., Pfister C., Wanner H. and Luterbacher,

J. 2007: Grape harvest dates as a proxy for Swiss April to August tem-

perature reconstructions back to AD 1480. Geophysical Research

Letters 34, L20705, doi:10.1029/2007GL031381.

Melvin, T.M. and Briffa, K.R. 2008: A ‘signal-free’ approach to den-

droclimatic standardisation. Dendrochronologia 26, 71–86.

Meyerson, E.A., Mayewski, P.A., Kreutz, K.J., Meeker, L.D.,

Whitlow, S.I. and Twickler, M.S. 2002: The polar expression of

ENSO and sea-ice variability as recorded in a South Pole ice core.

Annals of Glaciology 35, 430–36.

Mikami, T. 1999: Quantitative reconstruction in Japan based on his-

torical documents. Bulletin of the National Museum of Japanese

History 81, 41–50.

44 The Holocene 19,1 (2009)



––— 2002: Summer and winter temperature reconstructions in Japan. In

Pfister, C., Wanner, H., Kull, C. and Alverson, K., editors. PAGES (Past

Global Changes) Newsletter on Documentary Evidence 10, 17–18.

Min, R.G., Edwards, R.L., Taylor, F.W., Recy, J., Gallup, C.D.

and Beck, J.W. 1995: Annual cycles of U/Ca in coral skeletons and

U/Ca thermometry. Geochimica et Cosmochimica Acta 59, 2025–42.

Mitsuguchi, T., Matsumoto, E., Abe, O., Uchida, T. and Isdale, P.J.

1996: Mg/Ca thermometry in coral skeletons. Science 274, 961–63.

Moberg, A., Alexandersson, H., Bergström, H. and Jones, P.D.

2003: Were south Swedish summer temperatures before 1860 as warm

as measured? International Journal of Climatology 23, 1495–521.

Moberg, A., Sonechkin, D.M., Holmgren, K., Datsenko, N.M. and

Karlen, W. 2005: Highly variable Northern Hemisphere temperatures

reconstructed from low- and high-resolution proxy data. Nature 433,

613–17.

Moberg, A., Mohammad, R. and Mauritsen, T. 2008: Analysis of

the Moberg et al. (2005) hemispheric temperature reconstruction.

Climate Dynamics 31, 957–71.

Montagna, P., McCulloch, M., Taviani, M., Mazzoli, C. and

Vendrell, B. 2006: Seawater nutrient chemistry phosphorus in cold-

water corals. Science 312, 1788–1791. DOI: 10.1126/science.1125781.

Morales, M.S., Villalba, R., Grau, H.R. and Paolini, L. 2004:

Rainfall-controlled tree growth in high-elevation subtropical treelines.

Ecology 85, 3080–89.

Morgan, V.I. and van Ommen, T.D. 1997: Seasonality in late-

Holocene climate from ice core records. The Holocene 7, 351–54.

Moros, M., Andrews, J.T., Eberl, D.D. and Jansen, E. 2006:

Holocene history of drift ice in the northern North Atlantic: evidence

for different spatial and temporal modes. Paleoceanography 21,

PA2017, doi:10.1029/2005PA001214.

Mosley-Thompson, E. 1992: Paleoenvironmental conditions in

Antarctica since A.D. 1500: ice core evidence. In Bradley, R.S. and

Jones, P.D., editors, Climate since A.D. 1500. Routledge, Chapman

and Hall, 572–91.

Mosley-Thompson, E., Thompson, L.G., Grootes, P. and

Gundestrup, N. 1990: Little Ice Age (Neoglacial) paleoenvironmen-

tal conditions at Siple Station, Antarctica. Annals of Glaciology 14,

199–204.

Mosley-Thompson, E., McConnell, J.R., Bales, R.C., Li, Z., Lin,

P.-N., Steffen, K., Thompson, L.G., Edward, R. and Bathke, D.

2001: Local to regional scale variability of annual net accumulation on

the Greenland ice sheet from PARCA cores. Journal of Geophysical

Research 106, 33 839–51.

Mosley-Thompson, E., Readinger, C.R., Craigmile, P.,

Thompson, L.G. and Calder, C.A. 2005: Regional sensitivity of

Greenland precipitation to NAO variability. Geophysical Research

Letters 32, L24707, doi:10.1029/2005GL024776.

Mosley-Thompson, E., Thompson, L.G. and Lin, P.-N. 2006: A

multi-century perspective on 20th century climate change with new

contributions from high Arctic and Greenland (PARCA) cores. Annals

of Glaciology 43, 42–48.

Mudelsee, M., Börngen, M., Tetzlaff, G. and Grünewald, U. 2003:

No upward trends in the occurrence of extreme floods in central

Europe. Nature 425, 166–69.

Muscheler, R., Joos, F., Mueller, S.A. and Snowball, I. 2005: How

unusual is today’s solar activity? Nature 436, E3–E4.

Muller, A., Gagan, M.K. and McCulloch, M.T. 2002: Early marine

diagenesis in corals and geochemical consequences for paleoceano-

graphic reconstructions. Geophysical Research Letters 28, 4471–74.

National Research Council of the US National Academy of

Sciences 2006: Surface temperature reconstructions for the last 2000

years. National Academies Press, 145 pp.

Naurzbaev, M.M., Vaganov, E.A., Sidorova, O.V. and

Schweingruber, F.H. 2002: Summer temperatures in eastern Taimyr

inferred from a 2427-year late-Holocene tree-ring chronology and ear-

lier floating series. The Holocene 12, 727–36.

Naveau, P. and Ammann, C.M. 2005: Statistical distributions of ice

core sulfate from climatically relevant volcanic eruptions. Geophysical

Research Letters 32, L05711, doi:10.1029/2004GL021732.

Neter, J, Wasserman, W. and Kutner, M.H. 1990: Applied linear

statistical models. Regression, analysis of variance and experimental

designs. Third edition. Irwin, 1181 pp.

Nicault, A., Alleaume, S., Brewer, S., Carrer, M., Nola, P. and

Guiot, J. 2008: Mediterranean drought fluctuation during the last

500 years based on tree-ring data. Climate Dynamics 31, 227–45.

Nicholls, N., Gruza, G.V., Jouzel, J., Karl, T.R., Ogallo, L.A. and

Parker, D.E. 1996: Observed climate variability and change. In

Houghton, J.T., Meira Filho, L.G., Callander, B.A., Harris, N.,

Kattenberg, A. and Maskell, K., editors, The IPCC second scientific

assessment. Cambridge University Press, 133–92.

Nicolussi, K. and Schiessling, P. 2001: Establishing a multi-millennial

Pinus cembra chronology for the central Eastern Alps. In Tree rings

and people. An international conference on the future of dendrochronol-

ogy. Davos, Abstracts 87.

Nobuchi, T., Ogata, Y. and Siripatanadilok, S. 1995: Seasonal char-

acteristics of wood formation in Hopea odorata and Shorea henryana.

IAWA Journal 16, 361–69.

North Greenland Ice Core Project (NGRIP) Members 2004: High-

resolution record of Northern Hemisphere climate extending into the

last interglacial period. Nature 431, 147–51.

Nyberg, J. 2002: Luminescence intensity in coral skeletons from

Mona Island in the Caribbean Sea and its link to precipitation and

wind speed. Philosophical Transactions of the Royal Society London

A 360, 749–66.

Ogilvie, A.E.J. 1992: Documentary evidence for changes in the cli-

mate of Iceland, A.D. 1500–1800. In Bradley, R.S. and Jones, P.D.,

editors, Climate since A.D. 1500. Routledge, 92–117.

––— 1996: Sea ice conditions off the coasts Iceland A.D. 1601–1850

with special reference to part of the Maunder Minimum period (1675–

1715). AmS-Varia 25, 9–12.

Ogilvie, A.E.J. and Farmer, G. 1997: Documenting the Medieval cli-

mate. In Hulme, M. and Barrow, E., editors, Climates of the British

Isles: present, past and future. Routledge, 112–33.

Ogilvie, A.E.J. and Jónsdóttir, I. 1996: Sea ice incidence off the

coasts of Iceland: evidence from historical data and early sea ice

maps. In 26th international Arctic workshop, Arctic and Alpine envi-

ronments, past and present program with abstracts. INSTAAR,

Boulder CO, 14–16 March 1996, 109–10.

Oman, L., Robock, A., Stenchikov, G., Schmidt, G.A. and Ruedy,

R. 2005: Climatic response to high-latitude volcanic eruptions.

Journal of Geophysical Research 110, D13103, doi:10.1029/2004

JD005487.

Ortlieb, L. 2000: The documentary historical record of El Niño

events in Peru: an update of the Quinn record (sixteenth through nine-

teenth centuries). In Diaz, H.F. and Markgraf, V., editors, El Niño and

the Southern Oscillation: multiscale variability and its impacts on

natural ecosystems and society. Cambridge University Press, 207–95.

Osborn, T.J. and Briffa, K.R. 2000: Revisiting timescale-dependent

reconstruction of climate from tree-ring chronologies.

Dendrochronologia 18, 9–25.

––— 2004: The real color of climate change? Science 306, 621–22.

––— 2006: The spatial extent of 20th-century warmth in the context

of the past 1200 years. Science 311, 841–44.

––— 2007: Response to the comment on ‘The spatial extent of

20th-century warmth in the context of the past 1200 years’. Science

316, 1844b.

Osborn, T.J., Briffa, K.R. and Jones, P.D. 1997: Adjusting variance

for sample-size in tree-ring chronologies and other regional time-

series. Dendrochronologia 15, 89–99.

Osborn, T.J., Raper, S.C.B. and Briffa, K.R. 2006: Simulated cli-

mate change during the last 1000 years: comparing the ECHO-G gen-

eral circulation model with the MAGICC simple climate model.

Climate Dynamics 27, 185–97.

Overland, J.E. and Wood, K. 2003: Accounts from 19th century

Canadian Arctic explorers’ logs reflect present climate conditions.

Eos 84, 410–12.

Overpeck, J.T. 1996: Varved sediment records of recent seasonal to

millennial-scale environmental variability. In Jones, P.D., Bradley,

R.S. and Jouzel, J., editors, Climatic variations and forcing mecha-

nisms of the last 2000 years. Springer-Verlag, 479–598.

Overpeck, J.T., Rind, D. and Goldberg, R. 1990: Climate-induced

changes in forest disturbance and vegetation. Nature 343, 51–53.

Palmer, A.S., van Ommen, T.D., Curran, M.A.J., Morgan, V.I.,

Souney, J.M. and Mayewski, P.A. 2001: High precision dating of

P.D. Jones et al.: High-resolution palaeoclimatology of the last millennium 45



volcanic events (AD 1301–1995) using ice cores from Law Dome,

Antarctica. Journal of Geophysical Research 106, 28 089–96.

Palmer, W.C. 1965: Meteorological drought. US Department of

Commerce Weather Bureau, Research Paper No. 45.

Partin, J.W., Cobb, K.M., Adkins, J.F., Clark, B. and Fernandez,

D.P. 2007: Millennial-scale trends in west Pacific warm pool hydrol-

ogy since the Last Glacial Maximum. Nature 449, 452–55.

Pauling, A., Luterbacher, J. and Wanner, H. 2003: Evaluation of prox-

ies for European and North Atlantic temperature field reconstructions.

Geophysical Research Letters 30, 1787 (doi 10.1029/2003GL017589).

Pauling, A., Luterbacher, J., Casty, C. and Wanner, H. 2006: 500

years of gridded high-resolution precipitation reconstructions over

Europe and the connection to large-scale circulation. Climate

Dynamics 26, 387–405.

Peel, D.A. 1992: Ice core evidence from the Antarctic Peninsula

region. In Bradley R.S. and Jones, P.D., editors, Climate since A.D.

1500. Routledge, Chapman and Hall, 549–71.

Peel, D.A., Mulvaney, R. and Davison, B.M. 1988: Stable-

isotope/air-temperature relationships in ice cores from Dolleman

Island and the Palmer Land Plateau, Antarctic peninsula. Annals of

Glaciology 10, 130–36.

Pfister, C. 1992: Monthly temperature and precipitation patterns in

Central Europe from 1525 to the present. A methodology for quanti-

fying man-made evidence on weather and climate. In Bradley, R.S.

and Jones, P.D., editors, Climate since A.D. 1500. Routledge,

Chapman and Hall, 118–42.

Pfister, C., Luterbacher, J., Schwarz-Zanetti, G. and Wegmann,

M. 1998: Winter air temperature variations in western Europe during

the Early and High Middle Ages (AD 750–1300). The Holocene 8,

535–52.

Pfister C., Brázdil, R. and Glaser, R., guest editors 1999: Climatic

variability in sixteenth century Europe and its social dimension: a syn-

thesis. Special Volume. Climatic Change 1/43.

Pfister, C., Weingartner, R. and Luterbacher, J. 2006:

Reconstruction of extreme hydrological winter droughts over the last

450 years in the Upper Rhine basin. A methodological approach.

Hydrological Science Journal 51, 966–85.

Pisaric, M.F.J., Carey, S.K., Kokelj, S.V. and Youngblut, D. 2007:

Anomalous 20th century tree growth, Mackenzie Delta, Northwest

Territories, Canada. Geophysical Research Letters 34, L05714,

doi:10.1029/2006GL029139.

Pollack, H.N. and Huang, S.P. 2000: Climate reconstruction from

subsurface temperatures. Annual Review of Earth and Planetary

Science 28, 339–65.

Pollack, H.N. and Smerdon, J.E. 2004: Borehole climate reconstruc-

tions: spatial structure and hemispheric averages. Journal of

Geophysical Research 109, D11106, doi:10.1029/2003JD004163.

Polyak, V.J. and Asmerom, Y. 2001: Late Holocene climate and cul-

tural changes in the Southwestern United States. Science 294, 148–51.

Popa, I. and Kern, Z. 2008: Long-term summer temperature recon-

struction inferred from tree-ring records from the Eastern Carpathians.

Climate Dynamics DOI:10.1007/s00382–008–0439-x.

Poussart, P.F. and Schrag, D.P. 2005: Seasonally-resolved stable

isotope chronologies from northern Thailand deciduous trees. Earth

and Planetary Science Letters 235, 752–65.

Poussart, P.F., Evans, M.N. and Schrag, D.P. 2004: Resolving sea-

sonality in tropical trees: multi-decade, high-resolution oxygen and

carbon isotopic records from Indonesia and Thailand. Earth and

Planetary Science Letters 218, 301–16.

Poussart, P.F., Myneni, S.C.B. and Lanzirotti, A. 2006: Tropical

dendrochemistry: a novel approach to estimate age and growth from

ringless trees. Geophysical Research Letters 33, L17711,

doi:10.1029/2006GL026929.

Prieto, M.R. and Herrera, R. 1999: Austral climate and glaciers in

the 16th century through the observations of the Spanish Navigators.

Quaternary of South America and Antarctic Peninsula 11, 153–79.

Prieto, M.R., Herrera, R. and Dussel, P. 2000: Archival evidence for

some aspects of historical climate variability in Argentina and Bolivia dur-

ing the 17th and 18th centuries. In Volkheimer, W. and Smolka, P., editors,

Southern Hemisphere paleo- and neoclimates. Springer-Verlag, 127–42.

Prieto, M.R., García-Herrera, R. and Hernandez Martin, E. 2004:

Early records of icebergs in the South Atlantic Ocean from Spanish

documentary sources. Climate Change 66, 29–48.

Proctor, C.J., Baker, A., Barnes, W.L. and Gilmour, M.A. 2004: A

thousand year speleolthem proxy record of North Atlantic climate

from Scotland. Climate Dynamics 16, 815–20.

Pumijumnong, N., Eckstein D. and Sass, U. 1995: Tree-ring

research on Tectona grandis in northern Thailand. IAWA Journal

16, 385–92.

Qian, W-H. and Zhu, Y-F. 2002: Little Ice Age climate near Beijing,

China, inferred from historical and stalagmite records. Quaternary

Research 57, 109–19.

Qian, W., Hu, Q., Zhu, Y. and Lee, D.-K. 2003: Centennial-scale

dry-wet variations in East Asia. Climate Dynamics 21, 77–89.

Quinn, T.M. and Sampson, D.E. 2002: A multiproxy approach to

reconstructing sea surface conditions using coral skeleton geochem-

istry. Paleoceanography 17, 1062, doi:10.1029/2000PA000528.

Quinn, T.M. and Taylor, F.W. 2006: SST artefacts in coral proxy

records produced by early marine diagenesis in a modern coral from

Rabaul, Papua New Guinea. Geophysical Research Letters 33,

L04601, doi:10.1029/2005GL024972.

Quinn, T.M., Taylor, F.W., Crowley, T.J. and Link, S.M. 1996:

Evaluation of sampling resolution in coral stable isotope records: a

case study using records from New Caledonia and Tarawa.

Paleoceanography 11, 529–42.

Quinn, W.H. and Neal, V.T. 1992: The historical record of El Niño

events. In Bradley, R.S. and Jones, P.D., editors, Climate since A.D.

1500. Routledge, 623–48.

Rasmussen, S.O., Andersen, K.K., Svensson, A.M., Steffensen,

J.P., Vinther, B.M., Clausen, H.B., Siggaard-Andersen, M.-L.,

Johnsen, S.J., Larsen, L.B., Bigler, M., Röthlisberger, R., Fischer,

H., Goto-Azuma, K., Hansson, M.E. and Ruth, U. 2006: A new

Greenland ice core chronology for the last glacial termination. Journal

of Geophysical Research 111, doi:10.1029/2005JD006079.

Reeh, N., Johnsen, S.J. and Dahl-Jensen, D. 1985: Dating the Dye-

3 ice core by flow model calculations. AGU Geophysical Monograph,

33, 57–65.

Riedwyl, N., Luterbacher, J. and Wanner, H. 2008a: An ensemble

of European summer and winter temperature reconstructions back to

1500. Geophysical Research Letters 35, L20707, doi: 10.1029/2008

GL035395.

Riedwyl, N., Küttel, M., Luterbacher, J. and Wanner, H. 2008b:

Comparison of climate field reconstruction techniques: application to

Europe. Climate Dynamics DOI:10.1007/s00382–008–0395–5.

Rivera, G., Elliott, S., Caldas, L.S., Nicolossi, G., Coradin, V.T.R.

and Borchert, R. 2002: Increasing day-length induces spring flushing

of tropical dry forest trees in the absence of rain. Trees 16, 445–56.

Robock, A. and Free, M.P. 1995: Ice cores as an index of global vol-

canism from 1850 to the present. Journal of Geophysical Research

100, 11 549–67.

Rogers, J.C., Bolzan, J.F. and Pohjola, V.A. 1998: Atmospheric cir-

culation variability associated with shallow-core seasonal isotopic

extremes near Summit, Greenland. Journal of Geophysical Research

107, 11 205–19.

Romero-Viana, L., Julia, R., Camacho, A., Vicente, E. and

Miracle, M.R. 2008: Climate signal in varve thickness: Lake La Cruz

(Spain), a case study. Journal of Paleolimnology 40, 703–14.

Rozanski, K., Araguás-Araguás, L. and Gonfiantini, R. 1992:

Relation between long-term trends of oxygen-18 isotope composition

of precipitation and climate. Science 258, 981–84.

––— 1993: Isotopic patterns in modern global precipitation. In Swart,

P.K., Lohmann, K.C., McKenzie, J. and Savin, S., editors, Climate

change in continental isotope records. AGU Geophysical Monograph,

78, American Geophysical Union, 1–37.

Rozanski, K., Johnsen, S.J., Schotterer, U. and Thompson, L.G.

1997: Reconstruction of past climates from stable isotope records of

palaeo-precipitation preserved in continental archives. Hydrological

Sciences – Journal-des Sciences Hydrologiques 42, 725–45.

Ruddiman, W.F. 2003: The anthropogenic greenhouse era began

thousands of years ago. Climate Change 61, 261–93.

Rutherford, S., Mann, M.E., Delworth, T.L. and Stouffer, R. 2003:

Climate field reconstruction under stationary and nonstationary forc-

ing. Journal of Climate 16, 462–79.

Rutherford, S., Mann, M.E., Osborn, T.J., Bradley, R.S., Briffa,

K.R., Hughes, M.K. and Jones, P.D. 2005: Proxy-based Northern

Hemisphere surface temperature reconstructions: sensitivity to

46 The Holocene 19,1 (2009)



methodology, predictor network, target season and target domain.

Journal of Climate 18, 2308–329.

Rutishauser, T., Luterbacher, J., Defila, C., Frank, D. and Wanner,

H. 2008: Swiss spring plant phenology 2007: extremes, a multi-

century perspective and changes in temperature sensitivity. Geophysical

Research Letters 35, L05703. doi:10.1029/2007GL032545.

Saleska, S.R., Didan, K., Huete, A.R. and da Rocha, H.R. 2007:

Amazon forests green-up during 2005 drought. Science 318, 612.

Sano, M., Buckley, B.M. and Sweda, T. 2008: Tree-ring based

hydroclimate reconstruction over northern Vietnam from Fokienia

hodginsii: 18th century mega-drought and tropical Pacific influence.

Climate Dynamics doi: 10.1007/s00382-008-0454-y.

Schilman, B., Bar-Matthews, M., Almogi-Labin, A. and Luz, B.

2001: Global climate instability reflected by Eastern Mediterranean

marine records during the late Holocene. Palaeogeography,

Palaeoclimatology, Palaeoecology 176, 157–76.

Schmidt, G.A. and Mann, M.E. 2004: Reply to comment on ‘Ground

vs. surface air temperature trends: implications for borehole surface

temperature reconstructions’ by D. Chapman et al. Geophysical

Research Letters 31, L07206, doi: 10.1029/2003GL0119144.

Schmidt, G.A., LeGrande, A.N. and Hoffmann, G. 2007: Water iso-

tope expressions of intrinsic and forced variability in a coupled ocean–

atmosphere model. Journal of Geophysical Research 112, D10103,

doi:10.1029/2006JD007781.

Schneider, D.P., Steig, E.J., van Ommen, T.D., Dixon, D.A.,

Mayewski, P.A., Jones, J.M. and Bitz, C.M. 2006: Antarctic tem-

peratures over the past two centuries from ice cores. Geophysical

Research Letters 33, L16707, doi:10.1029/2006GL027057.

Schneider, T. 2001: Analysis of incomplete climate data: estimation

of mean values and covariance matrices and imputation of missing

values. Journal of Climate 14, 853–71.

Schöngart, J., Piedade, M., Wittmann, F., Junk, W. and Worbes, M.

2004a: Wood growth patterns of Macrolobium acaciifolium(Benth.)

Benth.(Fabaceae) in Amazonian black-water and white-water flood-

plain forests. Oecologia 145, 454–61.

Schöngart, J., Junk, W.J., Piedade, M.T.F., Ayres, J.M.,

Hüttermann, A. and Worbes, M. 2004b: Teleconnections between

tree growth in the Amazonian floodplains and the El Niño-Southern

Oscillation effect. Global Change Biology 10, 683–92.

Schrag, D.P. 1999: Rapid determination of high-precision Sr/Ca

ratios in corals and other marine carbonates. Paleoceanography 14,

97–102.

Schweingruber, F.H. 1996: Tree rings and environment dendroecol-

ogy. Paul Haupt.

Schweingruber, F. and Briffa, K.R. 1996: Tree-ring density net-

works for climatic reconstruction. In Jones, P.D., Bradley, R.S. and

Jouzel, J., editors, Climatic variations and forcing mechanisms of the

last 2000 years. NATO Series, Springer-Verlag, Vol. I 41, 44–66.

Schweingruber, F.H., Briffa, K.T. and Jones, P.D. 1991: Yearly

maps of summer temperatures in Western-Europe from AD 1750 to

1975 and western North-America from 1600 to 1982 – results of a

radiodensitometrical study on tree rings. Vegetatio 92, 5–71.

Severinghaus, J., Sowers, T., Brook, E.J., Alley, R.B. and Bender,

M. 1998: Timing of abrupt climate change at the end of the Younger

Dryas interval from thermally fractionated gases in polar ice. Nature

391, 141–46.

Scourse, J., Richardson, C., Forsythe, G., Harris, I., Heinemeier,

J., Fraser, N., Briffa, K.R. and Jones, P.D. 2006: First cross-

matched floating chronology from the marine fossil record: data from

growth lines of long-lived bivalve mollusc Arctica islandica. The

Holocene 16, 967–74.

Shanahan, T.M., Overpeck, J.T., Beck, J.W., Wheeler, C.W.,

Peck, J.A., King, L.W. and Scholz, C.A. 2008: The formation of bio-

geochemical laminations in Lake Bosumtwi, Ghana, and their useful-

ness as indicators of past environmental changes. Journal of

Paleolimnology 40, 339–55.

Shen, G.T., Linn, L.J., Campbell, T.M., Cole, J.E. and Fairbanks,

R.G. 1992: A chemical indicator of trade-wind reversal in corals from

the western tropical pacific. Journal of Geophysical Research-Oceans

97, 12 689–97.

Shindell, D.T., Schmidt, G.A., Mann, M.E., Rind, D. and Waple,

A. 2001: Solar forcing of regional climate change during the Maunder

Minimum. Science 294, 2149–52.

Shindell, D.T., Schmidt, G.A., Mann, M.E. and Faluvegi, G. 2004:

Dynamic winter climate response to large tropical volcanic eruptions

since 1600. Journal of Geophysical Research 109, D05104, doi:

10.1029/2003JD004151.

Shindell, D.T., Faluvegi, G., Miller, R.L., Schmidt, G.A., Hansen,

J.E. and Sun, S. 2006: Solar and anthropogenic forcing of tropical

hydrology. Geophysical Research Letters 33, L24706, doi:

10.1029/2006GL027468

Shulmeister, J., Goodwin, I., Renwick, J., Harle, K., Armand, L.,

McGlone, M.S., Cook, E., Dodson, J., Hesse, P.P., Mayewski, P.A.

and Curran, M. 2004: The Southern Hemisphere westerlies in the

Australasian sector over the last glacial cycle: a synthesis. Quaternary

International 118–119, 23–53.

Shuman, C.A., Alley, R.B., Fahnestock, M.A., Bindschadler, R.A.,

White, J.W.C., McConnell, J.R. and Winterle, J. 1998:

Temperature history and accumulation timing for the snow pack at

GISP2, central Greenland. Journal of Glaciology 44, 21–30.

Sidorova, O.V., Naurzbaev, M.M. and Vaganov, E. 2006: Climatic

changes in subarctic Eurasia based on millennial tree ring chronolo-

gies. Abstract at Holivar2006, available at http://www.holivar2006.

org/abstracts/viewabstract_search.php?

Silenzi, S., Antonioli, F. and Chemello, R. 2004: A new marker for

sea surface temperature trend during the last centuries in temperate

areas: Vermetid reef. Global Planetary Change 40, 105–14.

Silenzi, S., Bard, E., Montagna, P. and Antonioli, F. 2005: Isotopic

and elemental records in a non-tropical coral (Cladocora caespitosa):

discovery of a new highresolution climate archive for the Mediterranean

Sea. Global Planetary Change 49, 94–120.

Smerdon, J.E. and Kaplan, A. 2007: Comments on ‘Testing the

fidelity of methods used in proxy-based reconstructions of past cli-

mate’: the role of the standardization interval, by M.E. Mann, S.

Rutherford, E. Wahl, and C. Ammann. Journal of Climate 20, 5666–70.

Smerdon, J.E., Pollack, H.N., Cermak, V., Enz, J.W., Kresl, M.,

Safanda, J. and Wehmiller, J.F. 2004: Air-ground temperature cou-

pling and subsurface propagation of annual temperature signals.

Journal of Geophysical Research 109, D21107, doi:10.1029/2004J

D005056.

Smith, C.L., Baker, A., Fairchild, I.J., Frisia, S. and Borsato, A.

2006: Reconstructing hemispheric-scale climates from multiple sta-

lagmite records. International Journal of Climatology 26, 1417–24.

Smith, S.V., Buddemeier, R., Redalje, R. and Houck, J. 1979:

Strontium-calcium thermometry in coral skeletons. Science 204,

404–406.

Solanski, S.K., Usoskin, I.G., Kromer, B., Schüssler, M. and Beer, J.

2004: Unusual activity of the Sun during recent decades compared to

the previous 11,000 years. Nature 431, 1084–87.

Solíz, C., Villalba, R., Argollo, J., Morales, M.S., Christie, D.A.,

Moya, J. and Pacajes, J. 2008: Spatio-temporal variations in

Polylepis tarapacana radial growth across the Bolivian Altiplano dur-

ing the 20th century. Special Issue on Regional high-resolution multi-

proxy climate reconstruction for South America: state of the art and

perspectives. Palaeogeography, Palaeoclimatology, Palaeoecology

doi: 10.1016/j.paleo.2008.07.025.

Song, J. 1998: Changes in dryness/wetness in China during the last

529 years. International Journal of Climatology 18, 1345–55.

––— 2000: Reconstruction of the Southern Oscillation from dry-

ness/wetness in China for the last 500 years. International Journal of

Climatology 20, 1003–16.

Souney, J.M., Mayewski, P.A., Goodwin, I.D., Meeker, L.D.,

Morgan, V., Curran, M.A.J., van Ommen, T.D. and Palmer, A.S.

2002: A 700-year record of atmospheric circulation developed from

the Law Dome ice core, East Antarctica. Journal of Geophysical

Research 107, 4608, doi:10.1029/2002JD002104.

Stahle, D.W., Cleaveland, M.K., Haynes, G.A., Klinowicz, J.,

Muskove, P., Nyrvenya, P. and Nicholson, P. 1997: Development of a

rainfall-sensitive tree-ring chronology in Zimbabwe. Eighth symposium

on global change studies. American Meteorological Society, 205–11.

Stahle, D.W., D’Arrigo, R.D., Krusic, P.J., Cleaveland, M.K.,

Cook, E.R., Allan, R.J., Cole, J.E., Dunbar, R.B., Therrell, M.D.,

Gay, D.A., Moore, M.D., Stokes, M.A., Burns, B.T., Villanueva-

Diaz, J. and Thompson, L.G. 1998: Experimental dendroclimatic

reconstruction of the Southern Oscillation. Bulletin of the American

Meteorological Society 79, 2137–52.

P.D. Jones et al.: High-resolution palaeoclimatology of the last millennium 47



Stahle, D.W., Mushove, P.T., Cleaveland, M.K., Roig, F. and

Haynes, G.A. 1999: Management implications of annual rings in

Pterocarpus angolensis from Zimbabwe. Forest Ecology and

Management 124, 217–29.

Steffensen, J.P., Clausen, H.B. and Christensen, J.M. 1997: On the

spatial variability of impurity content and stable isotope composition

in recent Summit snow. In Wolff, E.W. and Bales, R.C., editors,

Chemical exchange between the atmosphere and polar snow. NATO

ASI Ser I 43, 607–15.

Steig, E.J., Mayewski, P.A., Dixon, D.A., Kaspari, S.D., Frey,

M.M., Schneider, D.P., Arcone, S.A., Hamilton, G.S., Spikes, V.B.,

Albert, M., Meese, D., Gow, A.J., Shuman, C.A., White, J.W.C.,

Sneed, S., Flaherty, J. and Wumkes, M. 2005: High-resolution ice

cores from US-ITASE (West Antarctica): development and validation

of chronologies and determination of precision and accuracy. Annals

of Glaciology 41, 77–84.

Stewart, K.A., Lamoureux, S.F. and Finney, B.P. 2008: Multiple

ecological and hydrological changes recorded in varved sediments

from Sanagak Lake, Nunavut, Canada. Journal of Paleolimnology 40,

217–33.

Tarand, A. and Nordli, Ø. 2001: The Tallinn temperature series

reconstructed back half a millennium by use of proxy data. Climatic

Change 48, 189–99.

Tarhule, A. and Hughes, M.K. 2002: Tree-ring research in semi-arid

West Africa: need and potential. Tree-Ring Research 58, 31–46.

Taylor, A.E., Wang, K., Smith, S.L., Burgess, M.M. and Judge,

A.S. 2006: Canadian arctic permafrost observatories: detecting con-

temporary climate change through inversion of subsurface tempera-

ture time-series. Journal of Geophysical Research 111, B02411,

doi:10.1029/2004JB003208.

Telford, R.J. and Birks, H.J.B. 2005: The secret assumption of trans-

fer functions: problems with spatial autocorrelation in evaluating

model performance. Quaternary Science Reviews 24, 2173–79,

doi:10.1016/j.quascirev.2005.05.001

Tett, S.F.B., Betts, R., Crowley, T.J., Gregory, J., Johns, T.C.,

Jones, A., Osborn, T.J., Ostrom, E., Roberts, D.L. and Woodage,

M.J. 2007: The impact of natural and anthropogenic forcings on cli-

mate and hydrology since 1550. Climate Dynamics 28, 3–34.

Therrell, M.D., Stahle, D.W. and Acuna Soto, R. 2004: Aztec

drought and the curse of One Rabbit. Bulletin of the American

Meteorological Society 85, 1263–72.

Therrell, M.D., Stahle, D.W., Ries, L.P. and Shugart, H.H. 2006:

Tree-ring reconstructed rainfall variability in Zimbabwe. Climate

Dynamics 26, 677–85.

Thomas, R.H. and PARCA Investigators 2001: Program for Arctic

regional climate assessment (PARCA): goals, key findings, and future

directions. Journal of Geophysical Research 106, 33 691–705.

Thompson, L.G. and Davis, M.E. 2005: Stable isotopes through the

Holocene as recorded in low-latitude, high-altitude ice cores. In

Aggarwal, P.D., Gat, J.R. and Froehlich, K.F.O., editors, Isotopes in

the water cycle. Springer, 321–40.

Thompson, L.G., Peel, D.A., Mosley-Thompson, E., Mulvaney, R.,

Dai, J., Lin, P.N., Davis, M.E. and Raymond, C.F. 1994: Climate

since A.D. 1510 on Dyer Plateau, Antarctic Peninsula: evidence for

recent climate change. Annals of Glaciology 20, 420–26.

Thompson, L.G., Mosley-Thompson, E. and Henderson, K.A. 2000:

Ice core paleoclimate records in tropical South America since the Last

Glacial Maximum. Journal of Quaternary Science 15, 377–94.

Thompson, L.G., Mosley-Thompson, E., Davis, M.E., Lin, P.-N.,

Henderson, K. and Mashiotta, T.A. 2003: Tropical glacier and ice

core evidence of climate change on annual to millennial time scales.

Climate Change 59, 137–55.

Thompson, L.G., Mosley-Thompson, E., Brecher, H., Davis, M.E.,

Leon, B., Les, D., Mashiotta, T.A., Lin, P.-N. and Mountain, K.

2006: Evidence of abrupt tropical climate change: past and present.

Proceedings of the National Academy of Science 103, 10 536–43.

Treydte, K.S., Schleser, G.H., Helle, G., Frank, D.C., Winiger, M.,

Haug, G.H. and Esper, J. 2006: The twentieth century was the

wettest period in northern Pakistan over the past millennium. Nature

440, 1179–82.

Treydte, K., Frank, D., Esper, J., Andreu, L., Bednarz, Z.,

Berninger, F., Boettger, T., D’Alessandro, C.M., Etien, N., Filot,

M., Grabner, M., Guillemain, M.T., Gutierrez, E., Haupt, M.,

Helle, G., Hilasvuori, E., Jungner, H., Kalela-Brundin, M.,

Krapiec, M., Leuenberger, M., Loader, N.J., Masson-Delmotte,

V., Pazdur, A., Pawelczyk, S., Pierre, M., Planells, O., Pukiene, R.,

Reynolds-Henne, C.E., Rinne, K.T., Saracino, A., Saurer, M.,

Sonninen, E., Stievenard, M., Switzur, V.R., Szczepanek, M.,

Szychowska-Krapiec, E., Todaro, L., Waterhouse, J.S., Weigl, M.

and Schleser, G.H. 2007: Signal strength and climate calibration of a

European tree-ring isotope network. Geophysical Research Letters 34,

L24302, doi:10.1029/2007GL031106.

Tudhope, A.W., Chilcott, C.P., McCulloch, M.T., Cook, E.R.,

Chappell, J., Ellam, R.M., Lea, D.W., Lough, J.M. and Shimmield,

G.B. 2001: Variability in the El Niño-Southern Oscillation through a

glacial–interglacial cycle. Science 291, 1511–17.

UK Department of the Environment 1989: Global climate change.

Report by the Department of the Environment in association with the

Meteorological Office, 24 pp.

Urban, F.E., Cole, J.E. and Overpeck, J.T. 2000: Influence of mean

climate change on climate variability from a 155-year tropical Pacific

coral reef. Nature 407, 989–93.

Vaganov, E.A. 1996: Mechanisms and simulation of tree ring infor-

mation in conifer wood. Lesovedenie (Russian Journal of Forestry) 1,

3–15 (in Russian).

Vaganov, E.A., Hughes, M.K., Kirdyanov, A.V., Schweingruber,

F.H. and Silkin, P.P. 1999: Influence of snowfall and melt timing on

tree growth in subarctic Eurasia. Nature 400, 149–51.

van der Schrier, G. and Barkmeijer, J. 2005: Bjerknes’ hypothesis

on the coldness during AD 1790–1820 revisited. Climate Dynamics

24, 355–71.

van Engelen, A.F.V., Buisman J. and IJnsen, F. 2001: A millen-

nium of weather, winds and water in the low countries. In Jones, P.D.,

Ogilvie, A.E.J., Davies, T.D. and Briffa, K.R., editors, History and

climate: memories of the future? Kluwer Academic/Plenum

Publishers, 101–24.

van Ommen, T.D. and Morgan, V.I. 1997: Calibrating the ice core

paleothermometer using seasonality. Journal of Geophysical

Research 102, 9351–57.

Vetter, R.E. and Wimmer, R. 1999: Remarks on the current situation

of tree-ring research in the tropics. In Wimmer, R. and Vetter, R.E.,

editors, Tree-ring analysis: biological, methodological, and environ-

mental aspects. CABI Publishing, 131–37.

Vinther, B.M., Johnsen, S.J., Andersen, K.K., Clausen, H.B. and

Hansen, A.W. 2003: NAO signal recorded in the stable isotopes of

Greenland ice cores. Geophysical Research Letters 30, 1387,

doi:10.1029/2002GL016193.

Vinther, B.M., Clausen, H.B., Johnsen, S.J., Rasmussen, S.O.,

Steffensen, J.P., Andersen, K.K., Buchardt, S.L., Dahl-Jensen, D.,

Seierstad, I.K., Siggaard-Andersen, M-L., Svensson, A.M., Olsen,

J. and Heinemeier, J. 2006a: A synchronized dating of three

Greenland ice cores throughout the Holocene. Journal of Geophysical

Research 111, D13102, doi:10.1029/2005JD006921.

Vinther, B.M., Andersen, K.K., Jones, P.D., Briffa, K.R. and

Cappelen, J. 2006b: Extending Greenland temperature records into

the late eighteenth century. Journal of Geophysical Research 111,

D11105, doi:10.1029/2005JD006810.

Vinther, B.M., Jones, P.D., Briffa, K.R., Clausen, H.B., Andersen,

K.K., Dahl-Jensen, D. and Johnsen, S.J. 2008: Climatic signals in

multiple highly resolved stable isotope records from Greenland.

Quaternary Science Reviews in press.

von Storch, H., Zorita, E., Jones, J.M., Dimitriev, Y., Gonzalez-

Rouco, F. and Tett, S.F.B. 2004: Reconstructing past climate from

noisy data. Science 306, 679–82.

von Storch, H., Zorita, E., Jones, J.M., Gonzalez-Rouco, F. and

Tett, S.F.B. 2006: Response to comment on ‘Reconstructing past cli-

mate from noisy data’. Science 312, 529c.

von Storch, H., Zorita, E. and González-Rouco, F. 2008:

Assessement of three temperature reconstruction methods in the virtual

reality of a climate simulation. International Journal of Earth Science

(Geologische Rundschau) DOI:10.1007/s00531–008–0349–5.

Vuille, M., Bradley, R.S., Healy, R., Werner, M., Hardy, D.R.,

Thompson, L.G. and Keimig, F. 2003: Modeling d
18

O in precipita-

tion over the tropical Americas: 2. Simulation of the stable isotope

signal in Andean ice cores. Journal of Geophysical Research 108,

4175, doi:10.1029/2001JD002039.

48 The Holocene 19,1 (2009)



Wahl, E.R. and Ammann, C.M. 2007: Robustness of the Mann,

Bradley, Hughes reconstruction of surface temperatures: examination

of criticisms based on the nature and processing of proxy climate evi-

dence. Climatic Change 85, 33–69.

Wahl, E.R., Ritson, D.M. and Ammann, C.M. 2006: Comment on

‘Reconstructing past climate from noisy data’. Science 312, 529b.

Wang, S.-W. and Zhao, Z.-C. 1981: Droughts and floods in China

1470–1979. In Wigley, T.M.L., Ingram, M.J. and Farmer, G., editors,

Climate and history. Cambridge University Press, 271–88.

Wang, S.-W., Gong, D. and Zhu, J. 2001: Twentieth-century cli-

matic warming in China in the context of the Holocene. The Holocene

11, 313–21.

Waple, A., Mann, M.E. and Bradley, R.S. 2002: Long-term patterns

of solar irradiance forcing in model experiments and proxy-based sur-

face temperature reconstructions. Climate Dynamics 18, 563–78.

Watanabe, T., Gagan, M.K., Correge, T., Scott-Gagan, H.,

Cowley, J. and Hantoro, W.S. 2003: Oxygen isotope systematics in

Diploastrea heliopora: new coral archive of tropical paleoclimate.

Geochimica Cosmochimica Acta 67, 1349–58.

Wegman, E.J., Scott, D.W. and Said, Y.H. 2006: Report of the US

House Committees on Energy and Commerce and the sub-committee

on Oversight and Investigations on ‘The “Hockey Stick” global cli-

mate reconstructions’. Available at http://energycommerce.house.gov/

reparchives/108/home/07142006_Wegman_Report.pdf

Werner, M. and Heimann, M. 2002: Modeling interannual variabil-

ity of water isotopes in Greenland and Antarctica. Journal of

Geophysical Research 107, 4001, doi:1029/2001JD900253.

Werner, M., Mikolajewicz, U., Heimann, M. and Hoffmann, G.

2000: Borehole versus isotope temperatures on Greenland: seasonal-

ity does matter. Geophysical Research Letters 27, 723–26.

Wheeler, D. 2005: An examination of the accuracy and consistency

of ships’ logbook weather observations and records. Climatic Change

73, 97–116.

White, J.W.C., Barlow, L.K., Fisher, D., Grootes, P., Jouzel, J.,

Johnsen, S.J., Stuiver, M. and Clausen, H. 1997: The climate signal

in the stable isotopes of snow from Summit, Greenland: results of

comparisons with modern climate observations. Journal of

Geophysical Research 102, 26 425–39.

Wigley, T.M.L., Briffa, K.R. and Jones, P.D. 1984: On the average

value of correlated time series with applications in dendroclimatology

and hydrometeorology. Journal of Climate & Applied Meteorology

23, 201–13.

Wigley, T.M.L., Farmer, G. and Ogilvie, A.E.J. 1986: Climatic

reconstruction using historical sources. In Ghazi, A. and Fantecchi,

R., editors, Current issues in climatic research. Proceedings of the EC

Climatology Programme Symposium, Sophia Antipolis, France, 2–5

October 1984. Commission of the European Communities, 97–100.

Williams, L.D. and Wigley, T.M.L. 1983: A comparison of evidence

for Late Holocene summer temperature variations in the Northern

Hemisphere. Quaternary Research 20, 286–307.

Wilmking, M., Juday, G.P., Barber, V.A. and Zald, H.S.J. 2004:

Recent climate warming forces contrasting growth responses of white

spruce at treeline in Alaska through temperature thresholds. Global

Change Biology 10, 1724–36.

Wilson, R., Tudhope, A., Brohan, P., Briffa, K.R., Osborn, T.J.

and Tett, S.F.B. 2006: 250-years of reconstructed and modeled tropi-

cal temperatures. Journal of Geophysical Research 111, C10007,

doi:10.1029/2005JC003188.

Wilson, R., D’Arrigo, R., Buckley, B., Büntgen, U., Esper, J.,

Frank, D., Luckman, B., Payette, S., Vose, R. and Youngblut, D.

2007: A matter of divergence: tracking recent warming at hemispheric

scales using tree ring data. Journal of Geophysical Research-

Atmospheres 112, D17103, doi:10.1029/2006JD008318.

Wolodarsky-Franke, A. 2002: Reconstruction of the paleo-environ-

ments in Volcán Apagado from Fitzroya cupressoides tree-rings.

M.Sc. Thesis Ecology, Universidad Austral de Chile.

Worbes, M. 1995: How to measure growth dynamics in tropical trees:

a review. IAWA Journal 16, 227–351.

Worbes, M. and Junk, W. 1989: Dating tropical trees by means of

14C from bomb tests. Ecology 70, 503–507.

Wright, S.J. 2006: Response to Lewis et al.: The uncertain response

of tropical forests to global change. Trends in Ecology and Evolution

21, 174–75.

Xoplaki, E., Luterbacher, J., Paeth, H., Dietrich, D., Steiner, N.,

Grosjean, M. and Wanner, H. 2005: European spring and autumn

temperature variability and change of extremes over the last half

millennium. Geophysical Research Letters 32, L15713 doi:10.1029/

2005GL023424.

Yang, B., Braeuning, A., Johnson, K.R. and Yafeng, S. 2002:

General characteristics of temperature variation in China during the

last two millennia. Geophysical Research Letters 29, 1234,

doi:10.1029/ 2001GL014485.

Yao, T., Thompson, L.G., Mosley-Thompson, E., Zhihong, Y.,

Xingping, Z. and Lin, P-N. 1996: Climatological significance of d
18

O

in north Tibetan ice cores. Journal of Geophysical Research 101,

29 531–37.

Zaiki, M., Können, G.P., Tsukahara, T., Jones, P.D., Mikami, T.

and Matsumoto, K. 2006: Recovery of 19th century Tokyo/Osaka

meteorological data in Japan. International Journal of Climatology

26, 399–423.

Zhang, J. and Crowley, T.J. 1989: Historical climate records in China

and reconstruction of past climates. Journal of Climate 2, 833–49.

Zorita, E. and González-Rouco, F. 2002: Are temperature-sensitive

proxies adequate for North Atlantic Oscillation reconstructions?

Geophysical Research Letters 29, 1703, doi:10.1029/2002

GL015404.

Zorita, E., González-Rouco, F. and Legutke, S. 2003: Testing the

Mann et al. (1998) approach to paleoclimate reconstructions in the

context of a 1000-yr control simulation with the ECHO-G coupled

climate model. Journal of Climate 16, 1378–90.

P.D. Jones et al.: High-resolution palaeoclimatology of the last millennium 49




