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Quantitative applications of high-resolution late-Holocene proxy data sets:
estimating climate sensitivity and thermohaline circulation influences
Rationale and overview of our proposed research.
This proposal is concerned with the last 1000 years. Compared say to late-glacial times, late-Holocene climate variations were weaker and do not have as strong a signal-to-noise ratio in individual proxy records.  The period is vitally important, however, because the uncertainties in future climate predictions can be reduced through a better understanding of how and why climate varied over this period.  Improvements are required both to our records of the climate and to the history of possible causal factors.  Because of the weaker signal-to-noise ratio, it is necessary to integrate many different proxy records to achieve climate reconstructions that are useful for accurately estimating/detecting rapid climate changes [in response to external forcings, or internal variations such as the North Atlantic Oscillation (NAO) or the Atlantic meridional overturning circulation (MOC)].  We propose to undertake this integration by synthesising, with rigorous assessment of their true seasonal, spatial and time scale responses, existing and new late-Holocene climate proxies [and any additional records that might be developed and made available during the Rapid Climate Change (RCC) programme].

We will apply these improved climate reconstructions to explore several key questions that relate to the feasibility of using surface proxies to define different aspects of past climate variability.  Specifically, we will quantify the extent to which the palaeodata can be used to: (i) provide useful constraints on the range of climate sensitivities that are compatible with late-Holocene climate changes; (ii) detect the fingerprint of past changes in the MOC; and (iii) distinguish variations in the NAO from externally-forced or MOC-related climate changes.  Extensive use will be made of recent coupled ocean-atmosphere general circulation model (OAGCM) simulations (described below), both in providing estimates of the climate response to external forcings and to abrupt change in the Atlantic MOC (and, indeed, other forms of internally-generated climate variability) and in generating synthetic proxy records.  Thus we will be able to explore the capability of various (hypothetical and actual) networks of proxy data (through subsampling and degradation of model output to represent various possible proxy data sets) for addressing the above questions – and ultimately apply actual proxy data to estimate climate sensitivity and past MOC and NAO variations with quantified uncertainty.  Reliance on OAGCM results to address issues of uncertainty means that conclusions will be model dependent; we propose to use integrations from two of the best-regarded climate models to address this issue.  Our spatially-resolved, hemispheric/global climate reconstructions will also be disseminated for use in addressing other RCC objectives.

Scientific benefits and relevance to users.
The integration of various networks of high-resolution proxy data, together with the reconstruction of large-scale climate variations from them, will be of great benefit to a wide range of climate scientists.  They will be relevant to those attempting to establish the evolution of past climate, investigating the behaviour, processes and mechanisms operating in the climate system, or attempting to evaluate the performance of climate models on decadal-to-centennial time scales.  Our proposed work using climate model output to generate synthetic proxy data will give clear and quantitative guidance to potential users and to the palaeoclimate community as to the quality and quantity of proxy data that are required to answer certain policy-relevant questions.  Our estimates of the likely range of possible climate sensitivities (“likely”, because it is the range that is compatible with past climate changes and forcings) will be of direct relevance to those making forecasts of future climate change.

Specific objectives.
(1) Our overall objectives are to assess the capability, and then use, late-Holocene climate proxies for:

(a) obtaining quantitative climate reconstructions with optimal seasonal and spatial representation;

(b) distinguishing the role of past variations in the Atlantic MOC and the NAO as drivers of circum-Atlantic climate variability; and

(c) better constraining estimates of the sensitivity of climate to external forcing changes.

(2) In achieving these overall objectives we will also meet the following objectives:

(a) extend our existing data bases with additional late-Holocene climate proxies;

(b) reconstruct spatially-resolved global climate variations over the past 1000 years, with a focus on the circum-Atlantic region, and with quantified uncertainty ranges;

(c) use climate model output as synthetic proxy data (subsampled and degraded by noise and/or age uncertainties) to quantify the ability of proxy data (as a function of their coverage, seasonality and reliability) to estimate past variations of MOC strength (via the detection of a model-based estimate of the fingerprint of MOC variability, in the presence of other externally-forced and internally-generated climate variations);

(d) use climate model output as synthetic proxy data to quantify the ability of proxy data to estimate past variations of the NAO, on time scales from annual to centennial, in the presence of other externally-forced and internally-generated climate variations;

(e) use climate model output as synthetic proxy data to quantify the value of proxy data for constraining estimates of the sensitivity of climate to external forcing changes, as a function of the proxy data characteristics and the uncertainty in external forcing changes over the past 1000 years;

(f) apply the results of 2(c), 2(d) and 2(e) to our actual proxy data and climate reconstructions from 2(a) and 2(b), to obtain estimates of past MOC and NAO variations and to estimate the range climate sensitivity to external forcings that is compatible with past climate changes.

Overall approach.
The time evolution of the MOC strength is unknown, but can be estimated from a data set recording the spatial, seasonal and multi-variable evolution of climate, provided that the pattern (including spatial, seasonal and multi-variable structure) and magnitude of response to a change in the Atlantic MOC is known.  Any estimate will be uncertain due to the influence of other internally-generated and externally-forced climate variations (that may not be independent of the MOC).  Uncertainty will be further increased if the recording of the evolution of climate is imperfect and incomplete.  This is the case with climate proxy data (and, to a lesser extent, with instrumental climate data), but nevertheless it is possible to use such data to identify the occurrence of the multi-variate, seasonal and spatial fingerprint of a change in the MOC and hence estimate the influence of past MOC changes [objective 1(b)].  We will use climate model estimates (see below) of the climate signals and climate noise, and use synthetic proxy data to explore how the accuracy of estimating the past MOC influence depends on the coverage, seasonality and reliability of proxy records [objective 2(c)].  On the basis of these results, we will use actual climate data (different predictor networks, such as 20th century instrumental data, or the reduced coverage/reliability of pre-20th century instrumental and proxy-based reconstructions) to estimate the past evolution of the MOC strength and quantify the error in these estimates [objective 2(f)].

Estimating the climate sensitivity
 [objective 1(c)] is a different problem because, unlike for the MOC strength, estimates of the time history of external forcings are available (Crowley, 2000).  Thus, while we still need to rely on a model-based estimate of the pattern of climate response to external forcings (principally solar, volcanic and anthropogenic over the last 1000 years), we can estimate the magnitude of the responses (rather than assuming the model-based magnitude), and hence the climate sensitivity, from the observed (Wigley et al., 1997; Allen et al., 2000; Knutti  et al., 2002) or reconstructed (Crowley, 2000) variation of climate.  This estimate will be uncertain (due to errors in forcings and errors in proxy reconstructions), and we will investigate (using synthetic proxies derived from degraded model output) how the size of the uncertainty range depends upon the coverage, seasonality, and reliability of proxy records [objective 2(e)].  We will apply our results to existing and improved proxy data sets to obtain the range of climate sensitivities that are consistent with our imperfect knowledge of late-Holocene climate changes [objective 2(f)].  Ultimately we may ask how good and extensive proxy records of the past 1000 years need to be to constrain the climate sensitivity more tightly than the current IPCC consensus of 1.5 to 4.5 K (for the radiative forcing equivalent to a doubling of CO2), and which locations, seasons and variables (typically temperature or precipitation) have the strongest influence.  We will also assess whether it is the accuracy of the external forcing estimates or the accuracy of the climate reconstruction that is the limiting factor in constraining the climate sensitivity (for the recent period, Knutti et al., 2002, showed that it is the uncertainty in the tropospheric aerosol forcing that prevents the observed climate record from providing an upper limit on the climate sensitivity).

The NAO has been an important driver of circum-Atlantic climate variability during the extended boreal winter, especially over recent decades (Hurrell, 1995; Wanner et al., 2001) and various attempts have been made (Luterbacher et al., 2002a, and references therein) to reconstruct the past history of its variability, because of its relevance to the detection of unusual climate change and to the Atlantic MOC (Dickson et al., 1996).  Prior to the availability of instrumental atmospheric pressure observations, all NAO reconstructions rely on the indirect (i.e., via the local temperature or precipitation) relationship between a natural or documentary proxy and the atmospheric circulation pattern of the NAO.  By using synthetic proxies derived from model output, and then subsequent application with real proxy data networks, we will evaluate the reliability of proxy-based NAO reconstructions that are calibrated over relatively short periods of interannual variability for reconstructing longer-term variations (i.e., is there a timescale-dependence in the NAO influence), especially in the presence of external climate forcings.  We will address, for example, the issue of whether cooling in northern Europe driven partially by external climate forcings (e.g., during the so-called Little Ice Age) might be used to imply (perhaps erroneously) a period of low NAO index, and the extent to which more widespread proxy data and combinations of moisture- and temperature-sensitive proxies might alleviate this problem (i.e., distinguish between internal and external climate drivers).  We also analyse the model simulations to address the related question of whether changes in Atlantic sea surface temperatures driven by changes in the MOC might interact with the NAO – or at least interact with proxies in NAO-sensitive locations (Keigwin and Pickart, 1999; Keigwin and Boyle, 2000; Bond et al., 2001).  We will then use the synthetic proxy approach to assess the accuracy and coverage of proxy data that is necessary to distinguish between NAO and MOC variations.

Research programme and data sources.
( Data requirements.  The proposed project has two distinct data requirements: climate model (OAGCM) simulations and climate proxy data.  The project will focus on climate variability over the last 1000 years: this is a limit dictated by the model simulations that we will use, though we will not exclude the relatively few proxy records that extend back before AD 1000.  Some of the simulations will be used to provide synthetic proxy data, for addressing the questions outlined in the project objectives.  The strong rationale for this approach is that they come from a system that is fully known (i.e., the model’s climate state, including Atlantic MOC, NAO etc., can all be precisely diagnosed), and thus their use in estimating some aspect of the climate state can be unambiguously tested.  In order for the results to be relevant to the behaviour of real climate proxies, we will use simulations that have been subjected to forcings similar in character to those that have driven the real climate system over the past 1000 years.  The synthetic proxy data will be derived by subsampling the model output to a much reduced spatial, seasonal and multi-variable coverage, followed by a degradation to represent imperfect proxies of climate.  Various noise models (white, red, spatially correlated or uncorrelated) will be tested, to reproduce the influence of non-climatic influences, guided by an analysis of the reliability of real proxy records.  To represent some proxy types we will also average or subsample in the time domain (i.e., reproducing lower-than-annual temporal resolution), or stretch/compress the time series to reproduce dating uncertainties (again guided by the known characteristics of real proxy records; e.g., Jones et al., 1998).

( Model data.  This project will focus principally on the output from two state-of-the-art OAGCMs; HadCM3, developed and run at the Hadley Centre for Climate Prediction and Research (UK), and ECHAM4/HOPE, developed by the Max Planck Institute for Meteorology and simulations run by the GKSS, both in Hamburg (Germany).  The use of two, quite different, climate models is particularly important because it will allow some assessment of uncertainty in the simulated signals.  If appropriate simulations from additional climate models are completed during our project, then we will endeavour to obtain collaborative access to their output and thus extend this inter-model comparison.  Millennial length control simulations, providing internally-generated climate variability, are already complete from both HadCM3 and ECHAM4/HOPE; simulations under various external forcings are also available, to define each model’s response to external forcings.  The signal of climate response to a change in MOC will be derived from the HadCM3 simulations of Vellinga and Wood (2002).  This signal, from one simulation from one model, is clearly uncertain.  It is likely, however, that ensembles of simulations from multiple models will become available during this 4-year project, and we will make use of these to test how the uncertainty in this signal affects the ability of surface proxies to register the effect of changes in Atlantic MOC.  Simulations of the response to natural and anthropo-genic forcings over 1500-2000 (HadCM3) and 1000-2000 (ECHAM4/HOPE) are either underway or already complete.  Forcings used include orbital, solar irradiance, volcanic aerosol, greenhouse gases, tropospheric aerosols, tropospheric and stratospheric ozone, and land use change.  These simulations will provide synthetic proxy data, and also a possible realisation of the climate state over the last 500 or 1000 years, which can be attempted to be reconstructed using the synthetic proxy data.

( Modelling centre collaborations.  The HadCM3 OAGCM simulations will be provided by Simon Tett and by agreed collaboration with Michael Vellinga and Richard Wood (all at Hadley Centre).  Those from ECHAM4/HOPE will be provided by Hans von Storch (GKSS) and Ulrich Cubasch (MPI) through an EC-funded project (SOAP) that begins in November 2002 [the proposed project will benefit from the SOAP project, but addresses objectives that are clearly different from those of SOAP (which has a focus on validating climate models)].  We will also use the estimated histories of external forcings, with quantified uncertainty (updated from Crowley, 2000), that have been used to drive the 1500-2000 and 1000-2000 simulations of HadCM3 and ECHAM4/HOPE.

( Analysis of proxy data.  The second phase of the project involves applying the results obtained using synthetic proxy data to real proxy data, to provide answers to the questions raised in our objectives.  We propose to devote a considerable amount of effort to working with proxy data and extending and improving our existing proxy-based climate reconstructions (e.g., Briffa et al., 2001).  Work is required for two purposes.  First, the creation of synthetic proxy records from model output requires an estimate of the reliability of proxies at recording local climate (this is related to the uncertainty range about any climate reconstruction based on that proxy record), including information on their seasonal and mutli-variable sensitivity, as well as consideration of how this reliability depends upon time scale (from inter-annual to inter-centennial).  Second, our existing tree-ring-density based reconstructions of growing season temperatures over the Northern Hemisphere extra-tropics must be extended and improved to provide useful quantitative answers to the questions raised in our objectives.  Thus we must make use of multiple proxy types (details below), and also the early instrumental records from the circum-Atlantic region to provide the longest data for calibration and error/uncertainty quantification.

( High-resolution instrumental and proxy climate data sources.  Instrumental data to be used for calibration and testing of seasonal reconstructions include gridded data sets of monthly temperature and precipitation currently extending from 1851 and 1900, respectively (Jones and Moberg, 2002; New et al., 2000).  Longer data are available for Europe (extensive monthly series back to the 1750s) and daily temperature series for eight locations (Camuffo and Jones, 2002).  These, and other early instrumental temperature records from the circum-North Atlantic, will be supplemented by newly obtained early west Greenland data (starting in 1784) and Icelandic (starting in 1780) data, to be digitised as part of this proposed project.  Many of the surface climate proxy records are already archived in our data base (Briffa, 2000; Briffa et al., 2001; Jones et al., 1998, 2001) and the bulk of additional high-resolution records will be compiled during a concurrent EC-funded project (SOAP).  These include many new tree-ring records and calibrated climate reconstructions based on them.  They originate from extensive updated data in the eastern (provided by Ed Cook) and southern (provided by David Stahle) United States.  Many new or updated tree-ring records will also become available from Scandinavia, the Alps, northwest Africa and Canada during the early stages of the proposed project.  One important focus for detailed comparison, integration and climate calibration of numerous (some very recent) palaeoclimate proxies will be Greenland.  Besides the GRIP and GISP records, Sigfus Johnsen has provided the new North GRIP isotope records, and Ellen Mosley-Thompson will collaborate in the analysis of numerous multi-century accumulation records with good spatial distribution over Greenland, arising out of the PARCA project (Mosley-Thompson et al., 2001).  Other annual-resolution ice core, tropical coral and excellent documentary records/reconstructions will also be used (e.g., the recent 1000-year record for the Benelux countries assembled by van Engelen et al., 2001; and gridded European reconstructions from Luterbacher et al., 2002b).

( Lower-resolution climate proxies.  In the proposed project we will also carefully consider the utility of selected lower-than-annual resolution palaeoclimate records from land (including lake) sources.  These will include an analysis of extensive borehole records (Huang et al., 2000; made available by Henry Pollack); diatom or chironomid-derived reconstructions (with advice from Andre Lotter, Ian Snowball and Atte Korhola); speleothem data (with data and advice from Tim Atkinson, Andy Baker and Frank McDermot); and possibly very-high-resolution pollen records (with advice from John Birks).  We are also anxious to incorporate within our analysis framework new high- and lower-resolution records that might be constructed and made available within the RCC thematic programme.  If they proceed, then we consider that the projects proposed by Battarbee (lake-based proxies), Barber (peat-based proxies), Finch (speleothem-based proxies) and McCarroll (tree-ring isotopes) represent excellent potential for collaboration in the later stages of the project.  These data will require examination for specific quantitative application within the project, in terms of dating control and defined uncertainty ranges, but will be utilised if there is a clear advantage in doing so (though note that the annual-resolution data will be the main focus of the project).  Synthetic data from the climate model simulations will be used to evaluate the impact of systematic or random dating biases on our ability to integrate and calibrate imperfectly dated records.  We will also examine the calibration of the lower-resolution data, emphasising the use of long instrumental records or calibration of lower-resolution proxies against calibrated high-resolution proxies (uncertainties may be compounded, but nevertheless must be quantified, perhaps using a “Total Least Squares” approach – Allen and Stott, 2002).

( Work plan.  To clarify how the project will be structured, the main tasks to be undertaken are listed below.  Note that some of the tasks must continue in parallel; the numbering is for convenience rather than to imply a simple sequential time table.
(1) Obtain OAGCM outputs and the forcing histories that were applied to each simulation.

(2) Analysis of model outputs (including inter-model comparison) to identify responses to applied forcings, signal-to-noise ratio relative to the control run, and to diagnose simulated MOC, NAO etc.

(3) Subsample, degrade and time average the model output in many different ways [determined in part by task (5)] to produce many synthetic proxy networks of varying skill and geographic/seasonal coverage.

(4) Derive multiple or principal component regression relationships between simulated MOC and series in a synthetic proxy network, and apply them to obtain a reconstruction.  Compare this with the simulated MOC, and repeat for many different networks (including the same network but with different noise realisations for the degradation) to assess the skill of proxies at estimating MOC variations as a function of the proxy network.  Appraise this skill in comparison with control run estimates of “noise” and thus assess the utility of the surface proxies.

(5) Repeat (4) but for the NAO.  Use actual proxy networks from published NAO reconstructions, to facilitate their intercomparison and, where differences exist between reconstructions, to assist in explaining the reasons for the differences.

(6) Reconstruct global and northern hemisphere temperature (spatial mean and spatial patterns) from the synthetic proxy data [see task (9) for more on methods], then follow the approach of Crowley (2000) by using energy-balance models with various forcings (within the estimated uncertainty range) and various climate sensitivities to find the range of sensitivities that reproduce the spatial-mean within the control run internally-generated variability (“noise”) range.  Repeat using the Allen et al. (2000) approach, with spatial patterns of signal response from the models, but scaling them to find the range of scaling factors that are “consistent” with model internally-generated climate “noise”.  This approach is based on optimal signal detection (Allen and Stott, 2002; Allen et al., 2002) procedures, where optimal refers to the use of natural variability estimates to focus on regions/seasons whose signal-to-noise ratio is highest.  It will also be possible to incorporate estimates of the error/uncertainty associated with the proxy-based reconstructions when following this approach.  The detection procedure will yield ranges of consistent scaling factors for each forcing [or the forcings could be combined under the assumption of equal (average) scaling factors, to yield a single range], from which the implied climate sensitivity range can be computed.  We will apply these techniques to a hierarchy of cases from an assumed perfect knowledge of forcings and climate (thus limited only by internally-generated climate noise), through a perfect knowledge of climate but with uncertain forcings, to various imperfect (uncertain) “knowledges” of climate and forcings, to assess the dependence on proxy networks. 

(7) Collate archives of existing proxy data (see earlier for further information); this will be facilitated by a concurrent EC-funded project (SOAP) which will assemble many annual resolution proxies.  Additional lower-resolution proxies will be collated.

(8) Compare individual proxies with instrumental climate data to assess local climate response of each annual resolution record – thus we will improve upon the “black box” approach of (e.g.) Mann et al. (1998) of using all available proxies without consideration of their local climate signal.  Rather, we will reconstruct climate variables and seasons that are actually recorded in all the proxies in a selected subset.

(9) Produce spatial climate (temperature) reconstructions using the proxy data to obtain large-scale area-averaged and/or spatially-resolved time series, with best coverage over recent centuries, reducing in coverage and skill back to 1500 and a further reduction back to 1000.  Multivariate methods, such as principal component regression, will be used with calibration against instrumental data and independent verification.  Synthetic proxy records from OAGCM output will be used to assess our ability to obtain independent and reliable reconstructions of warm and cold season climate, land and ocean surface climate, and spatially-resolved versus spatially-averaged climate, given the available proxy data.  Comparisons will be made with existing regional and hemispheric reconstructions (e.g., Mann et al., 1998; Briffa et al., 2001; Luterbacher et al., 2002b).

(10) Reconstruction of the NAO and MOC using calibrated temperature- and moisture-sensitive proxies [task (8)], and estimation of the climate sensitivity using spatial reconstructions of temperature [task (9)].  Use the model-based synthetic proxy analysis [tasks (4), (5) and (6)] to provide uncertainty ranges on each of these outputs.  Draw conclusions from the results of this project about the utility of proxy data for this type of application and the implications for future climate change.

( Extension to ocean proxies.  Clear synergies exist between our model and proxy-based assessment of the ability of surface climate proxies for indirectly (and imperfectly) measuring the strength or heat-transport of the Atlantic MOC, and the modelling support from the Hadley Centre for assessing the performance of instrumental monitoring systems (see RCC website: http://www.nerc.ac.uk/
funding/thematics/rcc/ModellingSupportMOC.shtml).  We will build upon these synergies, through our agreed collaboration with Michael Vellinga and Richard Wood (Hadley Centre), by a limited and preliminary extension of our analysis to consider the utility of selected oceanic proxies in addition to terrestrial proxies – though we acknowledge the additional difficulties involved in assessing model and proxy reliability when there is little instrumental data available for comparison.  This could include some quasi-ocean proxies, such as palaeo sea level records which can be compared with simulated ocean water density (van der Schrier et al., 2002) and linked with external forcings and MOC variations.  Very recent reconstructions of water temperature for locations along the western European seaboard and Iceland, based on high-resolution ocean sediment cores, are (or will be) available soon from Eystein Jansen and Hans Peter Sejrup and via the EC-funded project HOLSMEER (coordinated by James Scourse).

Justification of resources.
Almost all of the resources requested are for the employment of postdoctoral research scientists to undertake the various proposed tasks.  During the first 60% of the project period, while Dr Osborn is coordinating (with Prof. Briffa) an EC-funded project (SOAP: Simulations, Observations And Palaeodata), a more junior (e.g., recently completed PhD) scientist will be employed to work on the compilation, local calibration, and integration of various climate proxy data sets, and to test approaches for the creation of synthetic proxy data and begin their application to estimating past climate variations and climate sensitivity.  During the final 40% of the project period, the greater and broader-ranging expertise of Dr Osborn will be employed to undertake the more demanding tasks such as the full application of the methodology with synthetic and real proxy data to answer the latter questions raised in the project objectives, the reconstruction of large-scale climate, and the interpretation of the results in the context of current and future climate change issues.  About 3 weeks per year of a computer support technician is included to assist with certain data processing and data handling tasks, including regular backing up of disk storage.

Modest travel costs are requested to cover travel to the Hadley Centre and for visits to other colleagues for collaborative work and exchange of data and expertise.  In addition, partial costs towards the attendance at the AGU fall meeting in the USA in 2005 are requested.  Items included under consumables are for costs related to publication of project output in high impact factor journals (page, reprint and colour charges), and also for the purchase of dedicated and backed up computer storage to cope with the large model data sets that will be analysed.

Management and training.

The overall project management will be undertaken by Prof. Briffa, who has a proven track-record for international-quality research in this and related areas, and has successfully coordinated EC- and NERC-funded projects.  The co-investigators will provide the necessary direction in their fields of expertise; Dr Tett in the application of optimal signal detection algorithms, and Prof. Jones in the characteristics, availability and use of early instrumental and climate proxy data.  Post-doctoral training will be given to two scientists, focussing on the interdisciplinary skills that are necessary for research at the interface between proxy data and numerical climate models.  This project will, therefore, help to address the “serious lack of scientists with the required breadth of knowledge and skill to pursue this scientific grand-challenge” highlighted in the Rapid Climate Change science plan.  A recently completed PhD scientist will receive initial training in the characteristics of model and proxy data and methodologies for coping with these and allowing joint analysis.  Dr Osborn’s training will be continued in this area (following on from earlier training during a 1999–2001 NERC project), extending it into areas such as optimal signal detection, climate reconstruction using lower-resolution proxies, as well as providing experience in project management.

Dissemination of scientific output and data stewardship.
We will strive to maintain our reputation for publishing highly-respected work in high quality and high impact factor journals.  At a more widely accessible level, we will ensure that current scientific perspectives are highlighted on our web-based set of climate information sheets (http://www.cru.uea.ac.uk/cru/info/).  These are targeted for non-experts, and currently receive about 3000 independent visitors per month – a highly efficient method of outreach to a broad range of scientists, media and members of the public.  New climate reconstructions based on improved proxy data sets and improved reconstruction methods will be made available to other RCC projects during the project and made publicly available at the end of the project.  There is currently no NERC designated data centre with a strong remit for climate proxy records, but our climate reconstructions would be provided to the British Atmospheric Data Centre if appropriate, and would certainly be lodged with the World Data Centre for Paleoclimatology (hosted by the US National Geophysical/Climatic Data Center) and will also be disseminated via the Climatic Research Unit’s own website, which has a permanent and well-publicised section for the distribution of data sets.  
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� Climate sensitivity is typically defined as the equilibrium rise in global-mean surface temperature that would be realised following a radiative forcing change equivalent to a doubling of atmospheric CO2 concentration.
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