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B3.  Objectives

This project will evaluate the reliability of state-of-the-art coupled ocean-atmosphere general circulation models (GCMs) that are currently being used in anthropogenic climate change detection studies and for future climate predictions.  The overarching objective of the project is to establish the extent to which the latest GCMs can realistically simulate the natural variability of climate, and the climate variations associated with external forcing changes over the past centuries.  The project will accomplish this through a unique combination of carefully prescribed climate model experiments and comparison with improved compilations of real-world climate variability spanning the last 500 years.

In reaching this overall objective, the project (SOAP) will achieve many individual measurable objectives.  The most important of these are:

· The simulation of climate variations for the period ad 1500-2000 using two state-of-the-art GCM climate models, forced with the same natural forcing histories (including volcanic aerosol loading, total solar irradiance changes and orbital changes) and separate simulations forced by combined natural and anthropogenic forcings (greenhouse gases, ozone and sulphate aerosols) for the period ad 1750-2000.

· Detailed statistical intercomparison of the simulations with one another, and with already available millennial-length control simulations (with constant external forcings), to enable:

· the identification of robust climate responses to external forcing on global and regional scales; and

· the quantification of the relative importance of forced and internally-generated climate variability.

· The production of an enhanced and integrated database of annually-resolved climate proxy records, by assembling many existing records (tree rings, ice cores, corals, etc.) and lower resolution records such as those from ice cores, lake sediment, peat records and borehole temperature estimates.

· The construction of homogeneous sets of climate data, representing seasonal temperature, precipitation and atmospheric circulation variability over the last 500 years, involving the amalgamation (via appropriate calibration) of instrumental observations, documentary climate archival data and existing and the newly amalgamated palaeoclimate proxy evidence, to allow:

· the improved definition of the characteristics and magnitude of natural climate variability during the last five centuries, based on analysis of the newly compiled climate data.

· Evaluation of the simulated climate variability, and the simulated climate response to external forcing, by quantitative comparison with the extended observed/reconstructed climate data.

· The use of the model simulations to aid in the interpretation of the real-world climate variability, specifically the use of signal detection techniques to test the extent to which the model response to external forcings is detectable in the observed/reconstructed climate data.

· The generation of improved estimates of natural climate variability, through synthesis of the simulated and observed/reconstructed data.

· The re-assessment of climate change prediction uncertainties and climate change signal detection uncertainty, in the light of these new estimates of natural variability.

· Comparison of estimates of sea level variation generated from the climate model simulations with a synthesised history of North Atlantic sea level changes, based on a combination of long tide gauge records and evidence from a number of ongoing tidal marsh sampling studies.

B4.  Contribution to programme / key action objectives

The project we propose, within the Energy, Environment and Sustainable Development research programme, comes under Key Action 2: “Global Change, Climate and Biodiversity”.  The project is relevant to the main focus of this Key Action, namely “global environmental problems that have a potentially significant impact on Europe, such as climate change”.  The overarching objectives of our proposed project are to simulated climate variations over the past 500 years and to evaluate these simulations by comparison with improved palaeoclimate reconstructions for the same period.  The project will, therefore, achieve one of the objectives of RTD priority 2.1.3 “Climate change prediction and scenarios”, viz. “verification of model capability for simulation of climate changes over past decades and centuries”.  The project will make use of two state-of-the-art (as reported in the forthcoming Third Assessment Report of the IPCC) coupled climate models that are used in the most recent simulations of future climate change; thus our evaluation of these models, over the past 500 years, is highly relevant to assessing their reliability under future forcings.  Through our assessment of model capability at simulating both internally-generated climate variability and climate variations that are forced externally, we will also contribute to the key action objective of “modelling of climate variability…”.  Most recent studies that have claimed to identify a significant human influence on climate have relied on simulated estimates of climate variability.  Thus, as one of the largest sources of uncertainty in the key action objective “detection and attribution of climate change” is our incomplete knowledge of the magnitude and patterns of natural climate variability on decadal to century time scales, the proposed project is directly relevant to that objective because it will improve existing knowledge of natural climate variability.

The proposed project will generate improved proxy- and documentary-based reconstructions of climate over the past 500 years, for comparison/evaluation of the climate model simulations.  These improved reconstructions will be obtained by synthesising existing, diverse instrumental, documentary and palaeoclimate data sets, and by combining or comparing recent reconstructions of certain climate variables.  Though the project will not involve the collection of new palaeodata, it will nevertheless contribute to RTD priorities 2.1.4 (“Climate dynamics and abrupt climate changes”, viz. “to better identify and model the important processes in the climate system, including natural variability”) and 2.4.1 (“Better exploitation of existing data…”)

The proposed project will also make a relevant contribution to RTD priority 2.2.2 (“Interactions between ecosystems and the carbon and nitrogen cycles”).  One of the climate models that will be used incorporates a dynamic vegetation model and will yield simulated responses of vegetation to internally-generated and externally-forced climate variations over the past 500 years.  These simulated data will be of relevance to the objective “better understanding of the spatial and temporal (inter-annual) variability of the…terrestrial carbon sources and sinks”.  The proposed project will not investigate this issue in detail, but the simulated data, together with tree-ring-based estimates of boreal forest productivity derived from our palaeodata collections, will be made available to subsequent collaborative projects focussing on this research priority.

B5.  Innovation

The overall concept of this proposal represents its major innovation: namely to combine expertise in the latest general circulation models and different disciplines of observational, historical and reconstructed climates, specifically to design a project in which carefully simulated climate of the last 500 years can be compared with the evidence of actually climate variability.  The project therefore offers real prospects of answering the critical question “How realistically can the latest, state-of-the-art GCMs driven by the best estimates of natural forcings, reproduce the character of natural climate variability?”

The project will bring together the best evidence of ‘real-world’ climate variability across the whole Northern Hemisphere and synthesise and analyse it in ways suitable for multiple comparison with the model simulations.  This will represent the first attempt to quantify the relative importance of internal climate variability, and the influence of natural and anthropogenic forcings using the most sophisticated GCMs.

There are also many aspects of innovation associated with the individual workpackages that constitute the overall project.  These may be summarised as follows:

Simulation of climate variability (workpackage 2)

· The proposed simulations of climate under estimated histories of natural and natural-plus-anthropogenic external forcings will provide state-of-the-art information about externally-forced climate variability and change.  They will be analysed in combination with millennial length control integrations of the same models that are already complete
 and provide information about climate variability generated by interactions within the climate system.  This will be the first time that an attempt has been made to simulate the last 500 years with coupled atmosphere/ocean general circulation models (GCMs).  Intercomparison of results from two leading coupled GCMs2,3 will allow an estimate to be made of how sensitive such conclusions are to model uncertainty.  Two different models runs with the same forcings constitute a good opportunity to separate the response of the climate system to the external forcing factors from the internally generated climate variability, and to assess model uncertainties with respect to  these responses.  One of the models has successfully simulated changes in surface temperature that have been observed over the last century4.

· Both climate models represent the state-of-the-art and are more advanced than any models that have previously been applied to the question of climate variability over the past 500 years.  Importantly, both models are those that are being used to predict possible scenarios of future climate change.  Both have a finer spatial resolution than those models typically used to investigate multi-century natural variability.  The model2 to be used by partner 2 has a relatively high-resolution ocean GCM (1.25º of latitude and longitude) coupled without flux adjustments to a slightly coarser resolution atmospheric GCM, while the model3 to be used by partners 3 and 4 uses atmosphere and ocean GCMs coupled with flux adjustment that have a very fine ocean resolution in the equatorial region to resolve ENSO dynamics.

Reconstruction of climate variability (workpackage 3)

The compilation of observational climate variability for the last 500 years will bring together many documentary and palaeoclimate records and archives that have not been synthesised until now.  Similarly, many different proxy records will be assimilated for the first time.  Some emphasis will be placed on tree-ring-based records (see below) but the project will also incorporate many published reconstructions and reassessments of other palaeoclimate proxies (including ice-core derived series; multiple proxy sources from lake sediments, some speleothem data and the highest resolution palynological and peat data).  Integrating the data (or climate reconstructions) from such diverse proxy sources is a new and timely aspect of this work.

· A very extensive, as yet unpublished network of tree-ring-based Palmer Drought Indices5, that now extend back the full 500 years, will be combined with numerous local drought sensitive series in the U.S. and Europe, the Mediterranean and N. Africa (Morocco) (several of which will be recalibrated as part of the project).

· The temperature-sensitive tree-ring network will also bring together, for the first time, several expansive networks of tree-ring widths and densities6, separately constructed in different laboratories in the U.S., Europe and Russia.  Together these will provide virtually comprehensive extra-tropical land coverage – and we will reprocess many of the data using a very recently published7 technique that provides greater long-timescale variability in the calibrated reconstructions than has previously been preserved.

· We will use spectral decomposition and timescale-dependent calibration techniques to allow the variability expressed in different palaeoclimate proxies (with different timescales of response or resolution) to be combined and to provide appropriate (time-dependent) estimates of reconstruction uncertainty.

The project will therefore provide a state-of-the-art homogeneous climate data set that is unrivalled in its representation of  high- (seasonal) resolution variability, different variables (temperature, precipitation, pressure), and extensive spatial coverage.  Analysis of these climate data will subsequently provide a significant advance in our knowledge of regional and hemispheric temperature, moisture and circulation changes over the last 500 years.

Synthesis of palaeo and model-derived estimates of natural climate variability (workpackage 4)

· The combined use of state-of-the-art model simulations and palaeo reconstructions will further advance our understanding and knowledge of climate variability.  In particular, like-with-like comparisons will be possible, as the models will have been subject (to the best available estimate) to the same forcing  that the climate proxies experienced.

· The model simulations will aid in the interpretation of the palaeo data, by estimating the signals that are due to external forcing and by providing the typical spatial patterns and coherence of climate variability on different time scales, as well as between the different variables and/or seasons that the proxy data represent.  The palaeo data will be used to evaluate the simulated magnitudes and patterns of climate variability, and to draw conclusions about climate change detection studies that have used the model-based estimates of natural variability.  The application of this approach is entirely original.

· In comparing model and palaeo data, we will apply innovative methods that take into account uncertainty in the climate reconstructions (which will be carefully estimated for specific time scales and through time), and also investigate the alternative approaches of subsampling the model data to match the palaeo records (with the possibility of statistical downscaling to the proxy site), or upscaling the palaeo records to a scale where both model and palaeo data perform most reliably.

Sea level variations over the past 500 years (workpackage 5)

The major components of SOAP focus on climate variations over recent centuries, directed towards achieving the key action objectives. Nevertheless, the particular climate model simulations to be undertaken provide a unique opportunity to extend a small part of the project to the investigation of sea-level variability.  This opportunity arises for two reasons. Firstly, the coupled ocean-atmosphere climate models used for simulations of the past 500 years (WP2) also produce spatial estimates of sea level variation associated with thermal expansion of sea water and ocean circulation changes. And secondly, thanks to a new methodology8 developed and tested in the past ten years, ca. ten high-resolution (50-200 year) sea-level records for the past 500-1000 years from sites around the North Atlantic seaboards will become available. Our intention is to use this modest but valuable data base to make a first attempt at providing quantitative estimates of the degree to which North Atlantic sea-level variability is realistically hindcast by the current generation of coupled GCM climate models and ice-melt models9.  Sea level change is a forcing factor in coastal change and evolution; since very little is known of sea-level variability during the past 500-1000 years, this project will open a new perspective on why coastal environments changed in the past and will continue to change in the future.
B6.  Project workplan

B6.(a)  Introduction

Rationale for our approach

This project was specifically designed to address the widely recognised need to verify the capability of the latest General Circulation Models (GCMs) to simulate climate changes over past centuries.  The project will explore the nature of model climate responses to historical natural forcing, and establish the capability of climate models for predicting climate over the last 5 centuries.  This information will be used to quantify the uncertainty associated with the detection and attribution of climate change signals on hemispheric and regional spatial scales, due to natural and anthropogenic forcing.
The majority of climate change signal detection and attribution studies to date assume a model-based estimate of natural climate variability10.  This is a major and virtually untested assumption, and is potentially a major source of criticism that could be used to detract from all such work.  This proposal has been devised to make an effective contribution towards improving our knowledge and understanding of interannual to multi-century time scale variability of the climate system, and the degree to which this is realistically simulated by the best GCMs.  Climate models are clearly unrivalled in their ability to simulate a broad suite of variables across the entire world, but their reliability on decadal and longer time scales requires additional evaluation.

We propose to undertake new, complementary simulations of historical climate variability, involving long control integrations, and both naturally-forced and anthropogenically-forced experiments.  All of these will be run in parallel using two state-of-the-art coupled atmosphere-ocean GCMs2,3.  Both models will be forced with identical external forcings11.  Uniquely, this will allow systematic isolation and comparison of the separate responses to the same natural and anthropogenic forcings and so will provide the basis for defining model-dependent and independent regional and global-scale sensitivity to natural (i.e., non-anthropogenic) climate variability.  This information will define the range of uncertainty associated with anthropogenic influence on 20th century and on 21st century climate.

The project will also produce state-of-art, high-resolution climate data spanning the last five centuries by amalgamation of instrumental12, documentary13 and proxy-based reconstructions6,14.  These various data will be vigorously calibrated and furnished with realistic error estimates, separately calculated for specific parameters, regions, times, and time scales.  From these data the project will provide the best available information on characteristic modes and magnitudes of natural climate variability for comparison with the natural forcing histories and the outputs from the GCM simulations.  The important questions about the nature, and the significance, of recent climate change can be addressed in separate model-based, and observational domains and ultimately, the issue of attribution can be explored using the combined information from both approaches. 

The project is organised within five workpackages: representing the optimum balance between efficient distribution of related separate tasks and the need to ensure good integration of effort within and between the subgroups of partners.

Workpackage 1 is concerned with overall coordination of the project.  Workpackage 2 groups together all of the work on climate simulations for the last 500 years, undertaken by different European modelling groups.  Workpackage 3 brings together all of the observational, historical and palaeoclimatic data assembly and subsequent statistical comparisons of methods to integrate and calibrate them.  Workpackage 4 addresses the synthesis and interpretation of both the 500-years of observational/reconstructed climate records and the appropriate simulated data.  The fifth workpackage addresses the separate sea-level-change aspect of the project, and includes both the reconstruction of historical changes and their interpretation and reconciliation with simulated changes.  We now describe the background and approach to each of the workpackages.

Co-ordination and dissemination (WP1)
To ensure efficient collaboration, communication and data exchange within the project consortium, specific coordination tasks have been identified and form the basis of WP1.  The WP1 table gives detailed information about these tasks and their associated deliverables.  The project website developed under WP1 will also be used for dissemination to the scientific community of all the model simulations and all the palaeoclimate reconstructions that will be produced for SOAP

Model simulations of the climate of the last 500 years (WP2)
Internal climate variability (that generated by interactions within the climate system) simulated by coupled atmosphere/ocean general circulation models (AOGCMs) has been used in studies that have attempted to detect recent climate change and attribute it to human influences10, in studies of potentially predictable decadal climate variations15 and to investigate the mechanisms of climate variability16.  However, establishing the veracity of decadal to century timescale internal variability is difficult because the real climate system is also subject to external forcings, and the instrumental record is too short to reliably estimate variability on these timescales over most of the world.

To estimate the contribution of natural and anthropogenic forcings to climate variability we propose to carry out simulations with state-of-the art AOGCMS using natural and anthropogenic forcings.  Partners 2, 3 and 4 will estimate changes in natural forcings (orbital changes, total solar irradiance changes and volcanic aerosol loading) based on a variety of proxy indicators, required for the simulations.  Note that a large part of the work to estimate natural forcings has been done11 and the forcings applied to a simple energy balance model11.  Existing data sets will be used to determine the anthropogenic forcings (greenhouse gases, sulphate and other aerosols, ozone, and land-cover changes17).

The simulations will be done with two different AOGCMs.  One uses flux adjustments (model B), while the other does not require any (model A), and both are stable for multi-century integrations.  Model A2 is notable for the relatively high resolution of its ocean component (1.25( of latitude and longitude and 20 vertical levels) and a radiation scheme that allows explicit representation of well-mixed greenhouse gases and aerosols.  Model B3 is notable for the refined meridional resolution (0.5() of its ocean component around the equator in order to better resolve equatorial dynamics.  Both models have ENSO-like behaviour and interannual variability that compares well with instrumental records on annual timescales.  Partner 2 will carry out two simulations using model A to complement the existing 1000-year control integration1: one from 1500–2000 with natural forcings and another from 1750–2000 with both natural and anthropogenic (all) forcings.  A 1000-year control integration of model B is already complete.  This will be supplemented by a 1000-year natural forcings run being undertaken for a separate, already ongoing, project and that will be available early in the SOAP project.  The additional integration of model B that will be undertaken by partner 3 for SOAP is that forced by a combination of natural and anthropogenic forcings from 1750 onwards.

The four forced simulations will be compared with one another and with the two existing millennial-length control simulations.  We will examine the simulations to see on what time and space scales the variance of temperature and precipitation differs from that of the control; in what epochs the forced simulations differ from the control; and if various indices (NAO, ENSO) and statistics (quantiles, return periods) linked to extreme events (hot/cold summers, droughts) differ. The aim of these comparisons is to see what climate variables, on what spatiotemporal scales, are most sensitive to external forcings. The results of these studies will be used to inform decisions about what should be compared between the forced simulations and proxy indicators of climate in workpackage 4. Comparison of the naturally forced simulations with the control will allow us to estimate the contribution that natural forcings make to climate variability and relate that to internal climate variability. By using two different models we can make some estimate of the role of model uncertainty in these comparisons and focus most of our attention on those features which are robust in the two simulations.

Amalgamation and calibration of 500-years of high-resolution climate data (WP3)

This workpackage encompasses a large amount of work, and major input from four institutions and their collaborators.  However, the necessity to work closely and to employ and compare different statistical approaches to the processing of various data sets requires that the work be grouped under one heading.

This part of the project will combine the most recent data from separate archives of instrumental12 and archival documentary material13 and very many palaeoclimate proxy6,14 data.  Different statistical approaches will be used to regionalise the data and to calibrate the different records to provide homogeneous climate estimates with realistic confidence/error estimates.  A high-resolution, global terrestrial, climate data set18 will be used as the 20th century component of the amalgamated data set and as the base from which all reconstructions will be calibrated in terms of anomalies, on a 5° latitude by 5° longitude grid.  Reconstructions of atmospheric circulation will use NCEP re-analysis data19 and instrumental circulation indices for calibration.

The directly observed climate data will also incorporate many long instrumental records assembled as part of previous European Community funded work.  These data will be enhanced by the incorporation of data from different documentary archives, in Switzerland and the Netherlands that are discontinuous but may be directly interpreted in terms of climate.

This project will not collect new palaeoclimate data: rather it will bring together groups with access to, and experience working with, numerous published and new (many unpublished) data from a variety of proxy sources, with a major focus on Europe, where excellent data from all sources are available.  For example, early monthly-mean instrumental data20 are available back to AD 1659, in combination with other ordinal scaled temperature, precipitation (ranging from +3 to –3) and other paleoenvironmental indices estimated from very high-resolution documentary data (such as observations of ice and snow features, phenological and biological observations, and other weather elements).  Prior to AD 1659, reconstructed climatic indices (mostly temperature and precipitation and the Western Baltic Sea Ice Index) on a seasonal resolution are available.  To this can be added a wealth of tree-ring, lacustrine, and other palaeo records with various geographic distributions and climate sensitivities (some have lower temporal resolution, but may still provide useful longer-timescale information).  Spatial coverage and reconstruction accuracy will be better for some climate variables than for others over the last 500 years: for example, summer temperature variability over northern hemisphere land will be virtually complete because of the wide availability of several, very large and previously unamalgamated temperature-sensitive tree-ring networks plus other temperature sensitive data.  In contrast, precipitation reconstructions will not be possible over the whole hemisphere, but will be available for very large regions such as the coterminous United States5 and other large regions of Europe (importantly, including some areas that show high-sensitivity to variations in ENSO and the NAO).  The overall regional coverage of multiple variables will, however, be easily sufficient to allow unique exploration of large-scale and selected regionalised variability in a range of parameters in the real world and as generated by the GCMs.

The project will focus on high-resolution (seasonal) data sets of temperature, precipitation (and precipitated-related variables such as Palmer Drought Indices) over much of the Northern Hemisphere.  In addition, where the data permit, seasonal sea-level pressure (SLP) and geopotential height data will also be reconstructed.  Preliminary analyses20 have already established the feasibility of skilful reconstruction of SLP using principal-component-related spatial regression techniques applied over the Eastern North Atlantic and western Europe: using relatively few long instrumental temperature, pressure and precipitation records to estimate gridded SLP fields.  Similar techniques will be applied for reconstructing temperature and precipitation.  Additional documentary data and high resolution proxy data will allow these grids to be extended back the full 500 years for the Atlantic/European region and over considerable areas of the hemisphere for certain seasons.

Besides concentrating on specific climate parameters as described, this workpackage will provide these data sets in various forms selected to represent different degrees of spatial integration.  These include:

· irregularly spaced, at the local scale (but calibrated against local station or grid box climate data) in those areas from which the specific proxy records originate.  These will be calibrated in terms of the specific optimal climate response identified for that data (e.g. a 2-month summer mean in north east Siberian tree-rings; or summer mean soil moisture deficit in an eastern Mediterranean site).

· Optimally selected parameters expressed on large regular grids.  (These will include, e.g. summer half-year mean temperature over the Northern Hemisphere land masses; seasonal mean Palmer Drought Severity indices across the United States; seasonal mean sea-level pressure across the eastern North Atlantic and all of western Europe based on combined instrumental, documentary and various proxy climate sources.)  Note that all of these data will be spatial detailed.

· Regional mean climate series reconstructed to represent large-scale variability; through robust averaging of the local data networks.  These will include sub-continental-scale averages (e.g. N. Western Canadian temperature; Western North American drought) and hemispheric mean records (e.g. N. Hemisphere annual temperature).

We will also archive, analyse and (where necessary/possible) improve existing seasonal reconstructions (and produce new syntheses) of major climate indices that have been identified as important expressions of large-scale circulation changes (and are associated with large-scale teleconnection patterns of temperature and rainfall).  These include:

· The Southern Oscillation (SO)

· The Pacific Decadal Oscillation (PDO)

· The North Atlantic Oscillation (NAO)

· The Euro Siberian Oscillation (ESO)

Careful consideration will be given to the appropriate seasonal representation of these data as the variability for several of them can only be captured with sufficient skill in specific seasons.

Similarly, proxy data differ in their ability to represent the full spectrum of climate variability: e.g. tree-ring data may not fully represent century or longer time scales of variability (though major improvements will be made as part of this workpackage by reprocessing7 many of these data - see WP3 table); and ice core data or lake sediment data (e.g. diatoms) may not accurately resolve interannual variability.  For this reason the different proxies will be calibrated after band-pass filtering to isolate discrete period variability (interannual-decadal; decadal-multidecadal, multidecadal-century).  This will ensure appropriate calibration (and error estimation) at each time scale and allow subsequent recombination of reconstructed time scale series.  Optimum climate sensitivity will be established, and transfer functions calibrated, using a range of regression-based techniques: simple regression, principal-component-based approaches, neural-network and established analogue methods.

It should be stressed that not all of the palaeoclimate information to be assembled will require processing or calibration.  We will build upon much existing data and many published reconstructions, derived from various proxies, with differing spatial and temporal representation.  However, we will assimilate these data in a systematic manner and employ various approaches to reconciling the information each provides and giving specific weight to different sources according to their optimal climate responses, spatial representation, time scale of response, and time-dependent uncertainties.

Synthesis and interpretation of observed/reconstructed and simulated climates (WP4)

All tasks that involve the combined use of palaeoclimate reconstructions and model-simulated climate data will be undertaken as part of workpackage 4.  It is this part of the project that provides the “added value” of bringing together expertise and data from the palaeoclimate and the climate modelling communities.  This workpackage is, therefore, of key importance.

Comparisons between palaeo and model data are hindered by the different characteristics of each data set. Model output is less reliable at small spatial scales, while some proxy data are representative of only single sites. Palaeo reconstructions are not exact and have a quantifiable uncertainty range associated with them.  The first task in WP4 will be to develop and test (using existing data sets) methodologies for coping with these characteristics, to allow subsequent unbiased comparisons between simulated and proxy data that explicitly take account of estimated error in the proxy reconstructions.

Climate reconstruction uncertainty will be quantified in WP3 and expressed as residual climate variability not captured by the proxy data.  The variance of the residuals must be included as additional variance when evaluating the level of interannual climate variability at individual locations or regions21.  Explicit methods will be developed, however, to incorporate the effects of temporal and/or spatial coherence in the residual variance, effects which become important when aggregating over space or time.  Note that the signal detection and attribution techniques22 that will be used for some tasks in this workpackage already provide a framework for the inclusion of proxy uncertainty/error in those particular analyses.

The incompatibility of the spatial scales of palaeo and model data can be dealt with in a number of ways, and these will be compared and evaluated.  For single sites, grid-box model output can be extracted, but may have unrealistic variance or spectral characteristics.  Improvements obtained by applying statistical downscaling methods23 to obtain more reliable local information from the better-simulated large-scale climate variability will be assessed.  For multiple sites we will compare three approaches.  First, the model output fields can be subsampled, picking out data only from the locations and seasons for which the palaeo reconstructions exist24.  Second, upscaling the palaeodata to the scales and variables considered to be reliably simulated can be achieved through multiple regression based techniques.  This second possibility also includes the reconstruction of indices of ENSO or of the atmospheric circulation, such as the NAO, and then comparing these with the indices simulated by the climate models.  The third approach lies between the first two.  Where there is sufficient density of coverage (such as will be available from the tree-ring network), large regional averages can be formed and calibrated, and compared with regional averages of subsampled model output.  The most suitable methods for the particular comparison or synthesis tasks will be identified and the necessary algorithms developed and applied.

The first comparison will be to quantitatively evaluate the model simulations of climate variability and of the simulated response to external forcing.  Comparisons will be made between the variance, on a variety of space and time scales, of temperature (and, to a lesser extent, precipitation or moisture); between the statistics of extremes for warm/cold summers and drought where suitable reconstructions exist; and between climate indices (e.g., ENSO and the NAO, using new or existing reconstructions).  Comparison will be made with both the natural and the all forcings simulations, to assess whether the additional forcings raise the levels of multi-decadal variability to a similar extent in both the simulated and reconstructed climates.  State-of-the-art signal detection  and attribution techniques22 will be applied to test whether the climate response to external forcings, simulated by the models, is detectable in the palaeoclimate reconstructions.  More specific comparisons will be undertaken for the periods and variables when the externally-forced signal was most statistically significant (as identified in WP2).

Detection of 20th century climate change and attribution to specific external forcings will be attempted, but using the pre-1900 palaeo-based estimates of natural climate variability (and for the subset of locations and seasons with suitable reconstructions).  This will enable conclusions to be drawn about published studies that use model-based estimates of natural climate variability, and to demonstrate whether recent climate changes are outside the envelope of natural climate variability for the period 1500–1900.

In addition to the palaeo evidence being used to evaluate model performance, the model simulations will aid in the interpretation of the palaeodata.  The climate simulations enable a separation of the externally-forced climate signal from internal variability (to the extent that the signal is distinguishable from the noise), something that cannot be achieved using palaeodata alone.  The model signals will be used to interpret the palaeoclimate reconstructions, in terms of the causes of the observed variations.

The main  project results will be synthesised to provide overall assessments of the utility and veracity of the climate models and of the database of high-resolution climate proxies.

A quantitative synthesis of the palaeo and model-derived natural variability estimates will be undertaken using innovative methods to combine the data sets and obtain improved estimates of natural climate variability.  We will evaluate Bayesian analysis methods where prior (e.g. model-derived) beliefs can be updated in the light of proxy data.  Multiple-regression-based approaches that attempt to reconstruct spatially-extensive climate fields from a sparser network of climate proxies14 rely on the identification of distinct patterns of climate variability and their relationship with climate proxies at individual sites/seasons.  These patterns and relationships are typically identified at interannual to decadal timescales and then applied at all timescales from interannual to millennial25, and – by necessity – are based on instrumental observations from the 20th century that may be contaminated by an anthropogenic climate signal.  As part of the synthesis, we will assess and improve upon such studies by deriving these patterns and relationships from the model simulations, at various timescales and with and without external anthropogenic forcing of the climate system.  Suitable relationships identified between simulated patterns of climate variability and appropriately subsampled model output will be applied to the palaeo records to obtain new estimates of natural climate variability for the last 500 years.

Sea level changes over the last 500 years (WP5)

The particular climate model simulations to be undertaken within SOAP provide a unique opportunity to extend a small part of the project to the exploration of simulated and reconstructed sea level variability, with a view to assessing our capability of hindcasting sea level changes over the past 500 years, and therefore providing guidance about future sea level predictions.  This opportunity arises because the coupled ocean-atmosphere climate models2,3 used for simulations of the past 500 years (WP2) also produce spatial estimates of sea level variation associated with thermal expansion of sea water and ocean circulation changes.  Partner 2 also has access to a glacier-melt model9 that can be run off-line to obtain estimates of the simulated melt-water component of sea level rise during simulations with both model A and model B.  [Note that the small fresh-water flux variations driven by glacier change will not be able to influence ocean salinity and circulation because the glacier melt model will be run after the climate model simulations are complete.]  This melt-water component will be combined with a similar global contribution from the gradual ongoing adjustment to the last glacial–interglacial transition of the Greenland and Antarctic ice sheets (using an existing observational estimate, plus deviations estimated by mass-balance variability26), and will be added to the spatial sea level estimates obtained from the ocean component of the climate model simulations.

These estimates of sea level variability and change, under natural and all forcings, and from the control integrations with unchanging external forcing, will allow certain questions to be addressed.  For example, what proportion of sea level variations over past centuries might be attributed to naturally- and anthropogencially-forced climate changes, and therefore what fraction of the rise observed during the 20th century is a commitment (delayed response) to earlier, naturally-forced climate variations (such as the ending of the Little Ice Age)?  How large is the variability in global and regional sea level driven by natural external forcings?

Comparison of the different simulated sea level estimates against observational evidence is necessary to give an indication of our confidence in the simulations.  This is limited by the length of tide-gauge records and so it is fortuitous that the opportunity to assemble longer records is now becoming available.  A method, based on the interpretation of salt marsh foraminifera, has been developed and successfully tested8 to generate palaeo sea-level records with a resolution of 50-200 year.  Application of this method has resulted, so far, in six 800-1800 yr long records of dm-scale sea-level variations over periods of 50-350 years for sites in Connecticut and Maine (northeast USA)8.  Preliminary comparisons with existing temperature proxy records for the past 1000 years suggests that regional (North Atlantic) surface air temperature variations are more strongly correlated than hemispheric mean temperatuire variations.  Specifically, the records available suggest that the current high rates of relative sea level rise began before industrial times.  Over the period 2002-2004, similar sea-level reconstructions will be produced by various nationally funded projects for sites in North Carolina, Delaware, Nova Scotia, Newfoundland, the UK and northwest Germany, and for four more European sites under study in the EU-funded HOLSMEER project.  These proxy records will be systematically evaluated for errors related to age, elevation, indicative meaning, completeness, and regional validity.  Where necessary, effects of sediment compaction will be accounted for by comparison with compaction-free relative sea-level data.  The influence of long-term crustal movements will be estimated using compaction-free relative sea-level records for the past 2000-4000 years (to be compared with values obtained from isostatic earth models).

These proxy records, to be integrated with existing long instrumental sea-level records, represent an important and growing database that renders possible, for the first time, a comparison of observational with model-generated sea-level variability in the North Atlantic region during the past 500-1000 years.  Comparisons will use straightforward statistical techniques (correlation, etc.), given the limited resolution of the observational estimates and the limited regional focus of the study (east USA and Canada, and north west Europe).  Comparisons with reconstructed climate variations from WP3 will also be undertaken.

The simulated sea level variations will be subject to various uncertainties, including uncertainty related to initial conditions (which will be maintained over a period of time dependent upon the response time of oceans and glaciers), and uncertainty related to glacier melt sensitivity (the melt model is currently tuned to reproduce present-day, short-term responses of each glacier to temperature changes, but will not necessarily exhibit the correct multi-century equilibirum sensitivity).  These two aspects will be assessed by partners 1 and 2 by using a globally-averaged simple climate and sea level model27, integrated under AD 1000-2000 forcings, with various initial conditions, and with a heuristic glacier-melt model that may more accurately capture the response to the more slowly varying natural forcings.  This simple climate model, which is used to produce future climate change scenarios in the IPCC first, second and third assessment reports, can also be tested over the period AD 1500-2000, by comparison with the GCM climate model output when integrated using identical forcing time series.
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WP4: Synthesis and interpretation of observed/reconstructed and simulated climates
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WP5: Sea level changes over the last 500 years
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Analysis of simulated sea level & comparison with simple model results
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Arrows indicate duration of tasks (dotted if they are background tasks),
numbers indicate deliverables (see table DL), and ( indicate project meetings.
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B6.(d)  Detailed project description

WPL
Workpackage list

Work-package no.
Workpackage title
Lead participant no.
Person-months
Start month1
End month1
Deliverable no.

WP1
Coordination and dissemination
1
6
0
36
D1, D4, D18

WP2
Model simulations of the climate of the last 500 years
2
28
0
24
D7, D10

WP3
Amalgamation and calibration of 500-years of high-resolution climate data
1
74
0
24
D2, D5, D6, D8, D9

WP4
Synthesis and interpretation of observed/reconstructed and simulated climates
3
101
10
36
D3, D13, D14, D17

WP5
Sea level changes over the last 500 years
7
28
18
36
D11, D12, D15, D16


TOTAL

237




1Month number relative to the start of the project (month 0)

WPM        Workpackage / partner manpower matrix





Partner






1
2
3
4
5
6
7
Total

WP1
6
0
0
0
0
0
0
6

WP2
0
7
11
10
0
0
0
28

WP3
14
2
0
12
24
22
0
74

WP4
22
15
24
14
12
14
0
101

WP5
3
6
1
0
0
0
18
28

Total
45
30
36
36
36
36
18
237

DL
Deliverables list

Deliverable no.  (from WP)
Deliverable title
Delivery date1
Nature2
Dissemin-ation level3

D1      (1)
Dedicated project website (with private and public sections)
2
O
PU

D2      (3)
Assembly of climate proxy, documentary and long instrumental data, and existing palaeoclimate reconstructions completed, and distributed via the project website
10
Da
RE

D3      (4)
Methods for comparison of palaeo and model data developed and documented, and algorithms made available
15
Me
PU

D4      (1)
Project brochure
18
Re
PU

D5      (3)
Improvement of European gridded temperature and precipitation/drought reconstructions
18
Da
RE

D6      (3)
Comparison, improvement and combination of Northern Hemisphere gridded temperature reconstructions
20
Da
RE

D7      (2)
Simulated data in the project data base
20
Si
RE

D8      (3)
Reconstruction of atmospheric circulation patterns and circulation indices
22
Da
RE

D9      (3)
Spatio-temporal analysis of reconstructed climate variability over 1500-2000
24
Re
PU

D10    (2)
Report on difference between control and forced simulations
24
Re
PU

D11    (5)
Simulated sea-level from all GCM simulations in the project data base
26
Si
RE

D12    (5)
Regional estimates of observed sea level rise (from North Atlantic tide gauge and proxy records) in the project data base
30
Da
RE

D13    (4)
Report on the evaluation of simulated climate variability and climate response to forcing using the palaeo reconstructions
30
Re
PU

D14    (4)
Report on the interpretation of palaeodata using climate simulations
33
Re
PU

D15    (5)
Report estimating the natural and anthropogenic contributions to sea level variations over the past 500 years, and evaluating the simple climate/sea-level models
34
Re
PU

D16    (5)
Report on the comparison of simulated and observed sea levels and on relationships with climate forcing/variability
36
Re
PU

D17    (4)
Report on climate signal detection using the palaeo-based, model-based, and synthesis estimates of natural climate variability
36
Re
PU

D18    (1)
Final project report and dissemination of project results and data sets
36
Re/Da
PU

1Month number relative to the start of the project (month 0)

2Nature of deliverable:

Re = Report;  Da = Data set;  Eq = Equipment;  Pr = Prototype;  Si = Simulation

Th = Theory;  De = Demonstrator;  Me = Methodology;  O = Other (described in annex)

3Dissemination level:

PU = Public

RE = Restricted to a group specified by the consortium (including the Commission Services)

CO = Confidential, only for members of the consortium (including the Commission Services)

DWP
Workpackage description

Workpackage number & title:

Start date or starting event:
1: Coordination and dissemination

Month 0

Participant codes (lead in bold):

Person-months per participant:
1
6
2

0
3

0
4

0
5

0
6

0
7

0


1
Objectives:


· To facilitate efficient, coordinated, and timely progress of the research according to the project schedule.

· To ensure timely production of reports and publications.

· To ensure widespread dissemination of the project aims, data and research outputs.

2
Methodology / work description:


This work package is concerned with all aspects of project management, i.e. facilitation of integrated research, timely reporting and dissemination of results.  At the outset of the project a website will be established to serve as the central information facility: for members of the consortium; their collaborators outside of the project; and the general public (described in detail in Section C5).

Access to part of the site will be restricted to project participants. This will mean that one section of the same site can act as a central repository of data and logistic details only for partners, while an open-access section will provide detailed background, progress reports, and the project outputs as they become available.  The establishment and maintenance of this site will come within this workpackage.  The coordinator will be partly assisted by an administrator,  who will be responsible for the organisation of project meetings, initiation and production of interim and final reports and wider dissemination of the project’s outputs.

Simulated and palaeoclimate data sets will be made available to the scientific community for further research.  To facilitate this, full public access to the project website will be allowed at the end of the project, which will contain adequate documentation to ensure full use of the project outputs.  Dissemination of data to various scientific databases in and beyond Europe will also be undertaken.  Dissemination of the project’s key research findings to the general public will be achieved through the production of a project brochure and via the project website.  The brochure will be produced and distributed near the mid-point of the project; it will publicise the project, highlighting its objectives and its early findings, and advertise the project website for obtaining further/subsequent information.

3
Deliverables (including cost of deliverable as percentage of total project cost):


D1: (Month 2) Dedicated project website (with private and public sections) (cost 0.1%).

D4: (Month 18) Project brochure (cost 0.1%).

D18: (Month 36) Final project report and dissemination of project results and data sets (cost 8.5%).

4
Milestones (cumulative cost of milestone as percentage of total project cost):


Month 2: Project website activated (cost 0.1%).

Month 3: Commencement full-project meeting (cost 1.1%).

Month 18: Publication of project brochure (cost 1.2%).

Month 18: Mid-term full-project meeting (cost 4.8%).

Month 33: Final full-project meeting (cost 8.7%).

DWP
Workpackage description

Workpackage number & title:

Start date or starting event:
2: Model simulations of the climate of the last 500 years

Month 0

Participant codes (lead in bold):

Person-months per participant:
1

0
2

7
3

11
4

10
5

0
6

0
7

0


1
Objectives:


· To simulate climate variations from ad 1500 to 2000 using two state-of-the-art coupled climate models under natural and combined natural and anthropogenic (all) forcing, and make data available to partners.

· To analyse and intercompare the new model simulations, and the existing multi-century control integrations of the models, to identify the climate response to external forcings and to quantify the effect on climate variability of external forcings relative to internally-generated variability.

2
Methodology / work description:


Best available estimates of forcing histories will be compiled from recent published works, for the natural (orbital, total solar irradiance, volcanic aerosols) and anthropogenic forcings (greenhouse gas, sulphate aerosols, land cover changes, and tropospheric and stratospheric ozone).  These will be used to force two state-of-the-art coupled climate models.  Both models already have at least millennial-length control integrations.  Partner 2 will run model A from ad 1500 to 2000 under natural forcings, and then repeat the period from ad 1750 onwards with both natural and anthropogenic (all) forcings.  Partners 3 and 4 will complete the natural simulation using model B for the extended period ad 1000 to 2000, with funding from a current (nationally-funded) project.  Partner 3 will perform the all forcings run with funding from the proposed project.  As far as logistics and different model formulations allow, the two models will perform identical experiments.  Appropriate data and diagnostics will be converted to netCDF and transferred to the web-based project data bank for dissemination within the project (and for public dissemination at the end of the project) by partner 1.

Comparison of forced and control simulations (and also intercomparison of the two models) will be done using a range of statistical approaches, tailored to specific questions.  Comparisons will be done on the means and variance of temperature, precipitation and indices (such as ENSO, NAO, etc.), and on statistics (quantiles, return periods) linked to extreme events (hot/cold summers, droughts).  Comparisons will be done using the whole of each simulation, but also as a function of time to identify periods and variables when the forced simulations are significantly different from the control simulations (this will provide input to WP4, to look at proxy data during these identified periods).  Comparisons will also take place over a range of space and time scales.  This part of the study will answer the question: “how does external forcing alter the climate and its variability?”.  The natural simulations will be used to estimate the contribution of natural forcing to climate variability while the all experiments will be used to compare the simulations with proxy data in order to evaluate the veracity of the simulations.

This climate simulation workpackage will be lead by partner 2, with partners 2 and 3 undertaking new simulations specifically for the SOAP project.  Partner 4 will contribute their extended natural simulation and will undertake much of the analysis of the simulations and the comparison with the control simulations.

3
Deliverables (including cost of deliverable as percentage of total project cost):


D7: (Month 20) Simulated data in the project data base (cost 10.2%).

D10: (Month 24) Report on difference between control and forced simulations (cost 8.1%).

4
Milestones (cumulative cost of milestone as percentage of total project cost):


Month 2: Forcings agreed, models set up, and simulations started (cost 1.0%).

Month 20: All simulations completed and data in data bank (cost 11.0%).

Month 24: Comparison of forced and control simulations completed (cost 18.3%).

DWP
Workpackage description

Workpackage number & title:


Start date or starting event:
3: Amalgamation and calibration of 500-years of high-resolution climate data
Month 0

Participant codes (lead in bold):

Person-months per participant:
1
14
2

2
3

0
4

12
5

24
6

22
7

0


1
Objectives:


· To construct a homogeneous set of selected climate data that is an amalgamation of observed instrumental records, documentary climate evidence, and reconstructed climate estimates produced through rigorous calibration (and validation) of selected high-quality palaeoclimate time series.  [Some specific variables and locations to be reconstructed are list in the work description below.]

· To provide explicit uncertainty (error) estimates appropriate for the specific space and time scale representation of each variable series constructed.

· To identify, through a combination of principal-component type and time series analysis techniques, the characteristic modes and magnitudes of space/time variability in the climate records over the last 500 years: representing a multi-faceted, objective and quantitative summary for comparison with different natural forcing histories and the outputs from the climate model experiments.

2
Methodology / work description:


The data sets to be constructed will comprise temperature, precipitation (and precipitation-related variables such as drought indices), atmospheric circulation (sea level pressure and geopotential height fields) and important atmospheric circulation indices (e.g., the North Atlantic Oscillation, the Euro-Siberian Oscillation, ENSO), covering the last 500 years.  They will encompass a range of spatial scales (from local site, through sub-continental averages and, for temperature, hemispheric mean) and different temporal integration (discrete representation of interannual, decadal, and century time scales).

There is a wealth of long, good quality instrumental climate records, documentary data, and high-resolution and well-dated palaeoclimate data in Europe particularly, but also recently produced in many other Northern Hemisphere locations.  Because they derive from different research projects, different laboratories, and different disciplines, very many of these have never been brought together.  The opportunity is now available to do this and provide a major improvement over the last published compendium of similar data produced by Mann et al. in 1998(14).  This workpackage will provide a major enhancement of our capability to explore and redefine the nature of natural climate variability for several centuries, both before and during the period of extensive observational climate records.  We will assemble many published and many new/unpublished documentary climate records and high-quality palaeoclimate records from Europe and across the Northern Hemisphere within a timeframe of the last 500 years.  In specific cases (e.g., for many tree-ring-derived variables), the palaeodata will be reprocessed so as to correct variance bias associated with time-dependent sample replication at individual collection sites; to decompose the data into selected spectral (i.e. period) bands with their associated statistical error; and to extract longer time scale (multi-decadal to century) variance based on a recently published technique not as yet applied at the small regional scale or to the vast majority of the tree-ring data.  These proxy data will be climatically screened, by comparison with climate data, to identify appropriate climate variables with which to calibrate the palaeorecords in order to provide optimal seasonal and annual mean climate estimates.  A combination of different regression and neural network techniques will be used.  The derived prediction estimates will be rigorously validated (using reserved independent predictand data) and reconstruction uncertainty will be calculated and expressed with regard to changes in both time and time-scale.  Where necessary, the calibration will be carried out at different timescales (i.e. annual-decadal; decadal-multidecadal; multidecadal-century) in order to better exploit the various sensitivities of the records and to allow cross comparison and appropriate amalgamation of the resulting data.

Very extensive collections of high-resolution tree-ring data (annual ring-width and ring-density measurements) will be amalgamated for the first time.  These include many data from northern Europe, the Alps, the Pyrenees, North Africa, Spain, Italy, North America, Russia and China.  In different regions, these data provide very good evidence of different climate parameters: summer temperature variability; summer drought; winter precipitation, all continuous and seasonally resolved.  Many additional tree-ring data, including numerous strongly drought sensitive chronologies from western and eastern North America and Mexico will also be available to the project.

In addition to the high-resolution tree-ring data, selected additional (some published, some uncalibrated) records with lower resolution sensitivity will be used to derive corroborative evidence about multi-decadal and longer time scale variability of climate: these include ice-core accumulation and chemical isotope series; chironomid and diatom faunal records; speleothem data and peat compositional and accumulation records, and borehole temperatures.

We have assembled a consortium with unique access to the latest climate data, the necessary documentary archives and the full range of palaeoclimate proxies, and with the methodological expertise to transform these data into homogeneous climate data sets that be compared with the different model outputs.  Five partners will participate in this workpackage, contributing to all deliverables.  Responsibility for certain tasks/regions will, however, be allocated to individual partners.  Partners 1, 5 and 6 will lead the assembly of the necessary data sets; partners 4, 5 and 6 will reconstruct European climate; partners 1 and 2 will reconstruct temperatures across the Northern Hemisphere; partners 4 and 6 will reconstruct atmospheric circulation variables; and partners 1, 4, 5 and 6 will analyse all reconstructed climate data sets.

3
Deliverables (including cost of deliverable as percentage of total project cost):


D2: (Month 10) Assembly of climate proxy, documentary and long instrumental data, and existing palaeoclimate reconstructions completed, and distributed via the project website (cost 7.3%).

D5: (Month 18) Improvement of European gridded temperature and precipitation/drought reconstructions (cost 6.0%).

D6: (Month 20) Comparison, improvement and combination of Northern Hemisphere gridded temperature reconstructions (cost 4.7%).

D8: (Month 22) Reconstruction of atmospheric circulation patterns and circulation indices (cost 4.7%).

D9: (Month 24) Spatiotemporal analysis of reconstructed climate variability over 1500-2000 (cost 3.2%).

4
Milestones (cumulative cost of milestone as percentage of total project cost):


Month 8: Processing of tree-ring data to retain maximum century-timescale climate-related variance (cost 0.4%).

Month 15: Comparison of statistical techniques for spatial reconstructions complete (cost 2.8%).

Month 22: Improved climate reconstructions for all variables and regions complete (cost 18.9%).

Month 24: Analysis of patterns and time scales of reconstructed climate variability complete (cost 25.9%).

DWP
Workpackage description

Workpackage number & title:


Start date or starting event:
4:  Synthesis and interpretation of palaeo and simulated climates

Month 10

Participant codes (lead in bold):

Person-months per participant:
1

22
2

15
3
24
4

14
5

12
6

14
7

0


1
Objectives:


· To evaluate the simulations of natural climate variability and the simulated response to external forcing, by quantitative comparison with palaeoclimate reconstructions.

· To use model simulations to aid in the interpretation of the proxy data, and for producing synthetic “proxy” data for use in evaluating the reliability of palaeoclimatic networks and statistical reconstruction methods.

· To re-assess climate change detection results using palaeo estimates of natural climate variability.

· To synthesise the simulated and proxy data to improve our estimates of climate variability.

2
Methodology / work description:


Methodologies will be developed (and tested on existing data) by partners 1, 3, 4 and 6 to allow a like-with-like comparison between palaeo and model data, despite the different characteristics of each data type (model output is often less reliable at small spatial scales, while some proxy data are representative of only single sites; palaeo reconstructions are not exact and have a quantifiable uncertainty range associated with them; and proxy data include noise, with varying spatio-temporal characteristics, due to processes unrelated to large-scale climate).

The forced model response will be evaluated by comparing simulated and proxy variability for a variety of diagnostics identified in workpackages 2 and 3 (i.e., European and hemispheric temperature, European and USA precipitation, climate indices and statistics of, e.g., atmospheric circulation patterns such as NAO and coupled climate modes such as ENSO).  Comparison of variance, spectra, spatial patterns as defined by principal component analysis, etc., will be undertaken by partners 1, 5 and 6, applying the methods developed earlier to take into account scale/error/noise characteristics of the data.  In addition, signal detection and attribution techniques will be applied by partners 2 and 3 to attempt to detect, in the proxy data, the large-scale simulated responses to external forcing.

Comparison of simulated and reconstructed data will be a two-way process, with simulations also providing input into the critical assessment of the reconstructed climate data sets.  Interpretation of the proxy data will be achieved by utilising the simulated patterns and timing of climate response to external forcing for the attribution of proxy variations to specific causes (partners 4, 5 and 6).  Model output will be sampled (for specific locations, seasons and variables) and various statistical noise models added, to yield synthetic climate proxy records.  Reconstruction and calibration techniques will then be tested to try to capture the (known) simulated climate for various regions and variables/indices, allowing an assessment of the suitability of various palaeodata networks (with given uncertainty/noise levels) for reconstructing past climate – especially given the existence of forced climate changes during the 20th century calibration period (partners 1 and 4).

Partner 3 will develop and apply innovative methods to merge the proxy and model data to obtain improved estimates of natural climate variability taking into account uncertainties in the palaeo data and the models. For this purpose, we will evaluate Bayesian analysis methods where prior (e.g., model-derived) beliefs can be updated in the light of new (proxy) data and statistical reconstruction techniques that, in previous studies, rely on the covariance structure of climate estimated using the relatively short, and possibly anthropogencially-contaminated, instrumental records of the 20th century.

These new estimates of natural variability, as well as the separate estimates from the palaeo and model data, will be used by partners 2 and 3 in a detection and attribution framework to interpret proxy data in the light of simulated climate change and to see if recent climate changes are unusual (for different variables and on different spatial and time scales, as dictated by the availability of different proxies) in the context of natural climate variability over the last 500 years.  These results will be compared to earlier detection and attribution studies which mostly derived natural variability from long unforced control integrations of climate models.

3
Deliverables (including cost of deliverable as percentage of total project cost):


D3: (Month 15) Methods for comparison of palaeo and model data developed and documented, and algorithms made available (cost 5.8%).

D13: (Month 30) Report on the evaluation of simulated climate variability and climate response to forcing using the palaeo reconstructions (cost 17.9%).

D14: (Month 33) Report on the interpretation of palaeodata using climate simulations (cost 9.6%).

D17: (Month 36) Report on climate signal detection using the palaeo-based, model-based, and synthesis estimates of natural climate variability (cost 4.1%).

4
Milestones (cumulative cost of milestone as percentage of total project cost):


Month 14: Testing of methodologies using existing data sets complete (cost 5.1%).

Month 33: Evaluation of simulated variability and interpretation of proxy data complete (cost 33.4%)

Month 36: Anthropogenic and natural climate signal detection exercise complete (cost 37.4%).

DWP
Workpackage description

Workpackage number & title:

Start date or starting event:
5: Sea level changes over the last 500 years

Month 18

Participant codes (lead in bold):

Person-months per participant:
1

3
2

6
3

1
4

0
5

0
6

0
7

18


1
Objectives:


· To estimate sea level variations from climate model simulations for the past 500 years.

· To investigate the sensitivity of simulations to initial climate state and to evaluate the reliability of simple climate and sea level rise models over the past 500 years.

· To evaluate existing tide-gauge records of sea level that are >70 years in length and to integrate these with critically assessed proxy records of sea level for the past 500 years available for the North Atlantic region.

· To evaluate and compare simulated and reconstructed sea level variations and to identify contributions to sea level rise from natural and anthropogenic forcings.

2
Methodology / work description:


Spatially-resolved sea level variations associated with oceanic temperature (thermal expansion) and circulation changes are simulated by model B and can be readily diagnosed from the model A simulations.  A globally-distributed, reduced-form glacier melt model will be run after the climate simulations have been completed, taking temperature patterns simulated by the models as input to estimate mountain glacier mass balance change – and hence glacier-melt contribution to sea level variations.  This glacier-melt term will be combined with the estimated range of background melting of the Greenland and Antarctic ice sheets, and both will be distributed over the oceans.  This procedure will be applied by partner 2 to all model simulations used/generated by SOAP (1000-year control integrations from models A and B; 1500-2000 and 1000-2000 ad natural forcing simulations with models A and B, respectively; and 1750-2000 ad all forcing simulations with models A and B).  The simulated sea level variations will be filtered to remove local-scale variability and variations on time scales shorter than 50 years.  The various simulations will be utilised to assess how large regional-scale sea level variability is (relative to globally-forced changes), how similar the regional patterns are between the two models, and to separate out the influence of natural and anthropogenic forcings and internally-generated variability.

The simulated sea level variations will be subject to various uncertainties, including uncertainty related to initial conditions (which will be maintained over a period of time dependent upon the response time of oceans and glaciers), and uncertainty related to glacier melt sensitivity (the melt model is currently tuned to reproduce present-day, short-term responses of each glacier to temperature changes, but will not necessarily exhibit the correct multi-century equilibirum sensitivity).  These two aspects will be assessed by partners 1 and 2 by using a globally-averaged simple climate and sea level model, integrated under 1000-2000 ad forcings, with various initial conditions, and with a heuristic glacier-melt model that may more accurately capture the response to the more slowly varying natural forcings.  This simple climate model, which is used to produce future climate change scenarios in the IPCC first, second and third assessment reports, can also be tested over the period 1500-2000 ad, by comparison with the GCM climate model output when integrated using identical forcing time series.

Palaeo sea level variations will be estimated by partner 7 for north west Europe and east USA and Canada, with a resolution of 50–200 years.  Tidal marsh cores from six existing USA sites, augmented by more USA sites and UK and German sites by 2002, and further augmented by sites sampled during the current EU-funded HOLSMEER project in Iceland, Ireland, Denmark and Portugal that will become available by 2003–4, will be critically assessed for age control, completeness and geographical representativeness, and combined to yield estimates of palaeo sea level for the two Atlantic regions.  Changes over the past 2000–4000 years will be used to identify background trends related to vertical land movement (also simulated by existing isostatic earth models) and thus obtain absolute sea level.  Comparison and combination with tide gauge records of 70 or more years in length will be undertaken.

Comparison of the palaeo and simulated sea level records will be carried out by partners 1, 2 and 7.  The focus will be on the past 500 years, though the period 1000-1500 ad will also be considered in comparison with the longer natural forcings simulation of model B.  In the context of the forced climate and sea level changes, the observed changes will be assessed to identify whether they are consistent with simulated changes, given the amount of internally-generated regional sea level variability present in the unforced control integrations of the climate models.  Comparison will use fairly basic statistical methods, given the 50–200 year resolution of the palaeo records and the limited number of regions able to be considered.

3
Deliverables (including cost of deliverable as percentage of total project cost):


D11: (Month 26) Simulated sea-level from all GCM simulations in the project data base (cost 2.4%).

D12: (Month 30) Regional estimates of observed sea level rise (from North Atlantic tide gauge and proxy records) in the project data base (cost 3.6%).

D15: (Month 34) Report estimating the natural and anthropogenic contributions to sea level variations over the past 500 years, and evaluating the simple climate/sea-level models (cost 1.8%).

D16: (Month 36) Report on the comparison of simulated and observed sea levels and on relationships with climate forcing/variability (cost 1.8%).

4
Milestones (cumulative cost of milestone as percentage of total project cost):


Month 26: Simulations of sea-level rise from GCMs complete (cost 2.4%).

Month 30: Critical analysis of proxy sea level records complete (cost 6.0%).

Month 34: Comparison of observed sea level, GCM-simulated sea level, and simple-model simulated sea level complete (cost 9.2%).

Month 36: Contribution to project final report complete (cost 9.6%).







� All references are given in part C of the proposal (section C10) to maintain the anonymity of part B.
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