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Rationale

To gain an understanding of the mechanisms of climate change on timescales that are directly relevant to the immediate future of society and to provide improved, probabilistic projections of the types and rates of coming climate changes, it is essential that expertise and the combined knowledge and forthcoming research efforts in a range of scientific disciplines be effectively integrated.

Virtually all climate change predictions, and anthropogenic climate change detection studies, assume or use a model-based characterisation of natural climate variation. This must invariably provide underestimates of the possible range of prediction uncertainties. Natural variability in climate, whether associated with mechanisms external or internal to the earth system, is expressed on inter-annual, decadal and century timescales and must be considered along with anthropogenically-forced changes to arrive at realistic scenarios of patterns and rates of future changes; scenarios that make explicit the uncertainties associated with natural and anthropogenic forcings and their possible interactions.

Only by focussed integration of the best empirical knowledge that can be assembled on relevant past climate variability and its causes, along with coordinated experimentation using numerical climate models, can we move towards a fuller and more practical understanding of past climate change and most likely climate futures.

What, then, is relevant past climate variability?  Clearly, this encompasses much more than the changes we have observed in instrumental climate records. Accurate definition and explanation of the variability that has occurred over past millennia are required, because these changes, that occur under similar natural boundary conditions to those that persist today, must be considered likely to underlie the changes superimposed upon them by human activities. The variability of Holocene climate, especially in recent millennia, is the most relevant for study. Acquiring the best knowledge of Holocene climate necessitates a hitherto unprecedented collaboration across many diverse areas of research. European climate researchers include recognised international leaders in the fields of climatology, historical climatology, palaeoclimatology and climate modelling. While there has been close contact between the climate and climate modelling communities, these two have interacted far less with the palaeoclimate and historical climate communities. Within the palaeoclimate area in particular, specialists have remained largely within their sub-disciplines, e.g. the study of tree-rings, lake or marine sediments, peats, speleothems, and corals: each providing data with their individual attributes and limitations.

The scientific necessity to break down these traditional barriers was precisely the motivation behind HOLIVAR: a European Science Foundation project on Holocene Climate Variability. This currently runs to 2005 and is actively uniting European scientists, specialists in data and models, researching into the course and causes of Holocene climate changes. HOLIVAR seeks to define a strategy for answering the questions “How and why has climate varied naturally on annual to centennial timescales, and how can this understanding be used to improve the predictions of climate models?”  HOLIVAR represents the first European-scale effort to create the crucial interdisciplinary community needed to answer these questions. However, HOLIVAR is no more than a community coordination programme; it can only facilitate exchange of ideas through a series of workshops, conferences and training schools. The next, vital, stage in progress towards achieving the important scientific goals underpinning HOLIVAR, goals that are fully endorsed by both the IGBP PAGES programme and the World Climate Research Programme on Climate Variability (CLIVAR), is to acquire the practical resources with which a major part of the European climate change community can realize the strategy they are jointly developing within HOLIVAR.

It is for this reason that we now propose a major Integrated Project, HOLCLIM. This will facilitate an effective interaction across these traditional discipline, and sub-discipline boundaries, and implement the assembly of the best possible archive of natural climate variability throughout the IGBP Past Global Changes (PAGES) Pole-Equator-Pole (PEP) transect that runs through Europe and Africa. Our timescale will be all of the last 10,000 years. HOLCLIM will also archive a high-resolution archive of natural climate forcing histories and integrate data with responses to different climate variables and with different seasonal and geographic signals. HOLCLIM will use syntheses of forcing and response data to drive and evaluate a range of simple, and complex coupled, climate models simulating various aspects of Holocene climate variability.

Objectives

The overarching objectives of HOLCLIM are:

· to provide the best possible integrated, full spectrum history of climate variability, and environmental response, along the PAGES PEP3 transect, encompassing Europe and Africa, through the last 10,000 years;

· to identify the patterns (spatial, temporal and seasonal) and causes of ‘natural’ changes and distinguish them from anthropogenic changes;

· to provide better-constrained estimates of the sensitivity of climate change to external forcing changes, consistent with the improved synthesis of Holocene climate changes developed within the project.

General Approach

We propose a six-year programme that will integrate research by many different palaeoclimate and modelling groups directed towards the description, and simulation of Holocene palaeo, historical and recently-observed climate variability, with a principal focus on the terrestrial and marine regions of PEP3 (the Pole-Equator-Pole transect through Europe and Africa, as defined by PAGES). The approach is to compare data on the history of palaeoclimate-related processes (including evidence of vegetation and biogeochemical changes) with the results of appropriate model simulations.

The project will therefore coordinate a programme of existing data assimilation, focussed collection of new data or data updating, modelling experimentation, and data interpretation.

A high-resolution climate data base will be constructed by combining observed (instrumental) climate records with reconstructions derived from earlier documentary evidence and the palaeoclimate data from different terrestrial and marine research fields. These data will have different variable responses and resolvable timescales of response. This information will be brought together to provide spatially explicit climate estimates, with varying but explicit uncertainty. All data will be expressed on an absolute calendrical timescale and the dating uncertainties (where these exist) quantified through the use of commonly applied, robust statistical techniques. Similarly, all palaeoclimate records will be systematically screened to identify climate sensitivities and converted into appropriate climate estimates by calibration against co-located regional climate observations and reconstruction uncertainty expressed in terms of time and time-scale.

Simulations of global and appropriate regional climate changes will be produced using a range of simple to complex Atmosphere-Ocean General Circulation models, involving coordinated experiments using natural forcings (orbital, solar irradiance and volcanic aerosol changes) and combined natural and anthropogenic forcings (greenhouse gases, sulphate and other aerosol, ozone and land-cover changes).

The results of these experiments will be compared with each other and with control (unforced) simulations to identify model-based uncertainties and to identify what climate variables, at what times, in which regions, and on what timescales, are most sensitive to internal and to external forcings, and to estimate the possible influence of natural forcings on climate projections.

These comparisons will be undertaken at different levels of spatial and temporal integration to optimise the ‘signal’ characteristics of the palaeo or model date sets and to provide assessments of the utility and veracity of the climate models and of the database of high-resolution climate proxies.

At the heart of the project will be a multi-proxy palaeoenvironmental database, that will represent a major long-term resource for the wider climate-change community. Uniquely, this will hold instrumental, palaeoclimatic, other environmental and simulated data. It will use cross-disciplinary, commonly agreed protocols for the structuring and transferring of data. It will not seek to supercede or compete with existing specialized databases but will act as a focus and conduit for the European contribution to the global effort. It will provide outreach, data collection coordination, and the facility for centralised reformatting and archiving of data. To this effect, collaboration has already been agreed with numerous existing localised or discipline-specific databases (e.g. the World Data Centre for Paleoclimatology, the International Tree-Ring Database, the European Pollen database). Many palaeoclimate disciplines do not, as yet, have any such centralised facility.

An important aspect of HOLCLIM will be the systematic approach to updating many selected proxy records and the integration of recent monitoring or related process modelling studies that will all contribute to establishing how and why these palaeoclimate sources have responded to the environmental changes of past and recent decades.

Need and relevance

The need for the work we propose is attested to by the correspondence of our aim with those specified by international science coordinating bodies such as IGBP PAGES and WCRP CLIVAR. These stress the need to integrate the efforts of the palaeoclimate and modelling communities to address model uncertainties that arise because of natural variability of climate on decadal to century timescales. HOLCLIM will provide a tangible basis for the practical assessment of how well key climate models, including those that are seen as providing authoritative predictions of future climates, simulate real-world climate variability. This is a question of high societal relevance as policy makers require reliable information upon which to base decisions and formulate policies to mitigate, or adapt to, future climate changes.

The aims of HOLCLIM are clearly entirely compatible with fundamental aspects of Thematic Priority Area 1.1.6.3 Global Change and Ecosystems, where it focuses on the need “to strengthen the capacity to understand, detect and predict global change …”. Within the seven research priorities that constitute this Area, those specifying “Impact and mechanisms of greenhouse gas emissions … on climate …”; “Water cycle …”, and “Operational forecasting and modelling, including climate change observational systems”, represent key areas where HOLCLIM would provide highly significant contributions.

Scale of Ambition and Critical Mass

HOLCLIM is a highly ambitious project that seeks to provide a combined history of European and African climates with unparalleled spatial detail and incorporating a range of temporal resolution that would, for the first time, encompass individual seasons up to millennia. Whereas this history can not be complete, HOLCLIM will provide an optimal interpolation, with explicit regional and temporal uncertainty using the best possible evidence. This will represent a very large advance over the scattered, disjunct and unreconciled evidence currently available from a range of disciplines and small regional studies. HOLCLIM will enable the assembly, quantitative calibration and systematic assessment of the very many diverse data. This will facilitate coordinated research into the patterns and contemporaneity of natural changes, the climatological mechanisms that produced them, and the associations with potential drivers of climate change on short and long timescales. All of this just would not otherwise be feasible. Equally exciting is the prospect of designing parallel numerical modelling exercises with coordinated common inputs and strategies for validating and comparing their individual and joint outputs. This degree of integration in data analysis and model experimentation has never been attempted. Much of the effort in various palaeodisciplines is fragmented within Europe, and the links between palaeoclimatologists, instrumental climate analysts, and those with expertise in statistical and ecosystem modelling are weak or non-existent. HOLCLIM will provide the critical mass to mobilise the joint efforts within all of these research areas, and no less importantly, allow them to work with those developing climate or earth-system models of lesser or greater complexity.

It is just this large-scale integration of resources and research that must be mobilised before we are able to significantly advance our knowledge of high-resolution climate history, its causes and the implications for uncertainty in the projections of future climates produced by the world’s most-respected AOGCMs.

[timeliness?]

Integration

This project will integrate research at a number of overlapping levels. At the first level, groups of scientists will synthesise the efforts within each of the areas of European palaeoclimatology, climate forcing studies, environmental process modelling, and climate modelling. For example, palaeoscientists must be brought together to maximise the interaction and data synthesis within each of their areas of expertise, e.g. the European tree-ring community must identify and address the areas where new collections, reprocessing, and vital updating of existing chronologies should be undertaken. Similarly, pollen or peat specialists need to synthesise the results from existing, commonly identified optimum sites, and jointly undertake additional resampling of known and new locations. At a higher level, new analytical techniques and new statistical methods must be applied across disciplines, using commonly adopted protocols. This work can be optimised by identifying many common regions and scientific approaches, enabling direct comparison and integration of the outputs. Synthesis of the meteorological and documentary data will feed directly into the calibration and validation of palaeodata. Interpreted palaeodata from the different subfields, e.g. tree-rings, ice cores, lake sediments, marine cores, speleothems, coral records, with varying regional concentrations and different climate sensitivities and resolvable timescales, will then be integrated to form an optimum palaeoclimate network. At the lower level, climate modellers will similarly design complementary experiments using the agreed optimum synthesis of climate forcing histories to drive a suite of simple and complex models to simulate various aspects of Holocene environment and climate history, identified a priori through collaboration with the process modellers and palaeoclimate community. The upper level of integration will then involve the whole community and statistical specialists in the development and application of methods that allow the palaeoevidence to be used to evaluate model performance and use the model simulations to aid in interpretation of the palaeodata. The main outcomes, representing the ultimate integration of this coordinated approach will be an overall assessment of the utility and veracity of the climate models using the best available synthesis of the palaeoclimate reconstructions. These results will provide for the most authoritative consensus of climate change uncertainties and climate change detection uncertainty, incorporating the best possible assessment of natural, as well as anthropogenic, variability.

The HOLCLIM partnership

A provisional list of principal partners, who have agreed to participate in HOLCLIM, is provided below. Those marked with an asterisk currently serve on the HOLIVAR Scientific Steering Committee and would form the kernel of the management group of HOLCLIM. The full programme would involve collaboration between at least 40 researchers.
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