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EXECUTIVE SUMMARY







I have been involved in full time research since completing my doctoral thesis in 1984.  During this time I have been entirely supported through my acquisition of research grants gained in open competition.  I became a Reader at the Climatic Research Unit in 1996.  With a background in ecology, my primary research interests are in climatology, and particularly in Holocene palaeoclimatology: the elucidation of the variability of climate changes and their causes during the time since the last Ice Age.
  
I
 am a 
specialist
 in dendroclimatology: the use of tree-ring data for climate reconstruction.  
I
 have made important contributions to the literature dealing with the statistical and methodological aspects of dendroclimatological analysis and have published numerous tree-ring reconstructions.  These include widely cited papers describing summer temperature changes in North America, Fennoscandia, western Europe and Siberia.



During the last decade, 
I
 have played a significant role in raising the profile of tree-ring research to a point where it is now generally recognised as a vital component of international research programmes that aim to 
understand
 the nature of climate variability, especially in the context of identifying anthropogenic climate change.  Additional palaeoclimate reconstructions are badly needed to increase the global coverage in both time and space.
 
 
It is also necessary to explore the ways in which diffe
rent palaeoclimate data should now be brought together to provide optimal datasets from which to infer changes in the earth
’s climate over recent millennia, and within which to search for the causes of this variability.  





A major focus for such work is the need to test the realism of the 
‘natural
’ climate variability produced by General Circulation Models and hence aid the task of identifying a human influence on climate.  Within this proposal 
I
 offer an 
approach
 to how palaeoclimate data can be used to this end.  
This work involves strategic goals and the need for research to address pressing issues of tree-ring (and other proxy) interpretation, several arising out of my recent work.  
I
 will continue to produce 
detailed 
multi-century tree-ring 
temperature reconstructions, both regional-average series and detailed 
hemispheric 
maps, 
and 
much 
longer
 
reconstructions in several high-latitude regions
,
 spanning many thousands of years
.  
I
 will explore the extent to which these can be interpreted 
as evidence of atmospheric circulation changes and how these are linked with various forcing proxies.  
I
 will explore methods of 
establishing realistic confidence limits on tree-ring 
and other palaeo-
reconstructions
.  
I
 will investigate 
the reasons behind a dramatic change in the sensitivity of high-latitude tree growth since the 1950s and 
the problems this poses for empirical modelling of past temperatures
.  Finally, 
I
 will use the tree-ring data
 to derive long-term estimates of northern boreal forest biomass changes and 
explore 
the
 implications for carbon cycle and hence climate prediction experiments.






During the last 15 years, I have run or coordinated a number of research projects funded by the European Community, the UK Forestry Commission and NERC.  For the last six years, I have been the co-ordinator of two large international collaborative projects funded under the European Framework IV Convention.  The current project involves 15 institutions working in nine countries and is scheduled to finish in February 1999.




I have an international reputation for expertise in the general area of high-resolution palaeoclimatology.  I sit on the Scientific Steering Committee of IGBP PAGES 
(Past Global Changes) 
and 
I
 
will continue to be
 very much involved in 
this and 
other
 
international scientific coordinatio
n initiatives, such as CLIVAR
: the WCRP Climate Variability and Predictability Experiment
.  
I
 anticipate contributing to
 the next IPCC report.
  
I have recently been awarded a number of small NERC and EC research grants and am very hopeful of success in a larger pending NERC application.  This 
pending 
project will 
also 
directly address the 
issue of how palaeoclimate data can be used to assess the realism of ‘natural’ climate variability in GCM control run experiments.  However, none of these projects will provide me with salary
.
 
 At this time it is not known when further European Community support
 through the EC Framework V 
C
onvention will be available.  
Meanwhile, my scientific commitments are significant.  I will be coordinating the production of a major PAGES Review of Holocene climate and I am currently heading the organisation and drafting of a proposal to NERC for a large Thematic Research Programme intended to link the palaeo and climate modelling communities in collaborative work over the next five years.





I am applying for this Fellowship now, in the hope of achieving some continuity of support over an extended period.  This will enable me to better coordinate my research in
to these 
important palaeoclimate-related areas
.
 
The award of this Fellowship would allow me to
 devote future research funds to supporting other researchers
,
 significantly enhancing the scope and progress of this work in future years.
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TREE-RING AND OTHER PALAEOCLIMATIC DATA FOR DEFINING 

HOLOCENE ‘NATURAL’ CLIMATE VARIABILITY:



 A proposal for a NERC Senior Research Fellowship by Keith R Briffa



Introduction

This application begins with a brief outline of my academic history.  My ability to win research funding is illustrated through the description of a selection of my recent projects.  The general theme of my proposed Fellowship research is outlined along with a list of specific research topics.  In the sections that follow, I expand on several of the major topics, attempting to provide sufficient general background, evidence of the links between them, and details of the specific research lines that I wish to pursue.  Space restrictions preclude an account of many technical details and many references to the background literature.  Please note that throughout this proposal superscript numbers following citations refer to the numbered reference in the separate accompanying list of my publications.  Reference details are given at the end of this proposal document only for those cited papers upon which I am not an author.



Research Background

With a degree in Biological Sciences, I joined the Climatic Research Unit in 1977 initially working on the assembly, interpretation and geographic interrogation of published evidence for climatic changes over the last few millennia.  Through this work I developed an interest in tree-ring research.  My subsequent doctoral project (Briffa, 19841 ) developed a now established method for the spatial reconstruction of climate using tree-ring principal component regression (Briffa et al., 19832, 865 ; Cook et al., 19942 ).  At the same time in the early 1980s, along with Dr Tim Atkinson, I helped to develop the Mutual Climate Range (MCR) method that produced quantitative seasonal temperature reconstructions of British temperatures through Late Glacial time (Atkinson et al., 19862 ; Briffa and Atkinson, 19971 ).  From 1984 onwards I have run my own research projects.  These have all been concerned in some way with tree-ring research, most with climate reconstruction, except for one project on tree-ring chemistry, concerned with tree-ring dieback in an area of north Wales (Briffa et al., 19891 , 19955 ).  I do, however, maintain a strong interest in climatology and have published papers concerned with UK circulation indices (Briffa et al., 19906 ), regional (Briffa and Jones, 19924 ; Jones and Briffa, 19957 ) and Hemispheric (Jones and Briffa, 19924 ; Briffa and Jones, 19932 ; Jones et al., 19975 ) temperature; and European and British moisture changes (Briffa et al., 19943, Jones et al., 19974).  My major output, however, is concerned with the statistical aspects of tree-ring chronology development and related uncertainties (Briffa et al., 19873 ; Briffa and Jones, 19902 ; Briffa and Cook, 19904 ; Briffa, 19953 ) and climate reconstruction.  In the last decade I have published widely cited reconstructions of climate variability in different parts of the world, such as North America (Briffa et al., 19923 ; Luckman et al., 19977 ); Fennoscandia (Briffa et al., 19907 ; 19926 ); western Europe (Schweingruber et al., 19911 ); and Siberia (Briffa et al., 19951 ; 19963 ).  In recent years I have given increasing attention to the question of interpreting these data in terms of large scale (including hemispheric) representations of past summer temperatures, what controls them (Briffa et al., 19984,7 ) and how they can be used in a ‘climate change detection’ context (Briffa et al., 19962, 19981 ; Jones et al., 19985 ).  It is this recent work that spawned the ideas contained in this application.



Summary of Selected Relevant Recent Grants

In recent years I have, with other colleagues, been awarded a number of NERC and other grants.  I am either the principal or co-principal investigator on all these projects.  In 1993, I completed a NERC project concerned with the construction of a multi-millennial tree-ring chronology in northern Sweden (GST/02/49B).  Later I had a small NERC grant to investigate the potential for tree-ring work in Ethiopia (GR9/2164) and an EC grant to foster collaborative research with colleagues in Chile and Argentina (CT93-0336: DG12 HSMU).  Below are described in more detail, a number of relevant recently completed, and forthcoming projects.  Note that except for ADVANCE-10K, due to finish in early 1999, none of these provides me with salary.



Relationships between European Climate and the North Atlantic Oscillation: observations, models and palaeodata (with Dr P.D. Jones) (GR9/02522)

This project, recently completed, set out to explore the realism of the simulation of the North Atlantic Oscillation (NAO) within the one important GCM developed at the UK Meteorological Office Hadley Centre for Climate Prediction and Research (i.e. HadCM2).  This research established that the model NAO was well simulated, both in terms of variability and in its influence on patterns of European temperature and precipitation (Osborn et al., submitted1 ).  We also showed that the recent observed NAO (1963�92) behaviour is unprecedented if the model-generated variability is realistic.  This work has led to another submission (GR3/12107; ML:21) discussed later.



Analysis of Dendrochronological Variability and Associated Natural Climates in Eurasia during the last 10,000 Years (ADVANCE-10K)

This project is a spatial and major temporal expansion of an earlier EC contract (EV5Y-CT94-0500), concerned with tree-ring chronology construction and dendroclimatic reconstructions over Northern Eurasia during most of the Holocene period.  With a total cost of 1,079,992 ECU, it involves 12 institutions in seven countries and is due to terminate at the end of February 1999.  I am the project co-ordinator.  This project, together with its predecessor, represents an important stage in the development of European dendroclimatology in that it has, for the first time, brought together many of the European laboratories specialising in different disciplines of tree-ring-related work, but not necessarily with a focus on climate reconstruction, to screen and amalgamate the vast bulk of European data.  Major important new collections are also underway, including the construction of an extensive network of tree-ring density data from cool, moist sites around the Northern Hemisphere.  The current focus in this work is on northern Siberia, where many chronologies extending over hundreds of years are being assembled.  In special areas of northern Sweden, Finland, and western and central northern Siberia, very long chronologies, spanning thousands of years, are being built from subfossil wood.  These data have already yielded many publications, but a huge amount of potential is yet to be realised - we are preparing detailed year by year maps of growing season degree days across northern Eurasia for 300-400 years; hemispheric maps of growth anomalies showing changing regional-scale patterns of extended summer (April-Sept. mean) conditions, and their associated circulation features.  These data are also being amalgamated to show very-large-scale mean temperature changes, even representing average hemispheric conditions.

	We have recently published (Briffa et al., 19987 ) quantitative evidence of the timing and magnitude of hemispheric summer cooling initiated by major explosive eruptions throughout the last 400 years.  These same data have yielded startling evidence of an as yet unexplained decline in the sensitivity of the growth trends to large-scale temperature changes since the middle of the last century (Briffa et al., 19984 ) and provided preliminary evidence of a major increase in the long-term productivity of northern boreal forest trees since the last century.  Much work is required to further enhance this tree-ring densitometric data base in the coming years, and in further exploiting its enormous palaeoclimate and palaeoecological potential.  This will require investigation into the precedence of the changes in productivity and climate sensitivity of these data in recent times; their interrelationships; and, of course, the implications for the interpretation of past data.

	We fully expect to receive further EC support but at present this is unlikely to be before 2000 at the earliest and may require a change of emphasis, perhaps towards the use of the data in specific GCM model comparison studies.  These issues are discussed in more detail in the following Section on ‘Proposed Research’.



In situ sensitivity of tree growth to long-term CO2-enrichment and climatic warming, and its implications for past climate reconstructions (with Dr D. Beerling) (GR9/03923)

This project will run for nine months, starting in early 1999.  It was designed to exploit a unique opportunity to investigate the individual effects of increased CO2 levels and raised temperatures on the ring-width and ring-densities of mature pine and birch trees that have grown in an experimental greenhouse for five years (as part of the CLIMEX experiment at Risdalheia, S. Norway).  Besides statistical comparisons of the experimental tree growth rates and climate responses before and after the experiment, comparison will be made with trees in the surrounding region.  The experimental tree-growth responses to different CO2 and temperature treatments will be compared with measured leaf gas exchange and modelled productivity responses for corresponding years to assess the translation of leaf-scale to whole-tree growth effects.



High-Resolution Holocene Climate and Forcing (HIHOL)

This project was formulated by me and submitted for consideration to the Scientific Steering Committee (SSC) of IGBP PAGES in June 1998.  The concept is a “state of the art” review of high-resolution climate variability throughout the Holocene.  It will incorporate reviews of different palaeodata; reviews of potential forcing histories that can be established with equal dating accuracy; a review of latest relevant modelling experiments; and a ‘concept’ synthesis in which established thinking about climate change and variability, and prospects and problems arising out of the above synthesis are reassessed.  World leaders in various disciplines, including many of the PAGES SSC will be tasked with organising authoritative reviews based on submissions from active researchers within their communities.  These submissions and reviews will form the basis of a Review Workshop to be held in late 1999 where existing concepts of Holocene climate and its variability and the links with forcing will be reassessed.  This reassessment will provide the input to the final synthesis section in what will then become a Holocene Special Review, scheduled for publication by Arnold in 2000.  The first tranche of funding to support travel costs has been provided by PAGES.  I am coordinating the project and will be applying to the US National Science Foundation for further support.  This will be a demanding but very exciting undertaking and the product will be a milestone in our understanding of high-resolution Holocene climates.



Multi-Millennial tree-ring chronologies in high-latitude Siberia: reconstructing Holocene temperatures and recent biomass changes (INTAS-97-1418)

This project has only recently been agreed under the auspices of the International Association for the Promotion of Cooperation with Scientists from the Independent States of the Former Soviet Union (INTAS).  It was a joint submission between myself and a Swiss colleague, Dr F.H. Schweingruber - primarily to support our ongoing collaboration with two Russian institutions in Ekaterinburg and Krasnoyarsk.  It will run for two years, starting in late 1998.  Though this grant only amounts to a total of 60,000 ECU, the 50,000 that will go to Russia represents a very significant underpinning of the work there, particularly given the deteriorating state of the current Russian economy.  We received earlier funding from INTAS to establish the first tree-ring densitometric facility in Russia at Krasnoyarsk,.  These institutions are currently sub-contractors to the current ADVANCE-10K project (see earlier).  I view this collaboration as an essential springboard for further development of Russian dendroclimatology in the next decade.  Such a development is vital if we are to succeed in the essential task of building a dense network of long tree-ring chronologies across Eurasia and the N. Hemisphere.  One aspect of this particular work that should be emphasised here is its concentration on collecting necessary new tree-ring data and their interpretation in terms of biomass changes over recent centuries and the implications for estimating the magnitude of past and future carbon sinks in this part of the biosphere.  This issue is discussed in more detail elsewhere.



Description of Proposed Research

Over the next five years, I propose to continue work developing and interpreting the highly important Northern Hemisphere network of temperature-sensitive tree-ring density data, in continuing close collaboration with Swiss, Fennoscandian, Russian and American colleagues, and to explore a number of important interrelated areas of direct relevance to these, but also to other, high-resolution proxy climate data.  These areas include: detailed investigations into the time stability of regional and hemispheric-average tree-growth/climate responses following our recent discovery of a wide-scale loss of temperature sensitivity in the decadal growth trends of the tree-ring data across the northern boreal forest after about 1950; the implications of the above for empirical regression modelling of past climate variability; the need to place statistical confidence limits on regional and hemispheric reconstructed temperature series, taking into account the effect of temporal variability in the statistical reliability of tree-ring chronology predictors, and the fact that this reliability is also timescale (i.e. frequency) dependent; the interpretation of the space/time variability of the network data, over many centuries, in terms of changing patterns of summer Northern Hemisphere temperatures and related atmospheric circulation data; the reconstruction of the long-term behaviour of important climate systems (e.g. El Niño/Southern Oscillation, North Atlantic Oscillation) using tree-ring and other rigorously vetted and climatically calibrated palaeoclimate data; comparisons of reconstructed climate variability (i.e. temperature, pressure, NAO,ENSO) with that generated by the latest long control-run GCM experiments (both German and UK) to test the realism of the ‘natural’ variability of climate generated by these models; and finally, stimulated by the dramatic results of preliminary (and as yet largely unpublished) work indicating major 19th century increases in tree growth around the hemisphere, to undertake an in-depth study of the evidence for changing productivity of northern boreal forests over recent centuries using a combination of ring-width and ring-density parameters to derive time series of regional stem biomass and to explore the implications for carbon cycle and climate prediction models.

	All of the above work is linked by a common theme: enhancing our ability to use palaeoclimate data to define ‘natural’ climate variability in the real world and to test the realism of its expression in GCMs, enabling better identification of ‘unusual’, perhaps anthropogenic, influences on modern climate.  I now expand on some of these issues in more detail.



A Methodology for using High-Resolution Palaeodata for GCM Validation

Global ocean�atmosphere general circulation models (GCMs) offer the only prospect of understanding the extent of, and mechanisms by which patterns of climate changes are and will be driven by anthropogenic and natural forcings.

	The annual-to-multidecadal timescales of variability generated by control-run GCM simulations of natural climate (e.g. von Storch, 1994; Tett et al., 1997), including various experiments incorporating different non-anthropogenic climate forcings such as changing solar irradiance (e.g. Cubasch et al., 1997), represent the benchmark by which perturbed model simulation results are judged.  Hence they require validation on long timescales, a facet that is only possible using palaeodata.  Decadal timescale variability (10-50 yr) is of particular importance (Santer et al., 1996; Jones et al., 19985 ) for the detection issue.  Also important are decadal variations in the statistics of interannual modes of variability; hence, high-resolution (annual) records are necessary.  Records from different locations need to be synthesised to identify spatial patterns; hence, absolute dating of the records is essential.

Reconstructions of spatially-resolved climate variations are required, therefore, to evaluate the extended climate model integrations that are currently used to provide an estimate of natural variability noise used in fingerprint-type signal detection and attribution studies (Santer et al., 1996).  Initial studies (e.g., Barnett et al., 19961 ) indicate possible model deficiencies, but do not adequately consider the reliability of the palaeodata.  Jones et al. (19985 ) clearly document the reliability issues surrounding a range of palaeodata, but only in qualitative terms and only using a relatively sparse network.  Hence I consider that the time is ripe to undertake a major change of direction in my own research towards the study of the very real problem of how one actually uses tree-ring data in assessing GCM output.  Certainly the tree-ring densitometric data with which I have worked in recent years appears to have enormous potential in this regard.  It has excellent coverage and reflects regional and hemispheric temperatures with considerable skill (e.g. Briffa et al., 19981,4,7 ); Schweingruber and Briffa, 19968 ) back to 1600 and beyond.  Other high�resolution palaeoclimatic research is also making rapid advances, both in terms of the acquisition of new and longer records and with regard to the statistical modelling of their climate content and associated uncertainties.  However, different proxy records vary greatly in the extent to which they reflect specific climate variables, seasonal windows and timescales of variability (e.g. Briffa and Jones, 1993; Briffa, 1995; Cook et al., 1995; Jones et al., 1998; Mann et al., 1998).  Evaluation of the reliability of these data on a range of spatial and temporal scales is required, to identify the temperature-circulation modes that they capture and the uncertainty attached to them.  Cook et al. (1998) have made a first attempt at a winter NAO reconstruction back to 1701, based on a network of tree-ring widths.  We have made (Osborn et al., submitted1 ) an independent validation of that reconstruction using the extended instrumental NAO index of Jones et al. (1997) for the period 1824-1980.

	A start has also been made for Northern-Hemisphere-mean summer series (Briffa et al., 1998; and see Figure 1).  There is the potential for reconstructing winter or annual temperatures too, due to the sensitivity of some ring-density and, particularly, ring-width sites to winter temperatures.  Mann et al. (19985 ) have independently produced a reconstruction of Northern Hemisphere annual-mean temperatures (ad 1400-present) using a combination of natural proxies, historical, and instrumental data.  Further validation of their method and of the effect of a decreasing sample size early in the record needs to be performed.  The same is true of the Bradley and Jones (1993) and Jones et al. (19985 ) Northern Hemisphere summer temperature reconstructions back to ad 1400 and 1000 respectively, based on simple averaging of various proxy timeseries (trees, ice cores, historical and one instrumental record), and the reconstruction of Arctic temperatures, produced from tree rings, ice cores and less temporally resolved lake varves that extends back to 1600 at a five-year resolution (Overpeck et al., 1997).

	In addition to the interest in internally-generated variability, the controversial question of the degree to which natural external forcings affect climate needs to be re-examined in the light of new model experiments (Cubasch et al., 1997) and new palaeoclimate reconstructions.  The North American drought severity reconstructions of Cook et al. (1997) represent some of the strongest evidence yet of the influence of solar variability; to compare similar drought severity indices computed from the ensemble of solar-forced integrations completed by Cubasch and co-workers in Hamburg would be very timely.

Therefore, henceforth, I intend to expand the scope of my palaeoclimate research as follows:

Gather and rigorously assess the local reliability of all high-resolution proxy data.  Separately assess their ability to capture the important large-scale patterns of variability operating in the real world.

Compare and contrast different methodological approaches to using the palaeodata to estimate large-scale temperature patterns (and their averages) and their time histories.

Compare and contrast the major modes of spatio-temporal variability in control runs of GCMs, with those defined in the real world, and GCM integrations incorporating different assumptions about past forcing changes (e.g. solar irradiance changes, changes in volcanic aerosols).

Combine the various estimates of natural climate variability from the palaeodata/observations/GCMs to provide yardstick values of such changes in anthropogenic climate change detection studies.

	The methodology of exploring the characteristics of real and modelled natural climate variability using measurements, palaeo and modelled data can be addressed in the following three ways :

First, using GCM data, identify the major spatio-temporal modes of model circulation (and their associated patterns of regional temperature and precipitation) in the control run data (i.e., what major circulation changes are associated with particular patterns of warming and cooling).  Compare and contrast these in different models.  This identifies critical regions and optimum climate parameters (including seasonal differences).  These can then be compared with the instrumental record to explore the spatial congruence and sensitivity in spectral character of the major modes (e.g., by using extended EOFs, evolutionary spectral analyses and singular spectrum analyses).  These analyses will identify the most important regions and parameters requiring palaeo-based extension, and the optimised palaeodata will be used to extend the model/observation comparisons referred to here. This can be termed the model-centric approach.

An alternative approach is from the standpoint of the palaeodata.  Bring together the available, dated, high-resolution proxies, including very extensive new networks of (some temperature and some precipitation sensitive) tree-ring chronologies; ice core and some coral data.  Rigorously assess the strengths of their relationships with regional climate data.  This assessment will include comparison within specific spectral bands, as it may be that the palaeodata are only useful in some (see discussion elsewhere).  The major spatio-temporal components of this palaeomatrix can then be compared with those of the full instrumental matrix and the different GCM data.  By projecting the palaeo-patterns, alternately on to the observed and model datasets, the extent to which the limited-domain palaeodata are capable of capturing the ‘important’ modes of variability operating within the full spatial domain can be quantified.  Part of this palaeoclimatic approach should be to define the limitations of the palaeodata in capturing the spatial patterns of climate variability associated with the warming signals in recent observed data (i.e., the Northern Hemisphere mean temperature (annual and summer) records).  Also, by selecting only data within the observed record, or within the modelled datasets, that correspond to the signals represented in the palaeodata, the limitations of using the palaeodata to define extended hemispheric-mean records can be explored (as has been done in four recent papers by Overpeck et al., 1997; Mann et al., 1998; Briffa et al., 19987 and Jones et al., 19985 ).

The third approach is related to both of those above but it starts from the a priori recognition that there are important modes of atmospheric variability responsible for some of the observed 20th century warming (NAO and ENSO, Hurrell, 1996).  This approach would concentrate on assessing the role of  these phenomena in various models, and in the palaeo-extended observational record.  New (unpublished) ENSO reconstructions of Stahle et al. (in press) and of NAO (Cook et al., 19982 ) could be used to assess how unusual the recent observations of these phenomena are (see, e.g., Trenberth and Hoar, 1996).  Also, their range/variability and their individual and combined roles in producing hemispheric warming within the different models.

	The above approaches provide objective datasets that describe the nature of pre- and post-industrial climate variations in the real world and in unforced models.  They will provide a basis for focused comparisons of the manner (degree of overall warming, spatial patterns and evolution of those patterns, particularly with regard to the NAO and ENSO) of climate changes in perturbed (i.e. with anthropogenic forcings) experiments using the same models.  These data will enable testing of the realism of natural climate variability generated by GCMs and so reduce the uncertainties associated with anthropogenic detection, claimed because of unprecedented deviation from this modelled variability.  Such work will also undoubtedly advance our understanding of the strengths and weaknesses of the possible climate proxies and suggest priorities for the development and refinement of new proxies.  

	An application for funds to support a PDRA to work on this area is currently being assessed by NERC.  If successful the project will begin the task of palaeodata assessment and focus on UK Met. Office Hadley Centre model control run data and explore the variability in solar-forced control-run data  produced by the MPI, Hamburg.  This work will be done in close collaboration with colleagues at both of these institutions and will involve further collaboration with other colleagues exploring alternative means of integrating palaeo and instrumental data to produce large-scale average warming histories or explicit patterns of past climate variability over the hemisphere.  I also intend to develop this and similar collaboration in future grant proposals to the EU and, to NERC, if the Thematic Proposal PRESCIENT now going forward to foster long-term joint work between modellers and palaeoscientists, described elsewhere, is successful.



Large-Scale Declining Tree-Growth Temperature Sensitivity

In a recent paper (Briffa et al., 19984; see Figure 1 and attached abstract) it was shown how tree-ring radial expansion and, particularly annual peak summer wood density, have declined steadily since the middle of this century, in trees across the whole northern boreal forest.  This decline is coincident with a generally increasing trend in measured summer temperatures, whereas before about 1950, there was a high positive correlation between the two.  On the interannual timescale there is little or no evidence of a fall in correlation, the relative year-to-year growth of trees continuing to respond directly to changing temperatures over equivalent regions.  Hence it appears that we see a major, but slow change, in the underlying net productivity of these forests and an apparently unprecedented loss of response to slow temperature forcing.  This is manifest in data averaged around the hemisphere and is also seen in all of the major sub-continental-scale parts of the network (e.g. N. Europe, Central Siberia etc.).  This is a significant finding which has implications for dendroclimatic reconstruction of past temperatures and possibly for climate prediction. We will address the reconstruction issue here, and return to prediction in the next section. 

	In dendroclimatic reconstruction, least-square regression techniques are used to derive transfer-functions for estimating past temperatures as a function of tree-ring variability.  When applied to tree-ring predictor series affected by this recent growth decline, they will overestimate past temperature levels because the regression coefficients will be increasingly biased when calibrated against recent temperature data.  The extent of this effect will depend directly on how much long-timescale variability is contained in the chronologies.   To explain this point we must first touch on the issue of tree-ring chronology development. 
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Figure 1: An illustration of inferred Northern Hemisphere summer temperature changes on interannual (histogram) and multidecadal (thick line) timescales.  This was produced by weighted averaging of tree-ring density data from nearly 400 sites in the northern boreal forest (Briffa et al., 19987 ).  This provides probable absolute dates and relative magnitudes for the effects of a number of explosive volcanoes with high Volcanic Explosivity Indices (VEI).  The line T shows smoothed instrumental temperature (April-Sept) and highlights the continuing divergence from the density data in the last 50 years.  Note that the interannual correspondence remains high (Briffa et al., 19984 ).  The thin line (LFD) illustrates how additional low-frequency variance can be extracted from the same density data using a new technique (discussed in the proposal).



	Tree-ring chronologies (regardless of the type of growth parameter represented, e.g. late-wood width, total ringwidth or density etc.) are most often appropriately considered as high-pass filtered data.  This is because differences in overall growth vigour between trees as seen in different means and standard deviations are frequently subjected to statistical standardisation before being averaged to form a chronology (i.e. by subtraction of the series mean from each yearly value and division by its standard deviation).  In addition gradual changes, such as the progressive narrowing of ring-widths that are a function of tree age are also removed using any of a large number of statistical techniques.  The purpose is to avoid non-climate bias being introduced into the eventual average-series chronology.  However, a lack of discrimination between tree-specific and more universal trends, such as those produced by slow climate forcing, can result in the removal of all long-period chronology variability and with it, the potential for equivalent long-term climate recoverability.  The extent of loss depends on the length of the original series, the flexibility of the detrending technique employed and the time-varying replication of the chronology (i.e. the number and nature of the individual series that go to form it during different periods: for further details of these issues see Briffa et al., 19962 ).  Hence in Figure 1, we see a powerful representation of the history of high-latitude northern summer temperatures spanning 600 years, but only on timescales up to about a century.  The focus of interest in this work was the identification of the relative magnitude of hemispheric cooling caused by large explosive volcanoes (Briffa et al., 19987 ).  There was, therefore, no attempt to maximise the representation of long-period temperature change.  Figure 1 illustrates how the longer period changes can be extracted using an alternative statistical approach (described in the next Section).

	In the light of the above brief digression, we can now see that the declining thermal sensitivity in northern tree growth is real, but as yet demonstrated only in a band-limited spectral sense.  Regression-based dendroclimatic reconstructions of short-to-medium frequency variability (say interannual to multidecadal) can only be slightly (if at all) biased because the ratio of interannual chronology variance to underlying trend variance is very high.  Attempts to reproduce progressively longer timescale changes (century and upwards), using predictor series with maximally-conserved long-period variability, are prone to greater bias.  This requires further study and we will return to the subject when discussing the related issue of long-term biomass change in the following Section.

	Meanwhile the question of what is affecting late 20th century tree growth remains.  The most obvious candidate is a breakdown in the hitherto established positive linear thermal growth response above some absolute threshold, but the observed summer warmth over the whole northern boreal zone was higher during the 1930s and 40s than in the 1960-80 period.  Increasing moisture stress might be implicated but simple caparisons of the temperature/tree-growth residuals with, admittedly gross,  measures of seasonal precipitation totals do not support this.  However, substantial work is needed to establish whether there is some subtle but direct climate-related cause, before other environmental factors are explored.  Detailed analyses of the time-dependent responses of individual site chronologies to multiple climate parameters must be carried out, so as to highlight the relative magnitude and timing of changes in different species, and in very localised geographical areas.   Changes in the seasonality of climate, such as increasingly warmer and earlier springs, warmer winters or increasing growing season soil moisture stress are important possibilities to explore.  This work alone will require time consuming analyses using relatively sophisticated techniques applied to large primary climate data sets.  These are available at the Climatic Research Unit.  The value of this work will be seen to be even greater when one considers it in the light of new evidence of longer timescale changes in tree productivity and the possible role of anthropogenic changes described in the next Section.



Long Term Biomass Change in Northern Forests

Figure 2 is a dramatic illustration of the evidence, as yet unpublished, that major long-term changes underlie the interannual variability of northern conifer forest productivity during the last two centuries. These curves are based on transformed ring-width and wood density measurements from many trees at each of nearly 400 sites around the Hemisphere (produced by D.F.H. Schweingruber’s laboratory in Birmensdorf, Switzerland: see the earlier section on ADVANCE-10K).  I have developed a technique in which the raw measurements at each site are first segregated into separate narrow tree-age bands (e.g. 10-20 year old, 30-40 etc.) and combined to form annual time-series for each band made up of data from different trees.  Each age-band series is then scaled to have equal mean and variance over a common period (here 1700-1980) and the different band series recombined to produce a relative growth record for each site/species.  These can be similarly scaled and combined over large areas to produce a picture of relative regional growth changes.  The age banding approach removes the need to detrend individual tree timeseries (described in the previous Section) and hence preserves the long timescales of variation.  This is how the narrow smoothed curve in Figure 1 was produced.
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Figure 2: Short and long-term changes in different measures of tree productivity averaged across nearly 400 sites in the northern boreal forest (unpublished data).  Relative replication of the constituent data is shown by the dotted lines.  The data are plotted as standardised departures from a 1700-1980 base.��

	Figure 2 shows that, over the whole network, the level of net productivity, for trees of all ages, was stable up until about the middle of the last century but basal area increment, BAI (a proxy for stem volume) began to rise after this time.  In very young trees (less than 50 years) the rise may have accelerated since about 1950 but the sample data (dotted line) are very few (very young trees with few rings, are not generally sampled for past climate studies!)  The BAI in older trees has remained constant since about 1930, though at a significantly higher level then before 1850.  The maximum density data do not show the long term productivity increase.  After about 1930-40, as with stem volume, young trees show increased density, but the older trees clearly show the sharp decline discussed in the previous Section.  Several deductions can be made concerning these results and they pose considerable questions for climate reconstruction, and carbon cycle modelling.

First, they suggest that temperature-sensitive tree-ring width chronologies may display positive recent trends that are not related to temperature and which may lead to exaggerated estimates of  the magnitude of recent warming when calibrated against instrumental temperatures.  Contrast this with the potential for underestimation of modern temperature trends based on density series.  Again (see previous Section), the effect will be moderated by the chronology production methods used in individual studies, and the timescale of interest (medium versus long period).  The whole issue requires close attention.  Note that my own reconstructions, all of which have been used in the various early attempts to produce hemispheric temperature histories, are based mainly on density predictors.  The likely biases in the density data are probably small.  However, the effects in these and in other published work, particularly those based on ring-width predictors, need to be re-examined.  The raw data should be analysed using the new method I have described.  Reworking of reconstructions will also be required to produce spectrally partitioned series, where separate temperature regressions are performed on various band-pass filtered portions of the data (e.g. 1-50 years band, 50-100, >100).  Separate estimates of the regression error and additional time-dependent uncertainty associated with each band can then be produced.  The separate period band reconstructions can then be recombined to produce full spectrum time series, but with better defined confidence limits.  All proxy climate data should be investigated in this manner and it may be that averaging data to form regional series, or undertaking spatial comparisons between palaeo and GCM model data, is only valid for specific time bands.

Of major interest is the reason behind the underlying trends in different growth parameters shown in Figure 2.  The rates of 19th and early 20th century BAI increases (and the continuing late 20th century ones in the case of the younger trees) are coincident with those of global CO2 but increasing nitrogen levels must play a role.  Here detailed study of the regional growth trend patterns with the distribution of nitrate ‘pollution’ will throw some light on this.  Also it could be very informative to study other tree-ring data from less nitrogen limited ecosystems and results from other published studies.   Certainly, the density ‘decline’ does not appear to be a simple compensation  for increasing stem volume (as often seen in artificial fertiliser experiments) because density did not decline from the 1850s onwards, but did after 1950 when volume levels were stable.  As for the implications for carbon cycle modelling, the data could add much to a growing body of evidence indicating that the mid- and high-latitude forests represent a large part of the missing carbon sink.  The essential novel result is in the stabilisation of volume growth after 1950.  Regardless of what causes the 19th and 20th century fertilisation of tree growth, our initial evidence suggests that (at least for the northern boreal forest) partial saturation may have occurred as early as the 1950s.  This implies a reduction in the take-up of subsequent carbon emissions.  However, the different growth trends for young and older trees and the different histories of volume and density changes must be accounted for.

	These tree-growth data must, therefore, now be processed in different ways to provide data more relevant for interpreting stem biomass changes.  Early (spring) and late (summer) wood measurements can be scaled by existing mean early and latewood density measurements, and combined to provide ‘flat mass increment’ (FMI) data.  Using various forest carbon estimates taken from the literature, these relative indices can be transformed into regional histories of absolute carbon sequestration, including quantification of the increase in atmospheric carbon dioxide after 1950 due to the stabilisation or fall in northern tree growth.  The implications of these results for future climate prediction could then be explored through the use of simple carbon cycle and upwelling-diffusion energy balance climate models (e.g. Wigley, 1993).  Besides undertaking detailed exploration of potential climate forcing of their variability, and the FMI data should also be compared with model estimates of past changes in the magnitude of the missing carbon sink, based on analyses of stable carbon isotope ratios (Joos et al., 1998).  Comparing the FMI data with measurements of total atmospheric CO2 concentrations (different seasonal values, annual amplitude variations) may contribute to the question of how much of the interannual variability in the annual amplitude of CO2 concentrations is related to changes in summer forest productivity as opposed to winter respiration (Keeling et al., 1996).  Similar comparisons with the short satellite-based measurements of Normalised Difference Vegetation Indices, NDVI, will establish whether FMI evidence of net forest productivity is consistent with published evidence of recent enhanced northern forest photosynthesis (Myneni et al., 1998).  



Research Location

The Climatic Research Unit is the ideal institution within which to undertake the research discussed in this proposal.  The vast bulk of tree-ring data, and many of the other proxy data are archived here.  The very extensive climate datasets, including new high-spatial-resolution gridded data that are the product of a current NERC grant (GR3/09721)are ideal for this work.  Also uniquely convenient access is available to many of the latest  GCM control and perturbed simulation experiments that are distributed from the Unit under the auspices of the DETR Climate Impacts LINK Project.



Intended participation in the ‘Wider Science Arena’

My interest in tree-ring research has always been motivated by a desire to learn more about the fine details of past climate variability, in order to understand the mechanisms that drive it and ultimately the forcings that control it.  Now, of course, with the advent of the global warming debate, the impetus to do this is greater than ever; I have striven within the field, to recognise and address the problems which restrict or confuse our attempts to interpret our data in ways which can contribute usefully to this debate.  I also consider it important to make efforts to promote our science to the wider scientific community and the public at large, but equally, to present its limitations clearly and unashamedly.  At the recent final IGBP PAGES Open Science Meeting, held in April this year, I was one of only two UK scientists invited to present a plenary lecture (on the tree-ring record of high-resolution Holocene climate variability) and I am currently preparing a review paper for the forthcoming book arising out of the meeting.  The scope of tree-ring work and its value for defining natural climate change is far greater than ever before, because of the huge increase in the geographical regions being exploited; the increased length of the time series being developed; and the development of better techniques for processing and interpreting these data.  Also, outside of dendroclimatology, new potentially valuable proxies are now coming to light, no doubt with their own strengths and weaknesses, and problems of interpretation.  Greater interdisciplinary interaction will greatly enhance our understanding and ultimately the value of all of these.  I have tried to aid this development of Holocene palaeo-data and encourage its wider application through my work as an EC project co-ordinator and through my collaboration with other researchers in dendroclimatology in other palaeo-disciplines but also with climatologists and climate modellers.

	I have served for three years on the Scientific Steering Committee of the IGBP Past Global Changes (PAGES) Programme and have recently been elected to serve for another three years.  As part of this work, as well as co-ordinating the major Holocene period, high-resolution palaeoclimate review (HIHOL) scheduled for publication in the year 2000, I will also co-author a new PAGES Stream 1 (i.e. a concentration on the last 2000 years) Implementation Plan to be published in 1999.  I am a member of the PAGES/CLIVAR working group, and I anticipate contributing to the forthcoming IPCC review.

	Finally, I also wish to draw attention here to what I believe will prove to be an extremely significant advance in UK palaeo-science and GCM modelling, provided the necessary NERC support is forthcoming.  I have recently headed the drafting of an ESTB/ASTB proposal for a Thematic Research Programme “Palaeoclimatic Research and Earth System Modelling for Enhanced Climatic and Environmental Prediction” (PRESCIENT).  We are proposing a five-year programme that will link the UK palaeoclimate and GCM modelling communities in the collection and interpretation of palaeoclimate data to enable more rigorous testing of the capabilities and reliability of GCMs with a specific focus on the latest Earth System model being developed at the UK Meteorological Office Hadley Centre.



The research I have proposed is at the heart of the NERC strategy for future work in Environmental Sciences.  It will contribute significantly to an area, the importance of which is internationally recognised.  It offers practical approaches to exploring the interpretation of high-resolution climate proxies and will advance the means of their use in GCM model validation.  How much of what I discuss is achievable over the next decade will depend on future levels of support, but the award of a Senior Research Fellowship will greatly enhance the prospects.
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