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PART 2: Description of Proposed Research

Proposal Summary: 
The Intergovernmental Panel on Climate Change (IPCC) 4th Assessment Report states that the mid-Pliocene warm period (3 to 3.3 million years ago) is the most recent interval of geological time when global mean temperatures were ~2 to 3 °C higher than the pre-industrial era.  Therefore, Earth’s climate during the mid-Pliocene represents an accessible example of a regime that is similar in many respects to what models predict could occur by the late 21st century (Jansen et al., 2007). Using an IPCC-class climate model we will simulate mid-Pliocene climate utilising the latest generation of geological boundary conditions (e.g. ice sheets, vegetation, sea surface temperatures). These results will contribute to an international effort to systematically compare mid-Pliocene simulations from multiple climate models, and assess the ability of climate models to accurately reproduce mid-Pliocene climates and environments as indicated by geological proxy data.
Introduction and Rationale

General Circulation Models (GCMs) are routinely used to simulate and predict Earth’s past, present and future climate (e.g. IPCC, 2007).  Although there is broad agreement among the models, there are also significant differences in the detail of their predictions (e.g. Randall et al., 2007).  Numerous palaeoclimate simulations have been conducted for various intervals in Earth history (e.g. Braconnot et al., 2008; DeConto and Pollard, 2003; Haywood et al., 2000).  These studies are being carried out in an effort to determine whether or not GCMs can successfully retrodict climatic conditions significantly different from present-day.  However, it is the norm in palaeoclimate modelling for only a single model to be used in each study, meaning the results obtained may be highly model dependant.  Exceptions to the norm are the modelling studies carried out as part of the international Palaeoclimate Modelling Intercomparison Project (PMIP), which was initiated in order to coordinate and encourage the systematic study of several GCMs, and to assess their ability to simulate large changes of climate that occurred in the past (e.g. Joussaume and Taylor, 1995).  The focus of the studies carried out by PMIP has, until now, been restricted to the Last Glacial Maximum and the mid-Holocene climatic optimum.  In 2007, it was decided to extend the remit of PMIP to cover the mid-Pliocene, as this time period has been identified by the IPCC as a potential analogue for future climate change (Jansen et al., 2007).
The mid-Pliocene and the Plio-MIP Programme
The mid-Pliocene warm period has provided a focus for data synthesis and palaeoclimate modelling for the last two decades (e.g. Chandler et al., 1994; Sloan et al., 1996; Dowsett et al., 1999; Haywood et al., 2000).  Still, our view of the mid-Pliocene world is largely based on outputs from only a few GCMs. As an initial step towards the assessment of the possible degree of model dependency in mid-Pliocene GCM climatologies Haywood et al. (submitted) present a comparison between surface air temperature and precipitation rates derived from two atmosphere-only GCMs (Met Office - HadAM3 and NASA/GISS - GCMAM3). Whilst both models were consistent in the simulation of broad-scale changes in mid-Pliocene surface air temperature and total precipitation rates, significant differences were noted on regional and local scales.  This work has been successful as a spring board for launching a larger internationally coordinated intercomparison project called Plio-MIP, which is operating under the umbrella of PMIP.  Plio-MIP held its first workshop at the Goddard Institute for Space Studies (GISS) in New York at the beginning of June 2008.  This proposal forms the UK contribution to Plio-MIP and outlines the programme of work and resources necessary to allow the UK to take a full part in Phase 1 of this new international project.  The project will help enable the systematic study of GCMs for a warm period in Earth history that has parallels to climate predictions for the end of this century.
Methodology and Approach 
This project will involve the completion of two new mid-Pliocene atmosphere-only GCM simulations and one new fully coupled mid-Pliocene ocean-atmosphere GCM simulation along with corresponding present-day controls (Table 1). These simulations will make use of the latest generation of boundary conditions available for the mid-Pliocene produced by the United States Geological Survey PRISM Project (Pliocene Research Interpretations and Synoptic Mapping Project – generation 3).  This includes updated estimates for sea surface temperature, global land cover and ice sheet extent compared to the previous generation of the PRISM data set (PRISM2).   Please refer to the PRISM web site for details of the PRISM3 data set (http://geology.er.usgs.gov/eespteam/prism/prism3main.html).  The UK has the ability to provide new simulations using both atmosphere-only and fully coupled ocean-atmosphere model configurations.  These simulations will be delivered using components of the UK Met Office Unified Model (developed by the Hadley Centre for Climate Prediction and Research).  Specifically, we will utilise the global atmospheric model component (HadAM3) and the fully coupled ocean–atmosphere model (HadCM3).
	1) Mid-Pliocene atmosphere-only GCM simulations

	SST & Sea Ice
	Land Cover
	Orography
	Ice Sheets
	Trace Gases

	PRISM3
	PRISM2
	PRISM2
	PRISM2
	CO2 at 405 ppmv

	PRISM3
	BIOME4 (Salzmann et al. 2008)
	PRISM2
	PRISM3
	CO2 at 405 ppmv

	2) Mid-Pliocene ocean-atmosphere GCM simulation

	PRISM3*
	PRISM2
	PRISM2
	PRISM2
	CO2 at 405 ppmv


Table 1: Details of mid-Pliocene model configurations and boundary conditions to be used in Phase 1 of Plio-MIP. *Sea surface temperatures and sea ice used for initialisation only and also including a global data set of mid-Pliocene bottom water temperatures (a Pliocene equivalent of the Levitus data set provided by the PRISM project).  
Specific Outcomes and Impact of Research
This research will provide new simulations of mid-Pliocene climate based on the latest generation of geological boundary conditions.  The PI and Co-I have extensive experience in utilising climate models for Pliocene climate modelling studies (e.g. Haywood et al., 2000; Haywood and Valdes, 2004, Haywood et al, 2007; Lunt et al., 2008; Lunt et al., in-press).  By making the results of these simulations freely available to the international community, the research will make a major contribution to the PMIP/Plio-MIP project and therefore help elucidate the degree to which various climate models are capable of simulating a recent warm interval in Earth history.  We have already developed web pages that fully document and illustrate the results of our palaeoclimate modelling simulations (http://www.bridge.bris.ac.uk/resources/simulations).  These web pages will be augmented with the new simulations resulting from this proposal. Results will also be presented at international conferences (AGU Fall Meeting etc.) and published in high ranking international journals.  It is our aim and anticipation that the results from Plio-MIP will contribute to the palaeoclimate chapter of the IPCC 5th Assessment Report.
Programme of Research (April 2009 to March 2010)
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	Set up, running and completion of atmosphere-only exps.
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	 

	Set up, running and completion of fully coupled exps.
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	 

	Quality checking and analysis of GCM climatologies
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	 

	Production of diagnostics and outputs for use by Plio-MIP
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	 

	Presentation of results at international meetings
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	 

	Write up (first Plio-MIP group paper and EoS article)
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	 

	Science and society talks and article preparation
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	 


Management of Project and Resources

The project will be managed by the PI and Co-I who will have responsibility for its successful completion. The budget will be administered by the Environment Faculty Research Office at the University of Leeds.
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