Global Change in Atmospheric Chemistry, Composition, and Climate: Hindcasting Trends and Variability since 1980.  (IGAC Atmospheric Chemistry and Climate Activity #1)
Overview. Understanding how the chemistry and composition of the atmosphere may change over the 21st Century is essential in preparing adaptive responses or establishing mitigation strategies.  The abundance of aerosols and many greenhouse gases is controlled by atmospheric chemistry and physics integrated over global scales.  A changing atmosphere not only drives climate change but also directly threatens human health, agricultural productivity, and natural ecosystems.  Projections of future climate change are coupled with changes in atmospheric composition whose impacts extend to air quality:  e.g., the projected increases in near-surface ozone levels threaten air quality standards for much of the world's population (Prather et al., 2003; Stevenson et al., 2006).  This activity seeks to test and diagnose global chemistry models, using the past few decades of observations to quantify and reduce uncertainties when these models are used in climate system models to project conditions in the 21st century.  
1.  Goals.  
The primary objective of this IGAC Atmospheric Chemistry and Climate Activity #1 (AC&C1) is to evaluate the capability of current atmospheric chemistry models to integrate over the variations and trends in circulation and climate, in emissions, and in chemical feedbacks that control atmospheric composition.  The composition of the atmosphere changes in response to altered forcings (i.e., emissions, land-surface change, solar cycle) and climate variations (winds, convection, precipitation, clouds).  An ideal test of the models used to project future atmospheric chemistry and climate is provided by the past few decades for which we have observations of trends and variability in atmospheric composition.  This effort focuses on space (1000+ km) and time scales (multi-year to decadal) that are essential in projecting 21st century change, and that effectively integrate over many atmospheric processes.  
We propose to develop a set of hindcast experiments to test and grade the performance of global chemistry-transport models (CTMs) (e.g., Douglass et al., 1999).  By CTMs we include any global chemistry model (e.g., coupled chemistry-climate models, models driven by assimilated meteorological fields) that is able to simulate the variability and trends in atmospheric composition over the past few decades.  Through this process, we expect to derive more objective measures of uncertainty in modeling atmospheric chemistry and transport and thus in projecting future composition.  AC&C1 takes an integrative approach and will not focus on process validation, which is being examined by others (AC&C2, CCMVal).  In certain tests, however, the primary cause of variation or trend may be identified through model studies with a specific atmospheric process, and thus this activity will augment those studies.  

As with most such projects, this remains primarily a volunteer effort.  We anticipate that many research groups may be able to persuade their funding sources to directly support AC&C1 activities.  Nevertheless, to gain participation, we rely on developing a program that provides scientific curiosity, excitement, and opportunity for researchers trying to understand the coupling of atmospheric chemistry and climate.  
2. Experimental Approach.  
AC&C1 needs to establish a core group to oversee the project.  It is expected that each member of this group, as well as others participating in the process, will define and agree to work on specific hindcast experiments.  By an experiment we mean the clear definition of the following:  (i) a multi-year series (post-1980) of measurements of one or more atmospheric trace species; (ii) a clear objective grading criteria for evaluating model success; (iii) the multi-year variability of external forcings (e.g., emissions) needed to drive the simulations; (iv) a set of required diagnostics so that the different model simulations can be readily compared and evaluated; and (v) guidelines on the types of chemical models and meteorological fields that can usefully participate.  
An important issue involves the type of models and meteorological fields used in AC&C1.  We hope to design AC&C1 so that a wide range of different chemical models will be able to participate in one or more of the AC&C1 experiments.  CTMs driven from archived meteorological fields meant to represent the post-1980 meteorology are the most obvious participants.  Yet, many of these analyzed fields have known problems with stratospheric circulation as well as problems in tropospheric temperature and humidity trends.  Coupled chemistry-climate models can be driven with SSTs or defined radiative forcing (AMIP-like runs), but of course they cannot predict the actual weather of the time period.  Thus the test of the climatology of trace species variability versus the exact interannual observed variability must be specified in the design of the experiment.  If we are examining the chemical response specifically to changes in climate (T, H2O, circulation) over the last twenty-five years (not clear that this can be observed separately from the changes in emissions), then we may need to look to the multi-model ensembles from the climate models.  

Atmospheric composition is controlled globally by many trace species, and thus an obvious question is:  why not specify a single hindcast from 1980, one that includes gases and aerosols, troposphere and stratosphere, all natural and anthropogenic forcings?  Such a monolithic 1980-hindcast would be an interesting challenge, but is beyond many research groups’ modeling capability.  We believe that a pragmatic, staged approach will be more successful and lead to greater advances in modeling atmospheric composition.  In some cases, short (less than 25-year) simulations may be appropriate, but we restrict AC&C1 to at least multi-year modeling to meet our primary goal of evaluating and understanding the trends and variability in atmospheric composition.  We need to develop a series of experiments that can be run with several chemical models and are as inclusive as possible of the different structures and limitations of these models.  In order to maximize the number of participants, we recommend a limited number of key experiments, with overlap in forcings and diagnostics, and with a range in the completeness of the chemistry-climate system.  For example, one experiment may be able to test the ability of different representations of the meteorological fields to drive interannual variability, and another may require full coupling of aerosols and gas-phase photochemistry.  

Sample Experiments (These are suggestions only, meant to show the type and range.   We anticipate that some of these experiments will have already been "tried out" by one research group.):

(1) Simple tracers.  Match the trends and variability of the nearly-inert trace gases CFCs and N2O as measured by five surface stations of the ALE/GAGE network.  These were used extensively in the earliest CTMs (GFDL, Harvard, GISS) to test and calibrate global transport and mixing.  It was suggested that the year-to-year variations in Samoa represented large changes in the inter-hemispheric mixing as opposed to merely a shift in the southern ITCZ.  Recent modeling analysis (Nevison et al., 2007) supports the latter view, but leaves open uncertainties in stratosphere-troposphere exchange as a source of variability.  Extending the Nevison et al. work to stratospheric-tropospheric models and/or using CCMVal studies to impose an upper boundary forcing for the stratospheric flux might allow resolution of this question.  Extending the measurements to the more geographically extensive NOAA network may provide a classic data set for testing CTM trace-gas transport and help develop error estimates in trace-gas transport necessary for inverse modeling.


(2) Full chemistry plus stratosphere.  An obvious candidate for AC&C1 is analysis of the observed methane trends and variability, their relation to changing anthropogenic emissions, their interaction with a changing climate including natural sources, and the coupling with OH variations (Wang et al., 2004; Fiore et al., 2006).  An added complication here is that CTM simulations of trends in OH depend on model meteorology and emissions (e.g., Dentener et al., 2003), and the resulting trends are not necessarily consistent with those implied by top-down analysis of methyl chloroform data (Prinn et al., 2005). 

(3) Aerosols.  A global aerosol experiment could be defined for two different periods: (a) 1980 to present and (b) 2000 to present.  The long-term simulation in (a) will be parallel to the earlier pioneer satellite aerosol products from AVHRR and TOMS, and the 2000 onward simulations can be compared with more recent and more accurate remote sensing data from EOS, A-train, and other satellite sensors such as MODIS, MISR, OMI, and others. The satellite aerosol products include ambient aerosol optical thickness,size information, and absorption).  Experiments for either or both periods can be further evaluated by the accurate, long-term, world-wide sunphotometer measurement data from the AERONET (data from mid 90’s onward).  In addition, the long-term simulation (b) can be very helpful to link the changes of emission with that of aerosol loading to assess the effects of aerosols on climate forcing and surface radiation change (the so-called dimming to brightening transition).  It would be most valuable if this experiment included also the photochemical links with aerosols.

(4) Tropospheric Ozone.  Perhaps the most central test of tropospheric chemistry is an understanding of trends and variability in tropospheric O3 (Fusco and Logan, 2003).  In addition to the obvious forcing from ozone precursors, this experiment involves aerosols, methane, the stratosphere, and climate change. A more general experiment might address the chemical response to the documented changes in climate (T, H2O and circulation) over the last twenty-five years. Definition of the tropospheric O3 experiment will be perhaps the most difficult task. With careful design this overarching experiment may include many of the other, more limited AC&C1 experiments.

3.  Analysis & Diagnostics.  
The core group which oversees each experiment needs to carefully define the set of external forcings, model output, and diagnostics which will be standard for each experiment. Ready access to and standardization of the data sets -- for forcings, measurements, and model results -- are essential to the success of AC&C1. Naming conventions should follow those used in by HTAP (Hemispheric Transport of Air Pollution) task force, which recently adopted Air Quality/Chemistry Naming Conventions compliant with the Climate and Forecast Metadata Convections.  Whether a single data base is maintained by one participant, or distributed data sets by many, it is critical to have a central web site and knowledge base for AC&C1. 

The primary type of model tests envisaged in AC&C1 will center on the ability to reproduce (i.e., hindcast) a given set of measurements of species abundance at a given site or set of sites.  In addition, we will encourage proposals to include a process-oriented set of diagnostics and/or diagnostic tracers that may elucidate the cause of variability in each model.  For example, detailed analysis of model output in the AEROCOM study finds that CTMs often arrive at similar results (e.g. aerosol total optical depth) through different mechanisms.  AC&C1 will thus contribute to the process-oriented studies by evaluating the importance of specific processes on global or continental scales.  Each experiment should also define some diagnostics, such as the tropospheric ozone budget, that are not observable but allow for more thorough comparison among the CTMs.

4. Participants.  
AC&C1 will be an open process; however, participants will have the responsibility to:  contribute the forcing and measurement datasets that define the hindcast experiments, and/or perform the model simulations and deliver standard diagnostics, and/or analyze and write up the particular experiments.  
5. Schedule.  
A workshop in early 2008 is necessary to build community consensus, to establish the central site for the data repository, and to get specific recommendations for the hindcasts, including assignments/deadlines for delivery of data.  Prior to the workshop, the proposed experiments and diagnostics should written up and distributed in a white paper to potential participants.  A clear path of communications is needed for obtaining input and discussion from those who cannot attend the first workshop. 
6. Resources.  
As usual, these efforts are volunteer-driven and we assume that our research funding is supportive of such community efforts to improve chemistry and climate models.  Specific, new resources will be needed for workshop(s) and for the primary data archive.  Ideally, one of the lead participants should take responsibility for the maintenance and oversight of the AC&C1 central site (although this can/should be combined with other AC&C projects), including the data portal and the necessary common tools and graphics.  This should not be a major effort, but probably requires support for a student or half a post-doc at the central site to ensure that it is “someone’s job” as opposed to a completely volunteer effort.  
7.  Coordination with other projects.  
A review of the RETRO, CCMVal , HTAP, and AEROCOM activities (past and present) is needed to collect currently evaluated data sets for observations and forcings.  Continued coordination with those ongoing projects as well as with the other AC&C activities must also be maintained. 
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