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GOALS

The primary goal of a focus project using nearly-inert tracers is to quantify how the observed  tropospheric variations of long-lived gases result from a combination of changing emissions, tropospheric meteorology, and stratosphere-troposphere exchange (STE, see also AC&C hindcast plan document).  Such variations in emissions, transport, and STE are also important drivers for ozone and other trace species, but with these more reactive species factors involving tropospheric chemistry drive much of their variability.  

We select the gases CFC-11, CFC-12, and N2O, for which we have long-term, high-precision measurements that define the seasonal-to-interannual variability plus decadal trends at surface stations.  We seek to quantify the relative importance of emissions, tropospheric transport and STE on their observed variability.  In addition,  these hindcast experiments will be used to bound the emission history of the gases, and relate the STE-induced variability to the STE ozone flux.

Chemistry-climate models commonly impose a fixed, spatially-uniform mixing ratio for N2O and CFCs at the lower boundary.  This is necessary to avoid a drift in their abundances when modeled lifetimes do not balance emissions, and it has the prime advantage of using observed mixing ratios from atmospheric monitoring programs, which are much better known than the emissions themselves.  Unfortunately, the simulated abundances cannot then be compared with tropospheric observations to understand the sources and sinks of these gases.    Thus, a set of model simulations with emissions-based forcing is suggested.  These experiments are based in part on recent work by Q. Ling et al. at NASA Goddard.
Warning:  The signals observed and being simulated are at or below the percent level.  The difficulty of making such stable measurements has been achieved after much effort by the AGAGE and NOAA teams.  Achieving tracer-transport modeling with the same numerical precision is likewise daunting and not often recognized.  You will be reporting variations at the 1% level or less and need to ensure that these are not numerical artefacts.  This is done best by removing as much of the ‘mean’ as possible without going negative, so that your signal contains as strong a gradient as possible.  For most numerical advection methods, this will reduce your error.
TIME PERIOD

These experiments are delimited by the periods for which we have sufficiently precise observational record:

 
(a) 1978 to present: CFC-11 and CFC-12
(b) 1993 to present: N2O
Participating groups are asked to submit simulations for any period of continuous meteorology – at least 5 years – from 1978 to present.  Since the goal is to match specific observed variability, global models using reanalyzed/forecast meteorology are encouraged, however, a climate model forced with observed SSTs may also provide useful simulations and are encourage to participate. 

A reasonably stable starting condition is critical to avoid significant drift at the start of the simulation.  In addition to the correct stratospheric profiles due to loss, it is important for the pre-start trend in CFCs to be adequately propagated into the lower stratosphere or the initial STE fluxes will be in error.  Thus, we urge a spin of several years (possibly using the first year of available meteorology) using the observed mixing ratios as the lower boundary condition.  
EXPERIMENTS
Experiment “IT-base” (Primary, required for participation):
Participants are encouraged to perform one “state-of-the-art-hindcast simulation” using a CTM with standard stratospheric chemistry and the  annual, geographically resolved emissions (supplied and described below).  Our tracers (iCFC-11, iCFC-12, iN2O) should be run as separate, special tracers.  All models should retain the reference mixing-ratio-based history of trace gases for use in the radiation code and stratospheric chemistry.  

Experiment “IT-components”  (Required at some level):
Participants are encouraged to include optional versions of the tracers for which one of more of the factor controlling the variability is shut off.  For example, if stratospheric distribution is uniform and the loss turned off, then STE variability will be removed.  Alternatively, the emissions can be shut off or held constant.  We encourage participants to perform some form of optional parallel experiments that allow them to deconstruct the signal in the base case, allowing them to separate emissions, tropospheric transport and STE influences on surface trends and variability.
Experiment “IT-ozone” (Optional)

The variability in the IT tracers due to STE will be concurrent with changes in the STE ozone flux.  We encourage all participants to include the STE ozone flux (at whatever level of time-space resolution possible) and to report the O3 abundance at the same sites and timing as the inert tracer.  The level of tropospheric chemistry in the model should also be noted. 

EMISSIONS

1)  Spatial distributions of emissions: 

a) CFCs:  Gridded maps are currently available on the GEIA website for 1986 conditions, which almost certainly were not appropriate for the 1990s or 2000s.  There are rumors that WMO [2007] and IPCC/TEAP [2005] have produced updated CFC maps for post-phaseout emissions.  Any participants with knowledge of these databases are asked to please come forward.  Otherwise, the GEIA 1986 maps can be used as the standard.
b) N2O:  My suggestion would be to use a posteriori maps from the recent atmospheric inversion of Adam Hirsch et al..  This inversion is based on the EDGAR/GEIA distributions, but corrects some of their deficiencies in the extratropical southern hemisphere and in the northern tropics.  

2) Annual emissions:  

a) CFCs:  The annual databases of McCulloch et al. 2001, 2003 totals given on the GEIA website can be used, with regional and temporal interpolation between 1986 and post-phaseout conditions, if a gridded map for the latter is available.  Any AC&C participants with knowledge of emission trends beyond 2000 are asked to please come forward, since these are not currently included in the McCulloch et al. totals.  
b) N2O:  I am not aware of a reliable database that estimates annual changes in N2O emissions over time.  For this reason, I suggest using a cyclostationary set of emissions for the 1990s and 2000s. 

OUTPUT
Monthly fields: Emissions-based CFC-11,12 and N2O tracers for the simulations with and without stratospheric loss.
Daily at monitoring sites (AGAGE and NOAA-HATS): Surface concentrations of emissions-based CFC-11,12 and N2O tracers for the simulations with and without stratospheric loss.
ANALYSIS
Analysis will be based primarily on comparisons to seasonal cycles, trends and interannual variability observed at the AGAGE and NOAA/HATS surface monitoring networks.
The Advanced Global Atmospheric Gases Experiment (AGAGE) provides a continuous record of very high precision observations of atmospheric N2O and CFCs.  The AGAGE network consists of 5 monitoring stations at Mace Head, Ireland (53N, 10W), Trinidad Head, California (41N, 123W), Ragged Point, Barbados (18N, 65W), Cape Matatula, American Samoa (14S, 171W) and Cape Grim, Tasmania (41S, 145E).  AGAGE measurements, which succeeded the earlier ALE and GAGE programs, began in 1993 at Cape Grim, in 1994 at Mace Head, 1995 at Trinidad Head, and 1996 at Barbados and Samoa.  The ALE and GAGE observations date back to the late 1970s and can be merged to define annual trends from 1978-present, with some small discontinuities between the successive instruments.
The NOAA/HATS group provides additional high precision observations of N2O and the CFCs dating back to the late 1970s at 6 stations (Barrow, Niwot Ridge, Mauna Loa, Cape Grim, Samoa and the South Pole).  Additional stations at Alert, Park Falls, Harvard Forest, Grifton, and Kumukahi have come online more recently.  As with the ALE/GAGE/AGAGE data, there are some instrumental transitions over the years with some discontinuities between instruments.  
