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GOALS

The primary goal of these hindcasts experiments is to quantify how the measured interannual variations in the tropospheric distribution of methane result from changes in methane emissions and changes in OH. Variations in methane are central to tropospheric chemical processing, but also have important role in determining global air quality and climate change.
While many individual studies have identified processes that may be driving the observed changes in methane over recent decades, the lack of a consistent explanation limits confidence in projections of future methane abundances.  Inverse modeling using inter-annually varying OH constrained by observed methyl chloroform tend to attribute a dominant role in the interannual variations of methane to changes in methane sources, whereas forward models tend to indicate interannual changes in the methane sink (via reaction with tropospheric OH) is the more important process. Discrepancies between the conclusions from forward modeling approaches and inverse methods are likely associated with differences in the hydroxyl radical (OH) distributions.
The goals of the proposed activity are:

(1) to begin to reconcile inverse  and forward  modeling studies as to the primary driver of interannual variability in methane over the past decades:  changes in methane emission versus changes in the methane sink. 
(2) to better quantify the relative contributions of changes in wetland, biomass burning, and anthropogenic emissions of methane to the observed long-term trends and interannual variability in tropospheric methane; 
(3) to better quantify the relative contributions of changes in OH precursors, meteorology and stratospheric ozone to long-term trends and interannual variability in OH and to the measured variations of methane; and
(4) to consistently determine uncertainties in methane emission estimates using the ensemble of model estimates
TIME PERIOD

The proposed study will focus on 1980 to present. Models driven by reanalysis meteorological fields will be most useful in terms of comparing directly with methane observations (from the NOAA cooperative network), although chemistry-climate models forced with observed SSTs are also encouraged to contribute; testing these models is critical for developing confidence in their future projections. 

EXPERIMENTS

Experiment “HC-CH4” (Requested)

This simulation will be the same as that for the ozone hindcast, with additional output diagnostics requested.  Participants are encouraged to conduct one “state-of-the-art-hindcast simulation”. Observed surface methane distributions must be used in these simulations, and may be implemented as a lower boundary condition, or a fixed concentration field (either uniform or spatially varying); emissions of other species will follow the procedure agreed upon for the basic ozone hindcasts.  These simulations will ideally will include all possible sources of OH variability including aerosol variability. Models that fully couple stratospheric and tropospheric chemistry for ozone and methane are particularly encouraged to participate.

Experiment “HC-CH4-fix” (Optional)
To the extent possible, groups are encouraged to hold one process fixed for the length of the hindcast.  Possibilities include using constant anthropogenic emissions of ozone/aerosol precursors, water vapor, stratospheric ozone, biomass burning emissions, biogenic emissions (soil, vegetation), lightning NOx.  Coordination among groups will be key if all processes are to be covered by at least one  model.  Ideally these simulations will be used in analysis of the methane, ozone, and possibly aerosol hindcasts.
Experiment “HCI-CH4”
Multi-year inversions for CH4 emissions (regionally and/or sectorally) will be conducted using the forward model ensemble mean OH provided by the ozone hindcast simulations.  The range in OH determined in the forward simulations will be used to set the OH error statistics.-- Need to determine which regions / sectors all models should invert for – keep relatively simple by aggregating over large regions?
Experiment “HCI-CH4-fixOH”

Same as “HCI-CH4” but with annually repeating monthly mean OH fields, preferably set to the multi-year multi-model average OH for each month.
EMISSIONS, ABUNDANCES, and OBSERVATIONS
Forward models:

The emissions used in the forward models will be the same as those used in the ozone  hindcast simulations and should include interannual variability in anthropogenic, biomass burning, biogenic and lightning sources.  Observed surface methane distributions must be used, and may be implemented as a lower boundary condition, or a fixed concentration field (either uniform or spatially varying).   We recommend following a similar set-up for methyl chloroform.

Inverse models:

A priori methane emissions for the inverse models should be taken from bottom-up inventories.  Global annual total methane emissions could be constrained by the total emissions inferred from the forward model ensemble methane loss, with errors specified based upon the range across the forward model estimates.  Similarly, the error in the model ensemble mean OH fields can be specified from the range across the forward model results.   Parallel simulations for methyl chloroform are also encouraged.

It is expected that most modelers will use observations from the NOAA cooperative network for most of the hindcasts, but groups are also encouraged to incorporate aircraft and/or satellite measurements for shorter study periods.  Modelers may also wish to explore isotopic constraints for the most recent years.  In addition, the water vapor in the forward simulations will be compared with measurements.
OUTPUT
Forward models must archive methane loss by reaction with OH (and possibly also CH3Cl). If possible, methane losses in the stratosphere and to soils should also be diagnosed.  Archival of methyl chloroform loss with OH is also encouraged.
Inverse models should report optimized emissions, and associated “error bars”, and if possible, the optimized tropospheric OH sink.   
ANALYSIS

A two-pronged analysis will be possible, to study both the long-term trends in OH, and specific events (e.g., the 97-98 positive methane anomaly).  
Uncertainty in emissions can be examined by comparing the inversion results with bottom-up inventories, and with those implied by the loss rates in the forward models.  

How do the inversion results change when they incorporate the interannual variability in OH?  Does including this variability begin to reconcile results from the top-down vs. bottom-up approaches?

Methane lifetimes implied by the archived loss rates in the forward models will be determined.  Uncertainty in OH abundances and their interannual variability can  be estimated from the variability across the forward model simulations.  The interannual variability in OH simulated by the models should be compared with that derived from methyl chloroform inversions.  In particular, is there better agreement for earlier years when there may be less uncertainty associated with methyl chloroform emissions?
The relative contributions of specific processes to interannual variability in methane (and OH) can be investigated from simulations varying a single process at a time.  

To the extent possible, independent observations should be examined for evaluation, e.g., in situ OH, water vapor from satellites… 
