Aircraft emissions
Contact: thomas.diehl@nasa.gov
Description of the emission files
Aircraft emissions are derived from a 3-dimensional gridded inventory of burned fuel, which was generated within the framework of NASA’s Atmospheric Effects of Aviation Programme (AEAP) and provided by Steven Baughcum of the Boeing Corporation. The AEAP inventory covers the years 1976, 1984, 1992, 1999, and 2015 for both scheduled and non-scheduled (military, charter, general aviation) air traffic. While the years 1976, 1984, 1992, and 1999 are based on actual aircraft data, the data for 2015 is based on a projection study, and the non-scheduled data for 1999 was derived via an interpolation method. 

For all years provided in the AEAP inventory, the total amount of fuel burned was calculated and then interpolated to the remaining years of the period 1976 - 2007. The gridded data for these remaining years was then generated by scaling all grid points of the AEAP files with the total amount of fuel burned for this particular year. This approach prevents the gradual generation of new flight patterns, i.e. new flight patterns are only introduced based on actual air traffic data.
The naming convention for the aircraft fuel files is aircraft_yyyymm.nc, where yyyy is the year (1976 to 2007) and mm the month (01 to 12). (For 1976 and 1984, the AEAP database actually contains only the months February, May, August, and November. The fuel for the remaining months was set to the fuel of the closest month provided.) 

The original AEAP data is provided on a 1x1 grid with 1 km pressure altitude levels, i.e. the pressure at the box edges is the pressure from the standard atmosphere from 0 km to 25 km in 1 km increments. The vertical levels were recast as sigma coordinates with              hb = (p-ptop)/(ps-ptop) and ha = ptop/p0 = 0.00889 hPa/1013.25 hPa, so that                              p = haxp0 + hbxps, where ps = ”true ps” - ptop. We formally use the notation for hybrid coordinates since the usage of the NCREGRID tool becomes conceptually simpler in this case. We recommend NCREGRID for regridding the files to other resolutions.

The following variables are included in each file:

· lon: longitude at grid cell midpoints

· lat: latitude at grid cell midpoints

· ilon: longitude at grid cell interfaces

· ilat: latitude at grid cell interfaces

· hyam: “hybrid A coefficient” at layer midpoints (unitless)

· hybm: “hybrid B coefficient” at layer midpoints (unitless)

· hyai: “hybrid A coefficient” at layer interfaces (unitless)

· hybi: “hybrid B coefficient” at layer interfaces (unitless)

· ps: surface pressure [hPa]

· p0: reference pressure for hybrid sigma pressure coordinate [1013.25 hPa]

· fuel: aircraft fuel burned per grid box [kg/d]

Recommendations regarding the usage of the inventory

The amount of fuel burned provided in the inventory must be converted to the mass of the emitted SO2, BC, and OC via the emission index (EI), given as g/(kg fuel burned). Typical values found in the literature for the EI of SO2 are in the range 0.8 – 1.0 g/kg. In GOCART, we use a value of 0.8 g/kg. For BC, we recommend using a height-dependent EI, based on the thesis of Döpelheuer (2002). The tabulated EI's in g/(kg fuel burned) and their corresponding heights (in m) are listed below. These values must be interpolated to the vertical levels of the individual CTM’s/GCM’s.
DATA ei      /   0.08,  0.096,   0.087,   0.075,   0.068,   0.062, &

           0.058, 0.043,   0.042,   0.041,   0.031,   0.025, &

           0.019, 0.048,   0.068,   0.069,   0.078,   0.082 /

DATA ei_hght /     0.0,    500.0,    1500.0,   2500.0,   3500.0,    4500.0, &

            5500.0,  6500.0,   7500.0,    8500.0,   9500.0,  10500.0, &

          11500.0, 12500.0, 13500.0, 14500.0,  15500.0,  16500.0 /

Other recommended assumptions: 

· there is no diurnal variation of the emission rate
· approximately 75% of the total carbon is emitted as black carbon (this corresponds to high power engine settings of >= 50%), i.e. OC=1/3 BC, distributed into the same vertical levels as BC.

· all BC and OC is emitted as hydrophilic
· 0.5% of SO2 is directly emitted as SO4
Hydrophilic treatment of carbonaceous particles
Although young carbonaceous aerosol in exhaust plumes is hydrophobic, it is likely that the treatment of carbon particles with H2SO4 improves their hydration properties so that sulfuric acid treated carbon particles become activated already at very low supersaturations of less than 0.3%. These chemically activated carbonaceous particles are assumed to be the most likely source of CCN in contrail formation. See the discussion in Petzold (1998) and references therein and also Kärcher (1999). Although the discussion in the literature focuses only on soot/BC, we also assume OC to be hydrophilic.
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