Sensitivity of simulated atmospheric CH4
concentrations on emission datasets
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Study outline

Emission data sets

 Model tool: Chemistry-Climate Model SOCOL vs3 incl. condensed
isoprene chemistry (MIM1)
 Operational model version: prescribing methane mixing ratios in
the planetary boundary layer
 Now: explicit treatment of methane emission fluxes at the
surface
 Model simulations with various emission data sets for CH4 and CO
SOCOLvs3/MIM1
SSTs / MLO / MPI-OM
Dynamics (MA-ECHAM5)
Hydrological cycle, diffusion,
gravity wave drag, soil model, boundary layer
Temperature, wind, surface pressure,
specific humidity, cloud water
Flux-based transport scheme (Lin&Rood) for
specific humidity, cloud water, chemical species
39 vertical levels up to 80 km

Radiation (MA-ECHAM5)
Long-wave: 16 spectral bands
Short-wave: 6 spectral bands (>185
nm), Schumann-Runge, Lyman-α

CO, NOx emissions
CO, NOx
emissions
surface,
lightning,
aircraft
surface, lightning,
CH4 emissions
incl.aircraft
wetlands
Temp, wind, H2O

O3,H2O,CH4,
N2O,CFCs

Chemistry (MEZON)
174 gas phase, 56 photolysis and 16 het.
reactions on/in sulfate aerosols and PSCs
57 chemical species,
HOx-NOx-CH4-CO-O3-chemistry
& Mainz Isoprene Mechanism (MIM)
Wet deposition, cloud effects on photolysis

Time series of global CH4 and CO emissions
from various source categories and data
bases:
http://edgar.jrc.ec.europe.eu
Hodson et al., GLR, 38, L08810, 2011.
Lamarque et al., ACP, 10, 7017-7039, 2010.
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Schultz et al., GBC, 22, GB2002, 2008.
Van der Werf et al., ACP, 10, 11707-11735,
2010.
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North-south gradient. Methane shows a clear
interhemispheric gradient with 5-7% higher
concentrations in the NH. SOCOL reproduces the
observed N/S gradient, however, it underestimates
near-surface CH4 abundances in the SH by 3-4%.
Annual cycle. SOCOL captures the observed
annual cycle with high (low) CH4 values in winter
(summer). In the NH the model overestimates the
amplitude in near-surface CH4. In tropical regions
the annual cycle is less pronounced (mixing of NH/
SH air masses).
Methane trends. Until the beginning of the 1990s
the simulated CH4 trend compares very well
observations. Afterwards the model shows
decreasing or constant CH4 values, depending on
the applied anthropogenic emissions.

Tropospheric OH chemistry
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 Increase of tropospheric OH concentrations
between 1989 and 1993; constant high OH
levels afterwards; dip in OH concentrations
during strong ENSO event 1997/98
 Discrepancies in simulated and observed
CH4 trends after 1990 are most probably
caused by a combination of decreasing/
constant anthropogenic CH4 emissions and
high OH levels:
• How realistic are emission datasets?
• How realistic are simulated
tropospheric OH concentrations?

H 2O

NO2

• What are the key drivers of
tropospheric OH in the model?
Anomalies of air-mass weighted
concentrations of OH, HO2, H2O, O3, CO and
NO 2 , globally averaged and vertically
integrated from the surface up to 750 hPa.

