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Framework for online CH4 simulation

• CCSR/NIES/FRCGC AGCM-based CTM (ACTM) run at 
resolution T42 L67 (top 90km)

• NCEP-2 reanalysis meteorology (U,V,T nudged)

• Hadley Center Sea-Surface Temperature & Sea-Ice Cover

• CH4 chemistry (Sander et al., JPL Pub. 06-2, 2006) as:

• All the radicals are taken from CHASER/STRAT (Sudo et al., 
Takigawa et al.) models at monthly (or hourly) intervals

CH4+O1D  Products (KO
1
D =1.5×10–10)

CH4+OH  CH3 + H2O (KOH= 2.45×10–12 exp(-1775/T)

CH4+Cl  CH3 + HCl (KCl=7.3×10–12 exp(-1280/T)

CH4+hυ  Products (wavelength dependent; not considered here)
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Surface flux types and annual budget of CH4
ACTM: EDGAR3.2 anthropogenic; GISS natural/biogenic
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CH4 lifetime and budgets

Instantaneous CH4 Lifetime 
= 1/[KOH·OH + KO

1
D·O1D + KCl·Cl]

(useful for understanding the dominance of 
dynamics vs. chemistry on variability)

Atmospheric Lifetime = burden/loss
(Prather et al., IPCC, 2001)

CH4 L. T. = 4999 Tg/580 Tg yr-1 = 8.62 years

Estimates Atmospheric
Lifetime

References

IPCC TAR 8.4 Prather et al.

IPCC FAR 
(prescribed)

8.67±1.32(m#26)
8.45±0.38 (m#12)

Stevenson et al., 
JGR, 2006

This work 
(full model)

8.62 Patra et al., JMSJ, 
2009



CH4 Iatitudinal gradients
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CH4 Measurement Sites – can we track emissions?
(~50 used here; >100s are in operation in 2007)

Contributing Institutes: 1. NOAA/ESRL, 2. FEA, Germany, 3. JMA, Japan, 4. EC, Canada, 5. NIWA



CH4 Iatitudinal gradients: seasonal and longitudinal variations
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CH4 seasonal cycles: Model-Observation comparison
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CH4 growth rate IAVs: Transport domination in tropics and SH
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R = 0.69 (SMO), 0.66 (CGO), 0.35 (BHD), 0.46 (SYO), 0.42 (SPO)  at SH sites



CH4 growth rate IAV (July) – dynamical control 

2004-2003

2007-2006
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The +10ppv isosurface and crosssections of longitudinal CH4 anomaly

JAN APR

JUL OCT



Temporal 
evolution of 
the 2007 CH4

high positive 
growth rate 

anomaly 
(2007-2006)

Left col.: 
over Africa

Right col.: 
over Asia



Conclusions

• ACTM CH4 simulations have been optimised for a 
combinations of Fluxes, Radicals and Transport

– Model-observation comparisons have been 
satisfactory for 

– IHG & IHG seasonal cycles

– Seasonal cycles

– Synoptic variations

– Diurnal cycles

– large part of the IAVs in CH4 (as well as others) 
concentration are likely to arise from atmospheric 
transport IAV

– Based on EDGAR 4.0 role of anthropogenic emission 
on 2007 CH4 anomaly should be explored
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