
Coupled climate–methane cycle simulation with a climate

model of intermediate complexity forced by SRES A2 scenario

A.V. Eliseev, I.I. Mokhov, M.M. Arzhanov,P.F. Demchenko,
and S.N. Denisov

A.M. Obukhov Institute of Atmospheric Physics RAS,
3 Pyzhevsky, 1091017 Moscow, Russia, e–mail: eliseev@ifaran.ru

The climate model of intermediate complexity developed at the A.M. Obukhov Insitute of At-
mospheric Physics RAS (IAP RAS CM) [6] is extended by modules of soil thaw/freeze cycles [2]
and methane cycle. The latter is based on [7] with a prescribed characteristic time of chemical
decompostion of methane in the atmosphere τCH4,atm = 10.5 yr. Methane emissions from bogs
and swamps are computed based on [1] but with some parameters tuned. Other non–anthropogenic
methane sources are prescribed. A simulation with IAP RAS CM is performed which is forced by
the anthropogenic emissions of CO2 and CH4 and atmospheric concentration of N2O. These forcings
are changed in accordance to the corresponding historical estimations extended back to 1610 for the
17th–20th centuries and in accordance to scenarios SRES A2 [3] for the 21st century. To match the
historical and future methane emissions the former are uniformly reduced on 13%. One simulation
(CPL) employs a fully coupled model. The other simulation (UCPL) forces the modules of soil
thaw/freeze cycles and methane cycle by the monthly mean climatologies of surface air temperature
and precipitation obtained from the control preindustrial simulation with IAP RAS CM.

Simulated methane emissions from bogs and swamps ECH4,bs amount about 130 MtCH4/yr
before the mid 20th century (Fig. 1). They increase to ≈ 145 MtCH4/yr to the late 20th century.
These values are in agreement with observational estimates 145 ± 30 MtCH4/yr [4]. In the 21st
century, methane emissions from wetlands increases drastically, up to ≈ 200 MtCH4/yr. This
increase is basically due to temperature dependence of apparent methane production.

Simulated concentration of methane in the atmosphere pCH4,a is overestimated slightly before
the middle of the 20th century. This is presumably due to neglection of other external forcings
(solar irradiance, volcanos, aerosols) leading to too rapid and too early warming during the 20th
century in IAP RAS CM [6] (as well as in other climate models [3]). An agreement improves in the
second part of the 20th century. Rapid buildup of methane in the atmosphere due to anthropogenic
emissions lead to pCH4,a = 3904 ppbv in the end of the 21st century in the simulation CPL. In the
simulation UCPL, owing to lack of the enhancement of the methane emissions from wetlands, this
value is smaller, 3671 ppbv.
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Figure 1: Modelled methane emissions from wetlands for the simulations CPL and UCPL (red and
green lines, respectively) together with a corresponding observational range [4] (gray) .
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Figure 2: Modelled concentration of methane in the atmosphere for the simulations CPL and UCPL
(red and green lines, respectively) together with a historical data [5] (black) .

Annual mean surface air temperature (SAT) in 2071–2100 in the simulation CPL is warmer
(by 0.2 − 0.6 K) over the subtropical northern land in comparison to that obtained in the sim-
ulation UCPL. In contrast, SAT in CPL during the same period is lower over the northernmost
land areas, Mideterranean, and North America midlatitudes by the same amount. When SAT is
averaged globally, this anomalies are mutually compensated and global SAT for this period is almost
indistinguishable between the simulations CPL and UCPL.
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