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The climate model of intermediate complexity developed at the A.M. Obukhov Institute of Atmospheric 

Physics RAS (IAP RAS CM) [1] is extended by the state-of-the-art oceanic carbon cycle module [2]. The IAP RAS 
CM's carbon cycle is closed by respective terrestrial module and the atmospheric CO2 compartment in a well-mixed 
approximation [3, 4]. A simulation with the IAP RAS CM is performed which is forced by fossil fuel+industrial CO2 
emissions, by atmospheric concentrations of CH4, N2O, tropospheric and stratospheric sulphates, by changes in 
extent of crops and pastures and by variations in total solar irradiance. These agents were prescribed according to 
protocol "Historical simulation" for 1765-2005 and according to scenario RCP 2.6 in 2006-2100 (for more details, 
see http://cmip-pcmdi.llnl.gov/cmip5/forcing.html).  

In these simulations, the IAP RAS CM realistically reproduces basic characteristics of the global carbon 
cycle. In particular, the 20th century deviations of the simulated carbon dioxide content from the observed one are 
not larger than 7 ppmv. Global oceanic carbon uptake FCO2,o in 1980s (1990s) in the model is 1.5 PgC/yr (1.9 PgC/yr) 
which is within the respective uncertainty range 1.8±0.8 PgC/yr (2.2±0.4 PgC/yr) [5], see Fig. 1. Its spatial 
distribution is in reasonable agreement with the empirical data [6] (Fig. 2, top panel). Under the RCP 2.6 scenario, 
FCO2,o continues to increase till the middle of the 21st century reaching 4.1 PgC/yr and decreases thereafter amounting 
3.3 PgC/yr in year 2100. Most marked changes are predicted in high latitudes due to receding sea ice which exposes 
more open ocean water to atmosphere (Fig. 2, bottom panel). 

This work has been supported by the the President of Russia grant 5467.2012.5, by the Russian Foundation 
for Basic Research, and by the Programs of the Russian Ministry for Education and Science (contracts 
14.740.11.1043, 21.519.11.5004, 11.519.11.5006, and 74-OK/11-4), and the Russian Academy of Sciences. 

 
References: 

 
1. Muryshev, K.E., A.V. Eliseev, I.I. Mokhov, and N.A. Diansky, 2009: Validating and assessing the 

sensitivity of the climate model with an ocean general circulation model developed at the Institute of Atmospheric 
Physics, Russian Academy of Sciences. Izvestiya, Atmos. Ocean. Phys., 45 (4), 416-433, doi: 
10.1134/S0001433809040033. 

2. Popova, E.E., V.A. Ryabchenko, and M.J.R. Fasham, 2000: Biological pump and vertical mixing in the 
Southern Ocean: Their impact on atmospheric CO2. Glob. Biogeochem. Cycles, 14 (1), 477-498, doi: 
10.1029/1999GB900090. 

3. Eliseev, A.V., 2011: Estimation of changes in characteristics of the climate and carbon cycle in the 21st 
century accounting for the uncertainty of terrestrial biota parameter values. Izvestiya, Atmos. Ocean. Phys., 47 (2), 
131-153, doi: 10.1134/S0001433811020046. 

4. Eliseev, A.V., and I.I. Mokhov, 2011: Uncertainty of climate response to natural and anthropogenic 
forcings due to different land use scenarios. Adv. Atmos. Sci., 28 (5), 1215-1232, doi: 10.1007/s00376-010-0054-8. 

5. Solomon, S., et al., Eds., 2007: Climate Change 2007: The Physical Science Basis. Cambridge 
University Press, Cam-bridge/New York. 

6. Takahashi T., et al., 2009: Climatological mean and decadal change in surface ocean pCO2, and net sea-
air CO2 flux over the global oceans . Deep-Sea Res. II, 56 (8-10), 554-577, doi: 10.1016/j.dsr2.2008.12.009. 
 

 
 



0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

1800 1850 1900 1950 2000 2050 2100

 
 

Fig. 1. Global oceanic CO2 uptake [PgC/yr] vs. time. 

 

 
Fig. 2. Oceanic carbon uptake per unit area [grams C m-2 yr-1] averaged for 1991-2000 
(top) and change of this uptake from 1991-2000 to 2091-2100 (bottom). 


