V. Regional estimate of terrestrial carbon uptake

Analysis of global and regional carbon uptake by land and ocean The global accumulated carbon uptake by the land for the year 1850-2000 i

approximately 61 Pg C. Figure 5 shows that most of the carbon uptake by the

. Abstract

A first version of Bergen earth system model (BCM-C) was developed to
address the relative importance of the terrestrial and ocean carbon cycles in

o ®
- - . terrestrial biosphere occurrs in the northern high latitudes (e.g. northern Asia,
the global carbon cycle climate feedback. The physical model, which is uSlng an earth SyStem mOdEhng approaCh northern North America, and western Europe) and the amazon rainforest. This
high carbon uptake is due to significant increase in net primary productivity,
which is attributed to the increase in surface temperature in these regions. For

the simulated period, there is no significant change caused in the vegetation
type in all regions.

based on the Bergen Climate Model (BCM: Arpege-MICOM; Furevik et al.,
2003) is coupled to oceanic (HAMOCCS) and terrestrial carbon cycle model
(LPJ)). The model is run for the historical period (1850-2000) forced by
observed anthropogenic CO, forcing (fossil fuel emissions and land-use
change)

Preliminary model simulations looks promising. The model is able to

reproduce the observed climate variability reasonably well. Both oceanic and | Je_rry TJ'l?_Utra, Kare_n Assmar]n, |n90_B€thk€, Christoph H_elnze, and Christophe Sturm a) 5 W -
terrestrial carbon fluxes also lies within reasonable range to other models’ Corresponding authors: jerry.tjiputra@bjerknes.uib.no, Bjerknes Center for Climate Research, Allegaten 70, 5007 Bergen, Norway < B N 3 =
trends and variability. During this period, both the land and the ocean take ?,, i
up a total of 61 and 142 Pg C from the atmosphere, respectively, which o By ! e
represent 47% of the total emitted anthropogenic carbon (435 Pg C). In = " g
general, the efficiency of global terrestrial carbon uptake has reached a ke 5
setady state, while the efficiency of carbon uptake by the ocean have slowly § =
declined. - - ' - g 3
The global averaged SST and atmospheric temperature have increased by 1. Comparlsons of simulated carbon sinks V. Reglonal carbon uptake by the ocean = $. » =
approximately 1.2 degree Celcius from the preindustrial period. This 0 0 10 oo s0 100 150
warming significantly reduced the sea-ice extend in both poles, which An essential aspect in climate-carbon cycle modeling is evaluation of model output with The BCM-C model is capable of reproducing the general features of global sea-air CO2 _ _ o
increase the carbon flux into the ocean, mainly contributed by increase in available data and other models. Here, the simulated global atmospheric temperature, flux as observed by Takahashi et al. (2002). Warming of SST significantly reduces the Flgyre 5. Regional (a) accumulated carbon uptake (NPP-respiration) for the
net primary, hence export production. Warming in the high latitude also CO, concentration, and carbon uptake by land and ocean are compared with other mixed layer depth (MLD, up to 200m reduction in the North Atlantic) and sea-ice extent period 1850-2000 and (b) averaged anomaly surface temperature (1991-2000)
reduce winter MLD and carbon outgassing. Over the land, warming increase models and available data. Other model simulations are based on earlier C4MIP study in the high latitudes. Reduction in the MLD lowers the flux of nutrients and DIC to the simulated by the BCM-C model.
net primary pruction in the northern high latitudes. (Friedlingstein et al., 2006). During this period (1850-2000) the surface temperature surface, hence the flux of CO2 to the atmosphere. In addition, the reduction in sea-ice
increased by approximately 1.2 degree Celcius. The simulated atmospheric CO, increases the surface area for marine photosynthesis, export production, and biological
concentration follows the trends of the observational data and other models. The ocean pump.
dominates the carbon uptake with close to 3 Pg C/year carbon uptake in the present day
simulation. Figure 2e shows that only 14% of the emitted anthropogenic carbon has VI. Future Outlook
Il. Model description been absorb_ed by the Ia.n.d whe_reas approximate.ly 3_3% has ended up in the ocean. a) b) | | | | | |
However, this uptake efficiency is slowly decreasing in the future due to decreasing 1. The model simulation wil be integrated until year 2100 adopting the CO,
buffer capacity with rising surface pCO, and other factors. emission from the IPCC SRES-A2 scenario.
[ Bergen Climate Model j -1 a3 3 ** o) 2. A second model simulation based on the pre-industrial CO, concentration
I gx ;i Dome data gzgl will be applied to estimate the regional and temporal variability of
— temperature A s ccsn . S~ rresc ey e anthropogenic carbon uptake by both the land biosphere and the ocean.
; brecipitation : 'E L _S&IC'V'G?:ER ‘ g— 290 LLNL IPSL-L MPI
<« Co.—>| ) _ | g o /}; 2 e o . A third model simulation where the atmospheric CO, is treated as a
\ Figure 1. Schematic S . ) / s*=1r non-radiative gas will be conducted to analyze and quantify the regional
| heat, freshwater, : S diagram of the current S i A . J strength of climate-mediated feedback on the global carbon cycle.
{...wind stress :CO2 version of Bergen earth o e /] 5 '
—— N system model (BCM-C) % 320 2 287 - e et e e Al . The current model simulation does not include the feedback from terrestrial
— physical iy, and  the interactions S oo £ AN N SNV VL v ) d) vegetation, thus future experiments evaluating the land-cover feedback to
el between its components. Z T 2% Ne TN R the atmosphere and climate will be conducted.
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Tlsio im0 1m0 190 190 1990 1960 190 2000 Tl 1m0 1690 a0 19 190 %0 1990 2000 . Development of an improved version of the earth system model with
year vear improved atmospheric and terrestrial carbon cycle components is currently
Atmospheric general circulation model 5.0 4.0 underway.
The ARPEGE is a spectral model developed by the France weather servide and ECMWF C) RN L d)
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(Courtier et al., 1991). It implements semi-Lagrangian two-time level integration with
hydrostatic Navier-Stokes equations to regulate the atmospheric physical flows by

conserving mass, momentum, and energy.
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concentration simulated by the BCM-C
(solid blue line) and compared with the
observations and other coupled
climate-carbon cycle models (Friedlingstein
et al., 2006), (b) atmospheric surface ALl e g
0.2 temperature, (c) global carbon uptake by I E A
the terrestrial biosphere, (d) the ocean, and N Y [ .

(e) the efficiencies of land and ocean in
taking up emitted anthropogenic CO2 as a

marine carbon chemistry (Heinze and Maier-Reimer, 1999), air-sea gas exchange
formulation (Wanninkhof, 1992), and processes, such as denitrification, N-fixation,
calcium carbonate parameterization, DMS production, and dust deposition (Wetzel et
al., 2005).

land and ocean

Terrestrial carbon cycle model

The Lund Postdam Jena (LPJ) dynamic global terrestrial vegetation model is a

large-scale terrestrial dynamics vegetation model with land-atmosphere carbon and

water fluxes in a modular framework (Sitch et al., 2003). It implements terrestrial _ 3

photosynthesis, respiration, resource competition, tissue turnover, and litter O o o e o T - - . response to increased atmospheric CO2 0° | | |

dynamics as well as fire forcing. Atmospheric CO2 concentration (ppm) concentration. Figure 4. Mean (a) summer and (b) winter Sea-ice extend in the arctic (1991-2000) Acknowledgement, This research is supported by the NorClim (NFR, NORKLIMA
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simulated by the BCM-C model. Solid blue lines represent the observation. GOCE).
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