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            Abstract
The land and ocean act as a sink for fossil-fuel emissions, thereby slowing the rise of atmospheric carbon dioxide concentrations1. Although the uptake of carbon by oceanic and terrestrial processes has kept pace with accelerating carbon dioxide emissions until now, atmospheric carbon dioxide concentrations exhibit a large variability on interannual timescales2, considered to be driven primarily by terrestrial ecosystem processes dominated by tropical rainforests3. We use a terrestrial biogeochemical model, atmospheric carbon dioxide inversion and global carbon budget accounting methods to investigate the evolution of the terrestrial carbon sink over the past 30 years, with a focus on the underlying mechanisms responsible for the exceptionally large land carbon sink reported in 2011 (ref. 2). Here we show that our three terrestrial carbon sink estimates are in good agreement and support the finding of a 2011 record land carbon sink. Surprisingly, we find that the global carbon sink anomaly was driven by growth of semi-arid vegetation in the Southern Hemisphere, with almost 60 per cent of carbon uptake attributed to Australian ecosystems, where prevalent La NiÃ±a conditions caused up to six consecutive seasons of increased precipitation. In addition, since 1981, a six per cent expansion of vegetation cover over Australia was associated with a fourfold increase in the sensitivity of continental net carbon uptake to precipitation. Our findings suggest that the higher turnover rates of carbon pools in semi-arid biomes are an increasingly important driver of global carbon cycle inter-annual variability and that tropical rainforests may become less relevant drivers in the future. More research is needed to identify to what extent the carbon stocks accumulated during wet years are vulnerable to rapid decomposition or loss through fire in subsequent years.
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                    Figure 1: Interannual variability of NEE and FPAR anomalies.[image: ]


Figure 2: Global anomalies of NPP and NEE, and the precipitation effect.[image: ]


Figure 3: Change in climate sensitivity of observations for Australia.[image: ]


Figure 4: Change in regional climate sensitivity of CMIP5 models.[image: ]
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Extended data figures and tables

Extended Data Figure 1
The thirteen regions used throughout the analysis, 11 from TRANSCOM, and two additional regions for the African continent that are semi-arid (see Methods Summary).


Extended Data Figure 2 Seasonal AVHRR FPAR anomalies (z score) for the year 2011.
The z score is calculated relative to the long-term seasonal mean and standard deviation of FPAR (1982â€“2011); see legend to Fig. 1c. The seasons DJF, MAM, JJA and SON are defined by the first letter of each month.


Extended Data Figure 3 Forcing contribution to NEE and the MEI and PDO indices.
The full climate attribution of the global land sink simulation by the LPJ DGVM is shown in the bar graph. PDO, Pacific Decadal Oscillation.


Extended Data Figure 4 r and FPAR correlations between climate modes for NEE at given seasons.
Shown is r (on the colour scales) between climate modes and MAM (a), and JJA (b) NEE simulated by LPJ for each of the TransCom regions. FPAR correlations between climate modes are shown for MAM (c) and JJA (d). The correlations were made for 1982â€“2011. Blank boxes indicate correlation between âˆ’0.1 and 0.1.


Extended Data Figure 5 Global climate anomalies for air temperature and precipitation.
a, Global temperature and precipitation anomalies from CRU TS3.21 data. The anomalies are with respect to 1979â€“2012 seasonal means. b, Seasonal precipitation anomalies (z score) for year 2010. c, Seasonal precipitation anomalies (z score) for year 2011. The z score for b and c is calculated relative to the long-term seasonal mean and standard deviation of precipitation (1979â€“2011).


Extended Data Figure 6 Spatial pattern of the contribution of precipitation to NEE exchange in 2011.
This is calculated as the difference between NPP (a) and Rh (b) with the all-climate forcing varied and NEE simulated with the precipitation climatology. This is the same as in Fig. 2c but for component fluxes of NEE.


Extended Data Table 1 Global summary of annual NEEFull size table


Extended Data Table 2 Annual LPJ-derived NEEFull size table


Extended Data Table 3 Total carbon emissions from wildfire for each TransCom regionFull size table


Extended Data Table 4 CMIP5 Earth system models from PCMDI node 9 that were accessed and where the RCP8.5 scenario (2005â€“2099) was merged with the historical simulation (1860â€“2005)Full size table
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        Editorial Summary
Australia driving carbon uptake
Land and ocean take up around half of the annual anthropogenic carbon emissions, and a thorough understanding of this process is important for predicting future greenhouse gas concentrations and thus climate change. This study investigates the largest uptake of land carbon since atmospheric CO2 measurements began in 1958. Three independent methods of global carbon budget determination point to an exceptionally large land carbon sink in response to extraordinary La NiÃ±a rainfall in semi-arid regions in the Southern Hemisphere, with almost 60% of carbon uptake attributed to the Australian ecosystem and an increase in the sensitivity of continental net carbon uptake to precipitation. Tropical rainforests have been thought to dominate the terrestrial processes driving global carbon cycle interannual variability, but this work suggests that semi-arid biomes might become the dominant drivers in future.
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