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            Abstract
Global peatlands store more carbon than is naturally present in the atmosphere1,2. However, many peatlands are under pressure from drainage-based agriculture, plantation development and fire, with the equivalent of around 3 per cent of all anthropogenic greenhouse gases emitted from drained peatland3,4,5. Efforts to curb such emissions are intensifying through the conservation of undrained peatlands and re-wetting of drained systems6. Here we report eddy covariance data for carbon dioxide from 16 locations and static chamber measurements for methane from 41 locations in the UK and Ireland. We combine these with published data from sites across all major peatland biomes. We find that the mean annual effective water table depth (WTDe; that is, the average depth of the aerated peat layer) overrides all other ecosystem- and management-related controls on greenhouse gas fluxes. We estimate that every 10Â centimetres of reduction in WTDe could reduce the net warming impact of CO2 and CH4 emissions (100-year global warming potentials) by the equivalent of at least 3Â tonnes of CO2 per hectare per year, until WTDe is less than 30Â centimetres. Raising water levels further would continue to have a net cooling effect until WTDe is within 10Â centimetres of the surface. Our results suggest that greenhouse gas emissions from peatlands drained for agriculture could be greatly reduced without necessarily halting their productive use. Halving WTDe in all drained agricultural peatlands, for example, could reduce emissions by the equivalent of over 1 per cent of global anthropogenic emissions.
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                    Fig. 1: Annual mean values of carbon dioxide and methane flux versus mean water table depth.[image: ]
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                Data availability

              
              The UK eddy covariance data set used in the study is available from the UK Environmental Information Data Centre (EIDC), with the identifier: https://doi.org/10.5285/b8c9fd3d-f9ea-4fd8-9557-9022884f711d. Summary and literature-derived data are included in Extended Data Tables 1â€“3.
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Extended data figures and tables

Extended Data Fig. 1 Location and land-cover class of UK and Irish CO2 flux-tower sites analysed.
Sites are overlaid on the global peat map of Leifeld and Menichetti4. For detailed site information, see Extended Data Table 1.


Extended Data Fig. 2 Cumulative measured NEE and NEP (harvested sites only) for UK eddy covariance sites.
Positive values indicate net CO2 emission to the atmosphere, negative values indicate net CO2 uptake. Years with missing data at Anglesey 2 and Tadham Moor were assigned the average long-term NEP value for the site for presentational purposes only; these years were not used in the calculations.


Extended Data Fig. 3 Location and land-cover type of all study sites included in global CO2 flux data synthesis.
Sites are overlaid on the peat map of Leifeld and Menichetti4. For detailed site information, see Extended Data Table 2.


Extended Data Fig. 4 Observed relationship between mean CH4 flux and WTDe for British and Irish sites.
Results are compared with previous relationships derived from independent data in the United Kingdom (Levy et al.110), Continental Europe (Couwenberg et al.16), and North America and Fennoscandia (Turetsky et al.21).


Extended Data Fig. 5 Comparison of predicted and observed NEP versus WTDe for tropical peatlands.
Filled red circles show observations from six tropical peatland flux towers. Dashed line shows a linear regression fitted to these data points (NEPÂ =Â 0.1887Â WTDeÂ â€“Â 3.19, R2Â =Â 0.79, PÂ =Â 0.017). Solid line shows relationship derived from high-latitude regression (equation (2)), scaled for tropical peatlands based on IPCC Tier 1 emission factors (seeÂ Methods).


Extended Data Table 1 Locations and characteristics of UK and Ireland study sitesFull size table


Extended Data Table 2 Locations and characteristics of global CO2 flux synthesis sitesFull size table


Extended Data Table 3 Locations and characteristics of UK and Irish sites used in CH4 flux synthesisFull size table


Extended Data Table 4 Area and emissions estimates for global peatlands under drained cropland and grasslandFull size table


Extended Data Table 5 Disaggregated global emissions of CO2 and CH4 from drained cropland and grassland. a, CO2; b, CH4. Emissions are based on application of our empirical relationships to the global peat area estimates of Leifeld and Menichetti4 (Extended Data Table 4) and used to derive Table 1. Scenarios and calculations are as described in the MethodsFull size table
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