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            Abstract
The response of coastal wetlands to sea-level rise during the twenty-first century remains uncertain. Global-scale projections suggest that between 20 and 90 per cent (for low and high sea-level rise scenarios, respectively) of the present-day coastal wetland area will be lost, which will in turn result in the loss of biodiversity and highly valued ecosystem services1,2,3. These projections do not necessarily take into account all essential geomorphological4,5,6,7 and socio-economic system feedbacks8. Here we present an integrated global modelling approach that considers both the ability of coastal wetlands to build up vertically by sediment accretion, and the accommodation space, namely, the vertical and lateral space available for fine sediments to accumulate and be colonized by wetland vegetation. We use this approach to assess global-scale changes in coastal wetland area in response to global sea-level rise and anthropogenic coastal occupation during the twenty-first century. On the basis of our simulations, we find that, globally, rather than losses, wetland gains of up to 60 per cent of the current area are possible, if more than 37 per cent (our upper estimate for current accommodation space) of coastal wetlands have sufficient accommodation space, and sediment supply remains at present levels. In contrast to previous studies1,2,3, we project that until 2100, the loss of global coastal wetland area will range between 0 and 30 per cent, assuming no further accommodation space in addition to current levels. Our simulations suggest that the resilience of global wetlands is primarily driven by the availability of accommodation space, which is strongly influenced by the building of anthropogenic infrastructure in the coastal zone and such infrastructure is expected to change over the twenty-first century. Rather than being an inevitable consequence of global sea-level rise, our findings indicate that large-scale loss of coastal wetlands might be avoidable, if sufficient additional accommodation space can be created through careful nature-based adaptation solutions to coastal management.
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                    Fig. 1: Global change in coastal wetland areas.[image: ]


Fig. 2: Spatial distribution of coastal wetland change.[image: ]


Fig. 3: Present-day global sediment balance.[image: ]
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Change history
	08 May 2019
Change history: In Fig. 2b of this Letter, â€˜Relative wetland change (km2)â€™ should have read â€˜Relative wetland change (%)â€™ and equations (2) and (3) have been changed from â€˜RSLRcrit = (m Ã— TRe) Ã— Sed + iâ€™ and â€˜Sedcrit = (RSLR âˆ’ i)/(m Ã— TRe)â€™, respectively.Â The definition of the variables in equation (2) has been updated. These errors have been corrected online.
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Extended data figures and tables

Extended Data Fig. 1 Map of model performance during model calibration.
Green lines indicate segments in which the modelled sediment balances match the observed trends in wetland elevation change relative to sea-level rise3,4,19. Red segments indicate model mismatches. The frequency distributions for total suspended matter (TSM) and tidal range (TR) display the distributions of both parameters in matching (green bars) and mismatching segments (red bars), and how they compare to the overall frequency distributions of both parameters (blue bars). The overall frequency distribution only includes coastline segments where coastal wetlands are present. The displayed coastline was generated during the DINAS-COAST FP5-EESD EU project (EVK2-CT-2000-00084).


Extended Data Fig. 2 Global change in coastal wetland area.
Results for all three SLR scenarios (RCP 2.6, low; RCP 4.5, medium; RCP 8.5, high) and a total of eight different model configurations. These include the upper and lower boundaries of the BAU (5 and 20Â people kmâˆ’2) and the upper boundaries of the NB 1 and NB 2 scenarios (150 and 300Â people kmâˆ’2) as defined in Extended Data Table 2 (solid lines). The dashed lines represent the four hypothetical scenarios, as characterized in Extended Data Table 2: (i) wetland migration only; (ii) sediment accretion only; (iii) maximum resilience; and (iv) no resilience.

                          Source data
                        


Extended Data Fig. 3 Spatial distribution of coastal wetland change.
a, b, Absolute (a) and relative (b) changes in coastal wetland areas are displayed for a medium SLR scenario (RCP 4.5)), assuming the possibility of wetland inland migration everywhere, but in urban areas with a population density more than 300 people kmâˆ’2. Population density is subject the population growth throughout the simulation period, following theÂ Shared Socio-Economic Pathway SSP220,68. The displayed coastline was generated during the DINAS-COAST FP5-EESD EU project (EVK2-CT-2000-00084).


Extended Data Fig. 4 Flow diagram representing the overall structure of the global coastal wetland model.
Input parameters are shown on the left, output parameters are on the right. Net wetland change equals inland wetland gain minus seaward wetland loss.


Extended Data Fig. 5 Schematization of topographic profiles.
The conversion of upland areas to coastal wetlands (if not inhibited by anthropogenic barriers) and the unconstrained seaward loss of coastal wetlands in response to sea-level rise is shown for an exemplary coastline segment (in western France). Inundation of terrestrial uplands follows the rising mean high water spring (MHWS) level between the time steps t1 and t2 (blue), whereas the unconstrained seaward loss follows the increase in mean sea level (MSL) when neglecting sediment accretion processes (red). To improve the clarity of the figure the actual MHWS level (2.54 m) and MSL rise are exaggerated.


Extended Data Fig. 6 Map of regionalized relative sea-level rise.
Total relative sea-level rise (in m) for the medium SLR scenario (Extended Data Table 2) during the simulation period, including a delta subsidence rate of 2 mm yrâˆ’1 (2010â€“2100). Black coastlines indicate regions of relative sea-level rise similar to the global mean. The displayed coastline was generated during the DINAS-COAST FP5-EESD EU project (EVK2-CT-2000-00084).


Extended Data Table 1 Performance of calibrated model when compared to field dataFull size table


Extended Data Table 2 Characteristics of the scenariosFull size table


Extended Data Table 3 Model sensitivity to variations in sediment availabilityFull size table


Extended Data Table 4 Model sensitivity to variations in natural and human-induced delta subsidenceFull size table
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This file contains Supplementary Methods, a Supplementary Discussion and Supplementary references. The Supplementary Methods include extended information on the underlying tidal data, the calibration procedure and detailed information on how the current-day coastal protection level has been calculated as one of key concepts for the definition of the business-as-usual scenario for human adaptation and accommodation space for coastal wetlands. The Extended Discussion section discusses the limitations of this model in detail.
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