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            Abstract
Sea-level rise can threaten the long-term sustainability of coastal communities and valuable ecosystems such as coral reefs, salt marshes and mangroves1,2. Mangrove forests have the capacity to keep pace with sea-level rise and to avoid inundation through vertical accretion of sediments, which allows them to maintain wetland soil elevations suitable for plant growth3. The Indo-Pacific region holds most of the worldâ€™s mangrove forests4, but sediment delivery in this region is declining, owing to anthropogenic activities such as damming of rivers5. This decline is of particular concern because the Indo-Pacific region is expected to have variable, but high, rates of future sea-level rise6,7. Here we analyse recent trends in mangrove surface elevation changes across the Indo-Pacific region using data from a network of surface elevation table instruments8,9,10. We find that sediment availability can enable mangrove forests to maintain rates of soil-surface elevation gain that match or exceed that of sea-level rise, but for 69 per cent of our study sites the current rate of sea-level rise exceeded the soil surface elevation gain. We also present a model based on our field data, which suggests that mangrove forests at sites with low tidal range and low sediment supply could be submerged as early as 2070.
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                    Figure 1: Map of the Indo-Pacific region study sites and a schematic of the SETâ€“MH.[image: ]


Figure 2: The relationship between mangrove soil-surface elevation gains and sediment availability.[image: ]


Figure 3: Year in which mangroves are predicted to be submerged at sites with low (<2.5 g mâˆ’3) sediment availability over variation in tidal range and rates of SLR.[image: ]


Figure 4: Mangrove forest distribution in the Indo-Pacific region.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Frequency distributions of values of shallow subsidence and elevation deficits.
a, The frequency distribution of shallow subsidence over all the SET sites, calculated as (surface accretion) âˆ’ (surface elevation gain). (The data presented here are available online from the Source Data of Fig. 2). b, The frequency distribution of surface elevation deficits relative to SLR from tide gauges (see Supplementary Table 1).


Extended Data Figure 2 Years until submergence (logarithmic scale) of the highest intertidal mangrove forest over variation in tidal range and for a range of elevation deficits.
The elevation deficit is the difference between the rate of local SLR and the rate of surface elevation gain. Submergence is assumed to occur when the cumulative elevation deficit is equivalent to the elevation capital (defined as half the tidal range). The mean elevation deficit in our study was 6 mm yrâˆ’1 (dashed line); other elevation deficits shown are 12 mm yrâˆ’1 (mean + SD = 6 + 6.3; long-dashed line), 1 mm yrâˆ’1 (minimum; dotted line) and 20 mm yrâˆ’1 (maximum; solid line). Categories of tidal range are coloured blue for microtidal, yellow for mesotidal and red for macrotidal.


Extended Data Figure 3 Schematic summary of the modelling process for estimating the decade of submergence of mangrove forests with SLR.

Extended Data Figure 4 Comparison of surface elevation gains measured over longer and shorter periods for three sites.
The three sites are New Zealand (N = 3), Micronesia (N = 13) and Moreton Bay, Australia (N = 18). The long-term mean record length is 5.5 years; the short-term mean record length is 2.1 years. Longer-term and shorter-term rates were highly correlated (R2 = 0.59) with a slope of 0.90 Â± 0.13, which is not statistically different from 1 (t = 0.769, P = 0.45).


Extended Data Figure 5 The relationship between mean TSM in 2011 over the available TSM record (2002â€“2011).
In 2011, all sites were represented in the MERIS data set. The linear regression (solid line) of this relationship is (mean TSM in 2011) = (1.38 Â± 0.94) + (0.58 Â± 0.08) Ã— (mean TSM over all available years), R2 = 0.64, P < 0.0001, F test, where the indicated uncertainties are standard errors. Dashed lines are 95% confidence intervals.


Extended Data Table 1 Summary of the relative influence of predictor variables on surface elevation change for BRT modelsFull size table


Extended Data Table 2 Parameters used in the model for estimating time to submergence of mangrove forests for different sediment availability (classes of TSM).Full size table





Supplementary information
Supplementary Data
This file contains descriptions of study sites within the Indo Pacific region where surface elevation table - marker horizon (SET-MH) data are derived for the analysis. Long term rates of sea level rise are derived from tide gauges of variable record length and from satellite altimetry. (PDF 139 kb)
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Intertidal mangrove forests provide a wide range of ecosystem services, including coastal protection and carbon storage. Their survival can be threatened by sea-level rise, but the forests can avoid inundation if there is sufficient sediment supply to allow them to maintain soil elevations suitable for plant growth. This study analyses recent trends in mangrove surface elevation changes across the Indo-Pacific region and finds that sediment availability is important to maintaining rates of soil-surface elevation gain that matched or exceeded that of sea-level rise, but that 69% of the forest study sites had rates of soil-surface elevation gain less than that of sea-level rise. Numerical modelling based on the field data suggests that mangrove forests at sites with low tidal range and low sediment supply could be submerged as early as 2070.
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