SI Methods
Wave height reduction in coastal habitats: syntheses and analyses of global field evidence 
Literature search: The wave height reduction meta-analyses synthesise data from field measurements of wave heights in coastal habitats. A literature search was performed in English, using Google Web and Google Scholar databases for studies that describe measurements of wave reduction in coastal habitats. Search terms included <habitat type> + <wave reduction type> where <habitat type>  is either “mangrove”, “marsh”, “wetland”, “coral reef”, oyster reef”, “seagrass” or “kelp” and <wave reduction type> is “wave height”/”wave energy” + “reduction” /”attenuation” /”spending” /”mitigation”. Two wave reduction measurements in fresh water marshes were included with the salt-marsh studies. The same search was performed on the Web of Science database and other databases for studies that may have been missed. These included Building with Nature in the Netherlands, Managed Realignment in the UK, Living Shorelines and Engineering with Nature, case-studies in the USA [1-4] and also previous syntheses on reefs [5] and salt-marsh wetlands [6, 7]. The bibliography and reference lists of selected literature were also searched for relevant studies. 
Meta-analyses procedure: We performed meta-analyses of the influence of habitat presence on wave height reduction. The studies were divided into four habitat groups – coral reefs, mangroves, salt-marshes and seagrass/kelp beds and each group analysed separately. From the meta-analyses the average wave height reduction values for each habitat group were reported along with their 95% confidence intervals. A random effects model was used for each group, since these studies use different techniques, instruments and protocols for measuring wave height transformation. In a random effects model, the true effects in the studies are assumed to have been sampled from a distribution of true effects and the summary effect is an estimate of the mean of all relevant true effects, with the null hypothesis being that the mean of these effects is one, and the log response ratio is zero. The random effects model uses a weighted mean, where the weight assigned to each study is the inverse of the total variance which is calculated as the sum of the in-study variance and an estimate of the between-studies variance [8]. The overall wave height reduction for each habitat group was obtained as the inverse logarithm of the effect size of its random effects model and expressed as a percentage. The effect size was calculated as the log-response ratio (ln R) and its corresponding weighting factor, calculated as the reciprocal of the variance in the random effects model. The overall effect size (ln R) was then obtained by summing the products (ln R X weighting factor) and dividing it by the sum of the weights. For each response variable the overall effect size was considered statistically significant if its 95% confidence interval did not include zero (see S5 Fig). 
To estimate the mean effect size for each habitat using this model the following values were first extracted from each study:
1. Mean incident wave height (wave height before/without the habitat), Hsi and associated error
2. Mean transmitted wave height (wave height after/with the habitat), Hst and associated error
3. Number of identifiably independent measurements for each study
4. Habitat width (length of measurement transect), B 
The response variable (R) is the wave height reduction relative to the incident wave height expressed as 
Wave height reduction, 		[SI 1]
where Ht is the transmitted wave height (m), Hi is the incident wave height (m). A rate of wave height reduction, r over the habitat per metre coastline length was also estimated as:
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where, B is the cross-shore width of the habitat (m) (i.e. length of the measurement transect). The ratio Ht/Hi is often referred to in coastal engineering design as the transmission coefficient, Kt, such that: 
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Data extraction and variable treatment: The mean values of wave heights were either directly extracted from the study or calculated from a value range as reported in each study. Similarly, incident and transmitted wave height error values for the random effects model were extracted either directly or as the standard deviation of a range of wave height values. Where error values were not available these were assumed as 10% of the measured value [9, 10]. The number of measurements was taken as the number of distinct sampling groups reported by the study. For all analyses we used the significant wave height, Hs, the standard wave parameter for engineering measurements and design. For studies that report wave energies these were converted to wave heights using the formula 
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where E is the wave energy (J/m2), rho, the density of sea-water (kg/m3), g, gravitational acceleration (m/s2) and Hs, the significant wave height (m). 
For coral reefs, the incident and transmitted wave heights are the wave heights before and after the reef, respectively. Where studies reported measurements for the whole reef along with measurements for reef crest or flat we considered only the whole reef measurements to avoid duplication. For the seagrass/kelp habitats and the intertidal habitats (i.e. marshes and mangroves) as well, the incident and transmitted wave heights were the wave heights before and after the habitat, except where information from adjacent transects with and without the habitat was available. In these cases, the wave height on a transect without the habitat was the incident wave height and the wave height on an adjacent transect with the habitat was the transmitted wave height.  Bathymetry, i.e. water depth, can critically influence wave height reduction extents, and we accounted for variations in bathymetry wherever data from adjacent transects were available. In most cases, bathymetry is either a direct function of habitat presence, such as in coral reefs; or it has a negligible influence on wave height reduction such as in mangroves and salt-marshes where bottom slopes are typically mild [11, 12]. The influence of bathymetry may be more pronounced in seagrass beds: of the six seagrass/kelp studies, three studies consider bathymetry (see SI Table 2: “Depth_Control”). 
All analyses were done in R and RStudio. Mapping was done in ArcGIS and data grabs from graphs were done using a graph extraction code in Matlab [13].  
Trend analyses of biophysical parameters: We analysed the response of wave height reduction, R to biophysical parameters and for specific habitats using a generalised linear model. We assessed the following parameters and habitats :
1. Relative wave height, Hi/h (i.e. ratio of incident wave height over water depth) 
2. Relative width, B/L (i.e. ratio of habitat width over deep-water wavelength)
3. Relative vegetation height, hv/h for intertidal habitats (salt-marshes and mangroves) (i.e. ratio of vegetation height over water depth)
From each study average values of habitat widths and water depths and vegetation heights were extracted. Since incident wave heights will influence wave transformation within a habitat, studies that do not report incident wave heights, but only report wave height/energy reduction ratios, were excluded from all regression analyses. Two exceptionally wide coral reef data points (S2 Fig) and one exceptionally low salt-marsh data point (S3 Fig), were disregarded as outliers for the analyses of the parameters B/L and hv/h, respectively. The deep-water wavelength for the parameter B/L was estimated using wave period data from a global wave climate re-analysis database for each study site [14]. 
Assessment of costs and coastal protection benefits of habitat restoration projects
Literature search: An initial systematic search was conducted for peer-reviewed literature and grey literature (e.g. reports, assessments, surveys, etc.) on the coastal protection and risk reduction costs and benefits of projects involving restoration and management of coastal habitats. The search was conducted in English on the Google Web and Google Scholar databases. The search terms used were a combination of <habitat type> + <coastal protection costs and benefits>. The <habitat type> search included “coral reefs”, “oyster reefs”, “mangroves”, “salt-marshes”, “wetlands”, “seagrass” and “kelp”.  The <coastal protection costs and benefits>  search included “coastal protection”, ”flood reduction”, ”risk reduction”, ”erosion control” + “costs”, ”benefits”. Studies that did not deal with coastal protection as a stated objective were excluded. Studies that did not report data on either costs or benefits were also excluded. 52 projects were found that provide some measure of coastal protection costs and/or benefits. 39 of the 52 projects report quantitative measurements of project costs. 
Review and analyses of costs, benefits, benefit-cost ratios and cost effectiveness ratios: Information on observed benefits from each study was classified into 3 types – reductions in coastal erosion rates, flood damages or engineering costs for coastal defence structures. The number of projects that report each type of benefit as counted, as was the number of projects that state coastal protection as their primary objective. Each habitat type was treated separately in calculating mean and median values, 95% confidence intervals and standard error values for costs and benefit-cost ratios. For the cost effectiveness analyses we used information on total project costs to derive a representative ‘cost per metre length of coastline’ for each project, to enable comparison with coastal structures. The cost per metre length of coastline for each project was calculated as: 
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where, Cproj is the total restoration cost, Lproj is the along-shore length of the project, Aproj the total project area and Bproj the cross-shore width of the habitat. 
Where data on project areas and widths were unavailable these were obtained from Google Earth based on the project location. All reported costs are standardised to 2014 US$ equivalents using the appropriate exchange rates and Consumer Price Index (CPI) inflator indices [15, 16].
Replacement cost ratio analyses for nature-based defence projects
Step 1: Project extent and cost per m coastline length: From all the project and field measurements we identified thirteen unique data that occur a) at close proximity; b) in similar coastal setting, e.g. habitat. Sites were paired if they were within 50 km of each other. In some cases a project site could be paired with multiple field measurements (see S4 Table). All criteria for pairing sites were visually inspected and based on expert judgement.  
Due to the lack of measurements of costs and physical parameters at the same site it was assumed that the cost and habitat characteristics from the project site are applicable at the field measurement location. We used project costs as reported and estimated the wave reduction for the project extent based on the measured rate of reduction nearby. Each project’s restoration cost was expressed in terms of a ‘per metre length of coastline’ to enable comparison with unit structure costs. Thus, assuming that the project is located at the field site, the project cost ( ) and width ( were transferred to the field measurement location and a unique nature-based defence (NbD) was defined in terms of width (, cost (), rate of wave height reduction (), incoming wave height () and water depth ():
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Step 2: Total wave reduction and transmission coefficient by nature-based defence: The total wave height reduction by each NbD was estimated and expressed in terms of a transmission coefficient using equation [SI 3],
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Step 3: Dimensions and volume of replacement breakwater for Kt-NbD:  For each NbD, the minimum relative freeboard and crest-width of a submerged breakwater were estimated that will achieve the same transmission coefficient as the NbD under the same water depth and wave height conditions. These dimensions were computed per metre coastline using standard coastal engineering formulae for Kt in submerged breakwaters [17]:
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for ,  with imposed lower and upper limit values of 0.05 and 0.75, and
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for   with imposed lower and upper limit values of 0.05 and ), with values for  between 8 and 12 obtained by linear interpolation.
where, F is the freeboard (i.e. crest height relative to water surface), W is the crest width for the breakwater, HNbD is the design wave height and   is the surf similarity parameter calculated based on the peak deep water wave period at each site and an assumed bed slope of 1:100.  F and W were calculated for the desired value of Kt-struc. From the water depth, h and freeboard F the volume (m3) per metre coastline of a trapezoidal structure is calculated assuming a representative structure slope of 1:1.5 (see S6 Fig):
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Step 4: Breakwater cost and replacement cost ratio: First unit construction costs were estimated using the volume and costs of a representative armoured rubble-mound breakwater from coastal engineering literature. Based on the total representative volume () and per metre costs () of this cross-section, we calculated a unit construction cost per metre coastline per cubic metre of submerged breakwater ():
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A  of 36 m3 and a  of 2700 US $ per metre were obtained, giving a  of around 761 US $ per m3 per metre are chosen from the literature (breakwater cross-section and cost data from ]18]: Fig VIII-21 and Table VIII-20). Assuming that construction costs vary proportionate to breakwater volume, the total cost per metre coastline length for each replacement breakwater () was obtained as: 
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where  is the volume per metre coastline of the replacement breakwater. Unit construction costs for breakwaters in Vietnam were assumed to be ten times less than in Europe and the USA [19]. A replacement cost ratio for each NbD – structure pair (Table 1) were also obtained:
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Since structure costs are critically dependent on water depth, breakwater cost curves versus water depth were generated for an incoming wave height of 0.2 m – the average wave height across all the NbDs, and plotted together with the costs of the NbDs at different depths (see Results; Fig 3). For the cost curve calculations a constant breakwater crest-width, W of two metres was assumed.
There is a concurrent effort to make the databases of field measurements and nature-based defence projects more comprehensive and easily accessible. This includes an on-going exercise to collect, map and integrate qualitative and quantitative information on the physical effectiveness and cost effectiveness of nature-based defence projects globally. This is available as an interactive, online database with the aim of providing readily available information on different habitat and project types to coastal managers around the world (http://maps.coastalresilience.org/global - “Natural Defence Projects’ tab; [20]). The database draws from multiple sources similar to the analyses discussed here (see SI Methods) and is aimed to facilitate the future addition of relevant information on the effectiveness, costs and benefits of any project that restores or manages a coastal habitat for coastal protection and/or risk reduction.
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