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Study description

Research sample

Sampling strategy

Data collection

Original data used in the study for the calculation of variables are available as follows: Global Mangrove Watch from the Ocean Data Viewer [http://data.unep-
wcmc.org/datasets/45], global biophysical mangrove typology from the Ocean Data Viewer [https://data.unep-wcmc.org/datasets/48], country boundaries from
GADM data [https://gadm.org/data.html], Exclusive Economic Zones from Marine Regions [https://marineregions.org/downloads.php], Nighttime Lights Time Series
from the National Geophysical Data Center [https://ngdc.noaa.gov/eog/dmsp/downloadV4composites.html], Economic Complexity Index from The Observatory of
Economic Complexity [https://oec.world/en/rankings/eci/hs4/hs92], Varieties of Democracy from the V-Dem Dataset [https://doi.org/10.23696/vdemds20],
community forestry projects from the ICCA Registry [https://www.iccaregistry.org/] and REDD+ projects database [http://www.reddprojectsdatabase.org], National
Determined Contributions from the NDC registry [https://www4.unfccc.int/sites/ndcstaging/Pages/Home.aspx], Ramsar sites from the Ramsar Sites Information
Service [https://rsis.ramsar.org/], Environmental Sustainability Index from the Socioeconomic Data and Applications Center [https://doi.org/10.7927/H40V89R6],
marine protected area management data in Supplementary Data 1 under doi:10.1038/nature21708 [https://doi.org/10.1038/nature21708], Sediment Trapping
Index from the global free-flowing rivers dataset [https://doi.org/10.6084/m9.figshare.7688801], river networks from the HydroSHEDS database [https://
www.hydrosheds.org/hydrosheds-core-downloads], tidal amplitude in FES2014 from the Aviso+ Cnes Data Center [https://www.aviso.altimetry.fr/], sea-level rise in
the global sea level ECV product from the CCI Open Data Portal [http://doi.org/10.5270/esa-sea_level_cci-MSLA-1993_2015-v_2.0-201612], SPEI from SPEIbase
[https://digital.csic.es/handle/10261/202305], tropical storms from the IBTrACS database [https://www.ncei.noaa.gov/products/international-best-track-archive?
name=ib-v4-access], and bioclimatic variables from the WorldClim database [https://www.worldclim.org/data/worldclim21.html].

A global analysis of the drivers of mangrove cover losses and gains in complex social-ecological systems over varying spatial and
temporal scales. Hierarchical statistical modelling was used to quantify the relationship between four measures of mangrove cover
change (% net loss, % gross loss, % net gain, % gross gain) across landscape geomorphic units (n = 4394 across 108 countries) and
two time periods (1996-2007 and 2007-2016), and eight socioeconomic and seven biophysical variables to consider national- and
landscape-level variability. Country was included as a varying-intercept and travel time to the nearest city and nighttime lights growth
as varying-slopes in the eight models. Subsetting of the dataset was required to remove experimental units that were smaller than 1
ha and had no change in mangrove cover and separate units with loss (negative change) and gain (positive change). Experimental
units with missing data from the global datasets were also removed, resulting in the following number of units per model: % net loss
1996-2007 (n = 2004), % net loss 2007-2016 (n = 1914), % gross loss 1996-2007 (n = 2425), % gross loss 2007-2016 (n = 2637), % net
gain 1996-2007 (n = 451), % net gain 2007-2016 (n = 743), % gross gain 1996-2007 (n = 2341), % gross gain 2007-2016 (n = 2554).
Mangrove geomorphic units were sampled across two time periods. Therefore there was replication of the same location sampled
twice. However, each time period was analysed in a separate model, therefore there was no replication in the model. Also in some
instances geomorphic units changed from loss to no change to gain across the time periods. Thus, the composition of geomorphic
units were not identifical across the time periods.

The research sample was chosen to represent global mangrove extent using remote sensing data. The Global Mangrove Watch
(GMW) dataset (Bunting 2018), a high resolution, global time-series on mangrove cover from 1996-2016, was used to calculate
mangrove cover change between 1996 and 2007, and 2007 and 2016 across landscape mangrove geomorphic units (n = 4329)
(Worthington et al. 2020). The GMW produces 25 m spatial resolution maps of global mangrove extent using Japanese L-band
Synthetic Aperture Radar (SAR) data and Landsat sensor data.

We undertook a synthesis of national policies and actions to derive new global datasets for conservation factors at the country-level
of all mangrove-holding nations. Existing global datasets were used for estimating socio-economic and biophysical variables at
mangrove geomorphic units across all mangrove-holding nations.

No sample size calculation was performed because the research sample included the global extent of mangrove cover mapped.
Sample sizes were driven by the assessing mangrove cover changes across mangrove geomorphic units (response variables). A global
biophysical typology of mangroves was used to delineate global mangrove cover into 4394 geomorphic units. Explanatory variables
were assessed at either the national- or landscape-level for mangrove geomorphic units. The size of mangrove geomorphic units
varied from 1-2640 km2 and the number of mangrove geomorphic units per country varied from 1-612. To control for the effect of
size of the mangrove geomorphic unit on mangrove cover change, percent measures (loss or gain relative to the area at the start of
the time period) were used as the response variables. In our dataset, some countries only have one geomorphic unit (12 countries)
whilst some countries have many (e.g. Australia and Indonesia have 519 and 822 units, respectively). Multi-level modelling was used
to minimise extreme estimates for countries with small sample sizes by allowing estimates to be closer to the complete pooling
approach (Gelman and Hill, 2007).

Because of the unavailability of socio-economic indicators for many countries, and no change in mangrove cover at many mangrove
geomorphic units, and the requirement to remove NAs and zeros from the dataset, as well as geomorphic units less than 100 ha to
avoid bias is our results, the research sample was reduced to 3134 units across 95 countries. The subsetted dataset comprised 89%
and 90% of the 2016 global mangrove extent for the two decades; therefore our modelling represents drivers of the majority of
mangrove holdings. The hotspot analysis was done on the full dataset (n=4329), representing all the mangrove-holdings across the
world detected by remote sensing.

The GMW dataset and existing global datasets for the socio-economic and biophysical variables were downloaded from publicly-
available data repositories by Tom Worthington and Valerie Hagger.

Valerie Hagger produced the new global datasets for conservation factors through systematic literature review searches and




