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1.1 Data
1.1.1 Elevation data from topographic maps

To investigate land elevation in the Ayeyarwady Delta independently of data derived from global satellite based measurements,
we used height information from topographic maps. Beside the series of mappings conducted since the British colonial times
that are available to the public, the most recent topographic maps of Myanmar were made and published by the Survey
Department, Ministry of Forestry in the Union of Myanmar, in cooperation with the Japan International Cooperation Agency
(JICA), and sold by East View Geospatial, Inc. (2014). The maps are at scale of 1:50,000. Map sheets covering the Ayeyarwady
Delta were accessed via the Specialised Information Service Cartography and Geodata (SIS Maps) of the Map Department of
the Staatsbibliothek zu Berlin funded by the German Research Foundation (SIS Maps, 2021). Depending on their location, the
data are projected to UTM 46 N or 47 N (based on the WGS84 ellipsoid) while mean sea level (MSL) is used as vertical datum.
However, documentation on the date and location of MSL establishment is missing and East View Geospatial, Inc. (2014)
only states that source information is “Compiled from best available sources”. Further research on cartographic work and
vertical datums in Myanmar turned out Kyaikkhami tide observatory (formerly: Ambherst) in eastern Myanmar as reference
site (JICA etal., 2004a). As the establishment of the Myanmar 2000 datum involved extensive field surveys, aerial signalisation
and photography, levelling, GPS observations and aerial triangulation that were conducted between 2000 and 2004, these data

not only constitute source data of topographic maps published by JICA et al. (2004b) but very likely also constitute the source
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data of topographic maps sold by East View Geospatial, Inc. (2014), which were used in this study. Horizontal accuracy is
one-third of contour interval for spot heights and one-half for lines (JICA et al., 2004c¢). Index contour lines are given in 20 m
intervals for elevations higher than 200 m and in 10 m intervals for elevations lower than 200 m (JICA et al., 2004c). Ground
control points are accurate at standard deviations of 0.5 m horizontally and 0.3 m vertically (JICA et al., 2004c).

1.1.2 Global and coastal digital elevation models

In total, 10 DEMs were used to assess their performance in the Ayeyarwady Delta. Table S1 provides an overview of main
characteristics such as coverage, resolution, and accuracy as well as information on eventual edits that have been made after
DEM generation. Though elevation data from surface and terrain models may show some systematic offset due to the inclusion
of canopy and building heights in the digital surface models (DSMs) compared to real ground elevation assessment of digital
terrain models (DTMs), we include both types of DEMs into the comparison as these DEMs are the most often used, sometimes
without considering that the DEM type should suit the application purpose. Thus, we want to demonstrate the relevance of
careful DEM selection as the outcomes of any geomorphological and hydrological study as well as risk assessment and flood
modelling will strongly depend on the underlying elevation data (e.g., Wechsler et al., 2007; Siart et al., 2009; Gesch et al.,
2018; Brosens et al., 2022).

Table S1. Overview of all elevation models used in this study. DEM = digital elevation model, DSM = digital surface model,
DTM = digital terrain model, H = horizontal, V = vertical.

DEM Type Coverage Acquisition  Technique Datum Accuracy References Availability
SRTM DSM 60°Nto56°S 11/02/2000to Synthetic Aperture H: WGS84  H:larcsecx1 Farretal. Free
22/02/2000 Radar V:EGM96  arcsec(~30m (2007)
interferometry x 30 m)
(dual antennas) V:16 m
(LE90), 9.73 m
(RMSE)
ACE2 nearly 60° Nto60°S 03/1994 to Correction of H: WGS84  H:3arcsecx3 Smithand Free
DTM 08/2002 SRTM (and V:EGM96 arcsec(~90m  Berry
(Topex Ku GLOBE for regions x 90 m) (2009);
band) south of 56° S) by V:>10m Berry et al.
04/1994 to multi-mission (2010);
03/1995 satellite radar Berry et al.
(ERS-1) altimetry; canopy (2019)
08/2002 to heights replaced by
07/2005 altimetry heights
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Shuttle Radar Topography Mission (SRTM) was a joint venture of NASA, the National Geospatial-Intelligence Agency and
the German and Italian Space Agencies (Farr et al., 2007) that provides the first dataset of land elevation covering ca. 80 % of
the Earth’s land surfaces (NASA JPL, 2016). In February 2000, the data was acquired by two antennas mounted on the shuttle
and an extendable mast in 60 m distance. Since the radar signal could not sufficiently penetrate canopies, the SRTM DEM
constitutes a digital surface model (DSM). The envisaged vertical accuracy of 16 m (linear error at 90 % confidence (LE90))
was achieved and is equivalent to < 10 m root mean square error (RMSE) (Rabus et al., 2003; Rodriguez et al., 2005; Farr et
al., 2007; Mukul et al., 2017). However, as global and regional comparisons against ground truth data turned out spatially
varying vertical accuracy, it was decided to improve the quality of the SRTM globally by integrating satellite radar altimetry
data from multiple missions to generate the Altimetry Corrected Elevations, Version 2, data set (ACE2) (Table S1; Berry et
al., 2010). In addition, GLOBE data was included to extend the original coverage area of SRTM to 60° S. After analysing
waveforms of the entire geodetic mission, all accepted ones were retracked and fused with orbit data and the EGM96 geoid
model (Lemoine et al., 1997) to refer to orthometric heights (Berry et al., 2010). From available spatial resolutions of 3, 9 and
30 arc seconds, we obtained data at the highest resolution of 3 arc sec (~90 m). While vertical errors still exceed 10 m (Table
S1; Smith and Berry, 2009), the effective penetration of canopies by the altimeter signal, which is reflected by the ground, is
responsible for the significant differences between the SRTM and ACE2 that have been documented particularly for tropical
rain forests (Smith and Berry, 2009). However, being merged with the SRTM dataset, the ACE2 should not be regarded as a
thorough DTM. While water body data is available for the SRTM, distinguishing water from land by two classes, additional
datasets for ACE2 include a source, quality, and confidence matrices (Smith and Berry, 2009).

In contrast to these DEMSs, the Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) Global Digital
Elevation Model (GDEM) Version 3 (ASTGTM) is based on optical stereo imagery acquired by the ASTER instrument
(Yamaguchi et al., 1998) mounted on NASA’s Terra satellite which was launched in 1999 (Abrams et al., 2020). Version 3
(published in 2019; Abrams et al., 2020) includes 200,000 additional scenes to supplement and fill data gaps of previous
versions and has been processed by applying anomaly corrections and void filling with data from ASTER GDEM version 2,
SRTM (processed for NASADEM), and ALOS World 3D-30m (AW3D30) (Abrams and Crippen, 2019). Both datums and
resolutions are similar to SRTM. Vertical accuracy, which is 20 m (LE95) and 10.20 m RMSE for version 1 (Ministry of

Economy, Trade and Industry (METI) of Japan et al., 2009), has been documented to improve significantly towards version 2
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while only minor further improvements have been observed towards version 3 (e.g., Tachikawa et al., 2011; Abrams and
Crippen, 2019; Talchabhadel et al., 2021; Altunel et al., 2022). Along with the ASTER GDEM version 3 (ASTGTM), the
ASTER Water Body Dataset (ASTWBD) was published, subdividing water bodies into ocean, river, and lake classes (Abrams
etal., 2020).

Similar to ASTER, the ALOS World 3D 30 m mesh (AW3D30) constitutes a DSM originating from optical data, that was
acquired by using the Panchromatic Remote sensing Instrument for Stereo Mapping (PRISM) of the Advanced Land Observing
Satellite (ALOS) operated by the Japan Aerospace Exploration Agency (JAXA) (Tadono et al., 2016). Using ortho-rectified
PRISM imagery of 2.5 m spatial resolution, the AW3D DSM (5 m spatial resolution) was generated (Takaku et al., 2014) and
subsequently resampled by applying averaging and selecting medium heights, respectively (Tadono et al., 2016). Absolute
vertical accuracy was determined for more than 5,000 ground control points spread over 127 DEM tiles and revealed errors of
~4.40 m, which is below the targeted 5 m mark (Table S1; Tadono et al., 2016). Available additional datasets related to the
AW3D30 include a mask file, distinguishing between sea and inland water bodies (JAXA, 2019), a stacking number file,
header, and quality assurance information files, as well as a list file for versions 2.1 and 2.2 (JAXA, 2019).

Covering more than 150 million km? (German Aerospace Centre (DLR), 2013), the TanDEM-X provides elevation data for
the entire land surface of the Earth (Table S1). The DEM was generated based on interferometric synthetic aperture radar
(SAR) data acquired by the twin satellite constellation of TerraSAR-X and TanDEM-X (Krieger et al., 2007; Wessel, 2018).
DEM tiles of 12 m and 30 m spatial resolution can be accessed via the DLR website after submitting a proposal and are free
of charge for scientific use. In contrast to the DEMs mentioned before, elevations of the TanDEM-X are given in ellipsoidal
heights. Absolute vertical accuracy is less than 10 m (LE90; Wessel, 2018) while relative accuracy has been estimated at least
for the TanDEM-X 12 m data and ranges from 2 m (for slopes < 20 %) to 4 m (for slopes > 20 %; Rizzoli et al., 2017; Wessel,
2018). In addition, investigations on the terrain of selected test sites revealed RMSEs of up to 6.78 m (Wessel et al., 2018). To
ensure transparency and enable detailed investigations of the dataset by the user, each TanDEM-X tile is provided in
conjunction with a set of information layers, including, amongst others, a height error map, a water indication mask based on
amplitude and coherence information (Wendleder et al., 2012), a coverage map as well as a layover and shadow mask (Wessel,
2018). Moreover, the TanDEM-X 12 m data of DLR were edited by Airbus Defence and Space to provide the so called
WorldDEM in different versions to commercial users, including, amongst other improvements, the transformation from
ellipsoidal to orthometric heights (Airbus Defence and Space, 2018). To further improve the performance of the DEM, Airbus
used the WorldDEM™ version, where implausible terrain features and water bodies have been edited and controlled by a
quality check (Airbus Defence and Space, 2018). Based on the WorldDEM™, Airbus Defence and Space (2020) generated
several quality layers that provide auxiliary information and were published together with the DEM as the Copernicus DEM
in 2021 (Airbus Defence and Space, 2020). Improvements include, for example, void filling with elevation data of ASTER,
different versions of SRTM, GMTED2010, TerraSAR-X Radargrammetric DEM, AW3D30, and Norway DEM (Airbus
Defence and Space, 2020). Thus, absolute vertical accuracy improved to < 4 m compared to the TanDEM-X 12 m (Table S1)

and recent publications recommend its use over previous global DEMs (Guth and Geoffroy, 2021; MareSova et al., 2021).
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From available 10 m, 30 m, and 90 m spatial resolutions of Copernicus DEM, we used the 30 m version. The water body mask
that is provided by Airbus Defence and Space (2020) allows for separating ocean, lakes, and rivers.

The most recently published global DEM is the so called Forest And Buildings removed Copernicus DEM (FABDEM) of
Hawker et al. (2022). Using a three step correction workflow including forest and building predictor data, random forest
machine learning models, and post-processing, they eliminated the bias of tree and building heights in the Copernicus DEM
GLO-30 (Hawker et al., 2022), thereby providing nearly terrain elevation. Vertical errors of the Copernicus DEM were reduced
from 2.87 to 2.33 m RMSE (1.61 to 1.12 m mean absolute error (MAE)) for urban areas and from 7.98 to 4.96 m RMSE (5.15
to 2.88 m MAE) for forest areas (Hawker et al., 2022).

In contrast to these global DEMs generated for being used in various applications, the CoastalDEM (Kulp and Strauss, 2018;
Kulp and Strauss, 2021) and the Global LiDAR lowland DTM (GLL-DTM v1; Vernimmen et al., 2020) aim at improving
studies of SLR, flooding, and vulnerability in coastal settings (Kulp and Strauss, 2018; Kulp and Strauss, 2019; Vernimmen
et al., 2020; Hooijer and Vernimmen, 2021; Kulp and Strauss, 2021). In 2018, Kulp and Strauss (2018) published their first
version of the CoastalDEM, which included 23 variables and is based on SRTM elevation data trained with airborne LiDAR
elevation data from the United States and Australia in a multilayer perceptron neural network. Though elevation bias could be
reduced for test sites in the United States and Australia, the CoastalDEM v1.1 was likely overfitted as comparisons with other
global and local DEMs for study areas like the Mekong Delta show (Vernimmen et al., 2020). Therefore, Kulp and Strauss
(2021) revised the CoastalDEM by updating source elevation data with the recently published NASADEM (i.e., an improved
SRTM; Buckley et al., 2020), using global ICESat 2 satellite LIDAR data for training, and including new and updated input
variables in a convolutional neural network (Table S1; Kulp and Strauss, 2021). Thus, for maximum elevations of 5 m (20 m),
LEQ0 improved from 4.24 m (5.73 m) of CoastalDEM v1.1 to 2.99 m (3.75 m) of CoastalDEM v2.1, which is equivalent to
reduced RMSE of 4.02 m (4.83 m) inv1.1 and 2.63 m (3.23 m) in v2.1 (Kulp and Strauss, 2021).

Instead of using ICESat 2 data for training, Vernimmen et al. (2020) interpolated the ground track data themselves into a DEM
(Table S1). However, due to the setup of the satellite LIDAR with ~90 m across-track distance within beam pairs and along-
track distance of ~ 2.5 km (Neuenschwander et al., 2021), horizontal accuracy of the GLL-DTM is much less than for other
global DEMs (Table S1) but will likely be improved in future versions as the number of ICESat 2 recordings increases
(Vernimmen et al., 2020). The dataset is referenced to MSL based on Mean Dynamic Topography (MDT) data of Rio et al.
(2014) and yields vertical accuracies of 0.54 m RMSE for coastal lowland < 10 m (Table S1; Vernimmen et al., 2020).

1.1.3 Mean Dynamic Topography

In the absence of available information on local MSL in Myanmar and its potential offset to a geoid reference, we used MDT
data as an estimation of sea surface height in relation to geoid. Furthermore, it may provide a more steady and reliable reference
given the spatial and temporal variability of tidal range.

The latest MDT, i.e. the CNES-CLS18 dataset of Mulet et al. (2021), was used and accessed via the AVISO+ website

(https:/iwww.aviso.altimetry.fr/en/data/products/auxiliary-products/mdt/mdt-global-cnes-cls18.html, last access: 22 February
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2022). Compared to previous MDT data, the MDT CNES-CLS18 dataset (from now on referred to only as MDT) combines
extended records of altimetry and gravitational field measurements as well as in situ oceanographic data from drifting buoys
and hydrological profiles and thereby provides estimates on mean sea surface heights at higher spatial resolution (i.e., 0.125°)
with improvements particularly for coastal areas and ocean surface currents (Mulet et al., 2021; AVISO+, 2022). As the MDT
is a global dataset covering all ocean surfaces of the Earth, it allows us to account for potential sea level variations along the
Myanmar coast, especially from the delta towards Kyaikkhami at the Tanintharyi coast in the east and thus to apply a
continuous MSL correction instead of using one single reference tide gauge. However, since the MDT is referenced to
GOCOO05s geoid (Mayer-Glrr et al., 2015), thereby differing from vertical datums of the DEMs, requires investigations of
geoid/ellipsoid height anomalies prior to converting the DEMs to MSL.

1.2 Processing
1.2.1 Generation of an elevation model for the Ayeyarwady Delta based on geodetic data

To create a local DEM for our region of interest (ROI; the spatial extent of the Ayeyarwady Delta as defined by Tessler et al.
(2015)), 102 map sheets were georeferenced and digitised, covering also the wider surroundings (15° 30’ N to 18° 30’ N and
94° 0’ E to 97° 0’ E) to enhance the performance of DEM interpolation. In total, 9179 elevation points were digitised (5,673
lying within the ROI). These include also relative heights (e.g., in case of dam slopes) and benchmarks but given the absence
of any documentation on their absolute elevation reduced the dataset to 8,145 spot heights (4,792 within the ROI). Albeit there
are no significant differences between horizontal datums of the WGS84 and Everest 1830 ellipsoids, the digitised elevation
data were projected to UTM 46 N based on the Everest 1830 ellipsoid to refer, besides the vertical reference, also to a common
horizontal datum and UTM zone, consistent with the Myanmar 2000 datum (JICA et al., 2004b). Given unsystematically
distributed point elevations and data gaps especially in the northern delta parts, contour lines of these areas were digitised with
points extracted at 250 m and 2000 m intervals, respectively, to supplement the input elevation data for DEM interpolations
and testing the impact of considering contour data in DEM interpolation. Furthermore, to reduce the potential of height
overestimations in the immediate surroundings of outcrops and improve the quality of the DEM in low lying coastal areas,
which are of particular interest in this study, values of elevation higher than a specific threshold are excluded, thereby
eliminating outcrops.

Interpolation was conducted using the Geostatistical Wizard within the Analysis environment of ArcGIS Pro 2.9.1.
Minderhoud et al. (2019) compared 22 interpolation methods for the creation of a DEM in a similar setting, i.e., the Mekong
Delta, and found Empirical Bayesian Kriging with empirical transformation and exponential modelling providing the most
accurate results (i.e., in terms of absolute accuracy), similar set-up settings were adopted in this study. The grid cell resolution
was defined as justified by the point density following Aguilar et al. (2006). In total, nine versions of AD-DEM were generated
— (i—ii) including digitised spot heights, (iv—vi) including spot heights and contour heights extracted every 250 m, and (vii—

iX) including spot heights and contour heights extracted every 2000 m. All of them apply also specific elevation thresholds of
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20 m and 10 m, respectively (Table S2). Areas — such as outcrops and northernmost delta parts — that are in reality higher than
the elevation threshold applied for DEM interpolation were masked. As data collection for generating the topographic maps
used for the AD-DEM was conducted between 2002 and 2004, the location of river channels is most likely best reflected by
the SRTM water body mask created in 2000 as changes in geomorphology following river meandering and channel migration
will be less compared to water masks of DEMs generated at a later point in time. Therefore, we used the SRTM water body
mask file (NASA JPL, 2013) to exclude all areas marked as water from the final DEMs.

1.2.2 Processing of global DEMs and determination of local mean sea level (MSL)

Pre-processing of global DEMs and their respective water mask files included mosaicking of single DEM tiles, re-projection
to UTM 46 N based on Everest 1830 ellipsoid, and clipping to the ROI. The variety of vertical datums used by the array of
DEMs together with the complex geoid setting along the Myanmar coast made datum transformation to MSL challenging as
relations between vertical references of MDT and DEM data need to be considered when correcting from geoid to MSL (Fig.
2). Processing involved in total three datum conversions. First, given that the majority of DEMs is referenced to the EGM96
geoid, the other datasets were transformed to EGM96 as well. Second, the original MDT data (called MDTgocooss) was

transposed to EGM96 (called MDTecmes). Given the general relationship of geoid and sea level according to Eq. (1):
Ngocooss + MDTgocooss = Negmos + MDTgemos 1)

where Neemos and Neocooss are the respective height anomalies in relation to the reference ellipsoid WGS84, MDT cocooss IS
the original MDT data that needs to be transposed to EGM96, hereafter referred to as MDTecmes, EQ. (2) denotes the term of
datum conversion of the MDT from GOCO05s to EGM96:

MDTEGM96 = MDTGOCOOSS + (NGOCOOSS - NEGM96)' (2)

Subsequently, the third datum conversion was conducted by applying the MDTegmes to correct the DEMs to MSL.

To transform the MDT of Mulet et al. (2021) from GOCOQ05s to EGM96, the offset between these two geoids was determined
by using height anomaly to the reference ellipsoid WGS84. Height anomalies at 0.2° spatial resolution were obtained from the
online ICGEM calculation service provided by the German Research Centre for Geosciences (GFZ; Ince et al., 2019).
Compared to all other interpolation methods available in the geostatistical wizard of ArcGIS Pro, multiquadric radial basis
functions revealed smallest RMSE, have been recommended also by other studies focussing on gravitational field modelling
(Doganalp and Selvi, 2015; Li, 2018 and references therein), and were thus chosen to interpolate geoid height anomalies from
point to raster. Overall negative height anomalies indicate the location of both geoids below the WGS84 ellipsoid and show
repeated crossings along the Ayeyarwady Delta and Tanintharyi coasts, thus underpinning the use of a continuous MSL
correction instead of referring to a single reference site (Fig. S1). The offset between the two geoids was determined by
subtracting the EGM96 from the GOCOO05s data (Fig. 2; Eq. (1)).
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Fig. S1. Regional setting of geoids (a—c) relevant to transpose MDT data from GOCOO05s to EGM96 geoid (d).
Height anomalies of GOCO05s and EGM96 compared to WGS84 ellipsoid (a and b) and compared to each other along a

shoreline profile (black line; a—c). Processing of the MDT resulted in a MDT dataset, which is referenced to EGM96 geoid
210 and resampled to a spatial resolution of 750 m (d). The black dot at the Tanintharyi coast shows the location of Kyaikkhami,
where the original vertical basis of Myanmar elevation data is located.
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Fig. S2. Relations between Mean Dynamic Topography (MDT) and EGM96 and GOCOQ5s geoids with respect to WGS84
ellipsoid for the coastal area of Kyaikkhami in Myanmar (distances are not to scale).

To transpose the AD-DEM from local MSL at Kyaikkhami to a continuous local MSL (based on MDTegmss), first the
difference between the vertical reference of the AD-DEM (i.e., MSL at Kyaikkhami) and EGM96 needs to be determined.
Based on the original resolution of the MDT data (0.125°), this offset is only ~0.02 m and hardly ~0.01 m if the resampled
MDT (750 m spatial resolution) is used. Therefore, the vertical reference of the AD-DEM can be converted to the continuous

sea level directly, without prior transposition of the elevation data to EGM96.

Before adding the offset to the MDTsocooss data to transpose it to EGM96 according to Eq. (2), extrapolation over land is
required to enable calculation of MDT with elevation data. For this, points were created from the MDT cocooss raster and
interpolated over land. The decision whether to use IDW interpolation or Empirical Bayesian Kriging was made based on the
point comparison of input and output data at identical locations. Residuals are almost absent for both interpolation algorithms.
Finally, inverse distance weighting (IDW, with a power of 2) was used for interpolating the MDT data as it takes the closest
value along the coast for extrapolation over land (see also Vernimmen et al., 2020). Finally, the resolution of the processed
MDTegmes Was resampled to match the resolution of the AD-DEM using bilinear interpolation.

For converting vertical datums of the DEMs, we first transformed tiles of TanDEM-X, Copernicus DEM, and FABDEM to
EGM96 geoid (15 min resolution) prior to mosaicking using the elevation recalculation raster function in ERDAS Imagine
2020 software environment. It should be noted that since the GLL-DTM v1 of Vernimmen et al. (2020) was already referenced
to MSL, this DEM did not require the processing as outlined in Fig. 2. However, the GLL-DTM v1 refers to MSL based on an
older MDT dataset (Rio et al., 2014), which is referenced to the EGM-DIR-R4 geoid, where the potential offset between this

geoid and the original geoid reference of DEM data was not considered. Without the MDT interpolation over land of
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Vernimmen et al. (2020), undoing their MSL referencing to MDT of Rio et al. (2014) and applying our MDT correction would
introduce additional bias and thus seems not meaningful. Due to the missing integration of geoid offset, the GLL-DTM v1
should be used with caution. Although we are unable to correct the GLL-DTM v1 ourselves, we included it into our
investigations of the Ayeyarwady Delta as it was generated especially for coastal lowlands and to highlight the importance of
carefully dealing with vertical datums of datasets using different geoid models.

Prior to transformation of the AD-DEM from its original reference (i.e., local MSL at Kyaikkhami) to the continuous MSL of
the MDTecmgs, the offset of MSL Kyaikkhami to EGM96 was determined. According to MDTeemes, MSL at Kyaikkhami is
nearly identical with the EGM96 geoid height with offsets of ~0.02 m (0.125° resolution) and ~0.01 m (750 m resolution; Fig.
S2). Though the accuracy of MDT data has been improved to centimetre scale since the launch of the GOCE satellite in 2009
(Knudsen et al., 2011), comparisons of latest MDT datasets with independent MDT data and tide gauges document regional
deviations of up to ~10 cm (Hamden et al., 2021), thus exceeding the offset of Kyaikkhami MSL to EGM96. Therefore, we
did not correct for the local geoid offset in Kyaikkhami but converted the vertical reference of the AD-DEM to MSL in the
delta directly by subtracting MDTecmgs, Without prior transposition of elevation data to EGM96. Against the background that
geoid omission errors and commission errors of both geoid and mean sea surface data constitute the total error of satellite-
based MDT data (Bingham et al., 2014; Andersen et al., 2018), it should be kept in mind that uncertainties remain particularly
for coastal zones as altimetric monitoring and geoid mapping are influenced by the more pronounced coastal
topography/bathymetry compared to off-shore as well as coastal MDT dynamics (Andersen et al., 2018; Filmer et al., 2018).
After referencing the DEMs to MSL, inland water bodies were masked using the DEM-specific water mask files. In addition,
cell values with an elevation of more than 7 m below MSL were removed as they likely constitute erroneous height estimates,
following Vernimmen et al. (2020) who refer to the lowest point of the Netherlands located in the Zuidplaspolder (e.g., de
Groot-Reichwein et al., 2014). Depending on the type of validation, i.e., with spot heights from topographic maps (East View
Geospatial, Inc.,2014) or the AD-DEM, the global DEMs were further processed. The spatial resolution of the DEMs was
resampled to match comparably the horizontal accuracy of the AD-DEM using the bilinear resampling technique. For
validating the GLL-DTM v1, the AD-DEM was resampled to its resolution of 0.05° (Table S1). Since outcrops and elevation
values outside critical lowlands have been excluded to improve the interpolation of the AD-DEM, these areas were also
excluded in the global DEMs to ensure comparability among all DEMs of this study.

1.2.3 Mapping of areas prone to monsoon flooding

Besides direct validation using spot heights and the AD-DEM, we also performed an additional validation of relative elevation
for the DEMs by their ability to match observed floods in deltaic areas affected by inland flooding. We adopted the principal
approach from Minderhoud et al. (2019) who used the correlation of land elevation and tidal flooding to assess the quality of
DEMs indirectly. Here, we use mappings of recent monsoon floods due to increased discharge as this allows for investigating
the relation between topography and flood pattern also inland. Therefore, we mapped areas inundated during the monsoon

periods of 2015 and 2020, respectively, using an image rationing change detection approach on Sentinel 1 imagery (10 m
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spatial resolution) in the environment of Google Earth Engine (GEE; Gorelick et al., 2017). The pre-event imagery was
recorded in February during the dry season while the selection of imagery capturing maximum flood extents was made based
on investigations of rainfall amounts and river discharge. Monthly accumulated precipitation estimates were obtained from the
GPM_3IMERGM v6 product of NASA Global Precipitation Measurement (GPM) program (Huffman et al., 2019) for the
rainy months from May to October via the NASA Giovanni web environment (NASA, 2021). Discharge estimates from
satellite microwave radiometry were accessed via the River and Reservoir Watch Version 4.5 processor of the Dartmouth
Flood Observatory (Brakenridge et al., 2022) and were downloaded for River Watch stations 25, 29, and 30. Since an array of
GEE scripts has been published in the recent past (e.g., Inman and Lyons, 2020; Peter et al., 2020; Mehmood et al., 2021;
Moharrami et al., 2021; Tripathy and Malladi, 2022), we adopted the script of United Nations Platform for Space-based
Information for Disaster Management and Emergency Response (UN-SPIDER 2019) and slightly adjusted it, i.e., by setting
the difference threshold to 1.3, thereby minimising false positive and false negative detections. For further handling and

analysis, the data was vectorised in the ArcGIS Pro environment.

11 Results and interpretation
11.1 Performance and accuracy of the AD-DEM

Table S2. Summary of cross validation measures for all nine versions of the AD-DEM from the Empirical Bayesian Kriging
algorithm.
To ensure data accuracy as good as possible, especially in data sparse and low lying delta parts, DEM interpolation was
conducted by integrating spot heights and points extracted from contour lines in 250 m and 2000 m intervals, respectively, as
well as by excluding elevations > 20 m and > 10 m. Since the AD-DEM, which was generated based on spot heights and points
taken from contour lines in a 250 m interval, both < 10 m, reveals the lowest error statistics, this version (in italics) was used
for assessing the performance of common global and coastal DEMs.

AD-DEM;i AD-DEMii AD-DEMii AD-DEMiv AD-DEMy AD-DEM.i AD-DEMii AD-DEMuii AD-DEMix

Contour points - - - 250 m 250 m 250 m 2000 m 2000 m 2000 m
interval
Integrated - <20m <10m - <20m <I10m - <20m <10m

elevation threshold

N (spot heights) 8145 5666 5108 8145 5666 5108 8145 5666 5108

N (contour points) - - - 22791 20580 13582 2068 1841 1205
Mean (prediction  0.110 -0.028 -0.008 -0.044 0.040 0.025 0.017 -0.003 0.005
error)

Mean (prediction  0.015 0.003 -0.003 Not a Not a Not a 0.008 0.003 Not a
error) standardised number number number number

13



RMSE 41.682 2.104 1.221 21.749 1.454 1.004 38.040 2.013 1.226

RMSE 0.936 0.970 0.987 Not a Not a Not a 1.129 1.037 Not a
standardised number number number number
Average standard  39.260 2.174 1221 20.125 1.352 0.864 36.475 2.015 1.177
error

Inside 90 % 91.381 91.264 90.290 95.009 96.079 96.426 91.687 91.45 91.589
interval

Inside 95 % 95.838 95.747 95.419 97.062 97.706 97.790 95.457 95.19 95.121
interval

Average CRPS 9.519 0.882 0.619 2.923 0.353 0.251 8.017 0.783 0.547

290 11.2 Performance and accuracy of global satellite based DEMs
11.2.1 Performance of global DEMs based on visual impression

Table S3. Raster statistics for DEMs of this study. All DEMs were referenced to MSL. Elevations < -7.00 m above MSL and
outcrops were excluded. Note that the GLL-DTM v1 refers to a different MDT dataset than used in this study, and without

being corrected for geoid offset.

DEM Resolution (m) N Min (m) Max (m) Mean (m) Median(m) o (m)
SRTM 30 27134565 -7.00 72.18 4.69 3.90 3.36
ACE2 90 11306350 -7.00 43.91 1.68 0.94 3.13
ASTGTM v003 30 27098350 -2.21 90.88 6.99 6.32 3.50
AW3D30 30 27152171 -7.00 158.10 4.36 3.68 3.05
TanDEM-X30m 30 26808299 -7.00 402.91 3.06 2.01 3.17
TanDEM-X12m 12 167583275 -7.00 469.41 3.08 2.00 3.29
Copernicus DEM 30 26193614 -6.88 48.65 3.04 1.99 3.06
FABDEM 30 26193621 -1.84 45.59 2.75 1.83 2.59
CoastalDEM v2.1 90 3032777 -7.00 36.05 2.24 1.38 2.40
GLL-DTM v1 ~5889 633 0.31 9.88 2.62 2.07 1.75
AD-DEM ~5889 713 -1.62 8.69 2.07 1.33 2.39
AD-DEM 750 45075 -1.72 8.80 2.08 1.28 242

295
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Fig. S3. The new local AD-DEM (a and b) in comparison to global digital elevation models in the Ayeyarwady Delta, which

were excluded from the main text (c—e). Areas where AD-DEM has interpolation artefacts are hashed.
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11.2.2 Direct validation with spot heights from topographic maps
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Fig. S5. Frequency distribution of elevation counts (in m) for spot heights inside the ROI of the Ayeyarwady Delta.

Table S4. Statistics for DEMs minus spot height elevation at spot height location. Best performances are shown in italics.
DEMs were used in their original resolution. Since the GLL-DTM v1 is only valid for the low elevation coastal zone, it is
excluded from validation with all spot heights. All DEMs were referenced to the same mean sea level. N — Number of spot
heights in the ROI, with no data values excluded for each DEM respectively; HR — Height residual; MAE — Mean absolute
error; RMSE — Root mean square error; Min — minimum DEM elevation at spot height location; Max — maximum DEM
elevation at spot height location; Mean spot — mean elevation of all spot heights included in the comparison; Mean DEM —
mean DEM elevation at all spot height locations included in the comparison; Median spot — median elevation of all spot heights
included in the comparison; Median DEM — median DEM elevation at all spot height locations included in the comparison; ¢
spot — standard deviation of elevation of all spot heights included in the comparison; ¢ DEM — standard deviation of DEM
elevation at all spot height locations included in the comparison; ¢ HR — standard deviation of height residuals; R? — Coefficient

of determination.

DEM N Mean MAE RMSE Min Max Mean Mean Median Median Median ¢ c c R?

HR DEM DEM spot DEM spot DEM HR spot DEM HR
AW3D30 4775 093 379 7.35 -2.74 16752 6.00 6.94 170 4.01 2.01 16.11 1150 7.29 0.84
TanDEM-X 4654 -0.19 3.16 7.61 -4.74 16144 6.12 593 1.72 2.38 0.52 16.30 11.76 7.61 0.82
12m
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Table S5. Statistics for DEMs minus spot height elevation at spot height location for the low lying delta plain (spot heights <
10 m above MSL). DEMs were used in their original resolution and vertically referenced to the same mean sea level. Note that

the GLL-DTM v1 refers to a different MDT dataset than used in this study, and without being corrected for geoid offset.

DEM N Mean MAE RMSE Min Max Mean Mean Median Median Median ¢ c c R?
HR DEM DEM spot DEM spot DEM HR spot DEM HR

AW3D30 4099 232 270 3.39 -2.74 25.03 183 415 133 3.66 2.28 220 280 247 0.29

TanDEM-X 3977 1.18 185 3.26 -4.74 46,60 183 3.02 133 2.05 0.67 221 344 304 024

12m

GLL-DTM 2893 0.58 138 1.79 036 960 178 236 135 2.04 0.62 211 137 170 0.35

vl
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11.2.3 Direct validation of global DEMs with AD-DEM
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Fig. S12. Differences between global DEMs and the AD-DEM together with frequency distributions of height residuals (in
345 m). Note that for calculating differences between GLL-DTM v1 and AD-DEM, the AD-DEM was used with a resolution of
0.05°. Areas where AD-DEM has interpolation artefacts are hashed.

Table S6. Statistics for DEM minus AD-DEM. Best performances are shown in italics. Elevations located in the centre of
individual raster cells of AD-DEM were subtracted from those extracted from all other DEMs, respectively. DEMs were
350 resampled to 750 m to match the horizontal resolution of the AD-DEM. All DEMs were referenced to mean sea level.

Elevations < -7.00 m above sea level and outcrops were excluded and water masks applied.

DEM N Mean MAE RMSE Min Max Mean Mean Median Median Median ¢ c c R?
HR DEM DEM AD- DEM AD- DEM HR AD- DEM HR
DEM DEM DEM
SRTM 40043 255 289 3.83 -5.73 39.01 213 468 131 3.86 2.22 244 327 286 0.28
ACE2 36398 -0.47 -1.94 2.68 -6.40 3186 218 171 134 0.94 -0.67 250 3.07 264 0.32
ASTGTM 39303 487 517 6.10 -0.37 4723 213 7.00 1.32 6.41 4.75 245 324 367 0.04
v003

AW3D30 39313 2.23 262 343 -6.97 5161 216 438 1.30 3.68 2.07 248 299 262 031
TanDEM-X 37989 0.94 161 274 -6.72 4331 215 3.09 129 2.03 0.49 248 318 257 0.38
30m
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355

360

365

370

375

TanDEM-X 37961 0.93 158 2.62 -6.16 29.68 2.15 3.08 1.29 2.05 0.51 248 3.09 245 040
12m

Copernicus 35854 091 155 257 -115 3246 217 3.08 1.29 2.05 0.50 250 3.05 240 041
DEM

FABDEM 35843 0.63 1.27 2.00 -0.85 3118 217 280 1.29 1.89 0.46 250 261 190 0.53
CoastalDEM 40015 0.17 1.17 175 -471 2761 212 229 131 141 0.19 244 238 1.74 0.55
v2.1

GLL-DTM 30724 0.674 1.15 1.57 032 971 198 266 130 213 0.66 224 170 141 0.60
vl

11.2.4 Recent flood events in the Ayeyarwady Delta and indirect validation of DEMs with flood mappings/flood-prone
areas

Recent precipitation and flood events in the Ayeyarwady Delta: The Indian monsoon seasons 2015 and 2020

Aside the long-term risk of SLR and coastal storm surges due to tropical cyclones that make landfall in the region (e.g.,
Brakenridge et al., 2017; Brill et al., 2020), climatological hazards in Myanmar and the Ayeyarwady Delta are heat waves,
droughts, as well as extreme precipitation, subsequent floods, and landslides, all of them related to the spatiotemporal
variability of the monsoon regime (e.g., Horton et al., 2017; Masson-Delmotte et al., 2021; Zin Mie Mie Sein et al., 2022 and
references therein). Flood events in the delta after cyclone Nargis 2008 were mainly induced by heavy rains and increased
discharges during the Indian Monsoon season (e.g., Brakenridge et al., 2017; Myanmar Information Management Unit
(MIMU), 2017, 2020; UN Office for the Coordination of Humanitarian Affairs (OCHA), 2017, 2018, 2020). In 2015, country-
wide flooding occurred due to exceptionally intense monsoon precipitation, which can be related to phases 5 and 6 of a strong
Madden-Julian Oscillation (Brakenridge et al., 2017; Da Silva and Matthews, 2021), and that was accompanied by additional
rainfalls of tropical cyclone Komen that made landfall in Bangladesh (Government of the Union of Myanmar, 2015).
Precipitation amounts exceeded average monsoonal rainfalls by up to 400 % (Brakenridge et al., 2017), and resulted in flooding
of unprecedented extent, affecting more than 1.6 million people (with 132 deaths), and up to 530,000 ha of agricultural and
aquacultural production areas (Brakenridge et al., 2017; IFRC, 2017; Government of the Union of Myanmar, 2015).

Within the defined delta ROI, rainfalls occurred throughout the monsoonal period, especially from June to August.
Precipitation peaked at maximum 987 mm accumulated in July, whereas the maximum countrywide was more than 1,800 mm
(Fig. S13). River discharge behaves slightly time-elapsed to precipitation, showing maximum discharges in July, August,
September, and October (Fig. S14). Thereby, the discharge amounts nicely reflect how the distributaries buffer upstream
runoff. Flooding occurred already by mid of August (Copernicus Emergency Management Service, 2015), but was most
extensive in deltaic districts in September (i.e., Pathein, Hinthada, Bago West and Ma-ubin) with more than 3250 km? of the
ROI being flooded (Figs. 5 and S18).
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Fig. S13. Monthly accumulated precipitation in Myanmar (a) and the Ayeyarwady Delta (b) for the monsoon season 2015
together with locations of microwave discharge measurement sites (Brakenridge et al., 2022) based on Esri World Imagery

380 (2017).
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Fig. S14. Discharge pattern of the monsoon season 2015. 10 day average discharges are shown for River Watch stations 25,
29, and 30 located at the Ayeyarwady River. Data were were accessed via the River and Reservoir Watch Version 4.5 processor
of the Dartmouth Flood Observatory (Brakenridge et al., 2022).

In contrast, the 2020 monsoon season was moderate (Department of Meteorology and Hydrology (DMH), 2020). Monsoonal
precipitation was accompanied by additional rainfalls of tropical storm Noul that made landfall in Vietnam (ECHO, 2020). 4
deaths were reported due to a landslide event in Mandalay Region (OCHA, 2020), and at least 21,500 people were affected by
overflow of the Ayeyarwady and Thanlyin Rivers (Mi Mi Tun, 2020). However, since ca. 1,950 km? were inundated in the
Ayeyarwady and Bago (West) Regions by 1%t September, probably up to 267,277 people were exposed to flooded areas
(MIMU, 2020).

From the GPM data, we reveal maximum rainfall in Myanmar of more than 1600 mm accumulated in Myingun Island south
of Sittwe in August, whereas in the delta, monthly accumulated precipitation peaked at 833 mm (Fig. S15). Generally, the
2020 rainfalls reflect stronger intra-seasonal variability than 2015, which is also reflected by the discharge period. While
flooding occurred from June to September, it was most extensive by the end of August, following maximum discharge and
amounting to more than 2,700 km? (Figs. 5, S16 and S18). In line with the 2020 precipitation pattern, where highest rainfall
amounts were accumulated in the most seaward delta parts as compared to 2015, also the flooded areas of 2020 extend further
south than in 2015 (Figs 5 and S18). It is therefore likely that these delineated areas not only become flooded due to river and

channel overflow but also because of water saturation of the soils.
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Fig. S15. Monthly accumulated precipitation in Myanmar (a) and the Ayeyarwady Delta (b) for the monsoon season 2020
together with locations of microwave discharge measurement sites (Brakenridge et al., 2022) based on Esri World Imagery

405  (2017).
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Fig. S16. Discharge pattern of the monsoon season 2020. 10 day average discharges are shown for River Watch stations 25,

29, and 30 located at the Ayeyarwady River. Data were accessed via the River and Reservoir Watch Version 4.5 processor of
410 the Dartmouth Flood Observatory (Brakenridge et al., 2022).
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415 Fig. S17. Frequency distribution of elevation counts (in m) for DEMs inside areas affected by flooding during the monsoon
season of 2015 (dark blue) and 2020 (light blue).
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Fig. S18. Delta elevation along longitudinal (a) and cross sections (c—g) in deltaic areas affected by flooding during the
monsoon seasons 2015 and 2020 (b; Base map: Esri World Imagery, 2017). Elevation profiles are based on DEMs resampled
to 750 m spatial resolution, except of the GLL-DTM v1, which was used in its original resolution of 0.05°. Blue bars on top
of the profiles indicate the location of inundated areas along the profiles. The black-dashed rectangle in (a) marks the low

elevation zone along the longitudinal profile that is also shown enlarged.
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11.3 Estimation of low lying coastal area at risk of future sea level rise

AD-DEM ASTGTM v003

€| TanDEM-X 30m f | Copernicus DEM FABDEM h| CoastalDEM v2.1

a-h) Area below sea level for relative sea level rise scenarios

425 I esm 1 414m I 1.582m [ 1.622m [ 11.939m [ ]2210m
Fig. S19. Area below future mean sea level according to local and global DEMs following median sea level rise projections
for Yangon for 2150 (compared to the baseline period 1995-2014) from the Sea Level Projection Tool of the IPCC 6"
Assessment Report (Fox-Kemper et al., 2021; Garner et al., in prep.; Garner et al., 2021). Note that in case of higher RSLR,
these scenarios will be reached sooner than 2150.
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d-f) Area below sea level following sea level rise scenarios for 2150
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Fig. S20. Area below future mean sea level according to global DEMs, which were excluded from the main text, following

median sea level rise projections for Yangon for 2100 (a—c) and 2150 (d—f) (compared to the baseline period 1995-2014) from
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440

445

the Sea Level Projection Tool of the IPCC 6™ Assessment Report (Fox-Kemper et al., 2021; Garner et al., in prep.; Garner et

al., 2021). Note that in case of higher RSLR, these scenarios will be reached sooner than 2100 and 2150, respectively.

Table S7. Area and population below sea level for selected relative sea level rise scenarios taken from projections of the IPCC
6™ Assessment Report for the years of 2100 and 2150, respectively. Estimates of the 50" percentile from the intermediate
SSP2-4.5 reference scenario and 83" percentile from the high SSP5-8.5 reference scenario are given as they constitute lower
and upper boundaries of pathway probability. Note that the category of 0 m sea level rise includes areas that are already below
sea level.

DEMs were used in their original resolution, with water and outcrop masks applied and erroneous elevation data (< -7.00 m)
excluded. Area and population estimates are based on administrative districts in the delta ROI that have been masked for
outcrops. Note that the outline of administrative units slightly differs from the ROI along the coast and some river channels,
likely related to different dates of data generation and underlying source data, together with the impact of coastal and fluvial

dynamics (see also Fig. S27).

Present
0mSLR
Area Area Population Population
in km? in % (as of 2020)  (as of 2020)
asanumber in%
(x100,000)
SRTM 501.00 1.92 1.26 0.83
ACE2 7586.13 29.12 19.59 12.90
ASTGTM 4.55 0.02 0.01 0.01
v003
AW3D30 439.65 1.69 1.20 0.79
TanDEM-X  251.01 0.96 0.73 0.48
30m
Copernicus  115.04 0.44 0.24 0.16
DEM
FABDEM 60.83 0.23 0.13 0.08
CoastalDEM  449.97 1.73 0.95 0.63
v2.1
GLL-DTM  0.00 0.00 0.00 0.00
vl
AD-DEM 2268.15 8.71 6.75 4.45
As projected for 2100 (but may be reached sooner)
0.712 m SLR (SSP2-4.5 50t Percentile) 1.229 m SLR (SSP5-8.5 83" Percentile)
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Area Area Population Population Area Area Population Population
in km? in % (as of 2020)  (as of 2020) in km? in % (as of 2020)  (as of 2020)
asanumber in% asanumber in %
(x100,000) (x100,000)
SRTM 1156.78 4.44 2.98 1.97 2030.60 7.79 5.06 3.33
ACE2 11071.96 42.49 30.02 19.78 13359.58 51.27 38.03 25.05
ASTGTM 18.54 0.07 0.04 0.03 3244 0.13 0.062 0.04
v003
AW3D30 1004.13 3.85 2.64 1.74 1829.36 7.02 4.67 3.07
TanDEM-X  2559.90 9.83 5.45 3.59 8233.78 31.60 17.91 11.80
30m
Copernicus  2402.78 9.22 4.87 321 8059.50 30.93 17.24 11.35
DEM
FABDEM 1814.61 6.96 3.59 2.37 7989.57 30.66 17.25 11.37
CoastalDEM  4561.33 17.51 9.60 6.33 11049.32 42.41 24.74 16.30
v2.1
GLL-DTM 1088.12 4.18 2.24 1.47 2832.93 10.87 5.94 3.91
vl
AD-DEM 8152.00 31.29 20.14 13.27 12160.47 46.67 29.35 19.33
As projected for 2150 (but may be reached sooner)
1.168 m SLR (SSP2-4.5 50™ Percentile) 2.210 m SLR (SSP5-8.5 83" Percentile)
Area Area Population Population  Area Area Population Population
in km? in % (as of 2020)  (as 0f 2020)  in km? in % (as of 2020)  (as of 2020)
asanumber in% asanumber in %
(x100,000) (x100,000)
SRTM 1923.39 7.38 4.79 3.12 5085.83 19.52 12.93 8.52
ACE2 13108.30 50.31 37.18 24.49 16369.05 62.82 51.81 34.13
ASTGTM 27.10 0.10 0.05 0.03 330.24 1.27 0.65 0.43
v003
AW3D30 1717.65 6.59 4.39 2.89 4890.86 18.77 12.34 8.13
TanDEM-X  7697.12 29.54 16.67 10.99 13304.21 51.06 31.39 20.68
30m
Copernicus  7525.81 28.88 16.02 10.55 13069.53 50.16 30.52 20.11
DEM
FABDEM 7316.11 28.08 15.64 10.30 13866.88 53.22 36.42 23.99
CoastalDEM  10330.23 39.65 22.94 15.11 17597.88 67.54 50.00 32.94
v2.1
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GLL-DTM  2626.11 10.08 5.51 3.63 11926.35 45.77 28.45 18.74

vl
AD-DEM 11720.23 44.98 28.28 18.63 16931.31 64.98 45.95 30.27
d Exposure of area and population following sea level rise by 2100
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Fig. S21. Area and people that will fall below future sea level by 2100 (a) and 2150 (b) following median sea level rise
450 projections for Yangon (compared to the baseline period 1995-2014) from the Sea Level Projection Tool of the IPCC 6™
Assessment Report (Fox-Kemper et al., 2021; Garner et al., in prep.; Garner et al., 2021). Estimates on affected people are

based on LandScan Global 2020 data (Rose et al., 2021).
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each administrative district of the Ayeyarwady Delta and the entire delta. Estimates of affected district population are enlarged

Fig. S22. Area (a) and people (b) affected by sea level rise of 1.229 m as projected by SSP5-8.5 (83
in the insets. All population estimates are based on the actual population of 2020 (Rose et al., 2021).
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Fig. S23. Area (a) and people (b) affected by sea level rise of 2.210 m as projected by SSP5
in the insets. All population estimates are based on the actual population of 2020 (Rose et al
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Fig. S24. Estimated percentage of administrative district area and inhabitants affected by sea level rise according to projections
of the IPCC 6™ Assessment Report for the years 2100 (a) and 2150 (b) based on AD-DEM, FABDEM, and CoastalDEM v2.1,

respectively. DEMs were used in their original resolution, with water and outcrop masks applied and erroneous elevation data

(< -7.00 m) excluded. Area and population estimates are based on administrative districts in the delta ROI that have been

masked for outcrops. All population estimates are based on the actual population of 2020 (Rose et al., 2021).
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Fig. S25. Population density in the Ayeyarwady Delta (a) and in Myanmar (b; based on LandScan Global 2020 population
data (Rose et al., 2021)) together with the location of major cities and urban settlements that will be most affected by future

sea level rise.
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Fig. S26. Performance of selected DEMs in sea level rise impact assessments for 2150 in relation to land cover based on Esri

World Imagery (2017).
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Fig. S27. Discrepancies in delta shape between boundaries of administrative units (MIMU, 2021) and the ROI used in this

study (Tessler et al., 2015). Differences along the shore (b) and in river channels (b and c) are indicated by arrows and are
ascribed to coastal and fluvial morphodynamics together with different timings of data production. To estimate the impact of
SLR on area and population within each administrative district, we used the dataset of MIMU (2021). a), b) and c) are based
on Esri World Imagery (2017).
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