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Abstract

Deltas are important coastal landforms that are home to diverse services. However, population
growth and climate change along with their cascading impacts have had profound impacts on their
topography and evolution. Consequently, many deltaic regions are subsiding and are incessantly
plagued with hazards that are increasing in both magnitude and frequency. Coastal hazards such as
flooding and erosion are already apparent in Ghana’s Volta Delta. To provide a holistic understanding
of the surge in inundation and erosion events in the Volta Delta, this study assessed altimetric changes
in the Volta Delta to establish the subsidence regime and measure this against increasing rates of Sea
Level Rise (SLR). Using Interferometric Synthetic Aperture Radar (InSAR) technique and Global
Positioning System (GPS) surveys, interferograms of Sentinel-1 data from 2016 to 2020 indicated
deformation rates ranging from -9.16 mm/yr to 1.77 mm/yr. The highest subsiding areas were within
the floodplains of the dominant lagoons and along the Bight of Benin—areas heavily influenced by
human activities. Albeit recording upliftment in fault-controlled areas, the Delta is considered a
subsiding delta. The surface geology, which extensively (~70% areal coverage) constitutes
compressible alluvial sand, silt and clay is posited to be a major natural driver of subsidence in the
Delta. An inundation risk assessment using a simple Bathtub model and IPCC projections was
investigated for both SLR and Relative SLR (rSLR) scenarios. Under the SLR scenarios, projections are
that 25.29%, 26.29% and 29.68% of the Delta will be flooded by 2040, 2060 and 2100 respectively
whereas 26.02% (2040), 27.09% (2060) and 30.78% (2100) of the Delta area will be flooded under the
rSLR scenarios. Coupled with climate change, subsidence will increase the flood extents of the Delta
by 19.79 km? and exacerbate the vulnerability of the Delta to other coastal hazards. To mitigate
impacts, the study recommends the use of alternative and environmentally-friendly energy and water
sources; a continuous and long-term monitoring framework for drivers of change; a hybrid approach
and review of coastal management strategies; and the establishment of continuous GPS stations, tidal
stations, and elevation benchmarks.



Introduction

Coastal areas are regions of essential value that provide a myriad of services. Consequently, little over
half of the world’s major urban communities are situated in coastal zones, and living within 100 km of
these zones is forty percent of the global population (Nicholls et al., 2007). Chances are that these
numbers may have surged based on global population growth rates of 0.9% as of 2021 (World Bank
Group, 2022). However, coastal zones are increasingly having their makeup features, functioning,
existence and services being threatened to points of complete collapse (Stouthamer & Asselen, 2015).
Due to their settings, elevations and proximities to the sea, several human interventions and climate
change amongst other natural occurrences, have been major factors impacting the sustainable usage
of coastal zones, and their ecosystem services and landforms (Danladi et al., 2017). Additionally,
coastal areas are being confronted with a far more immediate threat of sinking, thus subsidence which
is exacerbating prevalent coastal hazards and devastating impacts of climate change (Brown &
Nicholls, 2015; Johnston et al., 2021; Restrepo-Angel et al., 2021). Globally, deltas—one of several
coastal landforms—are not exempted. Population growth in deltaic regions coupled with
infrastructure developments and rising sea levels have had a profound impact on their topography
(Styvitski et al., 2009). Many deltaic regions around the globe are losing land and subsiding (Brown et
al., 2018; Nienhuis and van de Wal, 2021).

The study, therefore, seeks to establish the subsidence regime in Ghana’s Volta Delta using geodetic
methods, to provide a holistic understanding of the frequent flooding and erosion events in the Delta.
Additionally, it seeks to assess the future flood vulnerability of the Delta by simulating future Sea Level
Rise (SLR) and Relative Sea Level Rise (rSLR) scenarios.

Methods

PSI Analysis using the SNAP to StaMPS Approach

The satellite data used are Sentinel-1 (S1) Single Look Complex (SLC) Synthetic Aperture Radar (SAR)
images which are freely accessible on the Copernicus Science Hub online platform—356 SAR images
in total. The InSAR technique employed for this study was the Persistent Scatterer Interferometry (PSI)
technique based on the Permanent Scatterer algorithm by Ferretti et al., (2001) and following the
workflow of Hoser (2018) and Cian et al. (2019). The PSI analysis was done using the Sentinel
Application Platform (SNAP) software, Version 8 and the Stanford Method for Persistent Scatterers
(StaMPS)/Multi-Temporal InSAR open-source toolbox, Version 4.1b (Hooper et al., 2012). Global
Positioning System (GPS) survey on some Ground Control Points (GCPs) was employed as a geodetic
method to calibrate the results obtained from the InSAR processing technique (Teatini et al. 2012;
Amato et al., 2020).

Simple Bathtub (Inundation) Model

Based on the assumption that the INSAR-derived deformation rates remained linear with no horizontal
land motion, the bathtub model was used as a simple inundation model to predict coastal flooding
and inundation extents (Leal-Alvesm et al., 2020; Alarcon et al., 2022) in the Volta delta at varying
timescales for both SLR and rSLR scenarios. The IPCC (2021) categorized 2021 to 2040 as near-term;
2041 to 2060 as mid-term; and 2081 to 2100 as long-term, thus informing the selection of the years
2040, 2060 and 2100 as prediction timelines. The DEM used was the Multi-Error-Removed Improved-
Terrain (MERIT) DEM developed by Yamazaki et al. (2017). Errors such as absolute bias, stripe noise,
speckle noise, and tree height bias were removed from available spaceborne DEMs (Yamazaki et al.,
2017). The global sea level rise projections were obtained from the IPCC Sixth Assessment Report
(AR6), Working Group | (IPCC, 2021)—all projections are relative to the year, 1900. The Shared



Socioeconomic Pathways (SSP) scenario 5-8.5 (central, medium confidence) characterized by very high
greenhouse gas emissions was selected.

Results

The number of persistent scatterers (PS) generated from the PSINSAR methodology was 119,477 in
total with an areal PS density of 66.52 PS/km2—excluding the water-covered surfaces. Along the
Sentinel-1 line of sight (LOS), the PS deformation velocities (Figure 1) ranged from uplifting rates of
1.77 mm/yr to subsiding rates of -9.16 mm/yr. The number of PSs with uplifting rates was 0.19% of
the total PSs obtained whereas the subsiding PSs made up the remaining 99.81% of the total PS
number.

0°200"E 0a00E 100°E
1 1 h

Legend
GCPs
Study Area
o€ waterbody
GP5-calibrated Vel. (mmiyr)
9.16 - 6.00
-5.99 --4.00
©-3.99--2.00
+ -1.99-0.00
0.01-1.77

620'0"N- [e=200"N

soon —

Great Ninga

500N 5°400"N

Figure 1 Map view of the line of sight (LOS) mean velocities of PSs in the Volta delta

Flood projections based on projected rSLR and SLR were done using the simple bathtub model to map
out inundation-prone areas or hotspots within the Volta (Figure 2).
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Figure 2 A map view of rSLR inundation projections in the Volta Delta using the bathtub model



The inundation risk assessment using a simple Bathtub model and IPCC projections was investigated
for both SLR and rSLR scenarios. Under the SLR scenarios, projections are that 25.29%, 26.29% and
29.68% of the Delta will be flooded by 2040, 2060 and 2100 respectively whereas 26.02% (2040),
27.09% (2060) and 30.78% (2100) of the Delta area will be flooded under the rSLR scenarios (Figure
3A). The differences in the extent of areal flooding between rSLR and SLR show an inclining trend from
2040 to 2100 (Figure 3B).

A Bar Plot for Projected Flood Extents

30

25.29 26.29
20

Percentage of Delta Flooded

SIR  RSLR SR RSLR SR RSLR

2040_0.318m 2060_0.468m 2100_0.928m
B Time Series Plot of Areal Difference between RSLR & SLR

Area (sg. km)

16—

2040 2060 2100

Timelines

Figure 3 A graph showing projections of Delta flood extents and areal differences between SLR and rSLR scenarios

Conclusion

Based on the dominance of PSs (over two-thirds of total PSs) with subsiding rates, the Volta Delta is
classified as a subsiding delta. Areas mostly located within the floodplains of the two dominant
lagoons and lower Delta plain recorded subsiding velocities exceeding -8 mm/yr. The coastal stretch
from Keta to Hlorve has been identified as one of the most subsiding areas and is already a hotspot
for periodic floods and erosion. Subsidence in coastal hotspots will increase the depth and coverage
extent of the floods. The inundation projections in this study for both SLR and rSLR scenarios suggest
a substantial surge in Delta inundation along with more devastating impacts even in the near term
(2040). The projection timelines show an inclining trend in areal inundation for both SLR and rSLR with
a minimum of 29.68% of the Delta area being inundated by the end of the century. Averagely,
subsidence (rSLR) will increase the flood extents of the Delta by 19.79 km? when compared to SLR
scenarios. These findings, therefore, accentuate the need to implement measures to stall the
impending threats subsidence poses to the sustainable use of the Volta Delta.
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