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*Simultaneous estimation of stress drop and rupture directivity of small earthquakes near the Fukushima-
Ibaraki border by Rina Ikeda, Keisuke Yoshida, Toru Matsuzawa 
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*An inversion of a three-dimensional S-wave velocity structure in Fukushima Prefecture using phase velocities 
of Rayleigh wave based on seismic interferometry analysis of microtremors by T. Tsuchiya, K. Miura, H. 
Yamamoto and T. Saito 
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*Study on the behavior of water flowing through the gaps of particle swarms by Minami Masaya,Reiji 
Uwano,Yuma nakamura,Shinsuke Takase 
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Navier-Stokes
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2) Ikkoh Tachibana ,Shuji Moriguchi , Shinsuke Takase , Kenjiro Terada , Takayuki Aoki , Kohji 
Kamiya , Takeshi Kodaka Characterization of transition from Darcy to non-Darcy flow with 3D pore-
level simulations Soils and Foundations Vol.57 5 2017.10 p709 
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* A Basic Study on Visualization Method of Seepage Flow Using Transparent Soil Model 
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* Analysis of feature amount for estimating liquefaction degree based only on seismic data by Taisei Yoshitome 
 

 

 

1  

Kamura et al.1)

2)

K-NET  KiK-net3

Kamura et al.1) 1
 

 
2  

3 120

119 239
1

5
3 2/3

1) 1

3 1 3 3
SI H/V 1

H/V 3

3  
239 0.6 1

0.6 0
1 H/V

東北地域災害科学研究　第58巻（2022） 47



 1 239  
   

 2003. 5. 26  

 2004. 10. 23  

 2007. 7. 16  

 2011. 3. 11  

 2016. 4. 14  

 2018. 9. 6  

 2011.3.11  

 2011.3.11  

 2011.4.11  

 2011.3.11  

 

 
 
 
 
 
 
 

 
a)  b) 2     c) 3  

 1 3  

 
4  

2 4 2 0.6
1 200 Gal

2 3 100 Gal
3 0.2 1

6 100 Gal 2
3 7 100 Gal

4 SI

48



 
(a) 1 (b) 2 (c) 3
2 3 0.6

 
 

 

 
 
 
 
 
 

 (a) 1 (b) 2 (c) 3  
3 3 0.2  

 
 
 

 
 
 
 
 

(a) 0.6  (b) 0.2  

4 SI  
 

2

1
1 2

49



2

5  
3

1

Kamura et al.1)
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1) Kamura et al.: Exploring the possibility of assessing the damage degree of liquefaction based only on seismic records 

by artificial neural networks, Soil and Foundations, Vol.61, Issue 3, pp.658-674, 2021. 
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 (J1) AI 2
J2 pp598-608 2021 

3) K-net, KiK-net 2011  3  11 
https://www.kyoshin.bosai.go.jp/kyoshin/quake/  
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Experimental of the Behavior of Drifting Objects using an Acceleration Sensor by Yoshizumi MOCHIZUKI
Noritoshi SAITO and Kazuya WATANABE 
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2011
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2)3)
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Inven Sense MPU-6050
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200,000 Pa 3.3×3.3×2.75 mm

±2 g 4.0×4.0×0.9 mm

8 Processing/Wiring

Arduino

Arduino

(2)
safe+ 6)

3D

29.0 cm 15.0 cm 15.0 cm 1,000 g

1,051 g
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*Sedimentary structure of Tsunami deposits from the 1804 Kisakata Earthquake by Yuki Nagao, Rina 
Okada, Koji Umeda and Takanobu Kamataki 
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*Study on Saline Water Run-up at Omono River Mouth using Numerical Simulation by Tomohiro KANDA, 
Junya TANIGUCHI, Noritoshi SAITO and Kazuya WATANABE 
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*Evaluation of Wave Energy Influence for Recovery of River Mouth Sandbar at Omono River by Junya 
Taniguchi, Noritoshi Saito and Kazuya Watanabe 
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*Study on Grain Size Distribution of Riverbed Materials in the Horizontal and Vertical Direction by 
Yoshitaka JIKEN, Junya TANIGUCHI, Noritoshi SAITO and Kazuya WATANABE  
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*The field survey of inundation in August 2021, from Gounokawa River, Shimane Prefecture by Naoya TAGAMI, 

Daichi FURUTA, Kana OKAMOTO and Takanobu KAMATAKI 
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Estimation of floodwater depth in Quang Tri province using Sentinel-1 data 
 

Vuong Tai Chi1, Dinh Nhat Quang2,*, Nguyen Xuan Tinh3, Hitoshi Tanaka3  

 

Abstract 
Floodwater depth is an essential parameter to assess the flood damages and release the prompt 

decisions to mitigate severe consequences. In the context of climate change, water-related disaster becomes 
more frequent and severe; therefore, rapid estimation of floodwater depth plays a vital role in disaster 
response and damage mitigation. In recent years, the approach of integrating Sentinel-1 data that is 
independent of weather conditions and GEE, a cloud-based platform attracts many researchers in flood extent 
and floodwater depth assessment. In this paper, the authors apply a Google Earth Engine implementation of 
the Floodwater Depth Estimation Tool (FwDET-GEE) algorithm on the Sentinel-1 images to detect the flood 
extent extraction and DEM accuracy improvement for floodwater depth estimation. The authors also use GEE 
to conduct further analysis about flood damages based on the estimated floodwater level dataset and the 
cloud-based datasets of population, cropland, and urban area. The results reveal that 0.5m floodwater depth 
has covered an area of 19,000 ha, and 3m floodwater depth covered an area of 800 ha in the Hai Lang district. 
Furthermore, the 2020 flood event has respectively impacted 9,100 ha of cropland and 360 ha of the urban 
area. 

 
1. Introduction 

Flood is a phenomenon causing massive catastrophic impacts on humans and nature. In recent years, 
extreme floods have been more frequent and severe on the Central Coast of Vietnam. Quang Tri province 
has diverse water resources with a dense river network, composed of 3 main river basins with a total 
catchment area of more than 4,000 km2 and more than 600,000 residents (Quang Tri Province, n.d.). 
Therefore, rapid floodwater depth assessment is crucial for mitigating flood risk on people and 
infrastructures. 

Recently, satellite-based Remote Sensing Technology has been shown as a valuable dataset for flood 
risk and depth assessment (Abrishamchi et al., 2012; Anusha and Bharathi, 2020; Do et al., 2019; Quang et 
al., 2021; Vuong Tai Chi et al., 2020). Among available satellite data, Sentinel-1 Synthetic Aperture Radar 
(SAR) data has become a more attractive data resource for flood mapping and damage assessment (Huang 
and Jin, 2020). This is because Sentinel-1 SAR provides Level-1 Ground Range Detected products 
independent of weather conditions, especially clouds. For this reason, Sentinel-1 data can even be used to 
analyze under cloudy conditions during flood events, which is a huge difference compared to the Optical 
Satellite data. Moreover, Google Earth Engine (GEE), a cloud-based image processing platform, appears as 
a high-performance tool to access numerous satellite images and process a large scale of geospatial data 
(Gorelick et al., 2017). This approach helps reduce significant time intervals for data processing compared to 
desktop-based tools, which require a considerable duration for data downloading and processing (Tiwari et 
al., 2020). 

The FwDET-GEE tool, developed by Peter et al.(2020), appears to be an effective and reliable tool 
for floodwater depth estimation implemented on the GEE platform. It uses flood extent layer and DEM data 
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2 Thuyloi University, 175 Tay Son, Dong Da, Hanoi, Vietnam 
3 Tohoku University, 6-6-06 Aoba, Sendai 980-8579, Japan 
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as its main inputs. Peter et al.(2020) evaluated the results from FwDET-GEE with iRIC-FaSTMETCH 
hydrodynamics model. They achieved an RMSE up to 0.7m and sufficient good to apply for floodwater depth 
estimation. 

This paper aims to integrate FwDET-GEE with Sentinel-1 data for floodwater depth estimation on 
the GEE platform. Further assessment about exposed people, affected cropland, and urban areas are also 
conducted to obtain an overview of flood damages in Quang Tri province. 
2. Case study and data collection 
2.1. Case study 

Quang Tri province is located on the North 
Central coast of Vietnam with a total area of 3,469 km2  

and 75km of coastline (Quang Tri Statistics Office, 
2015). The province has diverse and complex terrain, 
comprising wide sand dunes, a deep delta area along the 
coast, and an increasingly high elevation towards the 
West. The high mountainous area is about 100km away 
from the sea. Quang Tri province has a dense river 
network with 17 primary rivers and 13 secondary ones, 
supplying water for more than 4000km2 river basin 
(NewsTech and SWS Consulting Engineering S.r.l 
(Italy), 2019). These topography characteristics make 
the province vulnerable to storms with very high 
landslide risk in the West and heavy floods in the East.  

Quang Tri province is a very attractive tourist 
destination with many famous historical and 
revolutionary sites. Moreover, the province is a part of 
the economic center of the region and the East-West Economic Corridor (EWEC), offering multiple 
opportunities for economic development and international economic integration (Vietnam Chamber of 
Commerce and Industry (VCCI), 2017). However, these economic potentials are annually being threatened 
by tropical storms. For instance, Quang Tri has directly suffered at least 15 tropical storms in the last three 
decades and three severe storms in 2020. Especially, the Molave tropical storm, hitting Quang Tri province 
from 26 October 2020, has caused extreme floods and landslides and forced thousands of people to excavate 
their homes. 
2.2. Data collection 

Sentinel-1 data provides Level-1 Ground Range Detected (GRD) products, consisting of the SAR 
data, with the advantage of operating at wavelengths without being affected by cloud cover or lack of 
illumination (European Space Agency, n.d.). Sentinel-1 data provides multiple polarizations, including VH 
(Vertical transmit – Horizontal receive) and VV (Vertical transmit – Vertical receive) polarizations, which 
provide more information on inundated areas than that in single-polarized radar. In this study, two Sentinel-
1 GRD scenes with a resolution of 10m are used, focusing on the flood event on 28 October 2020 caused by 
the tropical storm Molave (Table 1).  

Table 1. List of Sentinel-1 images used in the study 
Product Date Polarization 

S1_GRD/S1B_IW_GRDH_1SDV_20201028T224307_20201028T2243
32_024019_02DA78_5453 28-Oct-20 VH + VV 

S1_GRD/S1B_IW_GRDH_1SDV_20201028T224332_20201028T2243
57_024019_02DA78_486D 28-Oct-20 VH + VV 

 
Figure 1. Administrative map of Quang Tri 

province 
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Digital elevation model (DEM) represents elevation data to represent the Earth’s topographic surface. 
In this study, the 30m-resolution SRTM (Shuttle Radar Topography Mission) is used as an important part of 
the floodwater depth estimation process (https://developers.google.com/earth-
engine/datasets/catalog/USGS_SRTMGL1_003). 

In addition, the assessment of flood damages are estimated based on the 100m-resolution dataset of 
population statistics, and 500m-resolution dataset of cropland and urban area in Quang Tri province in 2020 
from WorldPop (https://www.worldpop.org/) and Moderate Resolution Imaging Spectroradiometer 
(MODIS) image, respectively. 
3. Methodology 

The procedure for floodwater depth estimation follows three main steps: i) flood extent extraction; 
ii) DEM accuracy improvement; iii) floodwater depth estimation (Figure 2).  

For flood extent extraction, the authors based on the ratio between pixel values of the during-flood-
event image and the before one to produce the temporal water layer. The generated temporary water layer 
includes floodwater and the water resulting from radar error on mountainous areas. In GEE, this error is 
assigned to low values, corresponding to the values of water. In this context, the areas having a slope of 
greater than 5% are removed based on the DEM layer from the HydroSHEDS data, also available in GEE. 
This procedure helps to remove the non-correct pixels and retrieve only the floodwater layer. Within the 
process of floodwater extraction, the removal of permanent water is not conducted since the permanent water 
is included in both before and during-flood-event images. 

 

 

Figure 2. Flowchart of the methodology for floodwater depth estimation 
 

Two filtering processes are used to improve the accuracy of DEM data. The first process is applied 
for the entire DEM layer using a low-pass filter with a 3×3 square kernel and the modified z-score. Each 
pixel with an outlier value is detected and replaced by the median of the surrounding eight pixels. The second 
process is similar but applied for DEM pixels nearest the floodwater surface boundary pixels. 

After the DEM improvement, the boundary pixel elevations of flood extent are extracted based on 
corresponding pixels of the DEM layer. These values are assigned to the nearest pixels to the flood extent 
boundary by the focal statistic method with the condition of choosing the smallest neighborhood value. This 
process is conducted until assigned to all pixels within the floodwater surface. For floodwater depth 
estimation, the elevation of floodwater surface is subtracted from corresponding pixel elevations of DEM. 
After using a low-pass filter to calculate the average value for each pixel based on its 3×3 neighborhood, the 
final floodwater depth layer is retrieved. The estimated floodwater depth is validated using the 2D 
hydrodynamic model – MIKE 21. 
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4. Results and discussion 
4.1. Flood extent and floodwater depth of the flood event on 28 October 2020 

Figure 3 shows the results of flood extent extraction with a total area of more than 19,000 ha of 
Quang Tri province during the flood event on 28 October 2020. From Figure 3a, floodwater was mainly in 
the low-elevation region along the coast and mountainous area. Hai Lang district has the largest inundated 
area with nearly 8,000 ha and accounts for 50% of the whole inundated area. The Quang Tri floodwater depth 
results in Figure 3b reveal mainly less than 0.5m and covered around 10,500 ha. A 3m floodwater depth 
covered more than 400ha of the Hai Lang district.   

 

a) Flood extent map b) Inundation  map 
Figure 3. Flood extent and floodwater depth of the flood event on 28 October 2020 in Quang Tri province 

4.2. Flood damage assessment of flood event on 28 October 2020 
Based on the flood extent boundary, the layers of the population, cropland, and urban area are 

extracted on GEE to assess the flood damages during the target flood event. The estimation reveals that about 
54,000 people in Quang Tri province were exposed to floods, in which Vinh Linh and Dong Ha were two 
districts with the highest affected population density (Figure 4a). In addition, the region with the deepest 
floodwater level in Hai Lang district had the lowest population density exposed to the flood event on 28 
October 2020.  

The results in Figure 4b highlight that cropland area was impacted by less-than-0.5m floodwater level 
with more than 5,000 ha. In addition, the most affected cropland area focused on Trieu Phong, Hai Lang, and 
Vinh Linh districts with a total area of 3,450 ha, 2,000 ha and 1,881 ha, respectively. On the other hand, the 
affected urban area was mainly in Hai Lang district with around 200 ha, in which about 7.3 ha was inundated 
by 2m floodwater depth.. 
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a) Exposed people b) Affected Cropland and Urban area 
Figure 4. Damage assessment due to the flood event on 28 October 2020 in Quang Tri province 

5. Conclusion 
In this study, the authors introduce the FwDET-GEE algorithm for rapidly estimating floodwater 

depth on GEE with integration with Sentinel-1 data. This approach helps reduce a significant time interval 
and requires minimal computer capability. After achieving the floodwater depth result, the authors integrate 
with the population, cropland, and urban area dataset recorded in 2020 to give the detailed assessment of 
flood damages to Quang Tri province in the flood event of 28 October 2020. The results reveal that the 
dominant floodwater depth was less than 0.5m covered about 10,500 ha; in addition, greater-than-3m 
floodwater depth covered the area of 800 ha and mainly appeared in the Hai Lang district. Furthermore, the 
flood event on 28 October 2020 impacted about 54,000 people, 9,100 ha and 360 ha of cropland and urban 
area, respectively. In the future, since natural flood disaster becomes more frequent and severe, integrating 
Sentinel-1 data and GEE will help achieve reliable assessment rapidly, hence obtaining better disaster 
response and management. 
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Shoreline change and impacts of coastal protection structures on Da Rang 
River mouth and adjacent coast, south central of Vietnam 
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Abstract 
   Da Rang River mouth, Phu Yen, Vietnam is a representative coastal area of Vietnam where recently 
was observed a significant change on the morphology change. The morphology change was resulted by 
either natural and human influences. Since 2016, several coastal constructions (jetties, groins, 
breakwaters) had been implemented to stabilize the mouth area and the morphology of the river mouth is 
now very different from it in the last decade. This study, by satellite image analysis, provides the last 
decadal shoreline change in the entire Phu Yen coast from Ganh Ba Seacliff to Da Nong River mouth. The 
severe erosion can be found in region B where the old sand spits were both eroded in the mouth and pushed 
into the river channel after the typhoon in 2017. The morphology of the Da Rang river mouth been recently 
stabilized by new coastal structures constructed since 2018.  
 
Keywords: Da Rang River mouth, Phu Yen Coast, coastal constructions, shoreline erosion.  
 
1. INTRODUCTION 

River mouths, estuaries or coastal regions in general are considered the centralized regions for socio-
economic development in almost all countries in the globe. The studies regarding coastal processes, 
mechanism and potential coastal morphological change have been conducted broadly in the world in favour 
of coastal management, sustainable development, coastal protection and countermeasures against 
catastrophes.  

Vietnam is one of a few countries in the world having a long coastline along the country. This brings a 
great deal of advantages for the development of many aspects such as economics, tourism, etc. However, 
the responsibility of preserving the coastline stability by which affected overwhelmingly natural change 
and nowadays mankind is also vital challenge. In recent years, many areas in Vietnam, particularly in 
central region, have reported on the erosion occurring severely. Cua Dai and Nha Trang are two coastal 
regions have had deep concern about coastal changes for several years lately. Viet et al. (2014) presented 
the erosion of sandy beach on the right side of the Cai River mouth, Nha Trang City associated to the 
difference of wave conditions in monsoon and non-monsoon periods. The study also discussed the 
influence of protrusive hotel similar to a groin that blocks the alongshore transport drift. Further analyses 
on the evolution of Nha Trang Coast utilizing shoreline dataset extracted from time-average images of 
video-camera monitoring system, were discussed in Thanh et al. (2015). Tanaka et al. (2017) investigated 
severe retreat of shoreline of the sandy beach on the left side of Cua Dai River mouth, Hoi An City, central 
Vietnam. In addition, Nagasawa et al. (2016) discussed the reduction of sediment supply from Thu Bon 
River basin to Cua Dai River mouth due to construction of dam reservoirs as well as excessive dredge of 
sand and gravel along the river channels. Noshi et al. (2015) investigated changes of coastal morphology 
associated with the elongation of a sandspit and longshore sediment accumulation at the jetty in Phan Rang 
City, south central Vietnam. 
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Similar to the coastal zones mentioned above, Darang River mouth and the adjacent coasts experienced 
notable morphology and coastal changes induced by both natural and human effects. Hoang et al. (2015) 
claimed the existence of the sand terrace in front of the river mouth created by floods contributing mainly 
the sediment on both sides of the entrance. Hiep et al. (2020) explains the migration of the river mouth 
before the sand mining in 2015 by mathematical solution of one-line model. In addition, Hiep et al. (2018) 
mentioned the severe erosion of the sand spits of Darang River mouth after Typhoon in 2017. Since 2016, 
multiple coastal constructions (jetties, groins, breakwaters) had been implemented to stabilize the mouth 
area and the morphology of the river mouth is now very different from it in the last decade. This study, by 
using shoreline analysis, provides the recent morphology change in the Da Rang River mouth and its 
adjacent coast over last decade.  

 
2. STUDY AREA  

The region including Da Rang River mouth and adjacent coasts in Phu Yen, Vietnam is one of the 
biggest coastal area in the south-central coast of Vietnam. Da Rang River mouth is located in Tuy Hoa City, 
Phu Yen Province, south central Vietnam. Figure 1 shows the location of the study area. Da Rang River 
mouth is the estuary of Ba River and known as the longest river in the centre of Vietnam with the length of 
374 km, and total basin area of 13,900 km2. The left coast of Da Rang River mouth extends from the mouth 
entrance to the Ganh Ba Seacliff, while the right coast is from the mouth to Da Nong River mouth (Figure 
1). This mouth area is usually affected by typhoons during the rainy season which extends from September 
to December. The typhoon causes heavy rainfall resulting in floods which widens the river mouth. This 
river mouth is deemed to be one of the most important area contributing to the development of Phu Yen 
Province. The mouth area is now the shelter and harbour for more than 900 small and big fishing boats and 
vessels. Da Rang Opening is also an active and dynamic area that the severe deposition or erosion often 
occurs in the river mouth. In 2015, The deposition was so severe that hundreds of ships were unable to 
enter or exit, raising concerns about navigation clearance. As a result, several sand mining events were held 
to alleviate the problem. After 2015, consecutive coastal protection constructions were implemented in 
mouth area. These constructions had the objectives to prevent the erosions on the adjacent local coasts on 
both sides of river mouth. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Phu Yen Coast and Da Rang River mouth 
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Regarding hydrodynamic conditions, the diurnal tide of Tonkin Gulf is the main tidal cycle having an 
effect on Da Rang River mouth. During the spring tide, the maximum that tidal range can reach is about 
1.7 m and the minimum is nearly 0.5 m during the neap tide. The fresh water river discharge depends 
mainly on the rainfall and flood regimes of the entire basin. In flood season, river discharge can increase 
up to 2100 m3/s and the annual river discharge is about 275 m3/s. Similar to other coastal regions in central 
Vietnam, incident waves are mainly dominant at the northeast direction during monsoon season. Wave 
height is smaller dung non-monsoon season as the northeast wind becomes less dominant. The wave rose 
from the offshore wave data from WAVEWATCH III from 2006-2016 shows the dominance of northeast 
monsoon drives the wave condition Phu Yen Coast (Figure 1) 

 
3. MATERIALS AND METHODS 

The Landsat Imagery retrieved from the U.S Geological Survey (USGS) database from 2013 to 2021 is 
utilized as the main dataset for this study. The dataset is a combination of images taken from different 
satellite missions, Landsat 7 (EMT+), Landsat 8 (OLI), and Sentinel‐2 (MSI). Some images obtained from 
Google Earth data base system were also collected for this study 

Since Landsat Images are TOA images (Top-of-Atmosphere), all data must be pre-processed in order to 
extract the best quality of the image. Acquired images are then required to go through a pre‐processing 
stage that involves cloud masking, pan sharpening and down-sampling. The pre-processing techniques 
followed the same process introduced by Vos et al. (2019). Landsat data from USGS assesses the cloud 
cover of each image by computing the percentage of cloud pixels on the image. Some images contain large 
parts covered by clouds which are difficult to perform the shoreline detection. The cloud masking stage is 
optional but necessary for discarding all images that are unable to analysis. In this study, a threshold is set 
for evaluating cloud percentage of each image. The value of cloud cover of any image exceeding this 
threshold is excluded from the data. The resolution of Landsat 7,8 images can be enhanced to be optimal 
by merging high-resolution panchromatic and lower resolution multispectral imagery due to the availability 
of panchromatic band in these images (Tu et al, 2001). The resolution can be enhanced from 30 m to 15 m 
per pixel. On the other hand, the resolution of Sentinal-2 is 10 m.  

For shoreline detection, firstly, the separation between water and land zones in the image is implemented 
using the modified normalized water index (MNDWI) expressed as follows  

1
1

SWIR GMNDWI
SWIR G

 (1)

Where: SWIR1 is pixel intensity in short-wave infrared band and G is the green band. The range of 
value is between -1 and 1. The shoreline is then detected by using K-mean clustering method. In this study, 
the effect of tidal level at different capturing is not considered since the local beach slope is quite steep (≈ 
0.1) and the possible error position error is likely smaller than the resolution of the image. The total error 
in shoreline is considered to be equal to the resolution of image as 10 m.  

The Shoreline change rate is obtained by applying the linear regression rate to all data sets of shoreline 
position as follows 

y at b  (2)

where a is slope of regression line (shoreline change rate); b is a constant. 
 

4. RESULTS AND DISCUSSIONS 
4.1 Overall shoreline change rate in Phu Yen Coast    

Due to the different behaviours of shoreline change in different areas, the entire Phu Yen Coast is divided 
into 4 sub-zones (A, B, C and D) from north to south. Zone B is the regions representing for the Da Rang 
River mouth (Figure 1). 
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Figure 2. Shoreline position change in each zone 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Shoreline change rate (2013~2021) Fi 3 Sh li h (2013 2021)

Figure 2. Shoreline position change in each zone
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The shoreline change of Phu Yen Coast are shown in Figures 2 and 3. The shoreline changes in Zone 
A, B, D shows no significant change since these areas are almost straight sandy beaches. The small 
deposition can be found the Ganh Ba Seacliff and Da Nong River mouth. In the Da Nong River mouth, 
due to the construction of the jetty in the past, the sand spit of this river mouth is similar to the restricted 
spit which it can not elongate. The remarkable changes are found in Zone B where Da Rang River mouth 
is located. The severe erosion spot with the change rate approximately 40 m/y was the position of the sand 
spit. As seen in Figure, the elongated sand spit was gradually eroded until it was disappeared after the 
Typhoon in 2017. The deposition on the southern coast of Da Rang River mouth was due to the construction 
of breakwaters and groins in this area from 2016. The highest deposition rate is at the position of jetty after 
constructed in 2019. The sand accumulation is also detected at the locations of breakwaters and groins. The 
deposition was resulted from the formation of tombolo. 

 
4.2 Morphology change in Da Rang River mouth (Zone B) 

According to Hiep et al. (2018, 2020), after the constructions of detached breakwaters and groins on 
gggggggyyyy gggggg ggggg

southern coast, and riprap on the northern coast at the river mouth, the sand spits were eroded severely until 
they were disappeared caused by the Molave Typhoon in 2017. Figure 4 shows that the sediment from sand 
spits was actually over-washed and pushed into the river mouth by extremely high waves to form two 
sediment strips attached on the embankment inside the river mouth. The natural subsequent recovery of the 
sand spits at the old locations were not observed after typhoon due to the coastal infrastructures on both 
sides of the river mouth preventing the alongshore drift to transport sediment to the mouth (Hiep et al, 
2018). Due to the intensity of storm waves, the detach breakwaters and groins were also destroyed partly 
by the typhoon in 2017. To stabilized the morphology in the river mouth, the local government continued 
to constructed 5 more breakwaters beyond the position of the groins and 2 jetties on both sides of the river 
mouth. After the completion of the new coastal structures, the formation of tombolo at the new breakwaters 
and the deposition at the position of two jetties were observed.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Sand spit in Da Rang River mouh before and after the Molave Typhoon in 2017 (Zone B) 
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The current morphology of mouth entrance can improve the flushing behaviour of the river during flood 
events. However, the wide opening can result to wave intrusion propagating inside the river mouth. This 
can trigger erosion inside the river and possible complicated cross-shore sediment transport induced by 
high and storm waves, especially inside the Dong Tac Fishing port where diffracted wave can propagate 
inside the port. The formation of subaqueous channel-spit was also discussed in several river mouth after 
the construction of jetties caused by the tidal transport current induced by ebb flows (Hein et al., 2019). 
Therefore, the detailed sediment transport inside the river must require further monitoring in the river 
mouth and thorough analysis in the near future. 

 
5. CONCLUSIONS 
   The shoreline evolution of Phu Yen Coast and Da Rang River mouth in recent years is investigated by 
the satetllite image analysis. Significant change of shoreline from 2013 to 2021 was detected at the location 
of Da Rang River mouth where the sand spits was dissapeared at the mouth entrance and pushed inside the 
channel after the historic typhoon in 2017. The morphology of the river mouth been recently stabilzed by 
new coastal structures constructed since 2018. The opening of the river mouth and new construction of 
jetties requires further analyses in the future since wave-induced sediment transport inside the river mouth 
can be more complicated when waves can propagate further upstream.  
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case study of the Volta River mouth, Ghana 
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Abstract 

The response of the Volta River mouth to the construction of a jetty and groyne system was 
studied using satellite images from Landsat and Sentinel-2. Prior to the construction of these coastal 
structures, the river mouth sandspits exhibited a cyclic morphological pattern which included sandspit 
elongation, spit breaching and deposition of the breached updrift spit onto the downdrift beach. However, 
a new morphological regime has been observed at the river mouth. Results from the image analysis has 
shown that, intrusion of the sandspit into the estuary, development of offshore shoals, accretion and 
erosion of the sandspits due to an alteration of the sediment budget are some morphological changes that 
have occurred at the river mouth.  

Keywords: Coastal structures, river mouth, sandspit, satellite image analysis, Volta River mouth. 

1. INTRODUCTION 

 In many coastal regions, jetties and groyne systems have been utilized in beach stabilization and 
flood related projects. These coastal structures also facilitate tidal exchange and channel navigation 
especially at river mouths or inlets. In the design phase of these projects, several attempts are made to 
predict the interactions of these structures with prevailing hydrodynamic conditions. In most cases, 
unforeseen alterations are observed at such locations. One of such cases is the construction of the Pranburi 
Jetties in Thailand. A study by Phanomphongphaisarn et al. (2020) showed that the post construction 
period disagreed with the simulations in the design phase of the project which resulted in the construction 
of three detached breakwaters north of the jetty. This was done through the use of satellite images. 
Another study by Tanaka & Lee (2003), at the Shiribetsu River mouth in Japan revealed a decrease in 
wave set-up after a jetty was constructed. 

 The Volta River mouth was chosen for the study mainly because of the presence of a jetty on the 
western side of the river mouth. Also present on this side of the river mouth is a groyne system which 
covers a 16 km stretch with each groyne spaced at 800 m. These structures were constructed as part of 
the Ada Sea Defence Project (ASDP) from 2012 – 2016. The project was aimed at controlling the severe 
beach erosion, restricting the growth of the updrift sandspit, improve tidal exchange and navigation 
(Mensah & FitzGibbon, 2013). 

2. STUDY AREA AND ENVRIONMENT 

The Volta River mouth is situated at Ada-Foah on the eastern coast of Ghana, West Africa (Figure 
1). The river drainage area is approximately 400,000 km2 which is made up of catchment areas within 
Mali, Burkina Faso, Ivory Coast, Ghana, Togo and Benin. Several hydro-electric and irrigation dams 
have been constructed on the Volta River network. The Akosombo and Kpong dams are the closest dams 
located upstream of the river mouth which have affected the flow rate and fluvial sediment supply to the 
river mouth. Prior to dam construction, mean monthly flow rates over 4000 m3/s were recorded and this 
subsequently reduced to about 2000 m3/s after dam construction. A study by Amenuvor et al. (2020) 
indicates the reduction of the annual fluvial sediment supply from 180×106 to 13×106 m3/year due to dam 
operations.  

The coastal zone around the river mouth is marked by a micro-tidal environment with tides being 
semi-diurnal. The average tidal range is 1m with spring tides at 1.28m and neap tides at 0.64m (Allersma 
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& Tilmans, 1993). The significant wave heights along the river mouth ranges from 0.5 to 3.30 m based 
on wave data retrieved from the WaveWatch III model. The dominant wave direction is southwest from 
swells generated in the Atlantic Ocean. In addition, the West African Monsoon affects the wave heights, 
with the largest wave heights generated from March-October. The induced longshore currents along this 
coast is unidirectional from the west to east and the average longshore sediment transport at the Volta 
River mouth is about 1.25 ×106 m3/year as determined by sandspit and wave analysis (Lawson et al., 
2021). 

 

Figure 1. Map of the Volta River mouth at Ada-Foah, Ghana. 

3. MATERIALS AND METHODS 

3.1 Data Collection and Shoreline Extraction 

 The primary dataset used in this study were satellite images retrieved from the Google Earth 
Engine repository. These included images from Landsat 5 (TM), Landsat 7 (EMT+), Landsat 8 (OLI) and 
Sentinel-2 (MSI). The image collection period for the study extended from March, 2002 to July, 2021. 
This was chosen due to the significant morphological evolutions observed at the river mouth before and 
after the completion of the ASDP. 

 The shorelines for the study area were extracted using the Coastsat toolkit (Vos et al., 2019). The 
toolkit uses a supervised image classification and a sub-pixel resolution border segmentation to extract 
shorelines with a horizontal accuracy of 10m (Vos et al., 2019). The image classification stage enables 
the definition of the sand, water, white-water and other land features whereas the sub-pixel segmentation 
stage uses the Modified Normalized Water Index (MNDWI) to categorize the water and land pixels. The 
shoreline is then defined using Otsu’s thresholding and the Marching Squares algorithms.  

3.2 River Mouth Variability Analysis 

To ascertain the river mouth variability before and after the construction of the jetty and groyne 
system, the river mouth sandspits were divided into three sectors. These included Sector 1 on the updrift 
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sandspit (red), Sectors 2 (yellow) and 3 (green) on the downdrift sandspit (Figure 2). Furthermore, the 
sandspit areas for each sector was estimated for the study period to depict accretion and erosion trends at 
the river mouth. For this analysis, the areas for Sector 1, 2 and 3 were denoted as A1, A2 and A3, 
respectively (Figure 2). 

 

Figure 2. Definition of the three sectors used in the river mouth variability analysis. 

4. RESULTS AND DISCUSSIONS 

4.1 River Mouth Morphological Change 

 Within the study period, a number of morphological changes were observed at the Volta River 
mouth from the collected satellite images. The jetty at the river mouth was constructed with the purpose 
of halting the lateral migration of the updrift sandspit from the west to the east (Figures 3a and 3b). This 
resulted in an increase in the width of the river mouth which facilitated an efficient tidal exchange and 
channel navigation. In the years following the construction of the jetty, there has been the frequent 
formation of offshore shoals which could be attributed to changes in the water depth at the river mouth 
and wave breaking. These shoals move landward and attach to the downdrift sandspit which led to a 
reduction in the width of the river mouth (Figures 3c to 3e). In addition to this, the landward growth of 
the updrift sandspit is observed (Figure 3c to 3e). This phenomenon has manifested in the intrusion of 
both sandspits into the estuary (Figure 4). A more recent development at the river mouth is the multiple 
breaching of the sandspits which has led to widening of the river mouth (Figure 3f). These distinct 
changes at the river mouth give an indication of the river mouth’s response to alterations in the sediment 
budget at the river mouth by the ASDP. 

 

Figure 3. Satellite images showing the various morphological evolutions at the Volta River mouth 
(2002 – 2021). 
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Figure 4. Shoreline variation of the Volta River mouth (2016 – 2021). 

4.2 Variation of Sandspit Area 

 By plotting the sandspit area for the three defined sectors of the river mouth, the accretion and 
erosion trends can be assessed. Figure 5 shows the time variation plot of the sandspit area for Sector 1. 
Regression analysis for this sector after the jetty and groyne construction shows a sandspit area change 
rate of 1.3×104 m2/year from 2016 to 2020. The increment in sandspit area within this period is as a result 
of the intrusion of the updrift spit into the estuary induced by sediment bypassing the jetty and the action 
of breaking waves. 

 

Figure 5. Updrift sandspit area variation for Sector 1. 

 With respect to Sector 2 on the downdrift spit, the regression analysis revealed an area change 
rate of 4.1×104 m2/year from 2013 to 2019 (Figure 6). This gain in sandspit area was mainly due to the 
attachment of the offshore shoals to this section of the downdrift sandspit. Sector 3 on the other hand 
shows the exact opposite of both Sectors 1 and 2. The analysis showed a sandspit area change rate of -
6.4×104 m2/year from 2013 to 2021 for Sector 3 (Figure 7). This corresponds to the shoreline retreat 
observed in Figure 4 for this sector of the river mouth. Table 1 shows a summary of the sandspit area 
change rate for the three sectors of the river mouth. 
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Figure 6. Downdrift sandspit area variation for Sector 2. 

 

Figure 7. Downdrift sandspit area variation for Sector 3. 

Table 1. Summary of sandspit area change rates for the three defined sectors. 

Sector Sandspit area change 
rate (m2/year) 

Remarks 

1 1.3×104 Spit intrusion 
2 4.1×104 Spit intrusion 
3 -6.4×104 Erosion 
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4. CONCLUSION 

 From this study, the variability of the Volta River mouth has been investigated after the 
construction of a jetty and groyne system. The study employed the use of remotely sensed images from 
2002 to 2021. The results of the study for three sectors of the river mouth showed that while the sandspit 
area for two sectors showed a positive trend (spit intrusion), the third sector was characterized by a 
negative trend (erosion). Furthermore, the findings from the image analysis is unable to determine if the 
jetty and the groyne system are the main cause of erosion on the third sector since chronic erosion along 
this section of the of the river mouth has been an existing predicament. As such, further analysis would 
be required to properly understand the variability of the river mouth through the use of advanced 
numerical models. The results from the image analysis in this study could serve as a basis for conducting 
such future studies.  
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* Disaster risk assessment using numerical simulation results by Reiji Uwano 
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* Discussion on the probabilistic distribution of Japanese disaster damage statistics by Makoto Okumura 
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*Appropriate evacuation sites during heavy rainfall in mountainous areas based on landform analysis by 
Tadaki MIZUMOTO 
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*The action of evacuation drills specializing in confirming safety under the spread of infectious diseases  
by Kazuya SUGIYASU 
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*The Vocabulary of Natural Disaster Digital Archives by Akihiro Shibayama and Julia Gerster 
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