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Abstract 

Temporal Transformation of Barrier Islands around Nakdong Estuary 

by 

Sukzun Youn 

Major Advisor: Gary A. Zarillo, Ph.D. 

 

The Nakdong Estuary system near Busan, South Korea consists of 

dynamic shorelines characterized by morphological transformations that 

result from both natural disasters (typhoons and flooding) and 

construction projects (Nakdong Estuary Dam, gates in the West Nakdong 

River and Busan New-ports). This study aims to synthesize existing data 

for tides, waves, bathymetry and meteorological data obtained from a 

variety of institutions with the objectives of (1) identifying and ranking 

major factors that influence morphological transformations and (2) 

determining how these factors influence morphological change over time. 
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These objectives were met by analyzing patterns of flow and sediment 

transport using Center Point Distance Analysis (CPDA) method to analyze 

morphological changes and Coastal Modeling System (CMS) platform to 

predict sediment transport and subsequence morphological changes 

caused by constructions. Barrier islands in Nakdong estuary have a 

clockwise rotation and growth to the east and west between 1972 and 

2013. In the case of seaward shorelines, shorelines grew to offshore 

between 1982 and 2013. CMS was then used to model morphological 

change in the absence of construction of the Nakdong Estuary Dam and 

Busan New-ports to estimate the impact of these structures on the 

topography within the Nakdong Estuary. Nakdong Estuary dam was major 

factor of decreasing amount of inflow suspended sediment from Nakdong 

River. If the dam is not constructed in the study area, estuary area is filled 

by sediment and becomes land. The result of this research will be applied 

when development and construction plans are established. 
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1. Introduction, Goal and Objectives 

Barrier islands located within the Korean littoral zone protect the 

mainland from typhoons during the summer season. The formation of 

barrier islands and deltas are facilitated by: (1) sediment transport from 

the Nakdong River, (2) shoaling effect due to the shallow area located at 

the entrance of the Estuary and (3) relatively weak coastal currents (Figure 

1). There is an interest in determining the mechanisms of morphological 

transformation and the value of these barrier islands to the coastal 

environment. Previous studies have investigated flow at barrier islands in 

Nakdong Estuary; yet few data are available to fully describe sediment 

transport.  

The goal of this study is to enhance our understanding of long-term 

sediment transport in this region filling a notable data gap. Both Center 

Point Distance Analysis (CPDA) using AUTOCAD platform and Coastal 
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Modeling System (CMS) will be used to supplement limited field data in 

this study. Satellite images will be used to enhance nautical charts and 

Electronic Nautical Charts (ENC) that are proposed as bathymetry data for 

data analysis and numerical modeling. The numerical model will identify 

factors that influence morphological transformation within the study area. 

The influenced factor may be assumed man-made structures. If the 

assumption was proved by data analysis, then the model will be used to 

investigate different scenarios with and without constructions of the 

Nakdong Estuary Dam and Busan New ports. Outputs from the numerical 

models will be compared with field data in order to determine which 

model achieved the most reliable results. Based on which model is most 

reliable, the factor with the greatest influence on morphological 

transformation will be able to identify in this region.  

Results from this study may be used to predict potential morphological 

changes related to future development and to estimate effects of 
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construction in Nakdong Estuary. The applied model in this study could 

be used to help maintain waterways with potentially large economic 

implications. These models may also lead to a more efficient numerical 

solution to analyze patterns of sediment transport and morphological 

transformation for other similar systems (e.g., Geum-river Estuary, Korea, 

Mobile Bay, Alabama, Sebastian Inlet, Florida, North Carolina barrier 

islands). 
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Figure 1. Barrier islands, located at Southern Nakdong Estuary Dam 

(Busan, Republic of Korea), showing the study area (from 

2013, Google earth)  
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2. Background and Previous Work with Study Area 

Description 

 

The Nakdong River is important to local communities by directly 

providing fresh water and food resources. This waterway connects inland 

areas to the ocean, and supplies sediments that form barrier-islands 

providing protection from typhoons and other natural disasters. With 

modern technology, it is now possible to use data to predict 

morphological transformations of barrier islands. In addition to improved 

computational ability, modern instrumentation acquires data in more detail 

lending to more reliable predictions and modeling ability. 

The Nakdong River system has been relatively unchanged from the 

Holocene epoch to 1935. After 1935, the river has been affected by 

development of the local area and waterborne traffic (Cho, 2011). Since 

1935, the river flow has changed due to the construction of the Daedong 
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(Daejeo) and Noksan floodgates in the West Nakdong River. Floodgates 

were constructed to provide freshwater resources for agricultural 

development. Due to flood control structures at Noksan and Daedong, the 

flow of West Nakdong River has been limited with most discharge now 

through the East Nakdong River (now Nakdong River). These flow control 

structures have changed the development of barrier islands in Nakdong 

Estuary. For example, the barrier island Baekhab-deung and a series of 

sand bars developed following the installation of the flood gates and the 

change in flow (Ban, 2009; Table 1). However, the barrier islands: Jinu-do, 

Shinja-do, Daema-deung, Eulsuk-do and Jangja-do shown in Figure 1 

existed before construction of two floodgates. In 1983 construction of the 

Nakdong Estuary Dam was started in order to reduce salt water 

encroachment up the Nakdong River, secure fresh water for agricultural 

and industrial purposes, and moderate water discharge to protect the area 

from flooding. Despite these benefits, Nakdong Estuary Dam has created 
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new water quality challenges. When the floodgate is opened, salt water 

migrates up to 31 km upstream of the Nakdong Estuary Dam and can 

have detrimental effects (Son, 2009; Han et al, 2011). Periodic opening of 

the floodgate has increased the mixing rate of salt and fresh water during 

discharge from Nakdong Estuary Dam (Jang et al, 2006), and mixing is 

dependent on the tidal cycle and magnitude of discharge (Park et al, 2008; 

Yoon et al, 2005). The Dam has also resulted in reduced transport of fine 

grain sediments to the Estuary (Kim and Ha, 2001). The change to the 

sedimentation pattern has smoothed the shoreline of barrier islands and 

developed a sand bar between the barrier island and the mainland (Yoo 

et al, 1993; Jang and Kim, 2006). The dam has also resulted in movement 

of barrier islands further offshore (Yoon, 2009). These changes to sediment 

topography have resulted in a need to maintain waterways by dredging. 

It costs a lot and further affects flow patterns (Kim, 2011; Ji et al, 2008). 

When all aspects of morphological change are considered, 
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transformation of the offshore side of barrier islands results from offshore 

wave and tidal energy. Transformations to the onshore side of barrier 

islands result from discharges of fresh water and suspended sediment from 

Nakdong River (Kim, 2005; Lee et al, 2004; Yoon, 2008). The flow from 

Nakdong River that deposits material on the landward side of barrier 

islands slows near Jinu-do, the westernmost barrier island in this system. 

A slower flow near Jinu-do results in deposition of finer grain sediments 

(Lim, 2010). Due to the shape of the Nakdong Estuary there is greater 

wave energy from the south and limited fetch and wave energy in other 

directions (Park et al, 2009). North winds typically decrease offshore wave 

energy (Yoo et al, 2008), and sediment from Nakdong River has been 

deposited mostly along the eastern shoreline of the mainland (Kim et al, 

2015; Kim et al, 2007). Oceanographic forces on barrier islands develop 

bars between the barrier islands and the mainland that will continue to 

grow until an equilibrium state is reached (Oh, 1999; Yoo, 2010). 
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Previous morphological transformations observed for this barrier island 

system include: the growth of Jinu-do on three sides, laterally to the east 

and west and offshore to the south between 1982 and 2008 (Lee et al, 

2008; Ryu et al, 2009). At Jinu-do erosion was greatest during the summer 

when wave energy from offshore is enhanced by typhoons (Jeon et al, 

2010; Lee et al, 2007; Park and Yoon, 2007) leading to coarse grain 

sediments deposits offshore to the east of Jinu-do (Kim et al, 2009). In 

contrast, fine grain sediments are found in the shallow area near shore 

between Jinu-do and Shinho-do (Shinho-dong) (Jeon et al, 2004; locations 

in Figure 1). Finally, sedimentation between the barrier islands is driven 

more by offshore oceanographic forces than by periodic discharges from 

Nakdong Estuary Dam (Kim et al, 2003). The barrier island Shinja-do is 

influenced on the east due to discharges from Nakdong River during the 

summer typhoon season and in the winter by wave energy (Kim et al, 

2011). The sediment grain size increases from offshore to onshore, and 
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coarse sediment is found around water ways between barrier islands (Kim 

et al, 2007). There is evidence that strong flow exists near waterways. The 

barrier islands: Doyo-deung, Daema-deung, and Bakhab-deung located 

east of Nakdong Estuary Dam are advancing offshore due to greater 

influence of discharge from the Nakdong River than wave energy from 

offshore. Offshore movement of barrier islands results from deposition on 

the east shore and erosion on the landward side of the islands. The flow 

pattern has resulted in lateral growth of Doyo-deung to the east and west, 

with no change observed on the landward or seaward margins (Lee, 2006). 

To track changes in barrier island morphology, Park et al (2010) performed 

video monitoring during 20 months (from August 2007 to March 2009) at 

Doyo-deung. Overall the island advanced 1~3 meters/month offshore. 

After Bakhab-deung developed, Doyo-deung moved landward (Oh et al, 

2010). After the construction of North Busan New ports, west of the barrier 

islands near Gadeok-do, morphological transformations were likely 



 

 

11 

 

influenced by modified flow patterns; however, few data are available to 

describe these transformations. In particular, a pier was placed between 

North Newport and South Newport leading to lower flow through the 

area due to a difference in the depth of the port and the Estuary (Jeong, 

2009). The flow volume also decreased due to a narrower waterway (Lee 

et al, 2008); however, no significant morphological transformation and 

environmental effects have been observed (Jung and Kim, 2003). 

Development in the area has slowed since 2000 due to increased concern 

for the environment. To address these concerns, surveys using modern 

technology have been carried out to monitor environmental changes. The 

availability of this data has enabled predictions and modeling of possible 

changes to water flow and sedimentation due to possible new 

development. Results from these surveys can be used to help in the 

planning and decision making process (Yum, 1990). A chronicle of barrier 

island formations and changes is presented in Table 1. History of 
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construction in Nakdong Estuary is shown in Table 2. 

Table 1. Chronicle of barrier islands in Nakdong Estuary from 1861 to 

1996 (created and eroded) 

Year Barrier Island 

1861 Myungho-do 

1916 Shinho-do, Eulsuk-do, Jinu-do, Daema-deung 

1955 Jangja-do 

1970 Sae-deung, Bakhab-deung 

1984 Namusis-deung 

1989 Maenggeummaeori-do 

1990 Doyo-deung, Dadae-deung 

1992 Merged with Bakhab and Namusis, and Doyo and Dadae 

1996 New barrier islands were located between Bakhab and Doyo 
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Table 2. History of constructions in Nakdong Estuary from 1930 to 

2020 

Construction name Construction 

Period 

Daedong and Noksan Floodgates 1930-1934 

Nakdong Estuary dam 1983-1987 

Busan New-ports 1995-2020 

 

As discussed above, development in the Nakdong Estuary has resulted 

in the changing flow and patterns of sedimentation. It is clear that major 

morphological transformations have occurred; however, current numerical 

models to describe changes to this region are insufficient to make 

predictions for the future. Most observations occur over short time periods 

(e.g., a matter of months) and cannot account for longer term processes. 

Also, periodic disturbances, such as typhoons, that are difficult to predict, 

can have impacts on the region and sediment transport. Therefore, a large 

data gap exists for describing the long term morphological changes within 
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this system. Using data collected over decades it is possible to model this 

area to predict the influence of new structures on the morphology of 

barrier islands. 
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3. Data Analysis of Research Area 

 

Barrier islands located in Nakdong Estuary between Gadeok-do and 

Busan have been periodically exposed as a result of typhoons or flooding. 

These situations have altered flow patterns and geological transformation 

in the Nakdong Estuary. Data analysis for this study area will improve our 

understanding of spatial and temporal patterns of coastal processes for 

barrier islands in this system due to various weather and environmental 

conditions around Nakdong Estuary. Data required for this analysis were 

obtained from KHOA (Korea Hydrographic and Oceanographic Agency), 

KMA (Korea Meteorological Administration), and Kwater (Korea water). 

Electronic Nautical Charts (ENC) including coastline and tide data at Busan 

and Gadeok-do came from KHOA, and weather information was obtained 

from KMA. Water surface elevation at Gupo station (near north Nakdong 

Estuary Dam) was found at WAMIS (Water Resources Management 
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Information System) of Kwater. Following an intensive data collection effort, 

1982 was identified as the earliest year in which sufficient data were 

available for data analysis. Beginning in 1982, data are available for 

numerous parameters including: bathymetry, wind, wave, tide and 

discharge from the Nakdong River. 

 

3.1 Nautical chart Analysis 

 

General analysis method to compare shoreline changes in Nakdong 

Estuary system was the comparing shorelines with drawing orthogonal 

lines on shorelines of each time periods. This method was used to measure 

the relative distance change between two different and short times (Kim 

et al, 2007). Another method was the tracking suspended sediment 

transport in short time and infer the pattern of morphological change (Lee 

et al, 2008). But both method was not insufficient to confirm long term 



 

 

17 

 

morphological analysis about rotation, creation, extinction, movement and 

expansion in whole Nakdong estuary system due to the intimate relation 

between islands. To make clear the relationship between morphological 

change factors, Center Point Distance Analysis (CPDA) using AUTOCAD 

platform was developed in this research. It is measuring distance from 

fixed datum to shorelines of barrier islands. This analysis method has the 

advantage to investigate the changes of barrier island’s shorelines in 

Nakdong Estuary system due to long-term sediment transport. 

Nautical charts were obtained from KHOA (1972, 1982, 1986, 1995, 

1999, 2006, 2008, and 2013 years) based on UTM (Universal Transverse 

Mercator) coordinate system. Nautical chart images were georeferenced 

using ARCGIS and digitized using AUTOCAD. Digitized files were modified 

with satellite images from USGS (United States Geological Survey) to 

increase accuracy. Enhanced images were overlain in order to determine 

temporal shifts in the location of barrier islands (Figure 2).  
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Figure 2. Time series of coastlines (from 1972 to 2013) for 

morphological transformation on barrier islands, located at 

southeast area of Nakdong Estuary, Republic of Korea. 
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To quantify variations in the shorelines of barrier islands, all islands 

were referenced to a central datum (E 490,455.2040 m, N 3,881,806.8160 

m, UTM). Distances from the datum to the onshore and offshore shorelines 

were measured at each 5 degree interval (Figure 3). This process provides 

a normalized point of reference to track changes in barrier islands over 

time. 

Shoreline transformations between 1972 and 2013 were analyzed by 

comparing the distance of shorelines from the central datum. Barrier 

islands did not exist between 0 and 15 degrees and all barrier islands were 

located in the region between 20 and 180 degrees. Within this region the 

morphology of barrier islands was dynamic with continually advancing and 

retreating shorelines. 
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Figure 3. Five degree lines for comparing coast line transformation 

from datum (Red dot, E 490,455.2040 m and N 3,881,806.8160 

m) to coast line of barrier islands. For the purpose of this 

study zero degree was assigned to west increasing 

counterclockwise.  

 

In the shoreline change diagram between 1972 and 1982 (Figure 4), 

the area of Bakhab-deung decreases between 1972 and 1982 (Figure 5). 

West Bakhab-deung advanced 332 m to offshore while. The east shoreline 

advanced 155 m. Change in the north and south directions has smaller 
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change than east and west. Daema-deung developed from north-west to 

south-east about 150 m (Figure 6). The total area of Daema-deung did 

not change, but this island was divided in two between 155 degree and 

160 degree. West Jangja-do relocated to onshore about 482 m (Figure 7) 

while Jangja-do grew to the east. Between 1972 and 1982, Jangja-do 

rotated clockwise, and shoreline of west Jangja-do shifted east. At Jinu-do, 

shoreline differences between 1972 and 1982 varied in 216 m (Figure 8). 

East Jinu-do expanded almost 100 m only. In this period, Jinu-do was 

stable than other islands. Shinja-do’s shorelines were shifted to south east 

169 m (Figure 9). The tail of east Shinja-do was separated from main-

island. Shoreline of Shinja-do advanced 380 m to Jangja-do. From 1972 to 

1982, Jinu-do was relatively stable, and Shinja-do and the surrounding 

area advanced toward onshore. In contrast, the shoal around Bakhab-

deung retreated further offshore. Doyo-deung south of Bakhap-deung was 

submerged during this period. Manggummeri-do formed south of Eulsuk-
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do (Figure 4 and 10). 

 

 

Figure 4. Lines for shoreline measurement from datum to inside 

(landward) shorelines of barrier islands (a) and (c), from 

datum to outside (seaward) shorelines of barrier islands (b) 

and (d) at 1972 and 1982. 
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Figure 5. Shoreline differences of Bakhab-deung between 1972 and 

1982, located east of Nakdong Estuary, south Republic of 

Korea (140 to 155 degree). 

 

 

Figure 6. Shoreline differences of Daema-deung between 1972 and 

1982, located east of Nakdong Estuary, south Republic of 

Korea (120 to 180 degrees). 
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Figure 7. Shoreline differences of Jangja-do between 1972 and 1982, 

located east of Nakdong Estuary, south Republic of Korea (65 

to 135 degrees). 

 

 

Figure 8. Shoreline differences of Jinu-do between 1972 and 1982, 

located east of Nakdong Estuary, south Republic of Korea (15 

to 60 degree). 
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Figure 9. Shoreline differences of Shinja-do between 1972 and 1982, 

located east of Nakdong Estuary, south Republic of Korea (65 

to 135 degree). 

 

 

Figure 10. Comparison of shoreline distance from datum about (a) 

inside (landward) shorelines and (b) outside (seaward) 

shorelines of barrier islands between 1972 and 1982. 
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Based on lines in Figure 11, the north shoreline of Bakhab-deung was 

eroded, and a new channel in the Bakhab-deung was created. The 

landward shoreline advanced about 300 m to 400 m offshore while the 

seaward shoreline moved 70 m (Figure 12). Shorelines of Daema-deung 

didn’t have changes over 100 m. A ninety meter change was observed at 

175 degree. Over 175 degrees, the east area of Daema-deung moved 106 

m east. Two parts of Daema-deung were merged again in this period 

(Figure 13). West Jangja-do shown in Figure 14 moved 200 m offshore and 

reduced the width. This part of island paralleled with Shinja-do. Over 115 

degree, differences are in the range of 100 m. The sand bar located at 

north Jangja-do disappeared in this period, and the tale of Jangja-do 

merged with small sand bar (Figure 14). The center of Jinu-do (Figure 15) 

advanced onshore within 100 m to 300 m without horizontal 

transformation. Wet and dry areas at south of Maenggeummeori-do were 

removed. The area over 167 degree only remained. The width was 
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decreased within 87 m to 310 m (Figure 16). Relocated west part of Jangja-

do and narrowed Shinja-do paralleled in this period. Seaward shoreline of 

east Shinja-do retreated over 800 m onshore (Figure 17). In this period, 

Jinu-do developed in a clockwise direction. At the same time the landward 

shoreline at Shinja-do moved offshore resulting in narrow barrier island. 

This transformation influenced the channel between Jinu-do and Shinja-

do that appeared at 1982.  Seaward shoreline at 165 degrees retreated 

by creating a larger area of open water (Figure 11 and 18). 
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Figure 11. Lines for shoreline measurement from datum to inside 

(landward) shorelines of barrier islands (a) and (c), from 

datum to outside (seaward) shorelines of barrier islands (b) 

and (d) at 1982 and 1986. 
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Figure 12. Shoreline differences of Bakhab-deung between 1982 and 

1986, located east of Nakdong Estuary, south Republic of 

Korea (140 to 155 degree). 

 

 

Figure 13. Shoreline differences of Daema-deung between 1982 and 

1986, located east of Nakdong Estuary, south Republic of 

Korea (125 to 180 degree). 
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Figure 14. Shoreline differences of Jangja-do between 1982 and 1986, 

located east of Nakdong Estuary, south Republic of Korea (80 

to 145 degree). 

 

 

Figure 15. Shoreline differences of Jinu-do between 1982 and 1986, 

located east of Nakdong Estuary, south Republic of Korea (15 

to 60 degree). 
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Figure 16. Shoreline differences of Maenggeummeori-do between 

1982 and 1986, located east of Nakdong Estuary, south 

Republic of Korea (150 to 180 degree). 

 

 

Figure 17. Shoreline differences of Shinja-do between 1982 and 1986, 

located east of Nakdong Estuary, south Republic of Korea (75 

to 135 degree). 
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Figure 18. Comparison of shoreline distance from datum about (a) 

inside (landward) shorelines and (b) outside (seaward) 

shorelines of barrier islands between 1982 and 1986. 

 

From shoreline changes between 1986 and 1995 (Figure 19), Bakhab-

deung advanced about 90 m southeast. The area was not changed in this 

period (Figure 20). From 1986 to 1995, Daema-deung also advanced up 

to 33 m southeast, and didn’t have area changes (Figure 21). Jangja-do 

didn’t have shoreline changes over 40 m between 115 and 145 degree 

(Figure 22). Jinu-do had differences between 9 and 62 m from 1986 to 
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1995. Advanced direction was southwest from 1982 location (Figure 23). 

Maenggeummeori-do shoreline slightly changed than other barrier islands. 

Differences of shoreline varied within 6 m (Figure 24). After the biggest 

change between 1982 and 1986, Shinja-do was stable in this period. The 

range of change was within 30 m. In this period, location and area change 

were not happened (Figure 25). Between 1986 and 1995, shorelines for all 

barrier islands moved offshore by less than 300 m. It is a small difference 

relative to changes observed between 1982 and 1986 (Figure 19 and 26). 
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Figure 19. Lines for shoreline measurement from datum to inside 

(landward) shorelines of barrier islands (a) and (c), from 

datum to outside (seaward) shorelines of barrier islands (b) 

and (d) at 1986 and 1995. 
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Figure 20. Shoreline differences of Bakhab-deung between 1986 and 

1995, located east of Nakdong Estuary, south Republic of 

Korea (140 to 155 degree) 

 

 

Figure 21. Shoreline differences of Daema-deung between 1986 and 

1995, located east of Nakdong Estuary, south Republic of 

Korea (125 to 180 degree). 
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Figure 22. Shoreline differences of Jangja-do between 1986 and 1995, 

located east of Nakdong Estuary, south Republic of Korea 

(115 to 145 degree). 

 

 

Figure 23. Shoreline differences of Jinu-do between 1986 and 1995, 

located east of Nakdong Estuary, south Republic of Korea (15 

to 60 degree). 
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Figure 24. Shoreline differences of Maenggeumeori-do between 1986 

and 1995, located east of Nakdong Estuary, south Republic of 

Korea (165 to 180 degree). 

 

 

Figure 25. Shoreline differences of Shinja-do between 1986 and 1995, 

located east of Nakdong Estuary, south Republic of Korea (75 

to 132 degree). 
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Figure 26. Comparison of shoreline distance from datum about (a) 

inside (landward) shorelines and (b) outside (seaward) 

shorelines of barrier islands between 1986 and 1995. 

 

Bakhab-deung (lines extracted from Figure 27) moved back to 

northwest within 82 m and the area didn’t vary in this period (Figure 28). 

The area of Jinu-do didn’t have an area change, but the island retreated 

an average of 35 m to onshore (Figure 29). Construction to build navigable 

waterway between Eulsuk-do and Manggummeori-do resulted in a 



 

 

39 

 

morphological change. West shoreline of Maenggeummeori-do was 

displaced to east 269 m. East shoreline at 175 degree moved 7 m to west 

(Figure 30). Between 1995 and 1999, no changes were observed at Shinja-

do, Daema-deung, and Janja-do during this period (Figure 27 and 31). 
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Figure 27. Lines for shoreline measurement from datum to inside 

(landward) shorelines of barrier islands (a) and (c), from 

datum to outside (seaward) shorelines of barrier islands (b) 

and (d) at 1995 and 1999. 
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Figure 28. Shoreline differences of Bakhab-deung between 1995 and 

1999, located east of Nakdong Estuary, south Republic of 

Korea (140 to 155 degree). 

 

 

Figure 29. Shoreline differences of Jinu-do between 1995 and 1999, 

located east of Nakdong Estuary, south Republic of Korea (15 

to 60 degree). 
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Figure 30. Shoreline differences of Maenggeummeori-do between 

1995 and 1999, located east of Nakdong Estuary, south 

Republic of Korea (165 to 180 degree). 

 

 

Figure 31. Comparison of shoreline distance from datum about (a) 

inside (landward) shorelines and (b) outside (seaward) 

shorelines of barrier islands between 1995 and 1999. 
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From shoreline map between 1999 and 2006 (Figure 32), Bakhab-deung 

advanced average 63 m toward offshore. Bakhab-deung’s area didn’t 

change in this period (Figure 33). Daema-deung had shoreline 

transformation within average 12 m. The greatest distance change was 

appeared 42 m at northeast Daema-deung (Figure 34). Shoreline changes 

were measured within average 6 m at Jangja-do (Figure 35). Jinu-do’s 

shoreline advanced offshore in this period. Maximum 60 m changed at 

southeast Jinu-do. On the other hand, inside shoreline moved maximum 

20 m toward offshore (Figure 36). After building navigational channel, 

Maenggeummeori-do had congruent form as in 1999. North shoreline of 

Maenggeummeori-do was changed 30 m (Figure 37). Two parts of Shinja-

do did not have the shapeshift from 1999 to 2006. Maximum difference 

was 37 m at south Shinja-do (Figure 38). Between 1999 and 2006, 

morphological changes were less than 100 m relative to the datum (Figure 

32 and 39). 
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Figure 32. Lines for shoreline measurement from datum to inside 

(landward) shorelines of barrier islands (a) and (c), from 

datum to outside (seaward) shorelines of barrier islands (b) 

and (d) at 1999 and 2006. 
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Figure 33. Shoreline differences of Bakhab-deung between 1999 and 

2006, located east of Nakdong Estuary, south Republic of 

Korea (140 to 155 degree). 

 

 

Figure 34. Shoreline differences of Daema-deung between 1999 and 

2006, located east of Nakdong Estuary, south Republic of 

Korea (125 to 180 degree). 
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Figure 35. Shoreline differences of Jangja-do between 1999 and 2006, 

located east of Nakdong Estuary, south Republic of Korea 

(115 to 145 degree). 

 

 

Figure 36. Shoreline differences of Jinu-do between 1999 and 2006, 

located east of Nakdong Estuary, south Republic of Korea (15 

to 60 degree). 
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Figure 37. Shoreline differences of Maenggeummeori-do between 

1999 and 2006, located east of Nakdong Estuary, south 

Republic of Korea (165 to 175 degree). 

 

 

Figure 38. Shoreline differences of Shinja-do between 1999 and 2006, 

located east of Nakdong Estuary, south Republic of Korea (75 

to 130 degree). 
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Figure 39. Comparison of shoreline distance from datum about (a) 

inside (landward) shorelines and (b) outside (seaward) 

shorelines of barrier islands between 1999 and 2006. 

 

Barrier islands had transformation in this period (Figure 40). Inside 

shorelines around Bakhab-deung advanced 300 m offshore, and outside 

shoreline advanced 370m onshore from 2006 shoreline. The length of 

Bakhab-deung was decreased, and width of island was increased (Figure 

41). The center of Jinu-do was expended 200 m offshore at south shoreline, 

and 260 m offshore at north shoreline. Totally, Jinu-do rotated to clockwise 
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(Figure 42). Two separate parts of Shinja-do merged with a new 

measurement of shorelines between 65 and 80 degrees. The width of 

Shinja-do was increased. Seaward shoreline at 2006 advanced about 700 

m offshore at west of Shinja-do. East shoreline advanced 240 m to 

southeast. At southeast of Shinja-do, area was expanded to southeast 

between 125 and 130 degree (Figure 43). The channel between Jinu-do 

and Jangja-do became narrow due to expanding of Shinja-do. Doyo-

deung that eroded after 1982 re-emerged at this time between 135 and 

150 degree. The seaward shoreline distance at Bakhab-deung was 

increased by 2,300 m offshore due to appearance of Doyo-deung (Figure 

40 and 44). 
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Figure 40. Lines for shoreline measurement from datum to inside 

(landward) shorelines of barrier islands (a) and (c), from 

datum to outside (seaward) shorelines of barrier islands (b) 

and (d) at 2006 and 2008. 
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Figure 41. Shoreline differences of Bakhab-deung between 2006 and 

2008, located east of Nakdong Estuary, south Republic of 

Korea (140 to 155 degree). 

 

 

Figure 42. Shoreline differences of Jinu-do between 2006 and 2008, 

located east of Nakdong Estuary, south Republic of Korea (15 

to 60 degree). 
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Figure 43. Shoreline differences of Shinja-do between 2006 and 2008, 

located east of Nakdong Estuary, south Republic of Korea (65 

to 130 degree). 

 

 

Figure 44. Comparison of shoreline distance from datum about (a) 

inside (landward) shorelines and (b) outside (seaward) 

shorelines of barrier islands between 2006 and 2008. 
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Bakhab-deung advanced to outside (Figure 45). South part of Bakhab-

deung divided into two parts (Figure 46). Center of Daema-deung had an 

artificial lake for habitat of migratory birds. Maximum difference was 245 

m to make entrance of lake for water quality. With the exception of near 

lake entrance, shoreline changes occurred within 100 m across the rest of 

island (Figure 47). West Doyo-deung divided 560 m between 135 and 145 

degree. East Doyo-deung merged with a piece of sand bar located at 

closed north of Doyo-deung and increased width of island. Shoreline 

retreated a maximum 266 m at west Doyo-deung (Figure 48). Tail of 

Jangja-do at east of island was removed from island. Without tail of island, 

shorelines advanced offshore within 175 m (Figure 49). Jinu-do was stable 

between 2008 and 2013 than other periods. Maximum difference of Jinu-

do was 100 m (Figure 50). Maenggeummeori-do moved to offshore, and 

sand bars was created at south of island. Shoreline changes in east-west 

direction occurred within 30 m, and shorelines changed 400 m in north-
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south direction (Figure 51). Shorelines at west of Shinja-do modified within 

35 m, but eastside had 86 m of difference. At location that had 86 m 

difference, banding was happened by erosion (Figure 52). No significant 

changes were observed for Jinu-do, Jangja-do, and Shinja-do from 2008 

to 2013. Bakhab-deung eroded and disappeared at south of the island 

(Figure 45 and 53). 
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Figure 45. Lines for shoreline measurement from datum to inside 

(landward) shorelines of barrier islands (a) and (c), from 

datum to outside (seaward) shorelines of barrier islands (b) 

and (d) at 2008 and 2013. 
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Figure 46. Shoreline differences of Bakhab-deung between 2008 and 

2013, located east of Nakdong Estuary, south Republic of 

Korea (140 to 160 degree). 

 

 

Figure 47. Shoreline differences of Daema-deung between 2008 and 

2013, located east of Nakdong Estuary, south Republic of 

Korea (125 to 180 degree). 
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Figure 48. Shoreline differences of Doyo-deung between 2008 and 

2013, located east of Nakdong Estuary, south Republic of 

Korea (135 to 150 degree). 

 

 

Figure 49. Shoreline differences of Jangja-do between 2008 and 2013, 

located east of Nakdong Estuary, south Republic of Korea 

(115 to 145 degree). 
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Figure 50. Shoreline differences of Jinu-do between 2008 and 2013, 

located east of Nakdong Estuary, south Republic of Korea (15 

to 60 degree). 

 

 

Figure 51. Shoreline differences of Maenggeummeori-do between 

2008 and 2013, located east of Nakdong Estuary, south 

Republic of Korea (165 to 175 degree). 
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Figure 52. Shoreline differences of Shinja-do between 2008 and 2013, 

located east of Nakdong Estuary, south Republic of Korea (65 

to 130 degree). 

 

 

Figure 53. Comparison of shoreline distance from datum about (a) 

inside (landward) shorelines and (b) outside (seaward) 

shorelines of barrier islands between 2008 and 2013. 
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According to analysis of nautical chart (Figure 54 and 55), barrier 

islands were constantly changing. Overall the major trend for 

morphological transformations had a clockwise rotation and growth to the 

east and west. The greatest change in the landward shorelines occurred 

near Jangja-do and Shinja-do between 1982 and 2013 due to amount of 

discharge from Nakdong Estuary Dam. In the case of seaward shorelines, 

shorelines grew to offshore between 1982 and 2013. To determine the 

causes of morphological transformations within the study area, 

environmental factors were investigated as discussed below. 
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Figure 54. Distance change from datum to inside shoreline of barrier 

islands in Nakdong estuary system between 1972 and 2013 

 

 

Figure 55. Distance change from datum to outside shoreline of 

barrier islands in Nakdong estuary system between 1972 

and 2013 
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3.2 Environmental Factors 

 

The littoral area has numerous factors that influence morphological 

transformations. For example, fresh water and salt water mix in the Estuary 

resulting in dynamic flow patterns. The other energy sources driving 

transformation come from weather patterns and oceanographic forces. To 

understand oceanographic forces, tide data was obtained at Gadeok-do 

staion of KHOA, and wave data came from Geojedo buoy of KMA. Weather 

information gained at Gadeok weather station of KMA (Figure 56). 
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Figure 56. KHOA (Korea Hydrographic and Oceanographic Agency) and 

KMA (Korea Meteorological Administration) stations located 

around Nakdong Estuary, Republic of Korea 

 

The pattern of tide in the study area is semi-diurnal tide. Tidal 

constituents from water surface elevation data were processed by T-Tide 

(harmonic analysis program; Pawlowicz, 2002). The four major tidal 

constituent (M2, S2, K1, O1) analyzed by T-Tide were listed in Table 2. 

According to coastal morphology classification, the study area with a tidal 

range of 0 to 1 m is classified as microtidal Estuary (tide range in 0 to 2 

m). Barrier islands can develop easier under this tidal range relative to 

macrotidal and mesotidal conditions. Characteristics of barrier islands in 
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microtidal condition are narrow and linear barriers, and inlets migrate if 

the environment around the islands is not stabilized. Barrier islands can be 

overwashed by storms. The sources of creation and development from 

river and littoral flow into shoal of barrier islands. The barrier islands in 

Nakdong River have all these microtidal characteristics. 
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Table 3. Tidal constituents at Gadeok-do station and Busan New ports 

station near Nakdong Estuary, Republic of Korea (analyzed by 

harmonic analysis program (T-Tide)). 

Stations in study area 

Tidal constituents 

M2 S2 K1 O1 

Gadeok-do 

Amplitude (unit: m) 0.567 0.263 0.080 0.043 

Phase (unit: degree) 240.7 269.0 153.1 131.4 

Busan 

New ports 

Amplitude (unit: m) 0.544 0.257 0.078 0.043 

Phase (unit: degree) 240.5 267.8 155.9 133.1 

 

Another important oceanographic variable is wave action. Hourly mean 

wave data between 2007 and 2013 was obtained from the KMA wave buoy 

installed at southeast Geoje-do (Figures 57). 
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Figure 57. Wave rose based on Geoje Buoy data(from 2007 to 2013). 

Wave buoy is located 33.5 km from Nakdong Estuary, 

Republic of Korea 

 

Waves from the southwest of Nakdong Estuary were dominant from 

2007 to 2013. Waves from 0.5 to 1.0 m were mainly generated in southwest 

of the study area (Figure 58). Maximum wave height was 2.37 m at 

November, 11th, 2009. The season, June to September had the highest 

potential for typhoons and associated wave heights over 1.0 m. Typhoons 

are the main event to transform shoreline and littoral with strong wind, 
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heavy rain fall, and higher river discharges.  

 

 

Figure 58. Daily mean wave height at Geoje-do buoy from 2007 to 

2013, located 30 km from south of Nakdong Estuary, Republic 

of Korea. 

 

Typhoons typically originate from the southwest of Nakdong Estuary. 

Typhoons directly impacted the study area in 1991 (GLADYS), 1998 (YANNI), 

2002 (RUSA), 2003 (MAEMI), and 2007 (NARI) in this research period. The 

highest instantaneous wave heights were 17 m during MAEMI in 2003. 

To understand mechanism of water flow in the research area, wind force 
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is an important source to generate wave on water surface. Hourly wind 

data was obtained for Gadeok-do station from 1993 to 2013 (Location in 

Figure 56). 

Wind direction in the study area is typically from the west. Overall 

winds were typically in the range of 0 to 10 m/s (Figure 59). Powerful 

winds exist NNE that has 10 to 15 m/s wind speed. By season, strong hot 

wind from southwest in the summer season, while cold wind blew from 

northeast in winter season. 
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Figure 59. Wind rose based on Gadeok-do station data (from 1993 to 

2013). Station is located near Nakdong Estuary, Republic of 

Korea 

 

Incoming fresh water discharge from Nakdong River was measured at 

the entrance of Nakdong Estuary. Gupo station controlled by Kwater is the 

closest station to report water surface elevation. Data is available for daily 

water surface elevation from 1982 to 2013. Water surface elevation around 

entrance of Nakdong River is effected by river flow, inflow from branch, 

rain fall, and tide. Gupo station is the only station with accurate data to 

know the total amount of inflow on Nakdong Estuary (Figure 60). 
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Figure 60. Water surface elevation at Gupo station, upside of Nakdong 

Estuary Dam, during 1982 to 2013 with 10th order polynomial 

trend line. 

 

From the trend line, water surface elevation had increased during 1983 

to 1988, and was stable to 2009. But, after 2009, water surface elevation 

is up to 1 m in trend line. The red line in Figure 60 assigned the time of 

completed construction of Nakdong Estuary Dam. The rise of water surface 

appeared to be due to the Nakdong Estuary Dam and Busan New ports. 

Daily oscillations were detected due to tide effect near Nakdong Estuary. 

The tide is dominant in the study area. 
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After construction of Nakdong Estuary Dam, discharges from the dam 

may have influenced morphological transformations in the area. Nakdong 

Estuary Dam has been keeping a schedule of discharge based on the 

amount of inflow from upper reaches of Nakdong River. Nakdong Estuary 

Dam had enormous discharge rate (up to 1,600 X 106 m3/day) in the 

summer season between 1996 and 2006 (Figure 61). 

 

 

Figure 61. Discharge rate from Nakdong Estuary Dam, located between 

Eulsuk-do and Busan, Republic of Korea between 1996 to 2006 

(Yoon, 2005)  



 

 

72 

 

3.3 Conclusions: Barrier Morphological Transformations 

 

Nakdong Estuary had undergone large transformations during 1972 to 

2013. Jinu-do rotated clockwise due to sediment transport at the east and 

west edge of Jinu-do, and the width of Jinu-do has grown. The two smaller 

islands of Shinja-do merged between 2006 and 2008 and expanded east-

west direction from 2008 to 2013. Doyo-deung appeared in 1916 and had 

risen above water between 2006 and 2008. Typhoons impacted the study 

area in 1991, 1998, 2002, 2003, and 2007. Typhoons not directly traversing 

the study area but passing nearby had minimal influence on shorelines; 

yet seafloor transformations may influence sediment transport and thereby 

morphological change of barrier islands at a later time. The tidal range for 

the period between 1972 and 2013 was between 0 and 2 m, and wave 

heights typically ranged except during storms between 0.5 and 1 m. Tide 

was the most important factor influencing transformations within the study 
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area. Based on data for flow from Nakdong River, the surface elevation 

varied seasonally following trends for seasonal weather patterns. Inflow 

increased from spring to summer due to summer rainfall (almost over 15 

days normally). In fall and winter seasons, the rain was less frequent, and 

the flow from Nakdong River decreased (Figure 60). This flow pattern 

increases the amount of suspended sediment into Nakdong Estuary in 

summer, and decreases in winter. Sediment settled near barrier islands due 

to a balance between oceanographic forces and discharge from the 

Nakdong River. The erosion was most frequently observed near the 

entrance of the Estuary due to the proximity to river discharges and 

channels between barrier islands to facilitate transport away from the 

immediate area. After construction of Nakdong Estuary Dam and Busan 

New ports, Doyo-deung increased in size. Jinu-do underwent minimal 

transformation relative to other barrier islands. These observations 

demonstrate the importance of flow and changes to flow patterns in 
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regulating the morphology of barrier islands by effects of discharge from 

Nakdong estuary dam. Based on data analysis, construction is main factor 

of morphological transformation. Using this data, it is possible to model 

these transformations and then makes prediction regarding the influence 

of development and environmental change on barrier island morphology. 
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4. Numerical modeling 

 

4.1 Introduction 

 

Numerical modeling will be used to analyze flow patterns to make 

predictions for morphological change by constructions. The studied cases 

were considered only the effect of single factor to study morphological 

transformation in Nakdong Estuary (park et al, 2009, Kim et al, 2007, Yoon 

et al, 2005). But results from past researches were not insufficient to prove 

relationship between effects of each different factors. To investigate effects 

of factors, an appropriate numerical model scheme was needed. Most 

numerical models have similar flow equations; however, wave equations 

and sediment transport equations differ and result in different output. 

Therefore, the wave equation and sediment transport equations must be 

investigated to determine which numerical model is proper for particular 
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study area.  

Many researchers have coupled flow, wave, and sediment models to 

make better predictions. Warner et al. (2008) coupled SWAN (Simulating 

Waves Nearshore) for wave (coupled by MCT (Model Coupling Toolkit) and 

ROMS (Regional Oceanographic Modeling System) for flow, and used flux 

formulation for sediment (advection-diffusion equation for suspended 

sediment transport and Soulsby’s formula for bedload transport). This 

coupled model worked well for wave and flow, but part of sediment 

concentration was not accurate. SWAN and SHORECIRC (SHORE 

CIRCulation) was coupled by Tang et al. (2009). This model used the 

convection-diffusion equation for sediment transport. When this model 

was tested, problems such as restriction on time step and high resolution 

flow scheme for coupled system were found. These examples demonstrate 

why model coupling is complicated and why it is needed to more 

accurately determine morphological transformations in a given study area. 
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Some popular package tools include: Delft-3D, ECOMSED (Estuarine, 

Coastal and Ocean Model system with SEDiment), EFDC (Environment Fluid 

Dynamic Code), and SMS (Surface water Modeling System). These 

programs include powerful tools for calculating wave, flow and sediment 

transport. Many programs are based on 3D coordinate systems and 3D 

formula. Many 3D models still have problems with complicated 

topography. For the Nakdong Estuary, 2D depth integrated models are 

sufficient for this shallow water body because vertical water flow values 

are not widely variable.  

The study area is shallow near barrier islands, and more time-

consuming 3D numerical models are not necessary for analysis. Many two 

dimensional numerical models are designed to solve environmental 

material transport; however, CMS (Coastal Modeling System) in the SMS 

platform is more focused on sediment transport and shoreline change. 

Therefore, CMS may be the best numerical platform to study the 
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transformation of barrier islands in the Nakdong Estuary system. CMS was 

developed and maintained by CIRP (Coastal Inlets Research Program) and 

Aquaveo. It has been used for studying the Sebastian Inlet system in 

Florida (Zarillo and Brehin, 2007) with great success. The overall workflow 

of CMS is described in Figure 62. 

 

 

Figure 62. CMS (Coastal Modeling System) flow chart (from CMS User’s 

Manual, Sanchez et al., 2012) 
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The CMS has two parts (CMS-Flow and CMS-Wave) that are coupled 

within SMS. CMS-Flow is a two dimensional depth-averaged nearshore 

circulation model. The hydrodynamic equations are the general depth 

averaged continuity and momentum equations. CMS-Flow calculates 

currents and water levels, sediment transport, morphological change, and 

salinity. CMS-Wave is a phased-averaged model for propagation of 

directional irregular waves over complicated bathymetry found nearshore. 

It solves the wave action balance equation by FDM (Finite Difference 

Method). This equation represents 2D variations in wave energy in space. 

For studying the detailed variation of sediment transport pattern of 

Nakdong Estuary analysis of multi grain size distribution is required. In this 

study area, the bottom has multi grain size distribution (sand, fine grain 

sediments, and mixtures of sand and fine grain sediments). Multi grain size 

is calculated by CMS (Figure 63). Interaction between tidal, wave, and 

sediment transport processes was calculated by steering module in CMS. 
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CMS has multiple sediment transport equations: Lund-CIRP (2006), 

Soulsby (1997), and van Rijn (1998) that can be applied. Appendix 

describes each sediment transport equations. Three sediment formulas by 

Lund-CIRP, van Rijn, and Soulsby were applied for this study area with field 

data by Yoon (2008) (Sanchez et al., 2012). According to the characteristics 

of each formula, different transport formulas may produce different 

patterns of morphology change in the study area. After modeling using 

these three equations and data from 1982 and 1986 nautical charts, the 

most reliable equation will be identified and used to model long term 

morphological transformation of barrier islands in Nakdong Estuary. 
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Figure 63. Mean grain size distribution (show in mm) around study 

area in Nakdong Estuary, south Republic of Korea (Based on 

Kim and Ha, 2001) 

 

4.2 Model Setup  

 

Data for the numerical model was obtained from monitoring stations 

within the river and from offshore tide and wave buoys. The origin of the 

model grid is E 480,600 m and N 3,867,600 m (UTM units). The model 
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area has a width of 16,600 m (east to west) and length of 26,000 m (north 

to south) (Figure 64.). Each rectangular grid cell is 100 m by 100 m (166 x 

260 grids).  

Initial conditions, used to establish the numerical model grid including 

water depth and shoreline position, were extracted from nautical charts. 

Bathymetric data were extracted from Electronic Nautical Charts (ENC) or 

digitalized files from scanned charts using AUTOCAD if ENC were 

unavailable. The initial grain size distribution was obtained from Kim and 

Ha (2001) and applied to the input grid. Boundary conditions were 

classified as either offshore boundary conditions or a land boundary 

conditions that affect ocean dynamics and sediment transport. Wave 

boundary conditions were daily significant wave data calculated from 

hourly observations at the Geojae buoy with data available beginning in 

1998. Tide data was obtained from two weather stations located at Busan 

New ports (installed at 2011) and Gadeok-do (installed at 1977). Tidal data 
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was processed by the harmonic analysis function in T-Tide (Pawlowicz, 

2002) applied to CMS. Tidal variations will be calculated using the M2 

(principal lunar semidiurnal), S2 (principal solar semidiurnal), K1 (lunisolar 

diurnal), and O1 (principal lunar diurnal) variations. Hourly wind data 

collected at Gadeok station were also applied to increase the accuracy of 

model. Lateral boundary inputs to the model utilize daily flow rates for 

the West Nakdong floodgates and daily water surface elevation data from 

Gupo station located at the upper Nakdong Estuary Dam. These boundary 

values from measured data will ensure the reliability and accuracy of the 

numerical model analysis and prediction of morphological transformation 

for the Nakdong Estuary (Table 3). 
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Figure 64. Model grid area (horizontal distance: 16.6 km, vertical 

distance: 26 km) between Busan New-ports and Saha-gu, 

south Republic pf Korea. 

 

To assess the accuracy of topographic calculations of the model, it is 

necessary to compare the bathymetric data throughout the study area 

between 1982 and 1986 (Figure 65 and 66).  
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Figure 65. Measured morphological change (red is deposition, and blue 

is erosion) around barrier islands, located Nakdong Estuary, 

south Republic of Korea between 1982 and 1986. 

 

 

Figure 66. Frequency distribution of depth change, located Nakdong 

Estuary, south Republic of Korea from 1982 to 1986 

 



 

 

86 

 

Jinu-do had erosion at the south shoreline and the channel between 

Gadeok-do and Jinu-do (Figure 65). Deposition occurred at southwest of 

Shinja-do while erosion happened at the southeast shoreline. The channel 

between Shinja-do and Bakhab-deung had morphological transformation 

within 2 m, and deposition occurred at east and southeast of Bakhab-

deung due to the dredging for construction of Nakdong Estuary Dam and 

creating the industrial complex at Myeongji-dong. The overall pattern of 

morphological change around barrier islands shows a pattern of normal 

distribution with a relatively small variation (Figure 66). 

The numerical model simulations to compare with frequency 

distribution of depth changes need detailed boundary conditions to 

achieve accurate results. The list of boundary conditions that produce 

forcing in the model is in Table 3. 
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Table 4. List of tidal constituent boundary conditions to perform CMS-

Flow and CMS-Wave. 

Tide 

Tidal constituents Amplitude (m) Phase (degree) 

M2 0.544 240.5 

S2 0.257 267.8 

K1 0.078 155.9 

O1 0.043 133.1 

River 

River name Station Input type 

West Nakdong 

River 

Noksan 

floodgates 

Daily average 

flow rate (m3/s) 

Nakdong River Gupo 
Daily average 

water surface elevation (m) 

Wave 

Station Input type 

Geoje buoy 
Daily average 

(height, period, direction) 

Wind 

Station Input type 

Gadeok-do station 
Hourly average 

(speed, direction) 
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Boundary conditions were applied in model grid and CMS control 

panel. Model simulation time and matrices solver were chosen in the 

control panel of CMS-Flow and Wave (Figure 67 and 68). To calibrate the 

model, simulation time was entered from January 1st 1982 to January 1st 

1987, and applied matrices solver was Gauss-Seidel, CMS-Flow and CMS-

Wave are coupled through a steering option that sends water levels and 

flow to the CMS-Wave grid and wave forcing to the CMS-Flow grid. (Figure 

69).  

 

Figure 67. CMS-Flow control panel with flow model setup 
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Figure 68. CMS-Wave control panel with wave model setup 

 

 

Figure 69. Setup frame to couple CMS-Flow and Wave. 
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4.3 Model Calibration 

 

Sediment equations and initial grain size distribution were chosen in 

the sediment tab in CMS-Flow control panel (Figure 70). The cases to 

calibrate numerical model were performed based on the conditions listed 

in Table 4. 

 

 

Figure 70. Sediment tab in CMS-Flow control panel to setup initial 

grain size distribution and sediment equations 
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Table 5. List of cases to calibrate model 

Case Comparison 

1 
Spatially varying grain size  

with Lund-CIRP, Soulsby, and van Rijn equations 

2 
Spatially uniform grain size (0.25 mm) 

with Lund-CIRP, Soulsby, and van Rijn equations 

3 
Changing grain size, including separate model runs for 

0.2 mm, 0.25 mm, 0.3 mm, and 0.35 mm with Lund-CIRP equation 

4 
Single grain size with multi-bottom friction coefficients 

with Lund-CIRP equation 

 

Model calibration results using three sediment transport equations 

(Lund-CIRP, Soulsby, and van Rijn) were illustrated indicated in Figures 71 

to 82.  

Case 1 (Table 4) calculations were based on multi-grain size distribution 

on the study area (Kim and Ha, 2001). Within Case 1 the model results 
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using the Lund-CIRP and van Rijn sediment transport equations produced 

accurate sediment transport pattern with measured data around Jinu-do 

and west of Shinja-do compared with model results based on the Soulsby 

equation. The predicted sediment transport produced a pattern of erosion 

between Jinu-do and Gadeok-do (Figure 71). Soulsby sediment transport 

equation produced deposition between Jinu-do and Gadeok-do (Figure 

72). Overall, Case 1 model results are similar through the study area except 

near Jinu-do (Figure 71 and 76).  

Frequency distributions of depth changes produced by the three 

sediment transport equations included a model depth change of +0.1 m 

and a secondary model change of 0 m (Figures 72, 74, and 76). This differs 

from the depth change distribution from measured data shown in Figure 

64, which has a distinctive frequency peak at 0m. However, the overall 

shape of the distribution from predicted and measured data are similar, 

including a secondary frequency peak of depth change at -2 m. In spite 
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of the limitations of the measured data to drive and calibrate the model 

and the difficulty of predicting sand transport, the overall results show the 

patterns of sediment transport around Jinu-do and Shinja-do varied in the 

range of measured data. 

 

 

Figure 71. Computed morphological change (red is deposition, and 

blue is erosion) around barrier islands between 1982 and 1986 

(Lund-CIRP, multi grain size). 
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Figure 72. Frequency distribution of depth change around barrier 

islands from 1982 to 1986 (Lund-CIRP, multi grain size) 

 

 

Figure 73. Computed morphological change (red is deposition, and 

blue is erosion) around barrier islands between 1982 and 1986 

(Soulsby, multi grain size) 
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Figure 74. Frequency distribution of depth change around barrier 

islands from 1982 to 1986 (Soulsby, multi grain size) 

 

 

Figure 75. Computed morphological change (red is deposition, and 

blue is erosion) around barrier islands between 1982 and 1986 

(van Rijn, multi grain size) 

 



 

 

96 

 

 

Figure 76 Frequency distribution of depth change around barrier 

islands from 1982 to 1986 (van Rijn, multi grain size) 

 

Case 2 model runs (Table 4) address the effect of applying a spatially 

uniform distribution mean grain size (Kim and Ha, 2001) to three sediment 

transport equations (Figure 77 to 82). The results based on the uniform 

mean grain size are similar to the spatially varying mean grain (Figure 77, 

79, and 81). The calculated frequency distributions of model depth change 

based on the Lund-CIRP and Soulsby sediment transport equations were 

similar to those of Case 1 and overall similar to depth changes between 

1982 and 1986 (Figure 78 and 80). Results calculated by van Rijn equation 
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included a notable higher frequency of depth change of 0.1 m compared 

to results from the other sediment transport formulations (Figure 82). 

Within model Cases 1 and 2, the Lund-CIRP sediment transport equation 

was considered to provide the similar sediment transport patterns around 

Jinu-do and Shinja-do between model and measure depth changes. 

 

 

Figure 77. Computed morphological change (red is deposition, and 

blue is erosion) around barrier islands between 1982 and 1986 

(Lund-CIRP, 0.25 mm mean grain size) 
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Figure 78. Frequency distribution of depth change around barrier 

islands from 1982 to 1986 (Lund-CIRP, 0.25 mm mean grain 

size) 

 

 

Figure 79. Computed morphological change (red is deposition, and 

blue is erosion) around barrier islands between 1982 and 1986 

(Soulsby, 0.25 mm mean grain size) 
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Figure 80. Frequency distribution of depth change around barrier 

islands from 1982 to 1986 (Soulsby, 0.25 mm mean grain size) 

 

 

Figure 81. Computed morphological change (red is deposition, and 

blue is erosion) around barrier islands between 1982 and 1986 

(van Rijn, 0.25 mm mean grain size) 
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Figure 82. Frequency distribution of depth change around barrier 

islands from 1982 to 1986 (van Rijn, 0.25 mm mean grain size) 

 

Model Case 3 (Table 4) examines the influence of changing mean grain 

size on model performance. Thus, three separate model runs were 

conducted using a uniform grain size over the model grid including 0.2 

mm. 0.3 mm, and 0.35 mm (Figure 83 to 88). The model test applying 0.2 

mm mean grain size uniformly distributed over the model grid (Figure 83 

and 84) overestimated erosion and deposition around shorelines of barrier 

islands. Erosion and depth increases of up to 4 m occurred in channels 
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between Jinu-do and Shinja-do and between Shinja-do and Bakhab-deung. 

It also made deposition within 4 to 5 m at offshore of barrier islands and 

exit of Nakdong River. The model test case of applying 0.3 mm grain size 

uniformly over the model grid (Figure 85 and 86) provided similar results 

to those from the 0.2 mm size in Figure 78. However, erosion and 

deposition values were underestimated around shoreline of Jinu-do and 

Shinja-do. In the case of 0.35 mm mean grain size applied over the grid 

(Figure 87 and 88), reduced the movement of sand and consequently 

reduced the magnitude of depth changes compared to the results of 

model tests of other particle sizes. The reduction in sand movement was 

reflected in the higher frequency of zero depth change as shown in Figure 

87. 

Based on the model results from applying different sediment grain size 

values over the model grid, 0.25 mm was considered the appropriate mean 

grain size for model tests involving a uniform the mean grain size in the 
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study area. 

 

 

Figure 83. Computed morphological change (red is deposition, and 

blue is erosion) around barrier islands between 1982 and 1986 

(Lund-CIRP, 0.2 mm grain size) 
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Figure 84. Frequency distribution of depth change around barrier 

islands from 1982 to 1986 (Lund-CIRP, 0.2 mm grain size) 

 

 

Figure 85. Computed morphological change (red is deposition, and 

blue is erosion) around barrier islands between 1982 and 1986 

(Lund-CIRP, 0.3 mm grain size) 
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Figure 86. Frequency distribution of depth change around barrier 

islands from 1982 to 1986 (Lund-CIRP, 0.3 mm grain size) 

 

 

Figure 87. Computed morphological change (red is deposition, and 

blue is erosion) around barrier islands between 1982 and 1986 

(Lund-CIRP, 0.35 mm grain size) 
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Figure 88. Frequency distribution of depth change around barrier 

islands from 1982 to 1986 (Lund-CIRP, 0.35 mm grain size) 

 

In Case 4 (Table 4), a spatially uniform mean grain size was combined 

with spatially varying friction coefficients to account for variations in 

topography and smooth that affect flow speeds (Figure 89 and 90). In the 

measured data sets (Figure 66) apparent erosion was present within the 

waterway near west and east Bakhab-deung. This was due to dredging of 

the waterway. Consequently, model results shown in in Figure 89 and 90, 

did not include dredging by construction of Nakdong Estuary Dam and 
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creating the Myeongji complex. 

 

 

Figure 89. Computed morphological change (red is deposition, and 

blue is erosion) around barrier islands between 1982 and 1986 

(Lund-CIRP, mean grain size: 0.25 mm, and multi bottom 

friction coefficients based on multi grain size distribution) 
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Figure 90. Frequency distribution of depth change around barrier 

islands from 1982 to 1986 (Lund-CIRP, mean grain size: 0.25 

mm, multi bottom friction coefficients based on multi grain 

size distribution) 

 

The numerical model was able to calculate the sediment transport with 

enough accuracy to produce topographic changes similar to measured 

changes to a first order. Further, the similarity of calculated and measured 

frequency distribution of depth changes over long time scales indicated 

that sediment transport calculations were realistic and not overcalculated. 

The evaluation for the accuracy of depth change was confirmed the 

applied grid area (5544 grids) without land-cells The Normalized Root 
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Mean Squared Error (RMSE) was used to evaluate the accuracy of results 

by comparing differences between measured depth changes and 

computed depth changes (Table 5). From Table 5, Lund-CIRP equation with 

uniform grain size and multi-bottom friction coefficients based on the 

mean grain size distribution had higher accuracy (1.6 %) than other cases. 

Thus, the results of the CMS modeling scheme as setup and validated 

about measured data showed sufficient ability to analyze the overall 

pattern of sediment deposition near the coastline of barrier islands. Thus, 

it is possible to perform a numerical model prediction to quantify the 

long-term influence of construction of the Nakdong Estuary Dam. 
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Table 6. Error rates between measured depth changes and computed 

depth changes (calculated by Normalized Root Mean Squared Error 

(RMSE). 

Case Name Error rate (%) 

Spatially varying grain size  

with Lund-CIRP equations  

(bottom friction coefficients: 0.006) 

2.47 

Spatially varying grain size  

with Soulsby equations  

(bottom friction coefficients: 0.006) 

2.15 

Spatially varying grain size  

with van Rijn equations  

(bottom friction coefficients: 0.006) 

2.33 

Spatially uniform grain size (0.25 mm) 

with Lund-CIRP equations  

(bottom friction coefficients: 0.006) 

2.56 

Spatially uniform grain size (0.25 mm) 

with Soulsby equations  

(bottom friction coefficients: 0.006) 

2.34 

Spatially uniform grain size (0.25 mm) 

with van Rijn equations  

(bottom friction coefficients: 0.006) 

2.34 

Spatially uniform grain size (0.20 mm) 

with Lund-CIRP equations  

(bottom friction coefficients: 0.006) 

2.48 

Spatially uniform grain size (0.30 mm) 

with Lund-CIRP equations  

(bottom friction coefficients: 0.006) 

2.58 

Spatially uniform grain size (0.35 mm) 

with Lund-CIRP equations  

(bottom friction coefficients: 0.006) 

2.56 

Spatially uniform grain size (0.25 mm) 

with Lund-CIRP equations 

(multi-bottom friction coefficients) 

1.60 
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4.4 Model Results and Discussion 

 

Numerical modeling cases were built to analyze the effects of structures. 

The first case compared the model predicted natural state without 

structures installed in the Nakdong Estuary with the modified condition 

with Nakdong Estuary Dam. The second case compared the natural state 

without Busan New-ports and the Nakdong Estuary Dam and the actual 

case with the installation of these structures (Table 5). 
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Table 7. Numerical modeling cases for comparing effects of Nakdong 

Estuary Dam and Busan New-ports, Republic of Korea. 

Case number Object 

1 

Compare model results (1982-1995) with actual 1995 bathymetry. 

• Nakdong Estuary Dam 

2 

Compare model results (1982-2013) with actual 2013 bathymetry. 

• Nakdong Estuary Dam 

• Busan New-Ports  

 

For the Case 1, the predicted depth changes along offshore side of 

barrier islands from 1982 and 1995 had similar morphology as the 

bathymetry changes between 1982 and 1986 (Figure 65) except east of 

Bakhab-deung. Flow from the upper-river was controlled during this 

period, and sediment supply was restricted by Nakdong Estuary Dam. This 

yielded a lower sediment concentration at east Bakhab-deung area (Figure 
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91). Nevertheless, sediment accumulated at the channel located east of 

Bakhab-deung due to discharge of suspended sediment through the 

Nakdong Estuary Dam resulted in the relative decrease in the depth 

changes as indicated by the increase in the frequency of 0 m mode in 

Figure 92.  

 

 

Figure 91. Morphological change (red is deposition, and blue is erosion) 

around barrier islands with Nakdong Estuary Dam present 

between 1982 and 1995. 
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Figure 92. Frequency distribution of depth change of sediment 

transport around barrier islands with Nakdong Estuary Dam 

from 1982 to 1986 and from 1982 and 1995 

 

In the Case 1 computed results from 1982 to 1995, predominant depth 

changes occurred to the horizontal edges of Jinu-do and the channel 

between Shinja-do and Bakhab-deung. East and west Bakhab-deung had 

a different predicted bathymetric distinction between 1982 and 1995 

(Figure 93). The difference between measured depth and modeled 

morphological transformations may be explained by the number of 

scheduled discharges from Nakdong Estuary Dam (Figure 61). Model 
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results north of Jinu-do and Shinja-do also show different sediment 

patterns due to the flow from the channel between Myeongji-dong and 

Eulsuk-do. The frequency distribution of depth changes illustrated Figure 

92 indicates this morphological change occurred between 0.5 m and 1.0 

m. It implies that the modal depth change shifted from 0 m moved to 

active depth change area within 0.2 m to 1.0 m. 

 

 

Figure 93. Computed morphological change (red is deposition, and 

blue is erosion) around barrier islands without Nakdong 

Estuary Dam between 1982 and 1995 (Lund-CIRP, mean grain 

size: 0.25 mm, and multi bottom friction coefficients) 
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Figure 94. Frequency distribution of depth change around barrier 

islands without Nakdong Estuary Dam from 1982 to 1995 

(Lund-CIRP, mean grain size: 0.25 mm, multi bottom friction 

coefficients based on multi grain size distribution) 

 

In the Case 2 (Table 5) measured data, the navigational channel in 

Maenggeummeori-do was developed between 1985 and 2013. This 

construction influenced the flow pattern around barrier islands, and shifted 

sediment patterns between Shinja-do and Bakhab-deung. The channel of 

east Jinu-do shoaled between 1 m and 2 m. This is attributed to the 

influence of construction of Busan New ports (Figure 95). The sediment 
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deposition at south Bakhab-deung produced offshore shoaling. The 

channel between Shinja-do and Bakhab-deung migrated to east towards 

Shinja-do. It caused a reduction of sediment transport rate around barrier 

islands (Figure 96).  

 

 

Figure 95. Morphological change (red is deposition, and blue is erosion) 

around barrier islands with Nakdong Estuary Dam and Busan 

New ports, located Nakdong Estuary between 1982 and 2013. 

 



 

 

117 

 

 

Figure 96. Frequency distribution of depth change of sediment 

transport around barrier islands with Nakdong Estuary Dam 

and Busan New ports from 1982 to 1986, from 1982 to 1995, 

and from 1982 to 2013 

 

In the model results of the Case 2 (Table 5), the deposition prevailed 

erosion in the east Shinja-do area, and sediment deposition in this area 

blocked the channel between Shinja-do and Bakbab-deung. (Figure 97 and 

98). This situation is likely to have been caused by the influx of sediments 

from the Nakdong River, and indicated that in reality the Nakdong River 

Estuary Dam limited sandy sediment transport into the estuary. 
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Continuous dredging for the maintenance of waterways has been 

conducted to prevent the shoaling after construction of the Nakdong 

Estuary Dam. The model run in Case 2 (Table 5) assumed that the Nakdong 

Estuary Dam was not enough explaining the difference between predicted 

model result and measured bathymetric changes. However, this difference 

highlighted the influence of the Nakdong Estuary Dam on the region with 

respect to sedimentation.  
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Figure 97. Computed morphological change (red is deposition, and 

blue is erosion) around barrier islands without Nakdong 

Estuary Dam and Busan New ports between 1982 and 2013 

(Lund-CIRP, mean grain size: 0.25 mm, and multi bottom 

friction coefficients) 
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Figure 98. Frequency distribution of depth change around barrier 

islands without Nakdong Estuary Dam and Busan New ports 

from 1982 to 2013 (Lund-CIRP, mean grain size: 0.25 mm, 

multi bottom friction coefficients based on multi grain size 

distribution) 
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5. Conclusions 

 

Based on Center Point Distance Analysis (CPDA), distances from datum 

to shorelines revealed temporal morphological patterns of barrier islands. 

The average of distances can explain the trend of distance change during 

specified periods. From 1972 to 1986, before construction of Nakdong 

estuary dam, inside shorelines were advanced 11 m/year to offshore, and 

outside shorelines were also advanced to 4 m/year to offshore. However, 

after dam was constructed, both shorelines were advanced to onshore, 

inside shoreline advanced 6 m/year to onshore, and outside shoreline 

advanced 14 m/year to onshore between 1986 and 2006. In this period, 

any special events were not observed. The most significant factor was the 

discharge rate of Nakdong Estuary dam based on the comparison of 

factors influencing morphological transformations. The numerical model 

setup for morphologic changes in the Nakdong Estuary was accurate with 
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respect to the mild topographic changes that occurred between 1982 and 

1986 as mentioned in model calibration. The CMS modeling scheme had 

the sufficient ability to assess morphological changes in the study area in 

spite of the limitations of insufficient information on sediment loads from 

the Nakdong Estuary watersheds The comparison of observation data and 

model results is not exact, the overall pattern of morphological change is 

comparable between 1982 and 1995. 

Between 1982 and 1995, the morphological change around Shinja-do 

and Bakhab-deung was due to the dredging for the construction of 

Nakdong Estuary Dam and localized dredging to build industrial and 

residential complexes. The only changes due to natural processes were 

observed in the vicinity of Jinu-do and the west of Shinja-do (Figure 91). 

Natural sediment transport in this portion of the study area is dominated 

by a combination of river discharge, tidal currents and wave processes. 
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Between 1982 and 2013, the construction of waterway in 

Maenggeummeori-do was considered to be the main cause of the 

changes in the eastern side of the Estuary as seen in the topographic 

change pattern near the waterway (Figure 93). Erosion had been 

predominant in the western Jinu-do, but the sedimentation patterns 

shifted to deposition from 1995 to 2013 (Figure 94). This was influenced 

by the decrease of the flow rate between Gadeok-do and Noksan industrial 

complex due to the construction of Busan New Ports. From the model 

results between 1982 and 2013, there were conflicting results between the 

model results and the bathymetry differences around Shinja-do and 

Bakhab-deung. This phenomenon occurred due to the different amount 

of sediment flow from the Nakdong Estuary Dam (Figure 60 and 61), the 

construction of waterways through the Maenggeummeori-do, and the 

continuous dredging to maintain the waterway. 
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Based on the comparison of measured data and numerical model result, 

Nakdong Estuary dam is the major factor of decreasing amount of inflow 

suspended sediment from Nakdong River. If the dam was not constructed 

in the study area, estuary area would be filled by sediment and become 

land (Figure 97). The CMS numerical model with LUND-CIRP sediment 

transport equation as presented will provide valuable information to 

minimize negative effects on the morphology of barrier islands and to 

maintain the open waterways properly. Also, the CMS numerical model 

can be used to accurately assess possible environmental and 

morphological impacts in the Nakdong estuary.  
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Appendix 

 

Lund-CIRP formula was developed for bed and suspended loads by 

Camenen and Larson (2005). The bed and suspended load is concerned 

under waves and currents. The waves are generally assumed to be 

symmetric in CMS. The current-related bed load transport with wave is 

 

𝑞𝑏∗

√(𝑠−1)𝑔𝑑50
3

= 𝑓𝑏𝜌𝑠12√𝜙𝑐𝜙𝑐𝑤,𝑚 exp [−4.5
𝜙𝑐𝑟

𝜙𝑐𝑤
]    (1) 

 

qb∗ = Equilibrium bed load transport (kg/m/s) 

d50 = median grain size (m) 

s = sediment specific gravity or relative density 

g = gravitational constant (9.81 m/s2) 
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ρs = sediment density (default: 2650 kg/m3) 

𝜙𝑐 = Shields parameters due to currents 

𝜙𝑐𝑤,𝑚 = mean Shields parameters due to wave and currents 

𝜙𝑐𝑤 = maximum Shields parameters due to wave and currents 

𝜙𝑐𝑟 = critical Shields parameters 

 𝑓𝑏 = Bed-load scaling factor (default: 1.0) 

 

The current related shear stress is 

 

τc = 𝜌𝑐𝑏𝑈2     (2) 

 

ρ =water density 
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𝑈 = current velocity magnitude 

𝑐𝑏 = bed friction coefficient = [
κ

ln(ℎ/𝑧0)−1
]

2

 

κ = von Karman constant (0.4) 

ℎ = total water depth 

𝑧0 = roughness length = 𝑘𝑠/30 

𝑘𝑠 = total bed Nikuradse roughness  

 

The current-related suspended load transport with wave is 

 

𝑞𝑠∗

√(𝑠−1)𝑔𝑑50
3

= 𝑓𝑠𝜌𝑠𝑐𝑅𝑈
𝜖

𝜔𝑠
[1 − exp(−

𝜔𝑠ℎ

𝜖
)]  (3) 
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qs∗ = Suspended load transport (kg/m/s) 

𝑈 = Depth-averaged current velocity (m/s) 

ℎ = Time-averaged total water depth (m) 

ωs = Sediment fall velocity (m/s) 

ϵ = Vertical sediment diffusivity (m2/s) 

cR = Reference bed concentration (kg/m3) 

𝑓𝑆 = Suspended-load scaling factor (default 1.0) 

 

Soulsby (1997) proposed formula to calculate the total load sediment 

transport with combined current and waves. 

 

qt∗ = 𝜌𝑠𝐴𝑠𝑈 [(𝑈2 + 0.018
𝑢𝑟𝑚𝑠

2

𝐶𝑑
)

0.5

− 𝑈𝑐𝑟]
2.4

    (4) 
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qt∗ = Equilibrium total-load transport (kg/m/s) 

ρs = sediment density (~2650 kg/m3) 

As = empirical coefficient = 𝐴𝑠𝑏 + 𝐴𝑠𝑠 

 

Asb and  𝐴𝑠𝑠 are related to the bed and suspended loads 

 

Asb = 𝑓𝑏
0.005ℎ(𝑑50/ℎ)1.2

[(𝑠−1)𝑔𝑑50]1.2     (5) 

Ass = 𝑓𝑠
0.012𝑑50𝑑∗

−0.6

[(𝑠−1)𝑔𝑑50]1.2
     (6) 

 

U = depth-averaged current velocity (m/s) 

𝑢𝑟𝑚𝑠 = peak bottom wave orbital velocity based on the root-mean-
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squared wave height (m/s) 

Cd = drag coefficient due to currents alone, and the coefficient 

Ucr = critical depth-averaged velocity for initiation of motion (m/s) 

 

The van Rijn (1984) developed sediment transport equations to 

calculate bed load and suspended load. The equations are given by 

 

𝑞𝑏∗ = 𝑓𝑏0.015𝜌𝑠𝑈ℎ (
 𝑈𝑒−𝑈𝑐𝑟

√(s−1)gd50
)

1.5

(
𝑑50

ℎ
)

1.2

   (7) 

𝑞𝑠∗ = 𝑓𝑠0.012𝜌𝑠𝑈𝑑50 (
 𝑈𝑒−𝑈𝑐𝑟

√(s−1)gd50
)

2.4

𝑑∗
−0.6   (8) 

 

qb∗ = Equilibrium bed-load transport (kg/m/s) 

qs∗ = Equilibrium suspended-load transport (kg/m/s) 
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d50 = median grain size (m) 

s = sediment specific gravity or relative density 

g = gravitational constant (9.81m/s2) 

ρs = sediment density (~2650 kg/m3) 

U = depth-averaged current velocity (m/s) 

Ucr = critical depth-averaged velocity for initiation of motion 

Ue = effective depth averaged velocity = U + 0.4uw 

fs = Suspended-load scaling factor (default 1.0) 

fb = Bed-load scaling factor (default 1.0) 

 

The Lund-CIRP is known as well predicting model in the case of the 

surf zone sediment transport. But Lund-CIRP tends to overestimate the 
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transport rates around the wetting and drying area. The van Rijn’s 

sediment transport equations and Soulsby’s sediment transport equations 

tend to underestimate the sediment transport rate under the critical shear 

stress condition and near the shoreline. 


