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Abstract

In cooperation with Ho Chi Minh City University of Vietnam, beach changes on the coasts of Phan Rang City 270 km east of Ho
Chi Minh City were investigated. Beach changes associated with the elongation of a sand spit and sand accumulation owing to
the blockage of longshore sand transport by a jetty were investigated using satellite images together with site observation. This
method combined satellite image analysis and site observation is useful for investigating beach changes in developing countries,
where field data necessary for the analysis are often lacking. Preventive or mitigation measures were considered in view of
Integrated Coastal Zone Management in place of the local optimization.
© 2014 The Authors. Published by Elsevier B.V.
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1. Introduction

In general, when a predominant longshore sand transport is blocked by an artificial structure extending across the
shoreline, sand is deposited upcoast of the structure, and the beach is eroded downcoast (Uda, 2010). In Japan, beach
changes owing to this cause have widely occurred since the 1970s. In developing countries, beach erosion
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Fig. 1. Satellite image of study area near Phan Rang City in Fig. 2. Enlarged satellite image of rectangular area in Fig. 1.
southeast Vietnam.

owing to the same cause has been occurring with rapid economic development, and when the situation is left as it is,
it may be a factor causing significant external diseconomies. To prevent this situation from occurring, the effect of
various anthropogenic factors should be evaluated beforehand, and measures should be considered. However, there
are many cases wherein environmental protection is considered with development taking a higher priority. The
authors are interested in shore protection in developing countries experiencing rapid economic growth, and field
observations have been carried out in several countries. This work is one of such studies in cooperation with Ho Chi
Minh City University of Vietnam, and the coasts of Phan Rang City, 270 km east of Ho Chi Minh City, was
investigated. It was shown that the beach changes could be investigated by the combined method of satellite image
analysis and site observations, even if sufficient data necessary for the analysis is difficult to obtain, such as in the
case of developing countries. In the site observation, the berm height and foreshore slope were measured at several
points using a measuring staff and a measure together with the photographing of the beach (Uda and Ishikawa, 2007).
Finally, it is concluded that various mitigation measures should be considered instead of local optimization in view
of Integrated Coastal Zone Management to prevent beach erosion from expanding.

2. General conditions of study area

On October 25, 2013, field observation was carried out on the coasts of Phan Rang City in southern Vietnam.
This city is located in Nha Trang Province and is 40 km south of Cam Ranh Bay. Because this area is a dry area with
little precipitation (approximately 300 mm per year) and has a natural sandy beach, many hotels for a seaside resort
have been rapidly built in recent years. Figure 1 shows a satellite image of the study area, as indicated by a rectangle.
The direction of the coastline extending south of Cam Ranh Bay changes westward at a point 14 km east of Phan
Rang City, and the coastline again extends southward with a semicircular bay in Phan Rang City. Figure 2 shows an
enlarged image of the rectangular area shown in Fig. 1. The length of the primary axis connecting the north and south
ends of the semicircular bay is 4.4 km, and the distance between this axis and the bay bottom is 1.9 km. Dam Nai
Bay is located near the north end of the bay, and the Cai River flows into the sea near the south end. The numbers in
Fig. 2 show the location numbers of the photographs taken during the field observation.

3. Formation of a sand spit at south end of embayed shoreline in Phan Rang City

There is a foreland at the south end of the embayed shoreline in Phan Rang City. Here, the changes in the foreland
since 2003 were investigated using satellite images. First, Fig. 3(a) shows the satellite image taken on March 27,
2003. At this time, a cuspate foreland with a vertical angle of 70° was present. Although the sandy beach extended
on both sides, the beach of 25 m width extended alongshore with a vegetation area up to the tip of
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Fig. 3. Changes in cuspate foreland located at south end of embayment between March 2003 and September 2013.

the cuspate foreland on the south beach, whereas the beach was wider on the north side. By August 1, 2011, a seawall
had been constructed along the marginal line through point P, while smoothly covering the residential area (Fig.
3(b)), and simultaneously, a sand spit was newly formed at the east end of the foreland. Although the shoreline of
the sand spit smoothly connected to the shoreline in 2003 in the south part, the shoreline markedly protruded at the
tip of the cuspate foreland, implying that the sand spit was formed by the succesive sand transport from the south.

By April 3, 2012, the foreland that protruded eastward in August 2011 was significantly deformed, and the
shoreline smoothly extended as a whole, while leaving a small-scale sand spit at the tip (Fig. 3(c)). In response to
the deformation of the sand spit, sand was transported northward, resulting in the widening of the foreshore north of
the cuspate foreland. By December 9, 2012, a slender recurved sand spit extended from the south, enclosing a water
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body (Fig. 3(d)). On the other hand, the sandy beach was narrowed west of the tip of the recurved sand spit, similarly
to that in August 2011. This is because sand could not be transported smoothly along the shoreline by the northward
longshore sand transport with the development of a sand spit, and the shoreline receded in the area where sand was
not supplied by longshore sand transport. By April 2, 2013, the tip of the slender sand spit reached the other shore,
enclosing a lagoon (Fig. 3(e)). Then, a large amount of sand was deposited on the south side of the foreland, resulting
in an increase in the width of the cuspate foreland in the south-north direction (Fig. 3(f)). It was concluded that a
sand spit was intermittently formed by the sand supplied from the Cai River and transported northward near the
foreland at the south end of the embayed shoreline.

Fig. 4. Shoreline changes in each period between 2003 and 2013.
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Figures 4(a)-4(f) show the shoreline changes in each period between March 27, 2003 and September 3, 2013, as
determined from the satellite images. Here, no correction was made regarding the change in the shoreline position
owing to the change in the tide level, because the tide level when the satellite image was taken was unknown and the
foreshore slope was as steep as 1/7, reducing the error in the determination of the shoreline position.

First, sand was predominantly deposited in a wide area south of the foreland between March 2003 and August
2011 (Fig. 4(a)). In contrast, the shoreline receded immediately north of the sand spit formed at the tip of the foreland
because of the disruption of continuous sand transport. Between August 2011 and April 2012, the shoreline receded
at the tip of the sand spit that protruded eastward, and simultaneously, the shoreline advanced by a maximum of 29
m in length in an area with a 123 m length immediately north of the sand spit; sand redeposited up to August 2011
(Fig. 4(b)). The shoreline changes in this period clearly demonstrates the occurrence of northward longshore sand
transport around the tip of the sand spit. Between April and December in 2012, a recurved spit was formed at the
east end of the foreland, and the tip of the recurved spit significantly extended westward (Fig. 4(c)). During this
period, marked shoreline changes occurred only in the area between X = 300 and 700 m, which included the tip of
the recurved spit, and with the northward elongation of the sand spit, the shoreline receded downcoast of the recurved
spit over a distance of 245 m because of the decrease in longshore sand transport. Between December 2012 and April
2013, the eastern part of the recurved spit, which had been formed by December 2012, was eroded, and
simultaneously, the sand spit extended westward, resulting in the formation of a barrier with a lagoon inside (Fig.
4(d)). For the extension of a slender sand bar with a lagoon inside, it is necessary that the water depth of the sand
deposition zone be extremely shallow, as shown by Miyahara et al. (2014), and the extension of the sand spit and
the formation of a barrier in this period were assumed to be possible because this condition was met. Between April
and September 2013, sand was deposited along the external boundary of a barrier with a lagoon inside (Fig. 4(e)).
In particular, the shoreline advance of a maximum of 59 m occurred on the south side of the sand bar that protruded
eastward, and sinusoidal variation of the shoreline can be seen between the east and north sides of the foreland caused
by shoreline instability (Ashton and Murray, 2006; Serizawa et al., 2012; Uda et al., 2014) because of oblique wave
incidence at the tip of the foreland. In contrast to the sand deposition at the east end of the foreland, the shoreline
had receded approximately 15 m south of X = 650 m, resulting in the increase in the longshore gradient of the
shoreline. For example, the angle of the direction normal to the shoreline at a point where the shoreline intersects
with the axis of Y = 400 m rotated counterclockwise by 10° from N46°E in April 2013 to N56°E in September 2013.
From this change in the shoreline direction, it is inferred that the angle of the southerly wave incidence was greater
in September 2013 than in April 2013. Finally, between March 2003 and September 2013, it was found that the area
of the foreland markedly increased (Fig. 4(f)).

Fig. 5. Change in foreshore area between X = 300 and 700 m.
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The calculated changes in the foreshore area between X = 300 and 700 m, where dominant beach changes were
observed as shown in Fig 4(f), are shown in Fig. 5. Although the increase in the foreshore area of the foreland was
as small as 1.2×104 m2 between March 2003 and April 2012, large changes, such as 1.6×104 and 1.7×104 m2, occurred
between April and December 2012, and between April and September 2013, respectively. Of the two cases, a
recurved spit developed on the beach between April and December 2012, and the tip of the sand spit did not reach
the other shore, indicating that almost all of the longshore sand transport from the south coast was blocked so that
the sand will be used only for the formation of the recurved spit. Similarly, the foreland markedly protruded eastward
between April and September 2013, and therefore, during this period, it is assumed that the northward longshore
sand transport was blocked. For these reasons, the increase in the foreshore area in each period is assumed to be due
to the blockage of northward longshore sand transport. The foreshore area increased by 3.8×104 m2 in the entire
period between March 2003 and September 2013 at a rate of 3.6×103 m2/yr.

The characteristic height of beach changes, h, is not given on this coast because of the lack of beach survey data.
Therefore, we roughly estimated h using the berm height hR. In the field observation, the berm height of 1.7 m was
measured on the beach immediately south of point P in Fig. 3 using a staff and measure. On the other hand, Uda
(1997) showed the relationship between hR and the depth of closure hc as

CR hh 31.0 . (1)

By substituting hR into Eq. (1), hc then becomes 5.5 m. Furthermore, h is approximately given by (1.0-1.3) hc, as
proposed by Uda (1997), and therefore, h becomes 5.5-7.2 m with an average of 6.4 m. By multiplying this value
with the rate of increase in the foreshore area of the foreland between April and December 2012, and between April
and September 2013, the rate of sand deposition in both periods was evaluated to be 1.1×105 m3. In addition, it
became 2.4×105 m3 in the entire period between March 2003 and September 2013. The rapid increase in sand volume
between April and December 2012, and between April and September 2013 was assumed to be due to the sand
supply from the Cai River. By calculating the mean rate of sand deposition in the entire period between March 2003
and September 2013, it was determined to be 2.3×104 m3/yr. Since part of the longshore sand transport flowed out
north of the cuspate foreland during this period, this gives the lower minimum of the northward longshore sand
transport.

4. Beach changes east of entrance jetty to Dam Nai Bay

Dam Nai Bay has been used as a fishing port, and jetties have been constructed at the entrance to the bay to
maintain the navigation channel. The opening width between the jetties is 250 m, and the east jetty extends over 574
m from the coastline. This jetty blocked westward longshore sand transport, and sand was deposited east of the jetty
forming a wide foreshore. Because this beach has expanded over time, the change was investigated using the satellite
images taken between 2003 and 2013. Figure 6(a) shows the satellite image taken on March 27, 2003. The east jetty
of impermeable type extended for a 560 m length from the coastline. At this stage, sand transported from the east
coast had already been deposited, and a sandy beach began to be formed while leaving a small water body. By August
1, 2011, the sandy beach was markedly expanded via shoreline advance by 312 m from the coastline, and a smoothly
curved shoreline was formed on the east side of the jetty (Fig. 6(b)). By April 3, 2012, the shoreline advanced by
343 m parallel to the previous shoreline (Fig. 6(c)). Subsequently, the shoreline advanced until December 9, 2012,
as shown in Fig. 6(d). The foreshore east of the jetty had continuously expanded by September 3, 2013, and the
shoreline advanced by 355 m.

Figure 7 shows the shoreline changes determined from the satellite images. On the east side of the jetty, the sandy
beach had expanded owing to the blockage of westward longshore sand transport. The increase in the foreshore area
since March 25, 2003, between X = 400 m and the jetty, was calculated with reference to the shoreline on March 27,
2003 (Fig. 8). There is scatter of data points, but the area monotonically increased. By calculating the increase in the
foreshore area between March 27, 2003 and September 2013, and dividing by the elapsed period, the rate of increase
in the foreshore area was determined to be 6.4×103 m2/yr. Furthermore, by multiplying this value by the characteristic
height of beach changes of 6.4 m estimated in 3. and assuming that the westward longshore sand transport was fully
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blocked by the jetty, the longshore sand transported through the entrance of Dam Nai Bay and to the central part of
the embayment was estimated to be 4.1×104 m3/yr.

Fig. 6. Beach changes upcoast of east jetty separating entrance channel of Dam Nai Bay.

Fig. 7. Shoreline changes upcoast of east jetty between March 2003 Fig. 8. Changes in foreshore area between March 2003
and September 2013. and September 2013.
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5. Concluding remarks

At the south end of the embayed shoreline in Phan Rang City, sand was transported northward around the tip of
the foreland by longshore sand transport, and a slender sand spit was formed. During this event, the beach downcoast
of the sand spit was eroded because of the discontinuity of longshore sand transport. However, when the sand spit
connected the downcoast shoreline after further elongation of the sand spit, sand movement along the marginal
shoreline of the barrier was possible. The mechanism of this sand movement was shown by Miyahara et al. (2014),
and such an intermittent sand movement is considered to take place at the south end of the embayed shoreline in
Phan Rang City. Although the beach will be eroded before the attachment of the sand spit to the downcoast, sand
will be supplied again by longshore sand transport after the attachment, resulting in the redeposition of sand on the
downcoast. The shoreline variation caused by this mechanism has recurrently occurred at the south end of the
embayed shoreline in Phan Rang City.

At the northeast end of the embayed shoreline, westward longshore sand transport was blocked by the
impermeable jetty, and the rate of longshore sand transport blocked by this jetty was estimated to be 4.1×104 m3/yr.
Since this longshore sand transport is originally supplied into the embayed shoreline, the beach west of the jetty
should be eroded, as long as the sand movement is blocked at the jetty. The rate of increase in the foreshore area
calculated as the sum of the values at the south and north ends of the embayment between March 2003 and September
2013 is equal to 1.0×104 m2/yr. By dividing this rate by the entire coastline length of 6.5 km of the embayment, the
rate of the shoreline advance per unit time and length is calculated to be 1.5 m/yr. When the blockage of longshore
sand transport continues, the rate of increase in the foreshore area decreases by 64% and the rate of shoreline advance
will be 0.51 m/yr. Regarding these issues, preventive or mitigation measures should be considered in view of
Integrated Coastal Zone Management instead of the local optimization, in which measures are considered locally
only for the eroded area. To avoid further impact to the beaches, sand bypassing is required at the northeast end of
the pocket beach. In contrast, the beach should be left unchanged at the south end, while permitting intermittent sand
movement to avoid the expansion of hard structures.
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