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Abstract. Pranburi Jetties, a pair of long jetties with a length of 800 m and 860 m, have been
constructed at the Pranburi River inlet, located on the western coast of the Gulf of Thailand
since 1999 to stabilize the river mouth. The purposes of this study were to evaluate the
responses of shoreline due to the construction of Pranburi Jetties, and the accuracy of the
One-Line model (OLM) on predicting the shoreline change due to construction. Based on
the shoreline positions retrieving from aerial photographs and satellite imagery during 19672018, the difference in shoreline evolution before and after the construction of the jetties
was evaluated using ArcGIS and Digital Shoreline Analysis System. The predicted shorelines
using the One-Line model were compared with the image-analyzed shorelines for evaluating
the accuracy of the model. The results indicated that the construction of Pranburi Jetties
had caused the shoreline accretion at the vicinity of the jetties with the maximum accretion
of up to 300 m in 2018. The land growth of 16.2 and 9 ha took place at the northern and
southern coasts, respectively. The percentage of errors between the predicted and the imageanalyzed shoreline varied from 2 to 13,000 percent with an average of 250 percent.
Misprediction in shoreline change using a numerical model caused unnecessary construction
of three detached breakwaters at the northern coast of the jetty.
Keywords: Coastal structure, shoreline change, sediment characteristics, One-Line model,
monitoring.
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1. Introduction
Coastal structures are constructed along coastal zones
for many purposes, such as to control wave and storm
surge action and to stabilize a beach. They are also crucial
to the establishment of safe and efficient navigation
channels and harbor areas [1]. Jetties are common
structures built parallel to the inlet channels to channelize
an inlet’s tidal flow and to reduce the shoaling of the
channel by littoral material [2], [3]. The presence of a jetty
may alter hydrodynamic regimes, and sediment erosion
and/or deposition are consequently created or
redistributed. Therefore, the monitoring of jetties’
performance in protecting navigation and their impact on
their surrounding are technically required. Additionally,
projects with new designs or projects designed with the
aid of mathematical or hydraulic model studies should be
monitored to provide prototype verification of model
studies [3].
Most coastal structures receive some monitoring,
which may consist of a periodic site visit, accurate surveys,
or observation of environment factors [3], [4]. Results
from a monitoring program technically provide
information on the need for future maintenance and the
modification of the project. Nevertheless, the information
will be useful for designing future similar structures, so
monitoring program is quite common in engineering
works worldwide [3]-[10]. In Thailand, many coastal
structures have been employed by either public authorities
or private sectors during the past half-century. The
structures have been used to protect the assets and to
reduce the threats from coastal erosion and flooding.
However, the monitoring of the coastal project in
Thailand has rarely been documented. [11].
The Pranburi Inlet is one of the most important
locations for a fishery in Prachuap Khiri Khan Province,
which is located in the western part of the Gulf of
Thailand (Fig. 1). The Pranburi River mouth had
experienced a shoaling of the navigation channel due to
river sediment and longshore sediment transport
deposited at the river mouth. This shoaling had to render
continuous dredging with a cost of about 80,000
USD/year. To stabilize the Pranburi navigation channel.
The Pranburi Jetties Project was developed by the Marine
Department [12], and the construction of the jetties was
completed in 1999.
In the design process of the Pranburi Jetties project,
the One-Line numerical model [13], [14], were used to
predict the impact of the designed jetties on shoreline
change of the Pranburi Coast. The required data for the
model simulation mainly consisted of wind and wave
characteristics, initial shoreline, bathymetry, sediment
transport data, and the dimension of the design structure
[13]. However, with the limitations of the One-Line model
itself and the quality and quantity of available input data,
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the predicted shoreline response due to the design jetty
may contain uncertainty to some extent.
Up to the present, the One-Line model is still widely
used as a standard method for studying the shoreline
response due to coastal development projects in Thailand
[15]-[17]. The monitoring of the Pranburi Jetties project
that has been operated for two decades may contribute
some useful information to improve coastal planning and
development in Thailand. The objectives of this paper are
i) to evaluate the impacts of the Pranburi Jetties on
shoreline change and ii) to assess the accuracy of the OneLine model on predicting the shoreline change due to the
construction of the Pranburi Jetties. The results of this
study can be used to improve not only coastal engineering
design, planning and management in the western coast of
the Gulf of Thailand but hopefully to be used as a
reference for coastal studies worldwide.

2. Study Area
In order to monitor the impact of Pranburi Jetties,
the study area covered the coastal system from Khao
Takiap (in the local language, the meaning of “Khao” is a
mountain) to Khao Kalok, Prachuap Khiri Khan Province
as shown in Fig. 1. Shoreline orientation was in the northsouth direction from 12° 31' to 12° 20'N latitude and 99°
58' to 100°E longitude with a coastline length of about 20
km. The average beach slope along the coast varied
between 1:200 and 1:800. [12]. Beach materials were
mainly characterized by sand, gravel, and silt with the
minority of mollusk, coral and plant contained [18].
Within the Pranburi coastal system, the Pranburi River is
the primary fluvial sediment supplied into the Pranburi
Coast. Based on the suspended sediment data observed at
the hydrological station operated by the Royal Irrigation
Department (RID) (Fig. 1), the annual suspended
sediment load was about 9,700 metric tons/year [19].
The climate of the study area is dominated by the
Northeast (NE) and Southwest (SW) monsoons. The NE
monsoon prevails during October-January generating
strong wind and waves in a north-northeast direction. In
contrast, the SW monsoon, which starts from April to
September, induces wind and waves in a south-southwest
direction. Significant wave height ranged between 0.1-1.5
m with the wave period of 2-3 seconds [20], [21].
Due to the shoaling problem at the Pranburi River
mouth, the Pranburi Jetties project was developed by the
Marine Department in 1996 to stabilize the river mouth
for navigation purposes [12]. In the process of structural
design, shoreline changes due to the proposed jetties were
predicted using the One-Line model. Table 1 shows the
summary of oceanographic and meteorological data,
including the dimension of the jetties, which were used as
the input parameters for analyzing shoreline response due
to the construction of the Pranburi Jetties.
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Fig. 1. Location map of the study area and coastal structures along the coast.
The predicted shoreline positions adjacent to the
Pranburi River mouth due to the construction of a pair
of Pranburi Jetties are depicted in Fig. 2. Results from
the shoreline simulation suggested that the construction
of the 800 m-long jetties on the north and 860 m-long
on the south would cause a maximum shoreline erosion
of -67 m at the northern coast of the jetty and created a
maximum shoreline accumulation of 175 m on the
south of the jetty after 25 years of the construction.
Therefore, the construction of three detached
breakwaters after the completion of the jetties was
recommended to mitigate the shoreline erosion on the
northern coast. Additional breakwaters could be added
afterward depend on the degree of the jetties impact
[12]. In 1999, the Pranburi Jetties were built along with
the construction of three 45-m long detached
breakwaters at the northern coast of the jetties (Fig. 3b).

3. Material and Method
3.1. Shoreline Data Source and Extraction
Historical shoreline positions between 1967 and
2018 were extracted from aerial photographs and
satellite imagery. Details of the data sources used in this
study and their uncertainty are shown in Table 2. In
order to eliminate the distortion of the imagery data, all
images were geo-referenced and rectified into Universal
Transverse Mercator with the World Geodetic System
1984 (WGS1984) using Geographic Information
System software (ArcGIS) version 10.4. Then, the
natural shoreline positions of fourteen-time periods
were delineated using shoreline proxy suggested by
Zhang et al. (2014) [22]-[24]. Meanwhile, roads, bridges,

dikes, seawalls, and structures were also used to define
the coastline of artificial or urbanized coasts [11]. The
errors associated with orthorectification are shown in
Table 2.
Regarding the tidal range of 1.45 m and the beach
face slope of 1:4 [12], the tidal effect can cause
uncertainty of about 5.8 m. Shoreline change pattern
prior to the construction of the Pranburi Jetties was
studied based on shoreline position extracted from
aerial photographs of 1967, 1976, 1983, and 1994. The
changes of shoreline positions after the construction of
the jetties were derived from aerial photos and satellite
imagery taken in 1998, 2009, and 2012-2018.
The rates of shoreline change along the Pranburi
Coast were calculated by the Digital Shoreline Analysis
System (DSAS) version 4.3, which is an ArcGIS
extension [25]. The 210 transects with a spacing of 100
m were generated perpendicular to Pranburi shoreline
(Fig. 3a) for measuring the changes of the shoreline
positions between 1967 and 2018. The difference of
shoreline positions between two successive shorelines
was calculated at each transect and then were used to
analyze long- and short-term shoreline changes. The
rate of long-term shoreline change for each transect was
calculated using Weighted Linear Regression (WLR)
method, which has low positional uncertainty values
when determining the regression [25]-[29]. However,
short-term rates of shoreline change between difference
dates at certain points of interest were calculated using
End Point Rate (EPR) technique [26], [30], [31].
Moreover, the pattern of coastal area changes between
consecutive years was used to estimate sediment
transport direction between Khao Kalok and Khao
Takiap.
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Table 1. Summary of the parameters used in the coastal engineering study of the Pranburi Jetties project [12].

Fig. 2. Comparison between predicted shorelines and the image-analyzed shorelines near the Pranburi River mouth
due to the construction of the Pranburi Jetties.
4
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Fig. 3. a) Transects used in shoreline change evaluation and the locations of sediment sampling. b) Historical shoreline
changes and coastal engineering structures at the Pranburi River mouth.
Table 2. Summary of the data used for assessing the shoreline change along the Pranburi Coast between 1967 and 2018.

3.2. Wave and Sediment Data Collection and
Analysis
Wave data and beach sediment characteristics are
the parameters that play crucial roles in coastal and
shoreline change processes. Regarding the Pranburi
Jetty design, observed wave and sediment data were
limited. In this study, wave information and sediment
characteristics of the Pranburi Coast were collected for
monitoring the significant factors involving the design
of jetty. The 6-hourly observed wave information from
Hua Hin Buoy during the period 1997-2000 was
obtained from the report on “Hydrographic and marine
structures studies” under the Survey and Detailed
Design on Southern Short-cut motorway Project [20].
Hua Hin oceanographic buoy operated by the GeoInformatics and Space Technology Development
Agency (Public Organization) (GISTDA) was deployed
at approximately 1230 N 100 10 E (Fig. 3a) with the

water depth of about 18 m. However, only the height
and period of waves were measured due to the
limitation of the wave sensor.
To study sediment characteristics of the Pranburi
Coast, three field surveys were carried out in June and
September 2018 (during the SW monsoon), and January
2019 (during the NE monsoon) to collect beach
materials along the Pranburi Coast (Fig. 3a). Beach
materials with a 10- to 20-cm deep were collected in the
surf zone. Forty-six samples were collected during the
SW monsoon, while twenty-five samples were collected
during the NE monsoon. The ASTM method [32], a
standard test for particle-size analysis of soil, were used
to analyze the particle size of sediment samples. The
types of beach material along the coast were classified
using the Wentworth scale [33], [34]. The diameter of
the sediment particle was converted to the phi unit
using Eq. (1). Then, the sediment characteristics such as
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median (d50), mean (Mz) and sorting (σ1 ) defined by
Folk and Ward (1957) [35] was calculated using Eq. (2)(3). The d50 was grain size represents a particle size at
50 percentiles.
ϕ = −log 2 d
(1)
where ϕ was the particle diameter in the phi unit,
and d was the diameter of a particle in mm.
ϕ16+ϕ50+ϕ84
Mz =
(2)
3
σ1 =

ϕ84−ϕ16
ϕ95−ϕ5
+ 6.6
4

(3)

where ϕ5, ϕ16, ϕ50, ϕ84, and ϕ95 represented
the particle diameter at 5, 16, 50, 84, and 95 percent in
phi unit, respectively.
3.3. Evaluation of One-Line Model Performance
One-Line model is commonly used to predict the
shape of shoreline in response to the coastal
development projects in Thailand, including the
Pranburi Jetties project. In this study, the performance
of the One-Line model on estimating the shoreline
response due to the jetties construction was assessed by
comparing the predicted shoreline and the shorelines
analyzed from the imagery data after the construction.
The predicted shoreline positions in 2009, 2014, and
2018 were reported by Marine Department in 1996 [12],
while the image-analyzed shorelines corresponding to
the predicted dates were extracted from satellite images,
as shown in Fig. 2. The absolute errors on prediction
were calculated using Eq. (4).
%𝑒𝑟𝑟𝑜𝑟 =

|𝑆𝑎 −𝑆𝑝 |
𝑆𝑎

× 100%

(4)

where 𝑆𝑎 was an image-analyzed shoreline
distance from the original baseline, and 𝑆𝑝 was a
predicted shoreline distance from the original baseline.

4. Results
4.1. Historical of Shoreline Change
The study area was divided into four littoral zones
(Zones 1, 2, 3, and 4 in Fig. 1) to assess the shoreline
change along the Pranburi Coast in detail. Zone 1 (Z1),
the northmost zone, had a 7.3 km long started from
Khao Takiap to Khao Tao (transects 1-73). Zone 2 (Z2),
the shortest coastline with a length of 1 km, consisted
of two pocket beaches lied between transects 77 and 79
and between 85 and 89. Zone 3 (Z3) covered Had Pran
Khiri (3.4 km long), which extended from Kho Tao to
the Pranburi River mouth (transects 95-129). Zone 4
(Z4) was the southmost littoral zone lied between Laem
Ket and Had Naresuan (transects 130-210). The length
of the Z4 coastline was 8 km.
The results from shoreline change analysis for preand post-construction of the jetties are illustrated and
6

summarized in Fig. 4 and Table 3, respectively. The
positive value indicates shoreline accretion and, the
negative value denotes shoreline recession. Figure 4
depicted the evolution of shoreline movement and
average shoreline change rates for pre- and postconstruction of the jetties. The responses of the
shoreline along the study area due to the construction
are discussed in detail as followed:
4.1.1. Shoreline changed during the period 1967-1994
(pre-Pranburi Jetties construction)
Before the construction of the Pranburi Jetties
(1967-1994), about 60 percent of the Pranburi Coast
had advanced seaward with a total land growth of 30.6
ha (1.1 ha/yr). Regarding Table 3, the significant
shoreline accretion was found at Z3 (16 ha or 0.6 ha/yr)
and Z4 (9 ha or 0.33 ha/yr), where the Pranburi River
mouth is located. The maximum shoreline advance of
216 m occurred at the northern coast of the river mouth
(Z3) due to the formation of sand spit (Fig. 3b). The Z1
and Z2 coastlines were relatively stable as their average
shoreline accumulation rates were less than 0.5 m/yr.
The remaining of the Pranburi coastline experienced
shoreline recession with an average rate at each zone of
less than -1.0 m/yr (Table 3). Total land loss during this
period was about 9.1 ha (-0.34 ha/yr). However, the
erosion at Z1, Z2, and Z3 was insignificant as the
shoreline retreat rate in each zone was less than -0.2
m/yr. The significant shoreline retreat occurred mainly
in Z4 (Laem Ket: Fig. 4a). The average and maximum
rates of shoreline retreat in Z4 were -0.5 and -1.0 m/yr,
respectively. The land loss along the Z4 was 7.5 ha (-0.3
ha/yr), accounting for 82% of the total land losses of
the Pranburi Coast. The maximum shoreline recession
of -27 m was found at Laem Ket (transect 167). Results
from shoreline analysis of each littoral zone (Table 3)
indicate that the Pranburi Coast were prograding
seaward with the net change in the coastal area of 21.5
ha before the construction of the Pranburi Jetties.
4.1.2. Shoreline change during the period 1998-2018
(post-Pranburi Jetties construction)
Based on the analysis of shoreline positions
between 1998 and 2018 (20 years after the Pranburi
Jetties construction) in Table 3, the percentage of
shoreline recession along the Pranburi Coast reduced
from 40 to 31 percent after the construction. Therefore,
the percentage of shoreline accretion increased. The
average rate of land growth also slightly raised from
1.13 to 1.3 ha/yr resulting in the total land accretion of
about 27 ha. Moreover, the average rate of land loss
decreased from -0.3 to -0.1 ha/yr resulting in land loss
of about 2.4 ha.
After the construction of the jetties, the erosional
shoreline in the Z1 littoral zone increased from 29 to 42
percent of 73 transects. The rate of land loss also
increased from 0.02 to 0.05 ha/yr, while the rate of land
growth remained unchanged (0.16 ha/yr). The
percentage of land loss in this littoral zone increased to

ENGINEERING JOURNAL Volume 24 Issue 4, ISSN 0125-8281 (https://engj.org/)

DOI:10.4186/ej.2020.24.4.1

26 percent. The land loss consequently increased by 1.1
ha, even though the rate of shoreline erosion was
similar to that during the pre-construction. Meanwhile,
the mean shoreline accretion rate increased to 0.7 m/yr

resulting in land accretion of 3.2 ha. The maximum land
growth rate also raised from 0.9 to 7.1 m/yr, and the
maximum shoreline advance of 142 m was found at Ban
Khao Tao (Fig. 4a).

Fig. 4. a) Evolution of shoreline positions compared to the shoreline in 1967. b) Rates of shoreline change before and
after the Pranburi Jetties construction.
Table 3. Results of shoreline change analysis for pre- and post-construction of the Pranburi Jetties project.

In Z2 (8 transects), the percentage of shoreline
retreat significantly increased to 56 percent of the

coastline. The land loss was insignificant compared to
those in other sub-littoral zones because of the low rate
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of shoreline retreat (-0.2 m/yr). The shoreline
accumulation in Z2 after the jetties construction was
also insignificant (0.2 m/yr) compared to the total land
growth of the study area. The maximum shoreline
advance was only 10 m over the past 20 years.
Of the 34 transects along with the Z3 littoral cell,
about 26 percent was eroding after the construction of
jetties at the northmost of the littoral zone with a similar
rate to the pre-construction shoreline recession rate (0.2 m/yr). The remaining shoreline extended seaward,
and the mean rate of shoreline accumulation was about
2.0 m/yr. Even though the maximum shoreline advance
of 250 m occurred at the Pranburi River mouth due to
the construction of the jetties, but the rate of land
accretion in this littoral zone reduced from 0.6 ha/yr to
0.5 ha/yr.
In the Z4 littoral zone with 80 transects, the jetties
construction caused significant effects to shoreline
change patterns (Fig. 4b). The percentage of
accumulating shoreline increased from 46 to 75 percent.
The mean shoreline accretion rate slightly decreased
from 1.3 to 1.2 m/yr, but it contributed a significant
land growth of 13.6 ha (50 percent of total land
accretion after the jetties construction). The maximum
shoreline advance of 300 m occurred at the southern
coast of the jetty (Fig. 4a). Land growth was found
along the Laem Ket and Had Naresuan (Fig. 4a), which
were erosional zones before construction of the jetties.
Consequently, the mean shoreline recession in Z4 also
reduced from -0.5 to -0.3 m/yr.
4.2. Wave Characteristics and Beach Material
Properties

Based on 6-hourly observed wave data from Hua
Hin Buoy, time series of wave height and wave period
between 1997 and 2000 were plotted as shown in Fig. 5
a) and b), respectively. However, the wave record
contained about 50 percent of missing data due to the
malfunction of the wave sensor and signal transmission
losses during severe climate conditions. According to
the wave data, approximately 51 percent of the valid
data was recorded during the SW monsoon (AprilSeptember), while the remainder was measured during
the NE monsoon (October-March).
Regarding the statistical analysis of wave data, the
occurrence of the wave height and wave period during
the NE and SW monsoons are presented in Tables 4
and 5, respectively. The primary statistic parameters of
the available wave information were summarized in
Table 6. Based on Table 5, more than 90 percent of the
valid wave height was less than 1 meter with the wave
period of 2-5 seconds; almost 70 percent ranged
between 0.25 and 0.75 m. The wave height occurring
during the NE monsoon was generally higher than that
during the SW monsoon. The average wave height
measured during the NE and SW monsoons was 0.57
and 0.47 m, respectively (Table 6). The maximum wave
height of 4.06 m was observed in November 1997 as a
result of the tropical storm “Linda” event, while the
maximum wave height observed during the SW and
transitional monsoons were only 1.25 m. For the wave
period, the waves generated during the NE monsoon
had a slightly longer wave period than those produced
by the SW monsoons.

Fig. 5. Time-series of wave data at Hua Hin oceanographic buoy during 1997-2000. a) wave height and b) wave period.
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Table 4. Distribution of wave height observed at Hua Hin buoy during 1997-2000.

Table 5. Distribution of wave period observed at Hua Hin buoy during 1997-2000.

Table 6. Summary of wave statistics observed at Hua
Hin buoy during 1997-2000.

For the sediment characteristic of the Pranburi
Coast, sediment properties analyzed from 71 sediment
samples in the study area (Fig. 3a) are plotted in Fig. 6,
and the sediment properties in each littoral zone are
summarized in Table 7. The results from sediment
analysis indicated that the beach of the Z1 littoral cell
was mainly characterized by fine sand (Fig. 6a) ranged
between 0.13-0.21 mm with an average d50 of less than
0.2 mm (Table 7). The grain size of the beach materials
was relatively uniform throughout the Z1 cell and
seasonal independent. Beach materials along the Z2
were categorized as fine to medium sand (d50  0.2-0.5
mm) and poorly sorted during the SW monsoon. In
comparison, the sediment grain size increased to 0.660.77 mm (coarse sand) with the moderately well sorting
during the NE monsoon. The characteristics of beach
materials at Z3 and Z4 were relatively similar in size and
dispersion (Table 7) but in the opposite direction (Fig.
5). The average d50 of the beach material during the SW
monsoon at Z3 and Z4 was 0.29 and 0.35 mm,
respectively. During NE monsoon, the grain size of the
beach materials became coarser sand with the d50 of
0.47 mm for Z3 and 0.44 mm for Z4 (Fig. 6)

Fig. 6. a) Median grain size of beach material found
along the Pranburi Coast during the SW and NE
monsoon. (VFS= very fine sand, FS= fine sand, MS=
medium sand, CS= coarse sand) and b) Beach sediment
sort (VWS= very well sorted, WS= well-sorted, MWS=
moderately well sorted, MS= moderately sorted, PS=
poorly sorted).
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Table 7. Properties of beach materials along the Pranburi Coast during the SW and NE monsoons.

4.3. Errors in Shoreline Change Prediction
The positions of the image-analyzed shorelines
(transects 95-151) and the predicted shorelines due to
the construction of the Pranburi Jetties using the OneLine Model [12] were plotted, as shown in Fig. 2. The
transects 95-151 were divided into two portions to
evaluate the effectiveness of shoreline prediction at the
northern coast (transects 95-129) and southern
(transects 131-151) of the jetty. The comparison of
predicted and image-analyzed shoreline changes
between transects 95-151 are summarized in Table 8.
Regarding Fig. 2, the results from the One-Line
model suggested that the construction of the jetties
would cause shoreline recession at the northern coast
and shoreline accretion at the southern coast. On the
north coast, the model simulation for 2009, showed that
the shoreline retreat would start at the transect 95 and
reach the maximum recession of -31 m at transect 129
adjacent to the jetty. Then, the shoreline recession
would increase overtimes with the maximum shoreline
retreat adjacent to the jetties of -43, -49, and -67 m in
2014, 2018, and 2024, respectively. Consequently, the
shoreline recession would cause land loss of 3.3 ha in
2009 to 8 ha in 2024. In contrast, the results from model
simulation indicated that the accretion of the shoreline
would take place on the southern coast between the
transects 131 (adjacent to the south jetty) and 151. The
maximum shoreline accretion was estimated at 110 m
in 2009 and would increase over time up to 172 m in
2024. they were resulting the land growth of 3.4 ha in
2009 to 8.5 ha in 2024 (Table 8).
However, the analysis of image-analyzed shoreline
changes after the jetties construction reveals that
shoreline accretion occurred on both the northern and
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southern coast of the jetties (Fig. 2). On the north shore
of the jetties, the shoreline retreat was found at Ban Bo
Kaeo (transect 96) with the maximum shoreline retreat
of -18 m in 2009, but the shoreline then moved seaward,
and the maximum shoreline retreat was -9 m in 2018.
The remaining shore mainly had a shoreline deposition
trend. The maximum shoreline accretion of up to 250
m took place adjacent to the north jetty in 2018 instead
of the maximum retreat of -49 m as predicted. With the
average shoreline movement of 30 m in 2009, of 27 m
in 2014, and 32 m in 2018, the shoreline growths were
7.5, 8.5, and 10 ha in 2009, 2014, and 2018, respectively.
Based on the comparison of the image-analyzed
and predicted shorelines (Table 8), the maximum
absolute error of shoreline prediction ranged from 267
m (in 2009) to 300 m (in 2018) at the northern coast.
Meanwhile, the maximum absolute errors of prediction
for the southern coast varied from 111 m (in 2009) and
160 m (in 2018). The average uncertainties for the
shoreline prediction were 35-44 m for the northern
coast and 15-26 m for the southern coast. The
percentage of absolute errors of the shoreline
prediction are summarized in Table 9. It was found that,
with the model input parameters in Table 1, the
estimation of area changes on the southern coast agreed
with the change of area analyzed from imagery data in
terms of shoreline response pattern (land growth). The
absolute error of the prediction varied between 2-655
percent. In contrast, the prediction of area changes
(land loss) on the northern coast was opposite to the
image-analyzed area changes, which predominated by
the land growth (Table 9). The uncertainty of the
predictions ranged from 6 to 13,000 percent.
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Table 8. Comparison of shoreline change between the image-analyzed and predicted shorelines along transects 95-151.

Table 9. Percentage of errors between predicted and
image-analyzed shoreline changes at the northern (N)
and southern (S) coasts of Pranburi Jetties (transects 95151).

5. Discussion
5.1. Impact of Pranburi Jetty Project to Shoreline
Change
Based on the results from shoreline change analysis,
the Pranburi Coast before the Pranburi Jetties
construction was considered as a stable coast as the rate
of shoreline change mostly less than ±1 m/yr except
near the Pranburi River mouth (Z3 and Z4). The Z1,
Z2, and Z3 littoral cells were separated by the natural
headland (hills and mountains). Meanwhile, Z3 and Z4

could be combined as a littoral cell before the
construction of the jetties. The high rate of shoreline
accretion (up to 8.0 m/yr) occurred near the river
mouth as a result of fluvial and coastal sediment
processes. Riverine sediment was directly discharged
from the Pranburi River, which is the major river of this
coastal zone, and was deposited near the river mouth
during the wet season (September-December). The
sediment at the Pranburi River mouth was transported
toward the north by the wave during the SW monsoon
(April-September). Then, it transported back
southward due to the wave-induced by the NE
monsoon (October-January). Meanwhile, the longshore
sediment transported along the coast came from the
nonequilibrium coasts such as Leam Ket (in Thai,
“Leam” means convex beach) and Had Pran Kiri
(located at the mid of Z3 as shown in Fig. 3). As the
alongshore sediment was transported in both
northward and southward directions due to the
influence of monsoons, the amount of longshore
sediment transported southward should be relatively
comparable to that transported northward.
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Marine Department reported that the suspended
sediment discharge from the Pranburi River was about
2,000 m3/yr, while the longshore sediment transported
northward (S-N) and southward (N-S) were estimated
as 74,750 and 63,794 m3/yr, respectively [12].
Regarding the beach and sandspit formation observed
from the aerial photographs between 1967-1994 (Fig. 7),
longshore sediment transport was the major source of
sediment deposition. It was the cause of shoaling at the
river mouth. However, the formation of the beach and
sandspit at the Pranburi River mouth indicated the
higher N-S sediment transport than the S-N sediment
transport as the land growth area in the north of river
mouth (16.2 ha, 0.6 ha/yr) was higher than that in the
south (9.0 ha, 0.33 ha/yr) as shown in Fig. 7. Because
the NE monsoon induced the sediment transported
southward, the northern portion of Z3 such as Khao
Tao and Had Pran Khiri (Fig. 4a) were the potential
sources for the longshore sediment in this littoral cell as
about 30 percent of Z3 had experienced shoreline
erosion before the construction of the Pranburi Jetties.
Especially along the 2.4 km of Had Pran Khiri beach,
the significant shoreline erosion (about -0.5 m/yr) has
been observed. Before the jetties construction, the
average shoreline retreat rate along the Z3 seemed to be
low (less than -1 m/yr) because some sediment could
return during the SW monsoon season. Similarly, the
southern portion of the littoral cell (Z4) was the
potential source of longshore sediment during the SW
monsoon season. With the convex coastline shape and
the highest rate of shoreline retreat in Z4, Leam Ket
and Had Naresuan beaches (Fig. 4a) were the primary
sources of the longshore sediment of this littoral cell.
On the one hand, the sediment eroded from Leam Ket

transported southward during the NE monsoon and
then deposited at the end of the bay. On the other hand,
the sediment transported northward during the SW
monsoon and sank at the Pranburi River mouth.
After the completion of the Pranburi Jetties in
1999, the Z3 and Z4 littoral cells were separated by the
jetties. Consequently, the jetties performed as a new
headland for the Z3 and Z4. The N-S longshore
sediment transport during the NE monsoon has been
trapped by the north jetty resulting in land growth
during 1998-2018 of 10 ha (0.5 ha/yr) instead of land
loss of 6.5 ha as predicted (Table 8). The SW monsoon
induced S-N sediment transport, which was trapped by
the south jetty, causing the land deposition at the south
jetty of 5.9 ha (0.3 ha/yr), as shown in Fig. 7.
As mention above, the north jetty has trapped the
N-S sediment transport resulting in significant shoreline
accretion instead of shoreline recession as predicted by
the numerical model. Even though three breakwaters
were built right after the jetty construction, they were
not the primary cause of a significant shoreline
accretion in this portion as the shape of the shoreline
followed the equilibrium shape bay due to the jetty
instead of equilibrium shoreline due to the breakwater.
Moreover, because of the more considerable land
growth on the northern coast of the Pranburi River, the
sediment supply from the north was greater than the
estimated of longshore sediment due to the high wave
energy dominated by the NE monsoon. Therefore, the
construction of three breakwaters probably was
unnecessary because the jetty can trap the whole
longshore sediment from the north resulting in land
growth at the north of the jetties anyway.

Fig. 7. Evolution of shoreline change at Pranburi River mouth (the red line represented the shoreline in 1967).
12
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With the lengths of the south and north jetty of
800 m and 860 m, respectively, the jetty did not only
block the fluvial sediment from the Pranburi river
supplying to the Z3 and Z4 but also prevented seasonal
longshore sediment to move back to the source areas.
Consequently, it had caused the sediment deficit at the
sediment supply source of Z3 and Z4. Even though the
results of the horizontal shoreline change analysis did
not show significant shoreline retreat at Had Pran Khiri
(Z3’s sediment source) after the construction of the
jetties, the length of private seawall along Had Pran
Khiri shoreline extended from 300 m in 1999 [19] to
900 m in 2018 (Fig. 1 and Fig. 7). Moreover, regarding
the field survey, the severe vertical shoreline erosion
was observed, as shown in Fig. 8a-b.
a)

b)

c)

d)

e)

f)

on field observation, severe coastal erosion was found
in this area, as illustrated in Fig. 8 d-f.
Along with Z1, the significant shoreline changes,
especially shoreline accretion, were found only at the
northmost and southmost of the littoral cell after the
post-construction of the Pranburi Jetties period. The
construction of two short jetties caused the sediment
deposition at both locations at Khao Takiap channel
and Khao Tao (Fig. 1). A low degree of erosion was
found near the Khao Tao Jetty as a result of shoreline
adjustment to reach a new equilibrium. Meanwhile, the
Z2 coastline had a slight change in the rate of shoreline
change (±0.1 m/yr). It can be implied that the
construction of Pranburi Jetties had an insignificant
impact on the shorelines along Z1 and Z2 because
natural headlands separated them.

seawall

Fig. 8. a) Seawall at Had Pran Khiri (Z3), b) Shoreline
erosion in Z3, c) Seawall along with Lame Ket (Z4), and
d)-f) Property damages between transect 134 – 140 (Z4).
Likewise, the results of shoreline analysis indicate
that the shoreline along Laem Ket, which was the
sediment source of Z4, migrated seaward up to present.
However, by considering the shoreline position of each
consecutive year of available aerial photographs (Fig. 4),
it was found that the shoreline had continuously
retreated until 2009. During 2009-2015, land
reclamation and seawall construction (Fig. 8c) were
applied along 3.4 km of Leam Ket to mitigate the
shoreline recession problem. Because the seawall was
used to stabilize the shoreline, then the Laem Ket beach
could not supply the sand sediment to the upcoast and
downcoast as previously. The adjacent unprotected area,
Ban Pak Nam Pran (transects 134-140), seemed to be a
new sediment source of Z4 as the significant of
shoreline retreat occurred in this area after 2009. Based

5.2. Effectiveness of Shoreline Change Prediction
Regarding the difference between the imageanalyzed shorelines and predicted shorelines by the
One-Line model (Table 8), the uncertainty (percentage
of absolute errors) of the shoreline change prediction
along the transects 95-151 due to the construction of
Pranburi Jetties varied between 2 and 13,000 percent
(Table 9). The maximum and substantial degree of
errors were mainly found at the northern coast of the
jetty as the deposition took place after the jetty
construction instead of erosion as predicted. On the
southern coast of the jetties, even though the trend of
image-analyzed shoreline response agreed with the
prediction, the magnitude, and shape of shoreline
change were still quite different (Fig. 2).
The misprediction possibly caused by several
reasons. Wave data, for example, could be one of the
significant factors as the wave characteristics (wave
height, wave period, and wave direction) play a
considerable role in dominating the sediment transport
in the coastal zone. According to the coastal processes
study of the Pranburi Jetties project [12], long-term
wave data in the study area was not available. Wave
hindcasting using 12-years wind data from the
meteorological station (overland wind) was used for
estimating wave characteristics in the study area. Wave
data observed by an oceanographic buoy (THAI-7) in
1994 were used to calibrate the wave hindcasting model.
The results from wave hindcasting indicated that the
estimated significant wave height and wave period in
deep water were 3.75 m and 4-9 seconds, respectively
(Table 1). However, the results from wave hindcasting
software suggested that wave direction was mainly from
E-SSE. Therefore, the model suggested the
construction of the jetties would cause the deposition
on the southern coast and the erosion on the northern
coast.
Typically, when waves approach the shore from
different quadrants, they produce day-to-day and
seasonal reversals in sediment transport direction [33].
Therefore, errors in wave magnitude and direction can
cause a significant misestimation of sediment transport
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rate and direction. In the Pranburi Jetties project, as the
predicted wave direction mainly came from the south,
the predicted sediment then mainly transported
northward. However, sea waves are primarily generated
by wind, so the direction of overwater wind typically
can be used to estimate the wave direction when the
wave direction data are not available. For Pranburi
Coast, the wind prevailing during the NE monsoon
typically generates the waves traveling to the south
direction resulting in N-S sediment transport.
Meanwhile, the SW monsoon wind produces the waves
propagating to the north, causing the S-N sediment
transport. Based on the results from wave statistic
analysis, it was found that higher waves, which had
higher wave energy, mainly occurred during the NE
monsoon. Therefore, the longshore sediment transport
in the N-S direction was potentially more considerable
than that in the S-N direction. This observed wave
information supported the more significant land
growth found on the northern coast compared to the
southern coast. Therefore, wave characteristics
generated from wind data, especially from overland
wind data, may be significantly different from the actual
waves approaching the Pranburi Coast. Consequently,
it produced a significant uncertainty in shoreline
prediction for the Pranburi Jetties project.
Based on this study, the misestimation of the wave
direction had caused significant misprediction in
shoreline change on the north coast of the jetties with a
maximum error of 300 m. On the southern coast, the
accretion of the shoreline has occurred in the vicinity of
the south jetty as expected, the shape of image-analyzed
shoreline changes was different from the prediction.
The maximum error of prediction for the southern
coast was 158 m (in 2018).
Another major cause of shoreline prediction error
was the sediment data. Regarding Coastal Engineering
Manual [36], it was documented that sediment grain size
correlated with the longshore sediment transport rate.
As longshore sediment transport rate in the study area
was calculated using the formulae proposed in Shore
Protection Manual [37] (Table 1), the sediment
transport rate was calculated based on the influence of
waves only. Moreover, only sediment data sampling at
the river mouth, in which the average sediment grain
size varied between 0.0078-1.0 mm were used in
shoreline change study. However, average d50 of the
beach material observed along the Z3 and Z4 littoral
zones where the jetties are located ranged from 0.29 to
0.47 mm. Therefore, inaccurate sediment data may also
be responsible for the misprediction of shoreline
change using the One-Line model in the Pranburi
Jetties Project.
Because a significant shoreline recession at the
north of the jetty was predicted, the construction of
three detached breakwaters within a year after the
completion of the jetties was suggested to prevent
coastal erosion. Three detached breakwaters with the
cost of about 100,000 USD (in 1998) [12] were built
14

offshore, as shown in Fig. 3b. As mention above, the
shoreline has significantly advanced seaward instead of
moving landward. In contrast, the shoreline accretion
at the southern coast was predicted, and the shore
would develop rapidly and would outweigh shoreline
erosion along Laem Ket beach since 2009. However,
severe shoreline retreat still took place along Laem Ket
between transects 136-140. As the shoreline protection
measure has not been planned during the study
processes, the erosion has caused the land losses of
about 0.8 ha.
Regarding the results from this study, using
oceanographic data observed in the study area may
improve the accuracy of shoreline change prediction
using a numerical model. Long-term wave observation
is suggested to use instead of wave hindcasting to
improve the effectiveness of the sediment transport
prediction. Moreover, sediment transport measurement
is recommended to include in coastal processes study
to reduce the errors of shoreline change prediction.
Even though field observation may cause more budget
for project planning, it may significantly reduce costs
for unnecessary structures and adverse effects due to
the misplanning.

6. Conclusion

According to the results of historical shoreline
change and sediment characteristics along the study
area, the Pranburi Jetties project had influenced to
shoreline change between Kho Tao and Kho Kalok
(transect 95-210). Before the Pranburi Jetties project
construction (1967-1994), the formation of sandspit
had occurred at the Pranburi River mouth, due to
longshore sediment transport in the north-south
direction. The maximum rate of shoreline changes on
the northern and southern coasts was 8.0 m/yr (216 m)
and 6.7 m/yr (181 m), respectively. Moreover, the north
coast had more land growth (16.2 ha) than the southern
coast (9 ha). It indicated that longshore sediment
transport had more sediment moved southward than
northward. During the past two decades after the
completion of the Pranburi Jetties project, longshore
sediment was tapped by the jetties resulting in
significant shoreline accretion adjacent to the jetties.
The maximum rate of shoreline change was 12.5 m/yr
(250 m) at the northern coast and 15 m/yr (300 m) at
the southern coast. In the project planning stage, the
results from the One-Line model suggested that the
construction of the jetties would cause shoreline
recession at the northern coast of the jetty but accretion
at the southern coast. However, the results from this
study indicated that the image-analyzed shoreline
response disagreed with the simulation, especially on
the northern coast of the jetty. The errors of shoreline
prediction varied between 2 and 13,000 percent.
Misprediction by One-Line model strongly seems
relating to the use of estimated wave characteristics and
sediment data as the model input. Misprediction had
caused unnecessary construction of three detached

ENGINEERING JOURNAL Volume 24 Issue 4, ISSN 0125-8281 (https://engj.org/)

DOI:10.4186/ej.2020.24.4.1

breakwaters on the northern coast of the jetty.
Moreover, it caused misplanning on preparation for
adverse effects due to the project. In order to improve
the accuracy of shoreline prediction using a numerical
model, observed wave and sediment data are
recommended to be used as the input data instead of
estimated or generated data.
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