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INTRODUCTION

Coastal regions hold substantial ecological, 
economic, and social significance, playing an es-
sential role in biodiversity, resource provision, 
and community livelihoods. The distinctive envi-
ronments within coastal zones, such as estuaries, 
beaches, mangroves, and coral reefs, rank among 
the most biologically productive areas globally. 
These regions support a rich diversity of life and 
serve as vital habitats for numerous marine or-
ganisms, while also offering ecosystem services 
including carbon sequestration, nutrient cycling, 
and protection from storm surges (Zenati et al., 
2024; Ramanujam et al., 2024; Rumahorbo et al., 

2023; Singh, 2023). Furthermore, these areas per-
form critical functions such as water filtration and 
habitat provision for both marine and terrestrial 
species, and they act as buffers against coastal 
erosion and flooding (McClenachan et al., 2020). 
The role of mangroves in mitigating erosion and 
enhancing biodiversity is well-documented, dem-
onstrating how coastal habitats protect inland 
areas while supporting a multitude of life forms 
(Chawalit et al., 2025; Fajri et al., 2024). The im-
portance of this protective function is becoming 
increasingly critical as coastal areas face numer-
ous global threats.

Coastal regions are currently confronted with 
a multitude of global threats arising from both 
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natural and anthropogenic sources. Among these, 
coastal erosion represents one of the most press-
ing challenges, affecting approximately 80% of 
the world’s coastlines, with erosion rates varying 
from 1 cm/year to as severe as 30 m/year in cer-
tain areas (Boye et al., 2022). This issue is further 
intensified by the increased frequency and sever-
ity of coastal storms and rising sea levels attrib-
utable to climate change, leading to significant 
modifications in coastal morphology and poten-
tially severe socioeconomic repercussions (Abd-
Elhamid et al., 2023; Chettiyam Thodi et al., 
2023). The Intergovernmental Panel on Climate 
Change (IPCC) projects sea level rise to range 
from 0.43 meters to 0.84 meters by the century’s 
end, further endangering these areas by exacer-
bating erosion and potentially resulting in coastal 
submergence (Komi et al., 2022). It is imperative 
that coastal management strategies incorporate 
these dynamics to mitigate risks and promote sus-
tainable development.

Shoreline alterations represent a significant 
global challenge, with Indonesia being one of 
the most affected nations. As one of the largest 
archipelagic countries, Indonesia comprises ap-
proximately 17,508 islands and possesses an 
extensive coastline measuring around 95,181 ki-
lometers (Qurniati et al., 2017). The coastal re-
gions of Indonesia are particularly susceptible, 
with approximately 60% of the nation’s popula-
tion, equating to around 250 million individuals, 
residing in these areas (Mutaqin et al., 2020). The 
study location in the coastal area of Jepara, situ-
ated in Central Java, Indonesia, is distinguished 
by a diverse ecosystem comprising mangroves, 
seagrasses, and coral reefs, which are vital com-
ponents of its marine biodiversity (Suryanti et al., 
2025). This region faces numerous environmental 
challenges, including coastal erosion and altera-
tions in sediment dynamics, exacerbated by an-
thropogenic activities and climate change. In the 
Jepara coastal area, climate change poses a sig-
nificant threat, with rising sea levels endangering 
both coastal ecosystems and human settlements. 
Research indicates that elevated sea levels will al-
ter sediment transport, complicating the manage-
ment of erosion issues (Maslukah et al., 2019; Mu 
et al., 2024). Since 1980, mangrove areas along 
the northern coast of Jepara regency have been 
threatened by coastal erosion and land use chang-
es (Hayati et al., 2022). Approximately 7.6 km of 
the 72 km coastline in Jepara, Central Java, has 
suffered damage, primarily due to coastal erosion, 

adversely affecting adjacent settlements, aquacul-
ture ponds, agricultural land, and high-value tour-
ist areas (Wahyudi and Adi, 2018).

Geographic information systems (GIS) and 
remote sensing technology, particularly through 
satellite imagery, have significantly advanced 
the monitoring of coastal dynamics. The use of 
Landsat imagery enables researchers to detect 
and analyze changes in shoreline positions over 
extended periodsn (Zahir et al., 2021). GIS en-
hances remote sensing by offering analytical ca-
pabilities for modeling and interpreting spatial 
data related to shoreline changes. The applica-
tion of the DSAS, as highlighted in a study, fa-
cilitates the calculation of shoreline change rates 
and the prediction of future configurations based 
on historical data (Daswin, 2023; Gopinath et al., 
2023). The integration of these technologies not 
only enables the identification of erosion hotspots 
but also supports the development of strategic 
responses to coastal erosion risks, thereby allow-
ing policymakers to implement timely mitigation 
measures (S. et al., 2024; Nicu et al., 2020).

Previous research conducted in Jepara regen-
cy has predominantly focused on single-image 
analyses. These studies have included assess-
ments of shoreline extraction accuracy using the 
NDWI, MNDWI, and AWEI indices with Land-
sat 8 OLI imagery in 2018, as well as evaluations 
of the impact of tidal correction on shoreline posi-
tion, without addressing long-term shoreline dy-
namics (Wicaksono et al., 2018; Wicaksono and 
Wicaksono, 2019). To date, no studies have em-
ployed multi-decade, cross-sensor Landsat time 
series in conjunction with quantitative analysis 
using the DSAS to elucidate erosion–accretion 
patterns and forecast shoreline changes. This 
study addresses this gap by integrating multitem-
poral Landsat imagery from 1994 to 2024 with 
DSAS in a multitemporal framework, while also 
projecting shoreline changes for the next 10 and 
20 years. This methodology is anticipated to of-
fer a comprehensive spatial overview of historical 
shoreline dynamics, current conditions, and po-
tential future changes, thereby providing a scien-
tific foundation for sustainable coastal area plan-
ning and management.

STUDY AREA

Jepara Regency, situated in the coastal region 
of Central Java Province, Indonesia, serves as the 
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focal area for this study due to its dynamic and 
complex coastal ecosystem, as illustrated in Fig-
ure 1. The regency comprises several Sub-Districts 
with coastal boundaries, including Donorojo, Kel-
ing, Kembang, Bangsri, Mlonggo, Jepara, Tahu-
nan, and Kedung. The study area extends from 
Kedung Sub-District in the west to Donorojo Sub-
District in the east. The coastal region of Jepara 
has experienced substantial transformations, par-
ticularly where wave action interacts with adjacent 
coral reefs. This interaction exemplifies the dy-
namic relationship between the shoreline and ma-
rine structures, influencing both sediment transport 
and ecological stability. It underscores the critical 
role of coral reef systems in maintaining ecologi-
cal equilibrium (Suryono et al., 2021). The waters 
surrounding Jepara are characterized by dynamic 
variations in currents and wave patterns, which 
shape the region’s ecological framework (Rochad-
di et al., 2021). This intricate interplay between to-
pography and coastal features also highlights the 
regency’s susceptibility to natural phenomena such 
as landslides, particularly evident in Keling Sub-
District due to its distinct geological and hydrolog-
ical conditions (Feisal et al., 2020). Furthermore, 
land-use changes have significantly impacted Je-
para’s coastline, notably through urbanization and 
agricultural expansion. The conversion of coastal 
habitats for agricultural and urban purposes has 
resulted in considerable habitat loss, affecting lo-
cal biodiversity and exacerbating coastal erosion 
(Hayati et al., 2022; Sui et al., 2020).

METHODOLOGY

Data collection

This study employs Landsat imagery as a 
reference for identifying the location and condi-
tion of the shoreline. The Landsat images were 
acquired via the Google Earth Engine platform, 
which provides access to multitemporal satellite 
imagery. The utilization of Google Earth Engine 
enables batch processing over extensive geo-
graphic areas, thereby facilitating widespread and 
convenient access to the The analysis of shoreline 
changes was conducted over a 30-year period, 
with monitoring intervals every 10 years, encom-
passing the years 1994, 2004, 2014, and 2024. 
Landsat archive (Arjasakusuma et al., 2021). 
Furthermore, this imagery offers a long histori-
cal data record and adequate spatial resolution for 

analyzing shoreline changes. The Landsat satellite 
images utilized are of various types, as detailed 
in Table 1, and were selected based on the avail-
ability of data from each satellite image, includ-
ing: Landsat 5 TM (Thematic Mapper), Landsat 
7 ETM+ (Enhanced Thematic Mapper Plus), and 
Landsat 8/9 OLI (Operational Land Imagery).

Shoreline data extraction and analysis

The delineation of boundaries between ter-
restrial and aquatic environments is effectively 
achieved through the application of the normal-
ized difference water index (NDWI). This tech-
nique facilitates the precise derivation of shore-
lines by utilizing specific spectral bands and 
threshold methodologies (Pujianiki et al., 2021). 
NDWI enhances the distinction between water 
bodies and land in Landsat satellite imagery by 
employing the green band in conjunction with 
the near-infrared band (NIR). Subsequently, the 
Otsu method is applied to extract the boundary 
between sea and land, which has been previously 
segregated using the NDWI method, resulting in 
a binary classification that accurately represents 
shoreline positions (Dewi, 2019). The analysis 
of shoreline changes in this study employs the 
DSAS, an effective tool for detecting coastal ac-
cretion and erosion based on multitemporal sat-
ellite imagery (Pratikto et al., 2021). In utilizing 
DSAS, a baseline is established as necessary to 
facilitate effective monitoring of shoreline dy-
namics, drawn parallel to the observed shoreline. 
Additionally, the analysis of the rate of shore-
line change necessitates the creation of transects. 
These transects are constructed perpendicular 
to the shoreline at 50-meter intervals to ensure 
high accuracy in analyzing the rate of shoreline 
change. In Jepara regency, 3.160 transect data 
points were generated for this purpose. Transects 
enable the measurement of shoreline change met-
rics, such as the NSM, EPR, and linear regression 
rate (LRR), which are calculated based on the in-
tersections of transects with historical shoreline 
positions. These metrics provide quantifiable in-
dicators of erosion and accretion processes, ulti-
mately informing coastal management strategies.

EPR is a valuable method for assessing shore-
line change by measuring the distance between 
the intersection points of the earliest and most 
recent shoreline data, based on the time elapsed 
since these measurements were taken. In contrast, 
the LRR offers a more comprehensive analysis, as 



364

Ecological Engineering & Environmental Technology 2025, 26(11), 361–374

it can be applied over an extended period across 
multiple shoreline positions. This technique em-
ploys statistical regression to examine gradual 
and historical trends in shoreline movement. The 
LRR method calculates the average rate of shore-
line change, rendering it particularly suitable for 

long-term assessments (Fatunmibi et al., 2023). 
In contrast, NSM is utilized to calculate the to-
tal distance between the oldest and most recent 
coastline positions without considering the tem-
poral rate of change (Grottoli et al., 2023). To 
classify erosion and accretion in this study, a ref-
erence is required to determine the levels of ero-
sion and accretion along the coastline; this refer-
ence is provided in Table 2.

Prediction of future shorelines

Shoreline prediction was conducted utilizing 
DSAS version 5.1, employing a Kalman filter 
methodology. The Kalman filter, which is predi-
cated on previously calculated LRR data, serves 

Figure 1. Study area

Table 1. Satellite data utilized in the shoreline change 
study
No Satellite Data acquisition Resolution

1 Landsat 5 TM 1994-05-28 30 m

2 Landsat 7 ETM+ 2004-03-28 30 m

3 Landsat 8 OLI 2014-02-28 30 m

4 Landsat 8 OLI 2024-03-27 30 m
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as an effective technique for forecasting the rate 
of shoreline change and determining the future 
position of the shoreline.(Natarajan et al., 2021).

RESULTS

This study delineates its scope by categorizing 
the results into eight distinct zones, corresponding 
to the number of sub-districts within the coastal 
region of Jepara Regency. The study area en-
compasses the sub-districts of Donorojo, Keling, 
Kembang, Bangsri, Mlonggo, Jepara, Tahunan, 
and Kedung. The statistical outcomes pertaining 
to shoreline changes are presented in Table 3.

Donorojo

Donorojo sub-district, a coastal region, is ex-
periencing notable shoreline expansion primarily 
due to the predominance of accretion processes 
along most segments of its coast. The findings of 
the study, as illustrated in Figure 2, reveal an av-
erage LRR of 1.23 meters per year and an average 
EPR of 0.86 meters per year. These metrics sub-
stantiate the ongoing sedimentation processes in 
this area. The maximum NSM recorded is 195.11 
meters. The area exhibiting the highest rate of 

accretion is located along the coast of Ujungwatu 
Village, where the highest LRR and EPR values 
are 8.94 meters per year and 6.54 meters per year, 
respectively. However, certain points are identi-
fied as experiencing erosion at a higher rate, with 
an LRR of -4.80 meters per year, an EPR of -4.66 
meters per year, and the lowest NSM of -138.95 
meters. Despite this, erosion does not predomi-
nate the shoreline change events in this region, as 
accretion events are more prevalent. In study lo-
cations with the highest rate of accretion, the pri-
mary driving factors are oceanographic dynamics, 
particularly currents parallel to the shoreline, and 
fluvial factors, both of which foster conditions 
conducive to sedimentation. These significant 
shoreline changes have been adaptively utilized 
by the local community, who have converted the 
newly formed land into new aquaculture areas.

Keling

The dynamics of shoreline changes in Kel-
ing sub-district exhibit relative stability, with a 
tendency toward mild erosion. Statistical calcu-
lations, as depicted in Figure 3, reveal an aver-
age LRR of -0.11 m/year and an average EPR of 
-0.14 m/year, indicating that the majority of the 
shoreline in Keling sub-district remains relatively 
stable. Despite the overall stability observed over 
30 years of monitoring, certain locations remain 
susceptible to erosion. The area experiencing the 
highest erosion rates is characterized by a mini-
mum LRR of -2.04 m/year, a minimum EPR of 
-2.31 m/year, and a minimum NSM of -69.01 m. 
This location is Bringin Beach, located in Bu-
miharjo Village, where the shoreline is notably 
dynamic due to the interaction with a river run-
ning parallel to the coast. This interaction results 
in significant dynamism in the river channel and 

Table 2. Classification of EPR and LRR for shoreline 
changes
No Classification Shoreline change rate (m/year)

1 Very high erosion < -4

2 Moderate erosion -4 to -1

3 Stable shoreline -1 to 1

4 Moderate accretion 1 to 4

5 Very high accretion > 4

Table 3. Summary statistics of shoreline change parameters for each sub-district

Sub-district
LRR EPR NSM

Average Max Min Average Max Min Max Min

Donorojo 1.23 8.94 -4.80 0.86 6.54 -4.66 195.11 -138.95

Keling -0.11 1.85 -2.04 -0.14 1.72 -2.31 51.35 -69.01

Kembang 0.09 1.82 -2.65 -0.01 1.81 -3.10 53.94 -92.58

Bangsri -0.37 2.11 -4.33 -0.68 1.19 -5.18 35.41 -154.55

Mlonggo 0.75 7.85 -5.81 0.55 6.54 -6.05 195.10 -180.36

Jepara 0.56 6.41 -8.93 0.53 5.73 -8.18 171.03 -244.09

Tahunan 0.27 3.42 -2.39 0.20 3.48 -2.28 103.88 -67.91

Kedung -9.67 -0.52 -22.90 -9.75 -0.59 -23.73 -17.46 -707.98
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morphology, influenced by ocean current energy 
capable of eroding the riverbank, thereby directly 
impacting the stability of both the river and the 
adjacent shoreline. Additionally, there are areas 
experiencing accretion, with a maximum LRR of 
1.85 m/year, a maximum EPR of 1.72 m/year, and 
a maximum NSM of 51.35 m. This accretion oc-
curs at Karangwiro Beach, which is characterized 
by a rocky, cape-like formation conducive to sed-
imentation processes that extend the shoreline.

Kembang

The results of the shoreline change analysis, 
as depicted in Figure 4, reveal that in the Kem-
bang sub-district of Jepara regency, the average 
LRR is 0.09 m/year, indicating a general stabil-
ity in this area. Additionally, the average EPR is 
-0.01 m/year, further suggesting shoreline stabil-
ity. Notably, there is significant variability, with 
maximum LRR and EPR values of 1.82 m/year 
and 1.81 m/year, respectively, and minimum val-
ues of -2.65 m/year and -3.10 m/year, respectively. 
These average and extreme values highlight a dis-
parity, suggesting that while the overall coastline 
of the Kembang sub-district is relatively stable, 
certain locations have experienced substantial 
changes, either through erosion or accretion. This 

is corroborated by NSM values, which range from 
a maximum of 53.94 m to a minimum of -92.58 m. 
The pattern of significant shoreline change at spe-
cific sites is closely associated with anthropogenic 
impacts over the past 30 years, particularly in 
areas that have been developed into a coal-fired 
power plant and a fishing harbor. Anthropogenic 
factors significantly influence the characteristics 
of shoreline change in this sub-district.

Bangsri

The coastal region of Bangsri sub-district ex-
hibits diverse characteristics, as illustrated in Fig-
ure 5, yet it predominantly experiences shoreline 
erosion. The conducted calculations reveal an av-
erage LRR of -0.37 m/year and an average EPR 
of -0.68 m/year. These findings indicate a consis-
tent shoreline retreat over the past three decades, 
classifying the area as experiencing low erosion. 
The most severe erosion is observed on the eastern 
coast of Keling sub-district, particularly at the Tan-
jung Jati steam power plant. This location recorded 
a minimum LRR of -4.33 m/year, a minimum EPR 
of -5.18 m/year, and a shoreline retreat with a min-
imum NSM value of -154.55 m. Conversely, the 
identification results indicate a maximum LRR of 
2.11 m/year, a maximum EPR of 1.19 m/year, and 

Figure 2. Shoreline changes at Donorojo sub-district (1994–2024) based on (a) net shoreline movement,
(b) linear regression rate, and (c) end point rate
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a maximum NSM of 35.41 m. The site with the 
highest accretion is identified at Bondo Beach, sit-
uated in the eastern part of the Bangsri sub-district 
coastal area, specifically in Bondo village.

Mlonggo

As illustrated in Figure 6, statistical analysis 
utilizing DSAS reveals that the coastal region 
of the Mlonggo sub-district under investigation 

Figure 3. Shoreline changes at Keling sub-district (1994–2024) based on (a) net shoreline movement,
(b) linear regression rate, and (c) end point rate

Figure 4. Shoreline changes at Kembang sub-district (1994–2024) based on (a) net shoreline movement,
(b) linear regression rate, and (c) end point rate
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predominantly exhibits shoreline changes char-
acterized by accretion. This is evidenced by an 
average LRR value of 0.75 m/year and an average 
EPR of 0.55 m/year, suggesting that the shoreline 
changes in this area are classified as stable. The 
analysis recorded the highest accretion with a 
maximum LRR value of 7.85 m/year, an EPR of 
6.54 m/year, and an NSM of 195.10 m. The area 
experiencing the most significant accretion was 
identified as the Blebak Beach area, located in 
Sekuro village. Conversely, other locations dem-
onstrated the highest erosion rates, with minimum 
LRR values of -5.81 m/year, an EPR of -6.05 m/
year, and an NSM of -180.36 m. This area was 
identified at Selayar Beach, Jambu village, which 
was previously a pond area that has undergone a 
land use change to become a mangrove area.

Jepara

The coastal region of the Jepara sub-district 
exhibits a generally stable shoreline, as evidenced 
by the results of DSAS analysis processing, de-
picted in Figure 7. The parameters LRR and EPR 
reveal average values of 0.56 m/year and 0.53 m/
year, respectively, indicating that the majority of 

the shoreline in the Jepara sub-district is undergo-
ing accretion. Nevertheless, there are notable vari-
ations between the maximum and minimum values 
in shoreline change parameters over the past 30 
years. The area experiencing the highest accretion 
is characterized by an LRR value of 6.41 m/year, 
an EPR of 5.73 m/year, and an NSM of 171.03 m. 
This area is located at Kartini Beach, which has 
been significantly impacted by anthropogenic ac-
tivities related to coastal development involving 
hard structures, thereby contributing to an increase 
in the shoreline. Conversely, the area experiencing 
the most severe erosion has an LRR value of -8.93 
m/year, an EPR of -8.18 m/year, and an NSM of 
-244.09 m. The phenomenon of the highest erosion 
is observed in the Kartini Beach area, where ero-
sion is attributed to anthropogenic factors resulting 
from land use changes over the past 30 years.

Tahunan

The analysis of shoreline changes over a 30-
year period indicates that the coastal area of the 
Tahunan sub-district is characterized by a low 
level of accretion, as illustrated in Figure 8. This 
conclusion is supported by the calculation of the 

Figure 5. Shoreline changes at Bangsri sub-district (1994–2024) based on (a) net shoreline movement,
(b) linear regression rate, and (c) end point rate
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average LRR value of 0.27 m/year and the aver-
age EPR value of 0.20 m/year, suggesting that, 
on average, the area is experiencing accretion. 
Despite the general trend of accretion, certain 
locations within the Tahunan sub-district have 
recorded significant erosion events, with an LRR 
value of -2.39 m/year, an EPR value of -2.28 m/
year, and a NSM value of -67.91 m/year. Nota-
bly, this high erosion is observed at Kali Buntung 
Beach, located in Semat Village. Conversely, oth-
er areas exhibit the highest levels of accretion, as 
determined by DSAS calculations, which reveal a 
maximum LRR value of 3.42 m/year, a maximum 
EPR value of 3.48 m/year, and a maximum NSM 
value of 103.88 m. This pattern is evident in the 
Teluk Awur beach area, where sedimentation is 
occurring due to the influence of longshore cur-
rents on suspended sediments, leading to substan-
tial sediment distribution (Subardjo et al., 2020).

Kedung

The analysis of the Kedung sub-district re-
veals pervasive coastal erosion, with no evi-
dence of accretion, as depicted in Figure 9. The 

calculated average LRR is -9.67 m/year, indi-
cating a rapid and consistent shoreline retreat. 
Furthermore, the average EPR of -9.75 m/year 
corroborates the LRR findings, underscoring the 
persistent erosion along the Kedung Sub-District 
coastline over the past 30 years, with no signs of 
recovery. Detailed spatial analysis identifies the 
highest erosion rate in the pond area near the Se-
rang Estuary, with an EPR of -23.73 m/year and 
an LRR of -22.90 m/year. Additionally, NSM 
value reached an extreme of -707.98 m over the 
30-year period. These findings suggest that an-
thropogenic factors significantly contribute to the 
erosion, as the presence of ponds increases the 
coastal area’s vulnerability. Moreover, the prox-
imity of residential zones along riverbanks and 
the coastline exacerbates the area’s susceptibility 
to disasters (Setiadi et al., 2023).

Prediction of future shoreline change 		
(2034 and 2044)

Utilizing the Kalman filter method, predictive 
modeling has been conducted to forecast shore-
line changes in Jepara Regency for the years 2034 

Figure 6. Shoreline changes at Mlonggo sub-district (1994–2024) based on (a) net shoreline movement,
(b) linear regression rate, and (c) end point rate
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Figure 7. Shoreline changes at Jepara sub-district (1994–2024) based on (a) net shoreline movement,
(b) linear regression rate, and (c) end point rate

Figure 8. Shoreline changes at Tahunan sub-district (1994–2024) based on (a) net shoreline movement,
(b) linear regression rate, and (c) end point rate
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Figure 9. Shoreline changes at Kedung sub-district (1994–2024) based on (a) net shoreline movement,
(b) linear regression rate, and (c) end point rate

Figure 10. Prediction shoreline change at Jepara regency: (a) Donorojo, (b) Keling, (c) Kembang, (d) Bangsri, (e) 
Mlonggo, (f) Jepara, (g) Tahunan, (h) Kedung, for 2034 and 2044, derived from three decades of historical change

and 2044. The prediction outcomes, illustrated in 
Figure 10, reveal a trend of significant erosion 
and accretion across several sub-districts. The 
Kedung sub-district is projected to experience 
the most severe erosion, with values of -301.39 
meters in 2034 and -440.37 meters in 2044. Simi-
larly, the Jepara sub-district is anticipated to face 
a critical erosion rate of -128.47 meters in 2034 

and -229.08 meters in 2044. Conversely, the Do-
norojo sub-district is expected to undergo the 
most pronounced accretion, with values of 263.67 
meters in 2034 and 353.48 meters in 2044, fol-
lowed by the Mlonggo sub-district, which is 
projected to have accretion values of 129.38 
meters in 2034 and 192.48 meters in 2044. Ad-
ditionally, other sub-districts are also predicted 
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to experience significant levels of erosion and 
accretion. For instance, the Keling sub-district is 
expected to undergo erosion of -42.24 meters in 
2034 and -41.63 meters in 2044, with accretion 
reaching 24.1 meters in 2034 and 35.7 meters in 
2044. The Kembang sub-district is forecasted to 
experience erosion of -55.78 meters in 2034, in-
creasing to -75.35 meters in 2044, while accretion 
is projected to reach 55.22 meters in 2034 and 
58.68 meters in 2044. The Bangsri sub-district is 
anticipated to exhibit extreme erosion levels of 
-43.1 meters in 2034, increasing to -74.76 meters 
in 2044, with accretion rising from 52.16 meters 
in 2034 to 72.26 meters in 2044. The Tahunan 
sub-district is predicted to experience extreme 
erosion of -48.4 meters in 2034 and -60.33 meters 
in 2044, along with accretion from 44.04 meters 
in 2034 to 70.18 meters in 2044. This uneven 
shoreline pattern suggests an imbalance in sedi-
ment transport dynamics within the coastal area, 
potentially threatening the stability of ecosystems 
and the region’s spatial planning.

CONCLUSIONS

The multitemporal analysis of shoreline 
changes in Jepara Regency from 1994 to 2024 re-
veals significant variations in shoreline dynamics. 
The analysis was conducted by categorizing the 
area according to the administrative sub-districts 
within Jepara Regency. The sub-districts of Kel-
ing, Kembang, Bangsri, Mlonggo, Jepara, and 
Tahunan exhibited stable shoreline conditions, as 
indicated by average LRR and EPR values within 
the stable range of -1 to 1 m/year. Conversely, Ke-
dung sub-district experienced a tendency towards 
erosion, with average LRR and EPR values both 
below -4 m/year, classifying the shoreline change 
in this sub-district over the past 30 years as very 
high erosion. In Donorojo sub-district, the aver-
age LRR value ranges from -1 to 1 m/year, while 
the average EPR value ranges from 1 to 4 m/year. 
The LRR value suggests a relatively stable long-
term trend in Donorojo, whereas the EPR indi-
cates a moderate accretion trend. Thus, the coast-
al area of Donorojo sub-district can be generally 
categorized as experiencing moderate accretion, 
as the EPR reflects the actual positional change 
of the shoreline, while the small LRR value in-
dicates a relatively stable long-term trend, albeit 
leading to shoreline accretion. 

Shoreline change predictions using the Kal-
man Filter indicate significant variations along the 
Jepara Regency coast. The coastal area of Ujung-
watu Village in Donorojo sub-district exhibits the 
highest level of accretion, with the shoreline in-
creasing by 263.67 m in 2034 and 353.48 m in 
2044. Nggenggrengan Beach experiences erosion 
of -42.24 m in 2034 and -41.62 m in 2044. The 
coastal area of Tanjung Jati regresses by -55.78 
m in 2034 and -75.35 m in 2044. Tegal Sambi 
Beach experiences erosion of -43.10 m in 2034 
and -74.76 m in 2044. Ujung Piring Beach sees 
accretion of 129.38 m in 2034 and 192.49 m in 
2044. Bandengan Beach undergoes erosion of 
-128.47 m in 2034 and -229.08 m in 2044. Teluk 
Awur Beach experiences accretion of 44.04 m in 
2034 and 70.18 m in 2044. The coast of Kedung 
Malang is the area with the most significant ero-
sion among all locations, with values of -301.39 
m in 2034 and -440.37 m in 2044. The study un-
derscores the necessity for responsive strategies 
to address both natural and anthropogenic shore-
line dynamics to mitigate severe adverse impacts 
on affected areas and to harness the potential of 
regions experiencing accretion.
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