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Abstract. The coastline changes from time to time in line with natural changes such as wave activity, and sediment.
This study aims to determine the changes in coastline on the coast of Pati Regency in 2015-2024. The research
method utilises Geographic Information System (GIS) and remote sensing technology by taking Landsat-8 satellite
image data processed using ArcGis application then calculated using Haversin Formula and Euclidean Distance
calculation. The results showed that the largest shoreline change was found in transect 3 located in Dukuhseti
Subdistrict, Kembang Village with a value of 453.92 metres within 10 years and the smallest shoreline change
value occurred in transect 8 located in Tayu Subdistrict, Tunggulsari Village with a change value of 2.41 metres
within 10 years.
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1. INTRODUCTION

Pati Regency has a 60 km coastline with muddy beach characteristics. Coastal
communities in Pati Regency are highly dependent on coastal and marine products, so the
coastal area needs to be preserved. A decline in the quality of the coastal environment can be
indicated by looking at changes in the coastline.

The coast functions as a centre for tourism, government, settlements, ports, fishing
industry, aquaculture and so on. This causes land use in coastal areas to be increasingly limited,
resulting in new problems such as reduced land carrying capacity that causes coastal erosion
such as coastal abrasion which can damage settlements or other infrastructure or land arising
from sedimentation in coastal areas. On the one hand, sedimentation or land arising in coastal
areas can be said to be beneficial because of the emergence of new land, while on the other
hand it can cause urban drainage problems in coastal areas (Triatmodjo, 1999). According to
Cui in (Marsiska, 2020) the coastline tends to have a dynamic nature and its position can
change. Shoreline changes occur due to two important events, namely abrasion and accretion.

According to the Law of the Republic of Indonesia No. 4 of 2011 Article 13 paragraph
1, the coastline is the meeting line between land and sea which is influenced by tides. According
to Muchlisin in (Aulia et al., 2021) The coastline changes from time to time in line with natural
changes such as wave activity, currents, wind, tides, and sediments around the estuary.

Abrasion is the process of eroding the coast by the destructive power of ocean waves and

ocean currents, also known as coastal erosion. While sedimentation or accretion is the process
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of physical development, gosong or bura towards the sea through the deposition of sediments
carried by littoral drift (Setiyono, 1996). Abrasion is an event of retreating coastlines that are
vulnerable to mangrove logging activities, sand mining, as well as the phenomenon of high

waves and tides causing the impact of abrasion or coastal erosion (Triatmodjo, 1999).

2. THEORITICAL REVIEW
Remote Sensing

Remote sensing is the science and art of obtaining information about objects, areas, or
phenomena by analysing information obtained by instruments without direct contact with the
objects, areas, or phenomena being investigated. Remote sensing is the use of electromagnetic
radiation sensors to record images of the Earth's environment that can be interpreted to provide
useful information. Defines remote sensing as the measurement or collection of objects on the
Earth's surface by satellites located above or far from the observed object.
Landsat-8 Satellite Images

Landsat 8 is an American Earth observation satellite launched on 11 February 2013. It is
the eighth satellite in the Landsat programme and the seventh to successfully enter orbit.
Originally named the Landsat Data Continuity Mission (LDCM), it is a partnership between
NASA and the United States Geological Survey (USGS). NASA's Goddard Space Flight
Centre provided development services, mission systems engineering, and purchase of the
launch vehicle, while the USGS provided ground systems development services and will
perform mission operations.
Arcgis

Arcgis is a type of software developed by ESRI which is an international supplier of
geographic information system software, web-based GIS, and geodatabase management.
Arcgis is used in this research to visualise geographic information, and analyse geographic
information. In this research, Arcgis software version 10.7 was used.
Haversine Formula

Haversine Formula is a method to determine the distance between two points by taking
into account that the earth is not a flat plane but is a plane that has a degree of curvature. The
Haversine Formula method calculates the distance between two points based on the length of
a straight line between two points in longitude and latitude (Pamungkas, 2019). In this research,
the Haversine Formula is used to calculate the distance of shoreline changes for 10 years in
each transect. The following is the form of the Haversin Formula formula:

Alat = lat2 — latl



Coastline Mapping in Pati District Utilising Landsat-8 Satellite Images in 2015-2024

Along = long2 — long 1
a = sin? (Alat/2) + cos (lat1) . cos (lat2) . sin? (Along/2)
c=2atan 2 (\/E, \/E)
d=R.c
Description:
R = radius of the earth of 6371 km
Alat = magnitude of change in latitude
Along = magnitude of change in longitude
¢ = axis intersection calculation
d = distance (km)
1 degree = 0.0174532925 radians
Euclidean Distance
The Euclidean Distance method is a method of finding the proximity of the distance of
two variables, besides being easy this method is also more time efficient, and a fast process.
Euclidean Distance is a heuristic function obtained based on obstacle-free direct distance such
as to obtain the value of the length of the diagonal line in a triangle. But before getting the
results the two points must be represented into 2-dimensional coordinates (X, y). Two points

pl =(x1, yl) and p2 = (x2, y2) become the following equation (Euclidian formula):

d = /(Lat, — Lat,)? + (Long; — Long,)?

t-Test

The paired t-test is one of the hypothesis testing methods where the data used is not
independent (paired). The characteristics most often encountered in paired cases are that one
individual (research object) gets 2 different treatments. Although using the same individual,
the researcher still obtains 2 kinds of sample data, namely data from the first treatment and data
from the second treatment(Paisal et al., 2021). The hypothesis of this case can be written:
Ho=py — pp = 0atau py = py
Hi—py — pp #0atau iy # g
H; means that the true difference of the two means is not equal to zero.

Formula of paired t-test:

AD
thit = <D

N
SD = +var
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1 n
var (s?) = HZ(xi — Ax)?
i=1

To interpret the t-test, we must determine the significant value o and Df (degree of
freedom) = N-k, specifically for the paired t-test df = N-1 and then compare the t hit value with
t tab = a;n-1. Then from the comparison results it can be concluded if:
terit>ttab—> significantly different (HO rejected)
terit<tab—> not significantly different (HO accepted)

3. RESEARCH METHODS
Data Collection Technique
In this study only using 1 type of data, namely secondary data. Secondary data is data
obtained indirectly from the object of research. In this study, the data was obtained with a
remote sensing system. Data collection was carried out to obtain Landsat-8 Satellite Image data
from usgs.explore.co.id. Secondary data obtadined from this study are:
1. LCO8 LITP 119065 20150725 20200908 02 T1 (2015)
LCO8 LITP 119065 20160727 20200906 02 T1 (2016)
LCO8 LITP 119065 20170730 20200903 02 T1 (2017)
LCO8 LITP 119065 20180701 20200831 02 T1 (2018)
LCO8 LITP 119065 20190618 20200827 02 T1 (2019)
LCO8 L1TP 119065 20200604 20200824 02 T1 (2020)
LCO8 LITP 119065 20210607 20210615 02 T1 (2021)
LC09 L1TP 119065 20220618 20230411 02 T1 (2022)
LC09 L1TP 119065 20230621 20230621 02 T1 (2023)
LC09 L1TP 119065 20240607 20240607 02 T1 (2024)
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Research Tools

In the process of processing data, several tools are needed to help and facilitate this
research process. The tools needed are divided into two, namely hardware and software as
follows:
a.  Hardware includes:

1. Laptop/Computer to run software.
b.  Software includes:

1. Arcgis software ti analyze data from satellite images.

2. Microsoft Office Word and Microsoft Excel to compile research and analyze data.

4. RESULTS
Mapping

In calculating shoreline changes, it is necessary to determine the transect in order to
divide the calculation area of shoreline changes. There are 22 transects that will be analysed
using Arcgis and Microsoft Excel applications. The division of the transect can be seen in the

following figure:
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Figure 3 Coastal Section of Pati District
After obtaining the coordinates of 22 transects in a period of 10 years, calculations were
made using the Haversine and Euclidean Distance formulas with the Microsoft Excel

application. The Haversine Formula calculation uses coordinates in decimal degree units, while
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the Euclidean Distance calculation uses coordinates in UTM units. From these two
calculations, the value of shoreline changes in a period of 10 years will be obtained.
Calculation and Analysis Using Haversine Formula

The Haversine method was used to determine the distance of shoreline change in each
transect. The value of coastline change in Pati Regency using the Haversin Formula formula

can be seen in the following figure:

Graph of Total Shoreline Change 2015-2024 using Haversine
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Figure 4 Graph of Total Shoreline Change 2015-2024 using Haversine Formula
Based on the figure above, it can be seen that the largest shoreline change value
occurred in transect 3 with a change value of 453.92 metres and the smallest shoreline change
value occurred in transect 8 with a change value of 2.41 metres.
Calculation and Analysis Using Euclidean Distance
The Euclidean Distance method was used to calculate shoreline changes over 10 years
within each transect. The value of coastline changes in Pati Regency using the Euclidean

Distance formula can be seen in the following figure:
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Graph of Total Shoreline Change 2015-2024 using Euclidean
Distance
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Figure 5 Graph of Total Shoreline Change 2015-2024 using Euclidean Distance

Based on the figure above, it can be seen that the largest shoreline change value

occurred in transect 3 with a change value of 451.39 metres and the smallest shoreline change

value occurred in transect 8 with a change value of 2.41 metres.

t-Test

From the calculation data using the Haversin Formula and Euclidean Distance methods,

a T-test will be conducted to determine whether or not there is a difference in the values and

methods to be used in calculating shoreline changes. The T-test results are summarised in the

following table:

t-Test: Paired Two Sample for Means

Variable 1 Variable 2
Mean 67,0206373 66,73933023
Variance 15931,25392 15761,76557
Observations 22 22
Pearson Correlation 0,999998909
Hypothesized Mean Difference 0
df 21
t Stat 1,889216946

P(T<=t) one-tail

0,036375357

t Critical one-tail

1,720742903

P(T<=t) two-tail

0,072750714

t Critical two-tail

2,079613845

At t Critical two-tail Tstat < Tcrit, then Ho is accepted, and H; is rejected, meaning that

there is no difference between the Haversin and Euclidean Distance formula methods used in

calculating shoreline change.
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Based on the above calculations, it can be concluded that the Haversin Formula and
Euclidean Distance methods have no difference in calculating changes in the coastline of Pati

Regency 2015-2024.

5. CONCLUSION

1. From the map of changes in the coastline of Pati Regency in 2015-2024 obtained from
the processing of Landsat-8 satellite imagery, it can be analysed that changes in the
coastline in Pati Regency occur due to accretion and erosion. The largest value of
shoreline change occurs on the northern coast of Pati Regency.

2. Based on the T-test results between the Haversine Formula and Euclidean Distance
methods, it can be concluded that there is no difference in the value of shoreline change
in Pati Regency in 2015-2024 between the two methods. Therefore, both methods can be
used to calculate the value of shoreline change in Pati Regency in 2015-2024.

3. Based on the analysis of shoreline changes in Pati Regency in 2015-2024, using the
Haversine Formula method, the largest shoreline change value is found in transect 3
located in Dukuhseti Subdistrict, Kembang Village with a value of 453.92 Metres within
10 years and the smallest shoreline change value occurs in transect 8 located in Tayu

Subdistrict, Tunggulsari Village with a change value of 2.41 Metres within 10 years.
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