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Abstract. Coastline change in the Surabaya coastal areas (Indonesia) is caused by erosion, accretion, and
anthropogenic activities, which are caused by human activities in the coastal areas. All human activities in the
Surabaya coastal areas have an impact on the coastline. The purpose of this study was to detect the coastline
change in the Surabaya coastal areas from 1994 to 2018. The researchers used remote sensing method to detect
the coastline change. The data were obtained from the satellites of Landsat 5 (1994), Landsat 7 (2003), and
Landsat OLI 8 (2018). The researchers used the Digital Shoreline Analysis System software and the statistical
calculation of End Point Rate. The results showed that from 1994 to 2018 the highest of the average accretion
rate in Kalisari sub-district was 75.75 m/year, and the highest of the average erosion rate in Wonorejo sub-
district was measured as of —3.4 m/year. Accretion and erosion occur due to the land use change. In Wonorejo,
some mangrove areas were reduced due to illegal logging. In addition, land use change due to new ponds and
residential areas occurred in East Surabaya. Meanwhile, anthropogenic activities had an impact on several areas
due to Tanjung Perak and Teluk Lamong ports. To improve the environmental situation, continuous monitoring
of the coastal areas of Surabaya and cooperation between the Government and the population are necessary.
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OINPEJIEJIEHUE N3MEHEHUS BEPETOBOIi TMHUA
B PATIOHE CYPABAY (MHOHE3HUST)
C IOMOIBIO TUCTAHIIMOHHOT'O 30HMPOBAHUS

J.A. Cadpurpu’?, JI.A. BecniasoBa?, ®. buopecura’, P. Hyrpoxo®

AHHoTanus. V3meHenne GeperoBoil TMHMN B MpHOpeXHBIX paiioHax Cypabau (MHIOHE3Hs) BBI3BAHO
aOpasueil, akKyMyJIsIIieldl U aHTPOIIOTEHHOW JeSITeIbHOCThIO. Besl IeATenhbHOCTh UeloBeKa B MPUOPEKHBIX
paiionax Cypabau okxa3pIBaeT BIMSHHE Ha OeperoByio JUHMIO. L[enb 3TOro mcciaeqoBaHUs COCTOSIA B TOM,
YTOOBI BBISIBUTH U3MEHEHHE OeperoBoil TMHUM B MPUOpexkHbIX paiionax Cypabau 3a mepuos ¢ 1994 mo 2018 .
Jlis obHapykeHHsI H3MEHEHUST 6eperoBOM JIMHUM OBIT HCIONIB30BAaH METO/ JUCTAHIIMOHHOTO 30HIUPOBAHNS.
JlanHble ObUTH MOJYYEHBI co cryTHHKOB Landsat 5 (1994), Landsat 7 (2003) u Landsat OLI 8 (2018). Hc-
MOJIL30BAJIOCH MporpamMmuoe obecrieuenue [udposoii cuctemsl ananuza 6eperosoii nuaun (DSAS) u craTu-
cTruecKuil pacder ckopocTn KoHeuHbIX Touek (EPR). C 1994 mo 2018 . camas BeICOKast CpeaHsIsI CKOPOCTh
aKkyMmyJsiiun 3aduKcupoBaHa B mofokpyre Kamucapu u cocraBuia 75,75 m/roj, a camasi BRICOKasi CPEIHSIS
CKOpPOCTh pa3MbIBa OeperoB — B mMookpyre Bonopexo, —3,4 mM/rof. AKKyMyJIsiiusi 1 abpasusi IPOUCXOJIST U3~
3a UI3MEHEHHH B 3eMJIeTIONb30BaHnn. B BoHOpExo n3-3a HE3aKOHHOW BBIPYOKH Jieca MPOU30IILIIO COKPAIIEHUE
MaHTPOBBIX 3apociei. Kpome toro, B Boctounoit Cypabae mpon30nuii M3MEHEHHS B 3¢MJIETIOIb30BAHUH, CBSI-
3aHHBIC C CO3JaHUEM IIPYAO0B 1 HOBBIX JKUJIBIX paﬁOHOB. AHTpOHOFeHHaﬂ ACATCIbHOCTH OKa3aJia BO3)IeﬁCTBHe
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1 Ha HECKOJIbKO PalfOHOB M3-3a CTPOUTENbCTBA MOpToB TanmkyHr-Ilepaka n Temnyk-Jlamonr. s ynydiieHus
9KOJIOTHYECKOW CHUTyalluy HEOOXOAMMBI ITOCTOSTHHBI MOHUTOPUHT COCTOSIHUSI PUOpexHbIX paiioHoB Cypa-
0an M COTPYTHUYIECTBO MEX/Ty IPAaBUTEIILCTBOM M HACEICHHEM.

KuarwueBble ciioBa: GCpeFOBaﬂ JIMHUA, TUCTAaHIIUOHHOC 30HIUPOBAHNC, a6pa31/1>1, AKKYyMYJIALd, CKOPOCTh

u3MeHeHus oeperoBoii muauu, Cypabdas, HaoHe3usl.

INTRODUCTION

The coastline is a line that forms the boundary
between the land and the ocean and is influenced by
tides. The coastline consists of the lowest tide, the
highest tide, and the mean sea level. Seeing the varying
position of the coastline, the coastline tends to have a
dynamic character and its position can change [1].

The coastline is subjected to continuous change due
to natural causes and human interventions in coastal
zone. Identifying the areas vulnerable for erosion and
quantifying its extent is essential for coastal zone
management. Coastal erosion is a severe problem,
particularly for a country facing explosive population
growth along the coastal areas. The coastline is always
subjected to change due to coastal processes, which
are controlled by wave -characteristics, sediment
characteristics, beach form, etc. [2].

The coastal area is an area that is very intensively
used for human activities, such as a central government
area, settlement, industry, port, aquaculture, agriculture,
fisheries, tourism, etc. The existence of these various
activities can lead to an increase in the need for
land, infrastructure, etc., which in turn will result
in the emergence of new problems such as coastal
erosion which damages residential areas and urban
infrastructure in the form of retreating coastline or
advancing coastline. The advancement of the coastline
on the one hand 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 [3].

Some of the activities of coastal communities
in Surabaya, for example pond fishery activities,
agriculture, changes in land use such as from mangrove
areas to fish ponds, ponds to residential areas, cause
some problems. The coastline change in the Surabaya
coastal areas is caused by natural and anthropogenic
activities. For this reason, periodic monitoring of the
coastal areas is required.

In general, monitoring of coastal areas is carried out
by using remote sensing satellites and the Geographic
Information System (GIS). The Digital Shoreline
Analysis System (DSAS) is software that is usually
used to calculate coastline change and generate the
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change metrics of End Point Rate (EPR), Net Shoreline
Movement, Linear Regression Rate, etc. Analyzing
the coastline change with the DSAS, remote sensing
technology can be an important and efficient tool.
The use of remote sensing data is very useful for
determining coastline change. Coastline change can be
calculated using medium resolution satellite imagery.
This calculation produces information in the form of a
coastline change value of a specified period. Through
remote sensing method, it was possible to study a very
large area of land. The use of satellite imagery with
a medium spatial resolution, such as the Landsat, is
appropriate for dynamics monitoring of coastline [4].

Several studies were conducted with the Landsat
satellite imagery to monitor coastline change. Dewidar
and Frihy [5] found that the Landsat satellite data can
be used to examine rapidly changed coastline along
the northwestern part of the Nile delta from the Abu
Qir Bay to Gamasa embayment. El Banna and Hereher
[6] detected temporal coastline changes and erosion/
accretion rates with remote sensing method and their
associated sediment characteristics along the coast of
North Sinai.

Coastal engineers and managers need a
comprehensive understanding of the coastline physical
change, key elements of the coast as a system, and an
ability to identify historical coastline change and to
predict future coastline change over times in order to
achieve sustainable coastal management. This study
was conducted to monitor the coastline change in the
Surabaya coastal area over 25 years (1994-2018) by
using the Landsat satellite imagery and DSAS.

MATERIAL AND METHODS

Remote sensing is one of the most commonly
used methods for monitoring coastal areas, such as to
monitor coastline change. In this study, the researchers
used remote sensing method to detect coastline change.
The data were obtained from the satellites of Landsat
5(1994), Landsat 7 (2003), and Landsat OLI 8 (2018).
The other data were wind data in 2016, 2017, and
2018 (recorded every 1 hour for 24 hours). Wind data
processing was intended to find out the most dominant
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Table 1. The wind direction in Surabaya in 2016-2018
Ta6auna 1. Hanpasnenne Berpa B Cypabae B 2016-2018 rr.

The percentage of frequency of wind direction
[TponeHT 4acTOThI HallpaBJICHHS BETpa

Ani.le an.d wind Wind speed (knot) Total

irection / Ckopocrtb Betpa (y3en) percentage /

Hanpasnenue

BeTpa 0~2 2~4 4~6 6~8 8~10 10~12 12~14 14~16 Cymma
N 0.79 1.12 0.41 0.04 0.00 0.00 0.00 0.00 2.36
NE 1.16 1.70 0.98 0.09 0.01 0.00 0.00 0.00 3.94
E 1.13 4.08 8.43 8.62 3.88 0.62 0.05 0.00 26.81
SE 0.98 6.99 13.95 6.10 1.47 0.28 0.00 0.00 29.79
S 0.88 1.46 0.53 0.29 0.11 0.03 0.00 0.00 3.30
SW 1.10 1.89 1.26 1.45 0.09 0.00 0.00 0.00 5.79
\\% 1.11 3.67 5.29 4.26 2.95 2.62 1.09 0.38 21.37
NW 0.90 2.09 1.71 0.93 0.33 0.36 0.21 0.11 6.65
Total / Bcero 8.06 23.00 32.57 21.79 8.83 391 1.35 0.49 100.00

wind direction. This direction was used to find out
the trend in the direction of sediment movement.
The wind recording data were data from the Tanjung
Perak Surabaya waters station with the coordinates
of Longitude 112.663646°E and Latitude 7.107339°S
(Table 1).

The researchers used the Digital Shoreline Analysis
System (DSAS) software and the statistical calculation
of End Point Rate.

DSAS is extension software from ArcGIS that
allows users to calculate coastline change statistically
over times [7]. DSAS enables users to do transect
creation perpendicular to the baseline of the initial
coastline change. In general, the functions of DSAS
are (1) to determine the baseline reference for
measurement; (2) to create transects and metadata
based on predetermined parameters; and (3) to provide
statistical information on coastline change. DSAS
can do some statistical calculations that are End Point
Rate, Linear Regression Rate, and Weighted Linear
Regression Rate. This study with DSAS used the
statitical calculation of EPR. According to Thieler [7],
the equation of the Endpoint Rate Calculation (ECI) is

as below:
VE, +Ej

Date(A) — Date(B)’

E , is the uncertainty of the position of the
coastline 4; E , is the uncertainty of the position of the
coastline B; Date (A) and Date (B) are the time or date
of the coastline 4 and B, respectively.

This study used a baseline that was placed onshore.
The transect was made towards the sea. The distance

between the transects was 50 m and the transect length

ECI=+

was 3,000 m. The researchers made the distance of 50 m
because the data were mostly satellite imagery based
on pixels and were considered sufficiently detailed to
be applied to the Surabaya coastline which had a length
of £47 km and had an irregular shape. It was necessary
to modify the transect so that the researcher found out
the coastline change rate in Surabaya over 24 years.

The researchers used the Landsat satellite imagery
of the coastline in 1994, 2003, and 2018 as the research
data. The researchers drew the baseline and the
coastline on screen digitizing. DSAS was performed
on ArcGIS 10.1 software to automatically calculate the
coastline change. The working principle of coastline
change analysis applying DSAS was to use the new
line obtained from the intersection of the transect line
and the coastline in certain time [8]. The analysis was
carried out by analyzing the results of the calculation
of the coastline change and by selecting the data that
had the highest and lowest change in each coastal
urban village in Surabaya. The research flowchart is
presented in Figure 1.

RESULTS AND DISCUSSION

The wind direction in Surabaya. The researchers
made a wind rose from wind data (Table 1) and
it is presented in Figure 2. The results show that
the dominant wind direction for 3 years was to the
Southeast (29.79 %) and to the East (26.81 %) with the
greatest wind speed of 4-6 knots. The direction of the
sediment was from the southeast towards the east coast
of Surabaya.

The coastline change in Surabaya. Changes
in the Surabaya coastline indicated that there were
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Fig. 1. The research flowchart.
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Station# 1 Dates: 01/01/2016 - 00:00 ... 12/31/2018 - 23:00

Wind speed
(knots)

3 216.00

[ 14.00-16.00
I 12.00-14.00
[ 10.00-12.00
I 8.00-10.00
I 6.00-8.00
I 4.00-6.00
] 2.00-4.00
3 0.97-2.00
Calms: 1.77 %

Fig. 2. The wind direction in Surabaya in 2016-2018.
Puc. 2. Hanpasnenue Berpa B Cypabae B 2016-2018 rr.

erosion, accretion and anthropogenic activities in the
Surabaya coastal areas. The location identification
to know where the coastal abrasion and accretion
occurred was carried out by using overlaying method
(the longest coastline with the current coastline). The
results are presented in Figure 3. Based on the results

GRESII

GRESIK
0,001 - 4,53 My mm—mmm e105101

Omy = anthropogenic
0,01 - 12953 mly =mmme accretion

N Pgecton - WGS 84, UTM Zone 495
Source 1. LANDSAT-5 (1994)
- A 2 LANDSAT7 2003
3 LANDSAT-8 (2018)
Kiometers.
1 8

SURABAYA SHORELINE MAP (1994-2018)
(SPEED OF SHORELINE CHANGING)

SURABAYA

of digitization, the researchers indicated areas where
the coastline changed because of erosion, accretion,
and anthropogenic activities. Safitri with co-authors [9]
states that during the last 24 years erosion occurred
in several sub-districts in the Surabaya coastal areas
such as Wonorejo urban village, Rungkut sub-district
measuring 141637.1 m?. While the accretion almost
occurred in all coastal areas in Surabaya. Accretion
in Sukolilo sub-district was the largest accretion
measuring 4401201.3 m? Most of the anthropogenic
activities were because the construction of the Teluk
Lamong Port in 2013 measuring 916068.3 m>.

After the researchers had identified the locations
where the erosion, accretion, and anthropogenic
activities occurred, the researchers carried out data
analysis to find out the coastline change rate by using
DSAS. This was also to find out the rate of erosion,
accretion, and anthropogenic activities in more detail.
The statistical calculation was End Point Rate in DSAS.

The data showed that erosion occurred in the West North
and East Surabaya coastal areas. The erosion occurred
for 24 years in six sub-districts (10 urban villages) that
were Benowo and Asemrowo sub-districts in the West,
Krembangan and Kenjeran sub-districts in the North,
and Sukolilo and Rungkut sub-districts in the East.

le
a
!
JADURA STRAIT f
% S

Fig. 3. The Surabaya coastline change speed map (a), and condition of coastline: » — in Romo Kalisari sub-district; ¢ — in Wonorejo sub-

district; d — under the bridge of Suramadu, Tambak Wedi sub-district; e — in a fishing urban village in Bulak sub-district; /'~ in “Dewi
Kwan Im” temple in Kenjeran sub-district; g — in Keputih sub-district covered by mangroves.

Puc. 3. Kapra ckopoct m3meHenus 6eperosoii mann Cypabau (a) u coctossHue OeperoBoil TuHUN: b — monokpyr Pomo Kammcapu; b —
nookpyr Bonopexo; ¢ — nox moctom Cypamany Benu, nonokpyr Tambaaxy; d — B ppI0alikom oCeNKe ropoJICKOro THIIA, HOLOKPYT byiak;
e — B paiione xpama Jlesu KBan 1M, nonokpyr Kenmkepane; f— mo6epesxbe, HOKPHITOE MAHTPOBBIMU JIeCaMH, MOAOKpyT KemyTux.
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Table 2. The average speed rate of erosion in the coastal areas of Surabaya (1994-2018)
Tabauna 2. CpenHsist CKOpPOCTh pa3MbIBa B MpHOpexkHBIX paiioHax Cypaban (1994-2018)

Sub-district Urban village Speed rate over 24 years (m/year)
[Tonoxpyr [Tocenok ropoackoro tumna CKopocCTh B cpeiHeM 3a 24 roma (M/Tox)
West Surabaya Benowo TambakGOsowﬂangun —0.362?5)8
3anajuas Cypaba reges s
T =y pabar Asemrowo Kalianak ~1.52444
Krembangan Moro Krembangan -1.21
North Surabaya Bulak Banteng —0.03 min
Cesepras Cypabas Kenjeran Tambak Wedi 0.7
Kedung Cowek —0.62111
East Surabaya Sukolilo Keputlk.l —1.82321
Bocrounas Cypabast Rungkut Wonorejo —3.4 max
Medokan Ayu —1.0975

During 24 years (1994-2018), the results indicated
that the lowest of the average erosion speed rate was
—0.03 m/year in Bulak Banteng urban village, Kenjeran
sub-district, and the highest of the average erosion
speed rate was —3.4 m/year in Wonorejo urban village,
Rungkut sub-district (Table 2).

The coastal areas of East Surabaya were a mangrove
area spread across Keputih, Wonorejo, and Medokan
Ayu urban villages. Illegal logging of mangroves,
especially in Wonorejo urban village, caused most of
the erosion. Apart from erosion, the accretion occurred
in 18 urban villages in 8 sub-districts that were Benowo
and Asemrowo sub-districts in the West, Krembangan,
Semampir, and Kenjeran sub-districts in the North, and
Mulyorejo, Sukolilo, Rungkut, and Gunung Anyar in
the East.

The data showed that the lowest of the average
accretion speed rate was 0.81 m/year in Ujung urban
village, Semampir sub-district, and the highest of
the average accretion speed rate was 75.75 m/year in
Kalisari urban village, Sukolilo sub-district (Table 3).

The researchers were local people in Sukolilo sub-
district. Based on personal experience and interviews
with local residents, there was coastal reclamation in
Keputih and Kalisari urban villages. The new land is
used as a new residential area. In addition, the illegal
logging of mangroves that aimed to change a mangrove
area to be a pond area caused coastal accretion, which
then caused coastline change. The East Surabaya
coastal areas were the territory that needed the greatest
concern because the erosion and accretion occurred
mostly in these particular areas (Fig. 3).

The field observation. During the last 24 years, the
Surabaya coastal areas had undergone several changes,
one of which was the change of coastline. In this study,
the researchers also conducted a field observation to
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determine the current conditions of the coastline. With
the Landsat satellite imagery, the researchers identified
the areas where erosion, accretion and anthropogenic
activities took place.

In West Surabaya, anthropogenic activities occurred
in 2013 due to the construction of a new port that was
Teluk Lamong Port in Tambak Osowilangun sub-
district. Most of the West Surabaya was industrial areas
and there were many loading and unloading activities.
This condition also occurred in North Surabaya.
Meanwhile, East Surabaya experienced very significant
changes, especially in Kalisari sub-district, Keputih
sub-district, and Wonorejo sub-district. In these
districts, the accretion and erosion were quite severe.
The accretion in Kalisari and Keputih sub-districts
occurred due to land use change as initially there were
mangroves and then they were changed to be ponds or
vice versa. The erosion occurred due to illegal logging
of mangroves. These community activities affected the
condition of the Surabaya coastline. The researchers
conducted a field observation to several locations in the
Surabaya coastal areas and conducted brief interviews
with local residents. The residents agreed that there was
a need for cooperation with the government to protect
the Surabaya coastal areas from erosion in particular
by replanting mangroves. In addition, the government
needed to conduct evaluation to protect areas vulnerable
to accretion and anthropogenic activities so as not to
damage the coastal environment (Fig. 3).

The researchers conducted a field observation
in June-August period, which was a dry season in
Indonesia — so the beaches were at low tide. Most of
the coastal areas in East Surabaya are mangrove forests
areca. Nowadays, this area is an educational recreation
area. There are many studies on mangrove ecosystems
in East Surabaya. Good management attracts people
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Table 3. The average speed rate of accretion in the coastal areas of Surabaya (1994-2018)
Tabauna 3. CpenHsst CKOpPOCTh AKKYMYJISIIUH B TPpUOpexkHbIX paiionax Cypaban (1994-2018)

Sub-district Urban village Average speed rate over 24 years (m/year)
TTomokypr ITocenok ropoxackoro tunia | CpenHsisi CKOPOCTh B CpefHeM 3a 24 roga (M/rox)
Benowo Romo Kaligari 4.8407692
West Surabaya Tambak Osowilangun 1.3232083
3anamsas Cypabas Tambak Langon 4.7653333
Asemrowo Greges 2.44
Kalianak 2.3997059
Krembangan Moro Krembangan 5.2584
Semampir Ujung 0.8125 min
Bulak Banteng 1.0581481
22:;;:;‘?2%26% . Tambak Wedi 2.8504545
Kenjeran Kedung Cowek 1.1086667
Kenjeran 3.7715152
Sukolilo 5.9335135
Mulyorejo Dukuh Sutgrejo 64.175
Kalisari 75.758333 max
East Surabaya Sukolilo Keputih 33.808804
Bocrounas Cypabas Wonorejo 2.944
Rungkut Medokan JAyu 8.6010345
Gunung Anyar Gunung Anyar Tambak 11.45913

to visit these tourist attractions. Apart from providing
economic income for the local community, mangrove
forests prevent erosion and tsunamis. This makes the
people around the mangrove forests be aware of the
importance of conserving this ecosystem.

CONCLUSION

Monitoring coastal areas using DSAS can determine
the speed rate of coastline change. The topography of the
Surabaya coastal areas, which are relatively sloping, and
the community activities are two of the factors that cause
coastline change in the Surabaya coastal area. Based on
the Landsat satellite imagery in 1994, 2003, and 2018,
it may be indicated that the coastline change was due
to erosion, accretion, and anthropogenic activities. This
study monitored the coastline change in all coastal areas
of Surabaya over 24 years. Anthropogenic processes were
caused by the activities at the Tanjung Perak Port and
the Teluk Lamong Port. East Surabaya had the biggest
problem of the other coastal areas in Surabaya. The
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