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ABSTRAK

Penelitian ini dilakukan untuk menganalisis perubahan pengQunaan lahan tahun 2016 hingga 2022 dan
dampaknya pada zona bahaya tsunami di sebagian pesisir Kabupaten Kebumen. Penginderaan jauh, sistem
informasi geografis (GIS), dan uji statistik diterapkan pada citra satelit Sentinel-2A untuk analisis perubahan
penggunaan lahan. Bahaya tsunami disimulasikan menggunakan pemodelan inundasi tsunami berdasarkan data
spasial pengqunaan lahan dan Data DEM Nasional (DEMNAS) yang diolah menggunakan GIS. Perubahan
penggunaan lahan terjadi cukup signifikan pada area penelitian terutama di Kecamatan Mirit. Jalur Jalan Lintas
Selatan (JJLS) dan kondisi morfologi pesisir dinilai memengaruhi pola perubahan penggunaan lahan. Perubahan
penggunaan lahan berdampak pada perubahan zona bahaya tsunami terutama pada penggunaan lahan hutan
cemara dan tambak udang. Hasil temuan penelitian dapat dijadikan masukan untuk pengembangan rencana
mitigasi bencana tsunami dan perencanaan detil tata ruang di pesisir Kabupaten Kebumen.

Kata kunci : Perubahan Penggunaan Lahan; Bahaya Tsunami; JJLS; Citra Sentinel-2A; DEMNAS

ABSTRACT

This research was conducted to analyze land use change from 2016 to 2022 and their impact on the tsunami hazard
zone on the coast of Kebumen Regency. For land use change analysis, remote sensing, geographic information
systems (GIS), and statistical tests were applied to Sentinel-2A satellite imagery. The tsunami hazard was
simulated using tsunami inundation modeling based on land use spatial data and DEMNAS processed using
GIS. Land use changes occurred significantly in the study area, especially in Mirit District. The Southern Cross
Road (JJLS) and coastal morphological conditions influence land use change patterns. Land use changes impact
changes in the tsunami hazard zone, especially in the use of fir forests and shrimp ponds. The research findings
can be used as input for developing a tsunami disaster mitigation plan and detailed spatial planning on the coast
of Kebumen Regency.
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INTRODUCTION

The south coast of Java Island has a
tsunami threat that needs to be watched
out for. Tsunamis are a series of sea waves
with a large-scale impact from earthquakes,
landslides, and volcanic eruptions that occur
spontaneously in the sea [1]-[3]. Some of the
southern coasts of Java Island have records
of occurrence and potential for tsunamis
with run-up heights of up to 15 m [4]-[9]. On
July 17, 2006, a tsunami-triggered earthquake
(Mw 7.7) occurred at a depth of 34 km and,
centered 225 km off the south coast of Pan-
gandaran Regency (9,2220°S, 107,3200°E), had
an impact extending to the south coast of Ke-
bumen Regency [6], [10], [11]. On the coast of
Kebumen Regency, 12 people died, 46 people
were missing, 27 people were injured, and
1388 people were evacuated to a safe place
[6], [11]. Tsunami inundation modeling for
tsunami hazard assessment on the coast of
Kebumen Regency conducted by several re-
searchers resulted in a tsunami inundation of
600 m to 3,300 m from the coastline [12], [13].
Several tsunami risk studies have shown that
parts of the coast of Kebumen Regency are at
high risk [14]-[16].

The coast is a strategic area for people’s
lives and livelihoods. The coast is a meeting
zone of land, sea, and atmospheric systems
with unique physical conditions and natu-
ral resources [1], [17]. Utilization of natural
resources results in the development of in-
frastructure to support economic and social
activities [18]-[20]. Road infrastructure is one
of the factors triggering land use changes in
regional development [21], [22]. The South-
ern Cross Road (JJLS) was built in parts of
the coast of Kebumen Regency, Central Java
Province, from 2016 to 2019 [23]. JJLS causes

anincrease in land prices and land use chang-
es on the Kebumen coast [24].

JILS is designated as a strategic area in
the 2011-2031 Regional Spatial Plan (RTRW)
of Kebumen Regency, which can be a trig-
ger for regional development [25], [26]. Land
use change is an impact of regional develop-
ment that can be identified with multitempo-
ral spatial data. This study aims to analyze
land use changes from 2016 to 2022 and their
impact on the tsunami hazard zone on the
coast of Kebumen Regency. A further aim is
to identify the types and spatial patterns of
land use that affect changes in the tsunami
hazard zone. It is hoped that the findings of
this research can become input for develop-
ing a tsunami disaster mitigation plan and
detailed spatial planning for the coast of Ke-
bumen Regency.

METHOD

The research location is part of the coast
of Kebumen Regency, covering the coastal
area to the JJLS area (figure 1). JJLS at the re-
search location is approximately 1 km from
the coastline. Coastal areas can be identified
from the topography, lithology, and hydrolo-
gy conditions resulting from fluvial, marine,
and aeolian geomorphological processes [27].
Specifically, the research location is located
between the estuary area of the Lukulo River
to the estuary area of the Wawar River with
flat to gentle slope conditions [16], [28], [29].
The coastal lowland lithology is a segregated
loose sand beach sediment formation zone.
Common landforms at the study site include
beach ridges, swales, lagoons, coastal plains,
and floodplains [30]. The research locations
are included in three districts, namely Bu-
luspesantren, Ambal, and Mirit.
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Figure 1.

Research Areas
Source: Author Analysis (2022)

The first spatial data used in this re-
search is Sentinel-2A satellite imagery in
2016 (before JJLS was built) and 2022 (after
JJLS was completed), which were down-
loaded via https:/ /earthexplorer.usgs.gov/.
Visual interpretation of Sentinel-2A satellite
imagery with a spatial resolution of 10 m is
used to identify land use. The 2014 national
land cover classification standard [31] is used
for land use classification. The confusion ma-
trix method was used to test the accuracy of
land use data, and the stratified proportion-
ate random sampling method was used to
determine field check samples [32], [33]. The
tirst analysis used an overlapping technique
based on a geographic information system
(GIS) to determine land use changes in area
and distribution. The second analysis was
carried out by logistic regression statistical
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tests to determine the effect of JJLS on chang-
es in land use [34]-[36].

The second spatial data used in this re-
search is the National Digital Elevation Mod-
el (DEMNAS) provided by the Government
of Indonesia obtained from the Geospatial
Information Agency (BIG) via https://tana-
hair.indonesia.go.id/demnas/#/. DEMNAS
with a spatial resolution of approximately
8.3 m or 27-arc-second is converted to a Digi-
tal Terrain Model (DTM) using GIS filtering
techniques. The DTM accuracy test was con-
ducted according to the 2019 base map accu-
racy guidelines [37] based on field elevation
measurements using a GNSS Receiver [38].

DTM and Sentinel-2A were processed
using GIS to identify coastal morphology
and then used as material for analyzing the
third pattern of land use change through the
GIS overlapping technique. DTM is convert-
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ed using GIS to generate slope data. Spatial
data (raster) of land use in 2016 and 2022 are
converted into surface roughness coefficients
(table 1) based on expert judgment [38]-[41].
Data on slope gradient, surface rough-
ness (2016 and 2022), and a 15 m wave height
scenario on the shoreline based on previous
research [6], [13], [14] are calculated using
the formula developed by Berryman (2006)
to create a tsunami inundation model. A spa-
tial model of tsunami inundation refined us-
ing GIS to generate tsunami hazard zones for
2016 and 2022 [41], [42]. The 2016 and 2022
tsunami hazard zones were compared with
the GIS overlay technique to analyze haz-
ard zone change patterns. The Hawke’s Bay
equation is shown in equation 1 [39].

H, .= (176 n*+ H'?) + 5sinS...... (Equation 1)

loss

where H, _ is the loss of tsunami water
height per 1 m of inundation distance, H, is
the height of the tsunami waves at the shore-
line (m), S is the slope (in degrees), and n a
is the surface roughness coefficient [10], [39].
The Manning coefficient for surface rough-
ness (n) in several land use classes is shown
in Table 1.

The results of the analysis of land use
change, tsunami hazard, suitability of land
use to the R-TRW, and morphology are used
as the basis for preparing a land use pat-
tern structuring plan. Literature studies on
mitigation strategies by selecting land use in
areas that have experienced a tsunami and
environmental impacts are also considered
in preparing a plan for structuring land use
patterns [43]-[46].

Table 1.
Manning Coefficient for Surface Roughness
(n) in Several Land Use Classes

No Landuse Surface Roughness
Coefficient

1 River 0.007

2 Shrimp 0.008

3 Coastal Swamp | 0.015

4 Mangrove Forest |0.06

5 Shrubs 0.04

No Landuse Surface Roughness
Coefficient

6 People’s Forest 0.07

7 Coconut Gardens | 0.035

8 Mixed Garden 0.035

9 Fir Forest 0.045

10 | Agricultural Field |0.03

11 | Residential Yard |0.04

12 | Settlements 0.05

13 | Industry-Trade 0.035

14 | Bush 0.03

15 | Salt Ponds 0.008

16 |Sand beach 0.018

17 | Pavement 0.01

Sources: [38]-[41] and Data Analysis (2022)

RESULTS AND DISCUSSION
Land Use Change

The results of land use identification in
2016 obtained 16 classes and increased to 17
land use classes in 2022. The accuracy test of
land use data based on 210 field check sam-
ples has an overall accuracy of 84.8%. Using
Sentinel-2A satellite imagery for land use
identification has the same accuracy value as
several similar studies [47], [48]. The analy-
sis of land use change found that there had
been extensive changes in several land use
classes in the three districts of the research
area (figure 2). The highest percentage of
land use change occurred in Mirit District is
5.4%. While the Ambal District is 2% and the
Buluspesantren District is 1.7%. The land use
that increased the most in the area was a 107-
ha shrimp pond. Agricultural land is the land
use that has decreased the most in the area
(174 ha). Many shrimp ponds were built in
Mirit District (84 ha) and Ambal District (32
ha) onland previously serving as agricultural
fields. There has been a change in agricultur-
al land use to become shrimp ponds because
the productivity potential of shrimp ponds
is more economically profitable [49]. The
second order of land use that has increased
in the area is the trade-industry sector of
chicken farming and commercial buildings
in coastal tourism (33 ha). Industrial trade
development is evenly distributed in Mirit,

49



JURNAL TEXNOSAINS | VOL 13, NO.1, Desember 2023; 46-61

Ambeal, and Buluspesantren districts. Many
chicken-trading industries were built on land
that previously functioned as coconut plan-
tations and mixed gardens. Other land uses

that experienced an increase in area sequen-
tially from largest to smallest were shrubs
(30 ha), pavement (19 ha), fir forests (19 ha),
shrubs (14 ha), mangrove forests (8 ha), salt
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Figure 2.

Graph of Changes in Land Use Area in The Three Sub-districts in The Research Area

Source: Author Analysis (2022)

Analysis of the effect of JJLS on land
use changes used a sample of land use that
changed (Y=1) and did not change (Y=0)
as the dependent variable (Y) and the dis-
tance (m) of the sample land use to JJLS as
the independent variable (X). In Figure 3,
210 samples of land use are distributed (105
land use changes and 105 land use does not
change) and used for statistical logistic re-
gression tests. The simple logistic regression
test results can be interpreted based on Table
2 (A and B). The significance value (sig.) in
Table 2-A shows a value of 0.000 or less than
0.05 (sig <0.05), which informs that there is
a significant influence of the independent
variable (X) on the dependent variable (Y)
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[34]. Then the Negelkerke R Square value in
Table 2-B shows a coefficient of determina-
tion of 0.559, meaning that the independent
variable (X) is a factor that influences 55.9%
of changes in the value of the variable (Y)
[34]. The overall meaning based on statistical
tests shows a significant effect of JJLS on land
use changes that occur in parts of the coast of
Kebumen Regency. Other factors that trigger
changes in land use should be taken into ac-
count because the focus of the research object
is JJLS as a strategic infrastructure built in the
vulnerable period of 2016 to 2022. JJLS is an
infrastructure with great potential to support
progress in various fields of economic and
social activity [50], [51].
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Figure 3.

Spatial Distribution of Land Use Change Sample Points for Statistical Tests
Source: Author Analysis (2022)

Table 2.
Logistic Regression Statistical Test Results of The Effect of JJLS on Land Use Changes in
2016-2022
(A) Variables in the Equation
B I Wald df Sig. Exp(B)
Step1* | X1 -.004 .001 53.982 1 .000 996
Constant 2.518 374 45.436 1 .000 12.406
a. Variable(s) entered on step 1: X1.
(B) Model Summary

Step -2 Log likelihood Cox & Snell R Square Negelkerke R Square

1 176.881° 420 559

a. Estimation terminated at iteration number 6 because parameter

estimates changed by less than .001.

Source: Data Analysis (2022)

DEMNAS is converted to DTM through
a selection process (GIS-based filtering) ba-
sed on land use data and maintains a spatial
resolution of 8.3 m. Land uses with signifi-
cant differences in elevation from the elev-
ation of the ground surface, such as forests,
plantations, and settlements, are subject to
elevation adjustments. Land uses such as sh-
rubs, agricultural fields, and beach sand are
considered to have an elevation close to the
ground level. The DTM accuracy test based
on 131 elevation measurement points in the
tield (figure 4A) shows a vertical accuracy
(LE90) of 4.8 m and a horizontal accuracy

(CE90) of 5.1 m. The DEMNAS accuracy test
is based on the same 131 elevation measure-
ment points, resulting in a vertical accuracy
(LE90) of 6.2 m and a horizontal accuracy
(CE90) of 5.1 m. Guided by SNI 8202-2019,
DTM accuracy results are relevant to produce
1:25,000 scale maps, while DEMNAS accura-
cy is relevant to produce 1:50,000 maps. DTM
is used to identify coastal morphology based
on Standard Procedure Norms for Land Sys-
tem Mapping Criteria Scale 1:25,000/1:50,000
[52]. DTM is converted to hillside, slope, and
geomorphic to help identify coastal morphol-

ogy [53], [54].
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Figure 4.
(A) Spatial Distribution of Elevation Measurement Points, (B) Hillshade, (C) Geomorphon, (D)
Sentinel 2-A Imagery Recorded April 11, 2022
Source: Author Analysis (2022)

The dominant morphology identified at
the research site was ridges and valleys, al-
ternating in an elongated pattern parallel to
the coastline (figure 4B-4D). The elongated
morphology of the basin/valley is some-
times flooded during the rainy season, as
seen in the Sentinel-2A satellite image (figure
4D). The morphological stretches of alternat-
ing ridges and basins for approximately 3 km
from the shoreline can be classified as beach
ridges and swales. The pattern alternates
between the beach ridge and swale approxi-
mately 100 m to 300 m apart. Then there is a
dominant morphology of broad plains with
flat to gentle slopes, and there are small river
flow patterns that can be classified as allu-
vial plains. Identified the morphology of the
relatively narrow plains on the right and left
sides of the river, which are sometimes stag-
nant with water, can be classified as a flood-
plain. Then identified lagoons and spit at the
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estuary of the Wawar River and the estuary
of the Lukulo River. The pattern of residen-
tial land use develops following the mor-
phology of beach ridges starting from 1.5 km
from the coastline. Most of the basin (swales)
is used for agricultural land. Newly devel-
oped land uses such as industrial-chicken
trading, and JJLS were also developed to suit
the morphology of beach ridges. During the
pattern of land use development for shrimp
ponds, the majority lies in the morphology of
elongated valleys (swales) starting from 500
m from the shoreline and partly located on
a beach ridge near the estuary of the Lukulo
River. Mangroves develop in lagoons and
floodplains near the estuary of the Wawar
River. Fir forests develop on the coastal
plains associated with tourism sites. Figure 5
illustrates the spatial distribution of land use
change on coastal morphology.
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Spatial Distribution of Land Use Change to Coastal Morphology
Source: Author Analysis (2022)

Tsunami Hazard

The results of the tsunami inundation
modeling in 2016 and 2022 resulted in a
change in the area of the tsunami hazard zone
(table 3). The 2016 tsunami inundation mod-
eling resulted in a tsunami hazard zone of
1606.20 ha, and the results for 2022 increased
to 1629.13 ha. The farthest range of tsunami
inundation was 3.5 km from the coastline to-
wards the Wawar River channel (figure 6).
The most expansive tsunami hazard zone
is in Mirit District. Changes in the tsunami

hazard zone (2016-2022) in Mirit District in-
creased by 16.60 ha, Ambal District increased
by 7.03 ha, and Buluspesantren District de-
creased by 0.7 ha. Agricultural land is the
most significant land use in the tsunami haz-
ard zone. Settlements that are included in the
tsunami hazard zone are only found in Mirit
District. Most industrial-commercial land
uses included in the tsunami hazard zone are
commercial buildings in tourism areas. Most
shrimp ponds are included in the tsunami
hazard zone because of their location close to
the coastline.

Table 3.
Changes in The Area of Tsunami Hazard Zone from 2016 to 2022

Hazard Area - District (ha) E::dargstr(?a;

AL Lerilie Buluspesantren Ambal Mirit TOTAL

2016 2022 2016 2022 2016 2022 2016 2022
1 |River 90.26 93.64 |0.00 0.00 8271 76,59 |172.96 |170.23
2 | Shrimp 48.26 38.41 |0.00 20.66 |0.00 57.07 |48.26 116.13
3 | Coastal Swamp 0.00 0.00 0.00 0.00 4.16 416 4.16 4.16
4 | Mangrove Forest 0.00 0.00 0.00 0.00 3.71 12.66 |3.71 12.66
5 | Shrubs 0.00 3.81 1.11 1.40 9.69 12.06 |10.80 17.27
6 | People’s Forest 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.08
7 | Coconut Gardens 0.00 0.00 0.38 0.38 26.17 2512 |26.54 25.50
8 | Mixed Garden 1.38 1.25 4.88 4.90 12.74 |10.55 |19.00 16.70
9 | Fir Forest 2.88 4.30 43.83 4551 |24.03 [40.50 |70.74 90.30
10 | Agricultural Field 285.22 | 268.67 |361.93 |344.71 |379.24 | 328.62 | 1026.39 |942.00
11 | Residential Yard 0.00 0.00 0.00 0.00 12.25 |13.51 |12.25 13.51
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Hazard Area - District (ha) il:j;rlc'l];:r(e;a;

NG LA EEE Buluspesantren Ambal Mirit TOTAL

2016 2022 2016 2022 2016 2022 2016 2022
12 | Settlements 0.00 0.00 0.00 0.00 2193 (2194 |21.93 21.94
13 | Industry-Trade 1.19 4.11 0.26 2.55 0.00 1.95 1.45 8.61
14 | Bush 0.00 16.94 |0.00 0.00 6.98 16.44 |6.98 33.38
15 | Salt Ponds 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
16 |Sand beach 76.58 7394 4251 |41.84 |61.59 [40.54 |180.68 |156.32
17 | Pavement 0.00 0.00 0.00 0.00 0.33 0.33 0.33 0.33
TOTAL 505.76 | 505.06 |454.91 |461.94 | 645.53 | 662.13 |1606.20 |1629.13
A Area Landuse Change (ha) |-0.70 7.03 16.60 22.93

Source: Author Analysis (2022)

Spatial analysis of tsunami inundation
(2016 and 2022) shows that there have been
several changes in the extent of the tsunami
hazard zone from the coastline in several ar-
eas (figure 6). The farthest range of the tsu-
nami hazard is 3.5 km through the Wawar
River channel and inundating the area on
the west side of the Wawar River for 600 me-
ters. The reach of the tsunami hazard zone
through the Lukulo River channel is 1.5 km.

The difference in the range of the tsunami
hazard in the two river channels is because
the estuary of the Lukulo River is not parallel
to the main river channel (the channel turns
west near the coast). In contrast, the estuary
of the Wawar River tends to be parallel to the
main river channel. The farthest reach of the
tsunami hazard zone is on the coast, which is
not in contact with the river channel, about
780 m from the coastline.
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(A) Tsunami Inundation in 2016 and (B) Tsunami Inundation in 2022
Source: Author Analysis (2022)
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In some areas of land use change, the
tsunami hazard range has also changed as
far as 50 m to 80 m. On the part of the coast in
Mirit District (figure 7C), the tsunami hazard
range reached 550 m, then decreased to 500
m. Land use (figure 7C) has changed exten-
sively from 70 m to 450 m, from agricultural
fields to fir forests. Different conditions were
found in other areas in Mirit District (figure
7D); the tsunami hazard range was 660 m,
then increased to 730 m. Land use (figure
7D) has changed from agricultural fields to
shrimp ponds at 550 m to 750 m. One com-
parative condition is located in Ambal Dis-
trict (figure 7E), showing that the change
in tsunami reaches tends to remain around
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675 m despite changes in land use. Land use
change (figure 7E) occurred at 50 m to 100 m,
where previously agricultural fields became
fir forests and trade tourism; agricultural
fields also turned into shrimp ponds at 550
m to 720 m. Analysis of the tsunami hazard
zones from three different locations found
that changes in the type and spatial pattern of
land use impacted changes in the extent of the
tsunami hazard zone. Types of land use, such
as fir forest with a suitable surface roughness
coefficient as a barrier to tsunami inundation,
can be developed on the coast parallel to the
coastline [45]. Then shrimp ponds that have
a poor surface roughness coefficient as a bar-
rier to the rate of tsunami inundation should
be developed in the safe zone.
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Figure 7.
Cross Section of The Tsunami Inundation Range at Three Locations on The South Coast of Kebumen
Source: Author Analysis (2022)
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Most developments in land use from
2016 to 2022 followed the RTRW of Kebumen
Regency, especially for agricultural fields,
mangrove forests, and fir forests. Part of the
research area (approximately 500 m from the
coastline) is a defense and security area with-
in the RTRW of Kebumen Regency, which has
a strategic function for Indonesia. Some time
ago, there was a conflict over land ownership
and use between the community and the In-
donesian National Armed Forces (TNI) in the
area of defense and security [55]. According
to facts from an interview with a community
member in the field, most of the conflicts be-
tween the community and the TNI have been
resolved peacefully and fairly.

Then the development of shrimp ponds
and the chicken-trading industry still needs
to be considered regarding its environmental
impact and space allocation [25]. However,
based on the results of an interview with one
of the informants in the field, it is known that
business actors and the local government
have agreed on the area for the development
of shrimp ponds and the chicken-trading
industry to be allocated in the south side of
JJILS. The results of community participation
and agreement can be used to compile land
use arrangements to reduce disaster risk [56].
Open shrimp ponds would be better devel-

oped with the concept of side-by-side with
forestry/plantation plants (silvofishery) as a
tsunami mitigation strategy [43]. A compre-
hensive environmental impact assessment
is needed by related parties so that environ-
mental damage does not occur due to the de-
velopment of shrimp ponds and the chicken-
trading industry [57]. Then the development
of mangrove forests, fir forests, and commu-
nity forests in the suitable locations can func-
tion as a greenbelt/natural barrier to tsunami
waves [43], [45].

According to the results of the 2016 and
2022 tsunami inundation model, JJLS is lo-
cated in a relatively safe location parallel to
the coastline. The road network can func-
tion as a barrier to tsunami waves, thereby
minimizing losses in vulnerable areas based
on the concept of structural mitigation [43],
[44]. Then the alternating pattern of coastal
morphology between the beach ridges-sand
dunes and the valleys (swales) that extend
parallel to the coastline can serve as a natu-
ral barrier to tsunami waves. Wise use of the
natural topography of an area can be useful
for preventing a tsunami disaster [46]. Con-
ceptually and based on literature studies, an
alternating pattern of land use that inhibits
tsunamis and productive land use can be de-
veloped as an alternative input for tsunami
mitigation and spatial planning (figure 8).
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The Concept of Structuring Land Use Patterns in Parts of The Coast of Kebumen Regency
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CONCLUSION

Road infrastructure is a factor that has a
significant effect on land use changes. Mul-
titemporal satellite imagery is very effective
in identifying land use changes. Land use
change can be used as a parameter for tsu-
nami hazard analysis. Therefore, changes in
the tsunami hazard zone are influenced by
changes in land use on the coast. Changes in
coastal morphology are physical parameters
for tsunami hazard assessment that can be
used for more comprehensive analysis in fu-
ture studies.

The development of new land uses can
have both positive and negative impacts on
the potential tsunami hazard. Land use, such
as shrimp ponds near the coast, is a land use
that is not good at preventing tsunamis. If
the land use for shrimp ponds develops in
the tsunami hazard zone, the tsunami hazard
zone will further expand inland. Therefore,
the concept of structuring land use patterns
can be used as a strategy in tsunami mitiga-
tion. The concept of land use arrangement
can also be developed in more detail in the
detailed spatial planning document.
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