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ARTICLE INFO ABSTRACT
The coastal areas of Semarang City have experienced land conversion due to
development activities that threaten mangrove sustainability in recent years. The
urgency of this research is the need to monitor mangrove density levels to be
used as input in its management. The purpose of this study is to analyze changes
Revised : in mangrove density levels and the occurrence of abrasion in time series using
2 March 2025 the Google Earth Engine cloud computing model. The research method used
visual interpretation and spectral transformation of NDVI and MNDW!| to identify

Received :
19 May 2024

Accepted : spatial distribution, mangrove density and abrasion. The results showed that
11 March 2025 there was a significant decrease in mangrove area in 2019-2023 with an area of

111.74 hectares. Furthermore, the level of mangrove density is quite dynamic,
Published : especially for high density with a decrease in area from 2019 - 2023 with an area
16 March 2025 of 260.25 hectares, besides that the decline in high density mangroves also

occurred in 2015 - 2023 with a decrease in area of 38.73 hectares. Abrasion in the
research location was identified in 2 coastal villages, namely Mangunharjo Village
with abrasion along 0.88 km (2015 - 2023) and Tugurejo Village with abrasion
along 1.04 km, where both areas also experienced a decrease in mangrove area
at a high-density level. In conlusion, there has been a decrease in the area and
density of mangroves in the study site, one of which has an impact on abrasion.

Keywords: Mangrove density; Cloud computing; Abrasion

INTRODUCTION

Indonesia is a coastal country with a long coastline and has marine ecosystems with diverse
species, including mangroves [1][2]. Mangroves can be found along coastlines in tropical regions, such
as Indonesia. Indonesia has the largest mangrove area in the world at 18-23% and has the highest
mangrove species diversity, where there are 40 species of the 50 true mangrove species spread
throughout the world. [3] [4]. Mangrove ecosystems have a very important role in terms of coastal
environmental dynamics [5][6], among others as a habitat for various types of fish and shrimp to find
food, spawn, shelter and lay eggs, habitat for various types of fauna, carbon sinks in global climate
change and protect the coast from erosion, wind and waves [7][8][9]. Besides that, there is still an
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economic value contained in the mangrove ecosystem, which amounts to US$9900/hectares [10].
Mangrove ecosystems in Indonesia are faced with the problem of damage and loss of mangroves due
to massive land use change into ponds, industrial areas, and other productive land. [11][12].
Approximately 48,000 hectares of mangrove forests in Indonesia underwent land conversion between
2000-2012 resulting in the loss of approximately 49% of mangrove forests in the southeast region [13].
One intervention to mangrove survival occurred on the North Coast of Central Java, which has a
strategic and potential location with a relatively flat land surface. As in the coastal city of Semarang,
which is experiencing mangrove intervention due to relatively rapid land conversion from
development activities [14][15]. Some development activities threaten the survival of mangroves,
such as the development of industrial areas, ponds, development of trade areas and various activities
oriented to other economic sectors [16][17][15].

Semarang City has a decreasing mangrove area every year, which has decreased from 2012-
2014 by 343.92 hectares [18]. Illegal logging is the main cause of the decline in mangrove area on the
coast of Semarang City [19]. One of the decreases in mangrove area occurred in Mangkang Kulon
Village which experienced a decrease in mangrove area of 10.77 hectares which resulted in abrasion
of around 6.8 meters from 2012-2019 [20]. Besides that, abrasion also occurred around Tirang Beach,
where there was a decrease in the coastline of 17.14 meters / year from 2007-2021 which resulted in
the western part of Tirang Beach turning into the sea [21]. Besides that, abrasion has also eroded land
in Tanjung Mas, Terboyo Wetan, Terboyo Kulon, and Trimulyo villages from 1984-2008 with an
average land erosion of 0.7 km/year [22]. Spatial mangrove inventory needs to be done to determine
changes in mangrove area and density by direct measurement in the field, but this activity requires a
lot of time, money, and energy. Mangrove inventory can use remote sensing technology, which has
the ability to record data and information widely, repeatedly and in more detail to detect changes in
the ecosystem. [23][24][25][26]. Remote sensing has been widely used to map mangroves with
varying degrees of success. [27], one of them is by utilizing the presence of a cloud computing
platform, namely GEE (Google Earth Engine). GEE has key capabilities in the provision and processing
of geospatial big data and can classify complex characteristics without a supercomputer [28][29]. The
use of the GEE platform in mangrove mapping has been done in large and compact areas, not small
and fragmented areas such as mangroves in Semarang City [30][31]. In addition, the use of the GEE
platform in mangrove mapping in Semarang City is also still limited, the majority of recent studies still
discuss land use not specific to mangroves [32] [33].

The use of the GEE platform in this study greatly assisted the data collection and processing
process. Table 1 compares the stages of data collection and processing between conventional
methods and GEE. Conventional methods include collecting data by downloading through image
provider websites such as earthexplorer.usgs.gov or browser.dataspace.copernicus.eu with
processing using desktop-based spatial data processing software such as ArcMap or QGIS.

Table 1. Comparison between the conventional method and GEE on data processing

Processing Conventional GEE
Collecting data Need to download the image No need to download imagery
Image Need reflectance calibration No need for reflectance calibration
preprocessing Need atmospheric correction No need for atmospheric correction
NDVI and MNDWI transformations need to  NDVI and MNDWI transformations
Image processing include the formula need to include formulas

The difference between the conventional method and GEE is during data collection and
preprocessing, where with GEE there is no need to do these two steps. The process of collecting data
in GEE is simply writing the dataset snippet code and setting the data filter, while preprocessing is not
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necessary because GEE also provides surface reflectance data that is ready to use. Even in GEE, the
analyzed image can be directly masked based on the AOI (Area of Interest). The use of GEE is also
more efficient in storage because the data is stored in the cloud, while the conventional method is
less efficient because a single scene of Sentinel-2 satellite imagery is up to about 120 MB in size. GEE
also provides a cloud masking algorithm so collecting cloud-free data is easier, which is very suitable
for Indonesia which is a tropical region with a lot of cloud cover [34] [29].

Mangroves mapping in Semarang City is a challenge given that mangroves in the region are
small and fragmented. Semarang City, which is a highly urbanized coastal area, makes mangrove areas
also associated with settlement, industrial areas and fishponds, making it vulnerable to
misclassification. Based on this, this study will map the dynamics of mangrove distribution and density
using GEE. In addition, this research will also discuss the dynamics of mangrove ecosystems against
abrasion. Based on this, this study will map the dynamics of mangrove distribution and density using
GEE. In addition, this research will also discuss the dynamics of mangrove ecosystems against abrasion.
The novelty of this study is the use of multi-resolution spatial imagery in identifying the distribution
and density of mangroves based on cloud computing, which in this study uses Sentinel 2A
multispectral image data sources (2019 and 2023) and Landsat 8 (2015). Data and information on the
spatial distribution, mangrove density and abrasion dynamics are very important to support coastal
ecosystem conservation activities, so that with this information conservation efforts can be carried
out efficiently.

METHODS
Study Area

The study sites is on the coast of Semarang City to identify changes in mangrove density and
abrasion with mangrove distribution in the west and east of Semarang City, where the following figure
presents the research location.

Indonesia e Study Area 4
2} £ Semarang City “'@‘

Demak

_________

Figure 1. Study Area

Data Source

The main data in this study are Sentinel 2A imagery (2019 and 2023) and Landsat 8 imagery
(2015) through the Google Earth Engine (GEE) platform. The satellite images used with
atmospherically corrected and orthorectified surface reflectance levels, so that basic geometric and
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atmospheric correction processes are no longer needed. Here are the specifications of the image data
used in the study.

Sentinel 2A data set

The Sentinel-2 MultiSpectral Instrument (MSI) acquires 13 spectral bands ranging from
Visible and Near-Infrared (VNIR) to Shortwave Infrared (SWIR) wavelengths along a 290-km
orbital swath. The MSI measures reflected radiance through the atmosphere within 13 spectral
bands. The spatial resolution is dependent on the particular spectral band:

- 4 bands at 10 meter: blue (490 nm), green (560 nm), red (665 nm), and near-infrared (842
nm).

- 6 bands at 20 meter: 4 narrow bands for vegetation characterization (705 nm, 740 nm, 783
nm, and 865 nm) and 2 larger SWIR bands (1,610 nm and 2,190 nm) for applications such as
snow/ice/cloud detection or vegetation moisture stress assessment.

- 3 bands at 60 meter: mainly for cloud screening and atmospheric corrections (443 nm for
aerosols, 945 nm for water vapor, and 1375 nm for cirrus detection).

Landsat 8 data set
Landsat 8 images have 15-meter panchromatic and 30-meter multi-spectral spatial

resolutions along a 185 km (115 mi) swath. Landsat 8 carries two sensors. The Operational Land
Imager sensor is built by Ball Aerospace & Technologies Corporation. The Thermal Infrared Sensor
is built by NASA Goddard Space Flight Center. Nine spectral bands, including a pan band:

- Band 1 Coastal Aerosol (0.43 - 0.45 um) 30 m

- Band 2 Blue (0.450 - 0.51 um) 30 m

- Band 3 Green (0.53 -0.59 um) 30 m

- Band 4 Red (0.64 - 0.67 um) 30 m

- Band 5 Near-Infrared (0.85 - 0.88 um) 30 m

- Band 6 SWIR 1(1.57 - 1.65 um) 30 m

- Band7SWIR2(2.11-2.29 um) 30 m

- Band 8 Panchromatic (PAN) (0.50 - 0.68 um) 15 m

- Band 9 Cirrus (1.36-1.38 um) 30 m

Data Processing
Data processing and analysis in this research is divided into several systematic stages, the
following is a series of spatial data processing stages in the research.

Mapping the Spatial Distribution of Mangroves

Mapping of spatial distribution of mangroves is done by digital interpretation
(supervised classification) based on machine learning algorithm in GEE with high accuracy CART
(Classification and Regression Trees) for mangrove mapping [35]. Mapping mangrove distribution
using medium-resolution satellite imagery has the challenge of mixed pixels, where mangrove
pixels are mixed with other objects [36]. So that, the mangrove distribution mapping process also
uses visual interpretation to separate mangrove and non-mangrove objects. Visual interpretation
is an interpretation that considers the elements of location, size, shape, shadow, tone/color,
texture, pattern, height and association [37] [38]. The visual interpretation process was aided by
high-resolution satellite imagery from Google Earth. The combination of digital interpretation and
visual interpretation will produce more accurate mangrove maps from medium-resolution
satellite imagery.
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Mangrove Density Mapping

Mangrove density mapping using NDVI transformation (Normalized Difference
Vegetation Index) with red band and NIR band being the most popular in mangrove mapping [39].
Besides that, this transformation has the best performance in mapping mangrove distribution
and density [40] [41]. The NDVI transformation was processed through the GEE platform using
the formula as follows.

NIR — Red

NDV] = ———
NIR + Red (1)

Identification of mangrove ecosystem dynamics with abrasion

This stage is done by descriptive analysis of the results of spatial distribution of mangroves and
mangrove density with shoreline conditions in the study area. To facilitate the descriptive analysis
process, it is necessary to visualize coastline conditions in the study area. Coastline visualization
using MNDW!I image transformation (Modified Normalized Difference Water Index) which was
processed using the GEE platform. MNDWI is able to separate land and waters, including
visualizing coastlines firmly [42], MNDW!I transformation using formula as follows.

MNDWI = Green—SWIR 1“
Green+SWIR 2 (2)

Mangrove Density Accuracy Test

The NDVI transformation results were then tested for accuracy based on canopy
density from the field. This process is done by calculating linear regression, if the linear regression
results are close to 1, it means that there is a very strong relationship between NDVI and
mangrove density in the study site. Mangrove density data was taken by field survey, where the
estimation of mangrove density values using hemispherical photography. Hemispherical
photography is a method of estimating the extent of mangrove canopy cover using photography
from below, one of the software that can be used is Canapeo which is smartphone-based [35]
[43] The NDVI transformation results are then classified into several classes, where high density
classes have a longer range than other density classes. The sample for validation of magrove
density from hemispherical photography was 32 samples. This number considers the accessibility
of the research site, in addition to several studies such as [44] using a validation sample of no
more than 30 samples.

Data analysis techniques using spatial analysis with a quantitative approach to determine
changes in spatial distribution and mangrove density levels and relationships with abrasion. The
following figure presents the research flow chart.
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Figure 2. Research flowchart

RESULTS AND DISCUSSION
Spatial Distribution of Mangrove

Mapping the distribution of mangroves using digital interpretation (supervised classification)
based on machine learning algorithms in GEE. The machine learning algorithm used is CART
(Classification and Regression Trees) to obtain spatial distribution data of mangroves in 2015, 2018,
and 2023, such as the study of [35] [31]. Visual interpretation was also done with the help of high-
resolution satellite imagery accessed from Google Earth. The combination of digital interpretation and
visual interpretation will produce a better mangrove distribution map from medium-resolution
satellite imagery. The results of data processing show that the spatial distribution of mangroves in the
study area is in seven coastal villages, including Mangkang Kulon Village, Mangkang Wetan Village,
Mangunharjo Village, Randu Garut Village, Tugurejo Village, Tanjung Mas Village and Trimulyo Village,
with various types of mangrove species, including Avicennia Marina, Rhizophora Apiculata,
Rhizophora Mucronata, Rhizophora Stylosa, Bruguiera, Ceriops Tagal, Sonneratia, dan Xylocarpus
granatum. In 2015, mangroves in the study site had an area of about 527.20 hectares with a pattern
of clustering and extending along the pond embankment, where in 2019 mangroves increased to
138.73 hectares due to mangrove growth in 2015. The following graph presents mangrove area
information in a time series.
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Figure 3. Mangrove area (hectar) time series

The results of mangrove mapping in 2023 had an area of 554.19 hectares, which decreased by
111.74 hectares from 2019. Most of the mangroves lost in 2023 are on the beach due to erosion by
sea waves, such as in Mangunharo Village and Tugurejo Village which are dominated by young
mangroves with unstable roots. Large ocean waves are still an obstacle to the growth of mangrove
ecosystems in various coastal areas [45][46], where dynamic ocean waves are influenced by climate
change phenomena that generate high-speed winds that cause an increase in ocean waves and
threaten the balance of coastal areas [47][48]. The following figure presents changes in the spatial
distribution of mangroves in the study area.
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Mangrove Density Level

Processing of mangrove density levels obtained from the results of NDVI processing using java
script in GEE with Landsat 8 (2015) and Sentinel 2A (2019 & 2023) image data. NDVI is a spectral
transformation that can convert digital numbers into vegetation density with a value range of -1 -1 so
that it can be used to identify land cover changes in an area [23][49]. The results of NDVI processing
in 2015 show that the level of mangrove density varies into two density classes, namely high density
with an area of 176 hectares (33.39%) and medium density with an area of 351 hectares (66.61%).
Meanwhile, low and very low density mangroves were not identified due to the limited resolution of
the Landsat 8 image which is too small (30 meters). The following table presents the time series
mangrove density in the study area.

Table 2. Density level of mangrove time series

No Density level Area (hectar & percent)
2015 2019 2023
1 High 176.00 33.39% 397.52 59.69 % 137.27 23.86 %
2 Moderate 351.00 66.61 % 126.04 18.92 % 92.04 16.59 %
3 Low - - 124.83 18.74 % 154.56 27.88 %
4  Verylow - - 130.37 19.57 % 268.32 48.41 %
Total 527.00 100 665.93 100 554.19 100

Furthermore, the level of mangrove density in 2019 can be identified in four density classes,
namely very low, low, medium and high. Based on the NDVI processing results, 397.52 hectares
(59.69%) had a high density level and 130.37 hectares (19.57%) had a very low density level. While the
level of mangrove density in 2023 will mostly have a low density level with an area of about 268.32
hectares (48.41%), while for mangroves with high density has an area of about 137.27 hectares
(23.86%). This shows that there is a decrease in mangrove density from 2023-2019, especially for high-
density mangroves with an area of about 260.25 hectares, but there is also a decrease in mangroves
with a medium density of about 34 hectares. Furthermore, during 2019-2023, there was an increase
in mangroves with a low density level of around 137.95 hectares. Based on the dynamics that occur
at each density level, it shows that there is a degradation of the mangrove ecosystem in the study
location.

The distribution of mangroves in each coastal village shows a level of density that varies greatly
in each coastal village, where the year 2023 shows high density mangroves have an area of 119.06
hectares with the largest area in 2 villages including Trimulyo Village with an area of 25.36 hectares
(21.30%) and Mangkang Wetan Village with an area of 25.14 hectares (21.11%), Meanwhile, very low
density mangroves are mostly located in Tugurejo Village with an area of 70.63 hectares (31.40%) and
Mangkang Kulon Village with an area of 36.43 hectares (16.19%). The high density of very low density
mangroves in these two areas is more due to the mangrove planting pattern that extends the pond so
that the pixel value read by the sensor is biased. The following figure shows the changes in mangrove
density.
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Figure 5. Density mangrove time series (2015, 2019 & 2023)

Furthermore, an accuracy test was conducted to assess the level of mangrove density in each
class of NDVI values, where the accuracy test used linear regression between NDVI values and
mangrove density values in the field of hemispherical photography. The linear regression results show
an R (correlation) value of 0.86 and an R2 (coefficient of determination) value of 0.75 (Fig 6). This
indicates that there is a moderate relationship between NDVI and mangrove density in the field. The
accuracy of mangrove density in the study area is relatively moderate, this is because some mangroves
in the study area have a pattern that extends the pond so that it does not meet the pixel size of the
image used. This phenomenon has an impact on the reflection bias of objects around mangroves, such
as water bodies and soil recorded on the sensor so that it becomes a mixed pixel. Mapping mangrove
density levels and species with medium resolution imagery has limitations, especially for mangroves
with elongated patterns, such as the study of mangrove density in coastal Semarang with SPOT 7
imagery which resulted in a moderate-low accuracy of 52% because some mangrove density classes
have small patches mixed with other uses [50]. Mangrove mapping with 10-meter or higher resolution
imagery has the potential to misrepresent fragmented mangrove areas and experience sampling bias,
with accuracy ranging from 25% for mapping results with 30-meter resolution imagery [51].The
following graph shows the relationship between mangrove density and NDVI values.
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Transverse profile measurements were also taken to determine changes in mangrove cover
using the long cross method along 1.45 km from 2019 - 2023. The processing results show that the
Mangunharjo Village area experienced the largest decrease in area, especially in high-density
mangroves, which from 2019-2023 decreased by 45.41 hectares, while very low-density mangroves
experienced an increase in area of around 13.98 hectaresThe decrease in the area of high density
mangroves is also seen in the longitudinal time series profile, where from the graph (Fig 8) it can be
concluded that there is a decrease in mangrove area in the high density class. The use of cloud
computing such as GEE is very helpful in mangrove mapping. Its ability to provide data will make it
easier to map changes from previous decades. This research still has limitations such as the
transformation used is only NDVI. Whereas NDVI has weaknesses in relation to the soil background
[52]. So it also needs to be compared with transformations related to soil backgorund such as SAVI
(Soil Adjusted Vegetation Index), EVI (Enhanced Vegetation Index) and EVI-2 (Enhanced Vegetation
Index 2) [53] [54]. This research should also be expanded by utilizing GEE to improve our
understanding of mangrove dynamics. Monitoring mangrove dynamics normally includes seasonal
and annual changes that require a series of historical and regular imagery. By addressing the
limitations of single-date images and employing averaged optical data, we can reduce the impact of
environmental variability such as tides on the accuracy of mangrove mapping [52], as well as research
on the dynamics of carbon stocks using GEE such as the study [55], whose information can be used to
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inform the impact of current and future activities and national policies aimed at conserving these
important ecosystems.
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Abrasion Dynamics

Mangrove ecosystems in coastal areas have many functions, including protecting the coastline
from ocean waves that can impact abrasion [56][57]. Large mangroves have the ability to bind mud,
which can reduce erosion of land by ocean waves [58][59], Besides that, this plant can function as a
natural fortress in resisting sea waves so that it can prevent abrasion. Based on the results of MNDWI
image transformation processing using the GEE platform to separate land and waters, including
visualizing the coastline firmly [60][61] shows that abrasion occurs in the coastal area of Kelurahan
Mangunharjo, where in the 2015-2023 time interval there was 0.88 km of coastline erosion due to sea
waves. This erosion has caused the loss of several pond areas located on the beach.

One of the causes of abrasion that occurs in this area is a decrease in mangrove density, where
in the 2018-2023 time interval there was a decrease in mangrove area with a high density level of
around 45.51 hectares and a medium density of around 2.99 hectares. Furthermore, abrasion also
occurs in the coastal area of Tugurejo Village, where the results of MNDW!I processing show the
erosion of the coastline with a length of about 1.04 km due to sea waves, especially at high tide.
Abrasion that occurs on the coast of Tugurejo Village is caused by a decrease in mangrove density
which functions as a coastal belt, especially in the 2019-2023 period, where in that period there was
a decrease in mangrove area with a density of around 86.45 hectares. Besides that, abrasion has also
resulted in the loss of mangroves around the ponds due to large waves. The following picture shows
the abrasion that occurs on the coast of Kelurahan Mangunharjo and Kelurahan Tugurejo.
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Figure 9. Abrasion in Mangunharjo and Tugurejo coast (2015-2023)

CONCLUSION
Based on the results of the study, it can be concluded that mangroves in the coastal areas of

Semarang City are scattered in 7 coastal villages with an area of about 554.19 hectares in 2023, where
the area has decreased compared to 2019 with an area of 665.93 hectares, where the decline in area
mostly occurred in Mangunharjo Village and Tugurejo Village. The level of mangrove density in the
study site shows that most of them are at a low - medium density level with a spatial distribution
clustered along the coastline and extending along the pond embankment. Furthermore, the level of
mangrove density experienced a significant decrease from 2019-2023 with an area of 260.25 hectares,
in addition to a decrease in high mangrove density also occurred from 2015-2023 with a decrease in
area of around 38.73 hectares. The decrease in the area of high-density mangroves correlates with
abrasion in the research location, where 2 coastal villages were identified that experienced abrasion
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(2015-2023), namely Mangunharjo Village with abrasion extending along 0.88 km and Tugurejo Village
with abrasion extending along 1.04 km (2015-2023). Suggestions from the results of the study can be
carried out further research on the identification of mangrove health levels at the research site and
species identification using remote sensing spectral transformation.
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