HAYKA FOTA POCCHH 2023 T. 19 Ml C.51-58
SCIENCE IN THE SOUTH OF RUSSIA 2023 VOL.19 Nol P 51-58

HAYKMH O 3EMJIE

VK 502
DOI: 10.7868/25000640230106

MAPPING AND MONITORING OF MANGROVE AREA
IN SURABAYA (INDONESIA) IN THE PERIOD OF 1994-2018
USING LANDSAT SATELLITE DATA AND GOOGLE EARTH ENGINE

© 2023 D.A. Safitri', F. Bioresita?, R.T. Nugroho?, L.A. Bespalova’,
N. Ramadaningtyas®, F.A. Sobarman’

Abstract. Mangroves have an important role in supporting the sustainability of coastal and small island
environments. Mangroves act as fish habitat and are an indicator of a healthy coastal environment through
the presence of various types of fish. Mangroves are also able to become economic centers for coastal
communities through cultivation and tourism activities. Therefore, the monitoring of mangrove areas becomes
very important. Utilization of remote sensing technology can be used to monitor the condition of mangroves.
The City of Surabaya has a natural potential for the growth of various types of mangroves. The purpose
of this study was to monitor the mangrove species and mangrove area and to determine the biomass and
carbon stock value produced by mangroves in the City of Surabaya. The monitoring covered Landsat imagery
data of 1994, 2003 and 2018 and exercised the Google Earth Engine (GEE) platform with Random Forest
(RF) algorithms. The results showed that in general there were three genera of mangroves growing in East
Java, especially Surabaya: Rhizophora, Sonneratia, and Avicennia. Compared to 1994, the mangrove area in
Surabaya increased by 429.954 ha in 2018. According to the findings, as the number of mangroves in Surabaya
increases, there is a corresponding increase in the production of biomass and carbon stock value. This periodic
monitoring of mangroves is expected to be able to support the sustainability of a healthier coastal ecosystem.
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KAPTOI'PAOMPOBAHUE U MOHUTOPUHI MAHT'POBBIX 3APOCJIEM
B CYPABAE (MHIOHE3HA) B ITIEPUO/ 19942018 rr. C UCITOJIB30BAHUEM
CITYTHUKOBBIX JTAHHBIX LANDSAT 1 GOOGLE EARTH ENGINE

J.A. Caputpu!, ®. Buopecura?, P.T. Hyrpoxo?, JI.A. Becnanosa’,
H. Pamananunrrbsc’, ®.A. Cobapman®

AHHOTanMsi. MaHrpoBbIe 3apOCii UIPAIOT BaKHYIO POJIb B MOUICPKAHUM YCTOWYNBOCTH NPUOPEKHOM
Y OKpYIXKAIOIIeH cpes Majbix OCTPOBOB. OHU CITy’KaT MECTOM OOWMTAHUS PA3IUYHBIX BUIOB PHIO U SBISIOTCS
TTOKa3aTeNeM 3/10pOBhs MMPHOPEKHOIN SKOCHCTEMBI. B mampHeIieM MaHTPOBBIC 3aPOCIH TaKKe MOTYT CTaTh
SKOHOMHYECKHMHU IEHTPaAMH UTS TIPHOPEIKHBIX COOOIIECTB OIaromapsi CEIbCKOMY XO3SICTBY M TypHCTHYE-
CKOM aesTenbHOCTH. [109TOMY 3HaUCHNE MOHHTOPHHIA MaHIPOBBIX 3apOCiIEH ¢ KaKAbIM T'OAOM CTaHOBUTCS
Bce Oonee BakHBIM. OHUM U3 PEIICHUH JAHHOW MPOOJIIEMBbI MOXET CTaTh MCIIOJIb30BaHNE JIMCTAHIIMOHHO-
r0 30HMPOBaHUs 3eMJIM JUII MOHUTOPUHIA COCTOSIHUSI MAaHTPOBbIX 3apocieil. [opon Cypabas (Munonesus)
SIBJISICTCSI TOTEHIIMAIIBHO OJaronpHsTHON TEpPUTOPHEH /sl POU3PACTAHUS PA3IMUHBIX BHJOB MaHIPOBBIX
3apocneil. Llenpio 3Toro MccaeoBaHus OBl MOHUTOPHHT TPEX THUIIOB MAHTPOBBIX 3apOCIieil U IUIOMAAN MX

! Universitas 17 Agustus 1945 (UNTAG) Surabaya (Vuusepcuter 17 Asrycra 1945 (YHUTAT), Cypa6as, Uunonesus), Indonesia, 60118,
East Java, Surabaya, Sukolilo Sub-disctrict, Menur Pumpungan Urban Village, Jalan Semolowaru No 45, e-mail: dika-ayu@untag-sby.ac.id

2 Department of Geomatics Engineering, Sepuluh Nopember Institute of Technology (ITS) Surabaya (OtnesneHne reoMaTHyecKoi
nkenepur, Texnonornueckuii uactutyT Cenyny Honembep (MTC), Cypabas, nnonesus), Indonesia, East Java, 60111, Surabaya, Sukolilo
Sub-district, Keputih Urban Village, Geomatics Engineering Building ITS, e-mails: filsa_b@geodesy.its.ac.id, rheza.trin.9@gmail.com,
nikenramadani308@gmail.com, fahmiadnizar@gmail.com

3 Institute for Earth Sciences of the Southern Federal University (MucTuTyT Hayk o 3emie FO)HOTO (hefiepaibHOrO YHUBEPCHTETA,
Pocros-Ha-Jlony, Poccuiickas ®eneparms), Russian Federation, 344006, Rostov-on-Don, Bolshaya Sadovaya str., 105/42, e-mail:
bespalowaliudmila@yandex.ru

HAYKA IOTA POCCUIN 2023 Tom 19 Nel



52 D.A. SAFITRI et al.

MIPOM3pacTaHMsl, @ TAKIKE ONpe/IeNICHNe BEIMYMHBI OMOMAacChl M yIliepoja, NPOU3BOAMMBIX UMH B Topone Cy-
pabae. beutu ucnonb30BaHbl gaHHble CHUMKOB Landsat 3a 1994, 2003 u 2018 rr. u mwiatpopma Google Earth
Engine ¢ ncnonp3zoBanuem anropurma Random Forest. B unnonesuiickoit npoBununyu Bocrounas SIBa, kak u B
ee aqMuHUCTpaTBHOM HieHTpe Cypabae, Npon3pacTaioT MaHIPOBBIE JIEPEBbs, IPUHAJISKAIME K TPEM POJIaM:
Rhizophora, Sonneratia u Avicennia. Ilo cpaBHenuto ¢ 1994 . miomiaas MaHTpoBhIX 3apocieit B Cypabae B
2018 r. yBenmuuiach Ha 429,954 ra. Pe3ysbrarhl okasaiiy, 4o 4eM 0oJibllie MAaHTPOBBIX 3apocieii B Cypabae,
Tem Ooubllie OMoMacca M yriepoHble 3arachl. [lepruonuueckuii MOHUTOPUHT MaHTPOBBIX 3apOCIel CMOXKET
HO/IePKaTh YCTOWYMBOCTh MIPHOPEKHON IKOCUCTEMBI ATOTO PErnoHa.

KirueBsble c10Ba: MaHTPOBBIC 3apPOCIIH, TUCTaHIIMOHHOE 30H1upoBanue, Google Earth Engine, buomacca,

YIIIEPO/I.

INTRODUCTION

The City of Surabaya is the capital of East Java
Province, Indonesia and located in coastal area.
Surabaya has mangrove forest ecosystems in the
Pamurbaya (east coast of Surabaya) and the Panturbaya
(north coast of Surabaya). The Pamurbaya is predicted
to be 916.743 hectares or about 82.68% of mangrove
forest ecosystems total predicted area in the City of
Surabaya [1]. The Pamurbaya area is included in
the indicated damaged mangrove area in Indonesia.
Based on the City of Surabaya Spatial and Regional
Plan Number 12 of 2014 [2], Pamurbaya has been
designated as a protected area. However, the shrinkage
of mangrove ecosystem as a result of land use changes
continues to occur in the Pamurbaya area [3]. One
of the land use change causes is the construction of
housing and apartments by developers [3].

Pamurbaya has a mangrove tourism programm
called Wisata Anyar Mangrove (WAM). This place
has benefits as an ecotourism site and has an economic
diversificationsignificance as mangroves can provide
raw materials for syrup and other food ingredients
and medicines. In addition, the community forms
Mangrove Ecotourism policy which includes boat
ecotourism, fishing place, and monitoring post [4].
WAM tourism has natural potential in the form of
beautiful and natural scenery, various types of fauna
and flora such as birds and mangrove forests. The
formulated policy directions indicate that the concept
of developing tourism potential of WAM is to increase
tourism attractiveness and use tourism revenue to
improve the condition of mangroves. In addition to
tourism, WAM is intended to be a place of education
and research. The potential of the mangrove ecosystem
can be developed for various tourism activities such
as fishing, boating, birdwatching, observing plant
species, wildlife attractions, photography, education,
picnics, and as the means of mangrove education and
interpretation [5].

In monitoring mangroves, besides their type and
extent, the biomass and carbon stock value are also
important to observe. Related to mangroves type, there
are four types of mangrove vegetation. The first is open
mangroves, which is mangroves that are on the sea
waterfront, for example Avicennia marina. The second
is middle mangroves, which is mangroves behind
the open mangroves. Middle mangroves are mostly
Rhizophora. The third is brackish mangroves, which is
mangroves located along rivers with brackish water to
fresh water. Mangroves that are usually found in this
location are Nypa or Sonneratia. The fourth is mainland
mangroves, which is mangroves located in the brackish
water zone or almost fresh water zone behind the actual
mangrove green belt. Mangroves that are usually found
in this location are Ficus microcarpus (F. retusa),
Intsia bijuga, Nypa fruticans, Lumnitzera racemosa,
Pandanus sp., and Xylocarpus moluccensis [6].

Biomass is the total amount of living organic matter
expressed in dry weight in tons per unit area [7].
Biomass can be divided into two types, which is
above ground biomass and below ground biomass. An
estimation of forest biomass is needed to determine a
change in carbon stock. The estimated value of above
ground biomass is very important for assessing carbon
stock and the effects of deforestation and carbon
storage in the context of global carbon balance [8]. The
higher is biomass value, the less carbon dioxide is in
the atmosphere.

In monitoring and mapping mangrove ecosystems,
remote sensing can provide a wide area analysis
without having to go directly to the area [9]. In other
words, the data collection is done by using images,
one of which is satellite imagery. Landsat is a remote
sensing satellite imagery which was launched for the
first time in 1927 [10]. There are many researches using
Landsat for mangroves monitoring [11-13]. The study
presented used the satellite imagery from Landsat 5
(1994), Landsat 7 (2003), and Landsat 8 (2018) [14].
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Identification of vegetation density using remote
sensing technology can be done by means of digital image
interpretation using a vegetation index. A vegetation
index is one of the parameters used to analyze a
vegetation condition by measuring the vegetation canopy
greenness, the leaf chlorophyll composite properties, the
leaf area, the structure and canopy cover of vegetation
in the study area [15]. As for biomass and carbon stock
of mangroves vegetation can also be observed using
remote sensing [7; 16—18]. Technological advances
support remote sensing data processing with cloud-
based processing platforms, one of which is Google
Earth Engine (GEE). In addition, the presence of freely
accessible satellite image data and new non-parametric
machine learning algorithms for land use classification
can be used for easy monitoring [19-21].

Based on this background data and information, the
research aims to identify and monitor mangrove areas
using Landsat imagery and the GEE platform with the
Random Forest (RF) classification algorithms. The
observation includes mangroves areas and types, the
biomass, and carbon stock.

DATA AND METHODS

Study area. Monitoring the mangrove quality
through mangrove survey activities is carried out
by the City of Surabaya Environmental Service for
Supervision and Control in previous research (Fig. 1).
The activities are performed in order to mitigate
mangrove damage. In addition, the city development
of Surabaya is increasing, including the development
around the mangrove areas. The increasing development
activities may damage the mangroves. The survey
results are useful for the Surabaya government in
formulating environmental management policies for
coastal areas, especially the mangrove areas as well
as for environmental management practitioners and
environmentalists [22].

The monitoring was carried out in the mangrove
ecosystem area in Surabaya (North Coast and East
Coast areas of the City of Surabaya). The study area
for this research was around these two locations of
mangrove ecosystems. The research was conducted in
the administrative area of the City of Surabaya with a
buffer of 1 km off the coastal area. The buffer was done
in order to create coastal area boundary. We also did
some field observations in those areas.

Data. Remote sensing data are the data most often
used to monitor mangrove forests because the data
collection process is easy and fast and it enables the
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researchers to perform analysis of data collected in the
past. The following are the remote sensing satellite
imagery data used in this study:

— 1994: USGS Landsat 5 Surface Reflectance &
Top of Atmosphere;

— 2003: USGS Landsat 7 Surface Reflectance &
Top of Atmosphere;

— 2018: USGS Landsat 8 Surface Reflectance &
Top of Atmosphere.

Some additional data used in the study are:

— Shuttle Radar Topography Mission (SRTM) data
on the height above the sea level to filter mangrove
locations based on the height. The height that was the
focus of the study was 2 meters above the sea level.

— Mangrove sample data from the field.

— The City of Surabaya Administration vector data.

Methods. The workflow in the study is shown at
Figure 2. Landsat level 2 Surface Reflectance was
used to identify mangrove areas and classify mangrove
species while Landsat level 2 Top of Atmosphere
(ToA) was used to obtain the biomass and carbon stock
value. Regarding the mangrove area identification,
the researchers selected the sample randomly in
Surabaya based on the identification and the results
of the researchers’ field observation. After that, the
classification was carried out using Machine Learning
Random Forest on Google Earth Engine platform to
get mangrove areas and non-mangrove areas (first
classification).

Machine learning algorithms from supervised
classification consist of Support Vector Machine
(SVM), Random Forest (RF), decision tree algorithms,
and Extreme Gradient Boosting (XGboost) [4]. The use
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of Random Forest is popularly used in remote sensing
for land cover mapping [23; 24]. The advantages of
Random Forest are using non-parametric algorithms,
having high classification accuracy, and having
an ability to determine important variables and to
predict missing values. Random Forest is a machine
learning assembler that is efficient in handling big
data and complies with requirements and commands.
Random Forest is a combination of non-parametric
classification and decision trees/CART (Classificarion
and Regression Trees). To get an optimum parameter
value, random forest parameters were tested in the

form of maximum depth, minimum number of samples
per tree, and maximum number of trees [11].

Breiman [24] presented the Random Forest (RF)
algorithms, which is a classifier that uses several
independent decision trees to predict categories of
randomly selected sample data. A bootstrap sampling
approach was applied to extract data from the training
sample set, and each decision tree consisted of several
binary trees that were split recursively from the root
node to bisect the training sample set according to the
notion of minimum node purity [18]. Each decision
tree is a classifier. Several independent decision trees
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combine the RF algorithm model and random forest
noise on each decision tree classification result to get
the final classification result. The RF method has the
advantage of not being sensitive to parameters and not
too complex.

In the study, the researchers carried out a masking
process to ensure that the expected results of the first
classification were in accordance with reference data.
The first parameter that had to be filtered was the cloud
using the band information obtained from the pixel ga
band on Landsat. Pixel qa band is a pixel quality
attribute generated from the CMASK algorithm.
Vegetation index parameters and other indices were
also used to identify mangrove characteristics such as
MSAVI (Landsat Modified Soil Adjusted Vegetation
Index), NDWI (Normalized Difference Water Index),
and NDVI (Normalized Difference Vegetation Index).
In the research we used NDVI identification.

Classification accuracy was assessed using a
confusion matrix based on the sample points taken
in conducting the classification. Sample points were
randomly assigned for training and validation. 80% of
the sampling points were used to ‘train’ the model
while 20% were used for validation. This was done
to eliminate systematic errors as a result of using the
same pixels to train and validate classifiers [25; 26].
Independent accuracy assessments were carried out via
Google Earth Engine. The classification was carried
out to obtain the types of mangroves based on the value
of NDVI. NDVI formula has been discovered by Rouse
et al. [26] using NIR and Red band to calculate the
vegetation index:

NDVI = Pyir ~ Prea )
p NIR + pRed

From the mangrove class data, it was then classified
according to the criteria developed by the Department
of Forestry [27] with modification.

Regarding the biomass and carbon stock calculation,
the researchers used Landsat level 1 Top of Atmosphere
data. First, the reseachers calculated the Ground
Biomass from the data and worked out equation 4 and
equation 5 [17]. The biomass value was estimated using
the Steininger formula as follows [18]. This formula
was used due to the same application for tropical area:

AGB =50.77 —287.62 x X.

AGB is above ground biomass (kg/m?).
X = Landsat TM atmospherically corrected reflectance.
After that, the researchers calculated the carbon stock
value using the following formula [7; 16; 17]:

Carbon storage = 0.5 x biomass.
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RESULTS AND DISCUSSION

Mangrove area, distribution, and type. There
are 77 mangrove species around the world [28]. The
processing of Landsat satellite imagery data of 1994,
2003, and 2018 showed that in general there were
3 mangrove genus that grow on the coast of Surabaya:
Avicennia, Rhizophora, and Sonneratia. Each genus
has different characteristics or values so that in this
study the researchers divided NDVI range values into
3 groups: 0-0.32 for the Sonneratia mangrove genus,
0.32-0.42 for the Avicennia mangrove genus, and
0.42—1 for the Rhizophora mangrove genus. The results
of each mangrove genus are described in Table 1.

The classification results showed that in 1994 most
mangroves were composed of Sonneratia (391.286 ha).
The Avicennia mangrove genus has the least number
compared to the other two mangrove genera. The
total width of mangroves in Surabaya in 1994
was 743.843 ha. In 2003, the total width of mangroves
increased by 1253.287 ha. Nearly 10 years since 1994,
the population of Rhizophora has almost doubled. The
Rhizophora mangroves grew in a 614.586 ha area in
2003 and 911.786 ha in 2018. In 2018, the population
of Sonneratia mangrove declined sharply, which grew
only on a 82.258 ha area while the total mangrove
area in Surabaya was 1173.797 ha. Only Sonneratia
mangroves experienced population drop, while
generally from 1994 to 2018 the width of mangrove
area in Surabaya increased by 429.954 ha.

Based on the data analysis, the Avicennia and
Rhizophora mangroves increased in abundance in 1994,
2003, and 2018. During the last 24 years, the Avicennia
mangrove area has increased by 164.852 ha, and the
Rhizophora mangrove area has increased by 574.13 ha.
On the other hand, the Sonneratia mangrove
area decreased by 309.028 ha. The Sonneratia area
experienced an up and down phenomenon when the
area expanded from 1994 to 2003 but narrowed in 2018.

Table 1. The mangrove genus classification results in Surabaya (ha)
Ta6auna 1. [Tnomans Manrposeix 3apocieit B Cypabae B nccie-
JIyeMBIil MEPHO/ 110 Pe3yibTaTaM ONpPEAEIeHHs] UX POIOBOU MPH-
HaJJIeKHOCTH (Tra)

Mangrove genus / Year / Ton
Pon maHrpoBbIx
JePEBBEB 1994 2003 2018
Sonneratia 391.286 508.980 82.258
Avicennia 14.901 129.720 179.753
Rhizophora 337.656 614.586 911.786
Total / Bcero 743.843 1253.287 | 1173.797
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Table 2. Estimation of biomassa and carbon stock in Surabaya in mangroves during the study period
Ta6auna 2. Onpenenenre 6uomacce u 3amaca yrepoaa B Cypabae B MAHTPOBBIX 3apOCIISIX B HCCIISYSMBIH MTEPHOLT

Biomass results estimation (kg/m?) Carbon stock results estimation (kg/m?)
Mangrove genus Pesynprar onpenenenus oGuomaccst (kr/m?) | Pesynbrar onpesenenus yruepoaa (Kr/m?)
Pon maHrpoBBIX 1EpEBHEB

1994 2003 2018 1994 2003 2018
Sonneratia 10.239 37.315 33.408 5.120 18.658 16.704
Avicennia 11.830 36.944 33.882 5.915 18.472 16.941
Rhizophora 20.828 21.786 18.868 10.414 10.893 9.434
Total / Becero 42.897 96.045 86.158 21.449 48.023 43.079

In 2012, the Surabaya government assigned the
mangrove area in Surabaya a conservation area status.
In addition, the Surabaya government begun to focus
on managing mangrove areas into educational and
tourism areas in Wonorejo and Gunung Anyar sub-
districts. One of the reasons for the ups and downs in
the mangrove area width in Surabaya is due to changes
in land function. The City of Surabaya is an economic
center in Indonesia so the mangrove area that should
be a conservation area turns into a residential area or a
pond area and vice versa [29]. There is a need for strict
regulations from the Surabaya government regarding
the supervision and rehabilitation of mangrove forests
in the future.

So far, mangrove forest rehabilitation activities
have been carried out using Rhizophora mangroves
[5] without paying attention to the condition of the
ecosystem to be rehabilitated and the previous zoning
of mangrove plants. This can change the natural zoning
system that has taken place in the ecosystem. Therefore,
it is necessary to structure mangrove vegetation
monitoring in areas that have been rehabilitated [13].
The North and East Coasts of the City of Surabaya were
the locations for monitoring the mangrove ecosystem
quality. If the location experiences a decrease in the
mangrove area width, it will be necessary to review the
mangrove ecosystem management.

Estimated biomass and carbon stock value.
Mangrove forests are wetland ecosystems, having
carbon storage reaching 800—1200 tons per hectare.
The release of emissions to the air in mangrove forests is
smaller than in forests on land because the decomposition
of aquatic plant litter does not release carbon into the
air. The amount of mangrove forest biomass plays an
important role in the carbon cycle because about 50%
of forest carbon is stored in its vegetation. Therefore,
if forest damage occurs, the amount of CO, that can be
absorbed will also decrease [30].

The data of biomass and carbon stock is shown in
Table 2. The estimated biomass value in Surabaya has

an up and down state. Over 24 years, the estimated
change in biomass produced by mangroves in Surabaya
has increased by 100%. In 1994, the estimated value of
biomass was 42.897 kg/m? while in 2003 it increased
to 96.045 kg/m? and in 2018 it decreased again
by 86.158 kg/m?. Calculation of the estimated carbon
stock value is half of the estimated biomass value. As a
result, the estimated carbon stock value in 1994 was
21.449 kg/m? while in 2003 it increased to 48.023 kg/m?,
and in 2018 it decreased by 43.079 kg/m* The data
from the calculation of the estimated biomass value
in this study had a correlation value with the 2018
environmental service report data, which is 0.8903
while the estimated carbon stock value was 0.8901.

Mangrove forests have an important role in the
ecosystem balance in the Surabaya area. The point
is that mangroves function to protect land from sea
waves and reduce abrasion or erosion of land by sea
water. Therefore, a biomass inventory of mangrove
forests in Surabaya is very necessary to determine
changes in carbon stocks and the ability of vegetation
to absorb carbon, which is one of the most important
environmental components in mitigating climatic
changes. In addition, data on biomass and carbon
stock in the Surabaya mangrove forest is important for
mangrove forest conservation management.

CONCLUSION

The presented study used Landsat image data
and the GEE platform to generate information about
mangroves in the City of Surabaya. The study found
that there were three genera of mangroves growing
in Surabaya: Rhizophora (dominant), Sonneratia, and
Avicennia. The increasing number of mangroves in
Surabaya is due to the Surabaya government program
that was replanting mangrove forests (generally
using the Rhizopora genus) on the Surabaya coast
so that the North and East coasts of Surabaya were
the locations for monitoring the mangrove ecosystem
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quality. Other governmental activities were to
increase the width of the mangrove forest by issuing
several regulations regarding the management of the
Surabaya coastal area, for example the regulations
regarding developments in the coastal area. The more
mangroves, the higher the value of biomass and carbon
stock produced. The potential of the mangrove forests
in Surabaya is expected to contribute to minimizing
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